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- ' (In full)
- Bys .
Voitchishina, 0. N. , A, Antik

Formirovanie ustoichivosti k zzhavchine
u gibridov ozimoi pshenitsy '

[[Formation of resistance to rust in
winter wheat hybrids].

Selektsiid i Semenovodstvod, vol. 20, no. 5,
pp: 31-33. My 1953. 61.9 Seb

(In Russien)

FORMATION OF RESISTANCE TO RUST IN
WINTER WHEAT HYBRIDS

Creation of rust resistant varieties of winter wheat is one of the basic con~
trol measures against this disease. Therefore the development of means furthering
the formation in hybrids of rust resistance and its subsequent retention in a
variety when the latter is used for production, are problems of great practical
importance, 1 '

The first results of our resesrch were published in 1951 ~. In 1950 our
observations showed that rust resistence in winter wheat hybrids can be increased
drasticelly by vroviding plants during the growing period with additional feeding
outside the roots with salts of calcium, phosphorus and potassium; by culti-
vating hybrid plants when rust contaminetion is absent (this was achieved by
dusting the plants with sulfur which is a fungicide in regard to rust); by
spraying the vlants with a sodium chloride solution. :ccording to data in the
. literature NaCl acts ss a fungicide which kills rust spores; but besides that, the
presence of sodium stimdetes intake and grester accumulation of potassium in
plents. And potassium plays en important role in wheat's resistance to rust. The
1950 rescarch was continued in the seme cdirection in 1951 on 19 hybrids of the
North-Osetiia state selection station.

1. Inter-varietal hybrids of free pollination ‘with selected male parents):
Osetinskaia 3 x (Iubileinsia Osetin + Osetinskaia 4); Osetinskaia 3 x (Tubileinsia

I

a0 .

<»» 1, Voitchishina, 0. N, Zhurnal "Selektsiia i semenovodstvo" No, 10, 1951
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Table 1 (p.32)

‘ Effect of additional feeding outside the roots on rust resistance in winter
wheat hybrids ( in %)a
| : | !
i : Intensive=Affected Yield from
g ‘ness of plants plots (in
Hybrids } Variant of the test “affection relation?)
i W. brown "to control
5 ' " rust '
| .
Osetinskaia 3 x' 2-yoar addit. feeding outside
Eritrospermum ; roots . . . . o0 . -0 0 + 132,0
15 ' Results of 1-yr ad01t feeding 3,0 -~ 10,0 | 117,0
. R2-yr spraying with MaCl . . . . 0,2 0,1 . 116,0
| Results of spraying with NaCl of ' ‘
: 1st year . . . . . .. e . 3,7 12,0 . 108,0
. 2~year dusting with sulfur. . . 9,5 ;25,0 184,0
. Nesults of sulfur dusting lst yr. 9,7 | 30,0 | 145,0
| pControl . . . . . . . ... .. 43,0 65,0 100,0
Cm‘ ,....iv. - L KR oA AT 1 PRIV 4 . TR 110cc MaROT s e i BT it b aren: S
Zemka x (Iubll—; R-year addit.feeding outside . : ~
einaia Osetin + roots . . . . . . 43,6 - 50,0  167,0
Osetinskaia 3 v+ Results of l-yr admlt feeding - 45,0 50,0  103,0
Kubensekaia .133 - 2-year suraylrg wvith MaCl . . 42,0 55,0 . 150,0
« Eritrospermum : Results of spraying with NaCl f ,
G~569 ' of 1lst year. . . . . . 40,0 55,0 i 102,0
i R=year dustlng with su]fur . » 39,5 - 65,0 - 98,0
: Results of sulfur dusting lst yr. 68,9 75,06 95,0
P Control « 4+ 4 4 s« 4 . e . . 70,0 . 100,0 = 100,0

e e - et atmb b, e e ABrisa £ AT Tt Wammnss 4 6 b M e vl Geae e h 0 Vo s B a4 T AN T

Use of these methods, even for one year, considerably decreases tue
intensity of disease and the percentage of plants affected by rust in the
following generation of hybrids as compered with the control; it also lncreases
the yield of grain by 10-16%.

Artificial inoculation with brown rust of hybrid seedlings of the following

| generstion demonstrated that additional external root feeding and spraying of
} plants with a NaCl solution for two years increase the resistance of hybrids
j to brown rust to a higher degree than when these methods are abplled for one
| year. (Table 2).

Phenologicel observations indicated that plants of hybrids which were ex=-
posed for two years to additional external root feeding and to s»reying with a
godium chloride solution, proceed 3-4 days faster through growing stezes as

C‘/& compared with the control. Seeds of hybrids which were exposed to a two-year
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additional external root feeding and to spraying with a NaCl solutlon increased
the germination energy as compared with control, (Table 3),

Table 2 (p.33)

Results of artificial inoculation of hybrids with brown rust (in %).

4 b S b AR ety 3w N

; 2-year additional 2-year spraying with Control

: feeding outside roots NaCl
S, S . ) . L) ! . ‘
Hybrid S . o i T Lo ; ?
yRrids LB Sy < g B D i S g S8 & gf <
s I BRI S N S T o o T Q2 el G e ©OW
PR OoOR T o4 i n  now | o | 200 IR0 P @ R R D
I Qi c 0 T w0 o oW g o B og
PRy o 0 o8 lowo, 0o Gug S0 ® O 0 © oo
Foai Ry &8 méa BY OGS HoEoEBY R
éHQmﬂ@M n&@lHﬂm'B% ﬂnsﬂaﬁ aH:$Q
: - el i : 3 . ot . . b pe
: o ! ! :
[ i " " . H [ R ——
! e ; - * - -
Ze@ka x (Tubilei~ 10-25 1;2 45,0 5=25 - 133 45,0 R25-65 334 :100,0
naia Qsetin + ‘ ‘ . : : _ ‘
<i\ Osetinskaia 3+ , ; : !
e . : ] H .
_.-* Kubanskaia 133 = . ; : : '
Eritrospermumn | : ; 5 1 ‘
G-~569 ; ‘ .
T WS AL TP RS, Sk .-m-;-n-.,-.,w.....”_.....,“ ﬁ‘ e -k " VRSN S - v e

Osetinskaia 3 x !
(Osetinskaia 4 4 !
Tubileinaia Osetin ‘ . : :
} Kubanskeia 133 | : | 5 | |

5-10 1132 40,0 5-10 '1;2 {50,0 10-25 334 100,0

i

+ Eritrospermum | : 3 . ! ; .
G-569 | ? ; f : 5
PO ! b e e oy = e et w5 o .‘,,—.‘_..!,,L\., g SOt U +
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Osetin + Osetinskaia 4 Kubanskaia 133 + Eritrospermum G-569); Eritrospermum
G-19 x (Osetinskeia 4 + Kubangkaia 133 « Eritrospermum G-569 + Zemka X
(Tubileinaia Osetin + Osetinskaia 3 + Kubanskaia 133 « Eritrosprerum G-569).

2, Of limited-free polllnatlon. Tubileinaia Osetin x branching wheat;
Osetinskaia 3x branching wheat; Osetinskaia 3 x Eritrospermum 15.

3. Inter-varietal crossings of free pollination: Iublleinaia Osetin of
free pollination; Zemka of free pollination.

Le Paired crossings [:7: Iubileinaia Osetin x Zemka; Iubileinaia Osetin x
Eritrogpermum G-720; Jubileinsia Osetin x Kubanskaia 133,

5. Paired crossings: Zamka x Iubileinaia Osetin; 2rdito x Zemke; Zamka X
Ardito; Iubileinaia Osetin x Voroshilovskaia; Voroshilovskeia x Iubileinia
Osetin; Eritrospermum G-720 x Zemka; Zemka x Eritrosperrum G-~720,.

For external root feeding of hybrids was used a solution of a combination of
selts: Ca (NOj)p 1 pert « KH,PO, 1.5 part per 1 L. of water: For spraying
hybrids with sodium chlorlde was used & 2% solution,

The expenditure of salt solutiong for each spraying of 10 square m. plots
wes 3-3,5 L. The spraying was carried out during the following stages of plant
growth: sprouting, tillering, booting and heading.

The hybrids were dusted with sulfur 6 times during the growth period. The
first dusting took place after the apnearance of the first pustules of brown
rust on Krasnodarka, a veriety susceptible to it. The sulfur expenditure for
each dusting was 100-120 g. per a 10 square m, plot, The test was conducted
in triplicate.

In 1951 the effect was studied of a two~year use of additionsl external
root feeding, of spraying [Tbegln Pe 337 with a NaCl solution end of dusting
with sulfur. DBesides thet was being clarified the effectiveness of the
results of the use of the mentioned processes for the increase of resistance
among hybrids of the next generstion.

Tield observations of brown rust and records of ylelds sccording to variants
of the experiment, showed that hybrids of almost all the combinations when fed
additionally outside the roots, sprayed with sodium chloride sclution, and
dusted with ground sulfur decrease the affection with brown rust and increase
the yield (table 1).

Tt is seen from the data of table 1, that the use of additional feeding
outside the roots with & combination of Ca (M03), * KH2PO during two years &as
well as spraying with a IaCl solution snd dusting with sulfur, decreases the
damage from brown rust and lowers the percentage of rust-~dlseased plants.

The yield from a plot in some cases increases by 30-60% as compared with the
control,
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Table 3 (pe33)

Energy of germination of hybrid sceds,

!

~Speed1ng up of growing stages f Energy of

{in days) ; germination of
Hybrids s e s b et S€€AS (I % tO
: i . control
Booting . Headingi Floworing
Osetinskaia 3 x (Iubileinaia . ,
Osetin + Osctinskaia 4)ecevees 5 4 3 117,0
Tublleinaia Qsetin x spread- =
ing wheaboeovivoeoieovnanencas 5 4 3 106,0
Zenka of free polllnatlon..... 5 3 3 12,0

i i

!

The research of 1951 justifies the following conclusions,

1, Additional external root feedimg of hybrid plants with a mixture of
Ca, P, and K salts and spraying with sodium chleoride solution, increase their
re51stance to brown rust.

2. The character of resistance is stable and is passed on to the
following generation of hybrids. Increasse in rust resistance in hybrids
suggests that these methods form resistance to rust in the hybrid material
of winter wheat.

3., Additional external root feeding and spraying with a NaCl solution
increase the yield capacity of winter wheat hybrids.

e Use of thesec methods increases the germination energy. of seeds of
hybrid plants.

All this permits us to speak of a future in the use of the mentioned
procedures for selecting wheat in regerd to resistance tq rust.

111-Union Scientific—Research

Institute of Plant Protection
Laboratory of Plant Immunity
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(In full)
By:

Ryzhkov, V. L., and Loidina, G. I. © A, Antik

Vzaimsdeistvie virusa mozaichnoi
bolezni tebaka s miozinom i aktinom

[Interaction between the virus of the
mosaic disease of tobacco and myosin and actin]

Dok. Akad. Nauk, vol. 92, nc. 4, 1953, p. 851-853
511 P444A
{(In Russian)

b
There are deta in the literature on interacticn between the virus
cf the ncsaic disease of tcobrceco (TMV) and pretanine, scme protein enzymes
and. serum prcteins (1-3). It is cbvicus frem these deta thot the behoviar
of TV is nc different frcm thrt ¢f cther proteins end thet between the
iso-electric pcints ¢f the THMV and its interacting protein fcermsotion of
an inscluble ccrmplex can be observed rnost cf the tine.

Muscle proteins differ censiderably from prcteins the interacticn cf
which with TMV wes studicd befcre. Zi. V. Engeligerd's end li. N, Liubimeva's
discovery of fermentotive ectivity cof mycsin (4) and the peculiarity of inter-
actions bctween mycsin end actin mekes the study cf interacticns between these
prcteins and TiIV especiclly interesting.

We used in 2ll the experiments a mycsin scluticn ¢f 0.5 M KCl, which
centained abcut 1.3% cf myosin. The purified THMV preparaticn wres used in
a 0.2% aquecus scluticn. In tests in which the effect ¢f intcraction be-
tween myosin and TMV wes determined per titer of TV, the titer wes determined
accerding tc the number cf lesicns on the lecves of N. glutinesa, ¢nd as a
scluticn c¢f virus protein tc which a KC1 scluticn wes odded instead of mycsin
served as a ccentrcl. The cencentpgticn of this sa2lt in the experimental and
contrel scluticens wes, cf ccurse, maintained strictly equal. The actin so-
luticn wes prepared in 0.1m'M KC1 by dissclving 1 g. cf cetin in 20 nl, cf
liquid. For pclymerizaticn of actin 0.001 M MgCl2 was alsc added.

In the first experiment 0.5 ml of mycsin were ccmbincd with 0.5 ml cf
TMV end water was edded grnduelly until a precipitete wes fermed. This
precipitaete was cbtrined with the 0.178 M KC1 ccncentrzticn.  In the seccnd
experirernt 0.4 ml. of nycsin were combined with 0.1 ml. of TMV, after which
water wes added and the sediment was fcrmed at 0.2 M KCl. Pure mycsin is
separated cut ¢f the scluticn cnly ot 0.05 M KC1 (5). The result obteined
prcvided a basis tc assume thet mycsin fermed e cenplex with TMV. The pre-
cipitates feried were centrifuged out and then suspenced in 0.5 ml of weter.
In the scdiment and the supcrratent fluid, wes deternined the titer cf the
virus (Teble 1). This deterninaticn of titer eccnfirmed cur hypc thesis that
part ¢f the virus passed intc the sedinment.
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An atterpt wos mede tc cbtzin threads frem the mycsin o THV
cermplex. Fer this purpcse a nixture cf scluticns of the menticned
prcteins wes blcwn intc water thrcugh o Pesteur pipette. The ferned
thread broke dcwn repidly. It wes nct pessible tc cbtoin durable
threads siniler tc the actcmycsin cnes. Under the influence cf the
adencsintriphcsphcrus acid (LTP) the TilV ard mycsin ccrplex waes con-
tracted (?2) similar tc the actemycsin.

Furthcr ¢n, experiments were ccnducted in crder tc f£ind cut how
actin affects the interacticn betwern nycsin end THV; for this purprse
2ll three ccmpcnents were ccmbined (begin p. 852) in equal retic, but
in cne test THV was added tc myesin befcre the actin and in anc ther -
setin wos added first. In these experiments actin F wes used (pc ly-
merized actin). Tc 0.3 ml ¢f the mixture 0.7 ml cf water was ndded
and thus a precipitete was formed which seperetcd cut ond the titer
¢f the virus wos determined ¢nly in the supernatont fluid. Besides
these mixtures that of 0.1 ml TV « 0.1 ml cf actin 4 0.8 ml cf water
was used. It can be seen frcm toble 2 thot the presence «f actin did
nct hinder the depressicn ¢f the virus titer. Furthermcre; the actin
itself appeared tc be able tc depress the virus ccnsiderably.

Table 1 (p. 852) Teble 2 (p. 852)
Interacticn between TMV and mycsin Interacticn betweern TMV and mycsin
(the titer ¢f virus is expressed ic end actin (the titer ¢f virus is ex-
the number ¢f lesicns cn 10 half pressed by the cncunt cf neercses cn
leaves cf E;_glutinggg) _ 10 helf lecves of N. glutincsa)
5:/: . 3.
-4 Titer «f virusy < 1Titer ¢f virus 0w 0
Bt ‘ S H O Gy : € O
+ (Frecticn being ]E © Oa Hixture ! - b :>>§
L& ftitreted test | centrod, 3 g‘q | tost icontrol hQ e
25 q g ; R
Pl l © 'H.Cl! l .
o : oo ' Pl
1. Secinent « + 80 213 37.5 Mycsin 4+ TMV i S
Fluia . . . 123 231 53.2 4 actin 40 101 39.6
2. | Sediment . 55  22¢  24.3 Mycsin 4 cctin . : 0.0
Fluid . . . A1 91  45. + TMV 34 3 40,
TV + ectin 17 107 15.8

The prcblem cof interacticn betwecn octin and TiV wes studied mcre in
detoil. Tt was established that the nen-pelymerized cctin (actin G) ce-
resses the virus similarly t¢ actin F, Thus in cne test with actin we

cbtrined 52 neercses while therc were 185 neercses in the centrel, i.c.
retenticn of activity wos 6.6%. Further tests were ccnducted with actin.
-2 -
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When there was intcracticn between TINV end this prctein in distilled
water (pH abeout 6.2), the activity cf the virus in each cf scveral
tests remained 19.6%, 20.0%, 22.1%, 23.9%. In crdcr tc clarify hcw
pH affects the depressicn c¢f the virus by actin, experiments were
cenducted with o glycceal buffer; with pH 7 we fcund in varicus tests
the fcllowing retenticn cf activity: 8.5%, 16.5%, 27.1%, while with
pE 4.6 ~ ccrrespendingly 37.1%, 25.4%, 62%. Thus the virus is depressed
by the acetin mest strongly when the media has ¢ ncutrsl reacticn, and
lenst strengly ot pH 4.6. The latter pH is very clcsc tc the isc-
clectric pcint ¢f the actin and ot this pcint a clcudiness ¢f the sc-
luticn cculd be cbserved.

In crder te fird cut hew & KECL ccneentraticn affects the reacticn

- which we are studying, en experiment wes ccnducted with voricus salt

cocneentraticrs in the scluticn and while in 0.1 M KC1 the recteined ac-
tivity was 21.8%, at 0.25 M it wes 49.3% ond, finelly, in 0.5 M - 80.5%.
Thus higher ¢cncentreticn of KC1 leads tc a deecmpesiticn ¢f the aetin
and TMV ccmplex.

Experiments were alsc ccnducted cn the influence cf ATP cn the con~
plex. The results of these experiments rre shown in teble 3 frem which
it is seen thrt ATP itself depresscs thc cetivity cf the virus negligibly,
but at the same tine it decreascs the effect ¢f the actin since ‘it is ap-
parently copable ~f bresking dcwn its ccmplex with the TMV,

Visccsinctric studies were olsc ecnducted and it cppeacred that the
cembinaticn of actin F with TMV dces nct prcduce on increcse cf visccsity.
is tc the mixture of mycsin with TMV, the cbtrined result was nct s@fficicnt-
ly definite. In scme tests we cbserved o quite ccnsiderable increcse in vis-
ccsity, in cthers it wos entirely locking cr wes very slight. In ceses where
the visccsity was ncted it dependcd grestly (begin p. 853) on the ratic be-
tween mycsin and TMV and it reached o maximum when the retic of mycsin to
TV wes 52:4. In cne test with this ratic the speed cf running-cff cf the
fluid in the viscesimeter was 2 nin. 20 sccecnds while for the THV it was
49.2 sec., frr water - 44.2 sec. and for nycsin - 1 nin. 44 sec.

Declassified and Approved For Release 2013/04/05 : CIA-RDP80R01426R010100040001-8



c

c

Declassified and Approved For Release 2013/04/05 : CIA-RDP80R01426R010100040001-8

(4) Trans. 482

Table 3 (p.853)

Interaction between the TMV and actin and adenosintriphosphorus acid (the titer
of the virus is expreased by the amount of nccroses on 10 half. ledves).

}
Titer of virusi % of retained activity of

Combination . ! virus

(mixture?) T |

. Test | Control |

. ‘ |
VIM & actin ...... P r 23 115 20.0
VIY 4 0405% ATF vvevvernennnnsenan - 57 77 , 7440
VIM 4 actin + 0,057 ATF ........... 26 79 32,0
VTI\I"aCtin setoeosesvben s bc...ce.% 79 331‘- 2309
VIM + 0.0125% ATF wavue o vnvnesesl 1126 180 6242
VTM + actin + 0,0125% ATF.........,' 121 | 328 36,9
VIV & 000257 ATFusveneneneneenennn o158 | 256 61.7
VIM 4 actin + 0.025% ATFesuee.nnn ool 140 265 | 52,8

The obtained results differ from what has been known before on inter-
action between TUV and verious proteins in that in our tests it was possible
to observe the formation of a complex at pH located above iso-clectric points
of interacting components and not in the interval between these points. It
is known that the interaction between myosin and actin is observed also at
PH levels above the iso~electric points of these proteins, which is related
to their sclective capacity to adsorb ions of potassium as well as other not
yet sufficiently studied properties. It is possible that due to varying
capacity to comnect ions of potassium in interacting proteins a difference is
created in their charge which leads to the formation of complex (5). That the
interaction between TMV and actin,-at least in part, is similar to the inter-
actlon between myosin and this protein is seen from the fact that the complexes
of TiV with actin depend on the congentration of KC1l and are broken down by
ATP as are the complexes of myosin with actin,

e do not know yet the substrata in the plant's protoplasm with which the
THV connects, however it has been demonstrated that the development of a virus
infection can be suppressed by certain concentrations of potassium and mag-
nesiun salts (6 & 7). It is possible that the TMV forms a complex with
structural proteins of the plant's protoplasm, which (complex) can be broken
down by high concentrations of electrolytes. However, the solving of this
problem requires further research oa plant proteins sensitive to TMV.

In conclusion the authors consider it their pleasant duty to thank
MeNe. Liubimova for providing myosin and actin preparations as well as for her
valuable consultation,

Institute of lMicrobiology, AN SSSR Received: 1.VIII.1953
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(In full)
By:
A, Antik

Ryzhkov, V. L.

Elektronneia mikroskopiie
dekletochnykh form zhizni

{Electron microscopy of pre-cell forms
of life]

Priroda, v. 40, no. 9, pp. 48-52,
September 1951. 410 P933

(In Russian) -

ELECTRON MICROSCOFY OF PRE~CELL FORMS OF LIFE

The electron microscopc made it possible to conduct direct observations
on objects which, due to their size, are beyond the range accessible to
light opties. It refers first of all to the minute biological individuals
the mere cxistence of which we could judge before only by their activity.

Thus it became accessible to study the causing agents of the most scvere
illnesses.

The first objects of clectron-microscopical obscrvations werc the
filterablec viruses, but rccently other minute agents of illnesses arc being
studied as well as filtereble saprophyte microbes which in their sizc are closc
to viruses.

The data of ¢lectron microscopy indicate that the world of pre-cell life
forms is extremely diversified in sizes, forms and structurcs.

_ Rickcttsia, reprcsentative of which is the causal agent of spotted typhus
[ feve;7, belongs to minute organisms. Unlike the viruses they disclosc
respiration also outside the cells in which they parasitizc. It was possible
to scc through an clectron microscope that the Rickettsia are surrounded
with a quite extensive mucous membrane. No other group of pathogenic agents
from the ultra-nicrobe world has a similar_membrang.

Very peculiar sre the "tsistotsety" Z L-forms/. To their number belong
the causal agents of pneumonia of cattle, of M"agalaktiia®" of goats, as well
as agents of very little studied diseases which are manifest in malignant
rhecumatisn and other afflictions. To thc same group belong also the saprophyte
forms vhich it was possible to isolate from scwage. The "tsistotsety"

Declassified and Approved For Release 2013/04/05 : CIA-RDP80R01426R010100040001-8




S

‘/--A-\‘
A

Declassified and Approved For Release 2013/04/05 : CIA-RDP80R01426R010100040001-8

(2) Trans. 483

/ L~forms~7 are very sensitive to streptomycin vhich cannot be said about
other groups being examined here. They look like very tender small bubbles
lacking any kind of wall. Sizes and forms of one and the same species of
"tsistotsct" vary, which indicates the complex development cycle through which
they pass. : N

There arc only single electron-microscopic data on "bartonelia'Zggg&gggilgz.
They are causal agents of pernicicus anemia and affect the red blood corpuscles.
In a regular microscope they look like minute rods, and with the help of an
electron microscope it was possible to disclosc that these rods are not
individuals but represent aggregates of smaller single particles which, in size,
arc close to viruscs. The position of "bartonelia® in living Nature is very
unclear,

Mmong the viruscs proper the largest are the representatives of the
psittacosis group (fig. 1). Psittacosgis is a disecase of parrots, its virus can
cause severc pncwionia in humans. To the same group belong viruses causing
pneumonia in cats, mice, and also the so-called "fourth venereal disease" in
humans (infectious limphogranulomatosis)., Particles of these viruses are
apparently very rich in water, and since with the help of electron microscope
only dried out preparations can be studied, the particles of these viruses
have to be cxamined when they are quibe out of shape which does not happen
to other virusese. Virus particles of the psittacosis groups vary considerable
in sizc and form. The pneumonia virus of cats is 350-770 rm in diameter,

As far as 1t can be judged according to clectron-microscopic observations,
the large particles at certain developmont stages break up into smaller ones.
The viruses of the psittacosis group arc similar to microbes in that they arc
sensitive to sulfanilamides, penicillin, aureomycetin and chloromycetin.
Viruses exanined further on do not disclose any scnsitiveness to either of
these substances.

viruses according to -data of"
clectron microstopysg

Pnounmonia of cats
Prnecunonia of mice

Mumpe of humans
Pseudo bird pest

Psittacosis of parrots
Limphogranuloma
(fourth venereal discase)

Ornitosis of pigeons
loningo-pneunonia of mice
Atypical pneumonia of hunans
Variola (small pox) of birds

n f " of humans
Contagion mollusk of humans
"Ektromeliia® of mice
Miuksoma" of rabbits
Zoster of humans
Chicken pox of humans

Herpes of humans

Bird pest

Grippe B of humans

Grippe A. of humans

Bacteriophage of intestinal
bacillus Ty

Encephalomyelitis of horses

Bacteriophage of intestinal
bacillus T

Papilloma of rabbits

Mosaic of beans, pumpkin, of
tillering of tomatoes

Polionyelitis Lansing

liosaic of turnip

Grippe of pigs
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O

Fig, 1 (count'd)

Mosaic of tobacco

X~virus of potato

Curliness of tobacco

Yellow jaundice of the silk worm
Gramalosc of insects

Fig. 2 (p« 50)
Virus of small pox vaccine under electron microscope.
The preparation is dusted with metal which increasecs
the sharpness of picture. liagnified about 22
thousand tines.

Fige 3 (ps 50)
Virus of grippe under electron microscope.

A quite homogencous group is composed of viruses, as reprcsentatives
of which could be considered the causal agents of small pox. The elementary
corpuscles of these viruses have been long ago and in detail studied with
the help of light optics. Secen through a regular mieroscope they look like

C:) minute spheres. ZElectron-microscopie obscrvations showed that in reality
they are not globular but rcctengular. (Fige 2).

Very peculiar is thc causal agent of the pseudo pest of birds. Placed
into a table salt solution it forms a long branch and being transferred into
distilled water the virus particles become rounded. It is possible to
repeat the transition from one form into the othor several times, but if the
virus with the branch is killed with vapors of Zgig7 osmic (formic?) acid,
then when transferred to water it will not become rounded any more. Both
virus forms are infectious. In all these viruses the dilameter of the particle
is above 100 mg in diameter. Another virus group has 100 mn (microns) and
less in diamcter. The nost studied representative of this group is the grippe
virus, Ibts various strains arc 78-103 mn in diamcter (Fig. 3).

The particle of the encephalonyelitis of horses is evon smaller, it hardly
reaches 50-51 mn [Eicron§ « Of similar size is the virus which causcs papi-
lloma of rabbits, though in other rcspects it kms no likeness with the causal
agent of encephalomyelitis.

A large number of viruses which affect plants are 25-30 mn in diameter.
This size is inherent to viruses of the southern mosaic of beans, of tillering
of tomatoecs, of pumpkin mosaic and tobacco necrosis. Causal agents of turnips
and of streaking of beans are still snaller, they arc 17-19 mn Zﬁicrog7 in
diamcter. To the viruses affecting animals and humans belongs also the agent
of the hoof and nouth discase which is 20-30 mn in diemeter. Sinmilar sizes are
indicated for some snecies of the poliomyelitis (viruscs), howover it is not
yet achicved to obtain these viruses, which affect animals and humans in form of
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sufficiently purified and concentrated preparations and the electron-
microscopic data pertaining to them is rather disputable,

Among viruses which have rod-shaped particles, deserving attention
are first of all the agents of the pélyhedral diseases of insects, Called
polyhedra are the crystal-like corpuscles, which form in the gut. of
caterpillars sick with yellow jaundice. Tt appears that these bodies
have a very complex structure. Besides the albumen substance with particles
which are 10 mn (micron) in diameter and were first taken for the virus
itself, polyhedra have also wvirus particles which are quite ihick rodse.
The virus of the polyhedral disease of the mulberry &ilk worm is 88 mn
(micron) in diameter and 350 mn (micron) long.

Virus particles of the yellow dwarfiness.of potato are also rod-
shaped and their size is 200 x 50 mn (micron).

Follows a large number of viruses which have the shape of thin
rods 15 mm {micron) in diameter. The length of the rods is 150-300 mn
and these rods not infrequently join each other at the ends forming
threads which might reach several thousands of mn{micron). To viruses
having such structure belong the viruses of the mosaic disease of
tobacco, cucumbers, cabbage, potato, orchid, streakiness of peas (pea
streak), etc. Similar structure was for some time attributed to some
species of the poliomyelitis virus, but it has not been confirmed,

Thus the forms and sizes of viruses vary greatlys, We have all
gradations of sizes beginning with the giant forms of the virus of cat
pneumonia which reaches the size of the smallest microbes and finishing
with such as the virus of the mouth and foot disease and mosaic of
turnips the particle volume of which is about 40,000 smaller than the
volume of an elementary corpuscle of largest viruses, Viruses vary not
only in form and size, but in their physiological peculiarities as well,
which becomes evident in their relation to antibiotics, Besides that
they differ also in their chemical composition, Viruses which contain
lipoids besides "neukleo proteidy" (nuclear proteins?), are larger in
size than viruses lacking lipoids. The virus of the encephalomyelitis
and all the larger viruses contain various lipoids, among them
phospholipids{?). In smaller viruses the presence of a small amount of
lipoids is known with certitude only in the virus papilloma. Absence
of lipoids in smaller viruses distinguish them essentially from protoplasts,
because each protoplasm, except albumen, contains lipoids. Bacteria
and higher organized beings contain two nucleinic acidse=thymo
nucleinic and ribose(?) - nueleinic acids. The majority of viruses have
only one of these nucleinic acids, and, as a rule, the.highest viruses,
i.€. the larger ones, contain the thymo-nucleinic acid, In the grippe
virus two nucleinic acids were discovered, in the virus of encephalomyelitis-
only the ribose{?) - nucleinic acid, same as in all the known to us
viruses affecting plants, It can be said that a certain simplicity of
chemical composition ecorpespdnds with greater simpliecity in virus
organization.

Electron microscopy contributed very much to the study of
bacteriophage. It became apparent that it is characteristic for the
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"ohage" to have an appendix (?) but there are "phages" without it

as welle Such typical, or rather more widely spread particle of the
"phage" consists of a head, the diameter of which varies from

45.100 mn, and an appendix which reaches 150-200 mm in length. This
appendix ends frequently with a widening, Earlier the appendix was
called quite wrongly-the tail and was looked upon as being an organ
of motion. The electron microscopy made it possible to observe how
the “phage" in many cases attaches itself with its appendix to the
bacterial cell and it is quite probable.that the "phage" is (at least
partly) an ectoparasite of the bacteria. But then the world of the
"phages" is also extremely diversified. The intestinal bacillus

ig lysed by a large number of "phages" which differ from each other
in their antigenic properties, chemical composition and structure.
Along with the "phages" of the intestinal bacillus, which have an
appendix {fig.#) there are known such which lack its Three different
"phages" of typhoid fever are described which, aecording to data of
ultra-filtration, are very different in size. This corresponds with
data of electron microscopy (see table).

The electron microscopy makes it possible to observe various specifie
reactions of viruses, Thus an agglutination of virus particles.with
specific anti-serums can be seen. Some viruses are adsorbed by red
blood corpuscles., To such viruses belong those of grippe, munmps
and others. Similarly, through the electron microscope can be seen the
attachment of "phage" particles to sensitive bacteria. They attach
themselves not only to living but to the destroyed bacteria as well,
but this attachment is always strictly specific, i.e., it takes place
only in.regard to bacteria which are able to be lysed by the given
"phage" _

Fig, L. (o, 51) Bacteriophage of the intestinal rod (vacillus)
(To) throuzh an eloctron microscope magnified about 36
thousand times. '

Table

"phage! ! Data of Data of electron
ultrafiltra.  microscogy
tion (in mn) i (in wn)

i

Yo, 117 | 70-110 " Head 40-60, Shoot (appen- |
' dix) 60-120 !
No, 128 20-30 1 30-40, No shoot (appendix)

No, 114 8-12 ot disclosed
]
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Even though the electrons penetrate inadequately through virus

particles, it was possible to obtain most valuable data on the .

structure of many viruses. Elemental corpuscles of smallpox have a

more solid formation in the central part and four smaller corpuscles

at the sides, It was recently proved accurately that the head of the

"phage"(1) has a wall. If the "phage"(?) is placed in a strong solution

of some salt and then the salt concentration is rapidly decreased,

then the "phage" becomes inactivated; the electron microscope makes

it possible to establish visually the causes of the inactivation. It

appears that the heads are destroyed by such treatment and it can be

seen not infrequently that only their walls are preserved with the

appendixes attached to them. Thus the "phage" heads react to sharp

changes in osmotic pressure as would any protoplast. In the light

of these data any attempts to defend the enzyme nature of the "phage",

seem very archaic,

The biological 4individuals which we are examining are so minute
that they cannot but be affected by various forees of purely physical
attraction and repulsion which play such an important role in the
world of molecules, The electron microscope allows to observe the
aggregration processes of virus particles, Mmy photographs are
obtained of preparations of eoncentrated solutions of the bobaceo
mosaic virus, from which it.is seen how the rod-shaped virus particles

<f\ arrange themselves in regular rows forming complicated lines (fig.5).
/ These virus aggregates look similar to various kinds of fibers of
biological origin from connecting and other tissues which are seen
through an electron microscopes In particularly favorable cases the
structure of virus crystals of individual virus corpuscles can be
seen through an elctron microscopes, It should be pointed out in
general that even viruses not obtained as erystals, arrange thomselves
very frequently in electrone-microscopic preparations in quite regular
rows, The latter was cobserved also in regard to "phage".

Fige 5 {p.52) Concentrated solution of virus of tobacco mosaic
under (through?) the electron microscope.
"Nucleoproteid” forms complex aggregates. Seen
(,\ are also single isolated virus particles.
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Cne of the hardest problems is that of reproduction of viruses.

Only quite recently it became possible, not without success, to

: approach this problem with the help of the electron microscopes

. Observations indicated, that virus particles of tomato tillering are
sonetimes- about twice the sife of the regular ones and have a con-
striction in the middlej in this case they remind greatly of particles
which are in a state of reproduction by divisione. Similar observations
exist on the encephalomyelitis virus. In observing the lysis of a
bacterial cell under the influence of the bacteriophage it was possible
to see in the decomposition products of this cell, the individual small
colonies of the "phage",which later broke down into single "phage"-
particles. So far these cbservations have a rather fragmental character
and the method itself commected with the study of dry preparations is
such that it deprives them of absolute conclusiveness, however ~ they
deserve further research, '

Particularly interesting are the thread-shaped virus forms. They
were first found in the grippe virus. They represent rather long rods
with a diameter inherent to the grippe virus. Sometimes it is possible
to observe how at the end of such a rod a cord is formed (?) by typical
virus particles of grippe. There was an attempt to explain these forms
as an artifact which originates at the expense of the wall of a red
blood corpuscle; however, against it speaks the circumstance that

\ similar thread-like forms are obtained also in the grippe virus which
(f; is not adsorbed on blood corpuscles. Very similar forms are obtained
also among bacteriophages and here it can sometimes be seen how from
the rod-shaped form separate "phage" particles with an appendix. Such
| rod-shaped "phage" forms originatc usually under conditions unfavorable
| for the "phage" 's reproduction, for example, at an abnormally low
temperature. It is possible that they appear due to inhibition in
reproduction when the growth does not cease. If such an assumption is
correct,. then rod-shaped "phage" forms are analoguous with ¢longated
bacteria forms, which also originate when their reproduction is sup-
presseds

It would be a bad mistake to judge the nature of viruses on the
| basis of only morphological or chemical data, away from the complex
1 conditions under which the viruses circulate in the Nature and enter
\ inter-relations with higher organized beingse, For the judgment of
the nature of viruses the electron microscopy provides very valuable
but only extremely individual data. These data confirm our notions
on great variety in the world of pre-cell life forms, on the existence
in it of morc complex and more simple formations. There is no doubt
that the electron-microscopic method will further on find its application
also in solving of such difficult and exeiting problems as that of
filterable microbe forms, their genesis and structure as well as inter—
relations between microbes and virusese
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(In full)
Bys
- A, Antik
Grushko, Ia. M.
Khrom kak bioelement
Chromium as a bioelement]

Biokhimiia 13(2):124-126. April 1948
385 B523

(In Russian)

CHROMIUM AS A BIOELEMENT

Vernadskii and Vinogrado¥ refer chromium as well to the number of
micro~elements (trace elements) which are contained in the bio-sohere,
Pointing out the existence of a cycle rotation of chemical elements in
the nature, Vernadskii congiders its probability for chromium as well,
Data in literature on existence and content of chromium in organismg
are very contradictory. Some authors consider that normally there is
no chromium in the human body or that it is found in living substance
accidentally, entering it with the food., Other researchers discovered
chromium as traces in various organg, in endocrine glands, in gall
stones, in milk., Vinogradov indicates that chromium is disclosed in
animal and plant tissues and that a living substance contains it in a
10~%-~10~3 % concentration in ratio to body weight.

In order to determine the existence of chromium as a micro-element
in a living organism, we carried out determination of chromium in organs
and tissues of humans (corpse material), of some animals (rabbit, sheep);
determination of chromium was carried out also in various food oroducts
and in drinking water,

The determination was conducted with the help of spectral analysis
which is of exceptional value for determination of micro-elements in a
biological material., The advantages of the spectral analysis of biolo~
gical material as compared with other methods are: 1its high sensitivity
(in ashes of burned organs and tissues, up to 0.0002% of the material
being studied is determined), possibility of using for research of very
small amounts of material (weighted portion 10-20 mg). specific character
for each element bring determined, simultaneous determination in a test
object of several elements without a preliminary treatment of the test
object, rapidity of determination (during 10-15 minutes),

For carrying out of the spectral analysis we had at our disposal a
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large quartz Khil'ger spectrograph. As a source of excitation during
analysis an arc of direct current (220V, 104) was used because this
method oroduces best results for our purposes, Use of a condensed spark
would require undesired chemical preparation which could distort the
oleture of the real content of chromium in the samples.

The principle of the emitting spectral analysis which we applied
consists in the following: in burniig various substances in a volt arc,
a spectrum is formed form a series of llnes characteristic for each
element. The intensiveness of each line is in proportion to the con-
centration of the element in the sample, The-spectrum of the substnnce
being annlysed is compared with standard samples, which are photographed
on the same film. For greater precision we applied the "method of inner
standard" when the intensity of the soectrum being analysed is compared
with the resembling snectrum curve of another element which ig ifitroduced
into the test object with a constant concentration., We uged cobalt as
such & standard,

The technique of spectrographic analysis consisted of the following
stages: 1) enriching of sample, 2) sealing in of the test object into
a graphite nnode crater, 3) spectrographic reading, 4) quantitative deter-
mination of chromium, '

([:3 Enriching of samples was carried out by their calcimation, The
samples in amounts of 20-50g were dried out at 1200 during 12 hours,
then they were burned ir a muffle furnace for 8 hours with graduwal in-
crease of temperature in the furnace up to 5000, The results of the
study were calculated in milligramm-percents of chromium in the raw
substance,

The sealing in of the samples was carried out in graphite anocde
crater 2,5mm in diameter drilled in an electrode 4 mm in diameter,
Spectrographing was done with 2 2,5-3,0 minutes exposure; the 0,02 mm
wide slit in the spectrograph was evenly lighted with the help of an
additional system of condensers and intermediate stops.

The quantitative determination of chromium was carried out in the
following manner, On the film were photographed: 1) a series of
samples being amlysed, 2) mixtures (compounds) with certain chromium
concentrations (standard), 3) graoduated scale, In order to obtain a
characteristic curve and a subsequent determination of intemsiveness of
linew, a concentration curve was built according to which the chromium
concentration was determined, [Fhotometrics of films was done with a
projection micro-photometer; the obtained results were determined as per-
centage of chromium content in ashes, after which they were recalculated
to the content of chromium in milligramm-percents in raw material,
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We determined the content of chromium in organs and tissues of two
bodies of peoonle who died as o result of different illnesses,

Content of chromium in organs and tissueg of a human being,

Table 1

Name of organs

&hromium, mgh

¥mme of organs

Chromium, mgdh

and tissues of raw weight |} and tissues of raw wnight
T 1 I3 I II
Hair 0,2 &Emew  {iStomach wall 0,007 —i e
Nails 0,12 ——w— {lCartilage 0,001 ———
Gall 0,083 w~w=- | lHypophysis 0,0006 ——
Salivary gland 0,04 ~== |15pnleen 0,0005 0,01
Kidney 0,028 0,027 {iluscle 0,0002 ——
Diaphragm 0,016 iee- |{Suprarenal gland
Wall of large * 1 9.012 0,063 {1("nadpochechnik™) | 0,0005 ——
intestine ' tPancreas 0,0002 ——
Heart 0,02 ~——- |{¥Wall sm, intesting 90,0006 ——
Liver 0,001 0,013 | {iung 0,0007 | mmm-
Brain 0,002 0,002 | {Blood 0,0035 0,012
Thyroid gland 0,005 0,005 | {Bone ———— 0,085

It is seen from table 1, that chromium has been discovered in many

organs and tissues; in large amounts-in exterior skin covers (hair, nails)
The least amount of it was found in muscles, pancreas,
For the

as well as in gall,

suprarenal gland, thyroid gland, hypophysis, spleen and liver,
purpose of comparison we conducted determination of chromium in tissues
of a rabbit and a sheep. The obtained data are in tadle 2,
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¢ Table 2 (page 125.)

. Content of chromium in orenns and tissues of s rabbit and o sheeo
‘ .

Names of organs Chromiur, mgh | Names of organs|Chromium, meh
and tissues of raw weight | and tissues of raw weight

" Rabhit | Sheep Rabbit ' Sheep
Contents of stomach 0,108 - 1Lung 0,011 ——
Contents lge, intestine}0,16 = tLiver 0,002 ——
Wall, 8tomach 0,07 ~—= Suprarenal giand| -— 0,01
Wall, sm, intestine 0,013 === |Spleen 0,01 -
Wall, lg. intestine 0,09 | =--- ({Kidney 0,02 0,012
Claws . 0,10 ~-~ Muscle : 0,03 ———
Bone 0,09 0,12 {Brain —~—— 0,043
Cartiloge 0,04 0,15 |Wool — 1.0
Heart EO,OM3 _ wew  (Hoof ——— 0,2

It is eecn from the data in Tables 1 and 2 that we discovered chro-
mivm in the majority of examined organs and tissues of humans and animals
@ in slightly larger amounts in exterior covers (epithelium) and in the
digestive tract.

Table 3 (P, 126)
]
; Name of product Chromium Name of product  Chromium
1 | meh mgh
Flour - 0,185 Beet 0,025
Bread 0,087 Carrot 0,011
Cream of wheat 0,065 Bge powder 0,003
Buckwheat (cereal grainj 0,028 Noodles “ 0,005
Cadbbage 4 0,031 Fish ("khariuz®) 0,002
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It is seen from table 3, that chromium is contained also in
various food products. This is quite understandable since according
to data of our research its contents in the soil was 0.0016%, in the
sub-soll ground water - from 0.0009 to 0.0020 mg/liter, and in river
water —— from 0,0011 (Angara) to 0.0017 (Irkut) mg/liter.

Conclusions
It has been established by spectral analysis, that chromium is
contained in organs and tissues of humans and animals, in plant products

as well as in the soil and the water. Its contents in the human body
reaches up to hundredths and even tenths of a milligramm~per cente

Received 24, VI, 1947

Dept. of hygiene at the
Irkutsk medical institute.
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ANIMAL NEUROVIRUS DISEASES SIMILAR 70 HUIM'WN POLIOMYELITIS

By I. M. Rodin
<:> Labcratory of Virus Neuroinfections
Institute of Neurology
scademy of Medical Scienccs
USSR

Translated from Zhurnal Wevropatologii i Psikhiatrii 52(8):6h8n652,Aug.,1953.

The abscnce of a satisfactory laboratory model of poliomyelitis makes
the experimental study of this disecase extremely difficult,

At prescent, the only method of detecting the poliomyelitis virus is the
experimental infection of monkeys or apes (obyez'!'yany) by means of virus-
containing material obtained from the brains of dead human beings or the excre-
ment of afflicted persons, The higher apes (such as chimpanzees) scem to be
the most receptive to this method, followed by Javanesc macaques, rhesus mone-
keys, hamadryas baboons, and green guenons, in that order, Increased intcrest
in rescarch pertaining to the study of the possibility of.adapting the polio=-
myelitis virus to other species of animals is, therefore, understandable.

As yet, only a few strains of the poliomyelitis virus have been success~
fully adapted to white micc and cotton rats (Sigmodon hispidus). This refers
to Lansing "SK," #K, "MM," Levkovich "113,% and others,
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In recent years a great deal of attention has been given to ncuroinfece
tions of animals which arc similar to human poliomyelitis, 4t present, their
epidemiological sipgnificance in the disscmination of poliomyelitis has not
yet been cstablished, . These poliomyclitis~like infections of animals, howe=
cver, arc of undoubted scientific and practical interest to the medical world,
BEncephalomyelitis of mice and enzootic paralysis of swince (the Teschen discase)
arec two such infections,

The virus of encephalomyelitis of mice was isolated in the Soviet Union
by I. L. Shifrin, Ls Ya, Yablonovskaya, anc others,

The particles of the virus which causcs the disease in gice have cxtremc-
ly-small dimensions, approximating the dimensions of the virus of human polio-
myelitis. Thc mouse virus, it has been found, affects primarily the cells o
the spinal cords It is very stable, and can be prescrved for several weeks
or even months, Seriological invesbtigations of mice to detect antibodies did
not give accurate results. = Contradictory cdata likewise were obtained in ex=
periments attempting to determine the presence of specific immunity in mice
after they had been infected intracerabrally. These characteristics of the
virus of encephalomyclitis of mice in many ways closely resemble the prop=-
ertics of the virus of human poliomyelitis.

Dispite the similarity of these viruscs, howcver, there is no basis whate
sgcver for assuming that sice or any other animals act as a rescrvoir of the
poliomyelitis virus,.

To clarify this question, it will bc necessary to carry out investiga-
tions, since information concerning the spread of the virus of mouse
encephalomyelitis is very meager and the relationships of this virus to the
virus of human poliomyclitis so far have not been adequately studicd,

A number of authors have pointed out the great similarity of human polio-
myclitis to the Teschen disecase of swine, This discasc was first described
by Trefni (1930-1931) in thc Teschen district of Czechoslavakia, from which
it rececived its name, It next became widesprcad in the Sudeten region, Bohemia,
and Moravia, It was recorded in the border regions of Bavaria, dustria, and
Central Germany (leipzig). Spreading further, the discasc affected the northe
castern districts of Slovakia and then penetrated into Hungary, Tugoslavia,
Switzerland, and Italy.

Comparatively recently, in 1950, Lepine and ipanasiou isolated on ljada=
gascar a virus causing cncephalomyelitis of swine. This virus turncd out to
be identical with the Czechoslavakian strain of the virus of Teschen discase,
It is pathogenic exclusively for domesticated and wild swine,  Monkeys and
apes, hamsters, mice, guincg pigs, and rabbits are not susceptible to intra-
cerebral infection with this virus., Blood scrum of recovered animals ncutral-
izes both the Madagascar and Czcchoslavakian strains to a certain degree, At
the same time, the virus of the Teschen discasc does not prevent mice from
beceming 111 when they are infected with a Lansing=type strain of poliomyelitis,
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Lccording to the data of Klobouk, Fortncr and others, the virus (of
Tcschen discase) passes through a Berkefeld N filter. Conscquently, the
dimensions of its particles are approximately the same as those of the
poliomyelitis virus. It is very stable, can be preserved for 20 or more
months in glycerine, does not losec its virulence for 3 months when stored
at a temperaturc of minus 15°, withstands drying in the sun for 23 days,
and does not perish in a brine solution at minus 6° to minus 100 or in
putrescent material for about 6 days, The virus is inactivated in 30 min-
utes at a temperature of plus 7090,

The virus cannot be cultured in chicken embryos and doss not infect
chicks which have just hatched (Gallia, 1949), Under natural conditions,
outside a living organism, it preserves its virulence for a long time,

The virus is deteccted in large quantities in the central nervous
system at the start of the illness, especially during the first few days
after the appearance of paresis and paralysis, Less regularly, it appears
in the various secretions and excretions of the mucous membrane of the
nasopharynx, 4 clinical case of the disease cannot be induced by artificial
infection with blood or a suspension made from organs that contain blood.

Only domesticated and wild swine, and then primarily young animals,
have been successfully infected, The basic sources of the infection are,
evidently, sick animals with either a manifest or hidden form of the disease
and animals which have recovered but still re.ain carriers and transmitters
of the virus for a long time after their recovery, Under natural conditions,
infeetion occurs mainly through the alimentary tract and the nasal passage,
Under specific external conditions (severe chanzes in the weather, damp-
ness, cold weather, or weakness brought about by a vaceination or surgical
operation) susceptibility to the disease increases significantly,

Young pigs who have lived through the natural discase beocome immune,
but some cases have been recorded in which the animals were reinfected or
even died, Some authors look upon this as proof that several types of the
virus of the Teschen disease exist, By subcutaneous and intravenous inw
Jections of the living virus an active immunity can be developed, Indivi-
dual animals can be made to incur a clinical form of encephalitis by feed-
ing them on infected matter, ‘

The use of vaccines for prophylactic purposes is limited in effective-
ness, since the immunity develpps approximately 30 or LO days after inocu-
lation and then lasts for no mere than 2 to 4 months,

The cited characteristics of the properties of the virus which causes
the Teschen disease in young pigs are similar in many ways to the characterw
istics of the virus of human poliomyelitis, The immunological behavior of
the two viruses is different, however, '
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Comparisons of clinical poliomyelitis-like animal diseases with human
poliomyelitis are of some interest. Gard in 1943 and Kaplan and Merentze
in 1948 pointed out the unusual similarities of the Teschen disease of
swine and encephalomyelltls of mice to human poliomyelitis,

Both in poliomyelitis and the Teschen disease the ppeparalytic stage of
the illness is characterized by fever and meningeal phenomena (there is no
information concerning encephalomyelitis of mice)., The paralytic stage is
much the same in all three diseasess flaccid paralysis is observed, primar-
ily of the cxtremities, and cerebral forms appear, accompanied by ataxia
and spastic symptoms, or tonic and clonic spasms.

Nonparalytic forms of all three infections have been recorded. The
incubation period in an experimental infection lasts from 10 to 1k days.
The disease can occur in an abortive form, resulting in full recovery with-
out the development of paralysis, Some similarity can also be detected in
the pathological changes, but there is an essential difference, wiich is
especially apparent when a study is made of the dynamics of the pathohis-
tolopzical changes.

All three of these disease-causing agents are distinguished, as is
shown above, by a typical species characteristic, Furthermore, they prim-
arily affect young individuals, The diseases also are characteristically
scasonal; the greatest incidence of the disease is recorded in the spring.
On the other hand, each of the diseases being compared has its own peculiar-
ities and variations, which establish a basis for considering the Teschen
disease and encephalomyelitis of mice as 1ndependent diseases not related
to human poliomyelitis.

Reports recently have appeared concerning the possibllity of using
antigens obtained from the virus of the Teschen discase for the laboratory
diagnosis of poliomyelitis, Semenits and Rush in 1950, basing their work
on the similarity of the Teschen disease of mice (this should possibly be
of swine) to human poliomyelitis, prepared in a corresponding manner an
antigen from the brain matter of young pigs which had died of the Teschen
disease, They then used this antigen to set up a reaetion of complement
fixation in spinal fluid obtained from children ill with poliomyelitis,

Semenits and Rush confirmed a diagnosis of poliomyelitis in 57 children,
In 23 children and adults suffering from serous meningitis, the complement-
fixation reaction was negative, Negative results were also obtained when
the reaction was set up with 60 control samples of spinal fluid from persons
suffering from tuberculous meningitis, spinal atrophy, meningococcal in=
fection, etc,
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There are references in literature to the existence of poliomyelitise
like discases in other domestic animals, Thus, for example, Frauhiger, in
1938, reparted such a disease affecting calves during a poliomyelitis epide
emic in Switzerland, The illness of the calves resembled Landry's ascend=
ing spinal paralysis with the affliction first in the rear and then in the
front extremities, Changes detected in the spinal chord of the animals
were similar to those recorded in human poliomyelitis. These changes were
most ‘evident in the lumbar and sacroiliac regions. They consisted of a
perivascular infiltration by leukocytes and plasmocytes, especially into
the forward vertebral processes, and of the destruction of ganglionic cells
accompanied by phenomena of neuronophagy.

In 1938, Frauhiger and Hofman succeeded in experimentally infecting
three calves with the poliomyelitis virus, They did this by simultaneously
injecting into their brains, noses, and abdominal cavities of the calves a
suspension containing the infectious agent, The animals incurred paralysis
in their extremities,

Ferlicus observed a poliomyelitis-like disease in dogs in 1950,

Proceeding from these data, and considering poliomyelitis from the
evolutionary-ecological point of view, several authors have expressed the
hypotheses that in nature there exists a whole group of poliomyelitise
like viruses, which may have one common ancestor, It remains unclear,
however, what the first host organism for the poliomyelitis virus was =-
human or animal.

An assumption was alsc made that the poliomyelitis virus developed
as an intestinal parasite of rodents, without perhaps causing a clinical
infection in them, However, the virus gradually ewolved and at some point
became pathogenic for human beings, The causes for this change in its
pathogenic properties remain unclear, Several authors, for instance,
Barnet, suggested that the origination of new strains with increased viru-
lence might be explained by mere chance,

However, "Science is the enemy of chance, Science can cnly really be
called science, when it discovers, the laws governing development" (T, D.
Lysenko, according to M, B. Mitin, For a Materialistic Biological Science
(Za Materialisticheskuyu Biologicheskuyu Nauku), p 103, Moscow-Leningrad,
1949). Doubtlessly, the solution of this complicated problem is only
possible on the basis of Michurin's biology, which regards the mutability of
microbes and viruses as a result of changes in environmental conditions,

Proceeding from the similarity between the Teschen disease and human
poliomyelitis, we attempted, in 1950, to infect young pigs with several
strains of poliomyelitis, To 12 young pigs was administered a massive dose
(1 ml into the brain, 20 ml into the abdominal cavity, and 3 ml into the
nose) of six strains of poliomyelitis viruss Kvade, strain "113," KRF=~1,
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MV, 1-16, and Shevk. Two young pigs were used for each strain, The animals
remained healthy, In some of them there was an insignificaent rise in tem-
perature, but this was not accompanied by any clinical manifestation of the
disease whatsoever. One of the young pigs which hal been infected with the
1-16 (Lansing) strain and had had no clinical manifestation of the disease
was killed 13 days after the attempted infection, A suspension of brain
tissue from this pig was used to infect a monkey and two other young pigs.,
None of them became diseased,

Thus, attempts to adapt human poliomyclitis to young pizs were fruit-
lesse An attempt to cause a monkey to become 111 by infection with a mas-
sive dose (1 ml into the brain, 10 ml into the abdominal cavity, and 3 ml
into the nose) of the Czechcslovakian strain of the Teschen disease was
likewise unsuccessful, although the simultaneous infection of a young pig
with this virus caused it to fall ill, and, subsequently, to die on the
10th day after the infection,

After successful preliminary passages of a strain of the virus of the
Teschen disease, we set up a titration experiment with the virus. Ten young
pigs were aneCtbd with diluted solutions of a brain suspension obtained from
animals which had died, The dilution ranged from 1:10 to 1:10,000, Titra=-
tion of the virus showed that intracerebral infection of the young pigs with
a 0,5 ml dose was possible with dilutions as high as 1:1,000, One out of
two of the young pigs became ill, and at the same time, the incubation period
for the discase was extended to li days,

i comparison of variocus methods of infecting young pigs with the Teschen
disease is of undoubted interest, For this purpose we produced infection by
injection into the brain, the nose, the tonuils, and also intracutaneously,
In the last method, 0.05-ml doses of the virus were injected at ten points
on the hind feet., Intracutaneous infection was repeated every week, Just as
we did in the intracubtaneous infection of monxeys and apes with poliomyelitis
virus (Rodin, Itselis, 1951),

41l the young pigs infected by injection into the brain became ill in
5=9 days, e succeeded in causing the disease in one of the two young pigs
infected by injecting the virus into the tonsils, Intracutancous infcction
caused the disease in one of the two young pizs injected. On the 5th day
after the second intracutanecus injection of the virus, the pig's tempera-
ture increased sharply and the animal soon developed a flaccid paralysis
of the legs, particularly the iront ones,

The infection of two young pigs by injection into the nose, 1,5 ml in
each nostril, was likewise successful,

The clinical pattern of the disease following experimental infection
of young pigs with the Teschen virus, despite differences in the individual

(:> neurological symptoms, is generally quite uniform, It comprises nystagmus,
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convulsive movements, trembling of the whole body (especially the head),
opisthotonus, ataxia, and weakness of all the legs, msually without paralysis,
Flaccid paralysis of the extremities developed in only two of the young pigs,
one infected through the nose and the other intracutanecusly.

Simultaneously with the infection of the young pigs with the Teschen
virus, white mice, cotton rats, and guinea pigs were repeatedly, but un-
successfully, injected with the virus,

Our investigations show that the Teschen discase of swine is character=
ized by the duration of the incubation period, which almost never varies in
length subsequently to intracerebral experimental infection., The length of
the incubation period changes somewhat depending on the means of infection
and the degree of dilution of the virus, Jccording to our data, the majority
of young pigs infected by injection into the brain become ill in 6-7 days,
whereas those infected by injection into the nose, the tonsils, or intracu-
taneously exhibit an incubation period of 1llel2? days,

This constancyg of the length of the incubation period with the same
method of infection, and the constancy of the clinical symptoms, which are
clearly pronounced, afford us the possibility of using our observations on the
Teschen disease for the solution of some of the problems of pathogenesis and
immunity in neuroinfections,
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VSESOIUZNAIA AKADEMITA SEL'SKOKHOZIAISTVENNYKH NAUK

[ 4
COLLECTION OF WORKS ON NEMATODES OF AGRICULTURAL PLANTS l ﬁ%gé;i
|

KIR'IANOVA, E. S.

{meni V. I. Lenina

VSESOIUZNYI INSTITUT ZASHCHITY RASTENII

Ed. by E. S. Kir'ianova

SEL'KHOZGIZ

GOSUDARSTVENNOE IZDATEL'STVO
KOLKBOZNOI I SOVKHOZNOI LITERATURY
Moskva 1939 Leningrad

(VIZR - All-Union Institute of Plant Pretection).

Survey of the knowledge of nematode plant diseases in the USSR. pp. 5-26.

II

II.

Some historical information.

Study of plant nematode diseases during the period of
socialist construection.

Sugar Beet nematode - Heterodere schachtii Schmidt.

Wheat nematode - Anguillulina tritici Steinbuch.

Gall nemetode - Heterodera marioni (Cornu).

Stem nemetode - Anguillulina dipsaci (Kuehn).

Chrysaenthemum nematode - Aphelenchoides ritzema-besi
Schwartz.

Fauna of the injurious‘ nematodes of rubber plants.
Feauna of the injurious nematodes of cotton.

Faune of the injurious nematodes of tometoes.

Fauna of the injurious nematodes of strawbgrries.

General compnsitioﬁ of nematéde fauna of cultivated plants.
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III. Our tesks in the domain of investigating nematode diseases
of plants.

l. Question of terminology.
References:
98 Soviet, 20 foreign, 13 foreign

in Soviet journals.

English summary on p. 236.

USTINOV, A. A. (Sukhumskaie Ker. Lab,)
Root (gall) nematode in the USSR (e brief resumé by the State service of
external and internal plant quarantine on the results of inspection and
investigation of the root nemetode). pp. 26-64

I. History of the study of the root nematode in Russia and in
the USSR.

IT. Spreading of the root nematode in the USSR according to the
1935 inspection data.

II;. Distribution and area of injury of the root nemetode.
IV. Certain ecological requirements of the root nematode.
V. Host plants of the nematode.

VI. Biological observations of the_nematod?.

VII. Control measures for the root nematode.

VIII.
Sanitary and quarantine measures.

References:
9 Soviet, 7 foreign.

1. Supplement 1:
List of plants in the USSR susceptible to the
root nematode. pp. 53=-61 '

2. Supplement 2:

Results of tests conducted on legumes in Abkhazia
as to their infestation by nematodes. pp. 62-64.

English summary on p. 237
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LITVINOVA, N. F. (Razakhstanskii Filial Akademii Nauk).

Gall nematodes in the Kazakh SSR. pp. 65-70%

1,

2.

IKHTINSKAIA,

VIEMP).

Results

Infested regions.

Sources of gall nematode infestation of the Kazakh SSR.

Host plants of nematodes.

Degree of damage caused by gall nematodes in the Keazakh SSR.
Practical measures of gall nematode control in the Kazakh SSR.
Further work on gall nematodes.

References:
None,

English summary on p. 238.

-

T. A. and ARKHANGEL'SKAIA, M. N. (Krymskaia Opytnaia Stantsiie

of a study of gall nematodes on lavender in the Crimea. pp. 71=74.
Influence of moisture upon the development of nematodes.
Heat disinfection of lavender.

Influence of calcium cyanaemide upon the development of
nematodes,

Conclusions.

References:
None.

English summary on p. 237.

y
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KORAB, I. I. and BUTOVSKII, A. P. (VNIS).‘
Most important results of a study of [sugar] hest nemathes Heteroders
Schachtii Sclmidt and of methods for tﬁeir control. pp. 75-120
. I. Reces of {sugar] beet nematodes.

II. Characteristics of the development of [sugar] beet nematodes
and methods for determining their infegtation of the soil.

IJ1I. [Sugar] beet nematodes in the USSR and an experimental study
as to measures for their control.

1. Injuriousness of [sugar] beet nematodes.
2. Influence of nemaéode soil infestation upon the size
of the assimilated surface of the leaves of beets.
IV. Control measures for {sugar] beet nematodes.
_ 1. Experiments aimed at clarifying the influence of crop
<:> ’ rotations upon the decrease in soil infestation by

[sugar] beet nematodes.

2. ﬁffectiveness of antinefatods crop rotations upon
agricultural conditions.

3. Importance of cropping chicory.

4: Otﬁer agrotechnical measures.

5. Fertilieing.

6. Action of toxic substances {experiments with chloropicrin).

V. Influence of externel factors upon the development and spread
of {sugar] beet nematodes.

-

. ' VI. Conclusion.
. Referemces
6 Soviet, 14 foreign.
c:) Bnglish summary on p. 238,
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KIR'IANOVA, E. S. (VIZR).
Stem nematode as a pest of agricultural plents in the USSR. pp. 120-142.
Geographic distribution of stem ne?atodes in the USSR.
Biological races of stem nemetodes.
l. Study of stem nematodes on potatoes.

2. Study of nematode diseases of cereal crops caused by
the stem namatode.

3. Study of nematode disease of the Dalmatian (dalmatskaia]
daisy caused by the stem nematode. .

4, Study of nematode diseeses caused by thé stem nematode
in the crop of bulbous and other plants.

References:
9 Soviet, 4 foreign.

- (i) English summary on p. 139.

BELOVA, O. D. (Polesskeia [Polesie] Opytnaia Stantsiia).
Results of observations.and of field experimenté with stem nematodes

on potatoes. pp. 142-149.

References:
None. .

English summery on p. 240

KOROLEVA, N. I. (Orlovskaia OS [Bxperimental Station)

-

Nematodes injurious to winte; wheat in the North of the Orlov Region.

ppc 149'154.

References:
None.

English summery on p. 240

Declassified and Approved For Release 2013/04/05 : CIA-RDP80R01426R010100040001-8




Declassified and Approved For Release 2013/04/05 : CIA-RDP80R01426R010100040001-8
(6) Trans. 486

e

FROLOVA, M. I. (Ternovskii Sveklosovkhoz). )
Materials for the study of cereal nematodes. pp. 154-160.
Distinctive symptoms of diseased plants. )
Evaluation of the degree of cereal destruction.
Causes of cereal diseases.

References:
Nona.

English summary on p. 24l.

MEIER, A. A. (Krymskaia STAZR).

Wheat "gall" [Anguilluline (Tylenchus) tritica Steinbuchl] in Crimea

according to fanalytic date of grain specimens of the 1929 winter wheat
crop. pp. 160-167.

+

Conclusions.

References:
None.

English summary on p. 241.

TULAGANOV, A. T. (Uzb. Gos. Universitet).

Fauna of tomato nemetodes (Lycopersicum esculentum Mill) and of the

surrougding soil. pp. 167-208.
I. Material.
II. Inspected‘regions.
ITI. Method.
) 1. Preparation of compounds.

IV. General evaluation of the fauna of tomato nematodes found
in the inspected locelities.
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V. Nematode fauna
VI. Nematode fauna
VII. Nematode fauns

VIII.
Nematode fauna

IX. Nematode fauna

of tomatoes

of tomatoes

of tomatoes

of tometoes

of tomatoes

(7) ' Trans. 486

in the Crimes.
in the Krasnodar Territory (Sochi Region).

of Abkhazise.

of Adgheria.

from Gruziya [Georgia].

X. Systematic situation and description of the separate representatives
of the nematode fauna of tomatoes and the surrounding soil.

XI. Conclusions.

References:

6 Sovi

et, 12 foreign.

English summary on p. 242.

SVESHNIKOVA, N. M. (Vsesoiuznyi Institut Gel'mintologii)

Nematode diseases of the rubtber plant tau-saghyz and the problem of their

control. pp. 208-222,

1. Method.

References:

12 Soviet, 5 foreign.

English summary on p. 242.

SKARBILOVICH, T. S. {(Vsesoiuznyi Institut Gel'mintologii)

Method of study and technics of gathering injurious plant nematode

material. pp. 223-235.

I. Method of study of injurious nematodes.

a) Systematic part

b) Measurements of nematodes
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II. Methods of study of .the injuriousness of nematodes.
III. Methods of study of the biology of injurious nemetodes.
IV. Technics for gathering injurious plent nematode material,
a) Analysis of plants.
b) Analysis of soil.
V. Technics for processing nematode meterial.

References:
3 Soviet, 14 foreign.

English summeary on p. 243.

[y
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THE LENIN ACADEMY OF AGRICULTURAL SCIENCES, INSTITUTE
FOR PLLNT PROTECTION '
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A COLLECTED WORES CN NEMATODES OF AGRICULTURAL CROPS

A STUDY OF NEMATODE DISEASES OF PLANTS IN THE U. S. S. R.

‘ BE. S. Kirjanova
Summe.ry

The first attempts t6 study the nematode diseases of plants in our
country were made by I. K. Tarnani in 1895-1898, who found the sugar-beet
nematode Heterodera schachtii Schmidt in the territory of the modern Poland.
1 In 1895 I. K. Tarneni investigated the sugar-beet plantations in the former

_ province of Kiev, Podolia, Volynia and Kharkov, but H. schachtii was not
| found there. The first indication in literature on The occurrence of the
| sugar-beet nématode on the territory of the U.S.S.R. is to be found in an
(:) article by K. I. Shishkin (1923), he states that H; schachtii was discovered
in the Ukraine by I. I. Korab and V. N. Shevchenko.

In 1898 I. K. Tarneni discovered the root-gall nematode Heterodera
marioni Cornu (I. K. Ternani, 1898), in some greenhouses in Kiev. lLater it
was found on vine roots in the Caucasus (N. N. Speshnev, 1899 and I. A.
Staroselsky, 1899) and recently by A. A. Ustinov and other authors.

In 1907 S. A. Mokrgetsky found the wheat nematode, Anguillulina ftritici
Steinbuch, in Crimea. Further information concerning this nematode have
appeared only 17 years later in the following articles: A, Egorova (1924),
V. Zdravémyslov (1925), N. M. Kulegin (1928) and A. A. Meyer (see this
volume p. 160). .

During the lest 5—7 years a nematode disease of potatoes caused by the
stem nematode, Anguilluline dipsaci Kikn, was found (E. S. Kirjenova, 1935;
0. D. Belove, see this volume, p. 142).

In 1932-—-1936 there has been observed in Moscow a nematode diséasge of
chrysanthémums caused by Aphelenchoides ritzema-bosi Schwartz (2. V.
Lomakina).

Injurious nematodes have beeh found as well on cotton, cucumbers, onion,
cyclemens', Dalmatian deisy (E. S. Kirjanova), on tomatoes (A. T. Tulaganov),
on strawberries (A. N. Khakhulina), Scorzonera tau-saghyz (N. M. Sveshnikova

<:> and T. S. Skarbilovich) and on men- other plants. The study of injurious
nemetodes hes been started in meny research institutions of our country.

35 e 2 e 3k s ofe e 3 ok ok ok
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THE ROOT-KNOT NEMATODE Heteroderae marioni (Cornu)
IN THE U. S. S. R.

(Results of the Plant-Quarantine Administra-
tion work in the U.S.S.R.)

A. A, Ustinov

Summarz

Root-knot nemetode — Heterodera marioni (Cortu) is widely distributed
in the southern republics of the U.S.S.R. (Fig. 1).

Biological observations on the nematode have been carried out in Western
Georgia. 1In that country the nemetode gives birth to 4—5 generations. The
number of eggs laid by one femele amounts to 1800. Oviposition lasts up to
61 days.

In summer the development from the stage of an invading larve to an ovi-
parous femdle takes 24 days, while the emergence of adult males takes plece
in 17 days. Active movements of nematode larva within the podzol soils of
Georgia proves to be very slow. The lerva advances not more than 25 cm during

- the summer season, while the nematode larva penetrate deep into the soil and

mey be found at a depth of 50—80 cm from the surface.

Investigations and experiments carried out for the purpose of checking
the immunity of plents to the root-knot nematode corroborated the resistaence
of : Arachis hypogaea, Stizolobium, Crotalaria sp., Vigne sinensis (varieties:
Brehem &nd Iron), Sweet potatoes (varieties — Southern Queen and Jersey) and
cereals. ’ |

Fumigating the soil with big dosss of chlorpicrine and carbon-bisuitphidé
greatly reduces the number of nematodes infesting the soil. Applying 100 gr.
of chlorpicrine to the square metre the infestatién of plants with the nematode
decreases to 80--95% in comparison with the check,

Sodium cyanide and formelin have not proved effective when used ageinst
the nematode.

Hot water treatment used to kill the root-knot nematode in different
plants showed that the pest died within the roots of herbaceous plants after
being dipped into hot water 51°C. for 10 minutes or 53°C. for 5 minutes.

An application of calcium cyanomide as a fertilizer at the rate of 7 tons
to a hectare decreases the rate of infection by two-thirds. Other fertilizers

do not reduce nématode infestation but greatly increase the yield of the
infested plants.

ok 3 2k o o ok ok ik
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RESULTS OF INVESTIGATING THE ROOT-GALL NEMATODE ON
lavandule vera IN CRIMEA

T. A. Ikhtinskeya and M. N. Arkhangelskaya

Summarz

1." "The root-gall nematode Heterodera marioni (Cornu) has been found in

the U.S.S.R. on the following essential oil plantss: iris, lavender, rosemery,
 tuberose, thyme and geranium. The nematode has not been found on such essential

oil cultures as: Andropogon citratus, Lippia citriodora, Kazanlyk rose and

lemon verbena.

2. Under experimentel conditions the nematode was more active at a soil
moisture of 70—8(%. Decreased soil moisture (3(%) retards the development of
the pest while the soil moisture amounting up to 100% hes a depressive effect
on the pest a8 well as on the plant.

3. The method of disinfecting the plants with werm-weter treatment may
be not recommended for lavandula vera, because the minimum temperature and
<:> length of exposition (50°C. for 10 minutes), which killed the nemeatode, prove
to be destructive for the plants.

4, No positive result has been obtained with application of cyanomide
of calcium dosed 0.5 to 5 gr. to a kilogram of the soil. Minof doses have a
favorable effect on the development of the plants and the pest.

5. The root-gall nematode cannot be considered as & serious pest of
lavender in Crimea owing to the drought climate of the country.

ok ok ok sk ok Kk

THE ROOT-GALL NEMATODE IN KAZAKH S.S.R.

N. F. Litvinova

Summarx

In this paper are given the results of an examination of several regions
<iﬁ‘ in Kezakhstan as to the presence or absence of the root-gall nemetode.

The root-gall nematode was found in Alma-Ate and in the vicinity of
Tashkent. It attacks many vegetables, some leguminous plants and the rubber-
plant kok-saghyz. It is interesting to note that on two farms in the Alma-Atae
District on fields where water-melons and musk-melons were erown toeether,
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the latter were severely attacked by root-gell nomatodes while the former were
quite free from infection.

This shows that these nematodes are selective as regards choice of hosts,
a characteristic, already noted by other investigators (Tischler and others).

In the vieinity of Mirzoyén, Merke, Tyulkubas, Chimkent and Burnoye
no root-gall nematodes were found.

o 2 2 oK ok ok ok e ke

RESULTS OF THE STUDY AND CONTROL OF THE SUGAR-BEET
NENVATODE, Hoterodera schachtii Schmidt

I. I. Korab and A. P. Butovsky

Summarz

In this work the authors have summerized the results of practical studies
of the sugar-beet nemétode Heterodera schachtii Schmidt, carried out in various
pleces of the U.S.S.R. during 1926—1936. The main nidus of soil infestation
by nemetodes, are conéentrated in the oldest regions of the main sugar beet
growing zone (Fig. 2). \

Notwithstanding the considereble spread of this most dangerous sugar-beet
pest, the intensity of the soil infostation caused by it seldom reaches the
limits "beyond which its effect acquires economical importance (except single
ferms). This paper prosents the results of experimental work carried out by
the writers at the Nizovsky sugar-beet collective farm Wwherc the infestation
of the ground with sugar-beet nematode was very intense.

Among the methods of controlling the nematode the greatest attention
should be paid to crop-rotation (Chapter IV), it reduces considerably the
ectual infestation of the soil by nematodes.

The following plants cultivated in the field prove to havesa most negative
effect upon the suger-beet nomatode, they havo been tested in heavily infested
soil:s succory, rye, maize, wheat, timothy, oats, barley and among the legumin-
ous = lucerne, clover, vetch, osparcet, and lupine.

Among measures securing high and lasting yields of sugar-beet in fields
heavily infested with nematodes the method of overfertilizing such fields
should be mentioned as-onec tested under ficld conditions. Using double, three-
fold and even four-fold norms of minerel fertilizers mey prove profitable,
owing to a considerable increase of yield.

The chemical method of controlling the nematode with chlorpicrine is one
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It is rather

cxpensive for use on large areas, but it mey be appliocd to comparatively
small nidi badly infosted by nematodes.

3k ok sk ok ok e ok ¥ 3k

THE STEM NEMATODE AS A PEST OF AGRICULTURAL CROPS

IN THE U.S5.S.R.

E. 8. Kirjanova

486

Summarz

In the U.S.S.R. the following plants have been registered as hosts of

A, dipsaci.

D.CI

Family Common name Host plant
Gramineae Rye Secalo cerenle L.
" Wheat Triticum sativim L a m.
" Qats Avena sativa L.
" Barley Hordeum sativum J e 8 s.
" Millet Panicum miliaceum L.
Compositae Daisy Pyrethrum cinerariaefolium T r e v.
" Succory Cychorium intibus L.
" Tau-saghyz Scorzonsra tau~saghyz Lipscher and
Besse’
Rosacese Strawberry Fragaria sp.
Solanaceae Potato Solanum tuberosum L.
" Tomato Lycopersicum esulentum Mill.
" Tobacco Nicotiana sp.
" Pepper Capsicum ennuum L.
Chenopodiaceae Beets Beta wvulgaris L.
Malvaceae Cotton Gossypium sp.
Cucurbitaceae Cucumber Cucumis sativus L.
Linaceoe Flax Linum usitotissimum L.
Vitaceas Vine Vitis vinifera L.
Primulaceae Cyclamen Cyclemen latifolium cult.
Leguminosas Clover Trifolium arvense L.
Alfalfe Medicago sativa L.
Kidney- Bean Phaseolus vulgaris L.
Liliacecee Onion Allium coepa L.
Cannabineac Hemp Cannabis sativa L.
Cruciferae Rape Brassice napus L., var. esculenta
Iabiatae Lavender lavandula vere D.C.
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In addition, the nematodc has been found in virgin soils in the vicinity
of Orsk, Orenburg Region.

The demage caused by the nematode to the host plonts has been studicd as
yet very little. It is known that A. dipseci attacks potatdes in the Ukraine
and in the Smolensk:Region, Pyrethrﬁﬁ'cinerariaefolium Trev. in the Crimea,
probably oats in Siberia and some other plants.

The poteto stfgin of this nematode differs in body dimensions, length of
larval stege, and size of oggs from tho onion strain (Tabl. 2, 3, 4).

sk ok sk ok ok ok ok ke

RESULTS OF OBSERVATIONS AND FIELD EXPERIMENTS MADE
WITH THE STEM NEMATODE ON POTATOES

0. D. Belowa

Summarz

1. The stem nemetode Anguillulina dipsaci Kuhn affecting potatoes is
widely distributed in the Ukraine.

Usually the percentage of infestation in single farms does not prove to
be high (2%, 3%), but in some instences it amounts up to 23%.

2. The potato plants are infested by the nematode through the soil and
tubers.

3a Potato varieties differ in their resistance to nematode attacks.
Of the 7 vorieties tested the most resistant proved to be Voltman and Parnassia;
Smyslovsky, Deodora and Minecrop were partly resistant, while the Barly Rose
and Epicure werc mostly subjected.

4, The measure to be recommended for controlling the disease is the use
of resistant varieties, &s well as healthy tubers for planting.

sk e o ok ok sk ok kK
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NEMATODES INJURING WINTSR WHEAT IN THE NORTHERN PART
OF THE OREL REGION

N. I. Koroleva

Summery

1. The destruction of wheat in the northern part of the Orel Region
during the winter and spring seasons is some years very considerable. It is
caused not only by unfevorable meteorological conditions, during the over-
wintering period, but is also the result of damage caused by pests and
diseases comprising round worms = nem&todes.

2. In plants taken out of snow the nematodes have been found in a
benumbed = state in the leaf axils. At the temperature of 12——14°C. they
became active and multiplied rapidly.

3. Meteorological conditions effect greatly the development of nematodes.
Moist and long autumn creates conditions favoring the development of nemetodes.
On the contrary, a droughty spring may considerably reduce the injurious effect

(j\ of the pest.

4, The nemetode invades winter wheat in autwiin causing by then a
partial destruction which increased in early spring.

5« The sowing term of winter wheat is in great connection with the
infestation by nematodes. Wheat sown in early August is particulerly affected
by the pest.

% %k & 5k %k 5k K X

A STUDY OF NEMATODES ON CEREBALS

M. I. Frolova
Summery

During the years 1933—1936 the writer carried out observations on the
. destruction occuring in wheat at the Stony Steppe Experimefit Station and at
(ij‘ the Ternovsky Sugar-Beet State farm of the Voronezh Region. This destruction
of winter wheat does not invariably depend on unfavorable meteorological
conditions, as it is usually considered, but to & considerable extent is the
effect of the parasitic activity of nematodes. In every affected plant

nematodes havs been found in great numbers. Besides Ainvading winter corn,
whant and »uve +hrtr infactd cnminae arlhan s Arndm Amd AT A Teo AL A2 mmn
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plants there wero found the following nometodess Anguillulina dipsaci Klhn,
Paraphelenchus pscudopariotinus Micoletzky, Ccphalobus elongatus de Man,
Aphelenchus avenso Bastian and some other species.

e ok o ok ok ek k ok

THE WHEAT NEMATODE, Anguilluline tritici,
IN THE CRIMEA

A. A, Meyer

Summery

In the autumn 2nd winter of the year 1929 the Crimoan Plant Protection
Station earried out analysis of 2215 semples of Crimcan winter wheat sent
from various regions of the Crimea.

230 semples from the vicinity of Evpatoria werec affected by wheat
nemetode galls while from all the other parts of the Crimea only 20 samples
proved to be affected by this pest. The ratio of the affected samples to
the entire amount of samples of Crimean wheat tested was 10.69%.

It should be mentioned that the wheat nematode was discovered only in
samples of ordinary wheats and was not found in the varieties Novokrymke
and Cooperatorka.

ok ok ok koo ok ok

NEMATODE FAUNA IN TOMATO PLANTS (Lycopersicum
esculentum Mill.) AND IN THE SOIL SURROUNDING THEIR ROOTS

A. T. Tulaganov

Summarz

1. The list of nematodes inhabiting the tomato plant, its root system

and the surrounding soil includes up to 50 species belonging to 23 genera
(Teble 9).
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2. Those mentioned below are to be considered injuriouas: Heterodera
morioni Cornu, Aphelenchoides kuhni Fischer, Anguilluline pratensis de Man.

3. Among other nemetodes in the soil surrounding the roots of tometo
plants there was found Procriconeme membranifere Micoletzky. It is necessary
to notice that P. membranifera described first in 1925 was never found since.

It is interesting to note that two new species of the genus Londigorus
were found in the soil surrounding tomato roots in Georgia (Tulaganov, 1937);
this genus proves to be poor as to the number of species composing it.

sk ok ok o ok ok

THE NEMATODE DISEASE OF THE RUBBER-BEARING PLANT
Scorzonera tau-saghyz Lipsch. and Bossé AND THE
PROBLEM OF ITS CONTROL

Summary

During field investigations made in 1933—1935 there were observed cases
of active intrusion of the nemetode Tylenchus multicinctus Cobb into the roots
of the seedlings Scorzonerae tau-saghyz. The anterior part of the body of this
pest penetrating into”"the tissues of the root, whilst the posterior one
remained outside (Fig. 1). The plant appeared quite healthy, only brown dots
being noticeable oi the root. The infection of seedlings under field condi=-
tions attained 63%.

The experimental infection of tau-saghyz seedlings by Tylenéhus multicinc-
tus carried out by the investigators (N. M. Sveshnikove and T. S. Skarbilovich)
gave an infestation up to 82% of the experimental seedlings (Tabl. 3 and 4);
the intrusion of the nematodes beginning on the 4th day, and & mess destruc=
b= tion of the plants results on the 12th, 15th day.

A microbiological investigation of fresh cases of nematode intrusion
. into the roots of the seedlings, made by the method of cultivating upon &
nutritive medium, enabled the microbiologist Kelinenko to see the development
| of the microflora causing root maceration. These data establish the fact
| that the nematodes introduce a microflora into the healthy root, and that
* (:> the seedlings, in spite of their outward healthy eppearance, are in the
{ initial stage of the maceration process.

The biological observations made by T. S. Skarbiloviéh, establish
definitely that the nematode Tylenchus multicinctus and T. pratensis deposit
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their eggs in the tissues of the root of S. taussaghyz.

An investigation of the soils in Middle Asia and in the Ukraine at the
depth of 50 cm, surrounding the roots of infested plants, showed thet the~
quantity of the nematodes varied according to the degree of scil humidity.
In ifrigated soils the number of nemetodes is ten times as great as in dry
ones.

Fertilization with Ca0 in doses of 420 and 1680. kg. per hectare did
not decrease the number of nematodes in the soil.

Fumigation of the soil with chlorpicrine in doses of 200, 400 and 800
kg. per hectare or with Galcium cyanamide (CaCH) in doses of 800 and 1300

kg per hectare was tried. Neither of these poisons hed any destructive effect

upon Tylenchus multicinctus and T. preténsis, perhaps, owing to the great
compactness of the soils in Middls Asia.

sk sk sk o ke she ok e sk

METHODS AND TECHNIQUE USED IN THE STUDY OF PLANT
PARASITIC NEMATODES

T. S. Skarbilovich

Summary

The work includes indications on some methods used for studying the
biology, systematic and pathology of plant perasitie nomatodés. Besides
considerable attention is given to the technique of sampling.

Some experimental breading of nematodes Anguillulina multicincte and
Anguilluline pratensis on & medium recommended by Byars was unsuccessful
as tho nematodes, on being introduced into this medium, perished without
having penetrated into the roots of the rubber-plant S. tau-saghyz offered
as host. Another medium, Hellriégel's mixture on 1% Eghr, was used, but the
nemetodes perished in it as well.

2k % o %k % ook k%
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Akodemiie Nauk SSSR
TRUDY ZOOLOGICHESKOGO INSTITUTA

[Treatise of the Zoological Institute]

Y

Vol. IX, No. 2.

Izdatel 'stvo Akademii Nauk SSSRH

Moskva 1951 Leningrad

COLLECTION OF “/ORKS ON NEMATODES OF AGRICULTURAL PIANTS. II.
PAVI.OVSKII’ Ee Na &nd KIR'IANOVA, Ec Sn -
Phytonematology and the question of a natural nidus of parasitic plant

discases ceused by nematoda. (Zoologicheskii Institut Akademii Nauk SSSR).

pp. B363—377, 5 illus.

References:
13 Soviet.

1.  Supplement.

A list of references on phytopathogenic, soil, frosh water
and merine nemetodes of the USSR, as well as on parasites of
insects; compileduto s?pplement a list published earlier
(Kirtianova 1939). pp. 368—377.

a) Phytopathogenic and soil menatodes
143 Russian (1903-1949)

b) Freshwater and marine nematodes
51 Russian (1864-1949)

c) Nematode parasite of insects
29 Russian (1869-1949)

d) Foreign literature on nematodes in the USSR
18
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KIR'IANOVA, E. S. - ]
Variability in phytopathogenic nematodes caused by their food specificity.
(Zoologiche§kii Institut Akademii Nauk SSSR). pp. 378-389; 395-402.

1: Races in garden beet nematodes
2. Races in stem nematodes

3! Origin of biological races

4. Conclusions

Roferences:
17 Soviet, 45 foreign.

USTINOV, A. A. -

‘ New in the study of the gall nematode - Heterodera marioni (Cornu,

(i) 1879) Goodey. (Biologicheskii Institut Kher'kovskogo Gosudarstvennogo
Oniversiteta). pp. 405—459.
I. Morphology and development

|
|
|
|
’ e) Embryonic and postembryonic development of the gell
nematode.

b) Comparative sketch of the structure of the gall
nemetode at different stages of its development.
c) Metemorphosis. Development of males and females.

d)  Morpho-physiological adaptation of the gall nematode
to parasitism.

II. Ecology of the gall nematode

e) Ecology of the pre-parasitic larva.

b) Life span and fertility of females. Condition of
development of males.

¢) Climetic factors. Influence of temperature and
(:) moisture.

| d) Role of predators and parasitoes.
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III. Interrelation between the gall nematode and the plant.

a)
b)
c)
d)
e)

IV. Host
&)
b)

¢)

Conduct of the nematode and reactions of the plant.

Quantitative counts of the gell nematode in plents.

Innoculation of microbes.

Pathogenesis of thec gall nematode.

Plant immunity to the gall nematode.

plants of the gell nemetode.

Quentity and systemetic position of the hosts.

Susceptible and resistant plants.

The biologicel forms of gell nematodes.

V. Control measures for the gall nematode

a)

b)

c)

d)

e)

Physical control measures.

Chemical control measurss.

Agrotechnical control measures.

Biological control measures.

Systems of control measures against gall nematods.

References:
46 Soviet; 40 foreign.

486

Supplement to the list of host-plants of the gall nematode in the USSR
published in 1938. pp. 466-=459.

USTINOV, A. A,

and MITROFANOV, P, I. -

Testing of new orgenic compounds in the control of the gall nematoda.

(Abkhanskaia Karantinnaia laboratoriia). pp. 460--461.

A
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SVESHNIKOVA, N. M. - ([Trans. 463]
Experimental use Sf dithiocfarbamic acid preparations in the control‘ of
nemetode - plant parasites. (Téentral'naia Laboratoriia po Karantinu
Sel'skokho;iaistvennykh Restenii Ministerstva Sel!skogo Khoziaistva
SSSR). pp. 462-475, B8 illus.

References:
8 Soviet, 1 German.

KHARICHKOVA, M. V. -

Gall nematode - Heterodera marioni on rubber plents. (Vsesoiuznyi

Institut Gel'mintologii im. Akad. K. I. Skriabine). pp. 476-478,

3 Illus.

KIR'IANOVA, E. C. -
Chrysanthemum nematode disease and its control. (Zoologicheskii
Institut Akademii Nauk SSSR). pp. 479-507. 11 illus.
lf Symptoms end causes of the ?isease.
2. - Description of the parasite.
3. Bioclogy.
a. Host plant

b. Verietal resistance of Chrysanthemum to the
disease

4, Control measures.

5. Conclusions.

References:
5 Soviet, 12 foreign.
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SVESHNIKOVA, N, M. -

Newfparasite of rice - Aphelenchoides oryzae Yakoo. (TSentral'naie

Iaboratoriia po Karantinu Sel'skokhozisistvennykh Restenii Ministerstva

Sel'skogo Khozisistva SSSR). pp. 508-511, 2 illus.

1. Aphelenchoides oryzce Yakoo.

Refeorences: 6 Soviet, 3 foreign.

KIR'IANOVA, E. S. -

Onion nomestode -~ Ditylenchus allii (Beijerinok). (Zoologicheskii

Institut Akodemii Nauk SSSR). pp. 512-553, illus.
1.  Working method.
2. Composition of the nematode-fauna of onions - Allium cepa L.

3. History of the study of the onion ncmatode - Ditylenchus
allii (Beijerinck).

4. Morphology.

5. Dcveclopment and mode of lifc.

6, Influcnee of the onion nematode upon the plant orgenism.
' 7. Host speecificity.
8. Control mcasures for the onion ncemetodo.

3. Comparison of the populations of onion nematodes growing
on different plants.

10. Conelusions,

Roferences s
8 Soviet, 29 foreign.
{

C PARAMONOV, A. A. -
,/J

Garlic form of stom nematoda - Ditylenchus dipsaci (Kuchn, 1858).

(Biologicheskii Muzci im K. A. Timiriezcwa). pp. 5564-572, 7 illus.,
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1. Method.
I. Garlic Ditylenchus.
a) Symptoms of the discasc.

, b) Factors which increase the intensiveness and
- extensiveness of garlic Ditylenchus.

II. Description of tho stem ncmatode of garlic.
III. Biology of tho garlic form of stem nematode.

IV. Control of garlic Ditylenchus.

V. Conclusions.

Referencos:
10 Soviet, 9 foreign.

LORENTS, L. IA. -

— -~ Quoestion of reces of stem nomatoda - Ditylenchus dipsaci (Kuehn 1858).

\ (Sel'skokhoziristvennaia Akedemiia im K. A. Timiriazeva). pp. 573-578.

‘ References:
‘ 2 Soviet, 1 British, 1 Germen

{ SKARBILOVICH, T. S. =

Study of the susceptibility of diffcrent plants to the stem nematode,

Ditylenchus dipsaci Kuchn), of potatocs and onions. (Vsesoiuznyi

Institut Gel'mintologii im K. I. Skriabina). pp. 579-582.

SVESHNIKOVA, N. M. -

i Study of thec poteto nematode - Hoterodora rostochiensis Woll. in the

(j\ USSR. {TSentral'naia Laboratoriie po Karantinu Rastenii Ministorstva
/‘,‘ .

Sel'skogo Khoziaistva SSSR). pp. 583-591, 8 illus.

Refercncess
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SKARBILOVICH, T. S. &and GUSHANSKiIA, L. Kh. -
Rolc of ncmatodes in the otiology of sugar bect root-blight [Kornced].
(Vsesoiuznyi Institut Gel'mintologii im. Akad. K. I. Skrienina).
Pp. 592-596.
1. iethod.
2. ‘ﬁnalysis of sugar-beet plants for nematodes.
3. :dnalysis of soil for nemntodes.

4. <Conclusions.

SKARBILOVICH, T. S. =~
Nematodc fauna of sugar bect shoots. (Vsesoiuznyi Institut Gel'minto=-
logii im. Akad. K. I. Skriabina). pp. 597-601. _
(:) I. Characteristics of the nematodes found.

1. Stem nemetode - Ditylenchus dipseci (Kuehn, 1858)

2. Rotylenchus multicinctus (Cobb, 1893)

3. Pratylonchus pretensis (de Man, 1881)

4. Tylenchus filiformis (Buotschli, 1873)

5. Aphelenchus evenae, Bastian, 1865.

6. Aphelenchoides parietinus (Bastian, 1965).

7. Poratylcnchus bukowinensis, Micoletzky, 1922.

8. EBucephalobus elongatus, dc Man, 1880.

- 9. Genus TAcrobeles, von Linstow, 1877.

10.  Gonus Rhabditis, Dujardin, 1845.

11. Genus Dorylaimus, Dujardin, 1845.

II. Conclusions.
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PAMMONOV’ ft. . k‘h « -
Knowledge of soprozoic [saprozoinyc] nematodcs of the USSR. (Biolo-
gicheskii Muzei im. K. A, Timiriezeva). pp. 602-612, tables.

1. Domaniclla cibourgensis Steinor, 1914.

a) Subfamily Demeniellainae nov. subf.

2. Neodiplogastcr cryptolaimus ap. nov.

References:
10 Soviet, 15 foreign.

BELIAEVA, K. V. -
Quostion of the distribution of nematodes in the soil, the root and thee

surface parts of plants. (Kefedra Zoologii Bezpozvonochnykh Biolog-

O

icheskogo Fakul'teta Sredneaziatskogo Gosudarstvennogo Universiteta).

ppn 615-6241

Conclusions.

Referencess:
16 Soviet, 6 foreign.

KIR'IANOVA, E. S. -
Nematodes cf cotton field scil and of virgin soil in the Golodnaye
[hung?y] stoppe (Uzbekistan). (Zoologicheskii Insfitut hkademii Nauk
SSSR). pp. 625-657, 20 illus.

1. Quantitative composition of the fauna of soil nemetodes.

2. Qualitative composition of the fauna of soil nematodes.
(j\ 3. Systematic part.
; 4. Conclusions.

Referencos:
17 Soviet,
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C.

G[IS HANS KA IbA ’ L . I{l’l .« =
Fauna of soil nematodes in Uzbekistan. (Vsesoiuznyi Institut Gol'min-
tologii im. K. I. Skriabina). pp. 658-660.

Conclusions.

Referencess
3 Soviet, 1 British, 2 German.
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Izmenchivost' u Restenieiadnykh nematod pod vliianiem
ikh kormovol spetsializatsii

[Variability in phytopethogenic Nemetodes ceused by
host specifieity]

Trudy Zoologicheskcgo Institute

Vol. 9, no. 2, pp. 378-389; 395-402, 1951

E. S. Kirianowa

"The principal metter here is
that each progress in orgenic devel-
opment is at the same time a regress
because it secures a one-sided de-
velopment and excludes the possibil-
ity of development in ..any other
dircctions. But this is a beasic
law”. (F. Engels. Dialetics of
Nature. 1949. Gospolitizdat. p. 249)

/

Development of the problem of species is cne of tho basic tasks of the
Soviet biologists. “Of pemticularly great merit in this field are the
immortal works by I. V. Michurin and by his outstdnding contemporary T. D.
Lysonko who continued his work. Academician T. D. Lysenko and his numerous
disciples and followers proved that under tho influence of certein conditions
of development which continue thrcugh several generatiocns, it is possible to
achieve o transformation of one spocios into another (change of hard wheat
into soft one) end to obtain new species of plants of anothor genus (fofmation
of rye grains in wheat oars). Even earlier, by way of hybridization, I. V.
Michurin brilliantly solved the problem of the possibility of obtaining
experimentally not only néw species (bergemot rennet), but also new plant
genera ("tserapadus" (1]).

These works are guiding stars for all the Soviet biologists and, in
perticular, for the Soviet nematologists who draw from them invaluable informe-
tion of practicel as well as methodological ordor. The work being published
has the purpose of decaling with problems connmcted with formatidns of species
in phytopathogenic nemetodes in the light of Michurin's biclogy.

In phytopathogenic nematodes tho adaptive variability has a tendenoy’
towards steadily greater adaptability of thesc worms t¢ their host plents.
And two leading tondencios of variability are outlinod.

ls One of them is outlined towards an increasing adaptability
of development oycles of Nematodes *o deveolopment cycles of their
host-plants. There are a scries of oxamples which show how olosc-
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developmont of the host plant. Lect us ooncentrate on the
bost known exomple = whoat nematode hnguina tritici
(Steinbuch). This nematode is usually spread with soced
grain, with which it became universally distributed.

The nematedos in amounts of several tens of thousands of
larvae are inside the galls which are admixed with the
wheat gréin. The exterior form of the galls is similar
[begin p. 379] to the original greins. Entering the

goil the well of the gnll becomes soft due to the moisture
and the nematodé lervae leave the gall in order to find
their host-plant. Having found & young wheat plant the
larvac make their way to the point of stem growth or into
"pagukhi" [sheaths] of loaves and with the formetion of

the spike thoy migrate inside tho embryonic parts of

futuro flowers. The affected spike does not bloom and
instoad of flowers, galls of wheat nomatode are formed which
appear to be completely formed et tho moment of wheat
blossoming. At that time the gnll is shiny grocn. Inside
of it therc tokes place the copulation of meles and femelos
of wheat nematode which have chonged into mature worms.

By the time of the mnilky moturity stage of wheat inside
tho golls nomatodo eggs are already deposited from which
after a short time interval hetch larvaec of the first
goeneration which at the moment of ripening of wheat grains
aro transformed into larvoe of second goeneration and which .
enter the stontec of anabiosis in a moture gall. The
maturity of tho latter bogins simultanecusly or evon & little
earlier than thet: of wheoat grains. During the harvest the
gall carried with the threshed grain into the granarics end
then into the fields where the larvae of whoat nematode
continue their development. It is interesting that in o
dry place inside galls, thc nomatodes can be preserved more
than 10 years, and according to somc data — even up to

27 yoars, without losing their viadbility. Veriability of
this spocies is observed mainly in the change of form and
size of galls depending on”the species or variety of wheat
which is infected (fig. 1).

Anguina tritici (Steinbich), grown on various wheats (Fig. by
J. V. Grigor'ev, mognif.). (hccording to Kirianova, 1941).
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Fig. 1 [p. 379] Differcnt forms and sizcs of galls of whoat nematcde -

A-galls grown on spikes of regular hard wheat, from the village

Kusary, Gil'skii roion, #Azerbaidzhan; b - galls grown on
spikes of regular soft wheat, from the Vvillage Sakobo,
Signakhskii raion, Georgian SSR; B - galls on spikes of
winter wheat, of the "Ukrainka" variety, from the village
Khrebtov, Krasnoder krai.

The second example is the smartweed nematode Angﬁina pieridis

(Kirjanova, 1944), discovered by the suthor in 1942-1944 in the

Gissarskaia wvalley of Tadshikistan, in different points of the
Rokhotinskii, Vrdzhonikidzeoabadskii and Varzobskii raions, as
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well as in the vicinity of Stalinabad, exclusively on smart-
weed [?] — Acroptilon pieris C.A.M. This nematode [fig. 2]
produges galls on the stem, leaves and the crown of smartweed,
which can be very numerous. At times the affected plants are
vory ugly due to considerable deformaetion of the main-and the
side stems, which causes a ccmplete or & partial under-develop-
ment of their gencrative organs. As a rule the latter was
observed in specimcns with a large number of galls in the lower
part of the stem [begin p. 380] and especially near the crown.
The amount of galls was sometimes so large that they were
distributed in clusters around the main stem or formed continu-
ous growths on its side branches which in such cases were bear-
ing exclusively galls (fig. 3).

Fig. 2 [p. 380). Smartweed [?] nemetode
. == hnguino picridig (Kirjenovae,

1944). (Fig. by V. N. Lotot-
skain, orig.)
1 ~ head end of male body;
2 - Tail of male, seen from
belly side;
3 - same, seen from thc side;
4 - spicules of the mole;
S « general view of female
body.
6 - head and
7 = roar end of female body
8 - eggs.

Fig. 3 [p. 380]. Smartwecd [?]
- Acroption picris C.A.M.,
seriously affected by
smartwoed [?] nematode.

" Instead of .side stems and
leaves on the main stem of
the plant developed only
galls of the smartweed {?]
nematode. (Fig. by V. N,
Lototskaid, orig.)

“w M e 4 = e e e s = . .

But most frequently the diseased plants developed almost normally,
but carried in somc spote single galls (fig. 4 and 5) or had
deformed stem seotions and & eonsiderably reduced number of
flower-bearing shoots as compared with healthy specimens. 1In
normal smartweed plants the leaves and stems are usually covered
with thin long white hairs, which form a dénse fluff of a felt
type, which gives it a grayish-green c¢dlor. And the stem is
noticeably more fluffy than the leaves. On the surface of the
galls the felt cover is developed very strongly, so that the
gells look greyish-white and theréfore stand out distinctly
among the healthy parts of plants. With age the fluff of the
gall {begin p. 381] can become dirty~-gray due to the dust.
The walls of the young galls are green, but in the course

of time they darken considerably and become almost dblack.

In old galls the epidermis together with the fluff separates
frequently from the bark; the latter becomes exposed and then
the galls acquire, partly or completely, o dark color. The
gells have quite thick and durable walls and a vast cavity
inside. The latter is fillecd with tens of thousands of
microscopically minute nematodes in all stages of development
(eggs, larvae, mature ones) but usually with some one pre-
dominant stage. At tho end of the growing period, together
with the drying-out of the affected plant-hcst, the smartweed
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nemétode enters an ansbiotic state and hibernates inside the galls, which
are preserved for a long time on stems of dried-out diseased plants continu-
ing to remain in the fields until their destruction by the activity of the
wind, rein or trampling cattle. When the remains of diseased plants come
to the surface of the soil and the wall of the gall is destroyed, the nema-
todes crawl out into the soil and attack the young sprouts of smartweed
which by that time begin to appear and the life cyole of the parasite,
inseparable from the life cycle of the plant-host starts from the beginning.

Fig. 4 - [p. 381]

Gall of the smartweed nematode at the
tip of the leaf of the smartweed --
Acroptilon picris C. [78?7] A, M.
(Fig. by V. N. Lototskaid, orig.)

Fig. 5 - [p. 382]

Gall of the smartweed nematode on a
stem at the base of smartweed leaves.
(Fig. by V. N. Lototskaia, orig.).

2. - In other cases such complete coinciding of the development cycles
of the parasite with the development cycle of the plant-host is not observed.
On the contrary, it frequently happens that in one host-plant develop several
end even meny nematode generations. In these cases the tendency of the
adaptive variability will apparently be expressed in formation of specific
characteristics in the metabolism between the parasite and the host, which
are frequently the cause of & start of various new formetions and degenera-
tion of tissues in the plant-host. The development of the parasite usually
takes place in the latter, i
As an example can be taken the gell nematode Heterodera maroni
(Cornu) ‘which affects a very large number of various plants (over 1500
species), Larvec of second generation of the gell nematode,while in the
soil, penetrate into young roots of the host-plant and develop there into
a mature phase. Under the influence of the nematodo's life ectivity,
apparently in connection with the socretion of its salivary glands, inside
the centrel cylinder of the root, peculiar gigentic cells are formed
which feed the parasite (fig. 6). The gigantic cells become surrounded
with specific vascular colls which serve as their nutrition and in the
points where these ncw formetions originate the fibrovascular bundle
degenerates. All the basic plant juices go for the nutrition of tho
gigantic cells which, in turn, go to feed tho parasite. The parenchyme
of the root expands ebnormally and forms & gell around the body of the
nematode (fig. 7). Inside the gall takes place the copulmtion of tho
ncmatodes, depositing of cggs and further development. At the same time
part of the eggs escape outside with drops of the slime discarged by
females through the sexual opcning [vaginal outlet]; part of them cen
continue developing inside the gall, The slime corrodes the bark tissues
which eases the escape of larvae into the soil [begin p. 382] in order to
find a §cw host-plant and at that point & desp wound forms in the bark
(fig. 8).
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Variability in the gell ncmatode is apparent in the diffcrent sizes of
populations taken from diffecrent host-plants, which have their own varia-
tion curve. Very characteristic is also the reaction of various plants to in-
fection by thc gnll nematode which form gells of peculiar size and form
(fig. 8 and 9). Plants with grass roots (cucumbers, melon, pumpkin) usually
form large galls with many nests; in plants with o solid root (fig. pome-
granate), particularly if large trecs are being infeocted, the gnlls are
negligible and when the nematodes deposit the eggs the bark tissues are de-
stroyed rether repidly in smell sections near the vulva of the nematode,
allowing their slimy egg sac to protrude freely outside.

Both tendoncies of variability cannot be considered as sharply individ-
ual. On the contrery, in the first as in the second case thc decisive
{begin p. 383] significance belongs to the metabolism between the parasite
and the host which reflects on the entire development of both. I wanted
only to emphasize the spocific peculiarities of this metabolism.

The two ebove-mentioned tendencies of variability are relatively
little related to the morphological anatomical charaecteristics of organiza-
tion of the nematodes which change very little. As an example, the nemetodes
of the genus Aphelemchoides can be pointed out, namely: strawberry nematode
— A, frogorise (Ritzoma-Bos), chrysanthemum — A. ritzemabosi (Schwartz),
current — A. ribes (Taylor) ond A. olesistus (Ritzema-Bos) (fig. 11).

All these nematodes differ from ococh othor very slightly, mainly by
relative sizes and the relationship betweoen individual orgons and parts

of the body, as well as by the teil ends of the males being twistod more
or less towards the ventral side. However the plants' reoaction to infec-
tion by these species of nematoda is very unique and charactoristic for
each specics (fig. 10-13). The strawberry nematode ceuses dwarfnoess and
an abnormal growth of 2ll the plant tissues not only in strawberries

(fig. 10), but in chrysanthemums as well (fig. 12). The chrysanthemum
nemftode never causes dwarfness in any of the plants which it affects: ,
chrysanthemum (see fig. on p- 480), aster, dahlia, begonia, rudbeckia, otc.
The currant nemntode causcs a characteristic bushiness on tops of black
currant shoots (fig. 13), where an enormous accumulation of nematodes

can be observed. Peculiar is also the reaotion of plants to infection
with other nematodes of the genus Aphelencholdes.

There are also very slight morphological-anatomical differences in
some nematodes of the genus Heterodera, namely: beet nemetode — H. schachtii
(Sehmidt, 1871) potato == H. rostochiensis (Wollenweber, 1923), oats =
H. avenae Filipjév, 1934 end other related species. The males of all these
species |begin p. 384] are almost indistinguishable — so closely similar
are they_to each other (fig. 14); the females differ in sizes, in the form
of the posterior end of the body and structure of cuticle, but these
differences are vory weakly expressed. The mentionod nematodes of the
genus Hoterodera are characterized by great specificity in the choice
of host-plants and do not cross over from potatoos to beots or oats and
vico versa. In the West-European literature the potato, beet and oats
nemetodos are frequently considered as one species.

Declassified and Approved For Release 2013/04/05 : CIA-RDP80R01426R010100040001-8




Declassified and Approved For Release 2013/04/05 : CIA-RDP80R01426R010100040001-8
(33) Trons. 486

Fig. 6. [5. 383]

Longitudihal section through the root of
tau-segyzh infected by the gall nematode —
Hoterodera marioni {€ornu) visible are
poly-nucleer gigantic cells surrounded with
vesculér qells, Head onds of two nematode
females' répresented in the drawing are
directed towards the gigantic cells and
come closc to them. Inside the nemetode
bodiés are seen numerous eggs. (Fig. by

I. V. Grigor'ev from a microphot.)

(Kir 'ienova, 1950)

Fig. 7. (p. 384]

Cross section through the root of a tau-

sagyeh infected by tho goll nemetode. The central
cylinder is pushed aside and gigantic cells (1)
are formed inside it; the body of the nematode

(2) is surrounded with overgrowing cells of
parenchyma of the bark. (Fig. by I. V.

Grigor'ev from microphot.) (Kir'ianova, 1950).

Fig. 8. [p. 385]

Part of the side roots of the fig tree infocted
by the gall nematodc. Aftor the depositing of
eggs by the nematode females, in the points of
their localization on the roots round wounds
were formed. Some of the woufids becéme united
into continuous crecks. (Fig. by Iu. A,
Podlesnov). (Kir'ianova, 1950).

There are still slighter diffcrences among various stem nematodes
which for & long time were known as one species Tylenchus dipsaci (Kithn) =
Anguillulina dipsaci (KUhn) = Ditylenchus dipsaci (Kihn) Filipje¥, in the
host-plant index of which there were up to 300 species of plants. The
mejority of authors have continued to hold to this point of view up to
the present time. On the besis of my research I pointed out already in
1939, that the stem nematode is & collective species which [bogin p. 385]
should be divided into o séries .of species. Therc are several stem
nematodes in the USSR (fig. 17 and 18) of which relatively well studicd
is only the stem nematode of onions — Ditylenchus allii (Beijerinck, 1883);
two species are very little studied: the stem nomntode of potatoes —
Ditylenchus destructor Thorne, 1945 and the stem nematode of phlox -
Ditylenchus phloxidis nom. nov. &and one species has been studied &ven loss
— the stem nematode of strawberrios — Ditylenchus fragarice nom. nov.

The stem nematode of onion affects different varieties of onion
and gerlic in the USSR. In young plants it causes dwarfness, strongest
growth [expansion] of tissues and cracking of the scales from the bottom
towards ,the crown; in onions [? Allium cera ?] it ceauses friability and
cracking of bulbs, in the vicinity of the bottom and the neck and length-
wise from the bottom to the neck. 1In storage the bulbs deteriorate quite
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rapidly and dry out so that only outside scales remain which look like &
whole bulb. By that time the nematodes settle in masses on the surface
of the bulb in points of cracking and enter the anabiotic state looking
like a yellowish- or dirty-cream colored film consisting of many tens
and hundréds of thousahds of worms. This capacity of the nematodes to
settlo onithe surface of the bulbs and to enter a prolonged anabiotic
state while preserving thoir viability up to 3 years, represents & re-
markeable egaptetion which furthers the survival of the species at the
advent of unfavorable conditions [begin p. 386].

The sﬁem nemetode of potatoes infects all the potato varieties but
more so the early varicties than the latc ones (fig. 15). Under usuel
egrotechnitpl conditions for these crops therc is no migration of it from
potato to dnion and back to potato. The nematode does not ceuse & typical
dwarfness in infected plants of potatoes, the stems of which arc only
somewhat thicker, the inter-nodes are somewhat shortened and the leaves
are smaller with curved edges. Apparently & settling of nematodes on the
surfece of the deteriorated tubcfs, described in the stem nemetode of
onions, does not take place here. Morphological characteristics of the
stem nometode of potato consist in the fact that this is a thicker and
shorter nematode as compared with the stem nemetode of onion and its
vulve is pushed furthcr back. In meles of tho poteto stem nematode (fig.
17) the spicules arc provided with characteristic off-shoots which are
lacking in the onion stem nematode.

Fig. 9.
Melon root infected by the gall’
nemétode. (A. A. Ustinov, 1938).

Fig. 10.

Part of & strawberry bush intensely

infected with strawberry nematode — !
Aphelenchoides fragariae (Ritzome-Bos)

The bush presents a deformed, abnormally

grown mass of various organs and has not

even & remote similarity with a healthy

strawberry bush. (Phét. from a sample

brought from Germany).

Fig. 11. [p. 387]

Head and fail onds of tho body of various
Apheolenchoides. (Gudei, "1928, rcprinted

from Filip'ev, 1934). l.- Strawberry
nematode -~ Aphclenchoides fragarise
(Ritzema-Bos); 2.- Chrysanthemum nematode

— A. ritzemebosi (Schwartz); 3.- Currant
nematode — A, ribes (Taylor); 4- A. olesistus
(Ritzema-Bos). -

The stem nematode of phlox causes a pronounced bushiness of stems
(fig. 16) and deformities in structure of flowers and leaves which ere
not registered in [bogin p. 387] the potato stem nematode. Its wvulva
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is pushed still farther back than in the potato stem nematode to which it
is similar in the thickness of the body. No ono hes conducted experiments

for determining the possibility of transition of the phlox stem nematode over

to other plants, but such transition is hardly possible for onions,
potatocs and strawberries.

The stem nemetode of strawberries ceuses dwarfness in affected plants,
erimping and twisting of leaves, swelling and twisting of stems and a
generdl under-devolopment and deformation of the entire bush (Danilov,
1949). This is the shortost of the mentioned stem nematodos; its size
does not exceed 1 mm or slightly longer. This nemptode is one-third
smallor than the stem nemetodes of onion and phlox. At the same time it
is known that it can cross over to onions and tomatoes.

Inasmuch &s &t the present-day state of systematics of nematodes
almost only the morphological-anatomical properties of their organization
were usually taken into account as & basis of species differences among
them, = the peculiarities in the mode of life, cycle of development,
specificity of inter-relations between‘parasitic nemetodes and their
host-plants were considered unimportant, or rather, they were little
considered as cheracteristics of the species. It is not difficult %o
see, a5 it will be demonstrated further on, that such & position wes
created as a result of an anti-dialectical, formal approach to taxonomy,
based to a considerable degree on the Mendel-Morgenist opinions of meny
foreign scientists, which dwe to insufficiently oritical attitude to their
work were partly transplanted to the soviet soil. For the same reason
the gencrally known phenomenon of the so-called "biological races" among
verious rcpresentatives of tho class nematodes, rcceived en anti-Darwinis-
tic, non~scientific explenation in writings of many forcign nematologists.
Into the concept of biological racoes usually there is introduced & notion
thet in Nature inside the species exist spocific groups which differ from
each other by definite biologicel or physiological peculiarities. It is
considered thet in individual ceases the biological races can have also some
morphological peculiarities to which however it is not usual to ascribe
any essential significance in diagnostics. To tho problem of biological
races [begin p. 388) among protozos, sponges, eoelenterate, echinoderms,
mollusks, worms, arthropode and other animals is devoted quite extensive
literaturc to which I shall rofer only in relation to round worms. Among
nematodes biological races are known in reprcsentetives of various orders.
Thus among parasitic nematodes of the Ascaridate order well known is .the
example of humen and swine Ascaridea, which according to the opinion of
e number of authors are two biological races of one species — Ascaris
lumbricoides L. (Goodey, 1931). According to the opinion of Soviet
scientists (Pavlovskii, 1934 and 1948; Skriabin, 1931) the human —

A, lumbricoides L. and swine A. suum Goet:z [Ascaridea] are closely related
species even though morphological differencgs botween them were not

found. In size, general morphology and oven in number and form of
chromosomes and their complexes, thc human and hog Ascaridea do not differ
from each other. From the eggs of a swine Ascarid swallowec by & human
being hatch . larvaec which are able to migrate in his organism and even
cause certain damege. The same happens when eggs of humon Ascarid are
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swallowed by & pig. But works by many authors proved that the humen
Ascarid is not capable of developing up to the state of sexual maturity
in & pig, or the hog Ascarid in humens. Therefore the infection of pigs
with a human Ascarid or of humens with tho swine Ascarid is not of an
epidemic character.

Fig. 12,

Dwarf chrysenthcmums seriously infected
with the strawberry nematode., (According
to Steiner and Burcr, 1933).

Fig. 12,

End parts of branches of a currant bush
scriously infected with the currant
nematode. (According to Taylor, 1917)

In intestinal Anguillulidae - Strongyloides stercoralis (Bavay) of
the Strongylata order also two biological races arc rocordsd: one parasit-
izes humans, causing tropical dysentery, the other — dogs. Both are
considered indistinguishable morphologically, but experiments with cross
inoculation indiceted that the intestinal Anguillulidac from the humans
are not contegious for dogs [begin p. 389] nor those from dogs — for
humens (Pavlovskii, 1934 and \1948). There are reports on the existence

of biological races alsc among fresh water nematodes of the order Enoplata.

There arc reports on the existence of heat-tolerant and cold-tolerant
races among tho widely sproad nematode Doryleimus stagnalis Dujardin,
Mony authors recorded also the presonce of numerous races adepted to
parasitism on & few host-plants and rarely —— polyphagus reces, among
plant nematodes of the gencra Heterodera and Ditylenchus which belong to
the Order Anguillulata. At tho prosent time, on the basis of Thorne's
work (1936), tho Dorylaimus stegnalis is separated into several species,
also the beet nematcde — Hoterodera schachtii, among which the presence
of the largest number of races wes recorded, is divided into several
separate species in works by I. N. Filip'ev, both in an indepondent writ-
ing (1934) as well as in cooperation with Shuurmens-Stekkhoven (1941).

At the same time & certain number of authors still hold to 0ld notions
on the systematic position of the beet and stem nematodes, which will be
discussod further on., It should only be pointed out, that the stem
nematode of potatc — Ditylefichus destructor was isolated by Thorne in
1945 into o separate species.
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ON THE ORIGIN OF BIOLOGICAL RACES

There &re several points of view on the origin and nature of biological
races. It is not without interest to report on the deliberations in regerd
to this, which took place at the meeting of the Association of Economic
Biologists in Englend in 1931 when the problem of biological races end their
significance in evolution was discussed specifically. The mejority of
perticipants were inclined towards the anti-Darwinistic non-scientific ex-
planation of the problem as it can be seen from & short resumé of opinions
of individuals which is given further on. [begin p. 396] Tmms (1931)
meintained that the reson for the origination of biological races is the
formation of spscific "conditional reflexes", which cause the origination
of & nutrient specialization but which has no hereditary character. 1In
regard to this statement by Imms it has to be pointed out that it is absolute-
ly incomprehensible, how the "conditional reflexes" can be carried over from
larvee to grown insects which undergo several transformetions in the process
of their development, particularly to those which undergo & complete mete-
morphosis. And the originated food specialization is, of course, hereditary
as it is testified by the study of numerous examples among the highly-spec-
ialized species of nematodes. Thorpe (1931) assumed that differences in
feeding habits and in other peculiarities characterizing individual biologicel
races depend on & specific "larval memory" due to which & grown &nimal "hes
& tendency to find for egg depositing a plant of the same variety as the one
on which it fed during the larval stage™. It is not difficult to see that
the first involved eoxplanation by Imms and the second, clearer one, by
Thorpe start out from idealistic positions and ossentially do not explein
enything. The matter here is, of course, not only in the unsuiteble term”
of "larvel memory”™ but also in the content which is put into this notion.
It is epparent from Thorpe's further deliberations that under the notion of
"larval memory" he does not imply the origination within the given group
of organisms of changes of physiological and chemical order as & result of
using certain food. According to his understanding ™larvael memory" and
"conditional reflexes"” of Imms' terminology, can only in some cases ensble
the formation of physiological barrier, which, in turn, could further the
origination of & new species.

Analogous to the preceding was the address of Goodey (1931) who de-
clared that, for an explanation of causes of the origin of biological races
he finds the greates satisfaction in the "food memory hypothesis® which
consists of the following: to the descendants is passed on a ®factor X"
which bears in it somo imprint of properties of the host-plant, due to
whioch larvac become predisposed to find this host. “Factor X" has to be
in harmony with the organs of scnse and has to possess & chemotoxic stimu-
lus for the finding of the corresponding host-plant. It can be completely
localized in the somatic cells and does not cause substantial changes in
reproducing cells. Goodey stated that the “food memory hypothesis" is not
yet sufficiently substentiated and that therefore & possibility is not
oxcluded that later on more facts will occur in favor of the "theory of
selection of genotypes" brought forward by Ouboter (1930) of the theory of
adoptetion brought forward by Steiner (1925)., Ouboter assumes that bio-
logical races originate as a result of a combination of genotypically
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different material as well as by way of mutations. Not heving the possi-
bility of becoming ecquainted with this work in the original, I have to
quote it from Goodey (1931) who gives the following exemple as an elucida-
tion of this theory. In experiments of Ritzom-Boz there was a case where
buckwheat transplanted into a field affected seriously with the rye race of
stem nematode, was free of disease the first year, the second year diseased
plents appoared, the third year — the infection was observed on many plants.
From the point of view of Ritzem-Boz and Steiner this case is to be explained
by the adaptation of the rye race to buckwheat. And accordingly to Ouboter's
opinion & crossing of two nematode populations took place here, as & result
there took plece [begin p. 397] a mixing of homozygotes which can live only
on rye with hoterqeygotes able to live on buckwheat as well as on rye. The
letter will be found in small numbers, because in & oase when only rye is
present the homozygotes for buckwheat always dic out, However whon buck-
wheat appears, homogzygotes are formed anew by way of segregation and they
continue to live on it" (Goodey, 1931, p. 418). In course of time a nematode
population with genes for buckwheat increases greatly and causes in buck-
wheat a flair-up of the disease. Goodey's above-mentioned experiments on
varying susceptibility of clovers and beans to affection with the stem
ncmatode is explained by Ouboter by the fact that apparently in his experi-
ments was present a population containing many specimons with a gene for

red clover, not many -—— with a gene for the Swedish clover, quite fow ==
with a gene for white clovers and not one spocimen with genes for alfalfa
and red clover. Finally Hodson's cxperiments made her come to the¢ conclusion
that with prolonged life on one plant a formetion of homozygotec races takos
plece. The above deliberations are absolutely not competent. Thc transmitt-
ing to the progeny in somatic ceclls of “factor X", as Goodey assumes, or of
the "gene for a certain host-plant" as Quboter thinks, cannot oxplein the
originating of biological races, because they are trying to oxplain one
unknown phenomenon by another, which besides has not been proved and is but
little understandable. These theories are not compatible with Ch. Darwin's
theory of evolution which beceme the property of the universal science even
in 1859. Both authors attribute the formetion of biological races to -
unchangeoble particles of living substance in form of "factor X" or "gene for
a definite host-plant" which enters the orgenism from outside and without
which the organism would remain unchanged. Thoy apparcntly do not propose
thet in nature there is characteristic sclf movement and that there is no
stable and unchanged substance. Organisms develop continuously and improve
in their development, but the tendency of this process depends in each con-
crote case, and to a considerablo degree, on surrounding conditions of the
environment. The role of the enviromment, the role of expert education

is proved very graphically by works of the groat transformer of Nature,

I. V. Michurin and his talented follower Acad. T. D. Lysenko as well as by
their numerous students and disciples who develop successfully Darwin's
ingenious doctrine. Enviromment is the factor which selects organisms best
adjusted to it. Conditions of developmcnt are the basic reason for obtain-
ing from similer wheat seeds of winter and spring forms, cold-and draught-
resisting varieties or vice versa (Lysenko; 1939), as well as for trans-
formotion of one plant species into another. Creating certain conditions

for the development of an orgonism it is possible to obtain soft wheat from
a hard variety and to change wheat into rye (Lysenko, 1948 and 1949). 1In
the light of thesc ingenious discoveries, the complete incompetence of the
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D

. above mentioned “theories" about causes of origin of biological races and their
significance in thc evolution of organisms begins to be very obvious. '

In Neture, under prolonged exposurc to factors of thc enviromment, &
gradual accumulation of definite quantitative changes which lead to radicel,
rapid qudlitative changes takes place. Appearance of new species takes place
in leaps., Natural sclection of specimons best adjusted to the concrete con-
ditions of the ecnviromment of the artificial selection by the humans of
needed forms, lead to common results — establishment of new species of
plants and eanimals. And this process, as Engcls said, "is accomplished
through constant [begin p. 398] fighting between heredity and adjustment"
(Engels, 1949, p..166). Development of organisms is unthinkeoble without
their constant inter-relation with the enviromment, because life itself
is a mothod of existence of albumin bodies, the essential moment of which
is a constant exchange of substances with enviromnment surrounding them;
with tho ceasing of this exchange of substances '1ife stops, which leads to
deterioration of albumin" (Engels, 1949, p. 244). Not to consider important
or to deny the rolc of the condition of development, the role of the
enviromnent — meafis not to see or to deny the contemporary achievements
of natural science.

Fig., 18 - Head ends of female bodies of

various species of stem nematodes. (Fig.

by T. A. Gavrilovae according to preparations
(j\§ by E. S. Kir'ianova).

- 1. - 2-stem nematode of potato =-- Ditylenchus
destructor Thorne. (l~according to Thorne,
1945;

2. = according to material from Irsha, Ukrain.
SSR); :

3. = of onion — D. allii (Boljerinck);

4. - of phlox -— D. phloxidis nom, nov.

In the case being discusscd of origin of biological roces which differ
sherply from each other by host-plants, the principal role is apparently
played by the composition of the food being used. Under the influence of
feeding on new plants, profound physiological and chemical changes can
originate in animels, which will gradually reflect [begin p. 399) on all
their functions and influence their morphologicel peguliarities. As an
example the facts cited by K. A. Timiriazev (1939) conserve to illustrate
the influence on the organism of the chemical and physiological processes
which take place in it. The garden primrose ~— Primula sinensis hes two
variants: colered and white of which the first one is predominant. It has
been proved experimentally, contrary to the “teaching" of mendelists, that
the color of the primroses depends not on the presence or absence in the
orgenism of genes of coloration or of colorlessness, but on & much more
complicated process" in which at least four bodies participate: chromogen
(may be also with its protochromogen), peroxidase, oxygenase, and an inhibi-

(“\ tor which determino the coloring and two different ceses of colorlessnoess

- of & flower" (Timiriazev, 1939, p. 482)., It wns possible during the ox-
periments to change white flowers into colored ones under the influence of

high temperature. At another point Timiriazev mentions (1939 p. 133-134)
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the results of Guker's researh which established that in the Bengelian valley
in India the same species of plants if one locality posscss medicinel proper-
ties which they lack in anothor place.

Meny such examples of the role of the physiological and chemical changes
in the organism which originate under the influence of the enviromment already
accumulated on it. Formal genetics which sees in the unchanging genes the
only bearcrs and creators of hereditary nature, lost entirely the ground
under their feet; this has been expressed in following words by Acad. Lysenko:
"The hereditary cha ractoristic is inherent only to the living. And any
living by wey of assimilatidn or dissimilation builds itself from food, and
from surrounding conditions. More than that the initial living [matter]
was developed some time in the past from non-living [motter]. Byt if the
initial living [matter] developed from non-living [metter) and eny growing
organism builds its body from non-living [matter], .from food, then naturally,
a hypothesis originates that also all the properties of & living body are
inherent in it, Admong them the property of requiring specific conditions for
developient, i.e. the property of inhoritance is doveloped, built, and
changed simultaneously and continuously with the development of the body of
the organism.

We hove already at our disposition mush Pactual material, expcrimental
and practical, which indicates that not only the body of the organism, but
8l1so its heroditery nature is built in the development process, i.e. in the

process of absorption and assimilation of conditions surrounding the organism"
(Lysenko, 1940, p. 117).

Coming back to hypotheses on the origin of biological races with the
help of the "factor X" (Goodey), of ™ a separate geno: .for each hosb-plant"
(Ouboter), of "larval memory" (Tori) or of "conditional reflexes (Imms),
their complete incompetence should be emphasized once more. The solving of
the problem has to be looked for in the specific effect on the organism of
the changes which took place in its metabolism in connection with its
assimilation of substances from new host-plants; the latter, apparently,
have a decisive significance in the procoss of natural seloction. And this
creative role of selection is the cause of originating of biological races
emong phytopathogenic nematodes and these races should be considered as
various stages in the origination of now species. In favor of this
hypothesis speaks the unequal dégree of differentiation of races in biolog-
icel and morphological rospocts. Part of them, for example, races of the
best noematodo of the genus Heterodera and highly specialized races of the
Ditylenchus dipsaci, withdrew so far from each other that thore cannot be
any doubts that at the precsent time they roprescnt clearly expressed
species. {bogin p. 400] The problem has to be sclved just as K. A. Timiria-
sev says (1939, p. 96) in one of his works dedicated to Darwin's teaching:
"And thus the differences presented by variants cen bo sometimes so consider-
able that we are being compelled to recognize them as independent species™.
In regard to the genus Heterodera it has already been accepted in our
country's literature in which the representatives of the genus havoe been
long ago separated into a series of independent specics, beginning with
I. N. Pilip'ev's work (1934). We see & differcnt situation in the writings
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of a number of the above-mentioned foreign authors who attempt to smoothe
over the existing differences between closely related species of the genus
Heterodera, due to incorrect methoddlogical positions which they oocupy in
the problem of formation of species. Their basic error consists in mis-
understanding and underestimating the role of the enviromment in the forma-
tion of organisms and therefore they try not to notice the profound differ-
ences which characterize individual biological reces (species — in our
understanding), because to explain their origin is possible only in a case
when the leading significance of the enviromment in this problem will be
admitted. Therefore & rather large group of foreign scientists considers
that the biological races have no significance in evolution, because the
changes connected with their formation cannot have a hereditary character.
In other words, this group of scientists tries to go against facts which
are obvious for ell or they invent for their explanation unprovable "factors
X", genes and other non-existing reasons. In practice it leads to extreme
confusion and hampers the control of harmful nematodes, inasmuch as into
one species are united forms which have & series of essential differences
of morphologicel and biological order. Also in describing new reces due
attention is not given to their morphology on the premise that these changes
cannot have a hereditary character. It is not hard to sec that such a
situation greatly damages the methods of control of harmful species whose
morphological differences arec weakly expressed and the appearance of which
due attention is not paid. Further research should be directed towards more
intensive study of differences between related species in order to establish
more precise diagnostical bordor lines between them which are so importent
for practicel purposes. Serious ettention should be paid in particular to
the study of epidermis in female nemetodes of the genus Heterodera which
heve obvious differences in the structure of the cuticle as it is epparent
from Franklin's work (1939), as well as from the author's personal reseerch.

Fig. 19 - Dwarfed plants of wheat, from the

vicinity of Krasnoufimsk, infected by the oats
nemeétode -~ Heterodere avenae Filipjev, 1934.

(According to Kir'ianova, 1941).

[begin p. 401] A somowhet different position is occupied by the group of
racoes of the stem nematode = Ditylenchus dipsaci (Kihn, 1858). An enormous
number of races is found among the stom nematode and a considerable part
of them is cheracterized by high specialization and oclear biological and
morphological peculiarities which allow one to soparate them into a series
of releted independent apecies. To their number should be referred the
following speciess 1) Ditylenchus tobeonsis (W. Schneider, 1937), which
causes galls in aquecus plants: pond weed — Potamogeton malayanus and
furut'] — Myriophyllum spicatum in lake Tobe in Scuth Sumetra and in the
yicinity of Vienna; 2) Ditylenchus amsinckiac Steiner et Scott, 1934,
which causes galls in the field flower Amsinckia intermedia in America;
3)\@;_allocotus Steiner, 1934, found in the soil in Americe and which is
characterized by a series of morphological peculiarities; 4) D. destructor
Thorne, 1945, which parasitized potatoes; 5) D. allii (Beijerinck, 1883)
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‘ which affects onion and garlic; 6) D. dipsaci (Kithn, 1858) parasitizing
fuller's teazel; 7) D. phloxidis nom. nov. parasitizing phlox and

| D. fragariase nom. nov. which affects strewberries — in the Krasnodar krei.
T This 1list probably does not exhaust the number of related species of stem

| nematodes existing in Nature, but thoy heve been little studied and theéir

‘ biology is not at all or only little known. But it should be pointed out

- that in the USSR infection by stem nematodes of clover, alfalfa, Dalmetian

deisy and some other crops was registered.

The polyphagous stem nematode, on which Ewan'e in Holland worked in
1927 and later Wilson (1929), belongs to the species which is in thet stage
of developmcnt when an accumulation of unnoticeable quantitative changes
oceurs, not yet developed into profound gquaelitative cheanges end the species
consists of such variants which "represent a ladder — a whole series of
finest shades of changes sterting from negligible individual characteristics
of isolated, indivisibles even abrupt species characteristics™., (Timirie-
zev, 1939, p. 97). These variants almost do not differ from each other
or differ very slightly and the index of their host-plants is sufficiently
diversified. But if one of these variants turns to feeding on a definite
plant and continues feeding on it for & long time, then this change in
nutritional regime has & decp influence on the entire subsequent history
of the species development, enebling the appearance of more and more sharp-
ly expressed variants; which can transform suddenly into a new speciocs
(ﬁ\ already narrowly edjusted to feeding on the given host-plant. Analogous
| — to this the highly specialized onion nematode in changing the host-plant
‘ (in populations which passed from onion-éver to tomatoes and peas) acquire
‘ smaller size and a thicker body (p. 548). Populations of the gall nema-
‘ tode developed on clover, roses and cucumbers had their own variantal
diagram. All this speaks in favor of the fact, that the tendency of the
: adjusting changeebility in phytopathogenic nematodes is determined first
| of all by their feeding specialization. Changes negligible at first can
bring about more substantial changes in the future if a rapid return to
initial conditions will not occur. It can be assumed that the role of
physiological and chemical phenomens eccompanying and causing this process
! is exceptionally great. Probably an important role in these changes also
involves the nervous system, the leading significance of which in all the
processes of life activity of higher enimals and humans has been provéd -
by the great physiologist [begin p. 402] of our country Academician I. P.
Pavlov. Unfortunately the,role of the nervous system in the life of lower
orgenisms, among them nematodes, has been studied very slightly and in
phytopathogeniec nematodes even the structure of the nervous systom is not
sufficiently known. Other effects of the enviromment on formetion of
species in phytopathogenic nematodes have been studied even less, but
‘ they are probably of socondary importance.

CONCLUS IONS

<:> 1. The tendency of the adjusting changeability in phytopathogenic
| nematodes is determined by their host specialization. Change in
‘ nutritional regime is of profound influence on the entire subsequent
| developmental history of the species, furthering an accumulation
| inside it of unnoticeable quantitative changes which lead suddenly-
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the new species. And at that this process is directed towards steadily
greater adjustment of nematodes to host plants. The latter takes place in
two leading directionss towards an increasing adjustment of development
cycles of nematodes to the development cycles of their host-plants and the
originating of specific péculiarities in the exchange of substances between
the parasite and the host. =

2. Opinions of some foreign scientists (Imms, Goodey, Thorpe,
Oyboter, etc.) who assume that biological races originate as & result of
"conditional reflexes", "larval memory", "factor X" or "gene for a definite
host-plant™, are anti-Derwinistic and unscientific. In praectice it leads
to a series of misunderstandings and erroneous conclusions, in particular
in the metter of orgenizing anti-nematode crop rotations in fields infested
with nematodes, inesmuch as into one species are united verious species
which have a different assortment of host-plants.

3. The highly specialized “races"™ of the genus Heterodera should
be considered in reality as a series of closely reolated species, which has
been long ago generally accepted in the Soviet literature. To these species
belongs potato nematode — Heterodere rostochiensis ONollenweber), beet=
nematode =— H. schachtii (Schmidt), oats nematode — H. avenae Filipjev;
1934, alfalfa nematode — H. goettingiena (Liebscher) and other species.

4. In the same manner should be approached also the highly special-
ized races of the genus Ditylenchus which represent & not less numerous group
of related species. To their number belongs stem nematode of onion —

2; allii (Beijerinck), stem nematode of potato — QL.destructor Thorne,
-stem nematode of phlox — D. phloxidis nom, nov., stém nematode of strawberry
D. fragariae nom. nov. end & number of other species.

5. Little specialized polyphagous races of the genus Ditylenchus
are &lso specific species, but not yot adjusted to feeding on only certain

plantﬁhosts.
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"Novoe v urhenii o gallovoi nematode"

 [NEW IN THE STUDY OF THE GALL NEMATODE ]

L)

A, A, Ustinov

pp. 446-452.

CONTROL MEASURES AGAINST THE ROOT-KNOT NEMATODE

There hardly exists another plant parasite against which so many control
mee.sures were tested as against the root-knot nematode. In foreign countries
the bourgeois regime does not allow expansion of state measures and therefore
the invasion of the fields by the nemetode steadily increases. For example
in Florida and Californie the cultivated [begin p- 447} fields are so severe=-
ly infested by the root-knot nematode thef only cultivation of plants re-
sistant to it or ripening early is possible.

In the USSR a series of effective control measures are applied against
the root-knot nematode.

Physical control measures

Among physical control measures the thermal ones are developed, first
of 8all — partial sterilization of the soil with steam. The technical re-
quirement is a sufficiently deep heating of the soil up to 60-65°C. This
method is used in the U.S.A. for control of the root-knot nematode in green-
house soil, but in other countries it has not spread; in open ground on &
somewhat extensive scale it is not adapted anywhere. Various temperatures
were suggested for heating of the soil; the most widely used for this pur-
pose are sets of perforated pipes through which super-heated steam is led
under high pressure from a steam boiler. Attempts were made to use boiling
water instead of steam for the heating of the soil, but this is a less
effective measure and requires an énormous amount of hot water — more then
800 liters per cubic meter of soil.

Hot water was suggested more than once for "dehelminthization" of
living plants; in the Soviet Union corresponding experiments were conducted
by Ikhtinskaia end Arkhengel'skeia (1939) for treatments of "levanda'
[lavender ?}, by Selivonchik (1938) and Ustinov (1938). Warm baths were
arranged in & barrel into which a pail was dropped. Into both containers
was poured water of equal temperature and during the work very little hot
water hed to be added into the inner conteainer in order to meintain needed
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temperature. Before dehelminthization the plants were kept for 30 - 40
minutes in warm watér at 42°C, than they were immersed in the bath and after
the bath 1mmed1ately cooled in cold water. A 50° temperaturc was effective
when the exposure was considertble (at least 15 minutes). According to our
experiments the most suitable method is the immersion of roots in a bath for
5 - 10 minutes at a 51 - 53° tomperature; but not all the plants can stand
this treatment.

Heat dehelminthization of plants in the control of the gall nematode
cannot be standardized in the some measure as was possible in the control
of the stem nematdfie in hyacinth bulbs. The assortment of plants affected
by the root-knot ﬁ%m&tode is very large and their tolerance of heat varies,
and many of them 6an endure it considerably less well than the hyacinth
bulbs. It is very difficult to adjust the temperature such that the nematodes
would be killed and the plants would not be harmed. Therefore this measure
did not become pa¥t of esteblished practice either as means of quarantine
or treatment.

Chemical control measures

An enormous number of chemicel substances were tested against the root-
knot nemetode. Attempts were made to introduce "OV" {according to Callaham:
abbrev. "otravlieiushchie veshchestva® — toxic agentg i.e. fumigents] into
the soil for treatment of infected plants, but they were not successful;
all the fumigants are poisonous for plants and can be applied only for the
treatment of the scil before planting. Soil fumigation presonts consider-
able difficulties. The interaction which develops between the fumigants
and the soil changes the effectiveness [begin p. 448} of fumigstion in
various soils (Chigarev, 1936). A consjidersble portion of the chemicals
are not available for fumigation, being adsorbed by soil particles, and
some of the fumigant evaporates; therefore the amount of poison used for
soil fumigation should be hundreds of times larger than for surface treat-
ment. Carrying out of fumigation is more successful in warm (but not hot)
weathor (about 20°C); the soil has to be well cultiveted and relatively
dry, because the grecter part of the fumigant does not penetrate moist
soil. The poison should be introduced into the soil in large amounts at
25 cm intervals; in smell areas the work can be carried out with the help
of an injector or under a shovel; for the treatment of large ereas
apparatuses are constructed which are attached to plows. When powdered

. substances are used, it is better to distribute them all over the plot

[continuously] cultivating the earth so that the poison will be beneath

g layer of earth. For successful fumigation, immediately after introduc-
ing the chemicals the soil has to be covered — this is a necessary
condition for the effectiveness of fumigation. A certein substitute of
covering can be achieved by watering the soil from the surface, which also
inhibits evaporation of fumigant. The surplus of chemical substances is
toxic for plants; therefore after removing the cover, end 10 - 15 days

are required for airing of the soil before planting. The majority of
fumigants have a favorable effect on the growth of plants increasing the
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amount of nitrogen substances in the soil.

As a rule no substance exterminetes completely the nematodes in the
soil, but only reduces the population to an economically unnoticeable level.
A negativo characteristic of fumigation is that it destroys also netural
enemies of nematodes. It is pointed out thet a valuable characteristic of
fumigants: is that the majority of them are not only poisonous for eanimels
but are diso fungicidal. And this means that they kill not only the devour-
ing pre-parasitic larvae of predators but also the fungl parasitizing
nematodes-and thus considerably reduce the number of their enemies. It is
understandable that this mekes it easier for the surviving specimens to
rebuild the population. The results of experiments with the control of
root-knot thématode conducted in the USSR were already published (Ustinov,
1934, 1939), After the publication of these works, the treatment of soil
with "tsianplav® [? cyan-fusion ?] wes tested. At a dose of 100 g. per
1md (1 ton per 1 hectare) in & sandy soil the “tsianplav® [?] produced
& noticeable nematocidel effect by reducing the conteminetion of plants in
cultivated ‘plots on the average 1-1/2 times as compared with control plots;
nevertheless about 30% of the plants in treated plots were infested by
the nematode.

In order to compare the effectiveness of various control measures it
is necessary to givc & numerical evaluation of the degree of infestation
of the field plot with root-knot nematode; and for that purpose the in-
festation index of the given plot has to be calculated. We determined the,
index in the following manners: the plants in the plot were pulled out and
examined thoroughly; if the plot was small — all the plants weie examined,
in case of a larger field section = every fifth or tenth plant. The most
precise method for the evaluation of the infestation of individual plants
is the tabulation of all the galls on their roots. But even this method
cannot produce entirely precise results because the galls can be of very
different sizes; in order somewhat to reduce these differences it has been
accepted to count each 2 mm (lengthwise) of large galls for one gall. How-
ever when the thickness of the gall is considerable, in 2 mm of its length
there are many nematodes so that such a section equals not one but many
individual galls. It is necessary to limit field work to an approximate
ovaluation of the degree of damage [begin p. 448] of the roots expressing
it in units. Adding the units and dividing thc sum by the number of
plents checked, the mean level of infection cf one plant in the plot is
obtained. Multiplying this by the percent of affected plants and dividing
the product obtained by 100, the index of infestation of the plet is
calculated. Comparison of indexes of various plots made it possible to
oxpress the effectiveness of measure in percentage. The most effective of
the now known nematocides is chloropicrin. 1In comparing the results
which we obtained from the use of this fumigant with data from literature,
it can be seen that for tho heavy and moist soils of Abkhaziia larger
dosages of chloropicrin are required then those recommended in the U.S.A.
There, 25 to 50 g. per 1 m2 dosages are usual while in our experiments the
25 g. dosege produced a weak effect; a 50 g. dosage (which equals 500 kg.
per hectere) roduced 4 times the infestation in comparison with the control
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and freed the plents for one year from & serious invasion. Only very ?igh
dosages of 100 g. per 1 n? pfoduce a econsiderable effect reducing the in-
festation more than 20 times.

Ethyleno-dichloride and methyl-bromide were suggested as fumigants
which are choaper then chloropicrin. Both substances are toxic to humons
and the former is, besides, inflammable and explosive. American publica-
tions recommend for ethylene-dichloride a dosage of 15 cm® and for methyl-
bromide — 40 g. per 1 m2 of soil. There are no reports yet on tests in
the USSR of these substances against the root-knot nematcde. Apparently
the ester of dimethyl-dithio~carbamic acids synthesized in our Scientific
Institute fcr Fertilizers and Insecto-fungicides represent nematocides
with greater promise; they are produced as o dust (with keolin) and are
powder~-like substances which do not require the use of & gas mesk; accord-
ing to preliminary experiments in 1948 they cause a considerable decrease
in soil infestation. DDT and hexachlérane appeared to be ineffective in
the control of the root~knot nematode.

Progress in chemistry promises discovery of new fumigents which will
make the cultivation of soil a less expensive measure; nevertheless it is
herd to see how soil fumigation can be so attaindble that it will be
possible to use it on a large scale in the field. So far the chemical
method is being used only in a covered .[enclosod ?] ground. Soil treatment

| with chloropicrin was successfully applied in the control of the root-knot
<:> nematode in 1935 in vegetable hothouses of the sovkhoz "Chervoni Zori" in
Kher'kov.

Agrotoechnical control measures

The difficulty of control of the root-knot nemetods by the chemical
method compelled already the first researchers to emphasize control with
the help of resistant plants. Resistant plants in & suiteble crop rotation
are the most practicable and often the only possible method of root-knot
nemetode control in the field in relatively large areas. Other agro-
technical measures such as fertilizers, dates of planting, clean fallow,
as well as "lovchie"™ (7] plentings and flooding or drying out of the soil,
are of lesser importance and in majority of cases are only auxiliery
measures.

Date on plant resistance to root-knot nematode aré scattered in
very many works published in most diverse publications. In Russian
language most of the materisl is gathered [begin p. 450] in the collec-
tion published by the All-Union Inatitute @f Plant Protection "Collection
of articles on nematodes of agricultural plants", edited by E. S. Kir'ian-
ove. (Sel'khozgiz, 1939). -

The problem of the cause of resistance was brought up only rarely
<j\‘ (Klechetov, 1947). Foreign papers, mostly short notes frequently in form
o of letters, are limited to simple statements of instances of resistance,
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without efforts at their explanation and theoretical basis. And also the
foreign authors quite incorroctly consider the plent resistance to root-knot
nematode as an unchanging static property of the given variety which does
not dépend on the plant's growth conditions, stage of its development and
state. Therefore the deta from different authors on résistance and sus-
ceptibility of plants frequently contradict each other.

The most important task is the further study of immunity and the
establishing which resistance factors — anti-bodies or a rapid root-
development — are of greatest significance. Under unfavorable conditions
of development the resistance is lower and sometimes highly resistant
plants are affected by the nematode as, for examplc, the peanut, a con-
siderable infestation of which was observed in the Kazakhsten and Uzbekis-
tan; even more frequently corn loses its resistance. It is true that not
all the observations of infestation of resistant plants are reliable, be-
cause susceptibility is sometimes mistakenly registered according to the
presence in the roots of only larval stages of the nematode and we know,
that larvee penetrate resistant plants and begin to develop there, causing
thickening of roots.

Anti-nemetode crop rotetions are built chiefly of resistant species
and varieties of legumes and of cereals as well as grasses. Susceptible
plants should be planted in contaminated soil after a 2-83 year interval.
The influence of a change of crops on the root-knot nematode was followed

<jw up at the Abkhaziia zonal tobaceco experimental station. Records taken in

” experiments preceded with tobacco showed that even a one-year cultivation

of resistant plants greatly reduces the damage to plants (Ustinov, 1934).
Study of soil infestation with invading larvoe confirmed it: on plant-
indicators planted in 900 cm® of soil from the tobacco field 976 galls
developed and from the adjoining corn field = only 5 galls. The Depart=-
ment of Field Industry of the station developed for Abkhariia's tobacco
farms & six-field crop rotetion with the following order of crops:

lst year Wheat and perennial grasses (red clover and rye grass);

2nd " - perennicl grasscs of second yeer of use;

3rd "™ - tobacco over a layer of perennial grasses, in the fall white
lupine over green fertilizer;

4th " « corn over green fertilizer, in the fall vetch-oats mixture
for hay; .

5th " - tobacco over stubble, in the fall peas with rye for hay;

6th " - corn over stubble, in the fall sowing of wheat with
perennial grasses.

The experimental crop rotation was conducted in a plot infested with
root-knot nematode and with its intrcduction the root-knot nematode ceased
tc multiply in mass and did not csuse severe reduction of tobacco yield.

<j\; In another plot of the same experimental staticn in 1935 71 - 95% of
u tobacco was affected with root-knot nematode and damage to the plants was
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so severe that a further planting of tobacco had to be stopped. The plot

was occupied pertly with cabbage and suger sorghum and remeined partly unused.
By 1938 tho soil infestation was so much reduced [begin p. 451] that of the
plant-indicators planted here only a few wore slightly affected by the root-
knot nematode. The grass field crop rotation which are being introduced now
duec to the resolution of the Party and the government, have to be effective
both prophylactically as well as a treetment against the root-knot nemetode,
especially when corcal grasses and not legumes are introduced. The vegetables
are. the ones which suffer meinly from the root-knot nometode in the Soviet
Union; on vegetable farms it is elso possible to control nematodes by way of
crop rotation. On large farms crop rotation with introduction of perennial
grasses is possible; in small workers' and home gardens the earth has to be
planted every year with vegetables, but it is necessary to alternate the
plenting of more susceptible plants with resistant ones. For the latter can
be used onion, garlic, corn, cabbage and other members of the mustard femily,
spinach, sorel, Jerusalem artichoke (¥ery resistant plant), in the South -
resistant varioties of sweet potatoes. :

In arid and hot arcaes nematocidal effect is produced by clean fallow
under the condition of several additional repeat plowings of the soil during
the hottest period; Brodskii and Zemlianskaia (1946) checked the effective-
ness of this measure in the vicinity of Tashkent. Mineral and manure
fertilizers reduce harvest losses caused by root-knot nematode, but they
are not & control measure, with the exception of calcium cyanamide, large
dosages of which (7 t. per 1 h.) decrease soil infestation. Green
fertilizers are more effective than are the mineral ones, because they are
a biological method of nematode control.

Biological control measures

Practice long ago demonstrated the effectiveness »f biological control
measures against the root-knot nematode., It is frequently recommended in
order tc reduce the harmfulness of the root-knot nematode to introduce into
the soil around the trees fertilizers of straw, grass or other plant materials.
The nematocidal action of this meesure was explained by an improvement of
conditions of tree growth or by the separation, during the decompesition’of
the intrcduced substance, of poisonous gases which destroy the nemetodes.

It has been only reletively recently found cut that the effectiveness of
plant residue is conditioned by the fact that they create favorable condi-
ticns for the development of a large number cf parasites of the root-knot
nematode. Koraeb and Butkcvskii (1939)point cut the harmfulness for the

beet nematode of plowing under cf sweet clover as a green fertilizer, ox-
plaining it by the fact that the rotten mess of sweet clover is harmful for
the nomatode. But the significance of sweet clover is hardly specific and
probably the matter here is also in the dévelopment of nematode's encmies

in abundant deteriorating organic mattery Our observations in the Abkhaziia
tobacco experimental station demonstrated the favorable effect of “sideration”
[enriching land by planting legume crop] on decontamination of plots infest=~
@d with roote-knot nematode. Particularly marked was the decontamination in
the plot where the tobacco suffored also from scil erosion and was so

demaged that it produccd almest no yield. After & completed "sideration"
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(mainly with lupine) the tobacco yield was satisfactory and its infestation
with nematode wes vory limited.

Qutlines of control measures against the
root-knot nemetode '

In greenhouses the control measures come down to removing and destroying
roots of diseased plants and to destroying larvae of root-knot nemetodes in
the soil. This can be done by partial sterilization of the scil with steam,
its treatment [begin p. 452) with fumigonts and, in an extreme case, by re-
plecing the coptamineated earth with non-contaminated and by thorough cleén-
ing and coating with lime of the walls, corners and bottom of the frames.

Of great importance are prophylactic measures against introduction of
root-knot nematodes into the hothouses. The law of the Five-Year Plan
specifies the development of hothouse farms in the vieinity of large cities
which makes the problem of their protection against the nematode very real;
foci of the latter were found in meny points of the Soviet Union and
probably by no means all of them were disclosed because the damage caused
by the nematode under field conditions further north is negligible. But
when brought into hothouses the nemetode can become & most dangerous
parasite and its control will be very costly.

The leading meesures under field conditions are agrotechnical. The
decisive factor for annual plants in the control of the root-knot nematode is
the introduction of crop rotations preferably in combination with other
meesures: green fertilizers, introduction of inexpensive fumigants (for
example calcium cyanamide) in arid. arees-drying of the soil by way of
additional re-plowings in the summer. In order to reduce the state of in-
vasion cf the soil, the roots of severely affected plants have to be remcved
from the field after harvesting and destroyed; it is particularly impcrtant
and easily accomplished in vegetable gardens.

Mothods for destruction of the nematode in growing perennial plants
ere not yet known. Highor resistance cf particularly susceptible species
and varieties can be achieved by way of their vegetative hybridization
with more resistent varieties. Improved feeding ~f diseased plants by way
of introducing fertilizers decreases the harmful effect of the nematode;
planting between the trees of cover crops, resistant tc the root-knot nema-

tode or keeping the soil as a clean fallow reduces the state of invasion of
the soil.

A redicel deconteminating measure is the planting, in a seriously in-
fested soil, of perennial plants resistant tc Heterodera infestation. Such
action was taken in a sovkhoz near Sukhumi: lavander which was in the process
of destruction from "heteroderosis"™ was liquidated and the plot was occupied
with Aurantiaceae. After a few years we could not find here any nemdtodes
at all even though & small amount of them probably remained on weeds.
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ISPYTANIT NOVYEH ORGANICHESKIKH
PREPARATOV V BOR'BE S'GALLOVOI NEMATODOI

[TESTING OF WEW ORGLNIC COMPOUNDS FCR THE
CONTROL OF THE GALL NEMATODE]

WY

pp. 460-461

Ustinov, A. A. and Mitrofanov, P. I.

The Scientific-research Institute for Fertilizers arnd Inseeto-fungicides
suggested to the author of this article to conduet tests of new compounds,

synthesized by the Institute, for the control of the gall nemétode.

The

work was carried out in the Summer of 1948 in Sukhumi by P. I. Mitrcfanov

with consultations with A. A,

Ustinov.

Index of new preparaticns tested for tho control of the gall nematode

Number of Number of the
Preparations | Preparation in Composition of the preparation Concen-
the index of traticn
NIUIF (in %)
1 "Cystogzon™ (ective agont — methyl
ester of dimethyl-dithiocarbamic
acid)
2 23 Ethyl ester of dimethyl-dithio=-
carbamic acid 20
Keolin (Glukhovetskii elutriated
lpurified]) 80
3 24 Propyl ester of dimethyl-dithio-
carbamic acid 20
Kaclin 80
4 25 Butyl ester of dimethyl-dithio-
carbamic acid 20
Kaolin 80
5 26 Iscamyl ester of dimcthyl-dithio-
carbamic a cid 20
Kaclin 80
6 ) 27 Dinitrophenyl of dimethyl-dithio-
carbamic acid 20
Kaolin 80

[cont. next page]
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No. of No. of the Compositicn of the prepara- Concentra-
preparaticns|{ preparation tion ti?n
in the index (in %)
of NIUIF
7 28 Bthyl ester of diethyl-dithic-
carbemic acid 20
Kaolin : 80
8 29 Propyl ester of diethyl-dithio-
carbamic acid 20
Kaolin 80
9 30 Butyl ester of diethyl-dithio~
- carbamic acid 20
Kaclin 80
10 31 : Ethylenc-bis-dimethyl-dithin-
carbamete 20
Keolin 80

10 compounds were tested which represent meinly varicus esters of
dimethyl-dithiocarbamic acid. ([begin p. 461]

Compounds no. 23, 24, 25, 26, 28, 29, 30 and 31 are white powders,
compound no. 27 - is yellow; “eystopon® is dark brown. Iifost of the com-
prunds have e strong disagreeable odor. There are indications in the
literature about the harmful effect of “cystogon" on skin, thercfore in

working with this preparation it is necessary to protect the hands and
the face.

Hork Method

The small emounts of preparations obtained made it necessary to limit
the conduction of experiments to flower pots — 8 l. in cubic capacity and
parallel to this - to small flower beds — 30 x 50 ecm (0.15 m2) in size.
6 g« of the compound were introduced into each flower pot and 15 g+ inte
each flower bed, i.e. 1, 2, and 3 g. of active substance.

For the tests in flower pots the measured soil was previously mixed
on & sheet of cardboerd with the alloted amount of the compound and then
placed into the container; in flower beds the compound was scattered on
the surface after which the soil was mixed. The test wds carried out in
a plot of sandy soil highly infested with gall nematode. Prior to filling
the test pots with the soil it was thoroughly mixed with & shovel which
furthercd a more or less even distribution of larvae in it.

The effectiveness of the compounds was determined according to the
quentity of galls on the roots of the indicator plants, which were tomato
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and tobacco plants. Threc days (from 24th to 27th of April) pessed hetween
the tre&tmpnt of the soil and planting cf plants in the pots and 10 days be=
tween Jun° 3 = 13th in flower beds. Removin;y of plants and examining of
roots wes carried out after 84 (in pots) and 96 (in flower beds) days.

Results of Expcriments

The "cystogon" and preparations no. 23, 24, 25, and 26 appeared to be
very effective nematocides; after the scil was treatcd with them, no galls
were found on the indicator plants in the flcower pots and in flower beds the
plants were only slightly infected, while the control plants were very
heavily infected with the nematods.

Preparations no. 27 and 31 had nc effcet either in the ficld test or
in flower pots and compounds no. 28, 29 and 30 Wwere effective in flowcr pot
tests but not in tests conducted in flower beds.

BEffect on Plants

Unfortunatuly all the effcctive compounds, with tho excrptlcn of
"eystogon", hdrmed the plants morec or less censideratly. The "cystoaion"
had no hardful influence on plant devclopment; compounds no. 23 and 24 ceuscd
less scrious harm than others, but compound no. 25 killcd some c¢f the plants
completely.

Ccneclusions

The results of thé preliminery tests demonstrate that “eystogon™ and
compounds no. 23-26, i.¢. the methyl, ethyl, propyl, butyl and isoamyl

ester of dimethyl-dithiocarbamie acid are e¢ffective enti-nematode aprents,
at least in sandy soil.

Purthor work with thesc compounds should Le considered as expedient
and having a future. Transition should bec made from let.oratory tests tc
field production experiments. In order to reducc the harmful effect of
the compounds on the plents, the intervals hetween scil treatment and
planting should be lengthened to, at loast, 2 weeoks (for “cystopon® it is
not noeded). Tosts have to he conducted on dosajes of the ac-cnts.
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Test of hexachlorane

Simulteneously with the described experiments, and by similar methods,
the nemetocidal action of hexachlorane obteined alsc from the NIUIF was

tested. Hexachlorane wes introduced at the ratio of 60 or 30 g. per 1 m?

of 2.57and 1.25 g. per flower pot. The hexachlorane produced no nematocidal
effect. :

Qﬁa rantine labora-
tory of Abkhaziie

3 o 3 ok 3k ok ok 3k X

pp. 505-506

Nematodoveia bolezn' khrizantemy i bor'ba protiv nee

[Chrysanthemun nemetode disease and its control]

-

Kir'ianova, E. S.
)

CONCLUSIONS

1. The chrysanthemum nemetode — Aphelenchoides ritzemabosi (Schwartz)
was first discovered in 1935 in Moscow, eppeared tco have spread to & number
of other large cities in the USSR, namely: Leningrad, Pevlovsk, Pushkino,
Minsk, Krasnodar, Sukhumi, Baku, Ashkhabad, Tashkent and Samerkand.

2. Under conditions favorable for the nematode's development it
con cause devestating damage to chrysanthemums, asters and other flowers
resulting in & loss of 10 - 75/ of plants affocted by it. [begin p. 506]

-

3. The chrysanthemum nematodé attacks exclusively the above ground
perts of plants of chrysenthemums as well as other flowers or weed flora,
never being found in their roct system and very rarely in thse upper-most
layor of soil at the depth of 0.10 cm.

4. In order tc obtain healthy planting material from the infected
mother plants, the best results are sbtainod with wet thermal treatment of
plants at a 55°C temperaturc for 3-5 min. or 5-10 m. at 50°C, which
[treatment] destroys nematodes in plant tissucs and gives an opportunity
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tc obtain adequate shoots fur grafting.

5. ¥Wet thermal treatment cof high temperatures is adaptable also
for sterilization of rooted ycung chrysenthemum plents as, for oxample, of
the “"Serebrianyi dozhd'"{silver rein] and "Griunval'd™ [Grimwald ?] 'which
after treatment developed more répidly and produced better flowers as
compared with the control plants.

- A

6a Good results for obteining full-value flowers for cutting are
produced by using a warm bath: 15-20 m. at a 40°C temperature, 20-30 min.
at 35°, 30-40 min. at 30°.. It is used for dehelminthization of noticeably
affected plants. :

7. Of most essential importance in the control of the chrysanthemum
nematode is the system of agro-technical measures directed towards preventicn
of nemétode infection of chrysanthemum plants during the entire growing
period. Carrying out this system in highly infested farms meets with certain
difficulties, but nevertheless this is the only method of getting rid of tho
nematode disease or of reducing it tc & little ncticeable volume.

One of such measures is a thorough remnoval from the fields of all the
remains of over-ground parts of chrysanthemum plants and weeds; this re-
moval has to take place not less than twice befsre the planting (fall and
spring cleaning »f the ground) and & certein number of times after planting.
This measure alone will drastically decrease tho supplies of the pest in
Nature and therefore greatly weaken the flair-up of the nemetode disecsase.
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NOVYI PARAZIT RISA — Aphelenchoides oryzae YAKOO

[ 'NEW PARASITE OF RICE — Aphelenchoides oryzae YAKOO]

-~

Sveshnikova, N. M.

At the end of 1940 there was sent from the Krasnodar quarantine inspec=
tion to the Central laboratory for plant quarantine a panicle of rice with
distinet symptoms of disease. The panicle was sparse, with shriveled brown
grains and a dried out stem. Apalysis disclosed in the panicle small
nematodes of the genus Aphelenchoides, related to A. parietinus Bast. How-
gver the insufficient amount of material and of information semt on it,
as well as the necessity to exclude the presence here of pathogenic agents
of fungal and bacterial order compelled us to stop the research until
edditional date would be obtained.

The war which followed in 1941-1945 made it impossibleJto study this
material. Only in 1946 did reports come in egain on this disease of rice

which became economically perceptible and diseased rice panicles were sent
in again for study.

In the investigated dry rice panicles of the “Kendzo" and "no. 18"
varieties, several hundreds of nematodes were observed per pegnicle. The
infected panicles are small in size, brown with whitish tops, the heads

N are not filled out and there arc a lerge number of empty and light-weight

\_ grains; frequently the panicles remain in the leaf sheaf and do not produce
any yield.

In 1913 Butler described analogous symptoms of nematode disease of
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rice "ufra™. The disease was obsorved in the delts of Ganges river in Indisa
and in Malayian Islands and it was caused by the nematode Ditylenchus
angustus (Butler, 1913) Filip'ev, 1934, which inhebits rice plants ccto-
parasitically. The symptoms of the rice disease "ufra™ are as follows: the
tops of shoots become white, the stem becomes crooked and thin and later

on dried out. ™The spike does not grow out of the sheaf, the grains do not
dovelop; sometimes the spike frees itself from the leaf but it does not
develop grains. The yield is lost. The nemetodes are on the outside of

the plant, under the sheaf of the leaves and under the scalcs of the spikes"
(Filip'ev 1934). The drawing of the diseased panicle in Butler's work
reminds us of diseased rice plants which were ot our disposal. However the
nematodes which we separated from spike scales of rice are typical representa-
tives of the genus Aphelenchoides and not Ditylenchus which were described

by Butler. Cralley (1949) reports on rice disease "white tops™ so called
beccuse of this principal characteristic symptom appearing on leaves. [Begin
p. 509] The disease was of great importance in the U.S.A. in 1949 and was
observed in Japan in 1947. It was caused in both casecs by the nemetodé
Aphelenchoides oryzsc Yakoo. Here is the description of this paresite.

Aphelenchoides oryzae Yakoo.

alpha

Small, thin nematode, / = 44 — 60. The longth of the male, 0.54 —
0.60 mm, of the femalc 0.64 — 0.79 mm. The tail of both sexes is pointed.
4t its tip there is & clearly distinguishable small §pine, characteristic
for many representatives of the genus Aphelonchoides. On the sides of the
body from the head and to the tail thero arc side ridges. Tho head is
sharply separated from the body. The mouth capsule is provided with a stilet
9 microns long with three swellings at the base; the front part of the stilet
is conical, the rear part — cylindrical. After the stilet follows the
esophagus with the typicnl Aphelenchoides bulb after which the nerve ring
and the esophagus glands are seen. The excretory opening is at the level
of the rear border of the bulb (fig. 1, A). The vulvé of the femals is
located at a distance of 70 — 75% of the body length. The vagina is on
the slant, there is a rudiment of & redr womb. It was not possible to ob=-
serve eggs. The tail of the mele (fig. 1, b) is without a “bursa" sac,
it is curved toward the ventral side. There are three pairs of papillas
oné in the rear, another slightly below the middle of the tail and the third
at the very tip of the tail, near the tail thorn [7]. The spicules arc
9 microns long in & shape typical for the genus Aphelenchoides. There is
no rudder.

Fig. 1, {p.-509] -

hLphelenchgides oryzae Yakoo

A)- headgéﬁd; b)=- tail ond of the u2les
B)- trect of the vulva. (Orig.)

In sizo tho now species boing studied is rolated to the Lphelenchoides
parietinus (Bast), which is scen from the given table; L. oryzee is also closo-
ly related to é;_fragariae from which it differs by location of the excretory
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opening and smaller size of spikules 4. oryzae does nct cause the dwarf
disease in rice plants, which it damaggé, as much as is observed in straw-
berries, chrjysanthemums and other crops which are affected by thc

A, fragariee. Besides that the aquecus environmment in which rice grows

is not natural for the strawberry nemeatcde — 4. fragarise.

hs to A. parietinus, the indexes cf our species are very close to
those of this species with the excepticn of the size alpha; besides that
our species [tegin p. 511] has & slightly shorter tail and spicules of
different size. é;_dryzae Yakoo belongs to the group of very slim nematodes
(alphe = 44 — 65), while A. parietinus has a relatively thick body. -

According to Guidei (1933) The alpha of femnles of A. parietinus is 28 -— 38

and of males — 25 — 30; according to Micoletzky (1921) the alpha of
é;_parietinus fluctustes within the limits of 23 — 43. However according
tc data of various authors the sizes of 4. parietinus vary considerably.
As to the bioclogy of A. parietinus — it is an sxtremely widely spread
species described as an inhabitant of fresh waters, scil, rotting organic
substances. It has been found also on healthy plants and on plants with
distinct symptoms of the diseases in rcots of the coffee tree in Java,

in rcots of the lily of the velley in Germany and North America, in
turnips in Switzcrland, on turnips, clover and strawberries in Holland,

in diseased bulbs of nercissus, in potatc tubers and in cotton seedllngs
of Scuth Carolina. 1In the USSR this species was recorded many times on
various plants and inside them and in the soil (Kir'ianova, 1935, 1939;
Tulaganov, 1941, Sveshnikova and Skarbilovich, 1935, and others), without
presence in them of definite disease symptoms. In prectice the Central
laboratery for quarantine of plants found this species in onions, straw-
berrics, Delmatian deisy and in large roots of gentian.

Fig.2 - [p. 511]

Panicle g¢f rice infected bty
fiphelenchoides oryzee Yakoo
(Fig. by T. L. Govrilove)

The rice diseaso being descrited is recorded for the first time in
the USSR. At the present imec in the Soviet Union there are being conducted
studies of resistant varieties cf rice, those indicated in literaturc ore:
"Wira", "Fortuna" and "Blue Bonnet". It is recommended for the control
>f the nematode discase to disinfect the rice seeds with hot water at
62 - 53°C. for up tc 15 minutes. The effectiveness of the treatment was
apparent in & reduced infection of plants.

~

Central letoratory for
Quarartine of Agricultural
Plants of the Ministry of
fgriculture, USSR
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«f the genus Lphelench ides [p. 510)
Namc cf the Sex Length Tize Tength | Shape of |Excretory | Sizo oF :
species bhf bod; of bulb opening spicules (in u~) yuz.:vat;n
(in mm , stilet % to the
alpha | beta jgamme (in u) Lo ek telly | total
bide side bedy
length
. parictinus o o ]0.6-0.9 p8-38 |9-11 [14-15 - slight- | roar 70
e P ++ ly border
accOfdlggsgg square of the
Gaded, bulbus
77
% 10.57-0.75 | 25-30 |9-11 4-15 22
(accord-
ing to
Hoffart,
1930)
L. oryre ‘ i )
Yakoo (hc- 99 | 0.60-0.79 p4a-65 |11-12 [16-2¢ 9 oval- same 70-75
cording to T G%b- ;
the author shape
7| 0.55-0.60 |54-61 [ 11-12 16 5 18-19 8-9
L. fragariac é é 0.57-0.92 |44-60 | 11-15 |15-20|  8-9 oval noer 70
{Eceorcing : e .
to Gudei, nerv
1933 circle
7o7| 0.59-0.85(46-57 | 11-12 |18-19]  8-9 21-23 10
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{p. 551]

-~

Nematoda luka — Dityleonchus allii

!

[Onion nematode -~ Ditylenchus 2llii]

-

£. S. Kir'tianove

CONCLUSIONS

1. ;The onion nematode -— Ditylonchus allii (Beijerink, 1883) is e
fairly widely spread pest of onion crop in thc USSR.

2. The onion nematode is characterized by its large size (on the
average 140041500 u) ;alphs=45 in female and 55-60 in meles which indicates
a considerable slimness of body in these worms; the vulve is located et 81%
distance from the head; the bursa [sac] is rather short and does not reach
the end of the tail by 22-23 u., The host plants of the onion nematode aré
a very llmlteﬁ .rengo of crops: onions, tomatoes, peas and possibly garlic.
It does not harm oats, wheat rye, millet, potatoes, egg-plant, tobacco,
beets, flax, clover alfalfa, carrots, cabbage, cucumbers, hcrse-radish,
dill, lettuce and splnach The latter may be infected by other related
species of stem nematodes.

5. The basic points of onicn nematode localization in the onion
ares the bulb, scales, "strela" [leaves]; in the root system and in séeds the
nematodes are found considerably less frequently and in small numbers.

4. Onion plants are infected throughout the entirc growing period,
beginning with seed germineticn.

5. When the infected bulbs are drying under storage conditions,
the worms migrate in messes to the surface, most frequently to the area of
cracks or to other places where the exterior covers are not very hard.
Gathering on the surface of the bulbs in form of lumps or & mcssy cream-
colored incrustation, the nematodes (o, \ larvre) enter an anabiotic state,
rapidly becoming allve again under favorable conditions of humidity. The
cream-colored incrustation of worms can easily fall off [crumble] end
scatter and thus become & source of infection for new tulbs.

6. Under field conditions the place of onion nematcde accumulation
is in various remeins of infected plants. In the soil itself the supply of
worms is relatively small, therefore the role of soil as a reservoir of the
pest is of seccndary significance.

T The suthor recommends for onion nematode control: 1) application
of ecrop rotation with & seclection of types plants which are not susceptible;
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2) thorough cleaning of the fields from pest-harvest remains of onion plants;
3) thorough selecting of bulbs for tho seed fund during the harvest, because
at that time it is easiest to separate healthy bulbs; 4) disinfection, drying
and cleaning of storage spaces immedietely affer they have been vacated from
onions which were stored there; 5) Storing of bulbs at low (1-3°C) or high
(atove 14°C.) temperatures which are the least favorable for the development
of the onion nematcde; 6) wet thermal troatment of secd-onions carried out
before sowing at follewi ng temperatures and exposuress:

45 - 46°C during 15 - 10 min.
50 - 52°C " 10- 5 "
55 - 57°C " 5~ 3 "

7) fertilizeticn of the soil for onion fields tc¢ be carried out with well
rotted manure, in order to avoid en introduction of onion nematode together
with dry sceles, skins and cthor remains of diseased plants.
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(p. 571]

GARLIC FORM OF THE STEM NEMATODE - Ditylenchus

A, A, Paramonov

CONCLUS IONS

1. In studying the stem nematode of garlic the thermel method of
controlling nematodes was applied.

2. Ditylenchus of garlic is characterized by & number of symptoms
both interior as well as by typical infection of parenchyma.

3. The temperature plays an importent role in the increase of in-
tensiveness and extensiveness of invasion.

4, The garlic form of the stem nematode differs in @ number of
symptoms from the onion nematode.

5. Under the conditions of Mcscow end vicinity Ditylenchus of garlic
reaches its highest development in August,

6. At a tempereture of about 15°C. the bulbs infected by Ditylenchus
perish rapidly; kecping thém at a temperature of abcut 5-8° inhibits the
devolopment of ths disease.
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7. Fall plantings shculd be preferred to the spring ones because
in case of Ditylenchus of garlié¢ the spring plentings can lead to a higher
percentage of plant destruction.

8.’ With Ditylenchus of gerlic the soil has to be disinfested. It
is possible that "forbiat® is epplicable.

9. "Cnicns cannot be sowsd in ths same soil after garlic infected by
Ditylenchus. B

10. ~ Pctatoes can be planted, however, disinfestation of soil is |
desirable, ' i
|
, |

11. Treatmont of gerlic bulbs by the thermal method is possible if

|
the heating is carried out in e water bath and not by & dry process; duration 1
of exposure == about 2 hours and in a case when"the disease is apparently: '
localized in the bottom and the exteriosr scales.

12. Farther work is nocessary on treatment of the bulbs by this and
cther methods.
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[pp. 583-591]

-

Kizuchonii kartofel'noi nematody-— Heterodera
rostochicnsis Woll v SSSR

{

Study of the potatc nematode — Hetérodere
rostochiensis Woll. in the USSR.

H. M. Sveshnikove

The poteto nematode — Heterodera rostochiensis Woll., 1923 has long becn
known in foreign countries. It was discovered in Englend in~1905, in Germany
in 1913, in Sweden in 1920, in Denmark in 1928, in the U.S.A. only in 1941,
in the USSR in 1948.

The potato nematode as a distinet specices was described in 1923 by
Yiollenweber who gave it the species name Rostochiensis according to the neme
of the e¢ity of Rostok where it was discovered on potato rocts. This species
is the causal agent of one of the economically most important potato diseases
(fig. 1). Its foci were not detected during the first several years of in-
festation but only after it had accumulated so much in the soil that it caused
drastic drops in yield capacity of potatoes. Thus, according tc data of”
Kenner (1929), in nematode infested sections in Sweden in 1929 only 6 kg. of
10 kg. of plented potatoes were harvested. In Germany in 1931 in analogous
sections “the 'yield reached on the average only 147 g. per bush (Goffart, 1941).
In the U.S.A. on Long Island, the decrease in potato yields started in 1930.
Up to 1938 the farmers could not establish the causes of reduced yields and
demended & soil analysis be conducted. Only by 1941, when the pctato
nematode was discovered on potato roots from infested fields, was the cause
of the disease established.

Due to the great demage caused by the potato nematods, it is an objeect
of foreign trade quarantine which forbids the import of potatoes from
countries where an infestation by this parasite exists. Therefore, accrording
to published data, the distribution of potato nemetode was limited to some
localities in Germany, England, Scotlend, Ireland, Sweden. The potato
nemaetode was imported during the war of 1914 to Denmark. However, as has
been found out at the present time, the distribition of the potato nematode
is considerably greater than has been published. In Great Britain it spread
everywhere potatoes are cultivated, and in Germany, accerding to data of
1945, it spread out widely, moving far to the West and the Bast from the
point of its initial discovery. [begin p. 584]

Due to strictly onforced quarantine regulations, up to recent times there
has been no potato nematode in the USSR territory, which has been confirmed
by numerous investigations starting in 1932 and leter (Filip'iev, 1934;
Kir'ianova, 1935; Svoshnikova, 1948).

/
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Fig. 1 - {p. 584]

General view of & plot infested by the potatc
nematode: in the front — severely infected
bushes, in the rear — bushes grown in soil
disinfested with a preparation of dithio-
carbemic acid. (Orig.)

Potato nematode is more readily discovered in gardens with inadequate-
agro-technique and insufficient fortilizaticn, in most cases in sandy scil.
4 general view of a plot with a typical aspect of the disease is presented
in fig. 1. The picture wes taken in the middle of August 1949. In compari-
son with a normal bush, a bush infected by poteto nemetode looks like a
dwarf (fig. 2). It wes essy to show on roots of diseased bushes with the
naked eye, female-cysts of potato nemetode, red or brown in color, which
penetrated with the head end in the roots (fig. 3). "The density of infesta-
tion reached as much as 20 female specimens per 1 em. of root. Ve registered
the following susceptible potatc varietiess: “Alme belaie [white]™, "Alma
rozovaia (pink]®, "Skorospelka™, Vel'tmen, "Vale". Roots,of other garden
plants wege also examined but thé potato nemetode was discovered only on
tometoes (Solanum lycopersicum L.) and deadly night shade (Solanum nigrum L.).

The pctato nematode

The potato nematode is a worm, microscopic in size, which has a sexual
dimorphism. The cyst (old female) [begin p. 585] has a regular globuler
shape, but its head end retains a worm-like form to the extent of a double
%ength ;f the esophagus, which lends the cyst the shape of & round flask

fig. &},

Fig. 2 - [p. 585]

Potato bughes (Orig.)

On the left—— healthy; on the right—
infected by potatos nemetode.

Fig. 3 - [P. 585]
Potato roof infected by females of
potato nematode. (Microphot. orig.)

The cyst is enclosed with & thick brown wall. On the outside the wall
has an ornament which is similar to the curves on & walnut shell, but smaller
and distributed in a more dense net. The size of the root cyst varies,
depending on its age, from 0.376 to 0.825 mm. in length and from 0.191 %o
0.710 mm. in width. The head, worm-like end ("neck") can reach in length
1/4 of the lengthwise diameter of the cyst body. later cysts dre smaller
and have not always a regular globular shape as seen in fig. 4. Thickening
and browning of the wall of the female starts soon after the appearance of
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the femele on the outside of the root, according tc our observations —— be=
ginning in July. Apparently the oxidizing reaction of the air plays a role

in the browning. The white color of the females changes first to lemon-
yellow, towards the middle of July = red and brownish and by the end of

July the majority of females are brown. The wall at the head end is thin
with a distinguishable transverse stripss. The mouth spear has 3 swellings

at the base which are not always easily distinguishable. The esophagus
varies in length depending on the stretch of the head end. The bulbus is well
manifest and is mostly in the center of the "neck™. Tho head end sinks

[begin p. 586) into the potato root up to the level of the esophegus bulbus
from which starts the drestic thickening of the wall of the globular body

cf the cyst. The cyst is packed with eggs which scmetimes enter even into

the "neck™ scetion cof the body. According to our data, the number of eggs
varies, depending on the apge and size of the cyst, from 45 to 830. Ve con-
ducted the counting of eggs by way of crushing the cysts and counting the eggs
with the help of & glass cytometer. Females containing 150-300 eggs

(mean 271) in July = August mocst frequently are found; specimens with &
larger and smeller number cf eggs are less frequently observed (Teble 1).

Table [p. 586]

-

Approximate quantity of eggs in cysts of potato

nematode in July - August 1949
1

1 1
No. of cysts ! Quantity of eggs ! Nc. of cysts ' Quantity of
in order ! ' in order ' eggs.
t ! ?
1 1 1
1 -7 ' From 49 to 99 ! 47 ! 503
8 - 19 ! " 131 " 199 ! 48 ' 624
20 - 35 ! " 203 " 297 ! 49 ! 743
36 - 42 v " 315 " 395 ! 50 ! 830
43 - 46 ' " 412 " 496 ! !
1 1 1

Sexually mature young female

A sexually mature young female is white, lemon-shaped 0.408 mm long and’
0.158 mm wide. The mouth spear 0.019 mm long is easily seen in the head end.
The esophagus has a strong muscular bulbus; its length is 0.076 mm; the
esophagus glands are very evident (fig. 7). The excretory opening is
located below the htulbus, at a disteance of 0.089 mm from the front end of the
body. The sex tubes arc in pairs; the vulva opens at the rear end of “the
body and the anal opening is slightly displaced towards the back side,

The male

The mele (fig. 6) is worm-like, transperent, with & body hent in & semi-
circle to the ventral side, apparently in conformity with the globularly
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swollen body of the femele. The length of the male is atout 0.97 mm, the
width — 0,03 mm, (alpha == 25-27), The cuticle has sharp transverse lines
and cuticular ridges leading from the head end to the tail. At the head end
there is a "little het", i.e. the head is sharply separated with a clear
chitinous skeleton. 'The length of the spear is 0.016 mm with swellings at
the base; the esophagus (0.07 mm in length) and bulbus are developed weeker

than in the female; esophagus glands are not noticeable . Bgta = 12.
"Amfidy"” which open 4t %hegbasg of the "little hat" at the sides of the

head are casily seen. The sex sinus is at the very end of the body.

Gomme == 323. Two spicules: 0.028 mm long and 0.008 mm wide are near the
head. A rudder in the shape of a small trowel is seen only on rare occasions
when the male is examired from the ventral side.

The egg
The egg (fig. 5) is oval Wwith flattened poles; in the fall larvee arc

being formed. The length is 0.09 - 0.1 mm, width — O.04 mm.

)

The larve

The larve in the egg (fig. 5) is rather large, 0.33 mn long and 0.015

mm wide, with a sharp tail. The head is separated with a very evident

<“\ chitinous skeleton end vigorous spear, 0.016 mm long, with swollings at the

_— base. The esophagus and bulbus are well developed; the [begin p. 587]

intestines and the enus ars not distinguishable. 1In the .egg the larva is
prepared for molting which is indicated by the scaling of the wall at the
rear end of the body. The larva from the potato root by the end of the
first ten days of potato's growing period is thickened, 0.396 mm long and
0.019 thick (fig. 7). The head is typical; seen are: excretory opening
and the escphagus gland. Besides the spear (0.016 long), e¢sophagus and
bulbous there is an embryo of ‘scx organs, in about the middle of the ventral

side of the body. The larvee molts quickly throwing off its case which can
be easily scen. The tail is rounded.

Fig. 4 [p. 587] -
Femele gysts of potato nematode.

Left -~ white, center and right —
btrown.

Fig. 5 [p. 588] -
Bggs and larva of the potato
nematods

Fig. 6 [p. 588] =
Mele of potato nematode.
A - head eond

b - tail end of the tody

Tbe larva from the root during the 10 — 20 deys of the potato growth does not
d}ffer from the preceding stage (0.398 mm) but is considerably more swollen in
width (0.039 ~— 0.046 mm). The esophagus and the mouth spear do not differ
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from these of the preceding stage. Clesrly distinguishable is the excretory
opening located somewhat below the rear border of the bulbus. The embryo of”
the sex glands is considerably larger in comperison with the preceding stage.
On the wall of the larva, especially behind the rounded tail end is seen the
remainder of the cast-off wall — the cese (fig. 7). Apparently at this stage
the differentiation of larvae into females and males begins.

The biology

The biology of the poteto Heterodera was studied in recent years by
Chitwood and Buhrer (1946) in the U.S.A., their data coincide in general
lines with our data. In test plots where our observetions were conducted
on May 24, 1949, potatoes of the "Vol'tman" variety were planted. On the
10th day of growth inside the roots close to their surface, were larvae
with thickened hodies, with embryos of sex organs and with rounded tail
ends; they were located above the zone of growth parallel to vascular system.
The body of the larvae was ccvered with a case which it was shedding.

(fig. 7). On the 20th day of growth even thicker larvee than those in the
preceding stage were observed, with traces of cast-off [begin 588] walls,
differentiated into females and meles. Their head ends had frequently &

flat front surface adjoining the vascular system of the root. On the 30th
and 35th day females and males were observéd from the moment of their /female
appearance on the outside of the root {fig. 10). A young sexually mature /
ready for fecundation has a lemon~shaped body which in thickening during

its development in the root tears its [the root's] tender tissue. Sticking
out the female remains in the root to the end of its life, attached with its
head end. Tho wall of the female soon begins to thicken and to become hellow.
We had a chance to obscrve young females which were slightly sticking out
from the root with their posterior end and in this small protruding section
the wall was 4-6 times thicker in comparison with the part which was inside
the root. The ornamented wall btepins to develop very early. In our exper-
iment by July 1, it was possible to observe on females a tender ornemented
wall which fell to picces under the weight of the ccver glass. Smell brown
cysts are the late females. The completely formed young mele lies curled

up 2-3 times in the larval shell due to which the root also swells and

bursts; the male tears the larval cover (fig. 8) and crawls out into the soil.
On the 48th day of plant growth femnles with several eggs were observed.

Thus the development of one generation of potato nematode which we observed
from“the egg to the stege of formation of new eggs took placce during 40-50
days.

Distribution

Distribution of the potatc nematode bhasically takes place through soil
which contains eysts that stick with the earth tc all the objects which are
in contact with infested soil [begin p. 589] during the harvest (tubers,
shovels, potato digging apparatus and other tools, bags, wheels, feet of
humans and animals), with the help of which the cysts can be transferred
from an infested plot to a non-infested one. Bosides that, the tubers transfer
the cysts not only mechanically, tut as it has been established, are the
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<:: usual overwintering place of the potrtc nematonde; we found femeles which de-
veloped inside the tuber and appeared on its surface by way of tearing the
skin of the tubers. Thus the biological connsction was established between
the nematode and the tubers, where the females can develop as in the roots.
There is no doubt that rain water and strong wind can also transfer the cysts.

Fig. 7 [ p. 589 ] -
Developmént stages of the potato
nematode. {(Orig.)

Fig. 8 [p. 589] -

Appeerance of female (right) and
maele (left) of the potato nematode
on the surface of the root. (Orig.)

The disease picture

The disease picture cbserved by the authcr was as follows: the tubers
sprout slowly, develop weakly with 1-2 stems, by July they noticeably lag
behind in growth and development. Thus on July 21 the potato bushes in
infested plots reached 10-20 cm, meximum — 30 cm. in hoight. The bushes
did not blossom or only single flowers weroc observed. In table (2) are

<ft\ presented figures of measurements of 15 potatc bushes from each of the plots
— infested and free from the potato nematode —— which were taken on July
21, 1949.

In infected plants the lower leaves btegin to wilt in June and the
bushes look altogether exheusted, dwarfed, attracting attention by their
bad looks (fig. 1). Each bush bears 1-2 tukers not exceeding chicken eggs
in size, or the tubers are entirely lacking. The yield decreases in relation
to the dogree of soil contamination and [begin p. 590) age of the disease
center. Part of the bushes perish beforg completimg growth. According to
my calculations, by the 15th of September, i.e. by harvest time, tho yield
from infested plots reached 10-27 3. per tush.

Table (2) [p. 590]
Height of potato bushes grown in experimental plots,
infested and free from infestation with the
potato nematode

-

* ' 4 ' Nos. of bushes in order "Total 'Mean
*1 '2 *3774 5 6 '7 '8 'g '10 '11 ‘12 ‘13 '14 715 ' "height
Height of 7 1 r 11 Y 1 V ' 1 3 1 ' ' ' ! ! 'of bhush
bushes (in ' ' ¢+ 't v ot v 4 ' ' ! ' ' ! '(in cm)
cm) infest='30'21'20'16'14'10'5 '20'13'10 '10 '8 115 '15 114 221 14
ed with thet ' « " t v v vt 1 1 1 1 1 ' ' !
potato 1 1 f 1 ' 1 ' ' t ' t 1 [} 1 [ [] 1
“ nemetode L R A S B B R 1 ' 1 1 1 ' 1
< t 1] 1 t ) 1] 1] ] 1 ] ? t 1] 1 | 1 1
- Height of ' ' ' t t ' ' ' ' ' 1 t ! 1 1 1 1
bushes (in ! t ] 1 1 ' 1 [} 1 [ ' ) 1 ' ' [} *
] t 1 T 1 1] 1 . \ ] t ‘ ? 1 ] t L
;i‘imf;‘;: 60,50,50,52,46,53,45,46,49,38 ,67 .65 ,45 ,53 .62 . 779 . &1

moeadend o L
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The Hermfulness

The harmfulness of the potato nematode is manifest in destruction of
potato roots. It is seen in preparation [prepared specimens] that around
the penetrated larvae in the root begins g necrosis of its cells and since
the state of invasion of the root reaches up to 10 larvas per 1 linear centi=-
meter, the damage caused the plant by the potato nematode is very great.
The roots die and the feeding of the plants is disturbed, especielly in in-
edequetely fertilized, poor and sandy so9ls with a low water supply.
Triffitt (1931) describes the formation of gigentic cells clogging the root
vessels and hindering the movement of liquids. Many larvae perish together with
the roots but since there is a large emount of larvae in the soil and their
hatching from the cysts takes place gradually, as the roots develop, the plant
undergoes numerous and multitudinous assaults by larvae and becomes exhausted
wa.sting material on formation of new roots to replaco the perishing ones.
In seriously infected potatoes the potato nematode causes exhaustion dur ing
the growth period, the leaves of tho bushes are stunted and dry, therefore
tubers are not formed.

Control measures agoinst the potato nemetode

In order to control the potato nemetode in & numbsr of countries (Germany,
England, U.S.A.) a series of chemicals wore tested which in most ceses did not
produce satisfactory results. Thus in Franklin's (1939) work she searched for
control measures for disinfection of infected potato planting meterial, phenol,
corrosive sublimete, iodine, formalin and hot water were tested. Franklin
found that only & 5% solution of formalin when tubers are immersed into it
for 6 hours, kills the cysts of the potato nemstode which are sticking to
the roots with the soil,

In order to use infested plots for potato crops, in Germany potatoes and
all the potato family mombers are excluded from growing in them for 6 years and
longer and in cases of adapted crop rotetion for atleast 3 years. [begin
p. 591] .

As a radical measure directed towards the extermination of cysts in the
soil, recently a compound "cystogon" was offered: Methyl ether of dithio-
carbamic acid (Sveshnikova, 1949). The author tested "eystogon" as well as
& series of other analogous compounds of Soviet manufacture for control of
the potato and other netodes (Sveshnikove, 1949) and obtained good results.
The essonce of this work and the methods fire discussed in & special article
in the given collection [Trudy Zool. Inst. AN SSSR, V. IX, no. 2, 1951].

In the U.S.A. for the control of the potato nematode a mixture,of
D-D(dichlorprogene-dichlorpropylene) as ean independent compound and in
combination with chloropicrin is used. Recently a report (Schmitt, 1948)
wais noted on a series of bromine preparations of which the dibromide and
Iscobrom D. produced good results.

!

Central laboratory for plant
querantine of thé Ministry of
Agriculture USSR.
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<i> "X Voprosu o raspredclenii nemetode v pochve,
kornevoi i nadzemnoi chastiask rastenii”

[On the Problem of distribution of nemetodes in the
So0il, Root and Above-ground parts of Plants]

~

pp. 613-623
K. V. Beliaeva

The widespread  occurrance of nemetodes populating the soil and plant
tissues has been confirmed by numercus writings of Scviet &s well as foreign
authors. However mnst of tho rosearch in this field pertains either to the
study of soil nematodes heving no connection with plants, or of plant nema-
todes and, mainly, pests of cultivated pleants. ILiterature dealing with this
latter problem is particularly voluminous. At the same time there are still
very few works concerned with study of worms populating the soil which pene-
trate from the soil into the plent; basically there are the works by E. S.
Kir'ianova (1931-1947), A. T. Tulaganov on nematodes of tometoes {1939) as
well as on nematodes of scils and plants in the Zeravshenskaia Valley in the
Uzbekistan (1938-1949). But the simultancous study of worms and plants and
of the soil surrounding the root system will make it possiblo to find out the

- regularities in [faets concorning] the distribution of nemetode species in '
<i:‘ these bio-types and to establish the inter-reletion of their biological cycle.
The density of nematode population in the soil, which has been mentioned

repeatedly in the literature, the infestation by them of the root system of
many plants, allows one to raise the question of the role of the rcund worms
in the entire complex of the soil bio-coenosis, of their inter-relations
with other co-members of the rhizo-sphere -— fungi, bacteria, protozoa.

The present report deals with the study of the nemetode population of
plants which, on the outside, do not show any disease symptoms. For the
work were used materials obtained durine the simultenecus study of specios
which inhabit the near-root parts of the soil and species which penetrate
from the soil into the plant and become localized in its root and above-
ground perts. The combined analysis of obtained materials makes it possible
to drew inferences on more or loss typical distribution of worms in arecas
varying in their agro-technical condition, We used the results of resecarch
on nematodes of alfalfa (an unplowed crop), tomatoes (crop which undergocs
the offects of various agro-measures =— plowing, periodieal hilling) and of
the field edges which are ccvered with & wild vegetation (basically
Cynodon dactylon and in the spring Hordeim ap.) and called by term "mezha
[boundary line between field secticns, 1.6. Tfence rows"]. Collections were
made in 1940 and partly supplemented on the ™mezha jin 1944. [begin p. -614]
Places of collecting: 1) kolkhozes in the vicinity of Tashkent and fields
of the All-Union Institute of Plant Industry (VIR) ot the All-Union Academy
of Agricultural sciences imeni V. I. Lenin, near Tashkent — biennial alfalfa
tomatoes, "mezhi"; 2) langi-inl'skii raion, Tashkent oblast' — alfalfa,

(jf tomatcos, "mezhi" as well as "mezhi" of the fields of the Botanical garden
~ neer Tashkent. Altogether 20 samples were taken from 2lfalfa (counting as 2

L]
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semple simultaneously taken soil, roots and above-ground perts of plents), 8
samples = from tomatces and "mezhi". In all instences for analysis was
teken & square of scil with the root system down to 18 - 20 cm. and part of
the above-ground stems and leaves. The soil and the plents were anclyzed by
methods accepted in phyto-helminthology. Due to the fact that in analyzing
the root and tho above-ground parts of the plants it is very difficult to
determine the monotypicalness [i.e. distinguish species], there was no point
in & precise calculation of the found worms, therefore we indicated the
number of disclosed nematodes conditionallys "single", "meny", "mass".

Nematodes were discovered in the scil and the roots of all the samples
examined (100%), and in the abcve-ground part the worms were ebsent 4 times
in alfalfa, cnce in the plants of the "mezha", 5 times in tomatoes. Results
of the work conducted on species make-up of the disclosed worms and presented
in the table in which is shown the distribution of the species composition
of nemetodes and plants on the basis of frequency of their occurrence
expressed in percentage to the number of examined samples from each section.
Of course the calculated percentage is not significant as an indicator of
absolute occurrence »f the species, but it allows to judge the relative
predominence of cone or another worm species in the soil, roots or the ebove-
ground part of the plant. Altogether during the research period, in the
scil and plents of virgin ground, alfalfa and tcometoes were found 28 species
of nemetodes, some of them have nct been determined down to the species and
cou%d be heterogeneous (Moncnchus 8p. sp., Acrcbeles sp. sp., Cephalobus sp.
sp.

Characterizing the plots being examined, according tc the number cf
species of nematodes, it could be nocted that the “"mezha™ and the alfalfa
are close in the number of species (24 and 23 species) while the tomatces
are ccnsiderebly pocrér (14 species). It is seen from the presented summary
that 27 nematodes i.e. almost all of the disclosed species can be found
in the soil, 19 species are connected both with the soil and the plant.
However the froquencey of occurrences of the species which can be found only
in the soil and both in the soil and the plant are far from being similar.
Using the indicators of frequency of occurrences of species which we express-
ed in percentage tc the number of samples taken in each section, all the
disclosed worms cen be divided into two categoriess 1) species predominant
only in the soil, 2) species penetrating into plants.

Let us concentrate on the analysis of these nematode groups. Into the
first grcoup are separated free-living species which can be referred to
Ygeobiont" because these forms are found mostly in the soil, less frequently
in fresh water. According to the character of nutrition, belonging here are
either species which feed at the expense of the microscopie population of
the scil (bacteria, fungi, algee) or predatory species like Mononchus which
attack lerger prey. Altogether we discovered only 9 species of “geobionts"
within the range of the rhizosphere and then the specific importance of this
category is not large, the mean percentage »f occurrence does not exceed 25-
37 for the most widely distributed forms = Tylenchus daveinei Bast.,
Mononchus sp. — and goes down %o 2-5% for less frequent forms. From emong
the latter it is interesting to point out the occurrence of Diptherophora
communis de Man - & species which we found in scils near Tashkent but which
was not mentioned within the limits of the USSR by other authors. It is
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<::\ interesting that species predominant in the soil were found in the soils of

" & "mezha™ (9 species) and in soils under alfalfa (5 species) while [begin
p. 165] under tcmatoes thesc nematodes were not found. The absence or tomatocs
of nematodes inhabiting only the soil begins tc be comprehensible when we
consider that the's6ils under tomatoes undergo plowing, periodical hilling
after watering, i.c. measures which are not applied in 2-3 year cultivetion
of alfalfa. We mentioned analagous decrease cof nemdtodes in the soil of
thoroughly plowed crops in the previous work (1942). It is quite understand-
able that in "mezhi" where the root system of plants becomes interwcven, or
on alfalfa, the rcot system of which is also vigorously developed, & bio-
coenosis is created all the members of which enter to some degree or other
the zone of prolcnged influerce of the rhizcmphere and become connected with
it mostly by complicated bcnds of nutrition. Disturbance in these complicated
inter-relatinons in thoroughly plowed soils leads to cessation of 2 number of
forms. Of ccurse the nematode — “gecbiont" fauna can be more diversified
and the limited number of discovered species can be explained by the fact
that we could not make a record of nematcdes which live outside the zone of
the rhizosphere cor below the plowing horizon.

Into the sccond category are separated ocut nematode species which pene-
trate plants. They in turn, can be sub-divided into forms: ) predominating
in the soil, b) predominating in the plant (chiefly in the root system).

As it is seen from the index of the percentage of oeccurrence frequency, the
species separated into categery "a"™ are still clearly predominent in the
soil as compared with those which are found in roots of plants and very
rerely ascend to their stem parts. Thus the index of occurrence in the soil
c:: for the most widely spread forms — Dorylaimus obtusicaudatus Bast.,
Rotylenchus multicinetus Cobb, Acrobeles sp., Tylenchus filiformis Blitschli —
is within 43-75%, while in the roots — 16-34%. Of 8 species which we
separated intc this categery, 7 were found in virgin grcund, 8 — in conneé-
tion with alfalfa, and only 4 forms were discovered alsc in a tomato field.
The fact should be emphasized that 4 species found in the soil under
tomatoes. are the most usual cnes in virgin ground end in alfalfa. Therefcre,
in the theroughly plowed soils an impoverishment of nematodes is observed
and romeining are only the species which arc most widely spread in other
bio~types.

Let us concentrate on the characteristics of species which penetrate
into a plant but predominate in the soil. The first place in this category
is occupied by the Dorylaimus obtusicaudatus Bast., cne of the most widely
spread nemetode species, universal, frequently found in the scil, in humid -
moss and roots of various plants. Kir'ienova (1935) discovered D. obtusicéu-
datus in rocts of eleven plants out of twenty-one crops which she exemined.
Tulaganov — in the scil, roots of tomatces (1939) and of alfelfa (1941),
Sveshnikova — in roots of rubber-bearing plants (1939). In our investiga-
ticns the D. obtusicaudatus is found in soils of the ™mezha®™ — 100%, in soils
of alfalfa — 58%, of tomatdes —— 72.5%, while in the root system of plants
in the same plots — 20-37%.

Similar tc the Dorylaimus obtusicaudatus, other species - Tylenchus
filiformis Butschli, Dorylaimus monhystera de Man, Tylenchorhynchus dubius
C., (Bitschli) — are prodominently soil inhabitants which relatively seldom
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penetrate & plant, and in insignificant quantities.

Rhabditis filifermis Biitschli was found twice in the soil neer alfalfe
and once each in roots of alfalfa and tomatoes. This is a typical saprozoic
nematode and its adaptation to cne or ancther substrate is determined by the
presence of deteriorating organic substances. In particular, the Rhabditis
is always found in the roct system in ceses when sections of destroyed and
rotten root are in the sample. [begin p. 616].

A special place is occupied by Rotylenchus multicinctus (Cobb). The
role of this species is not yet sufficiently defined, but in recent years
data appeared which indicate the harmvulness of R. multicinctus as a form
which can feed at the expense of living plant tissues. This species is
widely spread, it is mentioned equally for different soils and roots of many.
plants, southern-banana, sugar cane, rubber-bearing plants, rice, as well as
northern — turnip, potato, clover, ete. Finding out experimentally which
nematode species are attracted by living roots and cuts of roots, Linford
(1939) observed that R. multicinctus actively seeks living and, especially,
freshly injured roots and penetrates into them from the side near the root
cap. The faculty to gather in masses at points of penetration into the roots
leads frequently, according to the author's observations, to formations of
large wounds. Skarbilovich (1938) relates the R. multicinctus together with
the Pratylenchus pratensis to parasitic nematodes on the basis of the damage
caused by these species to young shoots of rubber-bearing plants. However
the prevalance of adult females of R. multicinctum in the soil in all the cases
of our observation (mean: soil 54%, roots 37%), allows us to assume that
according to the character of nutrition this species is polyphagous and can
use for food not only plant tissucs but also organisms in the soil. Presence
of & well developed spear and chitinized reinforcements of the head end,
relates the R. multicinctus to forms well adapted to puncturing of even hard
covers, while in nemotodes which already have changed to intra-tissue feeding,
a considerable reduction in the puncturing apperatus is observed (females of
Heterodera, Anguine tritica).

Let us proceed to the analysis of nematode species separated into the
cetegory of ¥predominating in the root system". Already at the first look
at the table it is possible to note, that the first five species placed in
order of frequency of their occurrence are equally predominant in the root
system of plants in the virgin soil, of alfalfa and tomatoes and frequently
penetrate into their above-ground part. The index of occurrence frequency
in the roots, of the order of 80-87% for Eucephalobus elongatus de Man,
70-80% for Aphelanchus avenac Bast:, 50-62% for Ditylenchus intermedius
(de Man), 37-50% for Sephalobus sp. sp. and Aphelenchoides parietinus (Bast.)
- speak suffieiently for themselves and allow one to assume that these species
represent a basic selection of nematode population of plants. Data of liter-
eture confirm very wide distribution of these species and their permanent
connection with the majority of examined plents; they are also always found
in soils of various types.

The first place in latitude of distribution, on the basis of literary
sources &8s well as according to our date, is occupied by Eucephalobus elongatus
de Man. According to our observations the B. elongatus occurs in the soil
less frequently than in plents where the frequency of its occurrence is within
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the limits of 80-87%, equally for cultivated (alfalfe, tomato) as well as for
wild-growing plants. In practice it can be considered that this species can
be always found in roots and stems espocially if there ere damaged or destroy-
ed parts. In the latter case the worms sccumulate in messes and it is almost
impossible to count them; usually the humber of specimens of the E. clongetus
excceds that of other nematode species. In all the works concerning the study
of plent nematodes, E. elongatus occupies one of the first places in regard
to frequency of occurrence as well as to the number of worms being found. 1In
examining 21 crops of egricultural plants Kir'ianova (1935) detected this
specios [begin p. 617] in 17 different plant species and in all the 16 areas
of investigation. She also indicates it for othor crops, like cotton (1931),
potato, grain cereals (1939). Tulagenov (1939) found E. elongatus everywhere
when he inspected tomatoes in the Crimea and the Caucesus, as well as alfalfe
in the kolkhozes of Uzbekistan, in emounts sharply predominant in comparison
with other species. BExamining wild and cultivated plants of Abkheziia and
of the Black see coast, M. M. Levashov (1935) found predominant everywhere - .
representatives of the sub-family Cephalobinese, in perticular Eucephalobus
elongatus; Sveshnikova (1939) and Skerbilovich (1938) mention it also as en
inhebitant of fubber-bearing plants. However in spite of constancy and abun-
dence of the E. elongatus in various {biotops] bio-types, the harmfulness of
this species has not been established, Martsinovskaia's (1909) attempts to
obtain disease by way of inoculation of healthy plants with Eucephalobus
elongatus were not successful. Experiments conducted by Americen researchers
Arndt and Christie (1937) for clarification of the role of the saprozoic
nematodes, among them BEucephaobus elongatus, in the etiology of rotting of
cotton seedlings, did not produce clear results either. The asuthors come to
the conclusion that sometimes & large number of worms in the soil can cause
an inhibition in the development, but in comparison with other accompanying
species like Aphelenchus avenae. Aphelenchcides, the Eucephalobus elongatus
occupies the last place decreasing the germination by 14%. The majority of
authors come to the conclusion that this species is & typical saprozoiec
organism and it can have importance then, only as a secondary disease agent
which accumulates in masses at points of preliminary damage; its settling
in henlthy tissues does not cause destruction. Mass accumuleticn in points
of abundant food or moisture, be it soil or plant, is characteristic for
this species. The same trait is at the basis of the method of bait-traps
recommended for catching in the soil of saprozoic specics of nematodes
(Brodskii, 1937), and at that, the "baits" can vary greatly. Thus, for
example, I discovered Eucephalobus elongatus in scil layers [deposits] of
the Komstok's [Comstock] scele insects which were pleced, by members of the
Department of Lower Plants at the Middle-Asiatic State University, into
nutrient media with the purpose of checking on micro-flora which accompanies
the deposits. In Petri dishes with nutrient media, where deposits taken
cut of soil were placed, the Bucephalobus elongatus developed in such an
amount that frequently the entire agar was completely pierced with worms in
various stages of development snd colonies of bacteria which developed in
the culture disappeared completely at the time of mess development of worms.

According to our observations, the second place in frequeney of occurrence
in plants is occupied by Aphelenchus avenae Bast. spread universally similarly
to the Bucephalobus elongatus, and found in the USSR, as well as in other
countries. 1In examining plents and soils we found A. avenae in alfalfe roots
in 90Z of cases and in roots of wild plants and tomatoes in 70-72%. In soils
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of cultivated fields the A. avenae is found Gecnsiderably less frequently,

it is quite usuel (6G%4) only in virgin soils. We found indications of the
presence of this species in connection with investigations of plants, smong
all the authors who participated in such investigetions. Kir'ianove found

it in cctton plants in Uzbekistan and 'in 20 out of 21 species of agricultural
plants in western oblasts of the USSR, Levashov — in all the crops of the
Bleck see coast, Skarbilovich and Sveshnikova — in rcots of rubber-bearing
plents. Tulaganov has the A. avenae 1in second place after the Eucephalobus
elongatus accerding to the number of specimens found in tomato roots. [begin
p. 618]. 1In cqual degree it is common in northern, temperete and southern
latitudes and various "bio-tops" [bio-types] — water, soil and, predominently,
plents. Similar to the majority qof species of the family Tylenchidae, the
4. avenae has a piercing stylet; however many researchers are inclined to
relate §;_avenae, eccording to the character of nutrition, to saprozoic
species. Interesting observations on nutrition of A. avense and Aphelen-
choides parietinus were conducted under experimental conditions by Christie
and Arndt in 1936. Cultivating these species on agar plates together with
Neosporia sitopila the authcrs observed that A. avenee gathered at the
periphery of the colony, the heads of the worms touched the hypheae of the
fungi; then followed the piercing of the hypha walls with the spear and suck-
ing in of the content of the cells by way of a pressure contraction of the
bulbus of the esophagus. Of course the fungi are not the only nutrient sub-
strate of this species. It has been found many times on dameged points of
under-ground parts of plants, in particular, of some cotton seedlings.
Linford (1937) clarifying experimentally thé relation of some nem&stodes to
their potential host-plants observed that A. avense practically do not
gather around healthy rocts and do not react tc freshly destroyed tissues
which attract stylet species of such nematocdes as Pratylenchus pratensis and
Rotylenchus multicinctus. However sometimes, while migrating into damaged
sections of plant tissues, the nematodes penetrate into the cortical part
and can use for nutrition the juices of living tissues. For example
Skarbilovieh (1938) indicates that accumulation of A. avenae in rocts of
seedlings of rubber-boaring plants led to formaticn of typical browning, she
also observed worms and their eggs in the healthy tissue of kok-saghyz.
Nevertheless this spocies wes found in predominant numbers in macerated sec-
tions of roots of rubber-bearing plants, which allowed Kelinenko (1934) to
draw a conclusicn on the important role of A. avenae in maceration of the
root of rubber-bearing plants together with other saprozoic organisms. Direct
eéxperiments conducted by the above-menticned researchers (Arndt ond Christie,
1937) for the purpose of clarification of the role of nematodes in the
inceulaticn of the fungal flore, which cause rotting of cotton seedlings,
indicate that only in some cases the presence of A. avenac can reduce the
gernination of seeds by 38%. As it is seen from EEé“E?SEEhted review of
literature, the A. avenac can be referred to as species predominantly
saprozoic but which can scmetimes feed on juices of living, healthy tissues.
The fact that this species never gothers on bait-traps in the soil

(Brodskii, 1937) and is never disclosed in soils away from plants in places
where deteriorating remains aro accumulated, distinguishes it from typical
saprozoic organisms.

Ditylenchus intermedius (de Man) is morphoclogically very similar to the
stem nematode D. dipsaeci (Ktihn), but unlike the latter, it is harmless. 1In
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the literature D. intermedius is mentioned as a regular inhabitant of soils near
plant roots. Kir'ianove (1935) discovered this species in a series of agricul-
tural crops, Tuléganov (1941) found it in alfalfa in kolkhozcs of the Zerav-
shenskaia valley. The author disccvered D. intermedius in &ll the fields
investigated, in the soil as well as in plEE%ET_-In the soil the frequency of
occurrence of this species is within 25-37%, but usuelly only a few specimens

cf worms are found in semples. Most frequently this nematode has been found

in plant roots of virgin ground (62%) and in alfalfa rocts (50%), more seldom
in tomato roots (25%). However in all the cases of occurrence of it in roots,
the degree of infectiocn by this species is very slight. The worms are never
found in mésses, usually their number does not exceed 8-10 specimens per

sample. D. intermedius was found predominantly in the above-ground part of
Cynodon dactylon (37%) ; [begin 619] in alfalfa stems and cspecially on tomatoes;
its occurrence is limited to 12-15% with single specimens in & stem section
which was examined.

Aphelenchoidcs parietinus (Bastian) is related in its bioclogy to the
Aphelenchus avense; it is & species very rich on synonyms and "varietet”
{varieties] which indicates that its species unity has not been defined more
accurately. This is one of the most widely spread species found in various
media -~ in water, soil, even in intestines of mollusks. It is mentioned
for very meny plants. Among diseases connected with its presence I. N,
Filip'ev (1934) points out "dwaftness" of oats cbserved in Siberia. In our
research A. parietinus is found chiefly in alfalfe's root system (40%), in
wild plants of virgin land (37%) and somewhat less frequently in tomatoes
(25%); in the soil it is also quite common, mean percent is 27. We discovered
A. parietinus in the above-ground part of alfalfa in 30% of investigations,
while in other plants it has nct been found at all. This species has never
been discovered in mass quantities, but in & number of specimens it is always
predominant in roots and not in the soil. All the just enumerated spocies
of nemetodes are apparently basic components of the nematodé faune of the
rhizosphere and usuelly do not specifically harm the plants, but episodically
accumulate in messes, due to some reason or other, they can change to a status
of pests or facultative parasites.

Let us turn to other forms of our index of nematodes predominant in
plents. As it is seen from index. of frequency of occurrence, the remaining
6 species: Rhabditis sp., Plectus sp., Wilscnema otophorus (de Man),
Paratylenchus bukowinensis Mic., Heterodera merioni (Cornu.), Pratylenchus
praotensis (de Man)} are limited in their distribution and concentrated mostly
in the root syster, they rarsly penetrate or do not rise at all to the stem
part of the plant. Among them there are saprozic forms — 1like the species
of the genera Rhabditis, Plectus and Wilsonema, and typical perasites —
like the gall nematode — H. Marioni and the shoct [seedling] nematode —

P. pratensis, Rare, isolated occurrence of parasitig species on the outside
of healthy plants which were teken for analysis, are, of course, understandable.

The grll nematode was found on tometo roots and in the soil (larvae of
the male) as well as on roots of alfalfa and of a series of other cultivated
and wild plants. Its adaptability to one or ancther crop is of locel signifi-
cance. ‘

The second form of P. pratensis (de Man) which is considered to te a
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serious pest, according to our date has nc wide expansion within the boundaries
of the Tashkent oasisl, We discovered it once in the soil of virgin grotnd -end
in the root system cf Cyncdon dactylon and cnce in the rcot system of &

3-year old alfalfa, each time in a 1imited number of specimens. In our pre-~
vious explorations of nematodes in soils of the Tashkent oasis (1942)

P. pratensis was found in virgin scils but very unevenly. Nemely, being absent
in the majority of cases this species occurred sometimes in amounts of 40, 80
or even 180 specimens per 100 em® of soil. 1In examining alfalfa in 5 raions

of the Zoravshanikeia valley. Tulaganov discovered only 4 specimens of this
species. [begin p. 622] Parasitizing a large number of plents in the root

system of which takes place the entire cycle of its development, P. pratensis
can apparently be the cause of déstruction of the roots and of penetration
into them of bacterial infection. ' -

There remain to be said a few words on nematodes discovered in ebove-
ground perts of the plants. Altogether of the total number of 28 nematode
species, in the stems and leaves were found 11, and in each individual crop
5.8 species were registered. In each case into the above-ground part of
plents ascend the same forms which are predominant in the root system. No
specific fauna was observed in the stems and legves (according to our
research). Most common in stems and leaves are Bucephalobus elongatus,
Aphelenchus avenae, Ditylenchus intermedius, Aphelenchoides parietinus,
Cephelobus sp. Singly fomnd are also other representatives, as for example:
Rotylenchus—Ehlticinectus, Tylenchus filiformis, Tylenchorhynchus dubius,
but their presecnce can be considered as accidental because the number of
occurrences and the number of worm specimens are very small. A similar
picturé was observed also by other authors who conductod examinations of
plants. Of the 28 species of alfalfa nematodes, Tulaganov found in the
Zeravshanskaia velley 12 species in above-ground parts and 7 of them had
only one specimen each which speaks of the chance character of the findings,
or, at least, of & rare penetration of worms into the above-ground pert.

In the tomatoes of Crimea and Caucasus this author discovered 21 species of
nematodes and of the 9 species found in the above-ground part only
Bucephalobus elengatus was found in 97 specimens and Aphelenchus avenag -
in 8 specimens, only one specimen each were found eamong the rest of the
species, which again indicates the non-typicalness of presence of these
species in above-ground parts of plants. Of 35 species discovered by
Kir'ianova (1935) in crops of the western zone of the USSR, 21 species are
mentioned for above-ground parts, but 10 of these nemetode species were

found only once, 5 — 2-3 times and only 8 forms = more or less comnstantly,
end these are the same species which occurred in our research as well. There-
fore it can be assumed, that the above-ground parts of plents are populated

1. - P. pratensis is a parasite, therefore it cen be found in
large numbers in stunted plants and not in those looking
healthy, vhich were investigated by the author. [Editors
note].

~
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— with the exception of specific parasites — by nematodes which 2re permenent-
ly connccted in their biology with the root system and the penstration of which
into the stem and leaves is & result of a, by far not obligatory, further
migretion of worms. As migratory routes serve the vascular or parenchymatous
tissues on — as some authors indicate — nematodes can rise along the surface
of the stems and penetrate inside the leaves through the stoma.

CONCLUSIONS

1. Nematode population of soils is composed of typical soil
forms which usually do not penetrate into plants and of
species which penetrate into plants more or less permanent-
ly. '

2. The diversity of species and the amount of worms populat-
ing the soil depend on agrotechnical soil cultivation
and density of the root system. 8Soils not being cultivat-
ed ("mezhi", field edges), which have a continuous plant
cover and soils under perennial crops (alfalfe), are richer
in nematodes than scils which are cultivated every year.

3. The fauna of nematodes which populate the soil, but penetrate
into plants are composed of species:
a) predominent in the soil
b) predominant in plants [begin p. 623]

-~

4, Nematodes predominant in the soil penetrate into plants,
but usually they are represented by species which are not
harmful to plants. However some of these species, when
reproduced in masses in plants can become pests, as for
exemple, the Rotylenchus multicinetus (Cobb).

5. The basic meke-up of the fauna of nematodes predominant
in plants is represented by universal species of & wide
range of potential host-plants. To those in most cases
belong: Bucéphalobus elongatus de Man, Aphelenchus
avenac, Bast., Ditylenchus intermedius (de Men),
Aphelenchoides parietinus (Bast), Sephalobus sp. which
are frequently fcund when varicus plants are examined.
Usually their presence hes no harmful effect on plents,
but when they reproduce intensely they can accumulate in
sections of demaged tissue and become a cause cof bacterial

infontinne .
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6. Usually into above-ground parts of plants — with the
exception of specific stem species — penetrate species
predominant in the root system.

7. "Mezhi" [end field edges] are sourcés for distributicn
of nematqgdes into cultivated fields.

Dept. of Zoology of Invertebrates
\ of the Biological Department of
the Middle-Asiatic State University
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Frequency of occurrence of Nematode in the soil, in the root and above-ground parts of plants in
(percentage to the number of samples taken)

{pp. 620-621]

-

. Virgin Ground Alfalfa Tomatoes
o
(U
© gal NAME OF FORMS Above= Above- Above
S P ground ground Ground
=P Soil Root part Soil~ Root part Soil Root Part
I. Species pre-
dominant in
the soil -
"geobionty® [?]
1 Nonhystera sp. 25.0 -- -~ 35.0 - -- - - --
2 Nononchus sp. sp. 25.0 -- - 25.0 - - - - -~
3 Diphtherophora -
’ communis de Man 12.5 - - 20.0 - - - - -
4 Criconema sp. 37.0 - - 10.0 - -— - -— -
5 Tylenchus davainei i
Bast. 37.0 -- - - - - - -—— -
6 Alaimus primiti-
vous de Man 12.0 - - 15.0 - -— - . -
7 Dorylaimus leicarii )
Blitschli 25.0 - - - - - - - -
8 Anguilluline sp. 12.5 - -- - _— - - - -
9 Diplogaster sp. 12.5 - -- - - - - - -
Total of samples 9 - - [ - - - o -

o
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Frequency of occurrence of Nematodes in the scil, in the root and ebove-ground poarts of plants in
(in percentage t& the number of samples taken)
pp. 620-621

20

- Virgin Ground Llfaifa Tomatoes
& w| Name of forms Above- Above~ Above=
.55 Soil Root ground Soil Reot ground Scil > Ront ground
e &P part part part
1I. Species pene-
trating into the
rlants. &) Pre-
cominant in the
soil
10 Torylaimus obtusi- . ) .
caudatus. Bast. 100.0 37.0 - 55.0 20.0 - 72.5 37.5 --
11 Fotylenchus multi~ ) i N .
cincus (Cobb) 50.0 12:56 -< 60.0 40:0 15.0 50.0 37.0 --
12 ferobeles sp. sp. 76.0 75.0 12.0 35.0 25.0 - 50.0 25.0 -~
13 Litylenchus fili- ) ) - )
formis (Bittschli) 72.0 1275 -- 45.0 20:0 -- 25.0 12.5 12.5
14 Torylainus sp. 25.0 37.0 - 50.5 5.0 - - - -
156 Tylenchorhynchus ) ) : )
cubius (Biitschli) 62.0 25.0 12.0 10.0 - - - -- -
16 Torylaimus mon- ) -
tystera de Man 12.0 -~ -- 5.5 5.5 -- - - ——
17 khabditis filio=- - . -
formis Blitschli - - - 10.5 5.0 -- -~ 12.0 ~
Total of samples 7 6 . 2 8 7 1 4 5 --

—

®
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Frequency of occurrence of Nematcdes in the scil, in the ront and above=grrund parts of plants in
(percentage to the mumber »of samples taken) :
pp: 620-621
- & Virgin ground Alfalfa Tonatoes
° 8 &l Name of forms hbove- Above- Above=
S Pal ground ground ground
g Scil Root part Scil Rook part Soil Root part
II. Species pene-
trating into thé
plants. 1b) pro-
dominant in the
rooct system
18 Fucephalobus ) :
elcngatus (de Man) | 62.0 87.5 87.5 20.0 80.0 6G. 0 50.0 87.0 12.0
19 Aphelenchus avenae ' ’ ) )
Fast. 62.0 75.0 50.0 45.0 0.0 30.0 25.0 72
20 Titylenchus inter- ) ) o ) i ) :0 12:5
redius (de Man) 37:0 62.0 37.0 30:.0 50.0 15.0 25:0 25.0 1225
21 Cephalobus sp. sp. 50.0 75.0 25.0 35.0 50.0 20.0 12.5 50.0 12.5
22 fLphelenchnides : - - -
parietinus (Bast.)| 25.0 37.0 - 35.0 40.0 30.0 1205 25.0 '
23 Rhabditis sp. - 12,0 -- -- 20.0 10.0 12.0 25.0 ~-
24 Flectus sp. 25.0 37.0 12.0 5.0 5.0 - - - ——
25 I&ietercdera marioni
Carnu) - - .
- -- .- - 12. . -
26 Paratylenchus ° °0:0
buk-winesis -
Micoletz -
- - 5.0 5.0 - - -
27 Pretylenchus l 1.8
pratensis (de Men) | 12.5 12.5 -- - 5.0 - - -
28 '.’i%ls-ﬁnema ( )
>topherus (de Man - - -
p - 5.0 .- - 12.5 -
Tetal ~f Semples 23 14 7 20 17 8 11 14 5

-
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L« “Bmm 487 By: R. pbclran

‘Drobiin, B. 8., [Action of bonnole oldl sl"yw ug;m ecr"um inmmbmteol Roxdody
Akroznid Fouk S3SR 89(h ): 7054707 Apyad 1, 1933, —

He hove eited avidencd ﬁnvormg t..he hmtheam ‘that ¢tho phytoneidnl action of .

. the cor=on bipdehorry (Pofuc yoesmocs Lom,) 4o @us to the preoccnce of eyonoseaie -

‘eonjunstion vith the uce of bonmoie clfohydo in ‘tha porfusary ond Leodt mrsggioeo

‘enpaeity. Bengoie aldchyde vas put on the hotiom of the egn and two ralmyorms. were

slucosi@o in its tizeueo, ond that one of the egipoaznts of the volatile froctions
of birdchorry phytoncifao, osvicusly, 10 pruccie oeid cplit-off Guring hyérolycis .
of the cbove momtioncd glucosidas ((l') Thio, hougver, ¢oen not raom thot the
velatile oubotonean -- beaxero of phytoneidnd propertiecs in birdeherzy ~- oxo ‘being
ez:h:mom by pﬁmoxc mma '

Thore ovo mﬂi@ancm ‘that o cerfen of protom falanl gommtivoly inccapitive
to cyondéan (2). Deithor oro entoric romatefon, vhieh oxe eapoblo of angsydiotie
EYtnbolicn, eharaetoriced by o high “sonoitivity to cyaridas (3) - Yee, wo bkave
boecms convineod thnt tho cetion of volotile phyteneldoo of birdehorry cmort on
ehomorgsnimammloouotmgtbanthecs%icm%hgyomr&onm&mmwmchcm ;
anydbions” ﬁolmihlion%y}. 5

Thaco obccm%iqm encoumga m hypothesis thot ¢he volatile fmc(siom of . N,
birdshorry phytoncidos roprocent o scm;os of substomceo which ‘inslufsn othor 4 37
eozponznts bool@s prunsic ceid. The Girost relotion obcorved botycon tho

¢1€) cetion of birdborry on orghnichs eamporntively rocictont to eyonides

~
- ond ¥ feolotion of pruooie aecid from birdberry my, possibly, boe ottributed \

). BireurTtones that ¢ho formntion of £rco hom 10 sccompanicd.by an eguivolent
100!&%& of cnothor toxie clenznt. Im ecomnection vith thin, othor cgluconca
ml.emm in hy@rolycis of eycnogonie gluecdidas &oeam eonsmgmsicm ;

xeicmmems@uofmmmmwpmmm ‘
soprocontatives- of the roso fomily ond, pnsticulorly, in bindcherry boeonn d.ecmosc@
in tho prococs of hydrolynis with the gplitting off of tvwo cglucomes; prunaic
oeid ond bonooie pldéshyda. Ay thio oceurn, o ddrcet quantitot&ve rclmicmhip
anioto batueon tholr fortrdion.

‘Po arrive at o sozntion of thz gquestion concerning tlm rolo of hmo:!.c

aldohys which formo in the phytoncidan of birdeherwy, it vao aveossory %o Cocordnin.
,mot hew bonroie oloiohwda offcets tha orgoaicrs of inmmt ¢o ua. o A

Literory o‘.am corzorning tha biploziend setfon es hmmoie &M&e axe k"w
anf rolote only o vertcbratos, tonisity vith reapoet o thooe too otefied in

Fhore pre indiections ¢hot hopnode aldshyds ic not gpoiconous i efainintditi per
g3. V. I. Bhvortsov (b) ascorto thot tomieity of. pnm bena&é‘:;byéc 1a m.ngml

P85 concorning tha oction of bemoie ;:sléshyéc on MVersebm%erx we @1d x!ot
find. Fhio fost promgtcd uo to investignte the oetion of btenzoie cldshyds upon
cox2 forms of. the lovor onfmolso corving oo objecto of our cmporimomto with
phytonpeidon of birdsherry. Shs rasults obtained ecustitute the eubJeet of tho

progont roport. i

The vork vos eonfuctef with o chemienlly pure b:msoic aldchye.o repmccnung |
almmmwmmrofbittermmumnw repiniocent of the ofor of
erushed ticouoo o@bixécmry

A gtudy van eofn of tha oetion ag ben..&mhyd:} on Rmmecim mw:::.,,
Eurlonn virddis, nomtedos ((c::maxca 8p<) vhich oot o parcolfac in the intectiass

1

. |
“of .¢gadls, on eortlorus @mmbrzcno cvd on £liop (Iﬁuam donootien ). ) ;
i

I

In the fu'at sexrics of euporironts, ¢ho ee%ion of beagoic al@ohydn fumso ©o8
iavestignted. _ , ;

Tha oction of benwl&ehyde Sumso upon Paremscium and Euglona was profucad os
follcys. A eertnin cmount of benzcliokyde (0.1, 0.2, cxd 0.3 ml [milliliteor)
was plosed ot tho botten of o Petri dish. Over it, at o dictames of 0.5 em, uoo
ploecd on eoxrk supports, o slide vith o drop of msdium conaining 15-20 Protinta
turned upcida-down {obrashehennoi wniz]. Obcorvations vore conducted unﬂar o
mimaeapathmahthcliﬂofthemn@ish

The action of bonszoice aldelm&e fumas vpon namatodes was gﬂ.ao atxgﬂwa, hoe‘ve;,
a érop of o physiologicol colution of cofium chlorids emmmmme ‘
tho reetun of o tcod was eppucé on ¢hs alids. , :
Experiments vith raimsorns were conducted in cons megy] of & 75 ei3: ggwng

placed on a eardbenxd lattice renting on ecork supports.
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‘In the experimants with flies, o piece of eotbon conke§ in o Pived pmcuat of
bonzaldshydo was put in o teob fube, then 3-4 flies wore quickly let into 1%, ard
thareugon the tont tube was closed with a cork. -

Controld anicnls wore ploscd umdsr @m aacz sonditions Qs experimontel omeg,
howover, without benszoic aldahyds. The rocults obtainod are eited on tabls. ?g,»

1
.

Feble 1. -

Action of benzoie aldshy@s fumss upon some invertabroton
(poricd of destruction sinec inssption of exporinonto; ocvemage

of 10 emparirsnts) . ..

- LY v . v v v
Benzoldo- ¢ Payorcels ° Eugloms ° Hemntofss " Redmworms ° Flico
hyde OM_ ' [ [ [ : i i
of in n} 9 8 0 0 0

’ [ [ [ [ 0.

- 7 - T T ) T T
0.1 °© 67Tooe. ° 63soc.® BSmin. ° 11.5min. ¢ . -
0.2 @ 52 geeo ! oa * 3.3min. °© 9 imin, " .
o.k © @ ose. 0 -- 3 ma. °’ 8 min. ' § min,
Control ¢ AlMwe 0 AlMve ° Alive ¢ Aldve " Adive
) ] o ) [ ) ) [}

In the cocond eories of cxperiments, the oetlon of the ocolutions of Bonsoice
aldohyfo was studicd. The colubility of bonsaléohy@d in water eguals opproximatoly
1:300. And 0o ve used in the expariments bongoie aldobyds in o didute of A:300
or Y¥e, The a}debw@g' vag @ilutod in e phyciologienl solution of nodivy chloridn.

ZThe exporimental cathed used wae the following: %o o drop of m@iun contuining i
15-20 Porameedn or Euglenn placod on the slide, vas odded a drop of a zoiution of .
kenzoie aldohyde of o £ixod coneentmbion. The propaxaticis vare placed in dnumg
cozpartrents - Potri dichos Mnad on the inside with mointensd Lilter yopars

In experinents vith morstodss, &wo namtodes were plioesd in o dzop of &
phyniological colution, thon o drop of bousoie addabyés nalution wno adiad. Bupin
the oxperiment the propavaticns wore Lept in o zoist eoqpinrtment. In control earos
a drop of o physiological solution vog odded. In studying the sction of benzole
aldehydo soiwtions on raianvorms, the lattar were. put 4n = ean centaining 10 al of
benzoic eldohyés noluticn of an oppreprints concentration (soe toble 2%, Control
vorms were ploced in o eor with an equal orount of phyolelogieal oolution. .

‘Takle 2.
fction of bentoie eldsbyds solutions upon coua imvorecbrote:s

(poricd of @otruction sinse ineeption of axporiesats;y ave-
rage of 10 oxperimonte) . . :

Initis) delute v v v
of bensole al- ° Porarcels ° PEuglemn ° Horatofes ° - Réfnvorns
dehyde afdsd v T : v o .
o U 0 9 o
' i - o g v T
1:300 " 30vec. ' B.7min.’ S9min. 7 52 pee. -
‘12600 P S.3mfm. ¢ 17 min.' U2 min. O 20.7 min.
¢ @ : ¢ Aldve 3 hrs'
131200 " MB2mine ° ebmin.' lster ° 56 mdn.

&live 9 T Aldwe G Alive

0 &

Control t Alive
A ¢ .

= .

Fzon tie @ata on toble 1 ond 2 16 40 mgyovend $ha% the solmdons 8ol oo
the fumes of bonzoie aldehyds esnes o sheply torie aetion upon ke invortusT es )

~ vhieh gerved.os objectn in oue oxpori=nto. .

©

The recults oitolned Justify the hypothosis that benzoie nldohyfs which forms
in hydrolyeis of sertein giuccsides mRy beuems o composite port of the phytoncide
conplex.

8-
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& . In the Light of such @ hypothesis one cap visuaiize the biclegioal lrmorizace .

\ of gluessides of the szypdalin type vhieh azcurvlate in ths tlassuse of & muther
‘ of representetives of the vose Lumily and, In perbiewisr, of the elmoud cubfamily.

| Boiug Bologleally meutmel, those substances, upen lojury of the plomt,
ensily kydrolysa and form two biclegieally very ective agluconss; pruspie mgz&@%
(:;;@mmm oie ;%g@bm?aie?mmg ggi perforning an essential role in the regelabion
ropecifie rocip L, ‘bions wad, partleulazly, in eceomplishing
@ protestive funvtions. * =¥ ¢ iekleg

Apporently, it is nob only in She bipdeheryy, Wit elso in other represe
; 2 i representatives
| of the so0® feully, particularly im such mmml’@m{@mi&s produeers zg choryy
| lsurel (’(}.«ammrm offieimiis), dvwarf elwond (Amygdalme-pans), the formnticn of
mm is gszociated with gluccsidss of the wedaiin type found im the tiosuce of
5@ -3

Of late, there hos e.gemmlm,ea data (5) Verifying the faot that otths
glucesidas likevise have o in the protecilive wedis of plonts. Pea@ibz\v

this swprices cne of the functions of glveceides ukecs pavelclogieal rolo
, ; ¢ ? ! & 3o dm
the plent ovganism czunot, unbil recently be comsidored oo eorclusivaly estchlished.
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‘ (In full)

Bys

A, Antik

Kemeraz, A, Ia,

Nevye fitoftoreucteichivye i
rekoustoichivye Sarte Kartofelia

(New Phytophthore - and wart-resistant
yerieties ef potatoes].

Sad i Ogorod 1345-48. Jan. 1954
80 Sal3

(In Russian)

New Phytophthora - and wert-resistant
varieties ef potatoes .

The September Plenum of the TSK KPSS (Central Committee of Commu-

nist Party of Soviet Union) set a goal - to bring, during the coming
two - three years, the production of potatoes and vegetables up to a
volume which would satisfy completely not only the needs of the city
population and industry but also the potatoes needed by the livestock
industry. Of great significance in the complex of agro-measures
necessary for the completion of this most important task is the
correct selection of a variety and good quality of seed. The reso-
Jution of the Council of Ministers of the USSR and of the Central
Committee of the KPSS "On measures for increase of production and

on store of potatoes and vegetables i# Kolkhozs and Sovkhozs during
1953-1955" obliges the Ministry of Agriculture of the USSR, Ministry
of Sovkhozs of the USSR, the soviet and agricultural organizations
to take measures for improvement of production of varietal potato
seeds, for a speeding up of reproduction and penetration into Kol-
khoz and Sovkhoz production of best-yielding varieties distributed

‘according to areas, particularly of early potatoes, in order to make,

by 1957, a complete switch to varietal potato plantings in all the
Kolkhozs and Sovkhozs. '

Of particular importance is the adoption in potato production

 of varieties resistant to the most dangerous diseases -~ canker and
" Phytophthora, At the present time our country possesses canker-
resistant potato varieties for various economic purposes and of

various ripening dates.

Up to the recent time in the world's potato assortment there
were no varieties resistant to the most dangerous disease - the Phy-
tophthora (late blight). It is not a quarantined disease; against
it the usual quarantine measures are worthless. The fungus causing
the disease appears everywhere where it encounters conditions favor-
able for its development. Almost everywhere in the basic areas of
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 gr:ater can be the decrease in potato yields.
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(2) Trans.

potato industry the moist and warm latter part of the summer creates
conditions favorable for intense spreading of Phytophthora. The
fungus affects the leaves and the tubers which causes a drastic -de-
crease in potato yields. The sooner the Phytophthora appears the

In some areas, for example in the Sakhalin oblast, the consider-
ably reduced yields of potatoes due to damage by Phytophthora has
a systematic character (rzgularly occurs).

Of quite particular importance is the disclosure in the vast
collection gathered by the All-Union Institute of Plant Industry,
of wild potato species rzsistant to Phytophthora.

Disclosurs of such épecies made realistic the task of creating
full-value potato varieties more resistant to Phytophthora than all
the previously existing selections. For the first time in the world,
potato verieties with higher resistance to Phytophthora were creatz=d
in the Soviet Union. At the present time selection work for creation
of Phytophthora-resistant varieties on the basis of the initial mater-
ial from the collection of the All-Union Institute of Plant Industiry
(VIR) is being developed in numerous seientific institutions of the
USSR. ' :

Observations in various geographical areas indicate that Phyto-
phthora-resistant potato varieties which were not demaged in the
given area by Phytophthora through a number of years, in some years,
when the conditions were especially favorable for the fungus, showed
at the end of the growing period some degree of symptoms of Phytophthora
infection. This is due (begin P. 46) to a number of causes. There
is no doubt that the degree of aggressiveness of the fungus can change
depending on different conditions. In certain localities, under favor-
able conditions, the fungus can gradually become adjusted to the host
which was absolutely unsuitable before. Thus a more aggressive bio-
type of Phytophthora can be developed.

Declassified and Approved For Release 2013/04/05 : CIA-RDP80R01426R010100040001-8
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This process of appearence of more aggressive fungus forms is
.furth:red by the growing of potato collections which include diverse
interspecies hybrids having verious degrees of resistance to Phyto-

phthora, When Phytophthora appsars carly and the following condi-
tions in regard to temperaturs and humidity are favorable, the fungus
can transfer from less resistant forms (hybrids) to better resistant
ones, gradually acquiring greater resistance. Phytophthora acquires
the capacity to attack the more resistant hybrids at the end of the
growing s:ason when changes due to age begin to take place in the
plant and meke it less resistant.

Observations show that the more aggressive bio-types of the
fungus disappear the next year under conditions unfavorable for
Phytophthora development, particularly when spocific control measures
are carried out against the discase.

In order to prevent the appearance of more aggressive bio-typos
it is ncecessary in (variety) selecting institutions which maintain
potato collsctions to spray the plantings with Bordeaux mixture or
dust with the compound AB., It is necessary to select carafully and
to destroy the tub.rs which are to some degree infect:d with Phyto-
phthora and in no case should their planting be permittcd. All the
potatoes set aside for sowing must be treated (chemically) in the

([) fall,

Under production conditions, two or more inter-specics hybrids
originating from crossing with Phytophthora-resistant wild species
and having a varying degr.c of resistance - should not be grown on
one. farm. Our observations in the Leningrad oblast show that in
growing one Phytophthora-resistant varisty it is considerably ecasier
to avoid the appearance of a morc aggressive blo-type of the fungus
even in years particularly favorable for the development of Phyto-
phthora.

It follows that it is not enough to create a Phytophthora-resis-
tant variety, that a system of measures 1s necessary which would per-
mit retaining for many years the most valueble property-resistance
to Phytophthora. ‘

In 1953, which was an cxceptionally favorable year for the
development of Phytophthora, ¢t the Belorussia state selection
stction, the plantings of almost all the varicties, which werv
r-sistant to this discase bufore, were damag.d to soms degree.

In the Leningrad oblast also some of the hybrids which in previous
y .ars had no symptoms of the disease were portly diseased.

However, a greet difference was observed in the Leningrad oblast

b.twoen the incidence of Phytophthora in plantings of somc hybrids
<]: -nd of regular varieties. In 1953, in certain arets of the oblast
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C

Phytophthora app:arzd exceptionally carly. The first disease symptoms
in the fields of carly varisties (begin p. 47) were recorded in some

cases by July 5, and in others - in the middle or in the third ten

days of July. By the middle of August on many farms Phytophthora

on many ferms completely destroyed the leaves in the fields not only

of the early but also of the medium-late regular varietics distributed

for the oblast. By this time numerous Phytophthora-resistant hybrids
had no symptoms of dis.ase. "By the end of August - beoginning of

CI:3 September the first symptoms of Phytophthora infection appeared on

less resistant hybrids. On many hybrids the first symptoms of Phyto-

phthora were disclosed by the middle or the end of September.

It follows that even in years most favorable for the develop-
ment of the fungus, the hybrids to some degr:e resistant to Phyto-
phthora have an ¢normous advantage as compared with regular varieties.
If the discase even appears on them, it occurs considerably later
and, therefor:, has no practical importance and har:ly .n.iuences
the yield.

At the present time, in the All-Union Institute of Plant Indus-
try, a study is b:ing conducted on methods for creating varieties
more resistant to aggressive bio-types of Phytophthora than the
ones already existing. Howev:r, on the basis of date obtainsd uncer
verying conditions of the Leningrad and adjoining oblasts, the con-
clusion can be drawn that the varieties which are more Phytophthora- -
resistant represent a considerable value and have to be introduced
into production as soon as possible.

The more widely distributed Phytophthora-resistant variety in
the Leningrad oblast is the "Kameraz", selected by the All-Union
Institute of Plant Industry which is recommended for the Leningrad,
Pskov, Novgorod, Velikie-Luki, Kalinin, and Molotov oblasts. The
variety combines resistance to Fhytophthora with that to canker
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(black wart). It is obtained by way of repeated crossings of the
wild Mexican variety Solanum demissum with the varieties: "Granat"
(twice), "Narodnyi", "Lichingen". The varisty was grown from seed-
lings in 1937, was turned over in 1947 for the state varietal testing;
was for the first time distributed to areas in 1951,

The tubers are round, white with a flat top, slightly indented
"stolonnyi sled" (stem end). The skin is netted. The eyes are few,
small, somctimes deeper at the top, not colored. The flesh is white,
does not darken when cutb.

The corolla (petals) is medium large, white, sometimes light
violst on the outside. Formation of berries (fruit) is abundant.
Madium-ripening variety, for table consumption; productive. Tubers
of good taste,store well. As a shortcoming should be considered
lack of resistance to the fungul disease--macro-sporiosis. When
agrotechnique is inadequate and a systematic seed industry is lacking,
then sometimes symptoms of degeneration can bz observed which are mani-
f.st mainly in the form of spottiness. Testing at the station rssulted
in an average yield of 433 centners per 1 hectare from 1945 to 1950;
starch content on the avsrage 1l4.5 - 15.0%. '

In tests in states varietal plots this variety usually occupied
one of the top plac:s in regerd to yield capacity, producing, for
example, in the Leningrad varietal plot 109 - 133%, in the Luzhsk -
108 - 120%, in the Gatchina plot - 114-125% in ratio to the standard
varisty "Birlichingen", The.starch of the "Kameraz" variety is always
higher then that of "Berlichingen". Thus in the Leningrad (bogin pe48)
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verietal plot the mean starch content of tubers of the "Kameraz"
variety during 1947 - 1950 was 14.72%, almost 1% highcr than that

of "Berlichingen". In regard to the supply of. starch on the average
for 1948-1950 the potatoes of the "Kameraz" variety presentecd 123%
of the standard and according to the mean weight of the commercial
(?) tubers - 132%. ’

Especially significant was the bshavior of the variety in 1953
in the Leningrad oblast when the Phytophthora was spread intensely.

At the experimental base of the VIR "Krasnyi Parkhar'" near
Leningrad in production fields when square-hill planting of the
standard variety "Berlichingen" produced a yizld of 160 centners
per 1 hectare the "Kameras" variety produced 270 ¢, per 1 h, In -
the Kolkhoz imeni Lenin, Gatchina ralon, the potato yield of the
"Kameraz" variety in a 48 hectare area was 160 to 350 ¢, per 1 h.,
in the Kolkhoz imeni Ihdanov, Volosovskii raion, - 185 c. per 1 h.
(and "Berlichingen" variety 117 centners), in the sovkhoz "Krasnale
zaria" in large production areas the yield reached 300 c. per 1 h.
A considerable surpassing of yield capacity in comparison with
varieties non-resistant to Phytophthora is recorded also in other
Kolkhozs and Sovkhozs of the Leningrad and adjoining oblasts.

According to data of the Sakhalin branch of the AN (Academy
of Science) SSSR, the mean yields for 3 yecars in the Sakhalin oblast
of the variety most widely distributed here "Mastnyialyi' -- was
200 centners per 1 hectér and of the variety "Kameraz" - 330 c.
Total wast. of varieties was: "Berlichingen" - 15%, local - 6.6%
and of the "Kameraz" - 1%,

In the same oblast, according to the materiai of the Aleksan-
drovskii state variestal plot, of the fifteen varieties bsing tested
in 1952, the "Kemcraz" variety stood out in its yicld which was 327 c.
per 1 h. '

Besides the medium - late Phytophthora - and canksr-resistant
verieties, n:eded for th: Leningrad and the adjoining oblasts are
2lso productive early and medium-early canker-resistant varieties
more resistant to Phytophthora than the already existing varieties.
The standard early variety "Cobbler" &s to a high degree damaged
by Phytophthora which hinders its expansion. Other early varicties
are @lso saeriously damag=d by Phytophthora.

At the present time in a series of Kolkhozs and Sovkhozs good
results were obtained from tests of nuw varietics grown by the All-
Union Institute of Plant Industry: Pushkinskii (U8-236) and Detsko-
sel'skii (R8-168). The first is an early veriety, the second -~ ’
medium-early. According to preliminery @ata both varieties are canker-
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resistant (the test is not yet complet‘d) and more TGSlSt°ﬂt to Phyto-
phthora (espz2cizlly the Pushkinskii varl,ty) than the alr.ady ex1st1ng
early and medium-early varieties.

Penetration into production of varieties more resistant to Phyto-
phthora is of tremendous importance for the increase in potato yields

'in the zone of extensive incidence of this disease. We have at the

present time verieties more resistant to Phytophthora and ripening

et different dates. It is nccessary to reproduce the seeding material
rapidly and to test the varieties mentioned. At the same time system-
atic sccd-growing is a must, in order to sustain, on a high level, the
seed properties of new va rletles. It should also be noted, that these
varietices produce good results under conditions of suff1c1ent fortiliza-
tion and moistur: (without excess water)., Therefors, in cultivating

the Phytophthora-resisiant varieties it is obllgatory to apply the entire
complex of methods of progressive agrotechnlque.

iIxpansive entrance into production of more Phytophthora-resistant
potato varieties togethsr with many other measures will further a most
rapid transition into life of the historical resolution of the Septem-
ber Plenum of TSK KPSS in regard to the field of potato industry.
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German Summary

(In Czeck)

15 variants of phytophthora isolated in various locations of
Czechoslovakia are discussed in this article. By way of applying
these local variants to an assortment of /4 potato varieties (Aquilla,
Falke, Fridolin, Roswitha) which were resistant to phytophtora on tubers,
they were divided into 6 bio-types. The aggressiveness of these bio-
types was compared with that of the Polish bio-type which affects tubers
of all the selected potato varieties resistant to phytophthora. So far
this aggressive bio-type was not found in Czechoslovakia's territory.

Further on the article discusses the problem of originating of new
bio-types in the territory of the Czechoslovakian Republic (CSR) and of
the possibility of using wild potato varieties in breeding varieties
resistant to highly aggressive phytophthora bio-types. According to
tests carried out up to now, the Polish bio-type affects 60% of hybrids
of the wild variety Sol. demissum and cultivated varieties, while the
bio-type from Velke Karlovice affects only 20% of these hybrids.
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(In full)
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A. Antik
Afanastev, P. V.

0 mekhanizme i kinetike
fermentativnogo sinteza

[The mechanism and kinetics of
fermentetive synthesis].

Biokhimiie 14(5)1424-431.
Sept./Oct. 1949. 385 B523

(In Russian)

THE MECHANISM AND KINETICS OF FERMENTATIVE SYNTHESIS

Fnzymes possesasing only a synthetic ac¢tion are so far not known,
therefore it should be assumed that the same biological catalyzers pro-
duce reactions of decomposition as well as of synthesis. This corres-
ponds with requirements of thermodynamics, because in an opposite case
the enzymes could disturb the chemical equilibrium.. Tendency of the
process towards decomposition or synthesis depends only on the question-
in what case will the process lead to a decrease of free energy of the
system,

According to Oparin's (1) presentations the tendency of enzymatic
processes in the living cell is determined by adsorptive factors. In
some combinations the adsorbtive factors can create conditions under
which synthetic processes can proceed with a decrease in free energy
of the system, though individual components change with an increase of
free energy. A detailed presentation of the mechanism and a concrete
notion of conditions under which such processes take place in the liv-
ing cell, cannot be riven yet because of extremely limited information
and an exceptionally complex system.

Simple cases of conversion (?) of enzymatic decomposition were
realized by many researchers. These cases have the peculiarity that
they take place with relatively negligible changes of free energy;
these changes can be compensated easily (and even change their symbol
(?sign?) ) with the help of experimentally accessible changes of con-
centrations of reacting components. In a case of high levels of
changes of free energy it is not possible to realize the conversion
with simple means. And the majority of the most important biochemical
processes belong to the latter type.
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One of the methods of conversion of the enzymatic hydrolysis -
which is biologically one of the most important ones - 1s experi-
mentally realized and theoretically substantiated conclusively by
Bresler and his co-workers (2), who demonstrated that in a case when
the enzymatic process takes place with an increase in the volume of
the system, it is possible, with the help of external pressure, not
only to compensate but also to convert the symbol of change of the
free energy of the process. This permitted conversion of the enzymatic
hydrolysis of polypeptides and polysaccharides, i.e. to realize syn-
thetic processes. Theoretical deliberations and experimental results
obtained by Bresler are of great significance in principle for com-

prehension of biochemical processes and they open a wide perspective
for experimental and theoretical study of enzymatic reactions.

. The purpose of the present work is to clarify the mechanism of
action of enzymes in a synthetic process, to make theorétical con-.
clusions of kinetic relations and to test experimentally these con-
clusions,

Our research was conducted on the example of hydrolysis with try-
psin of polypeptides under atmospheric pressure and re- synthe51s of
hydrolysates under high pres&ure.

(:> In the preceding report (3) - on the basis of notions, which we
' developed, on the nature of enzymatic activity - an equation was given
of the relation between the speed of enzymatic hydrolysis of polypep=
tides and the depth of hydrolysis

Ve ks ESzKiKoS?, (1)
K3t Kp4-25 '

where V - is the speed of the process; F - concentration of the en-
zyme, S - concentration of the substrate (depth of hydrolysis); Kj
Ko and K, - constants of speeds of intermediate reactions. We demon-
strated that kinetic peculiarities of enzymatic hydrolysis of poly-
peptides are well described by the surgested equation, This equation
(1) was derived on the basis of the hypoth981s that enzymatic hydrolysis

procceds according to the scheme
1. Fq-S..ﬁlﬁ FS;

2. FsrF.. Koo, Fos;

3. Fos X3y oF vos3,
where F 1s - concentration of the enzyme; S - concentration of the sub-
strate; KyK,K5 - constants of speeds of intermediate reactions. The
active link ngch produces the reaction is the complex F5S5, 1In this
complex takes placc the activation of the substrete which eases its
hvdrolytic decomposition. It follows from equation (1), that the
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hydrolytic process has to proceed with increasing inhibition by the
subsp{ate and the reacting system gets finally into a kinetic dead-
end. "~ In this dead-end the reaction cannot take place. Due to the
fact that this dead-end is reached long before a complete break-

down of the polypeptide, it becomes understandable, why the experi-
mental depth of the ultimate hydrolysis is never great. On the basis
of equation (1) the condition of the kinetic dead-end is expresscd by
the relation:

, = 5
V=0, When F‘--KE- S

In a case when the system, for example trypsin -- polypeptide, is
under conditions when thermo-dynamically advantageous is the process of
synthesis of peptide relations and not the hydrolysis~=--the enzyme will
catalyze the synthetic process to a higher degree., It is impossible
to suppose that in reversing the process of hydrolysis, all the inter-
mediate stages are fully and completely reversed. For that we would
have to assume that the synthesis is realized in the act:

1l
FS$ - F 8% — F,S8

But this is impossible because the complex FS§ is inactive and there-
fore activation of the substrate cannot take place there. In previous
reports we expressed considerations about the reason why the complex
FS% is dnactive. Therefore the intermediate stage, where the act of
synthesis of peptide linkage takes place, should be a stage which in-
cludes the active complex F,S3. In this active complex takes place

an activation of the substrate which makes it capable of reacting with
water in case of hydrolyses or with another molecule of the substrate--
in case of synthesis. Therefore it is necessary to assume that the act
of synthesis of peptide linkage is realized in the following inter-
mediate reaction:

Fzs% + 8% —» F,8

Accepting this hypothesis the scheme of ferment action with a synthetic
process can be presented in the following manner:

1. F+4 Sk .I_{L> FS%
. K
2, FSH+F. 2_}, Fzsé
3. F2S%+S%~-.I§_3,.7\ 2F 48
11 Since during a hydrolytic dissociation of the substrate (poly-

peptide) products are generated which are also a substrate, the
actual concentration of the substrate, as a result, increases,

Declassified and Approved For Release 2013/04/05 : CIA-RDP80R01426R010100040001-8



Declassified and Approved For Release 2013/04/05 : CIA-RDP80R01426R010100040001-8
(4) ~ ) Trans. 490

Applying the principle of quasi-stationary property of cemtrations of
of intermediate products and expressing them through concentrations of
enzyme and substrate, we shall obtain an equation for the specd of re-
actions

v- 3 . A (FS- 1. 82 )
! dt 12 _K K
K5 2 (2)
Obtained are a mechanism and equation of kinetics identical with
those which we proposed in the preceding report for catalase.

It follows from equation (2) thatﬁ X
V=0 cither when S=0 or wheh F= ——t..§=0; i.e, when F=__L3 or

K, 2 2
So (not clear) = ,qum .
Differentiating equation (2) we shall obtain:
' dv K
Yoo B By, (3)
ds 102 K1 Ko
K3
(i\‘ from where . &V - 0 when F«~2'uw§ﬂ;5==0, i.e.
. ds . Kz
K - K
F=2 ,_,_:ls or SM A ’ ..j_,.__,-
Ko ) 2

Thercfore the relation between the speed of reaction and the con-
centration of substrate, eguation (2), has a maximum at qW::.SQ., 1eCe
the function is symmetrical (§y -— meximum concentration of substrate
a2t which the speed of reaction is completely suppressed) .

It is necessary to point out that equation (1) has an unsym-
metrical aspect nnd the maximum speed of renction is realized at rela-
tively small substrate concentrations,

From equations (1) and (2) follows that kinstics curves (s, T,)
where S ig the substrate concentration and T--=the(time) for hydrolysis
and synthesis have to be quite different in form., Under the usually
applied conditions for carrying out of enzymatic hydrolysis of poly-
peptides, the curve (S,T) is close in form to the normal type, i.c.;
at first the rcaction speed is a maximum onc and then it steadily
drops to zero. The kinetics curve (£,T) of the synthosis has to
have an-unusual S - like (symmetrical) aspect.
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Experimental Part

In order to test the expoéed theoretical deliberations and con-
clusions, we conducted following experiments.

Kinetics of hydrolysis with trypsin of egg slbumin (crystallized)
was measured: 1% egg albumin in borate buffer (0.2M) at pH 9.15 (be-
fore experimenting the albumin was denatured by heating in a boiling
water bath for 10 min.), trypsin 1/25 part of the albumin weight at
380 Antiseptic-thymol. Determination of amine nitrogen was con-
ducted according to the Van-Styke method, The results of measur=-
ings of hydrolysis are given in fig. 1.

N mg/ml ‘ N mg/ml
C

© (pa 426) |
Fig. 1.Hydrolysis of 1% egg _Fig. 2.(p.426) Re synthesis of
albumin in the borate buffer hydrolysate of egg albumin un-
(0,2M); pH 9.15 with trypsin der the pressure of 6,000 atmos-
being 1/25 part of albumin pheres at a 38°temperature.
weight. Temperature 38°,
antiseptic-thymol.

For a resynthesis under a 6,000 atmosphere pressure at 380 was
taken hydrolysate 22 hours after the beginning of hydrolysis and then
several samples of hydrolysate were placed under pressure for varying
time periods. At the end of the required period the apparatus was
cooled to room temperature, the pressure was removed and the samples
were immediately enalysed by the Yan-Slyke method“for content of emine
sitrogen. The technique for conducting the experiments under pressure
1s analogous to that described in Bresler's works. The results of the
experiments on synthesis under pressure are presented graphically in fig. 2.
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In comparing fig. 1 and 2 it is apparent that the choracter
of kinetic curves (S,T) corresponds completely with those expected.
It 1s necessary to point out that the kinetics of resynthesis ex-
perimentally studied by Bresler and Glikina on the system gélatin of
trypsin, is not fully known, Our detailed measuring of kinetics
of resynthesis on the system of egg albumin---trypsin is in complete
accordance with observations by Bresler and Glikina, ‘

In differentiating the curves (fig. 1 and 2), are obtained curves
(V,8) of dependence of specd on substrate concentration which correspond
to equetions (1) and (2); they are presented in fig., 3 and 4. It can
be seen that the curve (V,S) of fig., 3 for hydrolysis is indeed unsym-
metrical, The curve (V,S$ of fig. 4 for synthesis presents a sym-
metrical curve. These results correspond fully with the requirements
of the above-deviloped theory., Equation (3) requires a direct-line
relation between ...%Y. and S,

as

In fig. 5 are presented the results of differentiation of the
experimental curve in corresponding coordinate axes. The direct-line
chatacter of relation of experimental values coincides completely
with the requirsments of the theory. '

N mg/ml, hour

(ped27)

Fige 3. Relation between the Fipe 4s Relation between the speed
speed of enzymatic hydrolysis of enzymatic synthesis under

and the depth of hydrolysis - pressure and the depth of hy-
(concentration of subatrate). drolysis (conc: ntration of sub-

strate),
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Fig. 5. Relation butweon derived specd of enzymatic synthesis
of substrate concentration.nnd the concintration of substrate.

Brosler ond Glikina indicute that the possibility and depth of
resynthesis depend sharply on the depth of the substrate hydrolysis.
In an ultim: te cas. when the substrate hydrolysis reaches a meximum
depth it is not possible to acheive 2 resynthesis. They gave no
exhoustive explanation of this fact. In the preceding work we¢ eve
plained the reason conditioning the limitations of the depth of en-
zymatic hydrolysis when the substrrtc is highly polymeric. Turning
to equation (2) it is easy to show that the same reason, conditions
the impossibility of resynthesis with = maximum depth of hydrolysis.
It is remarkable that the decrease in speod of enzymatic processes
down to a zero valuc is carried out in both cuscs at equal concen-
trotions of substrate. It follows from the fact that V z O under
the condition that F— Kl 8 2 0 and this derives from equation
(1) as well as from equagion_(Z). Thus the upper limit of substrate
concentration is the same for hydrolytic and synthetic processes.

- If our hypotheses on mechanism and kinetics of enzymntic syn-
thesis are correct, then methods can be sought for leading the reac-
tion system out of the kinetic dead-end.

The kinetic dead-end (upper limit) trkes place when the equaticn
F = 1 S is realized, When this €quation is disturbed, the

o v s

. K :
kinetic® gead-end is removed. There are different ways of disturb-
ing this equation, The simplest method is to add a supplementary
amount of enzyme, Bresler and Glikina demonstrated experimentally
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that in this manner it is possible to rerlize resynthesis under pres-
sure. Another method for leading the systen out of the dead-end is to
decrease the substrste concentrations, for example, by way of remov-

ing part of the substrate with dialysis through semi-penetrable membrane,
This method has not yet been accomplished expcrimentally. And, finally,
the third method for leading the system out of the kinctic gend-end

can consist of procedures which decrcase the coefficient ~;§}m__ The
decrease of this coefficient will bring about that the ¥s '
condition of the dend-end will be realized at a grenter value of sub-
strate concentration, i.e., at a greater depth of hydrolysis.

In the preceding work we indic~ted that catalytical properties of
enzymes are not constant and vary depending on the composition of the
medin. The constents Kjand Kp characterise the eatalytical properties
of the enzyme and the latter depend considerably on the state of the en-
zyme. Therefore, in changing the state of the enzyme it is possiblc to
disturb the equation Fz .1 8, i.,e., to lead the system out of the

B . .
2

kinetic dead-end.

; According to opinions of D. L. Tnlmud and co-workers (4), globular

(izz albumins undergo structural transformations when the compositions of
the solvent chanres. Structural transformations of globular albumins
is accompsnied by changes in physical-chemical and bio-chemical pro-
perties. e think thet structural tronsformations have place among
enzymes as well, Since according to our notions the enzymatic activity
is a special case of menifestation of gtructural trensformations,
(therefore) the factors which cause structural transformations change

the catalytical properties of cnzymes.

In order to check these notions experimentally we conducted expcri-
ments on resynthesis under pressure, applying enzymatic hydrolisates
@ith a maximur depth of hydrolysis. In order to chznge the cataly-
tical properties of the enzyme we applied two procedures: 1) change
in the pH system which brings the enzyme closer to the iso-electric
state, and 3) adding of cnprylic ocid which, as it is known, consi-
derably improves the symmetry of glcbular albumins., And improvement
of the symmetry of the enzyme molecules facilitntes the formation of
the complex F,3, i.e, increases the constant K5, Our experiments pro-

duced following results:
Obtained is hydrolysate from 2 4% gelatin in "harat! buffer O,2M;

pH 9,15; trypsin-1/50 part of the gelatin weight; temperature - 38°.
Determination of amine-nitrogen according to Van-Slyke gaves
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Time in hours 0 4 L8
N mg/ml 0.174 0,343 0.340

Three samples from the obtalned hydrolysate were placed under a
6000 atrmosph. pressure, at 38° and were analyzed after 1& hours. “ol-
lowing results were obtained: Sample I - control (hydrolysate was
taken as such): 0,340 N mg/ml; Sample II - prior to the test the hy-
drolysate was acidified 1N HC1 (5 drops per 20 ml.): 0,306 N mg/ml;
SampleIIl - to the hydrolysate was added caprylic acid, up to about
0,02 Ms 0,280 N mg/ml,

From the given data can be seen that we succeeded ih leading the
system out of the kinetic dead-end and to reéalize resynthesis. The
control test under similar conditlons produced no resynthesis.

In order to check that the resynthesis was possible because ad-
ding of caprylic acid results in increase of the upper limit of sub-
strate concentration (depth of hydrolysis), we studied the kinetics
of hydrolysis, %e measured for purposes of comparison the kinetics of
hydrolysis with and without added caprylic =zcid. ' The results of the
experiments are presented in fig, 6, from which it is seen that in

(:\‘ presence of 0,02M of caprylic acid' the depth of hydrolysis is 37% high-

” er than without caprylic acid. To hydrolysate obtained without capry-

lic acid, we added after 19 hours of hydrolysis (i.c. when hydrolysate
did not change anymore) caprylic acid up to 0,02M, After 6 hours an
increase in the depth of hydrolysis was established up to the same
value as it was in the hydrolysis with caprylic acid added at the be-
ginning of the test, The obtained results indicatec that resynthesis
of an equivalent weight of hydrolysate in presence of caprylic acid
results from the léading of the system out the kinetic dead-end at the
expense of the increase of the depth of hydrolysis,

N mg/ml

Fig, 6. (p.429) Hydrolysis of 40% gelatin in "barat" (?) buffer (0,2M)
(ﬁ\ pH 9. 15 with trypsin 1/50 part of albumln weight. 1- without additions;
-
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2- added csprylic zcid up to C,02 M/e; 3- added caprylic acid to 1-
after 19 hours.

We came across the fact that with realtively high concentrations
of trypsin, the depth of hydrolysis does not depend practically -on
concentration of the enzyme. And, according to our notions of the na-
ture of enzymatic activity, the depth of hydrolysis on the upper limit
have to be in proportion to the concentration of the enzyme., It is
characteristic that with high concentrations of the enzyme the hydroly-
sis proceeds with 2 sharper increase of inhibition, This inhibition is
particularly intensely manifest during the second part of the process
and leads practically to the same depth of hydrolysis as with a lower
concentration of the enzyme, - This is shown in fig. 7 where the curves
of kinetics of hydrolysis are presented which we obtained with different

enzyme concentrations (in the ratio of 2:1).

N mg/ml N mg/ml
{p. 430)

Ii£;_2 Hydrolysis of 4% gelatin Figs g Hydrolysis of 4% gelatin
in borate buffer (0.2M), pH 0.15, in borate buffer (0,2 M); pH 8,15,
with trypsin, with trypsin.
1-trypsin 1/50 of the albumin

weight; l-without additionsj 2-with added
2-trypsin 1/25 of the albumin 0.02 M/1 glycocol , 3-with added

weight. 0,02 N/1 aspartic acid.

We supposed that the reason for it can be the appearance as a re-
sult of hydrolysis of such products as aspartic and glutamic acids.
These amino-acids are dibasic and they block trypsin and thus decrease
its active concentration, 4&nd the decrease in active enzyme conoentra-
tion leads to decreasc of the depth of hydrolysis. Amino-acids which
(T\ contain one amine and one carbeoxyl group should not have an effect on
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the depth of hydrolysis. In order to check this hypothesis, we measured
the kinetics of hydrolysis in the presencc of glycocol and aspartic acid
in concentrations close to those actually possible in hydrolysates.

The results of the experiments are shown in fig. &, and it is seen that
the exverimental results confirm our hypothesis concerning the depres-

sing effect of aspartic acid, '

In conclusion I express my appreciation to N. A. Selezneva for
participation in our experiments,

Conclusions.

As a result of theoretical study a mechanism of enzymatic syn-
thesis was su-gested, the basic link of which is the interaction of
an active complexj(enzyme) o, substrate] with a substrate molecule.
Given is a kinetic equation of the synthetic process, which presents
» syrmetrical function distinguishable from an unsymmetrical function
for a hydrolytical process. It is demonstrated that the upper limit of
substrate concentration (maximum depth of hydrolysis) corresponds with
a complete cessation of processes of hydrolysis and synthesis. With
synthetic enzymatic processes it is not possible to use substrate cone
centrations above the upper limit.

Experimentally demonstrated on the cxample of the egg albumin-
trypsin system is the syrmectrical character of relation between the
spced of reaction and the substrate concentration with synthetic pro-
cess and the unsymmetrical character of re¢lation with hydrolytic pro-
cess, Confirmed is the impossibility of a synthetic process in a en-
zymatic hydrolysate under high pressure in a case when hydrolysate is
brought to a maximum depth of hydrolysis.

Discussed are the possibilities of realization of synthesis in
systems with a maximum depth of hydrolysis. Experimentally recalized
sre synthetic reactions under pressure with hydrolysates with a maxi-
mum depth of hydrolysis. It was demonstrated thet synthetic reactions
become possible by changing pH in the direction towards, iso-elective
point of the enzyme, or by adding caprylic acid which improves the
symmetry of the molecules of the enzyme,

It was experimentally demonstrated that in presence of caprylic
ncid increases the depth of the gelatin hydrolysis with trypsin. Ad-
ding of caprylic acid to the enzymatic hydrolysate with a maximum depth
of hydrolysis causes a process vhich increases the depth of hydrolysis
to the same.limit as in hydrolysis in presence of caprylic acid from
the very beginning of hydrolysis.

Aspartic acid decreases sharply the maximum depth of the enzymatic
hydrolysis, Glycocol has no noticeable effect on the depth of hydrolysis.
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HY DROGENASE OF ISOLATED CHLOROPLASTS

K Hydrogenase is an enzyme with the help of which the molecular hydrogen
is used in living cells. It acts as a catalyzer establishing a balance:
between the molecular hydrogen and various intra-cellular water-transferring
systems. This balance is quite reversible:

Hp 27 2H ¢ 2e
and is the most negative oxidation-reduction system in 11v1ng cells (1).

Hydrogenases were discovered first of all among various anaezobic and
facultatively anaezobic bacteria, them among aerobic nitrogen fixing agents.
In 1940 Gaffron succeeded in demonstrating that the green normally photo-
synthesizing algae "are also able to use molecular hydrogen in their
metabolism" (2)., Being placed under anaerobic conditions, in the darknmess,
they reduce carbonic acid with two equivalents of hydrogen oxidizing at the
same time the hydrogen into the water according to the so called "oxihydroge-
nic reaction".

Co, 6H2 * 20, — (CHZO) + 5H20

Thus was proved the presence in the same plant cells of photosynthesis,
photochemical reduction of carbonic acid of phote-reduction type and its
chemical reduction in the dark., On the basis of numereous experiments with
specific poisons, Gaffron discovered a direct connection between the action
of hydrogenase and the function of the assimilation system. It developed
that the green cells can not only use the molecular hydrogen for reduction
of carbonic acid, but in its absence can also isolate hydrogen from intra-
cellular "donators" (3). Among the various organic substances which were
tested glucose appeared to be such a "dog?tor" Isolation of hydrogen from
it ¢ ace in the dark at a aong

ook place in rk at QH2 = Iy < 2 q speed.

However it was not possible to determine the exact proportion between
the expenditure of glucose and the products of 1t(iecomp051t10n—hydrogen,
carbonic acid, organic acids, In the reviewing work of 1944 Gaffron gives
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a neyw echeme of individual reasetions of ohoto-gynthesis, . acgording to
wvhieh the beginning itself of the procees is determined by & different
state of activity of the hydrogenase system (4) :

It is clear from the above account, of what importance would be the
isolation of hydrogenase from the green cell for reproduction of at
least a part of assimilation reactions of carbonic acid in vitro.

Isolation of hydrogenase from bacterial cells was achieved only-

‘in some cases, in cells dried by acetone or after a 16-day autolysis.

Preparations retained only one third of activity. Further, the
hydrogenase preparations as well as some dehydrogenase preparations
with a low oxidation - reduction potential are active only in
combination with a hard residue from cellular fragments. In a case of
hydrogenase of green plants the work of which is connected with their
photochemical activity, it waes natural to suppose its localization on
chloroplasts. Actually the author discovered the capacity of
chloroplasts, isolated from a cell, to form in the dark hydrogen from
glucose and fructose at a speed of QHp = 1 -5 (5) The present work is
a continuation and development of these experiments. ‘

METHODS

For isolation of chloroplasts, the leaves of white clover were
cut with scissors in a 0,5M solution of saccharose., Other plants were
also taken instead of clover as, for example, aspidistra, but the
yield of whole chloroplasts was in these cases much lower due to
breaking down into parts. The obtained green solution was pressed out
through linen against (to remove) @estroyed cells and was further
filtered through a paper filter in Buchner's funnel with a weak suction
of a water-jet pump., The chloroplast fragments pass through the filter,
forming & solution of so - called ™natural chlorophyll", according to
Luibimenko, But the major part of them, particularly from white clover,
does not break down under the conditions of the experiment and
remains on the filter as a dark-green, almost black film, Such films
were thoroughly washed free of traces of saccharose, were dried in the
&ir with the help of a water - Jet pump and weighed. In part of them
the moisture content was determined, it fluctuated from 5 to 8%.

For further testing of presence of enzymes, the films were placed
either in Tunberg's test tubes with corresponding "donators" or into
Einhorn's eudiometers, The calculation of obtained data was conducted
in relation to the dry weight of introduced chloroplasts. Usually 10
to 30 mg. were used. In working with Einhorn's test tubes acid was
introduced at the end of the experiments for isolation of dissolved

"carbonic acid. Then the entire carbonic acid was absorbed by alkali,

After testing with alkali pyrogallol for absence of oxygen, the
remaining gas was absorbed by palladium black and was thus considered
hydrogen (6).,

Declassified a'nd Approved For Release 2013/04/05 : CIA-RDP80R01426R010100040001-8



Declassified and Approved For Release 2013/04/05 : CIA-RDP80R01426R010100040001-8
- (3) Trens. 491

For explanntion of the entire process of gas - formation and

L for_/ ecalculation of the QH, coefficients, the experiments were
conducted in Barkroft!s differential manometers. The measuring was
conducted by the "direct method" according to Dixon in two double
manometers, in one of which the carbonic acid was absorbed by alkali

(7)0

Determination of glucose were carried out by the Issekutts method
of reduction of potassium ferricyanide on alksli solution. Ascorbic
acid was determined with "dichlorphenolindophenol®/ 27 in an acid media

according to Harris and Oliver. Decomposition of forminate/2/ formate
of sodium was calculated by titration with hydrochloric acid.

EXPERIMENTAL PART

Chloroplast films isolated from a plant and the solution which
prssed through a paper filter were tested for catalese, glucose -
dehydrase »nd h-drogenase.

The activity of glucose-dehydrase was calculated according to the
time of ch nge in color of the dye~indicator Janus green from blue
into pink (FHZ == 0¢035)s This change of color is clearer than the
discoloration with methylene blue (FH= ~-0.005). In the given
experiment the separstion of chloroplasts was conducted not in sacha-
rose but in mennite because the presence of invertase in the filtrate
could change the concentration of the "don»tor" being introduced--

glucose.
’ Table I

Comparative distribution of enzymes
4 Films with . Solution !
i Enzyme chloroplasts j in %. Method _ ;
i . ( in % i ; :

Catalnse 85 g 15 According to breakin
i down [decompositionzﬁ

| : of H,05 in Einhorn's

! % test tube.
s - |
Glucose-dehydrase | 5 ; 95 According to discolor-
: ! ation of dyes/colors2/
_ g in Tunberg's test tubs.
i ;
Hydrogena se v 100 0 Adccording to isolation
- : of hydrogen in Barkroft!'d

manometers.

It is scen from the figures of Table I, that the hydrogenase is con-
centrated wholly in chloroplasts, 85% of catalase is ~lsc here according
to_data in liter-ture. ’nd the dchydrase is almost entirely in the, )
soluble part. This seperation of dehydrese caused grert complication in
subsequent work, If the -chlorgyl-st preparationcs were not sufficiently
washed off, -~ high per cent of
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éshydrase was still preserved in them. In dehydrogenising the glucose
and thus lowsring the oxidizing - restoring potential of the media,

" it prepared conditions for the action of hydrogenase, 4nd with more -
through oleening of chloroplast preparations and separation of
dehydrogenase, a disturbance of oxidizing - restoring system existing in
living cells took place. The beginning of hydrogen isolation was
inhibited and its total amount was negligeable in comparison with
preparations containing dehydrase.

It is known from the literature that such inactivation of enzyme
due to disturbance of the natural oxidtion - reduction system can
sometimes be compensated for by adding of dyes from the "redox"
indicator group (comp. for example, (8)Tp. 156}.

It is seen from data in table 2, that introduction of dye in a
case of formate increases the isolation of hydrogen 4 times, in a case
of glucose - 8 times,

TABLE 2

Importance of adding dye for hydrogenase activity
30 mg of chloroplasts; exposure at 35° for 20 hours

‘ < Isolation of Mean values
(:j Concentration of dye "Donator! Ho in ml. of QHo 1
Without dye Na formate O.5% 1,1 1,8
Janus green | . - Lyh 7,3
{'ithout dye , Glucose 0,5 0,8

According to Graffon, the value of QH, for living cells does not

exceed 1 (3), According to the weight the chloroplasts constitute
about 16% of the entire leaf, i,e. 1/6 = 1/7 part of it. In presence of
the entire hydrogenase in the chloroplasts its activity should in-
crease 6~7 times when isolated from the leaf, Just such values of
QHp are obtained by adding dyes. Still greater values oould be obtained
only by separating the enzyme from chloroplasts, however such complete
separation of cellular particles has not been achieved so far in regard
to other hydrogenases either, For many bacterial hydrogenases the
mean values of QHp = 30 or higher. Thus the hydrogenase of chloroplasts
is relatively weak, though on its participation depends the most power-
ful reduction in the bioc - sphere. This becomes understandable in
remembering that its significance is in preparation for the process of
photo - synthesis, Moreover, presence of hydrogenase with high activity
would inhibit the process in the photo-reduction stage and would retard
the transition to a normal photo-synthesis, There is a kind of

<i:: gradual decrease of activity, from bactorial hydrogenases described by
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Stephenson and othtt suthors (9,10,11) to bacteria - photoreducer's of
the type studied by Nakamura - Rhodobacillus (12) and, finally, to hydro-
genases of green photosynthesizing plants. - . '

On the basis of Gaffron's data we used glucose first of all as
a hydrogen "donator".

It is seen from table 3, that without adding donators there was
no hydrogen isolation in any case in films free of sugar traces.
This indicates that chlorophyll itself could hardly be such a "do-
nator", Its amount remained altered at the end of the experiment.
From ascorbic acid hydrogen was not at all formed either, though at
pH = 7.5 it [ascorbic acid]oxidized during the test. From fructose
hydrogen was obtained even faster than from glucose. As in the case
of hydrogenases of bacteria, glucose could also be replaced by Na-
formate, Formaldehyde could not serve as a hydrogen "donator".

TABLE 3

. Various hydrogen "donators" for hydrogenaée
30 mg. of chloroplasts; experiment at 359, 10 hours

["Ronator" + 0.5% CaCOq + Janus | Final concentration | Isolation of Hy
green 1: 100000 of "donator" in % in ml.
([jf Without "donator® hﬂ#f — 0
Ascorbic acid ' 0,05 0
(Fructose 0,3 2,0
Glucose : 0,3 1,4
Na-formate 0,1 2,5
Formaldehyde —_— 0
ABLE
Effect of temperature on the work of hydrogensse
30 mg of chloroplastss duration of test 10 hrs.
Everywhere 0.5% glucose & 0.5% CaCO3 +
1: 100 000 of Janus green
Temgerature . Isolated Decrease of Decr&ase of glu-
C : H2 in ml. glucose in mg. cose in mg. per
| 1 ml. of isolated
; : ' H
¥
20 0,1 8,60 86,0
25 0,25 11,35 45,4
30 0,4 12,30 30,7
35 0,3 22,50 ' 17,3
, 40 - L1 11,35 10,3
C 45 0 2,80 s
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Concentration of "donator" and the work of hydrogenase

(6)

iéﬁéﬂ_i .

Trans.

30 mg of chloroplasts: duration of test 10 hours. at 35°.

BPerywhere 0,5% CaCO3 and 1: 100 000 of Janus green

491

Glucose Isolated Decrease of % of use of
in % Hg in ml, glugose per 1 glucose
of iso-
lated H2
0303 O - - - e
0,06 8,45 17,5 84,8
0,12 0,75 12,8 51,2
0,25 1,1 10,9 32,1
9,50 2,0 | 9,5 25,3
1,00 1,5 ; 8,6 8.6
, .
. TABLE ©

Relation between activity of hydrogenase and -pH

30 mg. of chloroplasts: duration of test 10 hours at 35
Everywhere 0,5% of glucose, l: 100 000 of Janus green;
buffer: Ca-acetate 4 acetic acid

/# - coae o mmpg0lated | Ratio ‘1
PH "l in ml.|CO,in ml. | Hy: CO, |
6,0 0 0 - -
6,5 0 0 - -
7,0 1,C 0,8 1,25
7,5 1,8 0,85 2,1
8,0 1,55 1,5 1,03
TABLE 7
Relation of hydrogen being formed to carbonic acid -
30 mg. of chloroplasts; 0.5% Na—formate, 1: 100 000
Janus green
Time in Isolated Ratio Decrease of
hours 2 in ml. H2:002 €0, in mg,
4 0,7 1,0 - -
6 1,1 2,2 1,2
8 1!5 2,5 1,8
lo 2’1 3,5 3,0
20 3,4 3,8 590
30 Lyt 3,7 6,4
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It is seen from table 4, that even though decomposition of
glucose is observed below 30°, isolation of hjdrogen from it is
very weak, Amount of decomposed suger, for formation of 1 ml, of
hydrogen, fluctuated between 30 - 86 ml. Greatest yileld of hydrogen
is obtainable at 35°., Though at about 40° the process is more rapid -
it stops earlier, and at 45° there was no isolation of hydrogen. ‘
Temperature limits of hydrogenase of chloroplasts are close to
bacterial hydrogenasese. . b

Thus the optimum temperature for hydrogenase of Azotobacter6 according

to ¥ilson, was 40°, for Clostridium, according to Woods, 37, but in
both cases the enzymes became more rapidly inactivated that at 33 -
35° (13, 14).

Though at low glucose concentrations less hydrogen is isolated,
the total percentage of sugar utilization is higher. With the increase
of concentration up to 0.5%, the isolation of hydrogen increases, the
percent of utilization decreases. Though at still greater concentrations
the isolation is speedier, it then stops soon, as is observed in &
case of high temperatures. The same refers to Ne-formate concentrations:
at a concentration of about 1% the isolation of hydrogen stops entirely.
Similar decrease in utilisation percentage of Na-formate with increase
of it? goncentration was pointed out by Gale for dehydrase of formic
acid (8).

Calculating of formation of carbonic acid was carried out in all
the experiments, however in carbonate solutions this isolation
corresponded with the general agidification including, besides carbonic
acid, also the originating organic acids, For direct calculating of
formation of carbonic acid from glucose, was taken a media not with
carbonate of caleium,but with its acetate, However in this case pH
moved during the test strongly in the direction of acid and after a
certain time the process stopped. Even though at the beginning the
isolation of hydrogen from glucose proceeds better at pH = 7 than at
pB = 7.5, greatest yields are achieved in thie second case, since at
abeut pH = 7 it is difficult to avoid a certain acidification which
cempletely steps the isolation of hydrogen. With Na - formate isolation
of hydrogen proceeds fromthe very beginning best at about pH = 7:5;
the optimum here is slightly more alkaline, because already at about
7 - isolation almost stops.

Fer hydrogenase of B,Coli the optimum for formation of hydro-
gen from glucose is at pH = 6, from formate - at pH = 7. Among va-
rioug anserobic Clostridiums the best pH for the work of hydrogenases
is = 7. Forthe study of hydrogenase participation in bacterial photo-
synthesis of Rhodobscillus, Nakamura took pH = 7.2. Wilson gives
pH = 7.3~7.8 values for aerobic Azotobacter,

The relation between the isolated hydrogen and the siulta-
neously generated carbonic acid fluctuated considerably in experiments
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conducted by Gaffron and other authors. Woods explains it by the
possibility of more than one decomyosition method. The most frequent
ratio for glucose in hydrogenase of chloropl~sts was 1:1 and 2:1. In
hydrogenase of Rhodobacillus it was 10:1, on the basis of which Naka-
mura gives the following equation:

where X means other fermentation products, mainly organic scids. In
case of Na-formate this ratio was 1:1 or HCOOH ---3 CO, ¢ H2.

According to the sbove Nakamura's equation, formate breaks down
completely into hydrogen =nd carbonic acid and the ratio 1:1, unlike
glucose, is quite st=ble. Neither does a formation of other organic
acids teke place here, which is seen also from the increasing alkalinity
of the media. A Qefinite deficit in carbonic acid is observed in the
tests and it increases with time. Decrease in amounts of carbonic
acid, which generates from formate, progresses parallel to the increase
of the reducing properties of the media. Further experiments are
necessary in order to determine the products of its reduction.

Conclusions.

l. From leaves of white clover and other plants were isclated pre-
parations of chloroplasts. which contain the enzyme hydrogenase. The
activity of the enzyme exnressed by the coefficient QH,, exceeds
6-~7 times Gaffron's data for living cells. .

2. For normal =2ctivity of hydrogenase, adding of dyes of the type of
methylene blue or Ianus green is necessary, which compensate the
oxidation~reduction system disturbed by removal of dehydrases. Under
these conditions the isolation of gaseous hydrogen continued for many
hours resching 4-5 ml.

3. Influence was studied on the activity of hydrogenase of various
hydrogen "donators", various temperatures, "donztor" concentrations
and pH. Relations between the expenditure of "donstor", isolation
of hydrogen and carbonic scid wes determined.

4+ In experiments with d ecomposition of Na-form-~te with hydrogenase,

a decrease in carbonic acid smounts without a corresponding =sppearance
of other orgrnic acids was disclosed. Products of reaction are being

studied. “

The author expresses his gratitude to the member-correspondent of
the AN USSR - A.P.Vinogradov, in whose laboratory the present work was
carried out,
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Vliianie ul'trafioletovykh luchei
na spektpy pogloshcheniia aminokislot

(The influence of ultra-violet rays
gn the absorption spectra of amino acids].

Biokhimiia 17(1):82-90, Jan./Feb. 1952.
(In Russian)
385 B523

THE INFLUENCE OF ULTRA-VIOLET RAYS ON THE
ABSORPTION SPECTRA OF AMINO ACIDS

r

The essence of biological action of ultra-violet rays is up to the
present time not sufficlently clarified. Since the albumin subs#ances are
the principal components of a living matter, the essence of the biological
action of ultra-~violet rays should be apparently connected first of all with
just this component of tissues and cells (1). By way of a systematic study
of spectra of absorption of amino-acids. in ultra-violet rays, we can obtain
results which will bring us close to the understanding of the essence of the
biological action of ultra-violet rays., The offered work has as its goal to
demonstrate the changes in the absorption spectrum of a serles of pure amino-
acids under the influence of exposure to ultra-violet rays.

Methods

We examined agueous solution of the followlng amino-acids: glycocoly.
alanine, serine, cysteine, c¢ystine, taurine, l-leucine, d-leucine, arginine,
lysine, asparagine, tyrosine, tryptophane and histidine.

The indicated amino-acids were examined in 0.001 to 10% concentrations
when they were not exposed to light and also after they were exposed to ultra-
violet rays during half an hour to 125 hours, The exposure took place in
speclal containers made of quartz glass, at a 10 cm. distance from the source .
of light (mercury lamp 120 V, 2.3 A)., Between the light source and the test
tubes was placed a quartz cylinder with a constant flow of eold water, The
absorption was measured in the ultra-violet part of the spectrum by the photo-
electric measuring method (the thickness of the layer being measured was
0.8 cm.). Absorption curves were drawn on the basls of reading of the double
quartz "monochromator! Aﬁ} Measurements were conducted within the area of

-230-365m ..

Fxperimental data

Glvcocol. When glycocol was exposed to rays in the solution appeared
a new substance which changed the absorption curve characteristic for glycocol.

It is seem from fig. 1-A, that with an increase in time of exposure of glycocol

solutions to ultra-~violet rays, the absorption curve indiecates a gradually ap-
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Qf\: pearing new maximam at -~ 297m., particularly sharply manifest after a 30-bour

_exposure. Iven at prolonged exposures to ultra-viclet rays the solutlons
remained clear and colorless.

. Alanine, After 5 and 10 hour exposure the alanine colutions change

- 1ittle their absorptien .spectrum, but after a 20 and 30 hour exposure the

solutions show a neéw absorption maximum et = 297m 1in addition to the already
existing at = 230m . (fig, 1~ ). The oolutfons remained clear and colorless.

Serine. Serine solution (fig. 1-B) shows already after a 5 hour
exposure a difference as compared with the unexposed control, disclosing a
maximum at 280-280 m . Already after a 5 hour exposure the serine solutions
produce a slightly yellowish-golden coloring, however the solutions remain
absolutely clear. After a 30 hour exposure the solutions become again colorless
as before the test,

' Ovsteine, The most sultable concentration for experiments was the
0.2% solution of cysteine., It is seen from flg. 2, that with the lengthening
of exposure time the type of the absorption curve changes. Particularly
intensive was the absorption with cysteine solutions which were exposed for

15 hours. In prolonging the exposure time (45, 9%, and 125 hours) the content
of absorbing substance decreases gradually, It can be assumed, that at a still
longer exposure the absorbing substanee would not be disclosed anymore.

A 100 100
b 20 A 90
s 80 80
o i 70 70
r n 60 60
1) 50 . 50
t 94 Lo Lo
1 30 30
o] 20 . 20
n 10 10
1] 0
“ 360 340 320 300 280 260 240 230 360 380 320 300 280 260 240 230
in m ' in m A
A 100
b 90 B
8 80 '
o 1 70
r n 60
P 50
t % 40
1 30
o] 20
n 10
0

360 340 320 300 280 260 240 230

inm
Fig. 1. f;.&ﬁ/ Absorption curves when exposure with ultra~violet rays of
amino-acids of various concentratione took place..
A-5% glycocol; ~2% alanine; B-1% serine., I-control; II-5 hours; III-10 hours;
IV-~20 hours; V-~30 hours.
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t % 4o . 6 hours:; V-9 hours; VI-15 hours; YII-
1 30 45 hours; VIII-95 hours; IX-125 hours,
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Table 1 /p, 84/

Per Cent Content of Destroyed Cysteine after Exposure to Ulitra-violet Hays

Cysteine - . ° Duration of exposure of cysteine in hours
Sofitﬁion : 1 i} 2 2% 3 6 9 12 24
9,01 0.8 146 3.2 6dl 6.7 76 946 6.5 645 HZS absent
0.02 0.8 1.6 1.6 5.4 8.2 13.8 48 3.2 1.0  Same
0,03 005 1.8 5.1 6.4 702 942 242 1,8 2,2 "
0,0l 0.82 20 b 54 69  — - o~ - "
0.05 0.33 21 5.8 5. 6.6 - = - = "
0.06 . Ol 039 1.7 2.3 37 - = - m
0,07 0,47 145 2.3 2.6 3.9 = = . - "
0.08 . 0,47 1.8 2.3 2.7 3.5 = = = = "
0.09 0072 1.2 2.2 2.1 3.5 = o~ = - "
0.1 0,65 1.1 2,1 24 33 =~ o~ o~ = n

Already during the first hours of exmnosure of cysteilne solutions to
ultra~violet rays thelr yellowing was noted as well as the appearance of a
loose flocculent brown sediment which could be easily centrifuged out. All
the spectro-photo-metric measurements were carried out after a many-hour
centrifugation., Besldes that the fact of formatlon of hydrogen sulfide in
exposed cysteine solutions was established,

Presence of hydrogen sulfide in the air layer of the quartz test
tube was determined by the smell as well as with a plece of paper molstened with

-a 5% solution of lead acetate, According to Lehmann (2) such a paper produces

a slight yellow-brown coloring already at a volume content in the air of
0,0014 mg%h of hydrogen sulfide, We used this authorls tables for its quantita-
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tive determination in the alr layer of the test tube., Quantitiatlive deter-
mination of hydrogen sulfide in the solutlion was carried out by Winkler's (3)
colorimetric method,

On the basis of the quantitative determination of hydrogen sulfide
in a series of experiments, we calculated the per cent content of the destroyed
cysteine, These data were given in table 1, which demonstrates the relation
betwéen the per cent of the destroyed cysteine and the concentration and the
duration of exposure, It should be pointed out that weaker cysteine concentra-
tions do not show presence of hydrogen sulfide after a 24 hour exposure, Ap-
parently part of it was diffused into the atmosphere (quartz test tubes were
covered with cork stoppers); a certain part was destroyed under the influence
of rays with isolation of sulfur, It is 'mown that under the influence of
light and air hydrogen sulfide changes very rapidly into sulfur,

In the following experiment the 0,06% solution ofcysteine was &posed
to ultra~violet rays for different time periods up to a complete oessation (afte
125 hours) of separation of sediment and hydrogen sulfide. The obtalned results:
were as follows: :

Time of exposure Welght of sediment Percentage of sedi-
in hours - ing in selation to, the
initial amount

Lo 0,0066 1l
80 0,0072 : 12
.1 00036 6
125 0,00738 6.3
Total . Oo 0212 350 3

It is seen from the above data that 0,06 g. of cysteine after a
125 hour exposure gave 0,0212 g, of sediment, or 35.3% of the initial material,

After this duration of exposure the solution became absolutely colorless and
clear,

Cystime, Results of absorption measurings after various ex-
posure durations of a 0.05% cystine solution are shown in fig. 3. Already

A 100

b 90

8 80

o1 70 - :

ran 60 Fig. 3./ps 857‘ Absorption curves

D 50 when 0.05% concentration cystine

t % 40 wags exposed to rays.

i 30 I-control; II-~l hour; III.3 hours;

) 20 IV~Q hours; V—24 hours; VI-54 hours;

n 10 ¥31-63 hours; VIII-86 hours; IX-
0 _ 118 hourse.

360 380 320 300 280 260 240 230

[ IR,
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after a one-hour exposure to ultra~violet rays a very thin: cloudiness is
formed which does not yield to sedimentation after many hours of ecentrifu-.
gation up to 4000 revolutions., Besides that the solutions become yellow
colored, A maximum absorption was observed after a 54 hour exposure, With
continued exposure there occurs a clearing and discoloration of the solution
with a hardly noticeable formation of a sediment. After a 118 hour exposure
the eystine solutions become clear and colorless and show almost no absorption,

In exposing cystine sclutions the formation of hydrogen sulfide was

also established, Its presence could be determined a few minutes after the
exposure by the above described methods,

The percentage of the destroyed cystine in relation to concentration
and duration of exposure of solutlons 1s shown in table 2.

Table 2 /p. 86/

Per Cent Content of Destroyed Cystine after Exposure to Ultra—violet Rays

Concen— Duration of exposure in hours
tration ,
in % 3 1 13 2 2% 3 6 9 12 2l
0,01 5.4 19,2 33.) 43.4 51.9 22,2 215 2%.5 26.1 st ab~
gent
0.02 3.3 13.1 1l6.5 19,2 1%.2 11.1 7.3 27.7 12,7 54
0.03 2.4 9.5 14,6 12,8 12,8 - - - - -

In this case a similar regularity was observed as when cystelne
solutions were exposed, namely — small concentrations showed a high per cent
of cystine destruction, weaker concentrations, after a 24 hour exposure, do
not indicate a presence of hydrogen sulfide which apparently became destroyed
during this time, ’

It 4s necessary to point out, that equal concentratlons of cystine
and cysteine, at an equal duration of exposure, show an entirely different -
destruction per cent., Thus, for exampie, 0.01% solutions after a 150 min,
exnosure produce only 6.7% of destruction for cysteine and 51,9%-for cystine,

Taurine, We obtained a characteristic absorption curve of taurine
only when its concentration was high, 10% solutions of taurine were exposed
to ultra~violet rays during 30 hours, It 1s seen from fig, 4~A, that no
formation of substances which change taurine's characteristic curve 1s observed,
Established 1s only a gradual decrease in absorption which after a 30 hour
exposure drops down to zero., Which means that the taurine molecule has s0
changed that it does not absorbd ultra-violet rays anymore, 3Before as after
the exposure, the taurine solutions remained colorless and clear.

Isucine, 1l-leucine and d-leucine were exposed to a prolonged action
of ultra~viclet rays., With stronger (from 0,1 to 1%) solutions of l-leucine,
generation of yellow coloring and a drastic cloudiness were noted, the latter
did not produce a sediment even after many hours of centrifugation at L4000
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revolutions, The exposed solutions had a peculiar rotten odor and formed,; when
shaken, a foam which d4d not disappear for a long time, while the non-exposed
solution did not produce such foam. Due to a persistent cloudiness, neasuring
of the absorption was hampered, In measuring the absorption of exposed solu~
tions of 0.2-1% concentration (duration $-30 hours), it gave 100% all the time,
Prolonged exposure of 0.01% l-leucine showed a gradual destruction of initlal
substance under the influence of ultra-vioclet rays.

We observed an entirely different picture in exposing d-leucine
solutions for similar time intervals the 1% solutions of this amino-acid being
exposed, remained all the time colorless and clear. After 20-30 hours of
exposure, the solutions emitted a sharp acid odor. We see from fig, Le. 4 that
already after a 5 hour exposure a new substance is formed in the solution with
an absorption maximum at = 270 m . With further exposure the absorntion
decreases gradually,

Iysine. Almost the same picture is observed also after prolonged
exposures of lysine solutions (fig, &-B), If for the control 1% lysine solution
the steep rise of the absorption curve begins, as for arginine, at -~ 254 m ,
then after a 30 hour exposure this point moves to ~ 365 m . Unlike the
arginine, 'a prolonged exposure of lysine solutions above 20 hours shows a
tendency to decrease the newly formed substance. The lysine solutlons which
were exposed to rays remalned all the time colorless and absolutely clear.

Asparagings, DFxposed asparagine solutions remained colorless and clear,
After exposure the character of the absorption curve changed considerably
(figs 4~ )s At .~ 280 m appeared a second maximum which remained persistently
even after a 30 hour exposure., A prolonged exposure of asparagine solutions
(up to 30 hours) did not show a decrease in this substance,

Arginine, The exposed 1% solutions of arginine remained clear and
colorless, In prolonging the duration of exposure, the beginning of the steep
rise of the absorption curve (fige 5-A) moves gradually towards longer waves,
Thus, for example, for a 1% control solution of arginine the steep rise of the
curve starts at - 254 m , for the sams solution after a 30 hour exposure-
at =313 m, It should be noted, that even after a prolonged exposure of

arginine to rays the newly generated substance does not show a tendency for
decrease,

A : ' © 70
b 60 | 60
g 50 A 5 B
o 1 40 Lo
rn 30 ' 30
t % 10 10
1 o0 0
0
n i
360 3% 320 300 230 260 240 230 360 340 320 300 280 260 240 230

inm
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Fig., 4. [ ». 87_7 Absorption curves with exposure of amino-acids of various
concentrations to ultra~violet rays.

A- 100% taurine; B-1% d-leucine; V-1% lysine: G-1% asparagine., I-control;
I1~5 hours; III-10 hours; IV-20 hours; V=30 hours. '

A 100 100
b 90 A A 20 B
s 80 80
oi 70 70
rn 60 60
P 50 50
t % 4o Lo
i 30 30
o 20 . 20
n 10 . 10

0 0

360 340 320 300 280 260 240 230 360 340 320 300 280 260 240 230
in m
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s 80 various concentrations and for dif-
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ran 60 rays. '
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0 20 I1I- 3 hours; IV~ 6 hours; V- 24
n 10 hours; V-0.01% tryptophane; I-control;

0 I1I-2 hours; III-3 hours; IV-6 hours;
V-18 hours; VI-24 hours, ‘
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Tvrosine., Tyrosine solutions of 0,01 and 0.001% concentration showed
already after a one hour exnosure a light yellowish coloring which becomes
slightly stronger after a longer exnosure. In all the cases the tyrosine
solutions being exvosed remained clear and vroduced no sediment, As it is
seen from fig. 5 B, when exposed for a prolonged period to ultra-violet rays
the absorption curve characteristic for tyrosine changes drastically. However,
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the formation of products causing this change 1s limited to a time ilnterval
between 12 and 24 hours, because after that the absorption per cent begins to
decrease again which indicates the beginning of destruction of the generated
products, That in the given case we really have a gradual destruction of the
initial substance, follows from the experimental data on exposure of weaker
tyrosine solutions, Already after a 3 hour exposure of such solutions the
initial substance almost disapvears; however, its complets destruction is
observed only after a 24 hour exnosure,

Tryptophane, In experiments with various concentrations of
tryptophane 1t was possible to observe under the influence of exposure to
ultra~violet rays, the different reactions in regard to coloring of solutions
and formation of sediments. Solutions of 0,1% produced after exposure a
yellowish coloring without formation of sediment, 0.0l% solutions already
after a one hour exposure produced a yellow coloring, apalescence and a loose
brownish sediment, the amount of which increased with prolongation of exposure
time. It was easy to centrofuge the sediment away and then the solution became
absolutely clear., The 0,001% solutions remained clear and colorless even
after a prolonged exposure, It is seen from fig., 5-V that already after a
six-hour exposure such considerable changes take nlace in the tryptophane
molecule that the = 280 m maximm characteristic for it disappears, With
subsequent exposure the initial substance 1s gradually destroyed and the
destruction proceeds so rapidly that after a 24 hour expsure 1ts presence in
the solution cannot be determined, In wealer tryptophane concentratlions
(0,001%) the characteristic — 280 m maximum disavpears already after the
first hour of exposure; a complete destruction of the initial substance takes
nlace at the 9412 hour of exposure. The given data demonstrate that nhoto-

chemical changes in a tryptophane molecule proceed with a vwarticular intensive-
ness.,

Histidine, In experiments with histidine, its 1% solution, after a
one hour exposure, acquired a saturated-yellow color but was absolutely clear;
with lengthening of exposure time the solution became cloudy, the original
vellow color changed gradually into light-brown, saturated-brown and dark-
brown; a black sediment generated in large amounts., Measuring of absorption
with histidine solutions which were exposed to rays could not be carried out
because a comnlete absorption took wlace along the entire range of the ultra-
violet smectrum., Same results were obtained from 0,1% solutions of histidine
which, depending on duration of exposurg turned light-yellow to yellow-brown,
were absolutely clear and produced no sediment.

Conclusions

It 1s seem from the described results of experiments, that with
the help of measuring of absorption in the ultra~violet part of the spectrum
1t is possible to establish the changes in molecules of amino-aclds after
exposure to ultra~-violet rays in such negligible concentrations (for example
in 0,001%) with which chemical analysis does not produce any results.

All the amine~acids which we studied after exposure to ultra~vitlet
rays produced varilous changes determined by way of measuring the absorvtion
spectra, On the bagls of these data we can come to the conclusion that, first—
in all the cases of examined amino-acids, after the exposure we observed con.--
siderable vhoto~chemical changes in their molecules and, second-—the amino-

aclds are indeed very sensitive components of the living cell in regard to

radiating energy.
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Weak concentrations of amino-acid solutions showed a relatively rapid
destruction of the initial substance under the influence of exposure to ultra-
violet rays (tryptophane, tyrosine). Cysteine and cystine solutions which
were exposed %o ultra~violet rays were destroved rapidly with isolation of
hydrogen sulfide and formation of sediment, The sulfur-containing amino-acid—
taurine--after exposure did not form hydrogen sulflde.

We find in literature an indication that with exposure to ultra-
violet rays the amino-acids are destroyed with formation of aldehyde (4,5),
with liberation of ammonia, The fact which we established about formatlon of
hydrogen sulfide after exposure of cysteine and cystine to ultra-violet rays,
i1ndicates that the destruction of the amino-acid molecule can proceed in
another way as well. Recently Bukhman and Manoilov (6) also published data
on liberation of bubbles of hydrogen sulfide when cysteine powder was exposed
to ultra-violet rays in a drop of vaseline oil.

We could point out varying reactions in regard to color change of
amino-acid solutions, formation of cloudiness and sedimentation, To the first
group of amino-acids, solutions of which remained colorless after exposure,
we could refer the following: clycocol, alanine, taurine, d-leucine, arginine,
lysine, asparagline. To the second group, which produced yellowing of solu~
tions but remained absolutely clear, belong serine and tyroslne. To the
third group which after exposure produced cloudiness of the solution and forma-
$ion of a sediment belong cysteine, cystine, l-leucine, histidine, tryptophane.
The character of sedimentation varied in all the cases, Some of these amino-
acids formed cloudiness and a sediment only at a certalin concentration
(tryptophane at a 0,01%, histidine at a 1% concentration). Some amino-acid
solutions after a many-hour exposure became again colorless (cysteine, cystine,
1l-leucine, serine), in other cases 1% was not possidle to disclose this
(histidine). Peculiar properties were noted in exposing l-leucine, solutions
of which in various concentrations formed after exposure a long persisting
foam and produced a characterlstic rotten odor.

Of special interest to us seems to be the formation of intermediate
products of decommosition, appearance of which depends on duration of exposure
as well as, and in particular, on molecular structure of the given amino-acid,
The cyclic amino-acids merit closest attention in this regard. Presence of
intermediate products of decomposition of the amino-acid molecule, which in
one way or another disturb the life process of a cell at the moment of their
formation, can be of considerable importance for the life of the cell which
is under the influence of radiating energy.

Received 2, IX. 1950

Department of P athological vhysiology
Troitskii Veterinary Institute
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Iz menchivost' form sushchestvovaniie
mikrobov i virusov nasekomykh

[Veriability of forms of existence of
npicrobes and viruses of insects.]

Agrobiologiia 4:89-99
Ref. July/Aug. 1953. 20 Ag822
Observetions on Phytometra gamme

(In Russian)

VARIABILITY CF FORMS OF EXISTENCE OF MICROBES
AT'D VIRUSES OF INSECTS

lore than 60 years ago the Russian scientist D, I. Ivanovskii (3)
called attention to the filterable and infectious properites and the
corpuscular nature of viruses, to their ability to be deposited in form of
crystals in tissues of plant organisms. The discovery of filterable
viruses enrichéd the world sciende, The science obtained new facts on
the origin and development of life. This was a discovery in Kature of a -

" new, not previously known, form of existence of albumin bodies which h-ve

no cell form, but possess 21l the properties of a living organism.

After Do I. Ivanovskii's discovery many diseases were disclosed in
the plant and animel world which are caused ly filterable viruses. At
the seme time it was noticed that there is some connection between viruses
and krown to us cellular forms of microbes. Thus, for example, Rickettsegw
causal agents of typhus--form elementary corpuscles; they are larger than
viruses, but considernbly smaller than bacteria. Part of the microbes
appenred to te able to change to a visual form, which possesses the
property of producing a new visual cellular form of microbe.

But in spite of the accumulation of factual materisl which allows to
record still new virus disesses of plants and animnls, the nature of
viruses, their origin remained a puzzle.

On the basis of the metaphysical dogma that "a cell is only from a cell"
some scientists attempted to explain the origin of viruses by a siuwple
breaking up of microbe cells. Others mrintained that a virus is a dead
substance which reproduces incells of a living orgainism auto-catalyt-
ically, i.e, ly way of a mechanical chenge-over of living albumin molecules

89«
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of an organism cell into a substance similar to it. The metaphysical
character of these hypothesis is obvious. Nevertheless experimental

499

proofs were required that viruses are not a result of a simple degradation

of cellular forms of microbes or their breaking-up to salbumin molecule,
that viruses are not only a complex chemical substance which is outside
the development process, but a living substance as well, from which
during the dewelopment process more compleX organisms can orlglnate-—
microbe cells, and that the latter con generate a structurally simpler
living substance--the virus.,

A oonsideratle step forwerd in solving the problem of origin of
viruses were the works by O. 5. Lepeshinskaia. In studying the non-
cellular form of life, O. B. Lepeshinskaia (5) proved experimentally the
possibility of origin of cells from a non-cullular living substarce and
thus rkfuted the idealistical and metaphysical notions of life which
follow from Virchow'!s reactionary tesching,

~89-

(begin p. 90)

Constdérablée progress was achieved by V. h. Krestovnikova (9),
L. I, Tal'kovich, V. V. Suknev, G. M. Bosh'ian (1) and other researchers
who studied invisible forms of microbes of non-cellular structure and
the p0531b111tles of their changing (conversion) into visible cellular
forms.

Our experimental work with pathogenic microbes of harmful insects
which started in 1947 inthe A11-Union Scientific-Research Institute for
Flax, demonstrated that micro-organisms are avle to gesnerate, in the
process of their development, a non-cellular form of living substance
which preserves the capacity of rever51bality of the process.

The initial object of our work were caterpillars of the cutworm
moths—-gamma, which are dengerous pests of flax and of many other agri-
cultural crops. :

Obser mtions of the cutworm moth-gamma development in 1935 and then
in 1947 established, that a sharp change intewpersture and frequent
precipitation further epizootics which leads to a mass destruction of
caterpillars, cocoons, butterilies and e¢ggs of the cutworn moth-gauma.

The causal a2gent of the disease or tids Caterpillar-rvmsi;@d

Gk
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unknown until recent times, though there were indications (10) that the
disease is caused by microworganisms and that a mass dying of caterpillars
is possible from polyhedral virus disease--yellow jandice.

In 1947 we isolated from organisms of diseased and dead caterpillars,
cocoons, butterflies of cutworm moth--gamms a bactezium which differed
in its cultural and biological properties from previously described
pathogenic microbes causing disease of insects.

We -called this microbe temporarily Bact. Gamma Sp. nov., which
corresponds with the species name of the insect orgsnism from which it is
isolated,

In a 24 hour bacterial culture, the bacterial cells of Bact, Gamma
Sp._nov, have the aspect of rods up to 2,3 microns in length and 0,55
microns in width; which are distributed singly, in pairs and rarely
in chains. The bacterium does not form spores, it is Gram-negative.

Changed (coccus-like and coccus-like with a transparent aureole)
forms of cells start appearing on the third--fifth day after sowing of
becteria in nutrient media.

Bacterial clonies in meat-peptone agar slimy at first transparent,
then cloudy-white, Bacterial cells developing in me~t-peptone zgar cause
a surface dissolving of agar in connection with which a large amount
of fluid is formed. Spreading on the surfzce of agar it furthers the
formation of bacterial film which covers the surface.

Fig. 1 (p.90) Crystal-like cor- Fige 2 {p.91) Crystals gererated
puscles of yellow jaundice virus, in the bacterial film of Ract,
which originated in the orsanism Gamuia _sp. nov, in the liquid

of a caterpillar inoculated with nutrient media

the microbe of Bacterium Gamma

SPe_ROV.

The bacterium which we isolated decomposes (with generating of =cid)
levulose, saccharose, galactose, mannite, arabinose.

+30w

(begin pe 91)

The Bacterium develops intensely in solutions of saccharose, levulose
ard maltose. It reduces nitrates, coagulates milk and dilutes glatin,
but it bresks down stqrch extremly slowly. Therefore sowing of bacteria

.;91-
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in poteto agar produced a rather weak growth of colonies which stopped
completely on the third-fifth day after the sowing.

Bacterial colonies grow only with a free access of air. Deep inside
a solid nutrient media they did not form.

In a meat-peptone broth the growth of tncteria tokes place also
onthe surface and then an uninterrupted thin dry film is formed which
covers the surface. The cloudiness of the broth is moderate, constant,
the residue is porous during the first 24 hours, after that--flaky.
When the culture is kept long it (the broth) becomes thick and viscous.

Fluorescence of nutrient media was not observed. Optimum temperature
for growth is 15 - 17°, maximun--30 - 35° and minimum--3 - 5°.

Testing of pathogenic properties of Bact, Grmma sp. nov. indicated
that artificial inoculation of caterpillars of cutworm iroth-gamma through
food with pure bacterial culture causes mass disease and destruction of
84 - 100% (Tatle 1).

Effect of Artificial Inoculation of Chterpillars and Gocoons of
of futworm Moth~gamma with Bact., Gamma sp. nov. (lakoratory
experiment 1948)

Variant of experiment }iumber Number of Total Total of
of cater-~ [destroyed of destroyed

pillars in] _ in baan caterpillars

the exper-}cater- icocoon|butter- {&_cocoons
iment pillar jphase [flies Numberi %

phase ' .

Inoculation of cotere;
pillars with bact=
.eria through food . 30 6 20 4 26 866

Inoculation of cater-
pillars of cutworm
noth~gamma, by way.
of spraying the
caterpillar with '
tacterial suspen-
sion, v 15 12 3 0 15 L 2000

Control (without '
inoculation). 15 0 2 13 12 113./4
‘ 91~
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The most susceptible to inoculation appeared to be the caterpillars
of the third and fourth generations. Iroculation of caterpillars of the
Pifth geriefation frequently caused their destructioh during the pre-
cocoon stage or during the phases of cocoon and butterfly.

91—

(begin p. 92)

The butterflies which we tred from inoculated caterpillars, as a rule,
were not able todeposit eggs and if they did it, then in very negli-
gible amounts (not more than 20 - 30)., Eggs deposited by diseased
females produced no breed due to their inner decomposition by bacteria.

Tests demonstrated that the bacteria culture which we isolated is
able to cause disease and destruction also of caterpillars of cabbage
butterfly, cabbege cutworm moth, clover cutworm moth, nettle rash,
potato cutworm moth,

Observing the pathological process in the organism of caterpillars
we noticed, that with the decomposition of imer organs of caterpillars
the microbe itself changes sharply. At the Ueginning of manifestation of
disease symptoms of caterpillars we disclosed in their cavity-fluid
microte cells of rod-shape and then, when the decomposition of cells of
hemolymph and fat-albumin body began, the bacterial cells became very
smgll and in the cavity fluid appeared coccus-shaped cells with a
transparent aureole, Further on the picture charged again and at the
moment of complete deco.position of the inner or;ans of caterpillars
their cavity-fluid was filled with a mass of clear rounded corpuscles
which refracted light and which resembled elementary corpuscles of the
virus. The development of sueh miniscule elementary corpuscles generated
larger transparent light-refracting crystal-shaped corpuscles reaching
2 - / microns in size., These corpuscles were not colored by the method
usually appled for bacteria, but reacted to coloring after being fixed
with alcohol~formalin and to treatment with alkali-eosin. In this case
they were clored red, i.ec. they had similar properties with crystals of
yellow jmundice virus of the silkworm and the oak silkworm, but differed
from them in form as well as in size.

Thus the experiments showed that artificial inoceculation of cater-
pillars with a pure bacterial culture causes formation of specific
crystal-shaped corpuscles which possess properties similar to those of
yellow jaundice crystals. And sowing of crystals in artificial nutrient
media produced invariahly manifestation of development of the initial

~92~
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bacterial culture.

In connection with this a question confronted us: could not the
otser ved changes in forms of bacterial cells in the caterpillar organism
and the appearance of crystal-like corpuscles be caused by the change
of form of microbe existence due to changes in the surrounding media?

This hypothesis followed not only from our observations of bacteria
development in the caterpillar organism of cutworm moth-gam.a, but from
observations of other researchers as well who noted repeatedly the double
infection of silkworm caterpillars with cellular ss well as virus form of
microbe, Thus according to Nikiforuk's data,

-92~

(begin p 93)

in Bashkiriia was recorded with ryellow.jaundice infection of "unpaired"
silkworm which was developed from silkworm eggs inoculated with Nosema;

in 1944 V. P. Pospelov (6) discovered irfection of caterpillars in first
age with Nosema, During their further growth infection with Nosema and
yellow jaundice was observed. V. P. Pospelov points out that flare-up

of the Nosema disease during the second generation of the mulberry silk-
wornm in the Ukraine in 1945, occurred also due to mixed infection with
Hlosema and polyhedral disease, under which conditions the adult butterflies
contained Nosema and polyhedra but in their eggzs were found only spores of
Nosema

Fig. 3 (p. 92) Change in crystal Fig. 4 (p. 93) ¥ew formation

in solid nutrient media: A= of crystels in bacterial

substance of crystel obtains culture after sowing of

viscous structure of a living crystal: A--sowed crystal;

substance; B-crystal-like B--depression as a result

corpuscles. of thinning of agar with the
crystal; V--newly formed
crystalse

Besides that, Pospelov and Noreiko noticed already in 1929, that it
is possible to inoculste silkworms with yellow jaundice by feeding them
with a culture of yeast Debaryomyces tyrocola con. isolated from cater-
pillars of the "Monashenka" silkworm which were sick with yellow jaundice.
Ard 2t that time it was e2ssumed that the yeast ®lls in entering the
organism of the silkworm caterpillar change into the virus form of
existance but this transition was not proved by the authors experimentally
under srtificiasl conditions,

-334
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Our observations of the development of Bact. Gsmms sp. nov. in
artificial nmutrient wedia indicate that inthe mentioned bacterial culture
take place also changes in the forms of bacterial cells.

We fixed them directly in the organism of the insulated caterpillar
of the cutworm moth - gamma, Simultaneously appeared inthe bacterial
culture transparent, light-refracting crystal-like corpuscles.

The consistency of these corpuscles which are formed in the cater-
pillar organism as well as in mmcterial culture in artificial nutrient
media, is at first viscous. In a fluid drop they have an oscillatory
motion, being in a suspended state, and after a certain time they harden
and take the form of crystals<tetrahedrons which are deposited.

The tetrahedrons which we detected inthe organism of caterpillars
which were inoculated with tacteria snd in the lacterial culture itself
in artificial nutrient media did not dissolve in alcohol, ether, acetone
and weak solutions of acids, but readily broke down into elementery
corpuscles in weak solutions of alkalis

Crystal-like corpuscles-tetrahedrons were formed in t he organism
of an insect and under artificial conditions at a 30 - 35° temperature

~93-

as well as at 3 ~ 5%.

More intensive process of tetrahedron formation in caterpillars
artificially inoculated with tacteria, was observed at 20 - 25°, At
such temperature the breaking-down of a caterpillar orgenism through
bacteria and formation of tetrahedrons wag observed already 8 - 4
days after the inoculation and at 13 ~ 17 -~on the seventh « ninth day
and later.

At first appeared single specimens of tetrahedrons and with breaking-
down of the organism their number increased. After a complete breaking- !
down of the caterpillar organism the smount of tetrahedron is so large
that it cannot be calculated when a regular loop inoculum is taken.

Crystal-like corpuscles-tetrahedrons were formed in all the experi-
ments with pure tacteria culture in orgenic media rich with albumin, as

well as in inorganic ones with mineral sources of nitrogen. With the
beginning of mass formation of these corpuseles in the caterpillar

A9 .
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organism as well as in artificial nutrient media, the bacterial culture
frequently lost the intensiveness of growth when sub-cultured as if it
lost its viatility.

In a series of experiments the bacterial culture which lost the
capacity of growing in artificiel nutrient media was brought into an
active state by passing through a living organism of a caterpillar.

When caterpillars are inoculated srtificislly with tetrahedrons which were
treated for various timé periods (from 15 min. to 24 hours) with 96°
alcohol, then already 24 hours after the inoculation in the hemo~-lymph

of the caterpillars begin to sppear normally developed vegetative
bacterial cells,

Soon after sowing of these cells in artificisl nutrient medis, a
development of the initial bacterial culture becsme manifest, On the
second day after the inoculation the smount of bacterial cells in the
hemo-lymph of caterpillars increased considerably and a process of
breaking~down of the orgsnism began and on the fourth-fifth:day the
caterpillars were destroyed and a new - formation of crystal-like
corpuscles~tetrahedrons was recorded.

Analysis of the intestines of ceterpillars artificially inoculated
with tetrahedrons showed that tetrahedrons pass with food up to the middle
intestine where they undergo changes, break down and at the same time
appear bacterial cells,

We ehecked under artificial conditions the possibility of obtaining
bacterisl cells from crystal-like corpuscles-tetrshedrons, and it was
possible to record definite changes in tetrahedrons. 24 hours after the
sowing some of them began to react to coloring with methylene blue:
they beéame light-blue colored. After 3 days the number of tetrahedrons
being colored imcreased considerably; in part of them the center was
colored more intensely. On the fifth day we discovered tetrahedrons in
which the intense coloring was in 8 - 12 spots on the periphery. At
that time no uncolored tetrahedrons were discovered. Onthe seventh
day bacterial cells were forming, chains of which looked like a coiled
spiral while tetrahedrons disapjyecared. Resowing of these bacterial
cells in nutrient medis produced a manifestetion of development of
tecteria which were isolated previously fromc aterpillars of the
cutworm moth-garnma .

On the basis of all the above mentio:red we came to the conclusion
that the crystal-like corpuscle-tetrahedrons which we discovered inthe

organism of caterpillars, butterflies and eggs of cutworm moth-gamma -
seem to present a specific form of bscteria existence.

Dy

Declassified and Approved For Release 2013/04/05 : CIA-RDP80R01426R010100040001-8



Declassified and Approved For Release 2013/04/05 : CIA-RDP80R01426R010100040001-8
(9) Trans. 493

Q)

In breeding isolated bacteria under artificial conditions in:various
nutrient media, together with the crystal-like corpusecle-tetrahedrons
aggregate crystals were formed which, unlike the f ormer did not dissolve
in alkali but instead readily broke down

-9
(tegin B. 95)

in an albunin media with a weakly acid (p4~6.5) or neutral reaction
into crystal-like corpuscle-tetrahedrons.

In varicus nutrient media the f orm of crystals was different:
bipyramids, polyhedral rods, prisms, do-decahedrons, polyhedrons and
druses. But in whatever media we tred the bacteria, the crystal-
aggregates were generated and grew withcut fail in the bacterisl colony
itseif or inthe film. If the media was unfavorable for the development
of btacterial colony, then the aggregate crystals were not formed.

When breeding in solid nutrient media, the crystals which were
generated in bacterial colony grew into the depth of the nutrient media,
frequently forming crystalline particles up to 1 em. in size.

In liquid nutrient media the agiregate crystels were generated directly
(]D in the bacterial film and after it (the film) dropped to the bottom of the
flask they appeared also inside the troth in the bacterial residue on
the walls and the 'ottom of the container.

Studying biological properties of our isolated bscteria in various
artificial nutrient media we established that decrease in temperature down
to 9 - 13°%—inhibits and rise to 17 =~ 220--speeds up the process of
crystal~formation. '

At 3° the develorment of bacterial culture did not stop but pro-
ceeded extremely slowly, If at 13° and above the clouding of the meat-
peptone broth wes observed after 24 hours, formation of bacterial film
afteg 3 days and formation of @rystals 5 days after the inoeculation, then
at 37 it took place correspondingly on the 8th day, after 12 and 18 days.

In solid nutrient media the process of formstion and crystallization
takes longer than in liquid nutrient medis. In the first case the
crystallizetion process of the microbe's living substance lasted 55
days, in the second - 22 days.

The temperature factor which influences the intensiveness of
develorment of the bacterial colony reflects also on the crystallizstion

95
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@

process of the living substance--the virus. At a 23° temperatire the
beginning of crystal~formation in the becterial colgny was recorded
on the third day after the sowing of kecteria, at 9 —on the eighth
day and at 5%--on the twentieth day.

In studying the aystallization process inthe btacterisl film in
liquid nutrient media, we found out that the amount of nutrient
media in the container is of no particular importance but the size of
the surface area of the broth in the contsiner plays an essential role.
The larger the area of the tacterial film, the more crystals are formed.

It was established also that erystal-formation in bacterial culture
is in direct relation to the intensiveness of bacteria development,
to pH and the qualitative composition of nutrient media. At the moment
of intensive crystal-formation in the pbacterial film takes place a
change in the pH of the media towards neutralization (in a media with
acid as well as with alkali resction).

When the pH of the media changed sharply towards acidity or al-
kalinity, acteria did not develop and crystallization was not observed.
And when the media wes changed gradually by the organism itself it
appeared to be capable to change the form of its existence (up) to a
virus and a crystal, With the formation of crystels, mcterisl culture
was able to stand a prolonged action of sun rays and high temperature.

Our experiments demonstrated that with the formation of crystals
in the media, pasteurization at 70° and 2-hour sterilization at 120°

95
(tegin p. 96) | ' \

stop the development of the culture, but after a certain time 2ppears
a cellular form of the microbe which generates crystals anew,

~96~
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Effect of sterilization of meat-peptone broth inoculrted with Bact, Gamma
Sp._nov. on subsequent mnnifestation of development of microbe!s cellular
form and new formation of crystals.

Variant of experiment D-tes Mrnifestation of Manifestation of
development of |development when
microbe broth is resowed
after sterili- |after sterili- !
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GD In our experiments the artificinl inoculation of csterpillars of
cutworm moth~gamma with cellular and virus microbe forns as well as
with erystals of living substance which were isolated from a Macterial
culture caused their mass infection and.death,

Dissection of diseased and dead caterpillars disclosed a charac-
teristiec picture of patholégical process which takes place when cater-
pillars die under natural conditions. In cells of hemo~-lymph and fat-
albumin body a formation was observed of crystal-like corpuscles-
tetrahedrons and in the cavity fluid of caterpillars was also disclosed
a cellular form of microbe,

We checked the possihility of restoration of microbe life from
crystals isolated from a tmeterial culture in a series of tests in which
we disinfected the crystals superficially (on the surface) with 96°

- alcohol and ignited them with the flame of burning alcbhol. FExperiments
demonstrated that for restoration of life from crystals it is necessary
to create such conditions in the media which would be favorable for a
gradual change of the crystalline substance itself , its transition from
the crystalline to the colloidnl states In the btacterial colony
which developed from a crystal a rather intensive crystaleformation
took place anew. Repent tests mlways produced similar results.

S e Idled (p. 90

CD Dynamics in dying off of “caterpiliars of cutworm moth-gemma in the experie
ment with artificial inoculetion with the microbe of Bact. Gamms so. nove
(1952; experiment conducted on September 11).
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Observing the development process of bacterial colony when aggregate
crystal wes sowed into the nutrient media, “7e established the following.

Already 4 hours after sowing of crystal-aggregate in nutrient media,
the agar is liquefied in the spot where the crystal is located. In con-
nection with this a crater-like depression is formed around the crystal
which (depression) is filled with fluid, and the crystgl still preserves
its shape~it has no noticezble changes.

On the second day after the sowing, the crystal-aggregate loses its
transparence, becomes dull-white and acquires from outside a non-crystele-
line viscous structure. At this moment the viscous mass being formed
consists of minute crystal-like corpuscles-tetrahedrons which possess
properties of liquid erystals very similar to crystals of the yellow
jaundice virus of insects.

With the transition of the crystal into the indicated state its red

~coloring with alkall -~ eosin is possible, which is characteristic for

crystal - like virus corpuscles -~ polyhedrons which are being found in
insect organisms,

On the third day after the sowing of the crystal in the place of its
location in the agar starts a formation process of bacterial cells which
are at first roundly, coccus - like in shape and immobile and then stretch,
acquire a rod~like shape and become mobile. The cells which acquired a
rod-like shape reproduce intensely by way of paired division. With the
appearance of the rod-like shape of cells which are mobile, bacteris spread
over the surface of the solid nutrient media. On the fifth - seventh day
after the sowing of the crystal, agrregate crystals zre formed anew.

Bacteria culture from the crystal of aggregate which was generated
in bacterial colony cair be obtained also in liguid nutrient media. In this
case the generating orocess of living bacterial cells proceeds consider-
able slower than when the crystals are sowed on the surface of a solid
nutrient media.

When ageregate crystal was sowid in solid nutrient media, a bac-
terial colony developed intensively after 48 hours and new crystals were
formed 5 days after the sowing of the crystal, and when similar crystals
were sowed in liquid nutrient media, the intensive development of bac-
terial eulture was recorded only after

(begin p. 98)

25 days, formation of bacterial film - after 35 days, new formation of
crystals~-after 38 days.

-9
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This phenomenon which we obserwved provid a basis for the assumption,
that in order to obtain the celluler form of the microbe from crystals,
not only a nutrient media is renuired ut also a direct action of the air,
which a parently furthers a speedier reneration of such a process which
makes a transition possible of the living substance from a crystalline
state to a non-crystalline; together with this favorsble conditions are
created for formation of the cellular form of the microbe. Correctness
of this is confirmed by the fact that the bacterial colony did not develop
from the crystal directly into the depth of the solid nutrient medic,

Table 4 (p. 98)
Effect of recrystallization of the living substance of the microbe of

Boct. Gemma sn. nov. on development manifestation of the microbe's cell-
wlar form (1950)

i

. . | Menifes 10 ~ment
Variant of Solution of crysd D?te danlfestatl n of development
tals and time of sowing oL SO- i

Wing {

!
; 1
Tn 30% Sulfuric acid. Sow- l

ing of solutlion grior to ;
nevtrelization NA OH 30/VIII] - - - - - -

i ~ . -
In 30% Sulfuric acid + ‘ ‘
neutrilizstion of solution |
M4 OH., Sowing prior to de-~ |
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| :

. l v
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]
3
|

18/

f
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! |
i } !
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i1 neutralizaticn NaOH, i ’ A
Sowing of Deposited cry- i
stals. 26/VIT Yon/wT 120/NIT 130VIT AT Yo &IT

4

In order to test the possibilities of encystment (inclusion) in the
awptal of fthe midrobe of cellulAr form with preservation of its viability,
we conducted experiments with crystallization of crystesls. It was establishe

ed that after dissolving the cryvstals in 10 and 30% solutions of sulfuric

-98-
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and hydrochloric acid, reactivation of cellular forms of the microbe is
impossible and after neutralization of the giren solution with a 25%
solution of alkali, i. e. after a return depositing of the crystalline
substance, the lat*er is cepable to produce cellular form of the mic:obe
in artificial nutrient media, And the process proceeded in the sane
order as when the crystals, which undcrwent surfacc desinfection with
alcohol, were sowad.

The experiment with recrystallization of crystals which were isolated
from a bacterial culture was conducted with three and six repeats end in
all the cases a similar picture of development manifestation was observed.

The exneriment demonstrated that we are dealing here not with a
simple entrapment(?) of microbe cells in a substance being crystalllzed
but with a

(bezin p. 99)

formati-n in a brcterial colony of a substance which possesses properties
of a living substance capable for reactisstion and development into the
cellular form of microbe.
Thus the livins substance which passed: into a crystalline state is like
e trensitory stare. Devending on conditions of the envirormrnt there can
(]D develdo either a ovocess of formation of albumin substances which have signs
r 1life, or a process of decomnosition as a result of which restoration of
ljfo is possible only under conditions of return depositing of living sub-
stance as crystals.

The results of observations of life restoration ni*ocess from non-—
cellular livinz substance of the microbe which chanped to the state of the
crystal allow to maintain, that the develovment of a non-celluler living
substance of the virus can be carried out only under certain conditions
end when there is 2 uniformity with then. Outside of that the virus form
can change to crystal form and through that become a lifeless body cepable,
however, to retain its structure and to renew the life activity when
necessary conditions are restored.

The phenomenon of crystallizetion of the living substance glves a
clear example of oneness of the living and non-living, when netween the
two there is no impassable abyss about which scientists are talking who
occupy ideslistical and metaphysical vpositions.,

The above facts which demonstrate the possibility of transition of
;acterila into virus and erystal forms in artificial solid and liguid

-99-
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nutrient media, - confirm fully the correctne.s of opinions expressed by
D. T. Tvanovskii, N. F. Gamabia, V. A. Krestovnikova, L. T. Fal'kovich and
others on virus as on a result of variabilitr of forms of existence of the
microbe. '

The develovment process of microbes under artificial conditions which

we followed up from bacterial cell to virus form and agrregate crystal and
vice versa from aggregate crystal to bacterial cell, is cuite complicated
and requires further more profound stud:.
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‘ (In full)
By e
. , . A, Antik

Rautenshtein, Ia, I.

Habliudeniia za lizisom aktinomitseta
pod vliieniem aktinofage pri pomoshchi
elektronnogo mikroskopa

[Observation of lysis of Actinomycete
under the influence of actinophage with
the aid of an electronic microscope].

Mikrobiologiia 22(1)¢1l-14. Jan/Feb 1953
448.3 U582

(In Russian)

Observations with the help of
an electronic microscope of
lwsis of Actinomycete wnder
the influence of an actinophage.
The decomposition process of bacterial cell under the influence of
bacteriovhare was studied by many researchers. .

But up to the present time there is no work in the literature with
a description of the electronic-microscopic picture of the decomposition
of liycelium of Actinomrcetes under the influence of an actinophage, in
spite of the fact that phago-lysis of Actinomycetss is known since 1934,
when for the first time a work avpeared about it by the Soviet scientist -
Dmitriev (1), Xrasit'nikov (2) described the microscopic picture of as
77
|

dissolving of colonies of some Actinorycetes and pro-Actinomycetes as well
25 the lysis process of their myceliwm as & result of auto~lysis.

In the works by Kriss, Rukina and Issev (4) there are data on results
of study with the help of an electronic microscope of the structure of a ;
normal mycelium of Actinomycetes. In some works on study of actinophages :
are given only photographs of actinonhages (7,8)s At the same time the
study of the Jecomposition process of mrcelium under the influence of the
phage is undoubtedly of intevest for the understanding of some aspects of
inter—elation between the cell and the phage and of the generating mechanism
of forms resistant to phages.

The purpose of the present work is the studr throuzh an electronic
microscope of the decormposition vrocess of the Actinomycete mycelium under
the influence of actinovhage. Acht. elobisnorus culture susentible to
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actinophage and actinophage svecific for it, was taken for this work,

In chosing a media for breeding Actinomycete and for phago-lysis
we decided on glucosew-asparagine media of the following composition:
glucose~ 1.0g., asparagine— 0.05g., K HPOu - 0.5g, H'aCl - 0.5g., comn
extract - 0.1 - 0.2g., distilled water - 100 ml. Sterilizstion of media
was carvied out by f*ltering through a Seitz's filter, The indicated
media is fevorable for the growth of Actinomycetes and for manifcstation of
lytic action of actinovhege., The advantage of this media consists in the
fact that in it tho growth of Actlnomy ote and the orocess of its lysis
under the influencc of actinophage is slower than in media rich in aloumln,
which makes the obscrvations of single stages of this process easicr. The
breeding was carricd out undcr conditions of depth growth in flasks placed
in a vockor (agitator) at a 260 temperaturs. Under these conditions, &s
observations showced, phago=lysis nvocoodcd more completely than with sur-
face brecding.

Experiments with phago~lysis wore conducted in two variants. In some
tests actiio . phage was introduced into the media simultancously with sporces
of Actinomyccte; in others - actino-phage was added to the already grown
24-hour culture of Actinomycete. As a control served the culture of
Actinomycete being grown in the same medis but without actino-phagc. Diag-
lysis wes car icd out throurh collodion films by the method described by
Kriss, Berczova and Zolkover (3) and lasted usually 15-156 hours,

Fixotion of preverstions for electronic - microsconic obscrvations
was donc by dessicetion. For this pwmose the material from flasks boing
studicd was transfer ed with a loop directly on small collodion films
which were stretched on special small mctallie nots used for vreparing of
clectronic-microscopic prenarations.

(Begin p. 12) Preparstions prepared by the indicated method were
dried in the air at room temperature and then placed for dialysis.

Results of oxperimonts

Liorphological peculiarities of esctino-vhage used in our experiments
for the lysis of Agh. elobisnorus culture are shown ih fig. 1.

Caotion for ficures 1-10, 1) Actino- ohage of the Act. globisporus
culture. Dusting with Nichromc. 2) Soores of the Act. eglobisoorus
ulvtre. 2) Germination of Act. slobisporus spores. 4) Same, 5)
Normal 24-hour culture of Act. globisovorus. 6) Act. *]obisnorus
spore germinated in oresence of “CthO-pbaPO which underwent a lysis
after the formation of a short myceliuwm, 7) liycelium grown f¢on a
spore in e media with actino-phese ot the age of 24 hours. 8) My-
celium of Agt. clobisnoris after one hour exposure to actino-pharc.
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In one section of the hyoha the lysis has commenced. 9) Mycelium of
Act, globisporus after one hour exposure to actino-phage. 10) Same.

It is clearly seen from the vresented photograph that a particle of
this actino-phare consists of an oval-shaped head and a tail. The head of
the actino-phage is not homogeneous but consists of a lighter (in color)
central part and of two more dense corpuscles at the poles.,

The size of actino-phage's head when dusted with Nichrome is about
80-35 == in dismeter along its long axis; the length of the tail is about
twice as long as that of the head. '

Looking through an electronic microscope at the spores of the Act.
glohisnorns it is seen that they are predominatly cylindrical in shape (fig.
2), beforc rermination the sporcs swell and become rounded (fig. 3) or
retain their cylindrical shape (fig. 4).

In fig. 5 a normal myceliun of the culture is shown at the age of 24
hours. It is seen that at this age it has a homogeneous structure with single
lighter sections.

In introducing into the glucose-asparagzine media the spore material
of Actinomyreete simultanecusly with the actino~phage the following picture
is observed: at first the spores swell and germinate as in the control, i,e.
in the media without actino-phage,

Part of the spores undergocs a lysis immediately after germination and
formation of a short mycelium (fig. 6).

Another part of the spores continues its growth for some time after
the rermination and forms an entirely normal branching mycelium. In fig. 7
isghown such a culture at 2 21 hour age,

Myecelium grown in media with an actino-phage can reach various sizes
and be exposed at different stages of its development to the 1ytic effect
of actino-phage.

The lysis of mycelium which srew from spores in the presence in the
media of actino-phoge, proceeds in the same way as the lysis of a mature
mycelium to which the vharge was added 24 hours after the sowing of spores.
Therefore the description of mycelium lysis for the two cases is given to=-

gether,
- Changes in the grown mycclium of Actinomveets to which actino-vhage is
added during breeding in glucose=asparagine media and which are noticeable

through the electronic microscrpe, can be usually detected an hour after
introduction of actino-phage.

-3
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These changes begin in single sections of each hypha not covering at
once the hypha as a whole. It can be noticed how in the s»wot of the hyvha
where the lysis storts being manifest, at first comes a certain thickening
of it, the protoplasm becones more dense and separates slightly from the
wall. This is seen in fig. 8 where the state of the myecclium section is
shown an hour after the cxposurc to actino=phage.

In fig. 9 and 10 are presented picturds of the state of mycelium which
can be observed after one hour exposure to the phage and which indicate fur-
ther development of the lysis process.

In single sections of the hyphae the protoplasm loses its homogeneity,
spots appear with a noticeable granularity «(fig. 9). By the same time there
are single hyphae in which the lysis process has develovned still further,

In fig. 10 is shown the state of such a mycelium. Clearly seen is a sharp-
Ly expressed nuclear gramularity end presence of sections with a transparent
coritent .

The character of further development of the lysis process can be Judg-
ed (begin p. 13) from fig. 11, which demonstrates the state of some hyphac
after a 2 hour exposure to actino-phage. It is clearly seen how the section
of mycelium of a normel aspect changes sharply into a byscd section, in
which the wall is already destroyed and the content broken dowmn into a
shapeless mass. '

Cantions for fi~ures 11218, 17) Hypha of the Act. globisporus my-
celium after a 2 hour exposure to actino-phage. 12) The Acht. slobi-
sporus mycelium after a 3 hour exposure to actino-phage. 13) lircel-

ium at the age of 27 hours in a media without actino-phage (control).
14) lycelium of Act, elobisnorus after a 4 hour exposure to actino-
phage. 15) Same, 16) Single hyphae of the Ag¢t.zlobisnorus mycelium
after a 4% hour exposure to actino-phage. 17) Same after a 5 hour
exposure to actino-phage, 18) Same after an 8% howr exposure to actino-
phage. ,

fter a 3-3% hour exposure to actino~phage many hyphae are in a state
of complete decomposition; in some of them are retained single small myceli-~
un sections with a granular content which is in varying stages of decome
position (fig. 12).

The mycelium in the control flasks (without actino-phage) by this
time retained fully its homopeneous structure (fig. 13).

After a 4 hour exposure to actino-vhase the amount of fully lysed
hyohae increases, but amohg them are found single hyphae which have fully
retaificd the normal mycelium (fig, 14).

1

Figures 15 and 16 show the state of single hvphae of the Actinomycete
culture after a 4% hour exposure to actino-vhage.

L
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In fig, 15 we seec parts of two dif’crent hvphae; in one of them the
lysis nroeess terminated ot one end with a tesr in the well and a break
down inte a shapeless mass and the other 2oyt still retained single
sectlons of » mycelium of normal aspect,

In fig. 16 are illustrated three hyohae which are in various stages of
lysis. On one of them (b) remains a small ‘section with normal mycelium
which changes into a lysed section; another lypha (a) is almost completely
lysed, and the third hypha {d) contains extremely characteristic granular
inclusions on the nature of which it is difficult to pass & judgement,
After 5 hours of contact between the actino-phage and the mycelium, in pre-
parations can be observed, together with 1ysed hyphae and hyphae completely
broken down into a shapeless mass, also single sections of hyphae which
retained cutirely their normal aspedét. Fir, 17 demonstrates the state of
some hyphae after a 5 hour exposure to actino-phage. It is seen clearly in
thls fipure how a norms) scction of one hypha terminates abrumptly and is
sharply separated from the following entirely lysed part of the same h;pha.

And after an 8 hour exposure of mycelium to actino~phage, when the
number of the completely decomposed hyo-ae is already quite considerable,
there are single comolotely prescrved sections of hyphae (fis. 18).

N

Longer observations of the lvsis process of Actinomycete indicate
thet together vith a complete decomposition of some hyvhae an sppearance of
a yormg mycelium at the expense of 2 secondary growth can be observed, The
secondery growth orsinates at the expense of rermination of single mycelium
sections which acquired resistance against the lytic action of the sctino-
phage. This is confivined also through observations, which we conducted
together with Feshkov, Sorokina, Cherednichenko and Sharitova, -~of cytological
changes of the Aet, clobisvorus myceliws when it under went a lysis under
the influence of actino-phage; observations were car-icd out with +the help
of the regular lisht microscove (6).

Conclusions
Observations through the electronic microscope were conducted of the
morphology of the actino-phage Act. globisvorus and of the lysis proccss
which 1t causes to the mycelium of the given Actinomycete. The following
was exposed, »

A particle of the actino~phage Act. globisporus consists of s small
oval-shaped head and a tail. The head of the actino-phage which we studied
is not homogeneous, Mut consists of a lighter (in color) centrazl nart and
of more dense corpas-ies at the poles,

When the Actinomycete spores are bred topether with the nomolorous
actino-phage, the lysis of a part of spores starts imedlately after their
germination and formation by them of a short mycelium.

(begin p, 14) Another part of spores can germinete first into a
quite normally looking branching mycelium which later underroes a lysis.
Different hyphae of the same culture undergo a lysis at development stages

~5m
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From: Mikrobiologiva (lMicrobilogy), Vol XXI, Wo 1, Janusry -
S February 1952, Hoscow, Pages 71 - 76

SOME PRINCIPLES OF BREXEDING MICROORGANIMS FOR TNDUSTRY

(Frinted in connection with the discussionarried in the

Mikrobiologiva (licrobiology) on wroblems of breedihg micro-
organisms).

¢:\  Ye. I. Rvasnikov

The Jjournal Mikrobiologiya has opened a timely discussion
on the urgent problem of methods and wrincinles of breeding micro-
organisms for industry (7).

In this article I wish to discuss certain geneRal postulates
which have been basic in the course of our many years of work on
breeding industrial microorganisms,

It seems to us that the most thorough understanding wossible
of their interrelationshing with their environment, an understanding
of the nature of their economically valuable orovwerties, is basic
and most imoortant in the work of breeding microorganisms,

In the course of long evolution the nroverties of microorganisms
have been formed under the natural conditions of existence., Industry
is a new environment for microorganisms and they are changing continu-
ously in the wrocess of adanting to it. Demending upon the character
of the influence of industrial conditions economically valuable pro-
nerties of microbes can change in various directions. This 1s why

‘mowledze of the technological »rocesses of industry for whose needs
the breeding work is being carried on=md an anderstanding of its

charscter of its influence uvon the mirroorganisms is so immortant
in the breeding of microorgenisms,

W e
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We believe that it is this which should determine the course
of research, which should ta%e into consideration the specific features
of industrial conditions in every specific instance,

Lengthy culture of microbes in gome industries has immroved
their economically valuable wroperties, This has been obgerved pri-
marily in cases where the direct adantation of the microorganism to
its industrial environment has been varticularly useful to us, for
exammle, the zdawtation of more complex produets of the hydrolrsis of
volysaccharides to deen fermentation, Thus, lengthy develovment of
the nroducts of amylolvsis of starch has caused the ability to ferment
some of the simplest dextrine in certain yeasts, It is a fact, as a
number of research workers have vointed out, that we do not encounter
in nature the veast Sacchzromvces ellivsoideus, which ferments must
out of sugered starch so deenwly, or the production strains which have
been sevarated into the new species Sacch. cerevisiae primarily on
the basigs of this criterion (5)» Our study of a large collection of
veasts gathered in various natural habitats in Central Asis fully
confirms this mnosition,

Therefore, lengthy breeding of cultiveted strains of yeast
. in the liquor industry, which orocesses grain and wotatoes, can im-
(:\ vrove their quality.

Similar results can De obtained in the work of adaptation of
veasts to media unfavorable for their commonents. Thus, Yakubovs'kiy
(8) develoned the "Ya' breed which gives snlendid results in fermenting
mashes made of molasses.

Reneatedly passing yveast through the vroduction cycle of chame
nagne making resulted in imoroving its guality (Ryabchenbo (8), Xvasnikov
and Throli%ova (4), and others).

We have also checed this method reweatedly in primery wine making,
In this instance of working with musts seeded with ellinsoid veasts
there is never any assurance that the avproved race is being immroved,
and not the develomment of a new strain with unknown vproperties (whose
study would require lengthy and mainstaking research), Turning to the
form and structure of the yeast colonies is not justified since these
characteristice change, loreover, the final evaluation of the wine is
made several months after it is prevared. Therefore, this method (in
view also of the seasonal nature of the indusurv) can' scarcely be widely
recommended for the winemaking industry; it can be emmloyed only in
laboratory work,

Thus, improvement of races by means of reweated passages through
production cycles provides vositive results in those instances where
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the latter immroves certain provwerties in a directed menner at the
game time that other, likewise economically valuable mroperties, cor-
relate with thig in 2 vositive manner,

In industrial emmloyment of this wrinciple of breeding, direct
return of the isolated cultures to the production cyvele 1s possible
only in industries which process sterile substrats; however, this is
risky as thn cultures develpped require further study. In vrocessing
unsierile or provisionally sterile substrata, however, each of the
isolsted strains should be subjected to 2ll-around study a2s in ordinary
selection, It is immossible to avoid these checks zs some straine of
low quality may be among the isolated strains. '

All this requires the use of more effective methods of breeding
in these industries.

Industrial substreta do not influence the microorganism in a
direction desirable for us and do not select forms whose quality is
particulariy interesting from the standvmoint of the technological process
in all industries, Under the artificial conditions of the technological
process of some industries those forms which are less active in certain
respects may turn out to be interesting, The cqualities of physiological
activity and great adaotability to the environment do not always co-
incide with the economic value of the forms, At times strains nossessing
wBakened fermentative mroverties and which are vhysiologically inert
are of marticular interest to us (in the production of nonalccheltc
beverages), )

In some industries emonomically valuable vnromerties of microbes
are weakened durine the technological vprocess, This is observed in
the employment of microorgsnisms for vproduction of certain organic
solvents, acids, etc. In this case frecuent nrovagation of cultures
carefully meintained under svwecial laborztory conditions for industry
is an essential recuirement,

In some industries we are interested in nroverties of microbes
which do not have a strongly adantive character (By~-Products of
fermentation, esnecially the meking of aromatics, etc), It is dif-
ficult to assume that industrial conditions have necessarily changed
them in the desired direction.

Therefore, breeding of industrial strains only from industrial
production may lead to unfavorable results in meny instances.

Finally, in selecting microbec from industrial substrata,
sevaratins them from nroducts of sunerior quality should not be regarded
as the sole method, At times, on the contrary, snoiled and "siclk"
production mey provide us with the needed material., In this instance
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forms which have survived in comvetition with other species may be of
interest, Most of all, forms with vproperties necessary for us can be
formed in this case,

Thus, we have succesded in dovelooing stfains of lactic acid
bacteria from swoiled ensilage which vossess great sctivity and show
good results in industrial tests,

Thus, it 1s,.0f course, imnossiblg to econsider that races of
microorsanisms will necessarily change with immrovement of the tech-
nological nrocess in the diredtion desired by us.

At mresent microbiolozy has at ite dismosal manv methods
developed on the nrincinles of brerding worked out by Michurin and
Lyvsenko,

Nature is the inexhsustible source from which man, in the
course of his history, has taken, is taking and will take living
organisms for cultivation, The immortance of studying the living wealth
of nature in all branches of natural history has become all the
greater now that HMichurin biology has omnened the greatest ommortunities
(Zj for the directed remodeling of nature, In this respect the world
: of microbes is varticularly wnromising, Fregquently, moreover, newly
isolated strains which acquife a high degree of wlasticity under new
environmental conditions are favorable material for further improvement.

We note, for example, that the larse amount of material that
we have accumulated by commarative study of wine making strains of
veast isolated from their natural habitats in Central Asia (biocoenoses
of vineyards and gardens, namely: from the soil, grapes, above-ground
nortions of mlants, flower nectaries, etc), and strzins isclated from
the best wines have given curious resultg, It turned out that a number
of industrially valuable characteristics, varticularly the ability of
forming insignificant quantities of volatile acids, are more widely
nrevalent amongz strains isolated directly from nature than from wines,
A larye number of the former gave solendid cleritv of must and a denee
precivitate very difficult to make turbid,

We (Xvasnilov and Xhrolikova (3) isolated the Rkatsiteli-6 (Rts-6),
which has given snlendid results and has been extensively introduced
into the industry in Central Asia, from granmes. It has also shown
itself to be one of the best champagne breeds,

A high energy of chemical wrocesses is inherent not only in
veasts, but also in a number of other srouvs of microorganism isolated
from natursl habitats in certain ecological regions, In this connection,

~ strains developed in the sharnly continental subtronical climate of
<;3 Central Asis are of interest,
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Thus, in breeding lactic acid bacteris for ms'zin~ ensilage
fodder in Uszhekistan, in joint wort with Sumnevich (2), we sucreeded
in isolating straine with an excentional capacity for acid Formation
(un to 300-500 degress absolute tpmneratuve).

Some eronomically valuhdble nromerties of microbes may be formed
under wild natural conditions, In this instance searches for needed
microbes in nature is not a havhazard but an entirelv lozical and
Justified method.

We note in vassing that the enthusiasm for breeding local races
of microogganisms from restricted re~ions for the needs of azricultural
technolory, which has been elevated to a ~odms, =2s it seems to us, is
herdly justified. It ias essential to avoroach esch case individually,
carefully taking into condideration snecific local conditions. One
must not iznore the mossibility of introducting and acclimatizing breeds
developed in other regions, TUnder new conditions thev may at times
disvlay = number of valuable wroverties,

Thug, the 53rd «train of Azotobacter, which wos isolated fron
Central Asian soils, has given mood results in entirelv different geo-
aravhical regions =and frequently sur-asses local strains in resmect to
activity., Petrushenro (1) and I have isolated a number of sirains of
Azotobacter which markedly survass the 53rd strain in resnect to nitro-
gen~-fixing 2bility from Central Asian soils, Thev have been turned
over for teating in other ecologico-zeogranhical regions,

Our Rkatsiteli-6 Dreed has given wzood industrial results in
some localities in the western regions of the USSR, Its introduction
into Yottle cheammagnizing at the Moscow vwlant resulted in large economics,
This breed moscesses a clear-cut canacity for giving demse precinitates
which do not become turbid and move smoothly along glass,

It is vossible to cite many similar examles, Therefore, while
devoting considerable attention to the breeding of local strains, 1t
is essential to study strains whose economically valuable wroperties
were formed in other regions,

Soviet microbiologists have achieved great success in the field
of breeding microorganisms. Breeds isolated by thenm are working in
plants belonging to different branches of industry.

At present we have at our disnosal methods for intensifyving
the fermentative mechanism of microorganiems and for adanting them
for fermentation of many substrata that are difficult to ferment; we
have succeeded in obtaining marked shifts in the temwerature boundaries
of the life activities of microbes in accordance with industrial needs
and are successfully acclimatizing microorganism to a whole series of
antigentice,
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All this has been achieved wrimarily under laboratory exver-
imental conditions combined with factors of industrial influence.

Living orgenisms wossess greatest vlasticity in veriods of
energetic acclimatization during stages when synthetic wrocesses are
predominant, At mresent a number of methods have been worked out in
the laboratory (continuous cultures, etc.) in which these nrocesses
go on smoothly =nd ranidly, markedly survassing the vrocesses in
industry (Sayenlo(9)).

Bv thoughtfully apvlying the methods of Michurin selection,
selecting factors which loosen the heredity of the microbe cell 2nd
combining them with consecuent directed conditioning it will be wos-
eible to obtain and to fix a number of industrially immortant wmro-
nerties of microbes under the effecte of laboeratory and industrial
influences,

Work is scheduled on deen changes in the cource of exchange
of substances in the microbe cell, as correctly emmhasized by Imshenetskiy

Microorganism were among the first living substances to arise
on the surface of the cooling nlanet. They have ¥yssed throush a
long »ath of evolution, Due to the meculisrities of their structure
and exchange of substances microorganisms have been closely connected
with the develowment of the orgsnic world in the nrocess of develownmente
The vroperties of some microorganisms have been formed in commany with
other microorganisme, The veculiarities of the mornhology and bio-
chemistry of the microve cell have made their mutual influence during
joint develo-ment (in sludges, scum, colonies, etc.) particularly deev.

One may surmise that in the evolution of microbes heredity was
enriched vrimarily by a nrimary (asexual) method, in warticular, the
penetration of some oroduets of the metabolism of some cells into other
cells, '

Therefore, the most basic changes in the heredity of microbes,
including the transformation of swecies, resulted from the action of
other microbes. The ways in which this influence was exerted are al-
ready cuite clearly outlined:

(1) Joint culturing of microbes in media;

(2) Culturing in the very same medium, but isolating them
from sach other by a seminermeable membrane;

(3) The influence of killed microorganisms on the life activities
of other forms of microbes;

(4) Culturing some forms in media with the addition of wwrodusts
of the 1ife activities of others, or in extracts taten from them, etc.;

(3) The influence of transforming substances (desoxvribo-nucleinic
acid) obtained from microbe cells by chemical methods.
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In industrial microbiology, due to the &ogmatically azccented
nrlncinle of use of microorganisms in pure ‘cultures, this method of
directed change in the hereditary properties of microbes has remained
outside the svhere of research work up:to the nresent time., In the
meantime, however, it merits the most intent attention and promises
inexhaustible possibilities in resvectito deep changes in the exchange
of substances in the microbe cell. In-this connection the exverience
accumulatéd by medicinal microbiology shoulﬁ be taken into considera-
tion in every way.

The course of "impressing" unén some industrial microorganiems
nroperties of other microorganisms which vossess valuable properties
ig very oromising., ©Sexual hybridization is adso of immortance in the
breeding of veasts. (Xosikov (5))

A large amount of material on the use of mixed cultures of
microorganisms has been sccumilated in industrial microbiologv.  The
hones vested in these cultures have not been justified in some vwractical
fields, in »articular, in the selection of mixed cultures of reasts
for the wine malking, licuar and beer brewing industries, and they have
not found wide application in industry. It seems to us, however, that
work in this direction should be intensified. Establishing more

‘E: thorough ecologico-microbiological research projects could be of sig-
’ nificant heln. Greater attention should be devoted to study of cer-
tain biocoernological relstionships between microorgasnisms in nature.

Our work on the study of the interreclationshing of veasts and
lactic acid bacteria in natural, closely intimate fellowship have
indicated to us the »ossibility of changing the biochemistry of the
yveast cell through the effect of culturing them with certain smecies
of lactic acid bacteria, ’

In varticular, through lengthy culturing the Rkatsiteli-6
breed with lactic acid bacteria LactéDacterium buchneri, Strain 114,
we succeeded in sharmly reducing the capacity of yeast for accumulating
volatile acids, which is esvecially important in wine making., The
character of the nrecipitate of the yeast was also immroved,

The RM breed develoned by this method underwent industrial
testing in two vnlants (of Sovkhoz No 1 imeni Khovrenko and Sovihoz
¥o 7 Uzbeltvino). The valuable properties of this breed were désslayed
at this time. It is varticularly important, however, that the directed
acquisition of the canacity to form only insignificant amounts of vola-
tile acids was also manifested under industrial conditions, At Sovkhoz
No 1 the wine (Riesling) wrepared with the RM breed had a maximum
volatile acid content of 0.2 vercent (with the initial Exatsiteli-6
breed 0.5 mercent); At Sovikhoz No. 7 the wine (Bayanshirey) prepared
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with the RM breed contained 0.12 - 0.15 percent of volatile acids.
The wine made with the new breed received z high mark.

At vresent we are studying the stability of the oroperties of
this breed, Research is also being conducted on directed changes in
the promerties of industrial breeds under the influence of other straing
of microorganisms and substances obtained from them.

e have discussed only certain ‘principles which, it seems to us,
play an immortant role in the commlex and many-sided work of breeding
microorganisms for industry. The deepér we look into the intimate
side of the interrelationship of the microorganism with its environ-
ment and the more thoroughly we try to understand the nature of the
formation of valuable pronerties in the process of formation and
development, the more effective our methods of breeding will be,

In this instance practice will bte the true criterion and the
Judge of the correctness of theoretical structures.

Received 10 September 1951

<I> Central Asian Branch of the Meagarach
Institute of Wine Making and Viticulture
and

The Agricultural Institute of the Academy
of Sciences Uzhek SSR
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From: Gigivena i Sznitariya / Hygiene and Senitation/, Wo 1, Januery
1953, koscow, Pages 58-60

FAULTS OBSERVED IN TIE RECO! LEHDED :ETHODS OF DETERNTHTNG HARGE
SUPSTAKCES I ATR

A, A, Treoitskiy

The extensive scale of operation of public health laboratories
requires standard methods of exemination. Uriformity in such methods
should assure sn exact picture of the state of the objects examined,

With this aim the Ministry of Health RSFSE advises industrial
senitiation laborgtories to guide_themselves, in their air-gnalysis
work, by GGST's L “State Stanoara§7 5602-50 and 5612-50, snd by the
book written by if. V. Alekseyeva and associates Qpredelenive vrednvkh
veshchestv v_vozdukhe proizvodsivennykh ponesheheniy / Determinaticn
of Harzful Substences in the Air of Industrial uLlldlug_/.

Sor:e of the methods in these handbooks, however, have riisprints
and ambiguities, and if they are used uncritically by persons ines-
perienced in gas analrsis, they ray give incorrect results, and thus
have serious and undesirable consequences, TFor instance, in the
above-mentioned CCST manual, on page 3, in describing the method for
determining mercury in air, it is stated that the volume of the liquid
in each absorgticn apreratus rust be measured after taking the sample.

&

The question 3b09e5}s 1taoif w"" this should ke necessary, if according

to the formula X = "1: x 10 (rage 4) there must under all cir-
cumstances be 10 mllllret ?s of liguid in each absorption an~aratus.
The text fails to point out that this formula can be used nly if the
sample solution is brought up to 10 milliliters by adding absorbin
lipuid before the examination,
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In this method of determining mercury the book leaves out the
important note that 0.1 ¥ iodine solution must be added to the sammle
to make its color the same as that of the scale. Unless this is done,
the addition of the reagent solution to the sample will cause for-
mation of a greenish precipitate cwing to the sample's insufficiency
of iodine, which is lest by volatilization when the air is blown through
it., In this case it will be impossible to compare the sample with the
scale,

Thf me hgd for determining aniline gives the formula (page 8)

X = T in which v, is the total volume of the absorbing
solution in millimeters. This is incorrect, since vy should denote
the volume of absorbing solution in a single absorption anparstus.
In the contrary case, the result will be double the actual aniline
content of the air,

Page 15 fails to indicate the rate at whiéh the air must be
passed in teking samples for the determination of carbon bisulfide
in air,

Page 20, line 17 from the bottom reads "0.06 ml of ammonia®
instead of "0,06 mg of ammonia,"

In the method for determining formaldehyde the following formula

(page 26) is given: "X = EX Y. where v is the quantity of the test
1xvp

solution taken for analysis, in ml; vy the volume of all the liquid being
tested in the first two absorbvers, in ml," The formula would be correct
if the value of v, were given for v, and that of v for vj.

ol

The following important remark is omitted in describing the method
of deterrining nontoxic dust in air (pages 34-38):

"If the sample is taken from ventilating suetion air-ducts, the
velocity of the air drawn through the entrance orifice of the receiver
eguals the velocity of the air in the air duct,"

In the method of determining dust in air (page 38) the following
is given: "v is the volume of air passed through the apparatus in
m?," This should read: "“vpy is the volume of air passed through the
apraratus in m?, reduced to normal temperature and pressure,!

In describing the method of determining carbon monoxide (page 60),
the text reads: "2ml hydrochloric acid should be used for each 2 ml
of barium hydroxide, Parallel determinations may be distinguished
from each other by not more than 0,01 ml of hydrochloric acid,"

We consider it unnecessary, for this test, to prepare an exactly
normal barium-hydroxide solution, in view of the difficulty of doing
so and of the instability of the concentration, What is important
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is that no more than 2 ml hydrochloric acid shall be taken for each
2 ml portion of baryte taken; otherwise, somewhat less baryte must
be measured off with the pipette.

R 4

In determining carbon monoxide, the temperature of the air being
analyzed is taken at the time fo the test, since the volume of the
air is meéasured in the laboratory. The GOST manual, however, (page 63),
reads as follows : " t is the temperature of the room at the place
the sample is taken,"

In the same method (page 63) the following formuls is given:
o = ¥t X 273 x (P = p) " 14 ghould read: "v, = ¥4 X273 x (P £ p)
X 0~ (273 ¥ t) x 760
since the pressure of the test air in the appasratus for determining
carbon monoxide is greater than atmospheric pressure, not less than
it.

In the recommended book by M. V, Alekseyeva and others, the
chromate method of determining lead is described on page 94, with
a reference to S. P. Sinyakova's papter "Micromethodology of Lead
Determination" (Gigiyena bezopasnosti i patologiva truda ZPHygiene
of Industrial Safety and Cccupational Pathology/, No 2, page 41,
1941), with the statement that a nephelometric determination is made
<:> by this method,

On page 96 there is a section "Performing the Determination,®
which consists of the following: to the solution containing lead,
water is added, to make it up to 10 ml, 0,1 ml of 50 percent acetic
acid added and mixed, 0.5 ml of 10 percent potassium bichromate
added, shaken, and the color after 5 miuutes compared with the
standard scale,

The following methods also refer to this same "Method of Performing
the Determination®: "Determination of Tetraethyl Lead" by

B. Andronov (OtchetAyoskovskogo nauchno-issledovatel 'skogo instituta
okhrany truda BTsSPS za 1940 g, / Report of the Mosgow Research In-
stitute for Labor Protection of the VIsSFS for 1940/ page 99) and
Razdelnoye opredolenive tetraetilsvintsa i svintsa pri sovmestnom
ikh prisutstvii / Separate Determination of Tetraethyl Lead and Lead
in the Presence of Both/ by B. Andronov, page 102,

Our ovn laboratory has reached the conclusion, after repeated

tests of this method of determining lead, that scale solutions in

test tubes, containing 0.005, 0.01, 0,015, C,02, 0,03, 0.04 mg, after

addition of potassium bichromate and shaking, and after five minutes

have passed, are very difficult to distinguish, not only from each

other, but even from the control solution, Only in test tubes be-

ginning with smounts of 0.05 mg lead and upwards does a faint turbulence

appesr, similar to the changing of an orange tinge to a yellow one,
(;) Consequently the claim that the method is sensitive to 0.0C5 mg in

10 ml is thus evidently shown to be incorrect, without a careful check

of the technique,
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To elucidate the cause for this inexactmess, we decided to
check it by direct reference to Sinyakova's paper, cited in the bock,
and found that it gave a somewhat different nephelometric method of
determining lead (page 44): 2.5 ml potassuim bichromate (1:100), 5
drops of 50 percent acetic acid (or 2.5 drops of glacial acetic acid)
and the lead solution are placed in a colorimetric tube, snd mixed,
After 20 minutes the solution is made up with water to 10 ml, sgitated,
and compared with the scale, DlMoreover it is mentioned on page 43 that
to detect small quantities of lead the lead solution must be poured
into the bichromste solution, and not the bichromate solution into
the lead solution,

Thus in the Alekseyeva bock the Sinyakova method has been
modified, and not to its advantage, at that., Why the modification
was made, and on what it was based, is unknown., In view of this our
own laboratory determines lead by Sinyakova's method, and tetraethyl
lead in the air by Gernet's chromate method described by A. I, Petrov
in Priborv i instruktsii po opredelinivu promyshiennykh vadov v vozdukhe
Z-Instruments and Instructions for Determining Industrisl Poisons in
the Air/ (Gorkiy City, 1948, page 103), using Petri absorbers, mentioned
in a note to that text, instead of indicator tubes,

In describing the method of total determination of hydro-
carbons after A, S. Zhitkova {page 162 of the Alekseyeva book) it
is stated that the air from the second vapor pipette is analyzed for
carbon dioxide ccntent of the following dsy, at room temperature,
‘Consequently, with such a set-up, the anlysis will not take less than
two days. We consider that if a gas analysis is made in a single work-
ing dav, it should be more accurate, since in that casc the meteorological
conditions, the titer of the instrument (control experiment) and the
time the gas is kept, should all be more comparable, Also having
in mind the shortening of the analysis time, our laboratory first
performs that section of the test, and then follows the order set
forth in the bool, and in this way succeeds in completing the analysis
in one working day.

In the book's calculation of the quantity of hydrocyanic acid
by the method of Iofinov-Gol'dfreyn and Gurvits (page 75), it takes
into account the fact that on passing 50 liters of air in 2 hours
through two absorbers with 15 and 10 ml of 0,1 NaOH, the volume of
alkali in the absorption pipettes remains unchanged, We have, how-
ever, found in our practice that, if the volume of the alkali is

measured after the air has been passed, and then the formula lg o A
0

used in the calculation, where g = mg HCN in 10 ml of the firet. <1 .~
absorber, g] = mg HCN in 10 ml of the second absorber, v = ml alkali
in the first absorber after passage of the air, vy z ml alkali in the
second agbsorber after passage of the air, and vy = volume of air
passed through the sbsorber, in liters, reduced to normal conditioms,
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then, by compsrison with the method of- calculation given in the book,
the difference in some cases may reach 0,0001 mg/liter., Such a
value for HCM cannot of course be neglected, We therefore consider
the method of calculation given .in- the book to be inexact: it over-
estimates the actusl HCN content in the air examined,
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From: Mikrcbiclogiye (i “”hlb'CéJ), Vel .21, No 1, Jrnucry-Fobrurry
1952, -hg scew, Frgos T7-82

THi BTHCD Cx CiTiiTCUs PR BINC (F YPICRCHCRCGALISHS 1K IKDUSTRY

(Printca in%conn\ction with tho digeussicn crrrisd in the Jeurncl
Mikrobiclogive (liicrobiciogy) on problems of brecding microcrg: nisms).

I. M. Rycbehenko

The erticle by V. I. Kudry:vtesv "The Centinucus Brecding of
Eicrocrgonisms in industry" pubiishcd in the journsl Fikrcbiolcpive,
Ne 2 of 1951 reiscs ¢ quostion of groct thooroticerl ond procticel
intrrest. We hod bocome fomilicr with the bosic pestulates of this
crticle before this time--rt the confercnce of micrcbiologists of
tk wine mcking industry hold ot Y- 1te in June 2 50, At this conference

Todrysvisov rroused the interest of those prescnt in the necessity of

wider intreducticn cf the meothod of continuous brocding cof micrcorgrnisms
inte the proctice of the fermenteticn industry

We consider tnot this mathod is promising ond thet its prone
use crn give grect industricl results. It is cssonti -l to exert 11
effcrts to the ond that this ncthod be intr:idve ¢ s wrfdtaic. @ ad the
formentation industry rec ive over 1myrov“ng broadce of micrcorgrnisms,
in prrticul-r yorst for wino m-king. v 1ig essentirl to trke «wdoqunte
steps to ponularize this mothod, subject it to wide discussion and
improvement in detcils, slso to ccordinste it with cther mothods for
improving microbes, espeeinlily yenst such rs hybridization cnd dirocted
breeding. ’

The method of contiﬁucuo industricl breading is cn oppliceation
cf the basic postulcte of iichurin scicnce~-the unity of the envircnment
cnd the orgruisme~to micrcbiclogicel prioctice. It eon become o method
for combr tting the inevit- ble detoricr-tion (from the industricl view-
point) of provicusly isolrtod pure culturss of microbies in the course.
of lengthy 1:-borotery culturing under conditicns differing sherply
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culture from cans of beker's yecst from the Fro sneder bread brking
industry (the L'zvelopment of the saiccted culture of baksr's yeos
tockes plece in these cons, uvnder the protection of ters of hop dccotlon )
The pure cultures obtcined ers tested for ferm:ntotive .ct1v1ty——thc
rote ot which douph roises in cyiinders. Testing is ccnducted with
the methed we developed (3): r test tube with 1C milliliters of hopped
wort is incculrted with the yoost to bp tested snd ploced in o thermostat
for fermentrticn; cfter 48 hours the férmontod liquid is poured from
the test tube into o flesk contoining 200 miliiliters of sterile
hopped wert of rbout 7 percent Brlg. The flask is then .lrced in o
thermostrt set at 27-30 degrees. After 48 hcurs the yoost in the
ilesk hos multiplied to tho extent that it con be used te meke © brteh
of ucugh. In order to mnke ¢ bateh of dourh 315C milliliters of the
fermented liquid is poured into 20C grrms of flcur; the deugh is mixed
for 5 minutes, after which it is remcved from the fizsk nnd ploced
in ¢ 500<miliiliter mecsuring cylinder. The times of plecing in the
cylinder ard the beginning of the ris:z of the dough arc noted ond
the cylinder is ploced in ¢ theimestrt set ¢t ¢ timpercturs of 30
dogrees. The fermentetive rcetivity of the ye:st is judgad by the
cmount of risc of the douph, which is noted ot reguler intervels of
time. The best culturss cro selscted in secordrnce with the results
of testing for fermentrtive retivity cnd the sclection is besed not
only on the repidity of the rise, but cn the creme of the dough. The
very best cultures of th: selected streins cre used in industry for |
‘ the prepera’icn of liguid yeests. Then vure cultures (usuclly from 50
to 75), which cre subjected to study cnd seloction (the best of them)
cere rgoin isolated pericdicslly from industricl liquid yzest. Precd
wo 12, which possesses hereciterily fixed chercctoristics thet cre
volurble in industricl rﬂsdectk, wes obtoined zs ¢ result of the work.
This breed wrs lost Qurlng th Wer (1041-1945) fter the Wer we
rgoin isolsted r breed of yerst which ossessed high industricl cucli-
ties by using the cbove ne haa.

In ths loborctery yesst for the bresd brking industry is stored
in hepped beer wort cnd is replented overy month, At the scme time,
- culture of yecst is clso roprgrted pericdiecclly (every 3-4 menths)
in ¢ sterile hopped brow of flour..

The irecdin, of Yerst for Primery Wins pinking :nd Choppogne froduction.

We heve worked on the bresding cf yerst for primrry wine produc-
tion gince 1932, first in the tr:ining scction of the Instituts of
Specirl Industrirl Crovs, then (since 1238) in the wine mrking enter-
orises of the Aurhu-Lyurso “hemos gne Wine Combine.,

Ereeding wos corried out by the following me*hod’ tirst, »ure
cultures of yecst wer.c lsolcoted irow the yecst grecivitotes of the
bust wines obtrined from fsrmenicticn Jf greze juice by o certein race
of Secchorcmyces el ipsoideus wine yerst.

£
Ju

0 - Cultures were selzcted from the ilsoicted purs cul tures which
dispiryed fermentstive cetivity not lesc thon the originel bre:zd an
experimentel fermenteticn under lebortory conditions nd when farment-
ing srepe julce produced wine of gocd trste cndg some lmwrovements in
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respect to formetion of precivitrte, rats of clrrificestion rnd increcse
of resisteonce to sulfur dioxide rnd to Jow tomperotures. The selected
pure cultures werc used in the succeeding wine mzking season.

In lehoretory storsge yure cvlturs yecst we devr loped in grope
Juiece tnd olso cn o dense medlun~-grepe juice ylus cger. As o result
of the werk we did wz cbtoined breeds with fixed industrielly useful
cherceteristics which did not chrngs under lrborctery ceonditions in
the ccurss of 2 tc¢ 3 yerrs. Cn this besis it se:ms tc us to be wholly

) permissiktle in certein ccscs te subject the breed used in primory
wine mcking te industricl breoeding net cevery yecr; but less often,
- This is done, howev:r, oniy vhen the yerst is storec¢ under conditicns

approaching the industricl. .

Sterting in 1938 we dig similer work to obbrin the mcst suitcble
chrmprene yeast. At first we used pracicitctes from unvented chemprgne
wine obt:ined under critificisl sterile conditions forpericdic isclaotion
of pure cultures. Loter we chongoed this methed cnd begin te isclete
nure culture . from the yerst prOCipit"t“S of industrirl srmnles cof
chempregne wine which showed gosd qurl. ties in respect to activity of
fermentstion in chrmprgnizetion, clorificction, cherccter of preecipi-
tete rad rote of stirring (movemsnt of verst precipitets to the cork
of ¢ bottie of chrmprgne winz).

e The necessity for introduction of chenges intce the meticdws
brought cbeout by ths fret thet in the chimpegnizetion of wins, in spite

of ¢ number of cdoptcd nersures \flltrw+1cn cf ths wine ut1¢1zcd for
preporing thm drewn mixture: poinsteking woshing of communicoticn
thes, brrrsls end bottics; mointencnce of sterility in praporction
of‘yb( st scmoles), chemprgne wine is ¢iwrys contrminoted to a certain
extent by foreign micrcoflore, including yensts cf diff.rent sp cics
which can exsrt rn unfevorcble influence on the develspment of . pure
culturs. Therefcre, pure culturs yecst should be cdrpted by 1ndust”1«1
brocding o cvercomin5 this inflvence too.

fvery yecr the best bresds isoloted ere utilized aftor leboretory
testing by merns of chewmprognizrtion, in groduction for mess drowing.
| The breeding we conducted wider industricl cencditicns ler to obtrining
| reces with fixed properties thet wore foversrble for chempegne production,
thus, we obtiined ond improved No 7, which is being used succ:ssfully

X . . . : ) . - T .

’ for chemprgnizetion in the chemnrgne winory in Abrou-Lyurse (clso in
cther winerics). In 1650 che “.zbnlz‘uwon of wire in 4br:u-Dyursc wos

N conducted with Ercad No 7, which insured even and active fermentoticon

of the chemprgnized wine cnd good clorific:tion, rlsc the ifcrmction

of recdily stirred pracipitote.

Thus, the results cf our work incdicrte the expedicncy of vtilizing

the puriodic cr, according to “udrynvtsev, continucus, indusinicl bresd-
ing method for meintoining ond improving industriclly vaiusble races

|

i

P

5

1c
3\
J

of chimprgne yorst. For confirmetion w: erc pr°¢°ht1ng figures on
<:> cne of the steges of the work in which observeticns of the influonce

of industrirl brecding on the improvement cof severel differsnt breeds

of yeists were conducted in order to estrblish the recnsrel wottern.

Now cultures (derivotives) iscirted fro yoarst preci.itrtes from wines
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chrmprznized by corresponding breeds of yensts (eriginals) - cre sube
jected to comp: rrtive testing in the process of chemprgnizotion. The
test results (the cverrges of two repetiticns) cre presented in the
following table,

Breeds of Yecst Pressure in Bottles (In Atumospheres) Chorocter of
ct 10 Degrees ofter a Period of Frecipitate
1C deys 15 Liws 25 Liys .8 lionths
Originel No 7 2.5 3.5 4.0 4.8 At first zdherent,

but upon ripening

well seporcted from

sides of bottle and

well stirred.
Derivetives of No 7

No 7 2.8 3.8 43 5.0 Srme os cbove,

Ne 14 2.3 3.3 3.9 LT t first very cd-
herent, but upon
ripening seporcted
from sides of
bottle with dif-
ficulty, poorly
stirred.

No 16 2.5 3.2 2.9 4.8 Scme o8 cbove

Origincl Sh-2 .2 G.8 1.5 Le5 Precipitate dense,
; B well seporated from
? sides of bottlc,
: well stirred.

(1) - (2) (3) (4] (5) (63
Dorivs tives of Sh-2
Ko © C.5 1.2 1.9 L6 Same &s above

Origincl Steinberg

1892 0.3 1.0 1.5 L5 frecipitote dense,
grainy, well separ-
ated from sides
of bottle, eazsily
brought to the
cork. '

Derivetives of Steninberg 1892
No & Lk 1.2 1o L7 Seme os cbove
Crigincl Ne 4 1.5 2.7 3.5 FR Precipitcte ot
first adherent,
on ripening
sepcroted from
sides of bottle
withsceme difficulty
well stirred.
Derivatives of Ko 4
No 18 1.6 3.0 2.7 4.9 Srme o8 cbove

The figures given in the table permit esteblishing the presence
of & definite tondency towerd the apperrince cf individusl specimens that

\
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possess higher industrisl cuelities within & brezd

) of microorgonisms.
In this connection the questions rrig. as to how to isolote

these specimens, ond whet qurntity of new ure cultures must be isclated
in order to Obt"ln the improved varicnt of o given breed. In order to
be more assured of iscleting specimens show:mb chonges in the better
cnd desirea direction we hoeve mode use of the following method: & drop
of the yeast precipitrte from wine which hrs shown gecd production ro-
sults in chomp‘gnlzet¢on is trensferred tc & medium oOﬂetht "hecvier®
then usucl "on the evercge) in ;ndustry, nemely, wine (with =n rlcohol
content of 12 percent by volume) plus sugrr (5 percent), which is then
held ot low temperrturcs (12-14 d“{r“ee). Under thsssz ccnditions,

the cnormous number of ceils introduced into the wine mecium with
he drep of yeast precipit-te the specimens which rdrpt themselves
28t to the piven medium begin tc grow the mest repidly. About 50-
'5> purc cultures sre isolrted irom the fermented liquid, using the
upper layer where the most nctive spscimens cre :cund, then the best
cultures cre chosen.

'c‘}‘ T

)

3

The problem of the method of storrge for sclected brecds of
yecsts is olso of grest importonce. W. usurlly storaz chrmpegne yeast
in & wine modium with rep Lntlﬂ5 svery month, Iricr to use in in-
dustry the yecsts cre ”act1v1zee" by rossing through experiment:l
chruprgnize tion ot low temperstures (12-14) under properly sterilec
conditions. The bottles in which chrmprgnizetion of wine has pro-
ceedet¢ in & normel menner zre used to revide the originel pure cul-
ture for industrisl use.

It is esecentirl tc ncte ©t this time thet wo heve observed en
inerecse in thb fermentctive cetivity of champrene yecsts os ¢ result
of leberatory store &" in hermcticclly ceelzd ves =ls in & wine medium
¢t increcsed carbon dioxide pressure snd ot low tempercturss (10-
12 czgrees).

The methed of continvous brecding of microorgenisms in industry

en be of importance not only in the fermentoticn industries, but alsc
in other fields waere microcrgonisms rre utilized, for excmple, in
the usc of Azotebreter to obtrin Azotobacterin. A previcusly isolated
breed (for example, 54) which hes been stored fer yecrs under conditicns
dirferent from those in which it is to develon (soil, plents) is pro-
prgated for the practicnl preperation of Azotobrcterin, which is used
for mrny crops rnd under verious soil and climetic conditions. It
is possiblc that the uncertainty of frvorable results from usez of
Azctobekterin is explained by this to o certcin extsnt. We hold to
the opinion thet in this case it would rL expedicnt pericdicelly to
rcgencrbee the breed of Azotobreter by merns of isolcting active
specimens from prcduction (field) conditions rnd storing the cultures
of Azctobreter in ¢ medivm thet ruorerches os clossly cs possiblie thot
in which the givan brecd should dzvelop.

Toking into considsrotion the specific influence of the root
system of individurl species of rgricuiturcl plants upen the micro-
flors of thrt regicn, it is sssenticl to cultivote breeds of nitro-
lon—fLY4ng b"cUcrlﬁ w1th se~01110 obj pCthPS——fCI & cort 1in crop

- -; - 3 ,--. - P e T s

Declassified and Approved For Release 2013/04/05 CIA RDP80R01426R010100040001 8




a

Declassified and Approved For Release 2013/&43/05 CIA-RDP80R01426R010100040001-8

Trans.

conditions prGV“iling in the chrmpr gne industry likewise hove zstob-

497

lished thnt Steinberg 1892 yarsts hove chrnged thoir frvorclle incustrial

chirccteristice for the wirsc bj this time., Pure culture yensts iso-
locted irom "wild" yecst mrterisl ch nge esvecirlly revidly in respect
to culturing :nd biochemicrl chrrecteristics in 1-borstery stornge.
Thus, brezds of yesst iscl tod by Tyvnins (4) during = study cf ths
distribution oi yeasts in the ¥uben Area (Erced Ne 89) ropidly lost
their industrirlly vilurble chrrecteristics under conditions of libors-
tery storsge. The ;ocd Tu-psskh I rrce of wine yerst isol:ted by
Liobogli v from hildh vgbstw of #ncpskiy it yon hrs suffcrsc the srme
fete. 1t is epprrent in thesc instinces thet the yecsts wore not

herediterily fixed, os o reosult ¢f which their storrgs under loborctory

conditicns, difierent from th se unccer which they were cre: ted, led to

repid chinges ond loss of cert:in chrrrcetaristics useful in 1naust1y.

Tcking into considerction this lcbility of microorgenisms, theur
ebility guite repidly to cdjust to envirommentel frctors scting for o
pro.ongad perlod, we should heil the extensive introduction of the

method of continuous incusitriel bres.ing intoc prectice--a methed directed

towerd the rotention rnd improvenelnt of industriclly ueeful biologiecel
chrracterictics in microcrgrnisms. Only under industricl conditions
cre cll the essenticrl prer. OulbltLS cracted for cecuisition cnd fixing
ol chirecteristics velurble & thz ccrresponding incustry.

Applying the method of continuous trecding of microcrgrnisws in
industry (for excmple, in the wine meking industry) will meke it pos-
sibl. to improves breeds of yerst, sincc breeding by this method yors
of the reteinec ¢nd improved brecd will be doveloped under complex
incdustricl conditions in which chenges in the chemicrl composition
of the mediwm teke plice noet only cs ¢ result of ferment: tion of grape
sugir, but rlso s o consaguence of the formrtion of products from
the exchrnge of substrnces by other microorg: nism thot have cntered
the ;rrpe julce by verious merns., Under such cenditions stronger
spcc1hens of yecst of ths improved brosd mey be develcoped which will
succegsfully cope with thz hermnful influsnce cof the inerecsing clcohol
concen trotion cnd with the preducts of the 1ife cetivities of compete
ing species of microorgrnisms in the grepe juice. The influsne: of

ompcting species is known to be very imrortont.

Under intor-species conflict, depending upin the peculicrities
i ) p = Up 1%

of the environment, individucl specimens ccequire vreperties which

me ks them mor: edrptrble in the ecologierl socnse ond were uscful for

Andustry.

In connection with the cuesticn reised by Tudryovisev concerning
the nccessity for utilizing the mesthod ¢f contiuuous bre.ding of micro-
orgenisms in indu: try, we consider it fitting to present somsz metericl
from the resuits of work w: corried on for o peorica of mrny yecrs on
the isoirticn end im rovement of yersts 7for both the bread-bcking in-
custry cnd the wine meking industry.

The Breeding cof Yenstg fcr the Frord Boking Industry

From 1 29 throvgh 1946 we periodically isol:ted yecst of purs
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from inductricl conditicus,

When storcd under Llrborstor: conditicns micrcbes cre subj.cted
to cnvirommentcl influoncos sntirely difforent from these in which o
drfinite type of ncurishment wes frrmed ond the biochamiccl specificity
of the bread wes developsd., Luc to the length c¢f the coursc of such
infiucnees merked chrnges in the biclogicsl peculirrities of the micro-
orginism cpperr e o result of adeptotion, These chenges become
hereditrrily fixed rnd éetormine the chicrceter of further development.
Microcrgonisms, like moecroorgrnisms, 2s T. D. Lyscnko strted, "rrc
closcly linked with envirommentsl conditions end cre not only linked,
but clso 4 finitely cdjested tothe medium in which they live.," Thus,
ch-nges in envirommentel conditions logicerlly lesd to sdequate chonges
in the biologicel peculirrities of microorgonisms--at © slower or more
ropid rote depending upon the lesscr or grester comnservetism of the
nrture of the given crgrmism. The unity of microie orgrnism cnd their
envircnment is well definad by Moysel! (1): "Peculicritics of the muturl
interrelstionship of cne-ceclled cigonisms with their cnvironment hes
led, in the process of evolution, te the risc of cells which are
specirlly ~dapted to chenged conditions of existence rnd which pos:ess
very steble protoplesm rnd ¢ well-expressad erpueity for rdoptrtion
to chrnging environmentcl conditions. The stobility of thesc orgrnisms
is successiully combined with physiclcglerl cetivity rnd with ¢ wide
rmplitude of individurl veriebility.!

Such virirbility on the prrt of microcrgrnism in rccordrnee
with culturing conditions is of gre:t import:nce from ¢n industricl
point of view. YV.ry frequently ths direction ¢f the chenges in the
biologicel peculirritics of microcrgrnisms weinteined in cellections
is such thet their industrinlly v:lurtle propertics crc lost. Wine
moking prictice his veen witnes of meny exsmples which confirm this
positicn. Thus, cetericrction of industricl chrrccteristics in goed
broeds of Steinberg 1892 wino yorst zg ¢ rasult of laborctory storcge
hrve been noted repectedly. Reserrcq by Podeprigore (2) provided
interesting mrtorisl on this problem. Ths suthor mede ¢ comprritive
study of Stointerg 1892 yecst cequired by him fro different lebers-
tories: ths Leningr @ Institute of Micrcbiology, the Gdess: Experimentel
Stotion for Viticulture, the Mrgrrech All-Unicn Seientific-Resccrch
institute for Viticulture cnd Wine Mrking, the Ancpskiy Royon fxperi-
mentel Stetion for Viticuiture, cnd the Rostov Chempogne Winery.

It wos astoblished ¢s ¢ result of these studies thot yeost of
the very s'ic brecd dificred in respect to firment: tive cetivity,
culturing cher:cteristics, svcrulsticn, =te. The ruther erme te the
follcwing conclusion: "In comnection with this, onc moy stete with
conviction thit yerst of this breed his chonged its propertics in
different directions under the influence of the diffcrent conditicns
of existence tc which it h:g been subjectecd. Thus, we mry assume
thrt the yecsts known in vericus regicns s the pure Steinberg 1392
culture cre not identiccl, but hrve ceturlly ¢ cquired new propertics;
some heve deviited to ¢ gre:ter, cthers to o lesser ext:nt from the
origincl breszd isol: ted by huellor-Turgru.* ~

Cur obsorvetions of the bohovicr cof this breed of yerst under

Declassified and Approved For Release 2013/04/05 : CIA-RDP80R01426R010100040001-8




- j

v

Q

Declassified and Approved For Release 2013/04/05 : CIA-RDP80R01426R010100040001-8
- (8) Trens, 497

or for certein soil nd climotic conditicns, using locel breeds as
the criginel metericl.

The small emount of meterdicl presented her
port(HCP of the method of contimucus {cr period
P“gyn;sms in industry, ¢ nethed whlck steris logl
pestuletes of sdehurin scicnce,

cornfirms the im-
c) Lreca*nb of micro-
celly from the brsi

e
1
3
3

his methed cnd combinine industricl cnd lrborcotery
influvence: thv its usz, it will be possible to cbicin breeds of
micrcbes more cdpteble t: the specifi¢ conditions of ¢ given in-
aqustry.

Receoived 18 bty 1951
The Kubrn fgriculturel Instituts

ve droghevylh organizmev
misms), Fublishing House

‘krsel" M, N, ~""vm;tssion”""’.:'-
urc+1on.1 u J 10\»

2. Todcprigore, S. V. "4 Stucy of Yearts cf the oteinkurg
from Different Localitisg," Vinodel ;
Wine Moking Inuustry cnd Vitdewl turs

1940

3. Rmbdmmw,l.h.”Muﬁx"ocnto+hﬂFﬂ*
Uulturcd Yersts in the Frosnodor Eread
tekhn. kul'tur (Werks of the irgtid

Cr opq), .L, Lo l/, 1832,

Lo Tyunine, Ye

. V. "The woteticon of Yeests," Tr. Sove.-Kovii, in-te
5
spets. 1 t= kl;._kul’tuf (Works cf the North Cruccsus Institute
of Specirl snd Induetricl Crops), I, He I, 1931.
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T By
CZ} Izrail'skii, V. P. ed. R. Adelman
pp: 33-34
Bakterial'nye Bolezni Rastenii

[Bacterial Diseases of Plants].

éosudarstvennoe Izdatel!stva Sel'skokhoziai-
stvénnoi Literature, Moskva, 1952. 344 p.
464.2 127

‘ (In Russian)

BACTERIOPHAGE PHENOMENA IN BACTERIAL
DISEASES OF PLANTS

Experiments in Bacteriophage Prophylaxis and Therapy
< in Plant Bacteriosis

\ E. 33

The use of bacteriophage as & prophylectic and therapeutic control

measure against bacterial plant diseases is of great importance. In test-
(:) ing bacteriophage for the purpose of disinfecting seed stock and for

therapeutic and prophylactic action of plant organisms, the following methods
are employeds the sced is soaked in bacteriophage at various temperatures
and for different periods of exposure, plants arc sprayed and irrigated at
different stages of their development, the roots of seedlings are soaked
in bocteriophage, compresseé8 of becteriophage, and injections of bacterio-
phage into the internal tissues of the plant are administered. In many cases
experiménts in the application of bactcriophage have produced positive
results.

Thus, experiments conducted by othor investigators in disinfection.
of cotton seed (Lebedeva) against Xanth, melvacearum, and in disinfection
of corn seed by bacteriophage against B. stowarti, corroborate that bacterio-
phoge cen be utilizod successfully for disinfection of sced grain.

Experimcnts in the application of bacteriophage as a prophylactic
and therapoutic factor in the control of becterial canker [rak] of plants,
conducted by a number of authors (Izrail'skii, Vinogradov and others),
wcll as against potato disoases (Bel'tiukova and others) produced positive
rosults. Spraying makhorka [Nicotiana rusticae] plantations with bacterio=
phage against Ps. tabacum (Ngvikova) effected considerablo reduction in
the wildfire discese in comparison with control [plents].

The positive effect of the works indicated was obtained in & vast

majority of cascs as a result of direct bacteriophage action on pathogenic

(:y bactcria. Methods of immunizing plants with bacteriophage did not, in the
majority of cases, produce positive results.
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The diapason of the action of many becteriophage $pecimens on the
causal agents of bacteriosis in plents is extremely narrow. There are fre-
quently encountered bocteriophages producing lysis of only ong strain of
bacteria isolated from the same section of the sick plant from which the
bacteriophage was obteined. In working out the methods for bactoriophage
prophylaxis and therapy, particulédr attention must be paid to obtaining o
rich preparation of bacteriophage. It must possess & high titer and must
be active with respeet to the largest possible number of strains of the
causal agents of disezasc obtained from different localities.

Thus, for instence, it is expedient to use a bacteriophage prepara-
tion obtained from & mixture of the largest possible number of bacteric-
phage specimens complcmenting each other on diapason of action. In the
control of Bacterium tabacum of mekhorka, bacteriophage spécimens were
selected which caused "lysis of 98% of the 241 strains of B. tabacum tested
with them. (Novikova). Regardless of the big prospects, the methods for
mass applicatisn of bactericphage tc control of bacterial plant diseases
have not yet been worked out. In this sphere »f knowledge the extensive
cooperation of scientific reseerch institutions and industrial organizations
iz extremely necessary.
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Izmenenie nukleinovykh kislot v khode
oplodotvoreniia u gorokhea

Zﬁhange of nucleic acids during the
process of fertilization of peafgr

Akad. Nauk SSSR. Dok. 951163-166.
Mor. 1, 1954
511 P444A

(In Russian)

CHANGE OF NUCLEIC ACIDS DURING THE
PROCESS OF FERTILIZATION OF PEAS,

At the present time it oan be considered definitely established that the
ribo-nucleic (RNA) and desoxy-ribo-nucleic (DNA) acids perticipate in the
synthesis of protein in animel and plant orgenisms (13, 9, 8, 3, 20, 12). The
problem of ‘the synthesis of nucleic acids in the process of embryonie de-
velopment interested meny authors, but the obtained results are still &on-
tradictory end do not give & clear ides of the course of the synthesis.

In recent years it was demonstrated(14, 16, 7) on & series of enimal
objects that in the process of fortilization and of embryonic development
of the orgenism the nucleic acids were consumed during the synthesis of
protein and can in turn, be synthesized by living substences. The present
work is dedicated to the problem of the course of synthesis of nucleic acids
in plants during the fertilization process. At the same time some aspects
of the fertilization process are clarified.

Materiel and Methods

The rescarch was carried out on peas of the Moskovskii 116 variety. 1In
order to investigate changes of the unfertilized cmbryo sac in connection
with its aging, the flowers were castrated while in the stete of green buds.
In this case the ovaries were fixed at once and 2, 5, 8 days after the
castration. In order to study the processes which teke place in the fertiliz=
ed embryo sac the ovaries of flowers which did not undergo castration were
fixéd 8, 12, 24, 48, 72, 96, 120 and 144 hours after the beginning of blossome
ing. As fixative agents were used Carnoy's fluid, & mixture of formelin,
ecetic acid and alcohol, as well as 96% alcohol., The pouring was done into
parafin sections 10-12 microns thick were t reated according to Feulgen with
additional steining with light green for detecting of DNA and with methyl
green with pyronine for finding of RNA. Papt of the preparations wore treated
acoording to Breshe (Roskin's modification). A&fter such treetmént only
staining of the nuclear material with mothyl green was observed.
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Rosults of the research

A. Content of nucleic ncids in the embryo sac beforse fertiliza?ion.

Before fertilizetion the embryo sac is steined red with pyronine. In
the sexual apparatus end the poler nuclei there is more RNA than in the
cclls of the integument of the ovulo. With the aging of the egg~cell
distinct changes in the DNA content are observed. Thus the nucleus of
the young egg-cell does not produce a Feulgen reaction (fig. 1), i.e. o
it is oxychromatic Z?Hject. 27 according to O. B. Lepeshinskaia's termin-
ology. As it is known, this is characteristic for nuclei of young colls.
On material fixed 2 days after castration, small lumps of DNA aro seen
distinetly in the nucleus of the egg-cell eand their number increeses with
the aging of the latter (fig. 2). At the same time the polar nuclei
remains always achrometic and the nuclei — synergid-chrometic.

Some authors as, for example, V. E. Kozlov, interpret the picture of
DNA distribution in the nuéleus of the egg-cell, which exists prior to
fertilization, as Zﬁbgin p.'16g7'a picture of assimilation of the sperm.
According t& Kozlov, after entering the nucleus the sperm forms a bead-
like thread. In reality the structures described under that name corres-
pond to the little lumps of DNA which is contained in the nucleus of the
egg=cell even before fertilization. The increase in the quantity of DNA
in the nucleus of the egg-cell can be connected according to its aging
with the genetic data (18, 6, 2, 5), according to which the growth stage’
of the egg-cell during crossing reflects on the results of fertilization.
Of course the process of fertilization is conditioned by mery 'fectors,
but probably the absence or presence of DNA in the nucleus of the egg-cell
is of great significance in the process of mutual assimiletion of gametes.

Fig. 1 /p. 164/

Embryo sac. Young egg-cell. Nucleus of egg-cell
and poler archromatic nuclei. Synergid chromatic
nuclei. Staified Wwith methyl-green and pyronine.
Ocular x7, ob. im. 90

Fig. 2 /p. 164/

Embryo sac. Old ebb-cell. Nuclei of egg-cell
and Sincgrid chromatic nuclei. "Stained accord-
ing to Feulgen. QOcular x15, ob. im. 90

B. Changcs of nucleic acids during the process of fertilizetion.

In the pollen grains were found basophilia not only in the plasma but
in the sperms as well. When the pollen tubes grow into the style of the
postil and the cavity of the ovary, an udeven distribution of BMA is
observed but its content does not change. After the pollen tube enters
the embryo sac its plasma steins more intensely. This fact indicates
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that the metabolism of the pollen tube in the embryo sac increases. No
changes in"the content of DNA during the growth process of pollen tubes
were noted.

After fertilization takes plece, the amount of RNA begins to increase
in the plasma of the egg-cell and in the area of polar nuclei. The content
of RNA reaches & maximum during the metaphase of the first division of the
zygote and the endosperm. This fact as well as the observations by.
Levinson and Kavarskeis (12) do not confirm Brashe's datae on the decreese
of RNA during tho motaphase. During the fertilization process the DNA
in the sperms gradually decreases and, finally, disappears, simultaneously
the RNA content increases mainly in the nucleolus which is being formed.
¥When the egg-cell and the secondary nucleus are fertilized by one sperm,
one additional nucleolus is formed in the nucleus, but where two sperms
participete in this process — two additional basophilic nuclecli originate
(fig. 3). .

The RNA increase in the nucleus of the egg-cell and in the secondary
nucleus whore with double fertilization, probably causes speedier metab-
olism of the zygote and endosperm and, therefore their vitality. Directly
after the termination of the fertilization the first nucleus of the endo=
sperm appears to be oxychromatic, the nucleus of thé zygote, depending on
the growth stage is & chrometic or weakly chromatic.

During the prophase of the first division of the zygote and endo-
sperm, the amount of DNA increeses, apparently at the expense of a synthesis
of nueleic acids which takes place at that time. It should be pointed
out, that such increase in DNA takes place parallel to the increase in the
volume of the nucleus. The highest content in DNA is observed during the
metaphase.

Here should be mentioned in passing, that in the already fertilized
embryo sac therc was observed the entry of one, two and more additional
pollen tubes. On the basis of Morganistic positicns, Maheshwari (20)
meintains that the pollen tubes enter the embryo sac in which the embryo
dovelops only in a case when the egg~cell develcps parthenogetically .

Our dete demonstrates thet additional pollen tubes can enter the embryo

sac also at the moment of the uniting of male gametes with elements

of the embry» sac (fig. 3). This phenomenon entry of additicnal pollen
tubes into the embryo sec-— ean be considered regular. It takes place

up to the time when unevenly maturing pollen reaches the stigma. In our
preparations additional pollen tubes were detected in an embryo sac 6

days after the fertilization when the embryo and the endosperm are multi-
nuclear, so that natural self-pollinatinn in peas can be considered multiple
self-pollination (fig. 4). '

/P. 1657 '

Fig. 3 -7§mbryo sac. When two sperm ere
assimilated in the nucleus cf the egg~cell
there appears two additional nucleoli.
Additional pcllen tube in the embryn» sac.
Stained with, méthyl-green pyronin.

Ocular x15, cb. im. 90
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Fig. 4 /p. 165/ -

Em%ryo éﬁc. A large embryc and an endosperm
develop 6 days after pollination, At the micro-
pyler end is an additional pollen tube. Stained
with methyl-green pyronin,

Ocular x7, ob. 20

These pictures can be connected with genetic data /begin p. 166/ on
hereditary charactcristies of two and several male perent forms (17, 1,
11) and, on the other hind, — with an increase in vitality in the process
of fertilization. T. D, Lysenko considers that "by way of uniting nuclei
of reproducing cells into one nucleus a quality difference Z?baznokachestven—
nost'™/ of a living body is croated”(14). "e think that the vitality can
increase alsc as a reosult of assimilation, by the egg-cell as well as by
the zygote and embryo, of the content of additional pollen tubes as a living
substance. The biological role of large amounts of pollen which are separat-
ed by the organism, consists not only in producing progeny, but also in
preserving and increasing the vitality of the crganism and this is probably
of particulerly great importance for self-pollinators. -

C. Chenge in nucleic acids in the development process of embryo
and endosperm.

Vihen nuclei are being formed in the embryo and endosperm, the nccleic
acids disappear almost entirely: nuclei arc not steined with pyronine and
DNA is found in a negligeable amount in an atomized state. In the
interkinesis in peas achromatic nuclei are not observed fully. 1In subse=-
quent prophases takes place a simultaneous accumulation of RNA {bascphilic
nuclenli) as well as of DNA. '

In peas at the two-cell stage, their difference of quality eppears.
Thus the upper cell which is locatod closer to the micropyle is older and
can be, for example, in late prophase or metephase, while the lower cell,
a younger one - in the state of early prophase. The quelity difference
of the two-cell stage is observed also in later stages of the division.
These data on"a plant object confirm obscrvations by O. B. Lepeshin-
skaia(33). P. V, tharov(15%. and others on animel objects. They give
a key for an explanation of the course »f origination of physiclogical
quality difference of the organism., At later stages of the division
other peculiaritios in distritution of nucleic acids are also observed.
In the suspensors of the embryc thé RNA is found in a smeller amount
than in lower cells of the embryos. The lower ombryo cells are younger,
their growth is more intensive than that of the cells in the suspensors.

Consequently during the process of fertilization and embrycnic
evelopment of peas RNA and DNA are consumed during the synthesis
of protein i.e. with the formation of new nuclei and cells, and then
they are synthesized now in newly forming cells from their living
substance. This cycle of operations is found also in later develop=-
ment of the embryc and endosperm. Thus the formaticn cycle of the
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cell nucleus and cells in the embryonic development is connected with
the cycle of nucleie acids. Besides that the accumulation of RNA
and DNA in the process of embryonic development in peas toakes place
simultanedusly, which speeks of independent courses of their
synthesis,

I express my deep gretitude to prof. N, V. Turbin and prof.
P. V. Mekerov for their supervision of the work.

Agricultural Academy Received 13.VII, 1953
imeni G. Dimitrov ,
Sophia, Bulgaria.
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Peshkov, M. A,
(Inst. Cytolopy, liistology, and Embryelogy !
Moscow) i

Mikrokhimicheckoe izucherie indernogo apparata
tsiancofitsei i nelkotoryk!l. bakterii s nomoshch'iu
fermentov gruppy nucleaxz

[Microchemicel study of nuclear systems in blue-
green algae and some bacteria with the aid of
nuclease-type enzymes].

Mikrobiologiia 15, 341-344 (1946)
448.3 M582

(In Russian)

Micro-chemical study of the
nuclear apparatus of Cyanovhyceac
1 blue-green algac_ / and some
other bacteria with the heln of
enzymes of the nucloase group.

In research of recent years' on cytology and caryology.[—nucloar studiea_/
of bacteria (Peshkov, 8, 9, 10, 11, 15; Robinow, 18; Caspersson, 13) an hyvothesis
was brought forward to the effect that bacteria possess an apparatus of a_specific
type represented by one chromosome cautiously called "Pekar's nuclcoid" /?/.” While
heteromorphous forms (Gemaleia, 14) are formed, e delay takes place in the div-
ision of the protoplast of the bacterial ccll while it is growing uninterruptedly
and the "nucleoids" reproduce, This process can lead to an apwearancc of multi-
nuclear forms similar to swarming Proteus or specimens of Caryophanon (15). The
non-secparation of reproducing "mucleoids! leads to the formation of poly-encrgid,
(7) ribbon~shaped or netted nuclei which were. considercd erroneously by Pietsch-~
mann (16) and Tmshenctskii (5, 6) to be the result of separating out of diffuse
chromatin in dying forms, On the basis of a series of physico-chemical propcrties
of these structures . . I suggested (7) that the structure of these ribbon-
shaved and sometimes spiral formations can be best comparcd with those of chromo-
somcs of highecr forms. Therefore it seemed to me very intercsting to test on thosc
formations the effect of enzymes of the nuclease tync, thus repeating Frolova's
(12) work on the study of chromosomc structure of Diptera and some other orgenisms (’\l
with thc help of the same enzymes,

As objects were taken trichomcs of bluc-green algac from the Oscillatoria
group (fig., 1) the nuclear apparatus of which, according to data by Pelianskii,
Potrushevskii (17) and Spearing (19) is representcd by a smell chromatic net
similar to thread and reticular nuclei of heteromorphous bacteria forms and, in

grticular, heteromorphous spherical "cold" forms Achromobacter Epsteinii (Pesh-
(:>v, 7) with well manifest reticular nuclei (fig. 2, 3). Then were taken also
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normal forms of Caryopvhanon (fig. 4) "nuclecoids" which are most similar in their
behavior and organization to chromosomcs of ordinary miclei (Peshkov, 9, 15) .

In contrast to the Mazia and Iacger (14) methods I apvlied the method
developed by Frolova (12) in which aceto-carmine preparations of objects being
investigatcd are subjected to the effect of the nuclease, The obtained aceto-
carmine preparations of Oscillatoria, Achromobacter Ensteinii and Caryonhanon
were photogravhed (fig, 1, 3, 4): The position of the given section of the prepar-
ation was recorded by vernier and the preparations, after letting the cover glass
stand in 96° slcohol, were placed for 24 hours in the juice of the spleen of cattle.

The juice was precpared by grinding fresh spleen for an hour with crushed
glass until a uniform paste was obtained which then was diluted with fiwe volumes
of water, After a 4-hour steeping in cold temperature, the mixture was centrifuged
at 5 thousand RPM for half en hour, the obtained juice was adjusted with 0.1
N.N"2 O H to p H=7 and was tested for activity with the help of a test-object of
aceto-carmine preparation of saliva glands of Drosophila Melanogaster. /[begin
b. 3&2/ After a 15-hour action of juice in presence of chloroform at 3790, the
test-objects were treatcd according to Feulgen simultaneously with the untreated
aceto~carmine preparation of saliva glands. Feulgen negative reaction in the pre-
paration treated with the juice was an indicator of the presence of a sufficient

(Izount of nuclease; such juice was used for the work., Its activity did not dim-
ish during 2+3 wceeks,

Iyperiments with nuclei of blue-grecen algae and bacteria were conducted
according to the following scheme: the photographed aceto~carmine preparations
were placed in active juice, Simultaneously a test was conducted (aceto-carmine
preparation of chromosomes of saliva glands). After an 18-hour exposurc all the
preparations were treated according to Feulgen, Simultaneously a second aceto-
carmine preparation of glands which served as a contrel for the correctness of the
course of Feulgen's reaction was subjected to treatment,

asWiell as the nuclei of Oscillatoria, Achromobacter Epsteinii and Caryovhanon no
l6nger gave a Feulgen's reaction, In analoguous preparations which ¢ id not under-
go the effect of nuclease, Feulgen's rezction was without fail pesitive and pro-
duced the usual sharp pictures of specific coloring of the nuclear substance
(Polianskii and Petrushevskii, 17; Pesihkov, 7, 9).

<> Usually after the effect of the juice the chromosomes of the saliva glands

Preparations which were exposed to the effect of nucleasc and produced
aftervards a negative Feulgen reaction, were additionally colored with acid fuchsin
by the Frolova Methods (13), According to the vernier were located the previously
photographed spots and they were photographed again at the seme magnification,
Prints of photographs of aceto-carmine preparations were compared with those
treated with nucleases and then according to Feulgen (fig, 1-4), which made it
possible to come to the following conclusions:

T
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Fig. 1. In the uover frame g is seen o short trichome and hormogones of
Uscillatoria smn.

In cach of the 1% cells of the trichome the nuclear cpveratus stands out
clearly, In some cells the division of the nucleus is scen., In the lower frame
b it is scen that after the nuclease trcatment the Feulgen reaction was negative
but after odditional coloring with acid fuchsin, all the nuclear formotions seen
in the aceto-carmine preparation were preserved in spite of a certain shrinkage
of the material which always occurs in the process of hydrolysis with N HCI
after the action of the nuclease,

Fig, 2., In frame g are pictured living gigantic globular specimens of
Achromobacter Epstceinii which were obtained as a result of incubating the cul-~
ture at 109, The picture was obtained by the method of combined negatives
(Peshkov, 8), Clearly seen are the white netted more refractive nuclei filling
almost the entire cavity of the specimen and enclosed by a narrow dark proto-
plasm, Among the spherical specimens are distributed a few bacillary forms.

In fig, 3 in frame a is pictured a2 hetero-morphous divisible form of
Achromobacter Bpsteinii with a netted nucleus reminiscent of the provhase stage,
<:D\Vell seen is the protoplasm, After the cffcet of nuclease and  ith o negative
Feuglcen reaction the nuclear structures are fully preserved (frame b) and
finally, the structure of multi-nuclear specimens of Caryophanon depicted in
frame a (fig. %) is manifest much more sharply after the treatment with nuc-
lease and additional staining with acid fuchsin., Chromosome-like nucleoids
having also Caryophanon shape of ring or horse shoe (Peshkov, ¢, 15), are
seen with more details than in an aceto-carmine prevaration,

Comparing the data which I obtained in regsrd to nuclei of Oscillatoria,
Achromobacter Epsteinii end Caryophanon, with those by lazia and jaeger (14)
and by Frolova (12) who treated with nucleases the chromosomes of animal and plant
objects, it is possible to come to lbegin », 343/ a basic and most essential
conclusion: specific netted or horseshoe-like structures found in cells of
blue-green algae and of such bacteria as Achromobacter Epsteinii, Caryophanon,
produce & distinct true Feulgen reaction (Peshkov, 9)., Their division precedes
the division of protoplast and the type of division, din the case of the horse-
shoe-like nucleoids of Caryophanon reminds one mostly of the lengthwise splitting
of chromosomes of mitotic nuclei, "These structures behave elso in regard to
nuclease action as true formationsa.

Conclusions

The present work had only one aim: to find out the chemical similarity
between the nuclear structures of some lower plant organisms of the Schizophyta
group and thosc of true chromosomes of plants and animals, Without going into a
discussion of connections severed by nucleases in the prosthetic groun of the

<]>nuclear nucleoproteid (?), it is possible to'maintain that this problem is solved
in the positive sense and the chemical similarity of materials from which was
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built the main mass of mctaphati€ chromosomes of plants ond animals and of
"miclei" of Schizophyta so distinctly demonstrated by Belozerskii's work (1,2,3)
can be considered proved according tc one more criterion-Feulgen negative reaction
after the action of the specific group of enzymes of the nuclease tyve,

Received 25, VII, 1945

Institute of cytology, histology
and embryology of the AN SSSR
Moscow,

Fig, 1 jﬁp. 342@7 Bffect of nuclease on the trichome Oscillatoria, Ex-
planation in the text, X 2000,

Fig, 2 Living globular "cold" forms of Achromobacter Epsteinii. Netted
muclei arc seen (1ligh® sections), Contrasting according to Bur-
inskii-Peshkov. Apochromate Zmm, ocular K 18, Light accord, to
Koler, ¥ 2400,

Fig. 3 Effcct of nucleases on heteromorphous forms of Achromobacter Epsteinii
' similar to those depicied in fig, 2. a,~- fixation and coloring
with aceto-carmine, b-preserving of structures (of the chromatin
net) after the effect of nuclease (Feulgen's negative reaction) and
additional coloring with acid fuchsin. 7 2400

Pig, &% Analogous case, 4&s an object_is token a culture of Caryophanon latum,
X 1300,
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A. Antik

Klechkovskii, V. M., and Evdokimove, T. P.

0 radioavtograficheskom onpredelenii
lokalizatsii radiozotopov v rasteniiekh

Z?h.radioautographic determination of
radio~isotope localization in planﬁé?
Aked. Nauk SSSR. Dok. 79$629-632, Aug. 1, 1951,
511 P444h

(In Russian)

ON RADIOQAUIQGRAPHIC DETERMINATION
OF RADIO-ISOTOFPE LOCALIZATION IN PLANTS.

With the appearance of the radio-isotope method, a rather wide use began
to be madé in-biologicel research of contact radio-autogrephic picture images
of dsotope localization in tissues. In expefiments with plants, the leaves,
roots as well as slices of fruits, stem, etc. serve as objects of obtaining
of radio-autogrephs. .

In cases when the radio-sutography is used for a demonstration of a
general presence of radio-active isotope in certain tissue sections, the
interpretation of the picture seems very simples the spots of blackening of
the sensitive film indicate the content of radio-active radiator in
corresponding places, and in reprints from such ”negatives" the spots of
redio-isotope accumulation look like white or altogether lighter spots on
& black background. The intensiveness of blackening of the "negative®™ and
the sharpness of light spots in the reprint, can serve in some cases as an
indication of greater or lesser concentration of the radiastor in correspond-
ing places of the object being investigated. Thus the radio=-autographic
pictures of lengthwise cuts of a corn stem in fig. 1 (see glued-in piece),
distinctly demonstrate an accumulation of radio-phogbhorus in nodes espec~
ially at the base of the stem, as compared with the adjecining sections of
the internode. 1In fig. (2) the localization of radio-phosphorus in the
seeds and its more or less diffuse distribution in the flesh of the apple
[Fruit/ is seen very distinctly. The radio-autographs in fig. (2) were
obtained in experiments for the study of distribution of tagged phosphorus
in the crown of the epple tree when it entered through isoleted sections of
the root system; these experiments were conducted in 1950 in the orchard
of the Experimental Fruit Station of the Moscow Agricultural Academy imeni
K. A, Timiriasev,

Starting from the notion of the direct connection between the intensive-
ness of blackening of sensitive film and the content of radio~isotepe in
corresponding sections of the tissuc, the possibility is examined of
quantitative determinetions with the help of photometric radio-autogrephs
(1). 1In the literature there are indications of a development of methods
of determining in this way the contents of redio-active elements "in
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individuel organs end points of the plant™ (2). At tho seme time, even
without a quantitative analysis, by way of simple comparison of radio-
autographic pictures obtained in experiments by introduction into the
plants of radio-isotopes of various elements, conclusions are sometimes
made on their one=-type or uneven distribution in tissues. Thus on the besis
of such & comparison A. 4. Drobkov (2) ceme to & somewhat unexpected con=
clusion on similarity of distribution in the plants on such sharply
different, in their chemical naturse, substances as natural radio-active’
Zﬁbgin P. 6397'elemcnts on cne hand end radio-phosphorus - on the other.

By way of an analogous comperison, c¢onclusions were drewn on uneven distri-
bution in plant leaves of radio-isotopes of molybdenum &nd potassium (3).
Different distribution type in the leaves was noted also (4) on the basis

ogscomparison of radio-autcgraphs for isotopes of phosphorus P°2 and sulfur
Sv9,

As examples of characteristic differencss of this kind there can be
considered the radio-autographs of corn lecves presented in fig (4)s the
leaf containing P82 gives a picture which shows on the outside a completely
different character of distribution of radio-isotope than the picture of
the leaf containing S35. However, in evaluating similar kinds of radio-
autographic pictures it is necessary first of all to keep in mind that the
intensiveness of the radiation which falls on & sensitive layer depends on
the ccncentration volume of radio-isotope in the tissue as well as on its
emount per area unit, and this amount is in relation to the distribution
of the bulk cf the tissue in the surface of the picture. -Besides that
the intensiveness of radiation which falls on a sensitive layer is influenc-
ed by the absorption of radiation into the tissues , the volume of which
Z?bsorptiog7'in turn is determined from cone side by the mass of the tissue
per unit of area and on the other hand, by the type of disintegration of
the radio-isotope and the energy of particles rediated by it. And then, it
is particularly important to keep in mind that, for example, depending on
the energy of the Beta~particles and therefore on the uneven absorption
of radiation into tissues, the unevenness of distribution of the mass of
the tissue con the surface of the picture has e different influence on the
character of the radic-autograph which is obteined. Without consideration
of these faetors the judgement of peculiarities in loczlizatidn of radic-
isotope, for example, in the leaf tissue, may prcve errcneous.

In several experiments we carried out determinations of the radic-
phosphorus content in individual parts of fruits and leaves which served
for the obtaining of radio-autcgrephs. The data in table (1) demonstrate
that the results cof determination of phosphorus (tagged as well as total)
content in soeds and flesh of apple tree fruits are in complete accordance
with the radic-autographic pictures of cuts of the same fruits presented
in fig (2). Slightly different results were obtzined from analogous
determinations of tagged phosphorus content in the central vein and then
the separated from it, ledf blddes of the apple tree. Roadio-autcgraphs
of which are shown in fig. (3). It is seen from the date in teble (2)
thet the amcunt of tegged (and total) phosphorus in ratio to a unit of the
tissue's dry bulk™in the central veins of the leaf was even somewhat lower
than in the blade. '
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C]D Table (1) - page 630.

Content of total and tagged phosphorus in seeds &nd flesh
of apple tree fruits (per 1 g. dry subst.)

Fruits teken ¢+  Totel phosphorus in 1 Tagged phosphorus in thous.

for analysis s mg P, 05 ¢ imp./min. (?)
3 ¢
:  sccds 3 flesh 3 sceds ¢ flesh
@ T 2 ‘ R @ - ) -

1 2 1430 e 2.0 s 13.0 2 3.0
' 2 s 12.0 3 1.6 ¢ 27.5 2 5e3

2 s t :

Table (2) = page 630.

Content of total and tagged phosphorus in leaves of apple
tree (per 1 g. dry substance). .

Leaves Totel phosphorus in Taggéd phosphcrus in

A3

9 mg Pz O5 g thdéus. imp./ﬁin
2 ) % ’
<]D 2 Contral vein : Blade : Central vein 3 Blade
2 2 2 ]
1 2 2.6 2 308 2 1500 ] 18-2
2 2 3.2 2 3.8 . 23.0 s 27.2
2 H 2 2

Tho secming discrepency between the data in table (2) and fig. (3)
cen be explained by the unevenness »f distribution of the tissue mass of
the leaf in the picture surface, because there is a several times larger
mess per unit of exposed area in the central vein than in the blade.

Zﬁégin D 6537

Fer various isotopes with unequal energy of Beta-particles such an
effect, as mentioned before, must menifest itself to varicus degrees.
Since radio-phosphorus radiated Beta-particles of high energy, the
absorption of radiation in the thickness of the object being examined
(leaf, slice) reflects comparatively little on the intensiveness of radie-
tion reaching the sensitive layer. Other conditions are created in experi-
ments with the radio-isotope of sulfur 835, the meximum energy of the Beta-
perticles of which is epproximately 10 times lower and therefore their
absorption into the tissues is much stronger.

The following test demonstrates that these differences are sufficient=-
ly clear with such objects as leaves. From a corn leaf containing $35 there
were cut out 4 bledes with & 1 em® area each, which were then placed singly

(ﬂ) or 2, 3, 4 blades together (one above the 6ther) in front of the window
of the meter for the measuring of activity. Identical measurements were
taken of blades cut out of a leaf containing P32, The results of this

Declassified and Approved For Release 2013/04/05 : CIA-RDP80R01426R010100040001-8



)

Declassified and Approved For Release 2013/04/05 : CIA-RDP80R01426R010100040001-8

wliem Trens. 501

experiment showed distinctly that in the leaf blede only an insignificant
part of radiefion P32 is absorbed, while the absorption of radistion 35
if very great.

Impulses per minute

Number of blades 2

: : : |
2 Test with P52 ; Test with 835

1 : 210 . 195

2 : 413 2 259

3 i | 543 s 259

4 2 710 : 235

2 ¢

In fig. (4) are shown radio-autographs of corn leaves from vegetative
experiments with 835 and P52, 1If the redioephosphorous produces in radio=
autography a characteristic picture of an accumulation in the vascular bundle
(most distinctly manifest in the central (axial) part of the leaf), then in e
case with redio-sulfur the opposite takes places in the axial, the central
part of the leaf on the print can be observed an even darker (corresponding
to a lesser blackening of the "negative"). Analysis of individual parts of
such leaves indicated, however, that in reelity there -is no sharp difforence
in the distribution of S35 and P32 between the central vein and the side
parts of the leaf blede. In the ratio per 1 g of dry substance in both
cases the radio-isotope content was abdut threce times higher in the blade
than in the centrsl vein (see table 3).

Contents of radio-phosphorous and redio-sulfur
in corn leaves

Parts of . Thous. imp./min (?) ; Thous. imp./min per lem?
“the leaf 3 per 1 g of dry substance : of leaf area
) 2 2 : : '
: Test with P92 ; Tost with 8§35 ; Test with P32 , Test with §55
2 : E ' . '
Central 3 - 3 - 3 ‘ 3 )
vein : 57.6 : 16.1 : 0.78 3 0.25
Leaf 3 ) ] 2 ¢ )
blade 3 14¢1.6 : 45.6 3 0.35 s 0.13
. H E] 3 3 e
o

Comparison of table (3) and fig. (4) demonstrates clearly the fact that
in the given case the character of the radio-sutographic picture of the leaf
containing P> , is conditioned not by concentration of radio-phosphorus in the
contral vein but by a greater bulk of tissue and therefore by & larger amount

T
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amount of P32 per unit of picture aree in this part of the leaf. And in the
case of 895, on the contrary the larger amount of radio-isotope per aree
unit in the central part of the leaf does not ceuse increase in intensive-
ness in this part of the picture dve to reletivély more complete absorption
of §35 radiation in the thickness of the tissue. /begin p. 632/

Thus unequal enerpgy of Beta-particles appears?to be a factor determin-
ing to & high degree the character of radio-autographic picture localiza-
tion of radio-isotopes of various elements in leaves of the plants. There-
fore the comparison of pictures obtained in experiments with different
isotopes, is possible only with definite relation between the thickness of
the objeét being examined and the energy of Beta.particles radiated by
isotopes. Tt is understocd that in studying localization in plent tissucs
of isotopes differing in the type of radio-adtive disintegration, the marked
factors acquire an even greater significance.

Received 4, VI, 1951

Moscow Agricultural Aéademy
im K. A. Timiriasov.

QUOTED LITERATURE

(2) TDROBKOV, A. A.,
DAN, 68, no. 'l (1949)

Fig. 1 .
Localization of redio=-phosphorus in corn stem.

l, 2, 3 - order of nodes from the bottom.
Fig. 2 ‘

Loca lization of radio-phosphorus in apple-tree fruits.

Fig. 3
Radio-autographs in apple-tree leaves containing P32,
Fig. 4
Radio-autographs of corn leaves containings
(A)- P32, - 835 (from test with isolated
feeding /7 nutrition?/
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Primenenie metoda mechenykh Atomov -

k izucheniiu ustoichivosti klopa-
cherepashki k dvum fosfororganicheskim
insektitsidam i opyt izucheniia pronik-
noveniia ikh v rasteniies

/Utilization of tagged eatoms in studying
the resistance of Burygester integriceps
in two orgenic phosphege insecticides and
method of studying their penetration into
the plaq§7 ‘

Aked. Nauk SSSR. Dok. 94:1189-1192. Feb. 21, 1954
511 P4ddh :
(In Russien):

UTILIZATION OF TAGGED ATOMS IN STUDYING
THE RESISTANCE OF EURYGASTER INTERGRICEPS
TO TWO ORGANIC PHOSPHAGE INSECTICIDES AND
METHOD OF STUDYING THEIR PENETRATION INTO
THE PLANT

Increasing importance in the control of pests of agriculturel crops
is acquired by the organic phosphorus insecticides, in particular, by
diethyl-&-nitrophenylthioc phosphage or compound =-(NIUIF) 100 {thiophos)
which is e fluid with &-115° boiling temperature at 0.03 mm "rt. st."

(1) d?)a 1.2704, n*0p 1.5374, "t. pl." (temperature of melting) + 6°.

In menufacturing "thiophos"™, ethyl=4.4'-dinitro-diphenyl thio-phosphate
can also be obtained, which i§ & erystalline, little-volatile substence,
with 125° melting tempereture.

In our laberatory a study was underteken of these two compounds tagged
with the help of the radio-active isotope of phosphorus, for the purpose
of ckrifying the causes of varying destruction of insects and, in particuler,
of the harmful Burygaster integriceps Put. due to these insecticides, as
well as for explenation of penetration of the "thiophos" compound into the
plants.* The adult bugs were dusted with weighed portions of dust contein-
ing 1% of the active element of orgenic phosphorus insecticide and there
observations of their dying were conducted as well as enalyses, in regard
to intensiveness of radiation, of amounts of insecticides penetrated into
the eurygaster's body. Prior to that the tcdy of the eurygaster was

NOTE- ®oxicologicel examinations were carried out by K. 4, Gar and’
V. T. Chernetsova, the synthesis of preparations - by Ia: A.
Mandel'baum and K. D, Shvetsove e= Shilovskeia under M. Na
Mel'nikov's direction.

%

Q;?
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washed thoroughly. The results of calculations are shown in teble (1), in
which date are given of two series of experiments conducted at different
times with bugs gathered in different areas.

Table (1) - page 1189)

Amount of phosphorus (on sonversion to diethyl-4-nitrophenyl

thio«phosphate and ethyle4.4'-dinitrodiphenyl thio-phosphate)

which penetrated into the eurygaster body at varying degrees
of poisoning

3 s State of the eurypaster
Preparation t Sex 2 T 3
: 3 Living ' : Paralyzed s Dead
: s : s e ) s T
3 :Bxper.l: Exper.2: Exper.ls: Exper.2 :Exper.1~Expr.2
g s 2 : 3 s 2
3 H Amount of active element penetrated into the
3 : eurygaster's bedy in (micrograms.per grem)
2 2 .
: ) : z ] : 2
Diethyl-4-nitro- H : H : : ] 3
phenyl-phospha te H] e s L] e H] ¢
(1% dust) : : : T : 1 : -
$ 07 0% 171 ¢ - 2 o251 2 .3 : 6.4 3 10;2
T 2 93 2,2 - 3_T.4 I 6.5 : 9.5 2 10.9
2 : : e 2 : H :
Bthyl-4.4' dinitro- 2 : : ) : : e
diphenyl thio-phos= s g 2 : 1 2 s
phate ] H H - ] ] - : H]
(1% aust) t 0% 0%t . 1 1437 * 5:8 ! 287 1 - ¢ 546
g gt 3.8 F 30.0 * 7.3 % 48.8 * 15,3 ! 56.9
: : 2 3 : 2 3

In spite of the dlfferent resistance to the effects of poisons which
detected in bugs during the two series of experiments, the results from the
given data are as followss

1) There is a direct relation between the amount of phosphorus
detected in the eurygaster's body and the degree of its poisoning (within
each of the experimental series).

2) There is a considerable difference in the resistance of bugs of
different sexes to the effect of the insecticides. We observed that when
wheat plantings were dusted with a 1% dust of "thiophos"™ in one of the
experiments, the destruction of eurygaster females constituted 6(% and of
neles — 77.6%. However at that time it wes not possible to prove that
8 lesser destruction of femeles is conditioned by thoir greater biological
resistance; it was possible to assume that oéological peculisrities of the
surygaster's mode of life had alse a bearing, Experiments with tegged
insecticides indicated clearly that the surygaster females are biologically
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more resistant to the effedts of insecticides than the males, which is
directly confirmed by D. M. Fedotov's observations of groater resistance
of the euryggster females to unfavcreble conditions.

3) From the comparison of emounts cof diethyle4.nitrophenyl thio=-
-phosphate and ethyl-4.4'-dinitrodiphenyl thio-phosphage penetrating the
eurygaster's body and causing destruction, it follows, that death took
plece with smaller doses of diethyl-4-nitrophenyl thio-phosphete which
coincides well with the data on the lesser toxicity of ethyl-4.4'-di-
nitrodiphenyl thio-phosphate (2).

However different quontities of deed eurygastors can be due both
to different toxicity of applied compounds es well as to their different
penetration into the body of the insects. The results of our experiments
indicate that the difference in the destruction of the eurygaster from
these twe compounds is due just to the fact that the latter have different
toxieity for the eurygaster. Apparently the different penetration capacity
of insecticides into the eurygester body is not & passive diffusion
process but is closely connected with the metabolism and life activity of
the insect. This is confirmed by the fact that in treating dead specimens
the penetration of insecticides decreased sharply and the difference in
the penetration of insectlcldes into the bodies of bugs of different sexes
disappeared.

Penetration of diethyl-4~-nitrophenyl thio-phosphate
(thiophos) intc plents.

Letely much attention is paid in literature to the problem of pene-
tration of organic phosphorus insecticides into plants, special insecticides
are being develcped which readily penetrate the plant tissues. There are
many ettempts tc use thiophos as a “systemie" = insecticide (5). However
the problem of dynamics of penetration and isolation of thiophos from plants
has not been studied sufficiently up to the present time or is based only
on the method of biological tests, At the same time this prcoblem is of
great practical and theoretical importance hecause the possibility of
imparting insecticidel properties to plants without the danger of poisoning
humans and warm-blooded animals by feeding them intoxicised plants or fruit
from these plants presents a very ~attractive perspective in the field
of chemical protection of plants.

For solving the problem of determination of insecticides in glants
in an undestroyed form we epplied the méthods of extraction of P® from
plants treated with tagged insecticides. 4s a basis for the methods served
the fact that the organic phosphorus insecticides being studied are -
insoluble in water but are adequately soluble in organic solvents (3).
In hydrolysis the orgenic phosphorus insecticides break down to phosphorie
acid which is soluble in water (4). For the determination of the total
amount of isotope P®2 which penetrated the plant, the methods of calculat-
ing phOSphorus in cuts from leaves was applied.

In fig. (1) are shown the results of determination of thiophos
penetration Zﬁégln Pe 119L7 into chrysanthemum leaves through roots when
the plants were watered through the scil with an aqueous emulsion of S0%
thiophos. concentrate in the amcunt of 50 ml. per flower pot. The curves

Declassified and Approved For Release 2013/04/05 : CIA-RDP80R01426R010100040001-8



O

Declassified and Approved For Release 2013/04/05 : CIA-RDP80R01426R010100040001-8

.

b Trans. 502

end 4 correspoid to, with & 0.05% concentration of “the emulsion, thé curves
and E:with & 0.1 concentration, and 3 and 6 - 0.2% concentretion. The
curves 1, 2, and 3 correspond to the amount of thiophos found in plants, -
which is calculated eccording to the total contents of phosphorus; the curves
4, 5, and 6 indicate the amount of thiophas found in plants, taking into
consideration its hydrolysis (fraction dissoluble in dichlorethane).

L
2

Fig. 1
Diethyledw«nitro=- , Duration of Exposure 16 days
phenylthiophosphate

. Shown in the greph is also the destruction of aphids (Aulaccrthum
pelargonii Kalt.) on treatéd plentss .
(&) abscnce of destruction.

(b) slight destruction,
(v) destruction of 20-3(0 of specimens.
(g) destruction of more than 50% of specimens.

As it is seen from the ziven deta, the use for watering of the plants
of the emulsion even in & 0.2% concentration did not secure a complete
destruction of aphids. At the same time the amount of penetrated insscti-
cide reached in this case — taking into consideration the decomposition
20-30 mg/kg, or 0.003% of the green mass of plants. 1In another test, when
the plents remained in the shade at lower temperatures the penetration of
insecticides into the plénts reached 60 mg/kg. of which 50 mg/kg. wore
soluble in dichlorethane. In this césce the destruction of aphids after
2 days reached & .considerable volume. Analysis of aphids fallen off the
poisoned plents disclosed phosphorous (on conversion to thiophos) in
emounts of 22 mg/kg. of the live weight of the aphids.

Apparently the penetration of the insecticide into various plant
speeios does not proceed uniformly. However, when plants of beets and
cineraria were watered, the amount of insecticide which penetrated them
corresponded approximately to that which penetrated chrysenthenum leaves
(at different concentrations of the emulsion). In & subsequent experiment
cabbage plants infested with grey ephids (Brevoceryne brassicae L.) were
watered with thiophos emulsion. The amount of penetrated insecticide is
indicated in table (2). ‘

In spite of considerable amounts of penctrated insecticide, the
destruction of aphids took place: This observation speaks of o considerable
resistance of this aphid species. It is necessary to point out that
depression and drying out of plant lenves was noted when they wereo watered
with the emulsion in 2 0.05% and higher concentration. In the cabbage
test as well as in the test with chrysanthemums a considerable hydrolysis
of thiophos was noted in plants. In practice /fbegin p. 1192/ 30 days after
the watering, only products of hydrolysis in the plants remain and they are
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soluble in water. Analogeous observations were mede in regard to
chrysanthemums and hydrangeo when they underwent analysis during a month,.
and the hydrolysis proceeded somewhat faster in plants which were exposed

to direct sun rays.

Table (2)

Penetration of phosphorus from the thiophos compound
when cabbage plants were watored

Anount of penetrated phosphorus when plants were watered with

243 ce

Days enulsion on conversion to thiophos (mg/kg)
after 1 T s o 2 i
watering 2 0.025 2 0.05 g 0.1
3 Total: Fraction s Total: Fraction s Total 2 Fraction
samount: soluble = amount: soluble ¢ amount 2 soluble
3 : in di~ & mg/kg : in di- 3 mg/kg 3 in di-
H $ chloree = : chlores = s chlore-
3 : thene, % : thene, % s : thane, %
2 2 t 2 ' s :
1 H 5 H — 2 32 H -— 3 21 H —
2 s 5 91 g 102 . 89 s 107 . 75
3 s bbb 4 — 2 85 —— " 188 e —
5 H 53 2 S 2 90 S — s 237 H —
8 « 107 —_ « 142 —_ s 287 -
18 : 56 31 : 80 — s 230 = -
21 s 6% 15 s 107 =2 1] : 114 H 28
29 s 65 0] 2 55 3 -— 2 158 3 13
49 s 26 3 0 :+- 100 -— 3 98 2 —

An experiment was condueted for determination of thiophos penetretion
into leaves of plants when they were dusted with 1% dust marked P52, Bean
plants which were in & green-house (in November 1950) and were seldom exposed
to sun, were dusted with & 1% dust in the ratio of 4 g. of compound per
1 n®, After some time one leaf at a time was cut from the plants; the
leaves were weighed and weshed thoroughly until the remeins of the
compound were completely removed from the surface, thereafter extracted
with water and dichlorethane. 1In analyzing the leaves, after 7 days
there were found in them 8.6 mg/kg of phosphorus on conversion to
diethyl-4-nitrophenyl-thio-phosphate, after 16 days — 13.5 mg/kg end
after 28 days — 3.6 mg/kg; and at that, on the 7th day 72% of phosphorus
was converted into dlohlorethane and on the 16th day — 58%. In repeeting
the experiments under bright sun light (in Moy 1951) the entire phosphorus
which penetrated the bean leaves was converted already on the 4th day, into
an aqueous fraction. In wheat leaves the compound wes detected only on
the 2nd day after the treatment was absent.”

The given data on the whole coincides with date in literature on
results of chemical analyses (5) and they indicate that thiophos is

- not & "systemic"™ insecticide sdaptable for the destruction of insects

through plants, both by watoring the soil as well as by treating the
leaves, which is due to insufficient penetration and retention of it .
in plants. On the other hand this circumstance meakes it possible to
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permit treatment of fruits and vegetables before harvesting, without the
danger of poisoning humans and animels who feed on fruits from treated
plants.

Received 3, XII, 1963

Scientific Institute of Fértilizers
on insectifungicides.
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Kostriukova, K. Iu.

Sravnitel'no-tsitologicheskoe issledovanie
pyl'tsevykh trubok 1ilii mertagon na zhivom
i fiksirovannom materiale

fComparative cytological investigation of
pollen tubes of Lilium martagon on living
and fixed material].

Moscow. Glav. Bot. Sad. B. 14:12-23
Ref. 1952. 451 M854
(In Russian)

Gonparative - cytologicol recucich
on poll.n tub.s of Lilium miriug;on
on living and fixed material,

In the history of our country's plant embryology we find a series
of names of which we can be rightly proud. Due to classical works of
Russian scientists already in the last century our knowledge was formed
of morphology of such an important process as fertilization., Thoroughness
of research, independence of thought allowed our country's scientists
to disclose the fallibility of id:as of a number of great foreign scientists
and to present convineing proofs of correctness of their observations.
Thus I. N, Gorozhankin's (1830, 1888) research on the development of the
pollen tube and fertilization among the gymnospermae impelled Strasburger
(1884) to renounce the theory of fertilization of the nucleus with a
cissolvecd substance which he accepted earlier and to agrze with
I. N. Gorozhankin®s proved statements on penetration of female sex elements
by formed male gametes.

However no research of the last century hac such an influence on
further developmuent of the embryological science as S. G. Navashin's (1&98&)
discovery of double fertilization among angiospermae.l

1. V. V. Finn (1948) reports interesting data on circumstances connected |
with the discovaery of double fertilization.,
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drilliant in exescution technique, dering in wide generalization, it had
& tremencous influence on the scientific nbiologicul thought. Ewen now,
50 years after this discovery, it retains its significance and in the
light of the lichurin theory it is a starting point for neu works
(Pregent, 1948z, 1948Db).

£?begin¢ Do 157

Unsurpassed muster in the execution of preparations and drawings,
5S¢ Go Navashin strived to greater perfection. Thus he pointed cut the.
desirability of investigation of living objects. Not accidentally did
the stucents of S. G. Navashin suggest new uethods which iuprove the
cytological technique, not by accident did from Navashin's laboratory
couie thz numerous investigations of the living materiel nct altered by
fixative fluids (Chernoiarow, 1929; Kostriukove and Chernoiarov, 1938;
Kostriukova, 1939 - 1949; Kostriukova and Benetskaia, 1939).

Examination of spermatogenesis in living pollen particles =nd pollen
tubss of a series of plants carried out by this author dealt slso with such
classical objects of pravious cytological - embryological works as the
1ily. These exeminations permitted the solving of a number of problems,
ariong them the problam of structure of the mule gametes of angiospernce
which has be:n debatzc for longer than & half--century. Of decisive
significune in these works was the application of i:ethods of observation
of living non - cclored materiel with the use of large magnifecations of
the microscope (x 1000, x 1500),

The successes' of these investigations brought forward a new task:
to improve the technique of develoning preparations in such a wey as to
obtain on fixed umaterial a dev:zlopuent picture of the generative cell &nd
sperms sinilar to observations in living state. It was particularly
importent tc obtain such & picture of Lilium kertagon, invostigeted
by Se G. Havashin hiuself. . .

In preparing fixed preparations we usec artificial cultur-s of
pollen tubes. For living stete ooservations the pollun tubes wers
grown on cov:r glasses spread with the fluid which appears on the stigma
when it natures (Koscriukova, 1949a). It could be expected thot when
the eover glasses with pollen tube cultures cre suoiergad into the
fixetive fluid, the results would be gocd, bacauss the fixative fluic

o
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will have a direct action on the object. But an apprehension arose, that
large pollen grains of the 1lily only slightly glued by the secretion of
the stigma, will be washed off when treated with anaqueous solution anc
will carry along the pollen tubes. Therefore the treatment time of the
preparation from the moment of fixation and up to the inclusion into
Canadian balsam was recuced to a winimum: thus the objects were keep in
the fixative fluid for half an hour, in alum - 20 minutes, in hematoxylin
10 minutes. It was necessery to give up 21l staining. The entire treat-
ment wos carricd out with cover glasses with the cultures in a horizontal
position.

Of greater importance was the choice of the fixative fluid. We
dscided upon a chondriosome fixative with osmic acid already tested
earlier (Kostriukova, 1935) which appeared to be excellent in regard to
prescrvation of various thin cyto-plasm:. formations. The choice of the
fixative is conditioned by the purpose¢ of the research: to preserve in
preparations the thin wasily destroyed formations which we discovered
during observations on material in living state - the cyto-plasm of
sperm--cells, polarly located curved canals of the nucleoids or inclusion
bodies [“vekuom/, etc, ‘

The results of the adapted technique of treatment justified the
expectation allowing to bring considerably closer to the pictures in a
living state those observed in fixed preparations.

In the given research with an abundance of material we posess the
best criterion - comparison with obscrvations made / on meterialf in
living state,.

In our preparations the pollen grains were found to be lnadequately
fixed, probably the solid exine was an unsurmountable obstacle for
penetration of such o fixative as the chondriosome fixative /Toegin. p. 147
which we used. But the fixed pollen tubes presented an abundant and
excellent material in regard to finesse of obtainec pictures we succeeded
to observe all the division stages of the gencrative cell which aliowed
us to compare our cdata with data obtained earlier by other authors as
well as with observations "in wive".
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As it is known the lily spocies whieh we took for our rcsearch
epresents a classiccl object for embryolegleal regcarch. The

spermatogenesis of this 1ily was described by such renown cytologists=-
embryologists as Guignard (1891), Sargant (1897), Koernicke (1906),
Strasburcer (1908) and later - Welsford (1914) and O'wara (1933). It
was generally recognized that all the preceding as well as subsequent
works are surpassed by the classical research by S. G. Navashin (1911)
and neither in the completeness of the ressarch nor in the perfection
of the included drawings can there be any comparison between them,

~ especially in regard to the study of the division stages of the nucleus,
This circumstancc was to a considerable degree the reason why the problem
of structure and developmfnt of male gametes of the lily was consider:d
solved by S, G. Navashin.

In studying the preparations which we obtaine¢ it wes possible to
sstablish that the generative cell of the 1lily crosses over into the
pollen tube usually at the stag: of carly prophase. This division stage
is characterized by a marked curvature of the chromatin thread. The
prophase 'is a prolonged stage during which the gencrative cell becomes

considerably longer. Also the prophatic spindle lengthens, and
becomes less compact. Due to staining it is readily possible to distinguish
(:} the abrupt curves of the thin chromatin threac, which when placed in one

optical plane appear as short curved sections (fig. 1,a).

The cytoplasm of the generative cell is distinct from that of the
vegetative one: it is characterized by a very fine, even granular
structure ané by grayish or yellowish staining. Due to large sizes of
the nucleus and a considerable elongation of the cell, the cytoplasm
is well scen meinly at the elongated ends of the cell; in the remaining
part it covers the nucleus with a very thin layer. The thin surface
layer of cytoplasm is not stained and does not have & granular structure.
This is the so - called skin or film layer of the cytoplasm (fige 1,a,b).
S. G. Navashin mentioned in his wcrk that he did not succeed in observing
in his preparations a non - granular even vsry-thin layer which sets
boundaries to the cell body from the outside. In invsstigating pollen
tubes while they are in living state, particularly in certain positions
of the generative cell, this laysr can be well noticed,

1. 1t is statec erronecously in liaheshwari's r«'sume! {1949 that Cooper
(1536) investigated the Lilum kartagon. GCooper's objects were
Lilium rogale, auratum [2/, “"filippinenze" [77_7
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At some time we succeeded in obtaining microphotographs of & living
genecrative cell of this 1lily in which th: outer skin layer of the cytos
plasm is secn Cistinctly (iostriuceva, 1949, table IV, wicro-photo 3).

Thus the methods adapted in the present research allowed us to bring
closer together the picturss observed in fixed preparations and in living

[begin p. 157

In preparations therc rcriain - true, very seldom - such readily
destructable formations as a peculiar nucleoid or inclusion body
vaakuog7 of the generative cell and sperms which we described in living
cultures of pollen tubes under the name of colore. bodies of the lily
(Kostriukova, 1939a, 1940b).. Many authors described specific inclusions
in the cytoplasm of the generative cell under various names. Thus
Guignard, Sargant and Welsford describcd centrosomes in the body of the
1lily's generative cell, Mottier (1898) - extra - nuclear nucleoli,
Koernicke - rod - shaped corpuseles. S. G. Navashin examined in detail
the formations describzd before him and pointed out that he too had the
opportunity to observe up to five nucleolate corpuscles. Sometimes these_
formations entered inside symmetrically located nuclear or fosny [Tfrothz/
bodies which had a ‘temote resemblance to the "blefaroplast"[fi/ of the
cycad family". Later Anderson (1939) described mito-chondrin in the
cytoplasm of the generative cell,

In our investigations of living pollen +ubes we did not discover
oeny other formations besides colored bodies - peculiar symmetrically
located inclusion bodiws of the cell. In fixed preparations these bodies
were found es formations blackened by osmic acid @nd only extremely seldom
was it possible to discern in them some structures. O(n fig 1,a are shown
these polarly located bodies. In one of them the reticular nuclear structure

L. We shall point out, that we never observed in living pollen tubes a
cavity surrounding the generative cell and sperms of the lily, of. which
Johnston (1941) speaks, He dealt probably with cdead or dying cells.

As to the fixed material there a lagging behind of the generative
'cytoplasma in comparison with the vegetative was actually observed duc
to the shrikking of the fixed material.

Declassified and Approved For Release 2013/04/05 : CIA-RDP80R01426R010100040001-8



Declassified and Approved For Release 2013/04/05 : CIA-RDP80R01426R010100040001-8

Trans. 503 .

-6 ~

'is scen cl:arly, the second one has bscome dark colored, but on its
surface revolutions of the spiral can be detected in some spots. But

in the mejority of cases only remains of the destroyed inclusion bodies

in the form of dark colored granules (fig. 1, 2) or bands (fig. 1,b)

were found. We shall point out that of all the researchers S. G. Navashin
came closest to the interpreting of the actual structure of colored bodies
noting their polar distyibution and frothy structure Ysimilar to complex
vacuoles"., The diversity of inclusions in the body of the generative
cell described by other authors is apparently connected with various
stages of their destruction.

However in spite of a somewhat more perfect preservation of these
formations in our preparations, the vagusness of the inner structure -
would not permit one to interpret them without observations in living
state., Only in living pollen tubes at high magnifications (x1500) was
it possible to distinguish in the greenish - yellowish polarly located
formations, the very fine winding small canals filled with a colored
content, drawn tightly together and forming bodies of quite definite
contours,

Thus in regard to preservation of these peculiar structures, the
cytological technique for executing of fixed preparations is still far
from perfect.

Further transforisations of the generative cell lecd to a thickening
and shortening of the chromatin thread, to its breasking up into sections-—
chromoscnes, Very complicated pictures can bs observed in thaese trans-
formations. S. G. NHavashin called attention to the fact that the
lengthiness of the little knot, its breaking up into sections in the
presence of already formed cuttings, may rewind one of the anaphase of
division. In fig. 1,b is depicted one of such peculiar prophases. The
little knot was broken up into two unequal parts. The chromatin thread
is complexly curved. In the smaller part of the little knot a section

of the chromatin thread is seen, one end of which winds around the other end.

The chare ’turlstlc figure formed by this section is siniilar to the
violin key, /[ buglns P. 1_/ A peculiar picture is present.d in fig. 1, b.

L. Apparently a similar explanation has to be gaven to the rugenpratlon
of ‘the centrosome described by Ellengorn #hd’ SvetoZarova (1949),
ln the malo gamotes of an objecct unidentified by them.- *

—
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The chromatin thread has already divided into 12 chromosomes which are
easy to count. The chromosomes havc the shape of curved clongated
corpuscles, Intoresting are the shapes of the extreue left chromosome
curved like a corkscrew and of the twisted one on the top right. The
chromosome's shape itself indicates that these are not unchangeable,
congsaled, solid bodiss. Such forms of chromosomes led S. G, Navashin
to the notion of their independent mobility. We shall note here, that
even though S. G. Navashin held th: position of the chromosome theory
of heredity, thorough observations of division pictures impelled him to
renounce the general notion of chroiogsomes as hard “eclcaveble® podies
which only mechanically chonge their places in thce cell, and to see in
their transformations an cvidence of a life process. ‘

In the metaphase the straightened out chromosomes come close together
in the central part of thc cell and they are distributcd symuetrically in

two groups of six chromosomes ecach in relation to the midcdlec plane (fig. 1,

2,b). Very ofton in the elongated cclls this plane is obliquely oriented
which was first noted by S. G. Navashin., 1 In fig. 1, 2, where a very
late prophas¢ is presented, the oblique position of the equatorial plane
is already outlined., In living material the straightening out of chromo-
somes, characteristic for the metaphase, and their orientation in relation
to the middle part of the oblique plane is well observed, but due to the
mobility end transparence of the chromosomes their lengthwisc division is
not disclosed.. In our fixed preparations it is noticeable due to the
cleftlike space between the chromosomes and the forking of their ends.

During obscrvations in living statec it was sometimes possible,
especially in rzcently doad cells, to sce in the chromosomes of this
stage lengthwisc rows of granulecs described by S. G, Navashin, He
indicated that he could detect these granules only with strong different-
iation. We succceded whiles solving other problems, to obtain in well
preserved cclls usually dark colored chromosomzs, but thereafter it was

possible to disclose the fine structure of the cytoplasm. As to the living

objects, the juicy, flexible, thick chromosomecs of our objects did not
show any inner structure.

L. laheshwari (1949) remarks erroneously that S. G. Navashin did not
observe a correct equatorial plane and also erroneously attributes
the description of the oblique position of the cquatorial plane to.
later foreign authors.
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At this stagc the cytoplasm preserves & fine-gramilar structure and an
even staining. Only infrequently do granules occur which are stained
black with osmic acid the remains of the destroyed inclusion vodics. No
succcssive vacuolation leading according to Navashin, to the destruction
of the body of the generative cell, was noticeable in our preparations.
As the observations in living state indicate the gencrative cell in the
nectaphase of division somewhat shortens in comparison with the preceding
stage. Its clongat.:d ends arc stretched symmetrically, at the poles are
located colored bodies (Kostriukova, 1949 b, fig. 1. table IV).

Very interesting is the anaphase of the dividing nucleus. It is
possible to follow up in fixed preperations the severance of daughter-
chromosomcs., Fig. 1,e, depicts a very early anaphasc. All the chromosomss
lie as yet in the cental part of the cell. Among them can be distinguished
quite symmetrical pairs of stretched sister=-chromosomecs. Two pairs are
caught at the moment of separation. Particularly intercesting are two
ghromogomes located on the top rizht, These arc ennverging sicter-
chromogsomes; onc of them has twisted in sliding off the other, each of
them is directed to the opposite pole. Under this pair lies another

begin ps 19/ separating pair. Like S. G. Mavashin, we did not succeed
in seeing even once either in this or in the preceding as well as in the
following stogé the threads of the spindle in spite of applying a thin
cytoplasm fixative, The threads of the spindle are not seen in living
material either., It can be assumed that“the spindle threads described
by Koernicke in the body of the generative cell of the 1lily represent
an artifact as it was pointed out by S. G. MNavashin,

In the telephase of division the chromosomes which gathered at the
poles lose their independence and in the forming daughter-nuclei a tender
chromatin net is formed, The small daughter-knots pictured in fig. 2,s,
are dark colored and the inner structure cannot be distinguished. But
according to the outlines of the knots it can be seen that the shaping
of the nuclei is not yet terminated. According to S. G. Navashin's
data the cytoplasm of the generative cell at this stage becomes evenly S
frothy and gradually disorganizes, In our preparations no symptoms of
disorganization of the cytoplasm are noticeable and the body contours of
the generative cell are quite distinct. The forming daughter-nuclei have
at first a roundish-oval shape., Later on they stretch out considerably and
at the same time they become thinner, Fig., 2 (b-e) depicts successive
development stages of spermg, A tender chromatin net is formed in the
nuclei., It can be seen clearly that it consists of granules. If the
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preparation is differentiated less strongly, this granulated condition

becomes unnoticeable., In the nuclei of the sperms shown in fig, 2, b, the
granular structure of the chromatin thread was particularly well notlceable.

These . sperms were located outside the pollen tube, apparently they over-
flowed from it together with the cytoplasm of the pollen tube at the
moment of fixation,

In living cultures we had the opportunity to observe more than once how
out of a burst pollen tube its content pours out. And at that time the
sperms usually became deformed and instead of being elongated became round
in shape.: It is seen in fig. 2, b, that the elongated shape of the sperms
is well preserved, because the tube burst at the moment when the preparation
was immersed into the fixative fluid. This was what conditioned the preser-
vation of the sperm ‘shape,

In living pollen tubes the inner morphology of the sperm nucleus is
seen not as distinctly though the division stages of the generative cell
can be well observed, It is only that the nuclei of the sperms are less
transparent, than the reposing nuclei of somatic cells.

Unlike S. G. Navashin's observations in our preparations the sperms

C]D represent well formed cells. The cytoplasm of the sperms is similar in its
- structure with the cytoplasm of the generative cell: it is uniformly fine-
grained and grayish colored. At the poles there sometimes occur dark -

colored granules—the remains of a destroyed inclusion body. (fig.2.b)

The body of the male cells as well as their nucleus, clongates, the ends

of the cells become pointed, as is well seen in fig. 2. g The nuclei of
late development stages of sperms are very elongate (fig. 2,e), close in
length to those depicted by S. G. Navashin in the embryo sac (Navashln, 1898)
with the differenee that the sperms in our preparations represent cells.

Thus the best obtained fixative fluid secured the best preservation for
sperm structure., The possibility of preservation in fixed preparations of
cytoplasm of sperms is a big step forward and is a great achievement of eux
suggested method,

As we mentioned in our previous works (Kostriukova, 1939 v, 1940 b.)
in living cultures, in growing pollen tubes, the sperm ~ cells were always
clesrly differentiated, particularly due to the polarly situated inclusion
bodies. / begin p. 297 The difficulty of observation was conditioned by the
unusual length of the pair of sperms and the rapidity of their shifting in
the moving cytoplasm of the pollen tube. The sperms proved to be connected
with each other, which was especially well seen during their movement., On
the border - line between them, always very distinctly seen, is a thin
lustrous membrane partition which separates the body of one sperm from the
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other. It is morphologically similar to the skin -~ like layer of the
generative cell and is apparently similar to the very fine membrane pleced

at the border between two male gametes (Kostriukova, 1941). In fixed
preparations of the membrane we did not succeed in detecting the sepa-

rating sperm-eslls  which are noticeable in observations in the living
state. However it should be mentioned that Johnston independently, according
to his work, describes membrane which separates the sperms in a tulip,
camelia, forsythia and one of the amaryllidaceas., Johnston considers that

he succeeded in discovering this formation due to the use of staining with
gamnetoxylene according to Delafield.

Unlike the observations on a living state, in our fixed preparations
are found completely isolated sperm - cells (fig. 2,8 - 8)s On living
material we happened to observe disunion of sperms only in one object -

amaryllis Hymenocallis smericana.

A few words on vegetative nucleus and vegetative cytoplasma., The
vegetative nucleus is preserved until the late development stages., It
is very large, clongated, its chromatin is dispersed in the nucleus in
form of lumps of irregular shape (fig. 1, g, 2, 4). It is pliable and
can take on very peculiar shapes. Its morphology and behaviour indicate -
that it is a formation of life activity. We did not have a chance to
observe symptoms of its destruction either on living or on fixed material,
The weaker coloring of the vegetative nucleus does not at all indicate its
degeneration or destruction as lMaheshwari (1949) assumes, just as weaker
celoring of the sc - called resting nucleus as compared with the nucleus -
passing over to division does not indicate degencration. In both cases the
weaker coloring indicates only a different character of life activity. The
change of form of the vegetative nucleus depending on conditicns of place
changing in the pollen tube shows that it is pliable, that it is able to
react corresponding to the conditions of the surroundings, i. e., it-also
indicates that it is a 1life activity formation. The degeneration pictures
of the vegetative nucleus described in some works, as well as the descrip-
tions of destruction of cytoplasm of the sperms are due probably to the
inperfect technique in preparing the material.

The vegetative cytoplasm in fixed preparations has a loose netted
character as it is described by S, G. Navashin, In places the structurc
of the cytoplasm is-so fine and uni - typed that it does not leave any
doubt as to the good preservation of the living state :ioroholnoy However
it is not so. In living material the cytoplasm of the lily's pollen tube
is overfilled with drops of different sizes and has the aspect of an emulsion.
Bgsides that it is in uninterrupted motion., The fine, loose, congealed
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net in fixed preparations does not at all roflect its real structure, These
observations becar witness again of the exceptional significance of living
matericl investigation for the understanding of the morphological pictures.

Sumnarizing the conducted research we shall point out that the methods
which wo applicd allowed us to meke a step forward in the matter of bringing
cloger to structures in living state of those obscrved in fixed preparations.
At the same timc these investigations showed the danger which / begin p. 2
is hidden in a nom-critical study of fixed material and the enormous
importance of observations in living state as a contol for investigation cf
preparations,

We indicated that in culturee of living pollen tubes together with the
growing and devcloping pollen tubes can always bc observed also dead and
dying oncs, Towards the end of the development, at the time of sperm for-
mation, thecre arc considerably more dead tubcs than living, Their content
is at different stages of destruction and the order of this destruction is
always quite definite. Longest preserved are the chromosomcs which becone
particularly noticeable on the coarsc — granular substrate of the pollen
tube content. In fig. 2, a is depicted a part of the generative nucleus in
a late prophase of division. Since the gencrative cytoplasm sprcad out and
is not distinguishablc from the vegetative it can be maintained, that the
destruction went quite far, but the chromosomes as the most resistant for-
mations, are well scen. In the three polarly distributed chromosones the
contours of their bodies are seen clearly, they are dark stained and their
inner structure is not distinguishable. Of great interest are the other
threc clongated chromosomes. Their body is destroyed but thereafter their
inncr structure beccmes remarkably clear, It is seen clearly that the
chromosomes contain a spiral thread,

How far the non - critically perceived pictures of disintegration can
lead is demonstrated in works by the cytologist Btrasburger (1908). S. G.
Navashin exmiiined attentively the causes of Strasburger's errors. We shall
nention only one, Strasburger described the disintegration of the body cf
the gencrative ccll at thc metaphase stage and the subsequent formation cof
nzked sperm - nuclei, But he did not confine himeclf to this: he maintained
that further then takes place disintegration of the nuclcus and liberation
of the chromosomes which he dcseribid as lying frecly in the pollen tube.
Unfortunately the imperfect methods of treatment lcad some of the Soviet
seientists also to such conclusions: described are not only the naked
sperr nuclei but also the naked chromosomes and even naked spiral threads
of sperms (Gerasimova - Navashina, 1947).
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In terminating the present report we allow ourselves to point out
agaln the particular importance which was attributed by the classics of
our country's plant embryology to thoroughncss of rescarch and perfection
of techniquc in executing preparations, Armed with Michurin's understanding
of 'plant organism, our science, making use of lessons of history, will prc ceed
on a new fruitful road to which it is obligated by the exceptional possibili-
ties which are open tc scientific research in the great country of socialism,

Kicv Botanicsl Garden imeni academicion A. V, Fomin

Fig, 1 AET l§7 Division of thc generative cell of the pollen tube
of Lilium Martagon.,

a. prophase of division of the generative cell. The cell is greatly
elongated. The elongated prophatic knot is depicted in an optical profile,
In the drawing are seen only short sections of the chromatin threcad due
to the faet that its curves are very abrupt. On the poles of thc nucleus
are seen two elongated bodies dark colored with osmic acid, which represcnt
peculiar inclusion bodies of the lily's generative cell; b. - latc
prophasc of gencrative cell division. The chromosomes are formed and they
straightened out somewhat, 12 chromosome can be counted; v.-prophase of
generative cell division. The kncy ig divided into two sections. The
chromatin thread is winding, In the upper part of the drawing a figure
is seen which is similar to a violin key, and a dark strip - the remains of
a colored body; 8, - a very late prophase of a generative cell division.
The chromosomes straightened out and are distributed in the central part
of the cell symmetrically to a certain cblique plane. At the frontend of
the cell are scen two dark-colored nucleolus-like corpuscles-remains of the
destroyed inclusion bodies, d. metaphase of the generative cell division,
The pollen tube ig considerably wider than the others, The shape of the
goenerative cell indicates that it has been fixed soon after death. The
chronosones form a regular equatorial plate., The lengthwise division
already took place, which is secen from the forked ends of some chrorosomes,
In the front(left part) is scen a part of the vegetative nucleus; e,-eorly
anaphase of generative cell division. Beginning of separation of chromosomes,
In the drawing are shown three pairs of chromosomes which are symmetrically
located (lower part of the drawing)., On the top at the right there are
two pairs of humological chromosomes which are directed towards opposite
poles. The ends of the cell are considerably clongated.

Fig, 2 /p. 127 Division of the generstive cell of the pollen tubc
of Lilium martagon.

a, - part of the nucleus in thc late division prophase of the dead,
disintegrated gencrative cell. Three chromosomes in the left part of the
drzwing preserve the usual outlines, from the other three chromosomes
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(:) remained a very fine spiral thread. The lower right side chromosome pre-
served unchanged only the right bent end; (b)- late telophasc of the genera-
tivo cell division. Tho daughter nucloi arc not yet formed. The body of
the cell is distinctly outlined; (v)- sperm cclls from the dischargoed
contonts of tho pollen tube.  Botwoen the cells is tho seetion of dischargod
cytoplasm of the pollen tube, Tho stretched onds of the cells arc bent,
the nuclci with th¢ fino-granuler chromatin net are ovael; (g)- latér stage
of sperm formation. Tho cells are fully separated from each other. They aro
considerably clongatedg their onds are pointed, the nuclei with a fine
chromatin net are also elongated. Attention is called to the difference in
sizes of gamete nuclei; (d)~- sperms-cells with intensely stretched, leaning
on each other inner ends. Nuceolus-like corpuscles are seen - the remains
of & destroyed inclusion body. 1In the front is a large vegetative nucleus,
with lumps of chrometin; (e)- sperms=cells with very stretched dark colored
nuclei. All tho drawings are executed from fixed and colored pollen tubes
of Lilium martagon with the holp of Abbe's drawing apparatus with Zeiss's
objective 90 and a compensating ocular 4, with the exception of figures 12
and 2a, executed with Zeiss's objective 90 and ocular 10.
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[Double fertilization and vitality/
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1269-73. Jan./Feb. 1954.
511 Sa2B

(In Russian)

DOUBLE FERTILIZATION AND VITALITY

The greatest event in the history of plants is the acquiring by highest
representatives of the plant world of the ability for double fertilization,
i.e. ability to crezte through fertilization not only an embryo but also
supply food necessary for its davelopment. _

. S~

In the preceding article dedicated to the problem of biologicnl esscnes
of double fertilization (Prezent, 1948) we mentioned that tho ondosperm,
formed by fortilizetion and being preserved in seeds of many plant forms of
highor flowering plants, is food of speciel kind which is an additional re-
source for the increasc in biological plasticity and at tho samé time e
morphologicel typicalness in specimens of species and varieties.

Formation of food through fertilization is the finest "method™ histor-

'ically developed in plants which provides hetcrogenity, inconsistency in tho

food itself and therefore sorves as an additional lever for higher vitality
with &11 the features characteristic for this rise.

Double fertilization like any fertilization inéreeses the plasticity of
living beings, their adaptability to new conditions.

But a distinction should be made between plasticity and "pliability".
With limited pollination eamong self-pollinators and forced self-pollinetion
among cross~pollinetions, their response to the minutest fluctuations in the
environment also increases. But this responsiveness of inbred plants and
plants from limited pollination is only a menifestation of their instability,
lowered resistance to factors of the eiviromment which they are unable to
2dapt as their conditions of existence. In the minutest fluctuations in the
environment the inbred plants respond with a change in their form due to
which the followers of Morganism promised the selectionists Zﬁ}eeder§7 to
use inbreeding for creating of new varieties of field crops., But the Mor ga.n-
ists reasoning abiologically, ignored the law, established already by Darwin,
of biological herm caused by forced self-pollination of cross-pollinators and
by prolonged self-pollination of self-pcllinator plaents. Ignoring the problem

of vitality the Morganists saw only & certain abstract form without consider-
ing the degree of its vitelity.

In reulity the subjection of an organism tc changes can be of two kinds
and at that oppusite in their biclogicsal esscnccs it is possiblo to increase
the variability of an orgenisn by strengthening its vitality and in an
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opposite way — by weakening its vitality. The first way is — increasing the
adaptability of living beings, of their ability tc rocconstruct their nature
through acceptance of new envirommental factors, through transformation of
these new factors into conditions of their development and existence. The
second road is — a lower adqptabilit of living beings, lowering of the
ability to transfor:: now cnviromnontal factors into conditions of their
cxistenee, lowcring of the reesistance te cxtorior influcnces and therefore

a greater subjoction to the latter,

Dopriving the sced of the cndosperii, forrmcd by fertilization, leoads to
reoults of the sarc order s the inbrecding avons crosg-pollinators and the
1irited pollination among sclf-pollinators.. (Begin p. 60)

In an articlc in 1948 we roported that growing of sclf-pollinator
plants from an embryo without nn cndosperm, which was removed from slightly
suollen sceds (furthcr-on such sceds arc called for shortncss "scods without
cndosperms") led to a varicty of plant forms causcd by their instability to

luctuations of the environment. Even when grown in the sanc bod a scrics
of changcs was observed among plants being tested. A particularly sharp
deviation from thc norm was in onc whcat plant of the Al'bidum 604 voricty
which was bred from a sced without wn cndosporm. In it features formea,
charactecrictic for the Veliutinum spceics, i.c, the spilke was white awnl.ge,
pubcscent and the grain was rod. It is truc, the pubcsconce of the covering
scalecs in this plant was not continuous as in Voiliutinum, but wag only along
the edge of the covering secalcs (fig. 1).

Fiz. 1. (p. €C) Right - pubcsccnt ' Table 1 (p. 60)

gpiklet scalce of an Al'bidur "604 Progeny of the cubrye of spring
varicty plant grown in 1947 frow an whoat Al'hidun 604, isolated in 1G47
mbryo isolated from the condosporr from the cndosporm.

left - non-pubcscoent spiklcet scalces

of' the control plant of tho same
varicty., : Aviount of obtuincd

Yoar of sowing

. Flante Varictics

1947 o o v 1
1948 . . . . g A
1940 . . . . 546 2%
1950 . . . . 32052 31

It could be asswsed that the appoorance of a plant with such charp
deviations is the rocult of a mechanical or bioclogical contamination of the
original muterial, i.c, that the originsl sccd producing this plan was a
hybrid or a rechanical udmixturc.,  Trus, such supposition was little vrobablc
duc to the fael that cach grain was examined vhen the endospern was romovod
oand among the original treated grains of Al'bidur: 604 wheat no red grains
wcre disclosed,

In order to find out whother the charp deviction occurrcd uctually
bscause the erbryo of the 41'bidum 604 scod was deprived of the ondesporm, we

Declassified and Approved For Release 2013/04/05 : CIA-RDP80R01426R010100040001-8



Declassified and Approved For Release 2013/04/05 : CIA-RDP80R01426R010100040001-8
-3 -

analyzed one aftcr another (in 1942, 1949 and 1950) the progeny of this
original sced, (1) Each year the sowing was carricd out with wholce (with
cndosperns) sceds, in families, i.¢, sceds of onc plant were gown in
separate’ rows, The anccstor of cach individual family being apalyzed is
an individual grain of the original deviated plant. Thus, from tho plants
sharply deviating from the original were gathcred after threshing in 1947
nine greins of which onc perished after sowing, in 1948 cight families
vere formed cach onc of which was (begin p. 61) analyzed in its varictal
nake-up during the subsequent generations, Data on numbcrs of plants
grown in familics and of originated varietal forms are given in tables 1
and 2,

From the original deviated plant types of variety Veliutinum, in 1948
were obtained 4 varictal forms, in 1946 - 22 and in 1950 - 31 (tablp ?) (2)

The results of the analysig of tlese varictal forms carricd out every
year, impel us to renounce the hypothesis that the original sced which gave
in 1947 a plant with sharp deviations, was a rechanical admixture or a hybrid.
If, for example, onc of the familics in 1948 (fawily 7) was a typc of

(i) Vcliutinum and the white coloring of the spikcs rcmaincd the same among all
the plants in the progeny of 1949, then in 1950 in the progemy of this
fariily, along with plants having white epikee, there sppeared also plants
with red spikes i.c. from a rccessive character "chipped out® (?) a dominant
one,

(1) Farticipating in 211 the cxperimental works described in this article
were E, €, Strutsovskaia, & H. Ehokhlova and particularly closcly par-
ticipating wae A, . Lazarcva.

(2) The varietal mako-up of forme obtained in the progoeny was chccked by il,

qtj: . Takubtsiner - a speclilalist on wheat taxonory - for which I cxtend to
g hir my thanks, '
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Table 2 (p. 61)

Varictics of tho progony of the .1'biciw: £04 whaat embryo
vhich wag separated from the cndosperm in 1947.

1947 1949
1. Veliutinum 1. Veliutinur: 11, Eritrosgpernum
' 2, Liutcecens 12, Ferrugincum
1948 3, Pyrotrix 13, *eridionale
4. Barbarossa 14. Goastianur
« Veliutinum 5. A1 'bidum ) 15, Turtsikum
. Liutescons 6, il'borubrum 16, Subgrolum
Fyrotrix : - 7. Mil'turus _ 17, Suberitrosperiin:
+ 3Barbarossa g, Leuktosporsurn 18, Subferrugincurn
9. Dci'phi 19. Subreridionalc
10, Grekun 20, Subgostianum
21. Subturtoilwun
22, Subbarb:irossa
195C 10, Grolkur 21. Subturtsikum
11, Eritrospermum 22, Subbarbarossa
1. Veliutinus 12. Ferrugincum 23, Al'binfliatun
Z. Liutescens 13, ¥eridionale 24, Tsinereun
3. Pyrotrix 14, Gostianun 25, Goratikum
L. Barbarossz 15, Turtsikum 26, Tsianotrix
5. Al'bidun : 16, Subgrckun 27, Eritrolcukon
6. Al'borubrum 17. Suberitrosperiun RE, Teeziun
7. il 'turum 1¢. Subferrugincun 29, Rubromarinur
8. Leukospermun 19, Subnmeridionale 30, Subcritrolceukon
¢, Dcl'phi 20, Subgostianur 31. Subtsczium

The sanmc was observed also in a scries of othor fumilics in which
white~spike plants (roccssive character) in a number of cuses gencrated red-
spikc (dominant character) progeny,

The plant of family 1 in 1948 was awned (recessive character). In 1949
in thc progeny of this farily along with awned forms there were forred also
awnlcess ones, i,e¢. dominant forms., In turn thc plants of this fmaily which
were awned in 1949, produccd in 1950 a progeny in which there were not only
awned but awnlcss forms as well,

The zamc was noted in other familics oo well, The plant of family §
was non-pubescent in 1948 and in 1949 in its progeny togethor with non-
pubcscent i.c¢. recessive forms were also puhcseont, douinant forms, 1In
turn, in 1950 in the progeny of non-pubcscent plants of the same farily
there appcared non-pubescent as wsll as pubcscent plants,
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\\ (begin p, 62)

The same has been noted in regard to the coloring of the grain. In

1949 in the progeny of the plant which i1 1948 had a red grain(dominant),
there were formed together with plants having red grains also plants with
white grains (recessive) and the latter produced in 1950 not only plants
with white grains but also plants with red grains, i.e, dominant according
to the characteristics of color (tables 3-6).

Table 3 (pe 62)
Appearance of awnless plants from awned ones in the progeny of the embryo
of sprlng wheat Al'bidum 60L which was separated in 1947 from the endospermit,

No, of] 1948 S Lo
f " Second generatlow : Third gengfgtlon L _
family: Number {7 777of thém  JNumber . of them 1 _ o
, of plants! awned ‘seriis [ EWri=l of plants | awned . semi~ awn-:
C. ! | awned | less .. awned ! less |
. i e B uuufﬁnnm? e — (contlnued
2 1 R B 33 ; 7 13 13
3 1 - - 1! 50 ;13 |12 25
Lo o1 - - 1w |23 10 32
& ! 1 o= . o= 1 106 P12 52 h2 |
| i ¢ - ! i i !
% | j ! . i !
— - P ,‘._._ — ? b e » I “T— ‘!_.
! 5 A B L ST i X S R LY 11
I S N N R L B
| | S
No., of DR CAOB0
family,Fourth generatlon (progeny_ 0¢ 3wned forms ootdlned An l9h9)i
- | Number of ih@mg__

; [
of plants awnedtseml—'awn- :

oo ' awned {less i

. 1 10043 9996 | 28 18 2
o 2 | 3963wk 362 | 18 5
| 3 1 65k 6L7 | - 71

L} 1136 1131 | 1 L
6l Ll0weee 397 ! 12
¢ 2 e 1 e
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% In this and in tables L, 5, 6 is prescnted an analysis of features of
the spike in the progeny from one changed plant of first generation
(1947) which had an awnless pubescent white spike and red grains(variety
veliutinum),

3% Among them one plant which had awned and semi-awned spikes
%% Among them eleven plants with shortened awns
sea¢ Among them one plant which had awned and awnless spikes,

Thus in the progeny of one original plant changed (altered) during the
growth from a seed without an endosperm, there was formed .an enormous number
of varietal forms and all the basic varietal features were changed: color
of the spike, awns, pubescence, color of the grain, All the varietal features
which according to their character were recessive, in the progeny of a number
of families became dominant, which compels one to reject the hypothesis of
hybrid character of the original grain,

The diversity of appeared varietal forms increased each year, In 1950
among them were such little distributed forms as the Tsianotrix, but the
spikes had not the characteristic for Tsianotrix, smoky gray chloring on
a red background, but a dark brown one, Besides the 31 varietal forms, in
the 1950 yield were also 43 plants of Rigidum type with a very coarse, brittle
spike, hard scales and grains difficult to thresh, 55 plants of Subrigidum
type, l.c. semi~-coarse type, and inflated forms with inflated scales, and very
short awns bent like a sickle,

In the progeny of the changed plant of Alfbidum 60k, 1L plants in 1950 had
branching stems (from the first true stem node, there branched out additional
stems). Particularly important is the circumstance that 9 plants in 1950
formed within the limits of one plant both awnless. as well as awned spikes,
Among these plants was one which formed an inflated spike together with two
avned spikes of the Gostianum varicty (fig. 2, 3). One of these nine plants
various (within the limits of one bush) spikes (begin p. 63) formed an awned
spike on an additional stem, which branched out of the first true above~
ground node, whité its other stems had awnless spikes, This fact compels one
to reject the hypothesis that plants which had within the limits of one bush
spikes of different varietal forms intertwined or grew together théir root
systems, Besides such a hypothesis was in itself little probable, because
cach grain was sown into the soil separately (under its recording number),

1
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Table U (ps 63)

.

Appearance of pubescent plants from non-pubescent ones in the progeny of the
embryo of spring wheat Al'bidum 604 which was separated from the endosperm

in 1947,
{ iFourth generation
Humber é.! 19L38 1949 " (progeny of non— 1950
of 1 | ‘ pubescent forms ob-
family | Qpcond senepation | Third generation ‘tained in 19L9)
Number: "o .3.:.n " Number' of which 4Number:of which
of ipubes=-: non- of -jpubes- ' non- tof ‘pubes= |unon
plantsicent pubesceny plants{cent pubescenté plants tcent pubescent
1 1 1 - S138 ¢ 1eh | 1 8ol | 15 786
o 1 1 - 33 als 9 555 L 551
3 1.1 - . 50 38 12 68L | 12k 560
n 1 1 - 125 87 38, 221 | 58k 1630
5 1 - 1 20 1 19 il | 17 1397
6 1 1 - 106 79 27 | 1162 | 29 1133
7 1 1 - & L 2 . 9L 1 93
8 ] 1 - 68 L9 19 953 | h2 911
8 7 5Lé LO6 . 1ko | 7877 | 816 7061

Table 5 (p. 03)

Appearance of plants with colored spikes from plants with white spikes in the
progeny of the embryo of wheat Al'bidum 60L which .was separated from the end-

osperm in 1947,
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| Talbe &

Number, 1940 f 1949 1950 Fourth generation
of 'Second generation Third generation __|{progeny of forms with
family| Number|of which with spikes|Number [of which with spikeg white spikes obtained
of | toIored [White of colored|white in 1949)
plants plantg ~ [Number of which with
of spikes
. _ ooy ¥ | plantycoloredlwhite _
1 1 1 - 138 68 70 5671 113 5558
3 1 - 1 50 - 50 257k 27 esh7
L 1 1 - 125 100 25 1323 30 1293
5 1 - 1 20 2 18 1333 L1 1292
6 1 - 1l 106 - 106 3762 112 3650
7 1 - 3 6 - |6 etk | 16 258
6 2 L LhS 170 275 14937 339 1L558
. | | A
The results of the described .experifent demJnstrate how |{great &n importance the

endosperm has for the planttls vitality and that the depriving the seed of t he end-
osperm (begin p, 6L) has the same effect as the limited pollination which usually
eprives the plant of stability to fluctuating conditions of the environment and
therefore creates variety of forms just because of the weakening of their vitality,
What effect will be produced by back crossing of all this enormous diversity
of varietal forms obtained from the original seed Al'bidum 604, will it be favorable
(in the sense of higher vitality),---further research will show,
We also conducted work on clarification of biological significance of the end=
osperm for rye, For the experiment was takent he winter rye of Viatka, Tulunskaia
green=-grained and spring rye Onokhoiskaia,

Table 6 (p. 6L4)

Appearance of plants with red grains from plants with white grains in the progeny
of the embryo of spring wheat Al'bidum 60L which was separated from the endosperm
in 19L|-7o .
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C >
Table ¢

Nume 1948 1949 1950 Fourth generation (progeny of
ber |—=" ~77 _ forms with white grains obtained
of |Second generation ﬁhird generation in 1949)
fami{Number |of which witiglumber |of which wit{Number |of which with
ly jof plantg grains of plants grains [|of plantg grains

_ fred {white red |white red | white

L 1 1 - 125 117 | 8 397 2 | 395

6 1 1 - 106 90 | 16 72U 20 | TOL

2 |7 - 231 |207 | 2L [1121 | 22 |1099

Resecarchers point out that with inbreeding, in rye usually there anpear
plants with most diverse deviations from the norm, Thus, for example, accord-
ing to data by V,F, and V,I. Antropov (1929) among the inbred rye plants which
they grew were forms without a wax film, forms not able to tiller, albinos,
plants with curling leaves, plants in shape of spike similar to couch grass,
plants of winter crop type, plants with a changed color of grain etce

Deviations in the form of plants analoguous to the results of inbreeding
were obtained by us when growing rye from seeds without the endosperms In
(:>sowings of 1949 and 1950 were found albinos, multicolored plants, spikes with~

out seeds, grains without embryos, plants without a wax film, dwarfs and semi-
dwarfs, plants in which the first spike is shorter than the additional ones3,
plants of “winter crop" type, which tillered during six months remaining at the
tillering stage until their harvest in October., In sowing with whole seeds from
plants of seeds without endosperm, a certain diversity of forms was also noted,
But in sowing of such progeny again with seeds without endosperms the diversity
of plants particulad§. in the length of the growing period increased consider=

ablye

The examination of experimental plants of the spring wheatb Onokhoiskaia
indicated a very great variety of spikes on various bushes, Among them were
clavate (club-shaped) spikes, narrow loose and narrow solid ones, as well as
spikes with very short (begin p, 65) awns. In the control such diversity was
not disclosed.

5Among the 204 recorded plants grown from seeds without endosperms there were
57.8% in which *he first spike was shorter than the following ones. In the
controel only 10% of the recorded 10C plants had a shorter first spike.

O
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Fig, 2 (pe 65) Spikes of plant no, 1  Fig, 3 (p. 65) Spike of plant no,

{(from plot no, 205), of the fourth 12 {from plot no, LLO) of the

generation from the embryo of seed fourth generation from the embryo

Altbidum 60k, separated in 1947, X of seed Al'bidum 60L, separated in
1947,

The central spike is from a plant of k
inflated form, variety feraticumy the Spike of form Al'binflatum; left=

two side spikes are from the same front side, right-side view; center-
plant of the Gostianum variety (Yield schematic drawing of spiklet scales
1950) « of the given spike., (Yield 1950).

It is very interesting, that in sowing with whole seeds the progenies

of plants grown the preceding year from seeds without endosperms, devia-
t4ops feewm the norm were also discovered, For example, six plants were found
without a wax film on stems, leaves aud spikes, and 25 plants were dwarfed

and semi=dwarfed, One of the dwarfeplants had a lightegreen stem with narrow
leaves and a dark-green stem with wide leaves, A case took place when flowers
blossoming at different times appeared on one plant: on one side of the spike
they finished blossoming by July 19, 1950 while on the other side of the spike
the flowering had not even started, One side of this spike had short awns

and awns of medium length, and the other-=long ones.,

» *®
™

In order to clarify the significance for the vitality of plants of the
endosperm as a body formed by fertilization (double fortilization), it was
necessary to verify experimentally the same order of nature of the effect
caused by removing the endosperm and the effect caused by inbreeding, as
well as limited pollination, not only according to morphological character-
istics but according to indicators of viability and productivity as well,
It was necessary also to find out the importance of such a method as intra-
varietal crossing for increase in vitality not only for the nature of the
embryo but for the endosperm as well, For this purpose a series of expere
iments were conducted,

Experiment 1, Comparative survival rate of rye plants of the spring
variety Onokhoiskaia which were grown from whole seeds and from seeds
without endosperms was examined,

In the control from whole seeds (control plants as well as the ex=
perimental ones were grown first in paper cups with soil and then in the

X The plants in second, third and fourth generation demonstrated in this
figure, as well as in figure 3 were reproduced from whole seeds.,
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field, in the ground) at the moment of planting into the ground 8% of plants
were eliminated and at the moment of heading=--12%, And in the experiment
(sowing of seeds without the endosperm) at the moment of planting fromthe
paper cups into the ground there was eliminated 28,9% of plants, axd at the
beginning of heading=-=56,6%, Growing of the next generation (begin p. 66)
also from seeds without endosperms reduced the viability of plants even
more: at the moment of heading 6L.8% of this series were eliminated,

Eﬁperiment 2. It was investigated how the depression from limited
pollination reflects cn productivity of rye plants grown from whole seeds
and from seeds without endosperms., The work was conducted with winter rye
Viatka, For a common isolotor were taken the spikes of tem bushes,

With limited pollination the plants which were grown from seeds withe
out endosperms proved to be less productive than plants from whole seeds,
Due to special care, the plants from seeds without endosperms were more
tillered (bushy), they had on the average, 15.5 spikes per bush, while in
the control the average per bush was 13,1 spikes, Therefore the possibility
of cross=pollination among plants from seeds without endosperms was greater,
In spite of that the productivity of plants from seeds without endosperms
proved very much lower than in the control, While in the control the average
per one spike was 10,6 and per one plant-~138,8 grains, in the experiment the
average per spike was 6,2 and per plant--396,1 grains,

Experiment 3, The plants of winter rye Tulunskaia green-grained, were
growng
1) from whole seeds from free pollination;
2) from seeds without endosperms from free pollination;
3) from whole seeds obtained from inbreeding within the limits of one g
spike; ‘ i
L) from seeds without endosperms obtained from inbreeding within the
limits of one spike,

Plants of all the variants were compared according to indicators of
winter-resistance and productivity (table 7).

Comparative winter-resistance and productivity of plants of rye Tulunskaia
green-grained, grown from seeds without endosperms and from whole seeds of
cross-pollination and inbreeding; 1950-1951.
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Table 7

Q{Gefgéga. %_of “Hiberm ¢ G % of hivb- Hervectoed | Averace AversooiAversge|Weight
ted germ- Dlﬁgtfg(Eﬁ ernsted height inumber weight | of
ination iggl) - nlants in of plentg of of one| 1000
‘ ratio to in e m |spikes | plant grains
number of per 1 in g. | in g.
sown plantg plant
or embryos
61 | 95,3 | s B4y L2,9 | 7,7 | 68| 21,81
66 93,0 20 28,2 120,3 5,1 3,01 | 16,82
49 79,0 28 45,1 121,3 6,8 3,35i 16,38
X
40 60,6 4 6,0 75,0 2,7 in isplators

X The woikes of tht olants in the given verient vere teker under the isolator for further tests and there-
fore their productivity was not calculated.

@
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(:: The obtained results demonstrated one type character of t he negative
effect of inbreeding and removing of endosperms., Inbreeding as well as
growing of plants from seeds without endosperms leads to lower vitality
according to indicators of winter-resistance and productivity, In the
variant in which (begin p, 67) the negative effect of inbreeding is
aggravated by the negative effect of growing plants from seeds without
endosperms, the vitality drops catastrophically.

Experiment L, The productivity of the progeny of plants from seeds
of the spring rye Onokhoiskaia, inbrad and without endosperms was studied,
During the test year (1951) the plants were grown from whole seeds in all
the variants, The following variants were in the experiments:

1) second generation of inbred seeds of the 1949 yield;

2) second generation of plants grown in 1949 from seeds without

endosperms;

3) second generation of plants grown in 1942 from seeds without

endosperms and subjected the same year to inbreeding;

L) first generation of plants grown in 1950 from seeds without

endosperms;

5) first generation of plants grown in 1950 from seeds without

endosperms, derived (1).ih 1949 from-inbrecding;

6) first generation of plants which were grown during the two

preceding years (1949 and 1950) from seeds without endospexrms;

7) first generation of plants grown in 1950 from inbred seeds

(:> without endosperms (in 1949 the parent plants were grown also
. from seeds without endosperms);

8) control plants reproduced in the same years and in the same

plots as the experimental ones,

Table 8 (p, 67)

Productivity of plants of spring rye Onokhoiskaia depending on the
reproduction method of preceding generations, Yield of 1951, sowing
with whole seeds,
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] Table §

! 'Recorded !Yield of erains in g, "Weight of !
' Variant of the experiment ! plants ftotal in  ‘'average 31000 grains!
! ! 'the variant'per one 'per g, '
! : ! ! 'plant

'1, Second generation of plants ind

'bred in 1949 t 55 275.5 5.1 25,90

‘2. Second generation of plants
'grown in 1949 from seeds without
'endosperms '

'3, Second generation of plants
'groyn in 1949 from seeds without
'endosperms aznd subjected to in-
'breeding in the same year

‘4, Pirst generation of plants
'erown in 1950 from seeds without
'endosperms

'5, First generation of plants

1
'
! 2.26
t
1
1
'
'
'
i
!
'erown in 1950 from seeds without !
t
1
1
H
'
t
t
t
'

252 569.3 24,33

23 62.4 2,71 16,82

Iy

1067 3538.35 3.32 26,66

lendosperms; in 1949 the parent
'‘plants were inbred .
'6, First generation of plants
PN lerown in 1950 from seeds without
(:: 'endosperms; in 1949 the parent
'plants were grown also from seeds
'without endosperms
', First generation of plants
- 'grown in 1950 from seeds without
'endosperms; in 1949 parent plants’
'were grown also from seeds withe ! :
'out endosperms snd were inbred ! 40 ! 142.6 3.
J Control,.soenscsssase 138 392.5 2,

[vezin p. 68/4s it is seen from table 8 the greatest ( in comparison
with the rest of the variants and the control) productivity was in the first
variant, i. e, in the second generation from inbred seeds, It is known that
the first normal crossing after inbreeding gives higher productivity which
was confirmed also in our experiments, Very close to indicators of the
first variant are the indicators of the fifth variant, i, e. the first nor-
mally grown progeny from parents which were grown from seed without endos~
perms obtained from inbrocding, This was the result of the fact that after
the depression caused by inbreeding and removing of epdosperms, the plants
were grown from normal seeds with endosperms derived /I/ from normal pol-
lination, Increased productivity as compared with the control is the re-
sult of a return to normal growing of plants after the depression of pa-
rential forms,

107 517.6 4,84 26.84

1121 2767.65 2,47 25,40

i 25,55

23,83

T T . T . T T S A R T . . ™

!
| ! L
! ! ]
! ! t
t ! 1
! 1 !
! 1 1
I ! !
1 ! !
t I 1
1 ! '
! 1 !
t f 1
| ! !
! t N |
i ! !
| f 1
1 L f
{ { 1
! 1 )
! ! !
! ! 1
¢ | !
| 1 1
1 I 1
! 1 i
1 ! 1
' [ t

5
8
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Of particular interest is the fourth variant because it gives a pos~
sibility to clarify the existence of parallelism in the behavior of the
first progeny normally formed from inbred parents and from parents grown
from seeds without endosperms., As the experiments demonstrated the first
progeny formed normally (from whole seeds) from plants grown from seeds
without endosperms, is more productive than the control, This speaks of
the fact that the return to normal conditions of reproduction causes in
the progeny of parenteplants grown from seeds without endosperms, a higher
productivity analoguous to that which is observed in progeny grown from
normally derived seeds of inbred parents,

During a repeated normal reproduction (second variant) the plants
came in productivity close to the control, This return to normal is of thse
same order as the return to normal during a repeated normal reproduction
by cross pollination of the progeny of inbred plants,

It should be pointed out that in the sixth variant, i.e, in the
progeny of plants which were grown for two generations from seeds without
endosperms, albinism of nodes (in 26 plants) was observed.

The removal of endosperms leads, like inbreeding, to depression
‘ and the return to normal reproduction (i, e, to sowing with whole seeds),
(:) like the return to cross-pollination among inbred plants--to an increase
of productivity which disappears in subsequent generations as it disappears
in subsequent generations, of a normally pollinated progeny of inbred plants.

Experiment S, The problem was studied whether not only the embryo
but the endosperm of the seed as well is a bearer of depression inherent
to inbred seeds, For that purpose to the inbred or regular embryo of spring
rye Onokhoiskaia was added an inbred or regular endosperm, In the experi-
ment werce eoppsred!

1) regular seeds - control (conventional sign K);

2) seeds with a regular embryo and added to it regular endosperm of

«  other seeds of the same variety (conventional sign K/K);

3) seeds with a regular embryo and added it inbred dndosperms
(conventional sign K/I);

4) whole inbred seeds (conventional sign I);

5) seeds with an inbred embryo and an added to it inbred endosperm
of anothercseed (conventional sign I/I);

6) seeds with an inbred embryo and an added to it regular endosperm
(conventional sign I/K); :

The results of the experirment are presented in table G,

As it is seen from table 9 the germination of seeds is higher in the
first variant, i, e, among the regular control seeds K; then it gradually
decreases in variants K/K, K/I, I/K, I/I,

\
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(Begin p. 69) Thus udding of the inbred endosperm K/I to the con-
trol embryo decrensed the germinution as compared with seeds in which
to the control embryo wus added a control endosperm K/K, Addition of
the control endosperm I/K to the inbred embryo increased the germination
a8 compured with seeds in which to the ihbred embryo was added the in-
bred endsoperm 1/I, Due to the wdditional trunsplanting of wun inbred
endosperm to ¢ regular embryo X/I the productivity of plants (average
yield, average number of seeds per one plant) decreased,

As to t he adding of the control endosperm I/K to the inbred embryo,
the :bsolute weight of gruin somewhat increused due to that, but the
average yleld of grain and the averuge number of seeds per one plant
w.s even less than in the variant I/I, This fuct which is not in ac-
cordance with others we explain as follows: in the varicnt with the
addition of an inbred embryo to on inbred endosperm I/I only five
plants remained for hurvesting, which, of course,were the most vital
ones in the given variant, and =8 a result the average yield per one
preserved plant was relatively high,
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. Table 9 (p. 69) Gorminction wnd productivity of plunts of spring rye
(ﬁj‘ Onokhoiskzic as an indicotor of the rolu of undosperm of inbred sceds

in the developricnt of plents (inbrecding within the limits of onc spike)

.« Yield of 1951,.

t Variont 'average 'Sown 'Sprouted'% of !
! ! (conven-'weight  'scods'plunts ‘'germi !
! Sowing material 'tional ‘'of sow- ! ' 'nution'
v 'sign) ‘'ing secds! ' t '
! ' ip g, ) ' ' '
IWHOLO SOCASssssesseeveronenssl K ' 29,4 118 1 18 ' 100 !
'Bmbryo with added to it endo-! ' ! ' ! !
'sperm of another seed of the ! ! ! ! ! '
180ME VELICtYeoseaereraa.en.aa! K/K 1 30,4 120 ' 18 ' 90 !
"Embro with added to it in- ! ! ' ' t '
bred cndospern of another ' ' ' ' ot !
'seed of thc samc varicty.....! K/I ' 32,6 127 ' 23 ' 85,27
'Whole inbrcd scedSe..sevecses' I 29,7 '19 ! 15 ' 78.9!
"Inbred embryo with added to ! ' ' ! ! '
'it inbred endospornm of anoth-' ' ! ! ' !
tor seed of the same varioty,.' I/I ' 32,1 '19 ' 9 YR
'Inbred cembryo with added to ! ! ! ! ! !
'it an cndospern from control ' ' ! ! ! !
Ysceds of the sam vorioty..,. ' I/K v 34,6 ' 27 ! 22 P 81,5

'Presorved 'Averuge ‘'average 'Weight'aversge!

1

! 'and rec=- 'yicld of 'mucmber 'of lyield '
! 'corded lerain per'of sceds'1000 ‘'for ',
! Sowing material tplants in '1 plint fper 1 'groins'sown !
' tharvesting'in g, 'plant 'in g. 'grain !
1 ] 1 lin R 1 'in * t
WNOle SEEASe,.eeseensoesnsess! 10 1710,90 ! 397,0 ' 27,44 9E38W

1Znbryo with added to it condo-! ! ! o ! !
'sperm of cnothoer sced of the ! ! ! ! ! '
1861 VETietevenessaneonaaesal 10 v7.39 Y 283,9 ' 26,02' 5,91
'Eobrro with wdded to it in~ ! ! ' ) ! !
'pred endosperr: of znother ' ! J ' ! !
lseed of the scrme variety,....' 21 ' 6,02 ' 254,1 ' 23,66' 5.52 !
"Whole inbrod S6c¢dSseesseceses! 13 ' 4,90 ' 198.8 ' 24.66' 3,54 '
" Inbred ombryo with added to ! i L ! ! !
'it inbred cndospern of &anoth-! ! ' ' ! !
ler secd of the sume varioty..'! 5 t 4,16 ' 180.,2 ! 23,09' 1.22 !
tInbred embryo with added to ! ' ‘ ! ! ' !
11t an endosperm from control ! ! ' ' ! !
isceds of the some vurietysa,.' 18 ' 3,82 ' 54,6 ' 24,79' 2,86

% In @mlcul:ting the yield in regerd to the sowsd grain, not calculated
were tho grains, the plants from whick were destroyed by the Swedish
(j\ fly or duc to mechuniczl damages,
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With o culculution of the scrcenings the wveruge yield per one
sown grain in vericnt I/K s higher then in varicnt I/I,
(vegin p. 70) ' :

Final onclusions on experiment 5 can be drewn only after re-
pecting it on & wider scule and after studying the progeny of plants
of all the vuriants,

Experimont 6. The purpose of the experiment is te clarify the
significance of an intra-varietal crogsing «8 a method incrcusing the
vitality of self-pollinution plants not only fer the embryo o soceds
but for their endosperms as wecll,

The endosperms in seceds of spring wheut variety Tulun ZA/32 ob-
tuined from intra-varietal crossing were removed wnd in their steud
were .dded endosperms frow other sceds of the same variety obtained
also from zn intra-varietal crossing (conventional sign V/V), Si=
miltaneously to the embryos of regulur (control) seeds instead of their
own were added endosperms of seeds of the sume viriety but derived
from intra-vurietul crossing (conventionul sign K/V,) The reguler
seeds of the control underwent a gimilar treatment: to their embryo was
zdded o foreign endosperm from control (regulir) seeds of the s.me

{:} variety (conventional sign K/K).

The results of the experiment cre presented in table 10,
The results of tronsplanting embryos of spriung wheat Tulun ZA/32

on endosperms of seeds of other plunts of the sume viriety. The trunse-
pl:nting took plice in the spring 1951,
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Yield 1951
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'B8mwbryo from intru~ 'Smbryo of con-

'trinsplanted on en~'planted on endo=~
'dosperms of seeds _'sperm of seeds

'variete]l crossings 'trol sceds trans-

Indicator 'of the 'from in- ‘'from in~‘of the
‘econtrol'tru-v.rie- 'tra~ver-l!control
1tal eross—- Tietal 1!

B St e v wm ed wm ve e e

!

' tings terossings

VK v VY t K/V U K/K

1 ' ! 1
Number of plants t 15 1 10 ! 15 t 13
tAveruge height of plants in cm ''105,8 ' 106,4 't 102,4 1 103,13
tAveruge totwl weight of plants in g' 13,8 ' 12,5 o104 Y 9.9
laveruge number of stems per bush ! 8,4 ! 8.2 ' 7.5 " 7.0
tAver.ge number of spikes per bush ' 8,2 8.0 ' 7.4 " 6.4
' Of this number=productive o7 6.9 ' 5.8 1 5.0
lAveruge length of muin spike inecm ' 9,5 ' 10,1 ' 9.6 ' 8.8
tAverage number of gruins in muin ! ! ' !
b spikes 136,40 A0L ' 35,3 "' 33.2
'avercge weight of grains in mein ! ! ' !
| spike in g. t o 1.33¢ 1.25 ! 1.09' 1,06
'Average number of gruins per bush ' 141,6 ' 145.3 ' 127.8 ! 113.5
'Averuge weisht of groins per bush ' 3,46 3,67 ! 3.1 ' 2,82

A8 it is seen from table 10 the wver.ge length of the m.in spike,
the .veruge number of grains in-it, the ..ver.ge number of grains und
the wveruge weight of the grain per one plant, i, ¢, the basic indica-
tors of seed productivity, ure best in the variant V/V where the embryo
and the rdded endosperm cre obtained from intre~varietul crossing.
Addine of the embryo or the endsopernm fror an intr® -varietul crossing
to regulur endosperm or ambryo also incre:ses the productivity in com=
parison with the control,

The data of the experiment indieate that not only the embrdo,
but also the eéndospern of seeds from intru-vurietal crossing increuse
the vitulity of plunts, The selectivity of fertilizution reflects not
only on the embryo but ulso on the product of the double fertilization—-
the endosperrm, by the results of which is the vitulity of the plunt
produced incrcused,

It is very significwcnt thut ot the beginning after the fertilizue
tion the endosperr outstrips in its development the development of the
embryo. This is indiccted (bugin p. 71) by the results of =« series
of unutomicul-embryolosical investig tions (V. G, Aleks.ndrov, 1937;

V., 4, Poddubneivu - Arnol'di, 1947)., 4#nd only after the ondosperm begins
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to turn into u reserve nutrient substonce does the embryo begin to
develop vigorously.

What is the biological significance of the faect thut the endospern
¢nd the embryo chunge places in the speed of development: that the
vigorously developing endosperm is later on left behind in de¢velop-
ment tempo by the embryo which begins to develop vigorouslyl

The blological mezning of this regularity is in the fact thot the
endosperm "serves" the development of the embryo and thcrefore it de-
velops vigorously up to the moment when it becomes rc.dy tol used by
the ecmbryo, Only from this moment can the embryo start its develop-~
ment-using the endosperm as nutrition,

The embryo draws out of this nutrition formed by fertilization
a specific kind of supplementury viriance in conncction with which its
vitality slightly increases, And inasrmch s the embryo - as it is
indicated by the anatomist - embryologist prof, Alecksandrov--uses for
its development not only stored substances of the endosperm, dbut also
its tissue, cover, nucleus und protoplasma, it is comprehensible what

a_large aodditional stirmlus of variance and thersofore of vitality is

drawn from the cndosperm by the embryo and the little plunt growing

from the seed.

And at that, if the endospernm belongs to cnother seed even of the
sape variety, its role as on additional lever of vuariance of dcvelop-
ment of the embryo und the young plent.is still greatér.

The embryo draws from the endosperr, which is prepcred to de -
assimiluted, an additionzl stimlus of vitality already from the
first moments of its embryonic development and not only from the be~
ginning of plunt developrent from the embryo, From here follows a
very important theoretical and methodical conclusion: the sooner the
embryo will be provided with nutrition saturated with great variances-—-
the endosperm, the greater will be the vit:lity of the embryo and the
little plent dovelopine out of it.

For an xperimeontal confirmation of this statement an immiture em—
bryo which had not finished its development wis trunsplonted on an en-
dosperm of another grain of the same variety during the stage of eurly
wax ripeness. The thus obtained heterozenous seeds were kept through
fall end winter until sowing® time, In the spring in other sceds of

4) The experiment wcs conducted with grains of spring wheat Ldutescens
62, When transplonted during the e.rly wux ripeness stoge the embryo

is so strongly attached to the endosperm that the grain can be very well
preservad until spring of next ye:r, even not under storile conditions,
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(:j the sume vuriety of the same reproduction the endosperus were &lso re=
placed by endosperms of other grains of the sume variety., Seeds of both
transplenting dates (fall and spring) were sown simltuneously.

Even the fall, i. o. corparatively lote (.ccording to stuge of
seed form.tion), intraevarictul treasplanting of the foreign cndosperm
has &n odvantuge us compored with the spring trirnsplunting, i, c¢. trans-
plenting of o mature embryo on a meture endospernm, In plants from grains
of fall transplunting, more productive stems wre formed and they wre
all more vigorous w«nd productive than the control plants nd the plents
of the spring trensplenting, This is the result of the use by the em~
bryo of thc foreign endsoperm which was taken for trinsplanting from
o not yet absolutely mature sced,

Seeds of plents from “heterogenous® seeds of foll and spring truns-
planting were sown the following spring sepurately in fractions without
(vegin p. 72) any surglcal interference (sowing with whole seeds), In
1951 the first generation from whole secds was obtained ~-the generation
of original “heterogenous” sceds of fall transplunting of 1949 and spring--

&l o.
of 1950, (teble 11) Yield of 1951

! First generation
! from trunsplunting! Control
Indicator I fall ' spring
' _(1949) ' (1950)

] 1 )
1 1 |

' i )

' ' '

(j\ ! Number of plantS...cessveccsssess' 120 ! 100 't 100 '
«/ ! Average height of plants in cm...' 122,69' 115,87 ' 120,65 !
| Average weight of plants in g....' 12.13! 10,30 ! 8.52 !

! Average nurber of stems per one ! ! ! !

' plant§eceasecoccoce-cnsasasasces ' 5.53! L,21 3.9t ¢!

| Average number of spikes per onc ! ! ! '

! Plantaootooooooo..Q‘cooooioont-" 5'20' 4006 ! 3'72 !

' Averuge number of productive ! ! ! !

' spikes per busheeescecessooveses 4,231 3.33 ! 354

' Average length of main spike in ! ' ! !

L CMaassescnsscnoscerosaneorsasecs 9.00! 9,06 ! 8,63 !

' Average number of grains in the ! y ! !

' main Spike.-.--o-o.-.o.-oo--oooc' 38.26' 41-9 ! 33085 !

! Average weight of grains of the ! H ! f

' main spike I0 Z.eeveecvccosccons’ 1,78! 1,75 ! 1,40 !

! Average number of grains per one ! ' ! '

| DLONTiernnrnvnonroavrnsnseansass? 133,451 121,14 ' 100 '

! Averoge weight of gruzim per one ! ! ! '

{ plant in glloo.oo.oooo_oooooogovt'o' . 4'89' 4'53 ! 3043 !

' Mass Neading, .aeseasseceisassneea,'6-10/7 ' 8-11/7 ! 8-11/7 !

As it is seen from table 11, the basic indicators of productivity
(aversge weight of plants, averuge number of stems, averuge number of
grains and average weight of grain per one plant) 4n the progeny ef
"heterogenous" seeds of fall tronsplanting is higher not only than in
the control but higher than in the progeny of "heterogenous" secds of
(ij spring transplenting as well,

*Results of transplanting embryos of spring wheat Liutscens 62
on endosperns of seeds of other plants of the seme variety.
Sowing with whole seeds. Zféble 11, p. ﬂ§7
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Thus, it is :stablished that in "hoterogonous® sceds the added
endospern effocts the process of cmbryo development itsclf, raising
the vitality of the secds which later reflects on the progeny from
whole secds,

In ord-r to increasc tho cffect of "hetecrogencity" of sceds it
is expedient to perform the transplanting of embryos not in maturc
secds, but in those which are still in the process of maturing.

The total cxperimentul dats which we obtained confirms the state-
ment that the endosperm which is formed by fertilization is extremely
important for the plant's vitality; that the dopriving the sced of the
endospern is, on the samec order, in its effect, as inbreeding and
limited pollination and that in the increuse of vitality or, on the
contrary; in depressiveness of plants participates (depending on the
reproduction rmethod) not only the embryo of the seed, dbut also the
endospern,

» * .

The endosperm is nutrition, but nutrition of o particular kind:
it is created by the most complex lifu function-~-fertilization, and,
curries in itself the features of & living body wnd its pccullarit1es,
it plays 2o big role in the life of a plant individual and speccies,

(begin p, 73) The problem of biological significance of double
fertilizotion must attract the intent attention of bielogists, This
problem is of serious irportance for further development of the en-~

‘tire problem of vitality,

Received 3;3.(_,1 . 1953
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Znachenie izotopov i drugikh
noveishikh metodov issledovaniia

v biologii dlia resheniia voprosov
sel'skogo khoziaistva

/Importance of isotopes and other newer

‘research methods in biology for the solv=

ing of agricultural problem§7

Izvestiia Akad. Neuk SSSR, seriie
biologicheskaia, v. 1 (?), pp: 8-19,

- Jan./Feb. 1954

511 Sa2B

(In Russian)

IMPORTANCE OF ISOTOPES sND OTHER NEWER
RESEARCH METHODS IN BIOLOGY FOR THE
SOLVING OF AGRICULTURAL PROBLEMSX

One of the leading tasks of the socialistic agriculture is the further
increase in yield capacity of all the species of food and technical crops.
Extensive government measures in mechanization ond electrification of

" agriculture, in construction of irrigation systems, in dreining of swamps

in supplying the agriculture with all kinds of fertilizers ~ creato
possibilities for obteining of high and steady yields in all the climatic
zones of our country.

' However, in order to use skillfully these possibilities it is first of
@11l necessary to know the requirements of plants, to learn to satisfy these
requirements with the greatest benefit for the yields

Great representatives among soil-specialists, agro-chemists, physiolog-
ists, solectionists, geneticists and other branches of biology are conduct-
ing research in directions important for agriculture. Great progress has
alroady been achieved on the basis of which further rationalization of soil
cultivation is being put into practice, morc perfect methods for the care
of agricultural ¢rops are being croated, chearges in their hereditary nature
arc being achieved and new highly productive plant varieties are being intro-
duced into agricultural production.

In connection with the greast tasks set up by the September Plenum of
the TsK KPSS /Central Committee Communist Party of the Soviet Union/, the
Soviet biologists have to penstrate even more courageously and deoply into
the process of the plants' life activity and to show on this basis to the
agricultural workers the even more efficient methods of nutrition and plant
growing, to equip them with new knowledge and methods for increasing the
yicld capacity of agricultural crops.

XReport at the General meetinge of the AN SQ8R An 22 Ontnhaw 10&7
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The Soviet biologists approzch this respunsible work sfter a funda-
mental rewiew of many general problems of biology. Notions proposed by
Soviet scientists on non-celluler forms of life, on inheritance of acqu-
ired cherscteristics and properties, steges of develcpment, inter-relation
of orgonisms with their lifec conditicns snd scme others have e profound
influence not only on the development of all the divisicns of biclogical
science, but zlsc on the solving of practical prcblems of rgriculture, me-
dicine etc., '

Together with thissthe progress of isotope, chromotpographical, op-
ticel, electron-microscopical, electrophoreticel end other resecrch me-
thods widely used rt the present time by the Soviet science, opened to
biologists ncw technieal possibilities, leaming on which they can app-
roach the solving of problems which earlier seemed tc be inaccessible for
direct study.

Thus at the present time the Soviet biologists arc we!l equipped by
progressiva theoretical idencs ond powerful research methods in order to s
solve successfully and rapidly the new prcblems confronting thome

//Ebegin Do 9:7 Extremely wide possibilities for such kind of works
arc presented by tegged etcms, which in ccmbination with partition chro-
matography on poper and some other methcds allow to observe directly and
accurately the processes which take ploce in the soil, the use by plants
of nutrient clements, the movement of nutrient juices in their tissues rn
and finally, the finest reactions of metabolism teking ploce in their cells.

Only very little time passed since the radic-sctive ond ncn-radio
active isctopes entered fcr the first time th: laberotories of biological
and rgriculturel resecrch institutions., However, even during this short
intervel the Soviet biclogists who study the processes of life activity
of plents, had the possibility of visuelizing considerably fuller and in
meny cascs with an entirely ncw approach the life of the plant end its
relation with the environment.

Further rcsearch with the use <f tegged atoms premises mere new ond
unexpected discoveries. But even now on the besis of cnalyeing and sum-
marizing of the results of works by ¢ series of resecrch groups of the
Acedemy cof Scicnces cf the USSR and of other scientific instituticns of
the country, it is pessible te cutline a picturc of nutrition of plants
es it eppecrs tc us now due tc the use of isctopes and of metheds of
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partition chrometography connected with thems

The most ecsily directed sspect of physiological plant activity is
the root feeding and =+ ezgriculture has at its disposal many effective i
methods of influencing it, This is the reason why most of the researchers
working with isotcpes ccncentrate their attention on problems of distribu-
tion and conversion of nutrient substances in the soil and on their assim-
ilation by plsnts,

Experiments with radio-active phosphorus, cclcium, sulfur, heavy ni-
trogen and orgcnic substences tagged rsdic-sctive carbon, in & short time
considerably widened and made more pr-cise our knowledge of plant nutrition
thrcugh roots. In particular, the use of tagged phosphorus allowed us to
change the previously existing noticn of low (10-12%) assimilation of ph-
csphorous fertilizers by plants. Such a2 noticn wes formed os @ result of
comparison of the tctal ccntent of phosphorus in yields of plants grown
in fertilized and non-fertilized soil, without dividing it intc phosphorus
of the soil itself end phosphorus intrcduced with the fertilizer. At the
same time experirments demonstrated thet in intrcducing into the soil of
phosphate fertilizers with tagged P32, for example- double superphosphete,
the wheat and cther plants first of sll use 48~68% of the phophorus of the
fertilizers st the same time reducing the absorption of phesphorus from
the soil itself, :

This rosult gives evidence of & considerably higher assimilability cf
phosphorous fertilizers by the plents then it wes supposed end ccmpels us
tc search for methods which increosc the use by plents of pheosphote suppl-
jes from the soil itself,

Fasily and accurztely. can now be solved also such an 4dmportant egri-
cultural prcblem as a roticnel distributicn of fertilizers in tne soil, w
~ which would provide the most rapid end ccmplete ossimilatiin of stores of
fertilizers by roots of young plents., This problem is particularly es-
sential for granulztcd phosporous fertilizers which recently are being
widely distributed. Placing in different sedtions of the sdil granules c
of fertilizers tagged by radio-ective phosphorus, the Soviet scientists
demonstrated that even 15-20 minutee after the contret of the rootiet with
the scurce of P 32, the isotopec is detected in leavcs, Therefors by watde
ing for the appesrsncc of the first signs of radio-activity in leaf blades,
it is possible to estoblish the moment the roots reach the stere of fer-

tilizer in the soil ond by observing the subsequent increase in radio-activ-

ity it is possible to evcluate clsc the speeds of assimilation of the given
supplye

lﬁiggin-p. 111;7 The importcnce of cerrzet distributicon of fertilizers
for the feeding of plants is indicated, for exemple, by experiments with
oets which demonstr: ted that during the intrcduction of phosphorus togged
by an isotope into the soil ct o depth of 3-4cm under the seads, the "qon—
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tact" of rootlets with the supply cf fertilizer starts alrcady 2.3 days -
after the germinction of seads ond when the granules ore placed 5-6cm
distant from the seeds, this "contcct" is retarded by 3-4 weecks and there-
fore the beginning cof the phosphorous feeding which is so necessary for
young plents is also retarded. With the help of this method it wrs even
possible tc clarify the optimum distribution of some kinds of fertilizers
and there is no doubt that in the futurc the isotopes will rlay an even
grecter role in the evaluaticn of varicus methods of mechanizad introd-
uction of fertilizers.

The given method cen be used clsc in observaticns ..° ool n
of the distribution of the roct system in the soil which was formerly aah-
ieved by labor-consuming and far from perfect methods of digging out of rcots
and freeing them from the scil. By distributing ccncentrations of fertil-
izers tagged by =z radio~active element into different layers cf the seil,
the researchers con essily observe the penetraticn of rcots inte any horizon
without disturbing the completeness of the plant by watching for the appear-
ance of radio-activity in its losves. In this wsy can be studied the de-

velopment of rocts in plants depending cn soil cultiveticn, on methods’and
datesrof irrigetion, on tempercture =nd other foetors, which is necessary
for o correct orgenization of plant feeding applicable to conerete cone-
diticns. '

Use of tegged phosphérus (P32) for the study of the ebscrbing function
of the rocts disclosed in this seemingly long known prcc:ss new inter sting
peculiarities which allcws us tc substentiate thecreticelly the vse of gra-
nulated fertilizers. It wes demonstrcted on ¢ ssmple of © spring wheet that
during the contact with o granule of phospherus cf any single small roctlet
which, lct us assume, constitutes 4-5% cf the totel roct system, the absor-
bing functicn cof such & rootlet increases immcdiately 20-30 times as ccomp-
ared to en ordinsry one znd therefors this rcetlet alcne provides tc a con-
sidereble degree for the needs of the entire plant in this elzment, It
appeared that the root system of plants zs an organ of abscrpticn posesses
a large reserve of potential powsr which however is realized only locally,
when the rootlets ccme in centact with concentraticns of nutrient eubstan-
ces, The fact that the nutrient substances absorted bu any single fibrous
root ar . redistributed in cereals in the so~-called tillering ncdes and cre
directed from it tc ell prrits cf the plant according to their requirem~nt
in the given scurce of :utrition is very essential, (fig.1).

Fig. 1 ZE. 10_7'Scheme cf the use by the plont of o granule of phos-
phorous fertilizcr.

Thus the rc:t system app:ars to us now not as an evenly functioning
mechanism which sends water and nutrient subsrances into chove grcund parts.
but tc o high degree a labile ond operative organ, the activity of which in
‘verious perts chenges repidly depending on th- presence of nutrient substences
and the requircm nts ¢f the plent, Thesz peculiarities of Roots allcw them
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to use readily the lceczl concentrcticns cf nutrient substonces, in part-
icular of grenuated fertilizers. '

Fig., 2 Radio-autograph of a beet plant (a) e¢nd of tometo (b) after
additionsl fertilizing wit rsdic-cctive phorphorus through the leaves,

Fig.3 Radio-autogrrph of ¢ 12 dey cld been plrnt enriched with redio
active carben o9 ¢ result of absorbing.c;ﬁgé throygh the rocts.

Fig. 4 Redic-autogrophy of 6 dasys old shoots of wheat grcwn frem soil
whth rotting radio-active remeins cf plants.
left-during the period of intense emissicn of Cl%oz by radic-cctive remcins;
right- atithe end of the disintegraticn of crganic remains,

[tbegin Pe lL;7 During certain periods cf develcpment which usuelly
begin after th: sctting of the fruits the plants loose tc & ccnsiderable
degree the obility t¢ absorb phosphorus and some other nutrient elements
through the roots. Mesnwhile the proccsses of movement of plastic sub-
stances and their depcsit for reserves, which zre deminant in the piants
ot the given period, cre still in need of _un intzke of nutrient salts ond can
be strongthened by free access of them /:saltq;7 to th: plant.

Agroncmical science alraedy found the scluticn of this preblem having
applics the sc ealled nen-rcot cdditionel fertilizing, i. e. sproying or
dusting of the plent's sbove-grcound ports with the necossary nutrient sub-
stances. In porticulsr, it is possible with the help of+ ledf feeding with
phesphorus, tc iner:ase the yield of suger beet, pctoto, cotton, and with
leaf feeding of ommonium salts to increcase the yield of crbbage and other
vegetables, especially in th: North, whurz tho low temperctures cf the seil
interfere with ¢ normel intcke of nitrcgen threugh the rocts.

The use of tegged ctoms ossiste’ in the given cas» s well in regulating
and substanticting of this useful measurz. Thus the applying of salts of
redic sctive phcsphorus rs leef feeding allcwed us tc cbserve the penetraticn
of the fertilizer through the lsaves into the plant snd its distributicn
in the tissuss. :

Particulrrly graphic is thz picture cf such distributicn in redio
sutogrophs where the plants seemingly "photcgraph!" themselves by means cf
the radio active e”ement which penetratcd into its tissues. In fig., 2 is
shown th: distirbution in the tissues of F 32 intrcduced in the form cf a
salt sclution through the leaves of bsets ~nd tomedoes: phosrhorus, after

penetrating inside the plent, sccwulates, for exampley in a ycung beet
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plant in the roct, end in tom tces, in the fruits, depending ¢n the requirc-
ment of individual parts for the given e lement, It is natursl that guided
by such documentary pictures cgricultureal workers con determine cemsider-
ably more accurctely the dates end nomms of leaf feeding.

Heving opplicd radio active cesrbon (Cl4) in combinstion with chtbmebe
ography on pcper, the Soviet birlogists disccvared ¢ new function of the
root system which consists in the absorption by the rcots of carbon ildoxide
from the soil end in trensmitting it into leaves &nd othcr green parts of
plents. It appcers thet here, under exposure tc light, the scil €6, is
used together with that abscrbed from the air fcr a synthesis of sugars end
other products of assimiletion(Fig.3). Thus wes disclosed zn additionel
source cf carbon nutrition of plants the existnece of which was not known
befcre. This fact has not only o thecreticsl but a practical importence
zs well becruse it points out the important role of humus and ¢f micro-
biological processes in the soil for the feeding of plents with CQp and it
warne ogoinst a cne-sided understonding of problems and possibilities in
the use c¢f minersl fertilizers. 4 '

By introducing lecgumes into the scil which ore tegged in their organic
part by radio-zctive carbon, it is possible tc cbserve the decrmpesiticn of
orgenic remeins zcccording tc the speed cf liberaticn cf the cl4p_, Such
observations :r¢ ¢f great practicrl velue becouse they allcw one®te judge
the intensiv-ness of the humus-forming prcczsszs tcking plrce in the soil
depcnding on its cultivstion, humidity, tempcreturs end othor factors. At
the same timec by growing plants in a soil with sctiv muleh it is pessitle
te make direct obscrvatiops of absorpticn snd use by them of the carbon
dioxide of rOtting remcins. In fig.4 is given a radio sutcgraph of a wheat
shoot grown in scil fertilized with remeins of r dio sctive plants, during
which the conditions of the experiment exelud:d the possitility of another
way of entering the plant by C 402 except through the rocts,

In the genersl carbon feeding of lonts the specific s: gnifiganee of
carbon dioxide entering thrcugh the roots apparently can very. /_begin p.
12;7 Clarification of this prctlem is of grest practical interest and de-
serves sericus cttenticn. In ths teile below are given scme preliminary
dets obteined in the summer of this year under field conditions during en-
richment ¢f the soil with carbon:stes,

1 1
' Yield {c/ha ' Increcse in yield duc to COp,
Crop ' N PK INPKICQ,! in ¢ ! in %
1 [ ~t 1
Potato f291,1 ' 311,1°! 20,0 ! 6,9
Barley 1 21,2 ' 25,0 3,8 ' 18,0
Beans ' 40,0 ' 46,96 6,96 ! 17,4 .
1 ! ] 1
1 1 t f
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These results are for orienteticn, however they indicate that soluble and
non-soluble carbonates introduced intoothe soil together with basic elements
of nutrition con in a nunber of cases noticecbly increase the yield of beans,
barley, ond potatoes. In some cases the absolute increasc in yield can even
exceed the amount of caorbon dioxide introduced into the soil (for example,
in experinents with potctoes) which indicetes a nore conplex relotion,

Indeed, detciled study of the biochernicsl zspect of assimilation of soil
carbon dioxide reveals its close connection nct only with the carbon nutrition
but also with nmony other inportant cspects of the phy51olcg1c 1 activity of
the plznt,

At the prescnt time due to the use of redio-active carbon (C14) and
partition chromatography, it was possible to understond rather in detail, the
inner mechanisn cf this previcusly unknown phenonmencn znd its=significance
in the life of the plant.

In fig, 5 there is scheratically prescnted a plont and next to it are
chenical formulas which dencnstrote the courge of tronsformations in which
the carbon dioxide of the soil participetes.™ Sugars forned in the lecves by
assimilotion of COx from the atricsphere, nove down along the bark (phloen)
end having recched the rccts they penetrate into their finest and mcst active
ranifications. The spesed of this downwrrd moverment determined with the hely
of marked cerbon is, for exemple, in sugar beets from 0.7 to 1.5 m per hour.

In plant roots the sugaré underge & step-by-step glycolytic disintegration

as & result of which pyroracemic acid is fcrmed. This is the substance which
picks up by mesns of e specific enzyne the soil cerbon dicxide which unites

in the form of carboxyl to the pyroracenic acid, converting it into oxalacetic
acid. The latter, which is ¢osily reduced, is ccnvorted into nalic acid
which is the first comparctively stoble substance thet carries carbon dioxide
of the soil, This first stage of fixction of soil carbon dicxide can be
illustreted by fig., 6. Rndio-rutography presented in this picture indicotes
that with ¢ dditicnal fertilization (for example of bean roots) with togged
CO2, the radio-activity concentrates first of all in the malic acid end only
later on, due to inter-conversicn of acids is it partly menifest in citric and
keto-glutaric acids,

It should be pointed out that penetration of C02 as o carboxyl group into
organic ucidg does not in practice rzise the free energy of the substance

llgegin Pe 127 and therefore cannot yet be considered as nuteltion of plants

with carbon dioxide. However the organic acids which are formed in the roots

1, In formules (in flgures and in the text) the carbenic acid of the soil
is marked with an asterisk (c*),
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> and which carry the soil carbon dioxide ascend upwards through the plent and

C

penstrate into the green fruits, the growing point end especially into leaf
blades (see fig. 5). The speed of this ascending movement even in grass plants
is 3 to 7 cm per minute or 2 - 4 m per hour, due to which the COp of the soil
very rapidly reaches the assimilating tissues where it is freed egain as a
result of the action of the decarboxylizing enzyme, and being reduced in the
process of photsynthesis, it forms carbohydrates, protein and other products
rich in energy.

Part of the sugars thus created are in turn directed towards the roots
for the purpose, after being converted there during the respiratory process
into pryorascemic acid, of accepting new portions of COz from the soil and
delivering them to the leaves. Such is the basic cycle of this process: however
on it arc superimposed a number of supplementary phenomena which connect the
root feeding of carbon dioxide with other aspects of the physioclogical plant
activity.

Fig (6) /p. 13/

Cycle outline Jf sugars and organic acids in e
plant with the participation of soil carbon dioxide.
(The continuous line indicates the downward movement
of sugers, the dotted -— the upward movement of
organic acids).

The method of tagged atoms allowed us to esteblish, that part of the
carbon dioxide, which moves in compounds of organic acids from the soil, is
used for photosynthesis even by the green cells which form a layer around the
conducting tissues of the stems and the leaf petiocle. As & result, in the
solid tissues which are usually not easily accessible to outside air, there
forms & considerable amount of oxygen which is necessery for the support of
very intense respiration inherent to conducting tissues. Thus theré was shown
the puzzling role of the chlorophyll-bearing tissue around /begin p. 14/ the
vascular-fibrous bundle which usually caused perplexity end contradictory
statements by botanists. Now it became clear that the development and ' function-
ing of this tissue has an important significance for oxygen nutrition of the
conducting system, and consequently, for the movement of substances in the
plant and for accunulation of stored products. It, in particular, is known
that in plents cof spring wheat varieties which give high yields, the
chlorophyll layer 'is developed considerably stronger than in plants of lower
yielding varieties.

A certain amount of carbon dioxide absorbed from the soil enters also
green fruits which frequently have solid covers excluding the possibility of
the penetration into them of atmospheric oxygen. Therefore here, also
the physiological significance of chlorophyll consists first of ell in
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- providing normal oxygen nutrition of fleshy tissues during the process of
CO, assimilation. Thus, we come to & conclusion seemingly peradoxical at
first, that the oxygen nutrition of thick organs end tissues of plants with
little access to the outer air is dchieved with the help of carbon dioxide
which penetrates through the roots.

N

~ Absorption of carbon dioxide from the soil is in direct relation also
to such important functicns of the roct system as nutrition with nitrogen and
phosphorus. Works by Soviet scisentists demonstrated thet the primary assimile-
ticn of emmonium nitrogen is accomplished by way cf direct amination of keto
acids —— such as pyroracemic, oxalacotic, and keto-gluteric, which ere convert-
ed at that time into &lanine, asparic, and glutamic acids and with subsequent
reexamination into other @pino-acids as well. Having adoptéd partition chrome-
tography on paper, Soviet sciontists discovered that sap, i.e. the fluid sent
up by roots into above-~ground orgens, conteins a large amount of wvarious amino-
acids — the basic components for the building of protein. Such a result
compels us to recognize that thé root system has an importent function in the
protein metabolism of the plant. v

o

The role of the soil carbon dioxide consists /in this process/ in
carboxylization of products of incomplete decomposition of sugars, which are
formed by roots in the so-called cycle of two and three carbon acids which
leads to a formation of keto-acids — oxalacetic acid and alpha-keto-glutaric
acid which are the main acceptors of the nitrogen of ammonium fertilizers:

— ' cioorx COOH
Chy (“Hz
+2H

{ !

€00

Oxalacetic acid

COOH

Asparic acid

GOOH

i !
C =0 CHNH,
| + 2H l t B0
. Cin +NH; - 3 CH,
& |
" CHp 82
| i

COOE COOH |

Alpha-Keto=gluteric acid Glutamic acid

However this entire system can function in roots only during a sufficient
(j\ supply of phosphoric acid, because phosphorus which enters the roots pérticipates -
- directly in the formation of the necessary organic acids from Zﬁégin P- 157 sugars.
Therefore if, for example, the plant suffers & deficioncy in phosphorus, then
in its roots the formation of keto-acids ceases and therefore the absorption of
CO; from the soil also ceases. Such plants make limited use of nitrogen
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fertilizers even in cases when the soil is sufficiently rich in them. As
an illustration in fig. (7) end (8) are shown chromatograms of the sap ef
a pumpkin which was grown in nutrient solutions with normal and insufficient
content of phosphorus. Normelly the roots of & pumpkin produce, and send
into the above-ground orgens, 9 to 12 amino-acids which can be detected in
the sap of these plants by the method of paper partition chrometography
(see fig. 7). At the same time in plants suffering from deficisney in
phosphorus the sap contains almost no amino-acids. Instead of those & large
amount of sugars is found in it (see fig. 8), which are usually not '
characteristic of sap of normal plants. A conclusion can therefore be
drawn that sugars which move from the leaves to the roots in absence of
-phosphorus do not undergo necessary conversions and return to the leaves
in unused state. This is the more probable since when such plants ere
fortilized additionally with phosphorus, the suger disappears rapidly from
their sap (see fig. 8), and in its stead from the roots and into the grow-
ing tissues and leaves, moves a mixture of emino-and organic acids which
carry in their carboxyls carbon from the soil carbon dioxide (rig. 9).

épage 168/
Fig. (6) - ,

Radio-autography of organic acids formed in
roots of beans during abscrption of soil acids.
(1)- malic, (2)- keto-glutaric, (3)- citric acid.

Fig. (7) -

Partition chromatogram of amino-acids contained
in the sap of pumpkin:

(left)- in completé nutrient mixture, (right)-
lacking phosphorus. Bach stripe corresponds to
a definite amino-acid: (1)~ cystine, (2)~ lysine,
(3)- asparagine and asparic acid, (4)- serine,
(5)- glycoco, (6)~ glutamic aecid, (7)- alanine,
(8)~ threonine, (9)- gamma-amino-butyric acid.

Fig.(8) -

Paper chromatogram of suger (glucose) contained
in the sap of pumpkin: :

(1)- in absence of phosphorus, (2)~ in complete
nutrient media, (3)- 24-hours after renewed
phosphorus feeding of the plant, (4)- one hour
after administering phosphorus.

Fig. (9) /p- 15/
sz . light - albumen
(sugar) ‘\\“"~"“/,

Cycle outline of sugers and organic acids in & plant
with the participation of the soil carbon dioxide in
relation to phosphorus and nitrogen nutrition. (continuous
line indicates downward movement of sugers. The dotted —
upward movement of organic and amino acids).
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Zﬁégin Pe 1§7

Such appears to be the present time picture of cne of the central links
in plant nutrition and this exemple demonstrates particularly convincingly
the power of the isotope and chrometographic methods, and it is their
combination which allowed the Soviet scientists to penetrate in e short time
the nature of the most intimete aspects in life activity of plants.

Differently appear now also the speeds of the processes taking place in
the plant. Use of tagged atoms allowed us to determine accuretely the course
of some of them and compelled us to renounce the notion of sluggishness of
phenomena taking place in & plant. Thus by way of heavy nitrogon (N19)
introduced into the soil in form of ammonium sulfete it was demonstrated
that the proteins in all the plant organs are continucusly renewed and at
such speed that the life duration of a prcotein particle in growing rye,
for example, is considered (according to preliminary data) only as lasting
& few hours. Even the nitrogen of the chlorophyll which enters the very
center of the molecule of this pigment, in winter rye, for example, i& re-
newed up to 507 during 24 hours and in leaves of sorrel it is completely
changod in 3 days. The progression of substances in plents takes place also
considerably faster than it was assumed before. 1In particular, the so=-
called downward flow of plastic substances from leaves to the root or the
fruits takes: place at a speed of 0.7 to 1.5 m per hour, due to which the
products of assimilation in the majority of agriculturel plants usually
reach, after 30-60 minutes, the points of growth and the organs of supply
deposits. Even faster mcve the substances up the plant — usually 2«4 m
per hour.

Finally the water, particularly in some woody plants, as experiments
with radio-active phosphorus and iodine demonstrated, covers along the wood
14 m and more per hour:.

All this indicates a great tension of the plants' physiclogical activity
and the agricultural workers in taking care of plants have to take into
‘consideration the tempo of their life activity.

Radio-active carbon (014) is now being used successfully also for
observations of the direction in the movement of nrganic substances in &
plant — of their distribution and redistribution in tissues and orgente

These phenomena are of great importance for the formetion of the body
of the plant and for accumuletion of reserve sibstances which in the end
dotermines the volume and quality of the yield., Up to recent times this
important problem remained almost undeveloped due to & lack of ‘methcds
for direct observation of the movement of substances in plants.

Using the method of tagged atoms in experiments or irrigated lands in
the Trans-Volga area, Scviet biologists demcnstrated, for exeample, that the
assimilates which are formed in wheat leaves from tagged carbon dioxide
are distributed considerably more rapidly and fully into seeds of watered
plants than of plants suffering a deficiency of water (fig. 10). This kind
of uncomplicated observation method can be successfully used in agricultural
practice for clarification of plant productivity in relatioh to their
varietal characteristics and applied agrotechnical measures. With the help
of tagged carbon dioxide it was also disecovered that under conditions of the
Extreme North the pr oducts of CO assimilation are directed from the leaves

mainly into stems and points of Frowth. which eansas wicnmmie mwaebh 0
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their leaves /Mbotva"=leaves of root-bearing plants; haulm, stem (of grasgz7.
and the flow-off of nutrient substances into tubers is sluggish and very late,
due to & long dey and low soil temperature, which dotermines the comparatively
low starchiness of local potatoes. At the present time the workers of
northern agriculture are searching for weys of overcoming this negative
phenomenon by using the method of tagged atoms for an evaluation of the
effectiveness of the applied measures. :

Zﬁégin P IZ7

Among the different means affecting the growth and the shape-forming
processes in plants, steadily wider distributed in the practice of agri-
culture are special chemical preparations, for example, the 4-iodo-phenoxy=
acetic acid which, being applied in small doses on thé racéme and overy of
tomatoes, sharply increases the yield of frecuits (fig. 11). The bioclogicel
aspect of this peculiar phénomenon begen to be clarified only recently due
to the use of tagged atoms. In particular, by introducing into & tomato
plant the solution of this acid tagged with radio-active iodine (I181), it
is possible after a certain time to determine accurately its loealizetion in
plant tissues. Particulaerly significant is the accumulation of the iodine
preparation in flowers and young fruits which creates e peculiar polarization
due to which the nutrient substances are directed from leaves, roots and
other parts of tho plant into thése organs, securing their good growth and
accumulation of reserve products,

However the method of tagged atoms allows one to observe not only the
movement of substances in plants but also the course of their further
conversion. Thus epplying a saccharose solution tagged with radio-active
carbon (C14) on leaves of kok-saghyz. Soviet researchers discovered thit -
in the latex of such plants there soon appears radic-active rubber (fig. 12).
By the same token was shown the origin of rubber from carbohydrates which
was disputed earlier. This fact is interesting also because it makes it
possible to explain the post-harvest accumulation of rubber in kok<saghyz,
which attracted the attention of practical workers for a long time.

Fig. (10) - /p. 17/

Outline of movement of products of assimilation
from leaves into seeds of wheat growing in nén-
irrigated (left), and irrigated (right) soil.
(At the bottom = an apparatus for field tests
with tagged carbon dioxide).

Sinultaneous use of tagged atoms and of partition chromatography allows
us to approach also the solving of meny other problems connected with the . -
synthesis in plants of economically waluable products. The tagged atoms
open up a particularly wide field of activity to ressearchers who study the
nature of photo-synthesis — this Zﬁégin P 1§7‘remarkable physiological
process which leads to the accumulation of solar radiation in organic
compounds fcrmed by plants.
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Fig. (11) - /p. 18/

Bunch of tometoes. (left)= nnt treated,
(right)- treated with preparation
(4-iodo-phenoxy-acetic acid) during the
period of flowering).

Fig. (12) - /5. 167

Cutline of an experiment which proves
formation of rubber from saccharose -
(asterisk indicates the radio-activity)

In using isotopes the Soviet scientists achieved here as well, & number
of successes, of which the most essential one for the understending of the
mechenism of photc-reduction of carbon dioxide is the discovery of photo-
lysis of water carried out with the help of heavy oxygen (0'8). These works
demonstrated that oxygen liberated by plents in the process of photosynthesis
is freed from water and the hydrogen of the water is used for reduction of
carbon dioxide.

Now the Soviet scientists come close to the solving of the problem of
primary organic substences formed in the cells during _photosynthesis. The
use of tagged carbon dioxide in combination with paper chrometography adds
exceptional accuracy to such experiments and allows one to detect tagged

(::3 products “of - photosynthesis already 0.5 sec. after the beginning of
‘ exposure. Two low molecular substances were detected , the nature of which
is now being investigated. So far it is only known that the f irst does not
contain phosphorus and therefore is not phospho-glyceric acid as the foreign
scientists assumed. These and meny other works prepare & decisive step
towards revealing the secret of photosynthesis and for mastering of this
process which might occur even in the near future.

We should halt at one more problem which deals with the direct
preducts of photosynthesis.

Having used radio-active carbon (014) in the form of carbon dioxide,
and heavy nitrogen (N19) in the form of ammonium salt, Soviet biologists
demonstrated that not only carbohydrates, as it was assumed earlier, can be
direct products of photosynthesis in plant leaves, but proteins.as well,
among which catalytically Zségin Pe 127'active combinations, i.e. enzymes,
are possible. Depending on the species of the plant, its age and condition
of existence, the composition of products of photosynthesis are altered
considerably. The strongest influence on this process is exerted by the
spectral make-up of light and its intensiveness which, in combination with
(mineral nutrition can change substantially the composition of primary
products formed in leaves. In particular, in the red-yellow part of the
spectrum mainly carbohydrates are synthesized, while the blue light furthers
the form:tion of protein. The establishing of this fact has a principal
significance for biologists and at the same time it opens practical ,

(1: possibilities for influencing the development and characteristics of plants
: by way of changing the compositicn of the primary products of photosynthesis
which are being formed: Particulerly realistic and promising is the
epplication of this discovery in hot-housc economy where without great
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expense light sources verying in their spectral make-dp can be created, with
the help of which the agronomist will have the possibility of directing not
only the quantitative but also the qualitative aspect of photosynthesis.

* *

Of course, the present survey does not exhaust all the new data obtained
by Soviet biologists during recent years with the help of the isotope method
and the chrometography but describes only the works connected with plant
nutrition which acquire now a perticulaf importance in the light of decisions
of the September Plenum of the TsK KPSS.

This survey demonstrates that Soviet biology can solve ncw considerably
more complicated problems then before, and that the old limits of our
scientific notions have been seriously widened during recent yeers and
partially and radically changed by Soviet scientists who use atomic energy
for purposes of peaceful construction.

New discoveries and achievements of Soviet biology are already
partially applied in the solving of practicel problems of agriculture.
However, this is only & beginning. Soviet bioclogy has the possibility

~and must penetrate considerably deeper into the laws of the life activity
of plents and to light more courageously and brightly the road for’
agricultural workers in order tc obtain higher and steadier yields.

The decision of the September Plenum of the T8K KPSS ocutlined &
drastic rise of the entire sociamlistic agriculture. Such a rise is
possible only under the conditions of a wide use in agriculture of modern
techniques and a courageous introduction of the newest scientific
achievements into agricultural practice.
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Poddubnaia-Arnoldi, V. A, : A, Antik

Issledovanie zarodyshei u pokrytosemen=-
nykh rastenii u polrytosemennykh rastenii
v zhivom sostoianii

[Investigation of embryos in living
angiospermous plant§7
Moscow Glav. Bot. Sad. B., v. 14, p:3-12, 1962
451 M854 '

(In Russian)

—

Ivestigation of embryos
in living anglospermous vlants.

In connection with the develovment of the Michurin theory which shows
the problem of rewroduction in a new light, interest in embryology of plants
has increased in recent years. A need arises for a development of new
research methods which would allow studing more precisely and ravidly the
vast and diversified material in order to approach differently previously
described phenomena. Pictures obtained from preparations of fixed and
stained material prepared by slow as well as by accelerated microtechnical
methods, are by far not always satisfactory. OQuite frequently in order to
throw light unon the finest deteils of develomment and structure of reproducing
organs, observations "in vivo" (on living material) are recuired, because
fization and staining frequently distort greatly the natural structure.

{

How important is the application of methods of studying the develowment
processes on living material is seen from the fact mentioned by X. Iu.
Kostriukova (1940), that the use of only fixed and stained material, artific-
jally concentrated the attention only on nuclear structures, which are ,
better preserved and made clear by this method than plasma structures which
are frequently destroyed by fixation and escape from observation. And this,
in turn, furthered the cerroboration of notions of the nucleus as the only
important cell organ and supvworted the theory of the monopoly of the nucleus
in phenomena of heredity. Study of embryonig processes on living material
allows one to surmount the limits of study of only the nucleus or of only
chromosomes, which uo to recent times was widely accepted and led to a
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one-sided, metanhysical anproach to complex ard many-cided generative
processes. '

At the present-day development stage of embryology the need arises for
a deemer Jmowledge of phrsiology and bio~chemistry of embryonic procesces,
1t becomes particularly necessary to develop and improve methods of observations
during the life time of pollen, vollen tubes, embryonic sacs, embryo and
eidosperm as well as of pollination and fertilization processes., However
1t would be wrong to propagandize for these purmoses only the study of living
material because these methods have also their shortcomings. Only a parallel
complex application of different research methods, of slow as well as of
accelerated ones, on living material as well as on fixed, provides a possibility
to understand most completely one or another embryonic process (begin p. 4),

some embryologlcal characteristics or others in thelr develoonment, change

and interaction with the environment, It is obvious, that the more perfect
and diverse the research methods are, the more completely, precisely and
manifoldly they will reflect the processes being observed, the more profoundly
1t will be possible to venetrate their nature and the faster—to master

them in order to direct lmowingly the heredity which is the goal of active
Michurin biology.

Many researchers have long since shown interest in observations on
living material. The authors vhose work took place during the veriod
when the use of microtome was not yet introduced into botanical practice, used
extensively ohservations during the object's lifetime. At the present time
these methods are undeservedly forgotten, and in the contemporary literature
we find only single reports on embryvological works carried out on living
material, Among these works first of a1l should be mentioned the research
by the Soviet scientists M, V. Chernoiarov, ¥, Iu. Xostriukova, G. . Be-
netskaia who studied wollen and pollen tubes in a series of living anglo-
spermous plants, which allowed us to deepen and widen congiderably our
notions on the structure of generative cells and sperm cells.

Extending of such research to other nrocesses of embryonic development
can contribute very much to the knowledge of their nature., 3But in studying
on living material the development and structure of the embryonic sac, of
processes of vollination and fertilization, the researcher 1s confronted
with great difficulties, This 35 conditioned by the fact that the nistil
and the ovary—-due to their masesiveness, and the embryonic sac--due to its
lnecation in the devth of the ovule and the difficulty of its 1solation
from the surrounding tissues,--are considerably less favorable for study in
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a living state than the nollen partitles which are readily 1solated from
the mother plant, which, besides, have frecuently a transparent wall
(capsule) and can be easily cultivated in artificial media,

On the other hand with:a gradual change of the ovule into a seed and
of the ovary into a fruit, the study of the embryo-geneeis with the help of the
microtome technifMe becomes more difficult because the ovarles and ovules,
in connection with the gradual formation 4in them of hardening covers
(capsulew), are becoming more difficult for fixation and for cutting on the
microtome. And the hardened mature ovaries and seeds, as a rule, are not ata
all saturated with a fixative and malking of preparations from them does not -
produce good results, Therefore the embryologicsts usually terminate thelr
research on embryos with the initial phase of cotyledon formation., The
later development stages of the embryo are so far not sufficiently studied.
The resudt of this gap is that the peculiarities of the embryo's structure
in revwresentatives of various families are not fully enough clarified ; thus
a wrong impression is created of great uniformity in their structure, while
in reality there are substantial differences in this resmect. 3Belng
similar in the general outline of development and structure, the embryos
of various snecies disclose greater or smaller déviations in details.
Study of embryos in living state allows one to find out very rapidly not
only the different stages of their develovoment, but also their form, the

. veining of cotvledons, coloring etc. which is almost immossible on fixed

and thinly sliced material,

N, V. Tsinger (1947, 1951) in her histo-chemical research undertaken for
the purpose of studying bio-chemlstry and phyvsiologv of fruits and seeds,
as well as other authors, used the methods of preparing crude slices with
subsequent treatment of them with various reagents devwending on (begin ». 5)

the vresence of certain substances and the duration of certaln processes being
studied at the time, The embryo and the endosperm at thils time were cut.

The possibility of isolating the embryo and the endosperm from the ovule

allows us , so it seems, to resort to other methods in which the embryo and
thezendosperm could be treated by various reagents while they are whole, not
cut. In many cases, particularly during early develonment stages, the

embryo and the endosperm are so minute, tender and transparent which are

readily saturated with various reagents. Besides that, the possibillity of
isolating the embryo and endosperm from the ovule allows one to study their
physiology and bio-chemistry separately from the mother tissues., Microscopically
small amounts of material enclosed in the embryo and the endosperm, narticula:ly
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<~b during early development stages, apparently can be studied with the help 9f
micro-methods. This wi1l open prospectives for further study of bio-chemistry
and physiology specifically of the embryo and endosperm because it will allow
us to study the accumulation and disappeearance of many substances, as woll as
the character of the course of verious bio-chemicel and physiological )
processes on embryonic stages of plant development. Tho development and
application of the above mentioned methods is & task for the near future.

Observaetions indicete, that the study of embryo-genesis on living
material is methodically considerably simpler, than the study, by the same
methods, of embryo sacs, of pollination and fertilization processes, because
the embryos can be readily separated from surroufiding tissues and besides
that, they cen be oultivated in artificial medie. Due to the fact that
the study of development and structure of embryo sacs &s well as of
pollination and fertilization processes on living material presents great
difficulties, we undertook, as a first stage of the work, to study the
development of the embryo among some of the angiospermae, to which this
article is dedicated.” In research conducted during & number of years under
our direction by E. V. Ivanovskeia on culture in artificial media of
embryos of scme cereels and lebuminous plants, ez well as in our subsequent
work, it was found that the isolating of embryos in @ series of plants end
their examination, at different development stages, as a whole, not cut
into thin slices, is quite possible and in many cases very convenient. This
ellows one to follow up rapidly the various stages of their development, to -

. establish their form, size, veining of cotylendons, tempo of development, etc.
(:D ‘Application of accelereted research methods with the help of fixation and
steining with & mixture of aceto-carmine and glycerin, allowed us at a
certain time to trace rapidly and in succession various development stages
of the embryo in kok-saghyz (Tarexecum kok-saghyz) decorative tobacco
(Nicotiana alata) and buckwheat (Fagopyrum esculentum).

As objects for the present research served = flax (Linum usitatissimum),
peas (Pisum sativum, vetch (Vicia sativa), lupine (Lupinus luteus), sun=-
flower (Helianthus annuus) kok-saghyz (laraxacum kok-seghyz), krym-saghyz
T. hybernum), buckwheat (Fagopyrum esculentum), tobecco (Nicotiana tabacum
and N, alata), hemp (Cannabis sativa), wheat (Triticum vulgare end T. durum),
couch grass (Agropyron intermedium end A. elongatum), some decorative orchids
(Cattleye sp., Cypripedium insigne, Dendrobium nobile, Calanthe veitchii
and Phalaenopsis schilleriena), pyrolae (Pirole minor) and "vetlianitsa®
(Monotropa hypopitys).

The method which we adapted of studying embryo-genesis on living
material is very simple and rapid. It consists of carefully isolating with
& fine tweezer or needle of the ovules from the ovary, slightly cutting
them on top or bottom without hurting the embryos which é?éginﬁp.“§7'were-
then squeezed with a light pressure out of the ovule. Thus, then we placed
on the objective the isolated embryos and exemihed it in a weak solution
of sugar or in vaseline, paraffin or castor oil. And we examined the
object under a cover glass or without it, at different megnifications under

T
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e microscope or with binoculars. In a number of cases it was possible by
this method to squeeze out undamaged, not only the embryo, but the entire
embryo sac with the endosperm and the embryo ineclosed in it, which allowed
us to examine in a living state not only the embryo, but also the endosperm.

Applying the above mentioned methods it was possible to trace rapidly
and easily the embryo-genesis in a number of plants, beginning with & multi-
cellular embryo =~ and in a series of orchids even with a zygote -~ and
finishing with a completely formed embryo. On the average 2-3 days were
spent on the study c¢f each object.

At the seme time we do not comsider it unnscessary to mention here
that the picture of development and structure of the embryo which was
observed on living materiel completely corresponds with that which is
always described in meny engiospermous plants on fixed and microtome cut
meterial. The difference is that when the first methods are applied the
embryos are studied a&s a whole, as volumetric massive bodies and ‘when the
second methods are used = the study is conducted on thin slices. The
first method facilitates the study of some sides of the embryo's life
activity (for example, generating of chlsrophyll), of the process of its .
formation as & whole, the second methcd gives an idea of the anatomical-
cytologicdl structure of the embryo of the charecter of its various tissues
and cells. Both methods mutuelly supplement each other.

Going over the description of the obtained results we consider it
necessary tc point out the fact that in & number of examined representatives
of angicsperamous plants belonging to remote families (Linacese, leguminosae,
Cruciferas, and Orchideceas) embryos at various develcpment stages are green
colored (fig. 1). The color of embryos at early development stages is
yollowish-green or light-green and at later stages the embryos, particulerly
the completely formed ones are more or less dark green. However with
maturation and formation of the seed skin the embryos of e number cf species
which we studied, apparently due to reduction of chlorophyll, gradually
lose their green color and at the moment of maturing of the seed they
become light green. Later on chlorophyll criginates again in the cotyledons
only after the germination of the seeds and formaticn of shoots. The seed
capsule which becomes browner and ccarser apparently hinders the penstra-
tion cf light and oxygen tc the embryo, which furthers the gredual
disappearance of chlorophyll. According -to the opinion of a numbef of
researchers the pigment of the seed coat protect the &eed from light,
functioning as light-filters and the light deficiency is oné of the factors
of chlorophyll reduction. Apparently by the same méasure, the accumulation
of stored substances in the embryo terminates due to the maturing of the -
seed and it enters the anabiotic stete, its photo-synthetic activity ceases,

With the appearance of chlorophyll in the organs of thé embryo during the
seed germination, the photo-synthetic activity resumes.

The presence of chlorophyll in embryo tissues is & very interesting
fact. It .apparently indicates that already from the earliest development
stages the embryo can feed and accumulate stored substances not only with
the help of substances of mother tissues but partly also by way of photo=~
synthesis. Such activity at first gradually increases and then gradually
— and to the moment of complete maturation of the seeds evon fully éﬁbgin'
p- 17'stops, in order to resume when the seed germinates and forms a shoot.
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Indications of the presencé of chlorophyll in tissues of the embryo
are found in literature as well. According to Lubbock's data (1892) e
green embryo has been found emong representatives of the following femilies.
Cruciferae, Malvaceae, Tiliaceae, Linaceee, Zypgophyllaceae, Geraniaceas,
Celastracens, . Sapindaceas, Anacardiaceae, Legiminoceae, Plumbaginaceae,
Polemoniaceae, Convolvulaceae and Orchidaceae. Netolitzky (1926) points
out the getting green of embryos not only among representatives of the
above mentioned femilies, but of others as well, namely among representa-
 tives of the families: Aponogetonacese, Scheuchzeriacene, Areceae, Loran-
thaceae, Basellaceae, Caryophyllacocae, Nymphaeaceae, Ceratophyllacease,
Cepparidaceee, Oxalidaceae, Burseracees, Buphorbiaceae, Aceraceae, Rham-
naceae, Violaceae, Combretacecae, Myrtaceae, Cornaceac, Ebendceae, Hydro-
phyllaceae, Lentibulariaceae, Valerianaceae and Dipsacaceae. In one of his
works on plant embryology Soue'ges (1934b) mentions in pessings: "It is
known that some embryos have chlorophyll in their tissues™. An exténsive
research work on embryos in living state is being conducted by M. V.
Chernoiarov, according to his oral report, he found the presence of gréen
embryos among representatives of many families of angiospermous plants.

We have not discovered in literature a detailed and consecutive
description of development and struéture of embryos in which special
attention was called to chlorophyll. An opinion was even stated that
in all the embryonic tissues the plastids are, as & rule, in a state of
deep degradation and do not contain chlorophyll. Unfortunately et present,

. chiefly due to methods, research on the problem of chlorophyll of the
embryo cannot be cxposed with sufficient completeness. Since it is of
great importance for the understanding of biochemistry and physiology of
the embryo, specific research should be undertaken. It seems to us
essential to throw light in the future on the following problems: what
is the functional significance of chloroplasts for the embryo; does the
chlorophyll-bearing apparatus of the embryo undergo reduction, as it was
observed in fruits by N. V. Tsinger (1947); what is the specific import
of 1ndependent photo-synthetic activity of the embryo in its general
nutrition balance; what is the phyllo-genetic significance of chloro-
phyll presence ift ombryo cells, is this characteristic primitive or
progressive, etc.

Our studies of embryo-genesis among some decorative orchids, for
example, Calenthe veitchii and Dendrobium nobile, on living material
indicate that green plastids form very eérly. Chloroplasts were dis-
covered among these plants in the zygote. It is possible that they are
there already in the non-fertilized egg-cell, or even at early develop-
ment stages of the embryo sac. We expect to answer this-later when we
shall examine the development of the embryo sac in = living state.

With the growing number of cells in the embryo of Calanthe veitchii
and Dendrobium nobile,the number of chloroplasts in them increases and
8t the seme time the intensiveness of the green color increases, which
reaches its maximum at the moment of complete formation of the embryo.
However, when the seods. of these orchids fully mature, the green color
of the embryos have a yellowish or yellowish-green color.

Discovering of green embryos among representatives of remote families
apparently indicates that formation of /begin p. 8/ chlorophyll in tissues
of an embryo represents & quite widelv spbrend phenomenon. which it is not
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possible to explain when embryo-genesis is studied on fixed material, because
under the influence of the fixatives used at the present time, the
chlorophyll is fully destroyed and the green color disappears. Further
studies on living material of the development and structure of the embryo
among & possibily large number of representetives of various femilies of
angiospermous plants are necessary. However, already from the meager date
at our disposal at the present time it is apparent that the development

of greén plastids in colls of the embryo is not characteristic for all
plants. In a number of reprcsentatives of angiospermous plents the embryos
do not remein green colored during early as well as late stages of their
development, but are milky-white or ivory colored during the entire course
of their development. Such embryos were discovered in wheat, couch grass,
kok-saghyz, krym-saghyz, sunflower, tobacco, hemp, buckwheat, poppy, apple,
tomato, potato, pumpkin, cucumber, water-melon, melon end meny others.

(fig. 2). In these species, with the exception of cereals, the cotylendons
of embryos begin getting green only after the germination of seeds. Together
with greeh and milky-white embryos, yellow, brown, pink and even red ones
are found. The latter were discovered among representatives of the families
Sterculiaceao and Myrtaceas.

It is natural to assume that the physiological and bio-chemical
processes taking place in green as well as not green embryos of various
reprosentatives of angiospermous plants are to 2 known degree different,
but up to now there were almost no attempts of studying embryo-genesis
from the pcint of view of physiology and bio-chemistry. This has to be
the task of further rescarch. '

One of the first steps in the direction of study of physiclogy and bio-
chemistry of fruits and seeds during their developmént and with considera-
tion of their anatomical structure was made by N. V. Tsinger (1947, 1951)
who applied histo-chemical methods. In her study of fruits and seeds she
threw light upon such important problems as carbohydrate metabolism,
activity of various enzymes, dynemics and some physiologically active
substances (ascorbic acid, sulfhydryl groups, etc.) dynamics of some
mineral substances, eté. "A natural development of the very important and

intoresting works of N. V. Tsinger would be an expanded study of embryo-genss:.

sis in an analogous direction. This would allow us to deepen and detail
the knowledge of bio-chemistry and physiology specifically of the embryo
during its development and interaction with the endosperm. It is true
that in studying histo-chemistry of seeds, N. V. Tsinger and other authors
at the same time payed attention to the study of the embryo and endosperm
in this direction, but nover-the-less very little has been done so fer in
this respect. Being a new just originating field, physiological histo=
chemistry could not yet produce all that it is promising for the future.

Fig. 1 /p. 68/ i
Various development stages of a flax embryo.
(2)-(b)-section of the endosperm with globular,
multi-cellular embryo; (v)- section of the
endosperm with an embryo in which cotyledons are
outlined; (g, d, €)- various development stages
of the embryo; (zh, z, i)- later development
stages of the embryo; (k)- fully formed embryo.
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possible to explain when embryo-genesis is studied on fixed material, because
under the influence of the fixatives used at the present time, the
chlorophyll is fully destroyed and the green color disappears. Further
studies on living material of the development end structure of the embryo
among & possibily large number of representatives of various families of
angiospermous plants are necessary. However, already from the meager date
at our disposal at the present time it is apparent that the development

of green plastids in cells of the embryo is not characteristic for ell
plants. In a number of reprcsentatives of angiospermous plants the embryos
do not remein green colored during early as well as late stages of their
development, but are milky-white or ivory colored during the entire course
of their development. Such embryos were discovered in wheat, couch grass,
kok-saghyz, krym-saghyz, sunflower, tobacco, hemp, buckwheat, poppy, apple,
tomato, potato, pumpkin, cucumber, water-melon, melon end meny others.

(fig. 2). 1In these species, with the exception of cereals, the cotylendons
of embryos begin getting green only after the germination of seeds. Together
with green and milky-white embryos, yellow, brown, pink end even red ones
are found. The latter were discovered eamong representatives of the families
Sterculiaceae and Myrtaceae.

It is natural to assume that the physiological and bio-chemical
processes taking place in green as well as not green embryos of various
representatives of angiospermous plants arc to & known deogree different,
but up to now there were almost no attempts of studying embryo-genesis
from the peint of view of physiology and bio-chemistry. This has to be
the task of further research.

One of the first steps in the direction of study of physioclogy and bio-
chemistry of fruits and seeds during their developmént and with considera-
tion of their anatomical structure was made by N. V. Tsinger (1947, 1951)
who applied histo-chemical methods. In her study of fruits and seeds she
threw light upon such important problems as carbohydrate metabolism,
activity of various enzymes, dynamics and scme physiologicelly active
substances (ascorbic acid, sulfhydryl groups, etc.) dynamics of some
mineral substances, eté. "A natural development of the very important and
interesting works of N. V. Tsinger would be an expanded study of embryo-genses:.
sis in an analogous direction. This would allow us to deepen and detail
the knowledge of bio-chemistry and physiology specifically of the embryo
during its development and interaction with the endosperm. It is true
that in studying histo-chemistry of seeds, N. V. Tsinger and other authors
at the same time payed attention to the study of the embryo and endosperm
in this direction, but never-the-less very little has been done so far in
this respect. Being & new just originating field, physiologiceal histo=
chemistry could not yet produce all that it is promising for the future.

Fig. 1 /p. 65/ :
Various development stages of a flax embryo.
(a)-(b)-section of the endosperm with globular,
multi-cellular embryo; (v)- section of the
endosperm with an embryo in which cotyledons are
outlined; (g, d, e)- various development steges
of the embryo; (zh, z, i)- later development
steges of the embryo; (k)- fully formed embryo.

Declassified and Approved For Release 2013/04/05 : CIA-RDP80R01426R010100040001-8



Declassified and Approved For Release 2013/04/05 : CIA-RDP80R01426R010100040001-8 |
-8~ Trans. 506

Fig. 2 /p. 8a/

Various development stages of a sunflower
embryo. (a)- globular, multu-cellular embryo;
(b)- beginning of formation of cotyledons in
the embryo; (v, g)- variocus development stages
of the embryo; (d, e, zh)- later development
stages of the embryo; (z, i)- fully formed
embryo.

In plants with green and non-green embryos which we exemined, we did
not obsérve that the endosperm and the suspensors of the embryos were green
colored. It was noted lately that in a series of other plents the endo--
sperm is colored green which indicates the presence in it of chlorophyll.
Thus according to Ioffe's data (1952) tho presence of chlorophyll was
established in & number of representatives of the mustard family (cruci-
ferae). At the same time there are indications in the literature that
chlorophyll is present in the cells of the suspensors of some anigospermous
plents. In oxamining the endosperm "in vivo" we discovered that-at earlier
development stages it is transparent and gelatinous and at later stages -
milky-white and solid. In all the plants which we examined, with the
exception of cereals, the endosperm in developing Zbegin P+ g/ is assimilated
early by the embryo and at the moment of the maturing of the seed it
disappoars almost completely, only & very thin milky-white film remains
of it and the embryo fills the entire inside of the seed.

In flax and sunflower the suspensors of the embryo is very clearly
seen during all the development stages up to the complete development and
the suspension lcoks like & transparent narrow end short column.

In cases when the embryos are green-colored and when the embryo sacs
are studied in & living state, particularly at early development stages,
they Zﬁhe embryog/ are clearly seon through the endosperm. In cases when
the embryos are not green-colored they are also seen, but considerably
less clearly. Therefore, on living material the embryos can be examined
separately from the endosperm as well as with it. And at that, it is
necessary to remember, thet it is not sufficient to examine even in a
living state only the isclated embryo and endosperm. It is necessary to
study them also in connection with the surrounding tissues of the ovule,
ovary and fruit, becouse the embryo and endosperm are in a close
physiological interaction with them. Therefore perticular attention should
be directed towards the study of the ovulé, ovary and fruit by various
methods, including that in a living state. It seems to us that such
approach opens wide perspectives for further physiological, bio~chemical
end morphological study of various development stages of the embryo,

endosperm, ovule, oVary and fruit in their inter-relation with each other
and the environment.

As it follows from our work end from date of a large number of works
by other authors, the types of development and structure of embryo among
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different plants are extremely diverse.

The embryos differ in shepe, color, size, development degree of
individual plants, development speed, position in the seed, structure
of suspensors, veining of cotyledons and their behavior during seed germina-
tion. These characteristics can be used successfully for purposes of
taxonomy end in & certain part they already are being used in establish-
ing connections in relations between various systematic plant groups.

However, the above mentioned features of development and structure
of embryos do not by far exhaust all the varieties possible in this.respect,
because the embryo-genesis among different representatives of angio-
spermous plants is far from having been sufficiently investigated. And
then of tremendous interest for toxonomy is not only the morphology of the
embryo in its nature completed form, but also the dynemics of its forming
and the changes through which the embryo passes during the development
.of the seed. Only at the present time, applying investigation of seed
development on living material and with the help of other accelerated
methods, which allow us to observe the embryos as a whole, we obtain the
possibility to start on an extensive study of embryo-genesis of & possibly
lerger number of representatives of the angiospermous plants. This will
help to reveal the existing variety of structure and development of the
embryo and, on the other hand, to observe the general regulerities of
development. At the present time the classification of embryo types is
premature, because due to the incompleteness of our information it cannot
reflect in & due measure their existing multiformity. Classifications
suggested by Schnarf (1929) who mentions the existence of five types
nemely: Cruciferae~, Asteraceae-, Chenopodiaceae-, Caryophylleceae-,
and Solanaceae- types) &nd by Johansen (1945) who recognizes the existence
of six types (nemelys Piperad=-, Onagrad-, Asterad-, Caryophyllad-, Solaned-
and Chenopodiad- types) cannot satisfy us because they do not encompass
the diversity in development end Zﬁegin p. 19/ structure which are known
to us even now. DBesides that at the basis of these classifications lies”
the very vast, but not sufficiently deep and many-sided data by Soue'ges.
This scientist artifically limited the study of embryo's development and
structure by examining only the initial stages of its development, not
teking into consideration the entire embryo-genesis as a whole, and at
that he ignored the position of the embryo in the endosperm and the seed.
Even though Soue'ges studied the development and structure of embryos
among reprosentatives of meny families of angiospermous plants and thus
gave an impetus to their further, investigation, he considers mechenistical-
ly the laws of the embryo's development and structure, reducing them to
laws of geometry and does not study the embryo-genesis in all its
completconess and multiformity.

It is absolutely clear to us, that various biological processes,
among them also the embryo-genesis, cannot be reduced to mathematical
laws and formulas because these processes have their own specificity,
which cannot be expressed by mathematical laws. Types of embryos cannot
be judged only on the besis of initial stages of their development, while
not taking into consideration the entire embryo-genesis &s a whole, in
its interaction with the surrounding external conditions. Even though our
idea is that it is still too early to give a classification of types of
embryos, it is already clear, as it weas particularly distinctly shown by
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the Soviet scientist M. S. Iakovlev (1950), that a characteristic of
development and structure of the embryo, together with other embryological
characteristics is of great significence for texonomy. Study of embryo-
genesis on living material will, no doubt, be very useful because it wi 1l
facilitate the esteblishing of Z?losg/ relationship between various plant
groups and the clarification of paths of their historical development.
Besides that these methods can be applied not only in the interest of
taxonomy, but also for work on some problems of seloction and genetics due
to the fact, that the character of metabolism during the embryo-genesis
reflects on the fruitfulness and hereditary nature of the organism. A

more thorough notion on the character of metabolism has to help in establish-
ing the requirements which the embryc presents to the environment at differ-
ent moments of its development and determining conditions which are the most
favorable for the overcoming 6f the conservatism of heredity and for the
obtaining of directed chenges. : '

In works on clarification of the effect obtained as a result of adapt-
ing various methods of pollination, during works on remote hybridization
and on clarification of causes of incompatebility and sterility, and of
methods for overcoming them, on establishing dates of maturing and quality
of seeds of cultivated and useful wild-growing plants — it is not infrequent-
ly necessary to conduct an investigation of embryo-genesis, which is consider-
ably easior and faster by the application of methods for studying it on
living material.

In the light of further development of the Michurin--Lysenko teaching,
the study of various embrydnic processes among them also of embryo develop-
ment, is of great interest. Knowledge of these processes is necessary in
creating new practical and valuable varieties of cultivated plants, because
it must help 2 conscious directing of heredity. Hereditary characteristics
of a living orgenism originate and change under the influence of life
conditions, therefore, change in nutrition also influences hereditary
properties. It is self-explanatory that this is applicable not only to a
grown plant but to its embryo as well. 1In changing the life conditions of
the embryo, feeding it differently; it is possible to change its hereditary
nature. Taking into consideration I. V. Michurin's statement on great
plasticity of a young organism as compared with an old one, there is hope
that influences on a plant when it is Zﬁegin Pe 1;/ in an embryonic state
(i.e. the youngest) with the purpose of a directed change in its hereditary
neture, will be the most successful ébneg/. At the present time we still
know too little about what conditions it is necessary to create and at what
moment, in order tc direct changes in the hereditary basis of one or another
plant, what is the character of metabolism among different species and in
different parts of the embryo, beginning with the earliest and finishing
with the latest development stages. The problem of direct rearing of the
embryo of & new organism, beginning at the moment of fertilization of the
egg-cell and up to its emergénce from the seed —— is very real, but never-
theless not at all developed.

It is clear from here, how importent the further study is of just the
embryonic stages of plent development, with the use of possibily more perfect
and varying research methods emong which the study /of plants/ in & living
state is of great interest and hes great advantages in comparison with
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other methods.

In conclusion it should be emphasized, that in applying the grafting
method, the possibility of isolating from mother tissues undameged embryos
at various development stages, .&llows one to make grafts at very young
development - stages, when the plant is the most pliable, the most capable
for changes. Therefore, it should be attempted to make grafts of more or
less developed embryos, which will allow us to influénce & younger
organism which therefore is more flexible to changes.
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USSR Work on Application of
Tracer Atoms in Microbiology /// ///
o -

Vestnik Akedemii Nauk SSSR, | | - $

vol. 24, no. 3, pp. 80-83

' USSR WORK ON APPLICATION OF TRACER ATO ; (:]; oL

IN MICROBIOLOGY

The Institute of Microbioicgy, Academy of Sciences USSR, conducted at
the end of November 1953 & conference on the application of isotopes in
microbiology. More than 300 scientific workers participated in this
conference. Among them were microbiologists, plant physiologists, agri-
cultiral chemists, and bio-physicists, who came from meny cities of the
USSR.

i A, Imshenetskiy, Director of the Institute of Microbiology USSR
and Corresponding Member of the icademy of Sciences USSR, in this introduc-
tory address indicated that the method of tracer atoms, which has already

~. contributed much to the understending of metabolism, the physiology of
(. the nutrition of microorganisms, and tho chemistry of the formation by
them of economically valuable products, opens still wider prospects for
the devolopment of scientific and practical microblology in the future.
He added that it is timely, for that roason, to summarize the rcsults of
"the investigations carried out with tho aid of isotopes end to cvaluatc
the advantages and shortcomings of this promising method, and also to
detormine ways for its futurc devclopment, improvement, and inculcation.

.. numbor of reports prescnted at the conforence wore devoted to the
critical cvaluation of mothods of epplying isotopes es well as rosults of
scicntific investigations carricd out with the aid of this mcthod in tho
ficlds of microbiology, virology, and immunology.

Doctor of Biological Scicncos M. N. Meyscl' (Institutc of Microbiology,
Acadomy of Scionccs USSR) in his roport cxpressced the opinion that the
application of tracor atoms is justificd in tho following cascs: (1) when
the problem under investigation cannct be solved by any other mothod,

(2) when tracor atoms increcasc the precision of the dotormination, and
(3) whon the application of tracor atoms shortons the time nocossary for
tho investigation as comparcd with other methods. It is most cxpediocnt
to apply isotopc methods in combination with other reecntly devclopod
chemical and physical mothods, es for instance fractionation, chromato-
graphic scparation, ion-cxchange méthods, and thc nowest optical mcethods
(particularly microscopic methods). On the cxample of investigations
carricd out at tho Institutc of Microbiology, icademy of Scicnces USSR,
Mcyscl! illustratod tho possibilitics of the isotopic mothod cpplied to
= the investigetion of the laws of the biosynthesis of proteins and
vitamins by microorganisms, to thec devclopment of rapid mcthods for the

~
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quantitative determination of biologically active substances, and to tho
clucidation of intcrrclationships betwecn animal orgenisms or plant .
orgenisms and nicroorgonisms.

In an cxtonsive report replotc.with now factual date, V. L. Ryzhkov,
Corrcsponding Mcmber of the icademy of Scicneos USSR, illustrated the
progress in the investigotion of phytopathogenic viruscs which has boen
achicved to & considorablc extont by thc application of isotopic methods.
In this rcport particular attention was paid to bactoriophages and their
metabolism. Rescarch carried out with the aid of tracer atoms made it
pessible to ostablish that bacteriophages, rcgarded by Ryzhkov as virusocs
affceting bacteria, arc formed from low-moleculdr substances sueh as
omino acids, purino bases, and pyrimidinc bases. Tho nucleic acid of
bacteria is included in the composition of a bacteriophage only after the
prcliminary decomposition and rearrangomont of this acid. In Ryzhkov's
opinion, thc work in question demonstrates the fallacy of thc assumption
that multiplication of bacteriophage procceds autocatalytically.

Professor V. I. Tovarnitskiy (Instituto of Virology imoni V. I.
Ivanovskiy) pecinted out that the isotopo mothod, notwithstanding its groat
possibilitics, has not yct beeon appiiéd adequately in the investigation
of the biochemistry of animel viruses. Tovarnitskiy summarizod tho
results of loboratory rcsearch carried out in the USSR and abroad which
portain to changes in thc phosphorus mctabolism of animal bodiecs under
the influcnces of a virus dovcloping in thome Particularly interosting
in this rcspcet are the investigations of the cdonosine triphésphoric
acid motabolism during tho propagation of the influcnza virus.

i roport by S. 2. Roginskiy, corresponding Member of the Academy of
Scicnces USSR, attracted great attention. This report dealt with tho
characteristics of tho mechonism and kincties of tho isotopic cxchango
in solutions. Roginskiy discussecd in detail thc possibilitics and sig-
nificance of the isotope cxchange that is cbscerved and also the varicus
types of the mechanism of this oxchange. He emphasized that the magni-
tude of isotopc cxchange is very small feor the majority of the compounds

- with which biologists have to decal. Roginskiy added that the possibilities
of isoteope cxchongo in catalytic rcactions which play a con51dcrablo rolc
in thc mctabollsn of thce body descrve special study.

V. L. Troitskiy, Corr@sponding Mcnber of the Academy of Medical
Scicnceos USSR, prescnted a review of the usc of bactoeria containing tracor
atoms and of the active substances formed by thesc bacteria and producing
immunobiolegical reactions for the study of the pathogencsis of infoctious
discoses and of immunological phenomena. Treitskiy cloarly illustrated
his goncral assumptions on tho cxamplc of his investigations on the
immunolcgy and pathofenésis of dyscntory that wore carricd out in
collaboration with M. &A. Tumonyan.

A considerablc number of rcoports dealt with the oxporimcntal investiga-

tion of mectabolism in microorganisms that aro importaont from tho standpoint
of their practical usc in industry and agriculturc.
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Of particular interest in this sories of reports was cne presented by
Profassor I. Ya. Vesclov (Scicntific Resocarch Institutc of the Boor-Browing
Industry). Vsclov's rcport doalt with the phésphorus and carbon metabolism
of yoost during the fermontation of malt wort. Vsoselov ostablished that
during the pcriod of active formentation, whon multiplication of the ycast”
takes placo, radioactive phospherus is not climinatod from tho ycast cclls.
It was furthor shown in the investigation described by Vosolov that the
products of tho fission of carbohydratos, particularly acotaldehyde, are
utilized for the synthoesis of substances that onter into the composition
of yoast cells. These facts, which arc so important for scicncc and
industry, could boc cstablishod only with tho usc of compounds containing
tracer atoms.

Condidatc of Chomical Scicnces R. D. Gal'tsova (Institute of Micro-
biology ficadenmy of Scioncos USSR) roported on the results of the applico-
tion of radio=-active sulfur in tho invostigation of tho velocity and
cxtont of tho formotion of protein by yeoast organisms. In this invostiga-
tion, the inclusion of sulfur into proteins and individual amino acids
of yocast colls could be followed with groat precisicn. It could also be
shown that tho.synthesid of proteins can be considcrably accclerated by
vitanin Bg (pyridoxine).. ‘

Profossor G. M. Frenkcl! (Institutc of Microbiology, Acadcny of
Scionces, Ukrainian SSR) statod that tho application of radicactive iron
mode it possible to cstablish tho existence of significant differcnces
in thc rcsorption of iron by aercbic as comparcd with anacrobic micro-
orgonisms. This invostigation was conducted principally on acetonc~butyl
alcohol bacteria.

N. A, Pomoshchnikova, Scientific Associate of the Institute of Micro-
biology, Academy of Sciences USSR, presented extensive data on thé phos~
phorus metabolism of yeast under aerobic and anaerobic conditions. By
using phosphorus compounds containing radiosctive phosphorus and chemical
fractionation methods, she established that a number of delicate changes
take place in the phosphorus metabolism of microorganisms under the effect
of certain physical influences exerted on these microorganisms.

A number of reports touched upon very important probloms of photo-
synthesis and chemical synthesis. The mothod of tracer atoms has played
a considerable role in the clarification of thc finoc mochahisms involved
in tho procosscs studied in conncction with thesc problems.

Profossor S. I. Kuznctsov (Institutc of Microbiology, Acadomy of
Scioncos USSR) mado tho woll-founded asscrtion in his roport that application
of radiocective carbon dioxidc is tho only suitablc method for the clarifica-
tion of the significancc of chemosynthesizing baecteria in the formation of
organic substances in watcr basins. By using very apt oxperimonts,

Kuznctsov proved that the principal sourcc of thc primary formetion of
orgoanic substénccs in wator basins is the photosynthesis carricd out by
phytoplankton. Thc chomical synthesis carried by bactoria results in tho
formation of’not more than 1=-2 percent of thc orgenic matter proscnt in
watcr basins.
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Candidato of Biological Sciocnces U. I. Sorokin (Institute of Micro=
biology, Acadomy of Scicnccs USSR) told about the application of radio-
active phosphate in the investigation of thé autotropic assimilation of
carbon dioxidc by sulfate-reducing bactcria. He oestablished that
anocrobic oxidation of hydrogon is accomponied by oxidative phosphorylation.
Hec furthor cstablished that tho process tokos place in two stagess in the
first stage thoro is phosphorylation, during which the energy of the
oxidation of hydrogen is absorbed by the organic phosphates; in the sccond
stage tho assimilation of carbon dioxide takosd place at the cxpense of
the cnergy absorbod by the organic phosphates.

-

Candidate of Biological Scionces I. S. Skalon (Natural Scicnce
institute imeni P. F. Lesgnft)told about some obscrvations on the
resorption of radionctive carbon dioxide by lactic acid bacteria and on
the ifclusion of carbon tracer atoms inte tho composition of orgonic
acids. ) '

At thc proscnt USSR investigators arc paying particular attontion to °
the rolc of cextraradical soil microflora in the nutrition of highor plants.
The possibility of oxerting an active offcet on tho development and yield
of agricultural erops through tho medium of the microbe population of tho
soil depends to o considorable coxtont on tho solution of the probloms
involved hero. Thosc problems weoro disucssed in soveral reports prescnted
at the conferencc.

Profossor A. I. Akhrcmeyko (All-Union Sciontific Institutc of Timbor
and Forest Economy) outlinod in detail the rosults of tho investigation
of the rolo of oxtraradienl microcrganisms on the process of the assimila-
tion of phosphorus by ook and ash scodlings. According to Akhromeyko's
data tho microorganisms first rceducc tho assimilation of phosphorus by the
‘higher plonts, because they rcsorb it and retain it in thoir cwn bodics.
latcr, as thc microorgonisms die and liberate the phosphorus bound by them,”
there is an inercaso in tho resorption of this cloment by the highor plants.

Candidoto of Tochnical Scicnecos N. M. Shemokhanova (Institute of
Microbiology, Academy of Scionces USSR) roportod on tho statc’of rescarch
on tho role of mycorrhiza in thc nutrition of ligcnous plants. Tho usc
of troccor atoms medo it possible te investigate in greator detail the
nutual cxchengoe of nutritivo substancos between highor plants and
mycorrhiza. Prcliminary dato on the participation of myccrrhiza in the
assimilation of phosphorus by tho highcr plants werc given in this roport.
The investigoticn was carried out on ook scedlings both in tho prosonce
of nmycorrhiza and in thc abscnce of mycorrhiza.

-

Now data portaining to the resorption of phosphorus and sulfur by
microorganisms and to the transfer of thesc clcments to highor plants by
tho microorganisms worc éontéincd in the roports presentoed by tho Candidate
of Biological Scicnces A. Yo. Fomin (Institutc of Agriculturc &f the
Southcast of the USSR) and Candidatc of Biologidéal Scicnces, V. V. Kotelev
(Moldavian Affilinte, Academy of Scicnces USSR).
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‘ A substantial report’which was proscntod by the representative of the
L*vov Statc University, G. M. Shavlovskiy, and which doalt with the
poarticipation of microorganisms in tho amino dcids and vitanin nutrition
of plonts was listenod to with greot intorest. '

Using cmino ocids and vitomins containing tracer atoms as well as
bacteria and the products of the metabolism and dissociation of bacteria
containing traccr atoms, Shavlovskiy investigated the regularities of tho
distribution of methionino and vitamin B, in highor plants ds wcll as the
transfer of theso substances from bacteria to highor plants.

N. P. Plotnikov, Scicntific Associatc at the Ural Affiliato of the
Acadomy of Scicnces USSR, presonted a report cn the investigotion of the
brucollosis infection with thc use of bacteria containing tracoer atoms.

The roports prosented at the conforence wero discussed in details
Particularly lively discussinns doveloped on mothedological quostions.
Tho resolutions passed by the conference indicated tho fundamontal
scientific probloms for tho sclution of which the application of isotope
mothods is advisablc. Furthermorc, moasurcs for the improvement and
perfoction of metheds and techniques usod in work with tracor atoms worc
indicoted.

i

-

"At the conclusion of the conference, Candidate of Biclogical Scicnces
I. N. Verkhovskaya demonstrated for the participonts contemporary mothods

. of work with tracer atoms.
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USSR Work on Modification of Viruses

Priroda, Vol. 42, no. 12, pp: 34-44

USSR WORK ON MODIFICATION OF VIRUSES

In the resolution passed by the Conference on the Problem of Non-
cellular Forms of Life that was called by the Department of Biological
Sciences, Academy of Sciences USSR, in conjunction with the Presidium of
the Academy of Medical Sciences USSR and held in May 1953, it was noted
that there is neither complete understanding of the biological 51gn1f1@ance
of filterable forms of microbes nor sufficient knowledge of the 'problem
of the connection between filterable forms of bacteria and viruses and.
bacteriophages. It was also indicated in the resolution that among the
most timely probloms to bc solved in conncction with noncellular forms of
lifc are those of thc modifiability of virusc§ and that of the biologicel

significance of nonecellular forms of bactcria.

In regard to filterable forms of bactcria and their conncetion with
viruses and the stéage” (or phase) forms of developmont, Sovict scientists
V. V. Silmev amd V. D. Timakov have definitcly proved the wide occurrence
in naturc of divorse noncelluler forms of life, the so-called filtorable
forms, among cellular microbes, and the possibility of the transition
of noncellular into ccllular forms. On the other hand, viruses are not
changed into cellular forms or bacteriec. To insist thet thcre must be
trensition of bacteria into ccllular forms is to apply Virchowian idcas
to the understending of the ovolutiofl of that extensive and indcpendent
class of life, nonccllular organisms.

Experimcntss which have been conducted proved that there is no
spontancous modification of viruscs into bacterial forms. The most
procise rosults were achieved by the mcthod of cultivating viruses in
tissucs explantates or in doveloping chicken embryos. Under thesc
conditions meny viruscs arec capable of intensive deveclopment on newly
generated or surviving embryo cclls. Hore the most favorable conditions
for the development of the most cxacting microbes (spirochotes, hemoglo-
binophilic bacteria) cxist. If transformation of viruscs into microbes
actually takes place, ccllular microbes would definitecly be detected
under thesc favorablc conditions. However, the extensive practical
oxpericnce in cultivating the most diversc viruses and rickettsiac in
tissuc explantates convineingly proves that thc microorganisms prosorve
thoir gualitative spcciocs characteristics in the proccss of repoated
roscedings carried out over a great numboer of ycars. If the tissuo
culturcs arc skillfully handled, no accunulations of bacteria arc
obtaincd.
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In cxperimenting with allantois culturcs of the virusos of influcnza,
numps, ond tick onccphalitis, wo found that the virds porishes within two
or thrce days and that no bacterial cclls originotc.. Exporimonts with
dying tissues also showecd that tho virusos porish and that no bactorial
colls originato. The rosults of thoso cxperimonts refute tho assumption
that in doad tissuos viruscs arc regularly transofrmed into bacterial
modifications. :

The modification of viruses can bc beost studicd on the oxamplo of
phéges, which arc a kind of bacterial virus. Howovor, investigations
(A. S. Kriviskiy, 1950-1951) havec shown that, notwithstending thc ccllular
structurc of bactcriophagc, the manifostations of its herodity and
modifiability arc subject to tho laws of horodity common to all kinds of
living matter. The modification of bacteriophages is o phonomcnon that
cccurs cxténsively in naturc. It can bo casily obsorved undor laboratory
conditions. The phage particles, aftcr being adsorbed on hereditarily
changod bactoria and penctrating thom, change under the conditions on-
countercd in the bactorial cclls, adopt themsclves to reporduction in
tho modificd cclls of bacterial variants, and transmit hercditarily
their nowly acquirod propertics.

By invostigating thc interaction of phoges with socondary phage-
resistont cultures which have becon obtained aftor the dissolution of the
initial phago-scnsitive cclls, onc may trace the wholc procoss of tho
adaptation of thc phage to a rosistant culture. Onc obscrvos that some
‘phage porticlos succcoed in adapting thomsolves to roprdduction in cells
which arc resistant to the rcmeining mass of tho phage. Initially the .
‘dogrce of this adaptotion is smalls the modified phage particles do not
adscrb offcctively on cclls, multiply weakly in themy and form turbid,
barcly visible storilc spots. But during subscquont multiplication,
individual particles arise in thc modificd phage population which
progrcssivoly ihcrcaso thoir dogrec of adeption to developmeat in.
bacterial colls. Then individaal sterilc spots which beeome incroasingly
clearer appear in the cultures. Roscceding from thesc sterilc spots givos
risc to now variotions of the phage. Finally, the most porfectly adapted
ond virulent voariations of tho phage dovelop. Then, one oftcn obscrves
a rodudtion of thc virulonco toward the initial phoge-scnsitive bacterial
strein. The virulonce toward this strain often disappears completcely.

Undor tho circumstonces, tho phago acquires cntircly now proportios,
onc of which is the capacity to dissolve a culturoc which was rosistant
tc the initial strain of the phige. The capacity to dissolve tho initial
bactoriol culturc is ofton lost. Artificial sclecetion, in othor words,
" isolation of the most virulont variation of the phage from individual.
storile spots, considcrably acccloratcs the procoss of adaptation,

Liko collular orgonisms, some variations of phages have a heredity
which persists undor various conditions, of oxistence (i.c., cxistencc on
bacteria belonging to various strains), whilc others arc less stablc in
rogord to their hercdity. Thosc less stable return to thoir initial
state whon thoy have beon tronsferred to the original conditions of
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oxistence. A reversiocn of this type also tekes place as a result of the
development of individual phage particles which are identical with the
initial typo of thc phagc rather than by a modification of thce whole phage
population. Thercforec, if constant sclection is applied, in othor words
if isolation of thc most charactoristic sterilc spots is consistently
carriod out, onc may prescrvc during tons of gencrations any strain of
the phage and in this mamnor costablish definitcly thet nowly arising
modifications aro inheorited. The roversion to tho initial type is nost
casily reoalized in the beginning of the process of adaptation. Among <
variants isolatoed during this poriod aro straihs which arc distinguished
by an cxcoptional capacity for rapid roversion. Theso strains scon to
have an unstablc, woakened herodity. The variants which arc most romote
from the initial typc~do not yicld by rceversion & type completecly identical
with the initial typc. If the phage variant has complotcly lest its
capacity to multiply on thé colls of the initial bacterial culture, rc-
voersion becomos impossible. )

The modification of the horeditary basis of viruses is of groat

practical significance. One of the most important practicel problems

of modical virology is the creation of living vaccines which arc harmless
- to human beings and arc capablc of inducing the formation of an intensive”
and prolonged ~immunity against various mass infections. To bring about a
change in tho nature of the virus, which is nccossary for the creation
. of a livo vacecine and which is aimod toward the removal of pathogenic
(:: proportics on thc one hand, and presorvation and reinforccemont of immuno-
' gonic charactoristics on the othor hand, it is nccessary to weakon tho
hereditary basis of the virus by changing radically the conditions of
its individudl dcvelopment that have becon cstablished in the course of
phylogenesis. Thon the modificotion of the virus must be guided in
such a manncor that thero is o woakening of the virulencc to human boings,
whilo tho antigenic properties which arc typiéal for the virus as tho
causative factor of the discose arc preserved. Finally, onc must also
consolidate and perpotuate the nowly acquired characteristices at tho
desircd leveol. Exporimontal mcthods of cxerting cffcctive artificial
action upon the organism of suscoptible animols that would rosult in
sufficiontly thoroughgoing changes in the mctabolism of virusoes have
not bocn doveloped as yot. For that roason the necessary new conditions
of tho oxistence of viruscs arc bost obtainod by the adaptation of tho
viruscs to dovcloping chickon embryos, to the cmbryonic tissucs of other
animals, to somec sonsitive organs of rosistant animals, to tissucs of
oxpcrimental malignant tumors, or to thc organism of o now speeics of
susceptiblc animals which do not participato in thc natural cyclo of
transmission of tho causative factor.

Theso aro viruscs the horcditory charscteristics of which arc not
stable. Any changes in tho conditions of their oxistonce, for instance,
a short sojourn in the body of a difforent host, is accompanicd by a
thoroughgoing and irroversibld modification of tho pathogonicity and of
other initial characteristics. A classical oxamplc of this group of
(:: highly plastic virusce is tho virus of influenza. Even 2 short sojourn
of a strain freshly isclatod from human boings in white micc, forrcts,
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or devcloping chicken embryos rosults in a thoroughgoing modificétion of”
the proportios of tho virus in rclation to its principal host, i.c., man.

In view of thc fact that any eoffcctive living vaccine must inducc tho
multiplication of the woakened virus in tho orgenism of human beings who
hove becn inoculoted, oxcossive supprossion of the cepacity to multiply
mokes the vaccino incffective. For that rcason, viruscs-which have the
most strongly modificd herodity require the briefost and most carefully
controlled chango of natural conditions of oxistcnce to now conditions.
For oxamplc, aftor only a fow passagos through the orgonisms of developing
chicken cmbryos, the strains of the influonza virus arc usually woakened®
sufficiently to make thom suitablc for the production of living vaccines.

To obtain a living vaccine active agoinst influenza, the procodurc
of carrying out briof passages of epidomic strains through doveloping
chickon ombryos proved to bo the best according to our data.

If tho virus has becn cxcessively wookened end is no longoer cupable
of multiplying in the humen body, it is nccessary to incroasc its
activity. This is best achicved by ciltivating the virus on human tissucs
according to the mcthod proposcd by A. A. Smorodintscv.

Ancthor group of viruscs has more stable hercditary characteristics.
They losc their initial pathogenic propertics with™greoter difficulty
whon the conditions of existence havo becn changed. Howover, the riodifica~

tions produced oxpcrimentally in them are more firmly consolidated.” To
this group bclong the viruscs of rabios, smollpox, and ycliow fover.
The most offcctive living vaccinos for thosc disoases have boen obtained.

_ Tho third group of virusos posscssos an cxccptionally stable basis
of horedity. "To change their heroditary characteristies, prolongod offorts
arc necessary. Examples of such viruses aro somo causative factoers of
neurd-virus infcctions of tho tiek cnecphalitis and Japanose oncophalitis
typo. Viruses of this type prosorve their pathogonic and antigenic
propertics undor the most variedconditions of natural circulation as woll
as under cxperimental conditions.

For instance, aftor prolonged adaptation to tho organisms of white
mico, which has continucd for many yocars, the straoins of viruses of tick
cncephalitis proserve & vory high infoctiousnoss for man and monkeys or
apcs. Thesc viruses do not modify their characteristics as a rosult of
noturel or artificial changes in the hosts and carriers. They exhibit <
stable retontion of their pathogenic cheracteristics in cultivation under
conditions unusual to them, as for instance, in dovecloping chicken cmbryos
or in tho testidular tissuc of rosistant animals (for instance, white rats
or guinoa pigs). For that roason it is very difficult to obtain from
such stablo virusos strains with a weakonod heredity, in othor words,
strains which would bo suitable for furthor nodification of their patho-
gonic and immunogenic proportios. A largo amcunt of inventivonoss in the
scloction of now conditions of oxistence for such virusos is necessary.
Howover, when viruses of this type have been succossfully subjected to a
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theroughgoing nodxflcatlon, they ylold the most porsistont production

strains that rotain their médifioed heroditarily transmissiblo choracteristics
for o groat number of years.

At prosent, our scicntific and mcdical institutions arc concentrating
on tho crcation of live viceines cffoctiveo against a number of moass infee-
tions produccd by viruscs. This includes influcnza, mecasles, numps,
pappataci fover, tick cncophelitis, Japancse cncophalitis, and othor
discases. In this work, our sciontists assumc that it is possiblo to
nodify the naturc of viruses sufficiently and td consolidatc tho changos
which have boen obtainod on the necossary level. This task would bo
cntircly unrcalistic if the process of modification that has been invented
by pleomorphists rcally oporated in naturc. In that case, no offorts
could provent the nowly creoted immunogenic strains, which have becn

suitably weakcned, .from undérgoing transformatlcns that would be irreversible
and that would destroy them.

The sueccess of furthor work in the diroction indicated depends on
the most rapid accumuletion of facts pertaining to tho existonce of limits
to natural and dirocted modification of microbes and viruscs, dovelopment
of principlcs and concretc methods nocessary for controlling thc phoncmena
of modification, and study of the interrclationships botwoen cellular forms
of microbes, viruses, and bacteriophages which cxist and operate in naturc.
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STUDIES ON THE ORAL TOXICITY OF CLOSTRIDIUM
BOTULINUM TOXIN, TYPE Al

By Ivan W. Coleman?
Canadian Journal of Biochemistry and Physiology, 32 : 27-3L. 195k
Abstract

Three aspects of the reported oral toxicity of Clostridium botulinum
toxin, Type A, were investigated., No demonstrable migratien of the
crystalline toxin from the lumen of the intestine into the blood stream
of the dog could be found, Evidence indicating that the crystalline toxin
was inactivated by pepsin and chymotrypsin was obtained, but the toxin
was found to be resistant to the action of trypsin. Comparison of the
oral toxicity and the intraperitoneal toxicity of the crystalline toxin
revealed that the product was not orally toxic. A spraydried crude pre-
paration of the toxin demonstrated a low oral toxicity.

Introduction

The toxin of Clostridium botulinum has been described by Pappenheimer
in his review of the proteins of pathogenic bacteria (11) as the only
bacterial toxin which remains active when administered orally. Diphtheria
and tetanus toxins, the only toxins of comparable toxicity, are both

inactive orally, being rapidly destroyed by the proteolytic enzymes of the

gut, Botulinum toxin is described as remaining toxic after in vitro
treatment with pepsin and trypsine.

The toxin of C. botulinum has been crystallized by Abrams et al. (1)
and Lamanna et al. (8)- The Type A toxin has been shown by Putnam et al.
(15) and Kegeles (7) to be a protein of molecular weight 900,000 as
determined by sedimentation and diffusion experiments. It is homogeneous
in the ultracentrifuge at most pH values below pH 3 (19) and shows but
one zone of migration in the electrophoresis apparatus over a pH range
from 3 to 7 (1L). The isoelectric point was shown (9) to be at pH 5.6

1. Manuscript received July 13, 1953, A contribution from the Physiology
Section, Suffield Experimental Station, Defence Research Board, Ralston,
Alberta.

2. Present address: Department of Pathology, St. Boniface Hospital,
St, Boniface, Manitoba,
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Elemental and amino acid composition of the toxin by Putnam et al. (15)
revealed a protein of nitrogen value 16.25%. On the basis of a molecular
weight of 900,000, this group advanced the amino acid residues as follows,
according to the conventlon suggested by Brand and Kassell (2); Gly.166,
A;a.3?h, Valo)0gs Leu.708, Isoleu.820, Prols2p3, Phen.éh, CySHe o0s

(Cys& Met.g)s Trp.82, Arg.n3q, Hls.éo, Lys.)77» Asp- NHISSO’ Glut 253,
Sere37)y, Threg)o, Tyregyoe This composition accounts for 100.2% of t
total nitrogen.

The toxicity of the material is phenomenally high; per milligram of
nitrogen it contains 1,200,000 toxic doses (minimum lethal dose per kilo-
gram of animal) for a guinea pig, and 620,000 toxic doses for a mouse, on
intraperitoneal injection (17). It is stable only at acid pH values, and
is rapidly inactivated in neutral or alkaline solution.

It is difficult to reconcile the known physical properties of the tox1n
with the reported oral toxicity. The toxin is one which inhibits conduc-
tion at the myoneural junction (5,18), death usually resWlting from
paralysis of the respiratory. muscles. This requires that the toxin be
absorbed from the intestinal lumen into the blood stream or lymphatic
system, a process which would necessitate a protein of molecular weight
900,000 migrating across the gut membranes. It is difficult to imagine
how a protein with such a molecular weight could penetrate the membranes
of the gastrointestinal tract which are impermeable to proteins of less
molecular weight. Dent (6) has reported evidence that dog serum proteins
can be so absorbed,but these were restricted to serum proteins of the same
dog. Part I of this report consists of an attempt to demonstrate the
ability of the toxin to migrate across the gut membranes.

The amino acid constituents of the toxin do not supply evidence

~which would indicate a lack of the amino acids requisite to the formation

of peptide linkages specifically opened by the action of the proteolytic
encymes, pepsin, trypsin, and chymotrypsin. A study of the action of the
enzymes on the crystalline toxin comprises Part 1.

In Part III a comparative study of the intraperitoneal and oral.
toxicities of the crystalline toxin and a crude preparation on mice and
rats is reported.

Part I

Migration of C. botulinum Toxin Across the Gut Membrane

Materials

A sample of crystalline C. botulinum toxin, Type A, which was electro-
phoretically homogeneous, was available. The preparation in gelatine
phosphate diiuent (1, 8) was found to have a minimum lethal dose by intra-
peritoneal route of O. OOOllpgno per 20 + 2 gm. mouse. ‘

Method
Dogs 8 to 15 kgm. in weight werc anesthetized with nembutal (LO mgm./
kgme). A loop of ileum was isolated through a small abdominal incision,

D -
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and approximately 15 cm, tied off with two loops of surgical silk, leaving
" the circulation intacts. One hundred micrograms of crystalline toxin in

citrate buffer at pH 6.0 was introduced into the lumen of the intestine

in one milliliter with a No. 22 needle, using a No. 18 needle as a

trocar. The incision was then closed, and venous blood samples of 5 to

10 ml, in volume w1thdrawn under heparin at half~hour intervals for two and

one=half hours. At the end of this period, 1 ml. of toxin containing

100ugn. was injected intravenously. The animal was allowed to rest

overnight without food or water, A terminal blood sample was taken 2L hr.

after the first injection, before the animal was sacrificed, FPlasma

was separated from the blood cells and the toxicity tested by injecting

0.5 mle. into each of four mice, Deaths among these mice, 96 hr., after

the injection, are recorded in Table 1,

. Coleman: Toxin

TABLE I .
Absorption of C. botulinum Toxin from Isolated Segment of Gut

' Deaths among mice injected with 0,5 ml. plasma from:

Time of
sample, hr. . "Dog No.l ! Dog No.2, 1L.13 Dog No.3, 15.L; Dog No.l,
. 1.5 Kgm.,male, kgm., female , kegm., female :8 Tkgm.female
O3 : o/L ; o/L : o/l 0o/
3 : o/k : o/l : o/l t o/
1 ; o/L F o/h. . ¢+ 0o/ o/l
-;— : o/k : o/L : 1/k 1/l
S S/ L S 7/ /) t Ol
20%% ¢ L/L ' L/h N VAT * 3/L

#Control sample before introduction of toxin into lumen.
s%Time of intravenous injection of 100 ugnm of toxin in citrate pH 6.0.
#=tGut lumen was washed out with 2.0 ml. of gelatin phosphate solution
which was tested for toxicity with four mice. Two mice died.
{O 5 ml. of filtered urine was injected into each of four mice,
with no deaths resultlng in 96 hr.

The results indicate that, in the blood samples examined, only two
deaths occurred in a perlod of two and one-half hours after the introduc-
tion of 100 pgm. of crystalline toxin into the gut lumen. However, after
the intravenous injection of the same quantity, deaths occurred even
when the blood samples were taken 20 hr, after the injection,

-3=
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Discussion

In the dogs examined with the previously described technique, no
evidence could be found indicating the migration of the toxin in an
active form into the blood stream. Injection of the toxin intravenously
indicated in every case the presence of the toxin in the plasma as long
as 20 hr, after the time of injection. The parenteral dose applied was of
the order of 200,000 mouse lethal doses,  which, if 8% of the dog's
body weight is blood (1.2 to 1.5 liters), would mean that an absorption
of as little as 0.3 mgm. of the toxin is detectable. This represents
an amount absorbed from the isolated gut lumen of less than 0.5% of the
toxin introduced. Since conditions were such that a high concentration
was maintained in the isolated lumen, it seems reasonable to expect
that absorption would be of a higher order than 0.5% in two and one-
half hours,

This argument takes no cognizance of the in vivo behavior of the
toxin, Because no information exists on (a) the rate of tissue removal
of the toxin from the blood stream, (b) the rate or extent to which the
toxin can be absorbed on cell surfaces, (c) the reactions of detoxifi~
cation possibly occurring in liver, kidney, or other body sites, no
allowance can be made for that fraction of absorbed toxin which is by
any mechanism removed from the plasma and hence not available for analysis
by this method, It seems likely, however, that the necessary correction
for such reactions is small, since no difficulty was found in detecting
the toxin in plasma 20 hr. after intravenous injection, but the rate
of such reactions may still be such that something more than 0.5% of
the toxin could have been absorbed from the gut lumen without detection.

Part II

The Digestion of C. botulinum Toxin by Pepsin, Trypsin,
and Chymotrypsin

Methods

Buffered substrates of crystalline C. butoulinum toxin, Type A, were
prepared at 1 mgm./ml. concentration using 0.0l M potassium chloride-
hydrochloric acid buffer at a pH of 1.4 for pepsin. digestion, and 0.01M
phosphate buffer at pH 6.5 for trypsin and.chymotrypsin. To 15 ml. of
each substrate, 5 ml. solution containing lmgm./ml. of Armour crystalline
pepsin, trypsin, and chrmotrypsin was added. One 15 ml. portion of
toxin substrate at pH 1.l was retained as a control for the pepsin
digestion, while a similar volume at pH 6.5 was retained as the undi-
gested control for the trypsin and chymotrypsin digests. Five milliliters
of water was added to each of the controls to maintain equivalent toxin
goncentration., Digestion was performed at 37°C. and allowed to proceed
for 72 hr. One milliliter samples were withdrawn at regular intervals,

L
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and the toxicity determined by injections of 0.5 ml. samples intraperitoneally
into mice. By serially diluting the digests sample (1:10 dilution at '
each step), the number of mouse lethal doses per milliliter of digest was
determined, Groups of four mice were used at each dilution. They were
arranged in weight groups: 20 + 2, 25 + 2, and 30 # 2gm. A minimum of

2l mice was used for each estimation of the toxicity of a digest sample.
This required, with the controls, that 120 mice be used at each sampling
time, Since groups of mice of the same weight in this number were not
available, the three weight groups were chosen. The number of mouse

lethal doses per milliliter of digest is therefore reported per kilogram

of mouse. ’ -

Results

The toxicity of the crystalline pepsin, trypsin, and chymotrypsin
preparations used was determined by injection of 0.5 ml. intraperitoneally
into mice in graded concentrations to a maximum of 1.0 mgm./ml. No
deaths resulted in any of the mice tested, even at the highest concentra-
tion used. This step was taken to ensure that deaths resulting from
the assay of the toxin digests could be ascribed to the texicity of the
toxin alone.

The results of the analysis of the digests and contents are shown
in Fig. 1, in which the number of lethal mouse doses per kgm./ml. of
digest is plotted against the time of digestion., ' . :

The results indicate that the toxicity of the controls decrease
to approximately one-tenth of the starting value in 72 hr. This is in
agreement with the findings of Reed and luench (16).

Fig. 1. Toxicity of crystalline botulinum toxin, Type A, after digestion
with proteolytic enzymes: Curve A, control pH 1l.5; Curve B, control pH
6.5; Curve C, trypsin digest; Curve D, chymotrypsin digest; Curve E,
pepsin digest., ‘

S
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During the same period, the toxicity of the pepsin and chymotrypsin
digests decreased rapidly after a short lag, to a value at 72 hr. at which
the digests were nontoxic (at 140 mgm. toxin per ml.). The fugitive
increase in toxicity of the chymotrypsin digest from zero to six hours may
be significant., A similar process has been described by Bridgeman (3),
Peterman (12), and Peterman and Pappenheimer (13), on enzymatic digestion

of antibody molecules. These authors report that digestion of antibody

. molecules may proceed to the point of yielding residues of one~fourth the

molecular weight of the original antibody without loss of the specifia
antibody activity. The transitory increase in the toxicity of the chymo-
trypsin digest may reflect such a process.

The action of trypsin was not as striking. At the end of the digest
period the toxicity of the trypsin-digest was about one~-fourth the toxicity
of the control at the same time.  This may indeed represent the inertness
of the toxin to trypsin digestion. However, since the terminal value of
the toxicity is below the control, trypsin certainly exerts some action
on the toxin. The lack of complete inactivation by trypsin may well be
due to the inability to operate the experiment at or near the optimal
pH trypsin digestion. The value of pH 6.5 used was necessitated by the
rapid inactivation of the toxin at pH values more alkaline than 7.0.

The digestion of the toxin at pH 8.0 to 8.k, the optimum pH of trypsin,
would proceed more rapidly than shown here.

The uniform decrease in toxicity of the digests in comparison with
the controls at zero time is probablv due to the time interval between
the withdrawal of the sample and the performance of the assay. The
interval was of the order of one hqpr.

Summary

Pepsin and chymotrypsin digests of crystalline botulinum toxing
Type A, at pH values of 1.k and 6,5 respectively, resulted in the
inactivation of the toxin, such that the injection into mice of a volume
of digest equivalent to that containing 1.0 mgm. of toxin (approximately
1oh lethal mouse doses) had no effect. :

Trypsin digestion did not result in complete inactivation when
digested at pH 6,5, but in 72 hr. the digest showed a toxicity of

~ approximately one=-quarter of the similarly treated, but undigested,

control.,
Part IIl
The Comparison of Oral and Intraperitoneal Toxicities of
Crystalline Botulinum Toxin Type A
Methods

A fresh solution of Type A crystalline botulinum toxin was prepared
in citrate buffer pH 6.0. Several dilutions of the stock were made in
gelatine phosphate diluent to yield gix solutions ranging in concentration
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from 10 to 0.001 mpgm. of toxin per ml. of solution. One milliliter of
each dose was injected intraperitoneally into four mice in each group.
For oral administration, 0.2 ml. was administered by stomach tube. The
tube consisted of a flexible, 2~in. No. 26 needle, ball-tipped with '
silver solder. Ten animals were used in each oral dose group. The mice
were kept in separate cages without focd for the period of L8 hr., and
the survivors were fed on regular rations until the conclusion of the
assay period of 96 hr. Mice used were all females of 20 * 2 gm. in
weight, ‘

The results of this comparison are shown in Table II, Section l.

The method previously described was repeated, using rats of 110 to
130 gme in weight. The maximum oral dosage was increased to 1000 pgm.
The results are also shown in Table II, Section II,

Spray~dried preparations of botulinum toxin, which had been pre=
pared by precipitating the cell=free cultures by adjusting to pH 5.6,
were available. The samples had been stored for three to four years, and
still showed an LDgg of 0,002 pgme per 20~gm. mouse by intraperitoneal
route. Studies of the oral and intraperitoneal toxicity of this product
were repeated on the rat in the manner previously described. The maximum
oral dose of this crude preparation was increased to somewhat less than
7000 pgm. The results are shown in Table II, Section III.

Results :

With crystalline toxin, application by the oral route of a dose which
exceeded 2 x 10 times the minimum lethal intraperitoneal dose failed to
cause any deaths in the mice, testede With the rat, increase of the oral
dose to a value exceeding 10h times the minimum lethal dose intraperitoneally
failed to show a Y ffect on the rats tested. There is reason to believe
that, with t& ?o&iél&? the oral dose could be raised still further with-
out being toxi. With the crude preparation there was a demonstrable
oral toxicity at a level which represented 104 times the minimal
effective intraperitoneal dose.

Discussion

The lack of demonstrablegoral toxicity of crystalline botulinum
toxin, Tvpe A, is in agreemen% with the results obtained in the permeability
study and with the inactivation of the toxin by pepsin, chymotryosin, and
probably trypsin. It is,however; in sharp contrast with the results
reported in the literature (10,11) and others which described the toxin
as being effective orally. The previous observations of the oral
toxicity have been made by many authors and are well documented in the
clinical cases of fatal botulism in which the oral route could be the

- only method of admission of the toxin, However, it must be remembered

that all the observations have been made (to the best of the author's
knowledge), on either intact cultures of C. botulinum or on cell-free

-7
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filtrates. The toxicity of the crude products has then been ascribed
wholly to the toxin. It is only this conclusion that is erroneous. If
the hypothesis is advanced that in the process of isolation and purifi-
cation of the crystalline toxin a second oral potentiating factor of unknown
properties is lost, the results of this work and the previous reports can
be reconciled., Evidence in favor of such an hypothesis has already been
advanced by Bronfenbrenner and Schlesinger (L). These workers found that
the addition of ammonium sulphate to cell-free cultures of C. botulinum
reduced the oral toxicity of the culture to one hundredth of its previous
value, although the intraperitoneal toxicity remained the same. On
addition of the material precipitated by ammonium sulphate, the oral
toxicity of the reconstituted media returned to its original value. The
results obtained with crude spray-dried botulinum toxin tend to support
this concepts The oral toxicity of this product can be explained by
assuming that it still contains some of the postulated factor.
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pp: 649-652, March 21, 1954, 511 P444A

(In Russian)

(Submitted by Academician V. N. Sukachev, December 17, 1953)

The study of the characteristics of cell formetion and of the
development of nuclei in plant organisms with culturally induced chenges
in sexusl end vegetative hybrids, possessing, as is known, increased

"diversity in the characteristics of cells and tissues and wide morpho-

logical variation (1-4, 8, 9), holds out great theoretical interest.

During the first phase of the work we decided to investigato the
process of the formation and devclopment of cclls and of their nucloi
in vegotative hybrids with the objoctive of turning, lator, to sexual
hybrids and to organisms altcrod by brocding conditions.

Tho study of this procoss was conducted on shoots of the first socd
gonoration of végotative hybrids obtainod from crossing wintor barloy
The winter barloy varioty "Kruglik 21" (Hordcum vulgero
L. var. pallidum) sorved in tho cepacity of tho scion, end tho two
wintor ryd variotics of "Kazanskaia 546" and #Detnuvo-Aukshtein” (Sccale
corealo L. var. vulgorc) in that of thc stock.
ed by transplanting thc ombryo of the barley onto thc double cndosporn
of the wintor ryo according to the mothod describod carlior (8, 9).

The pure-varioty sced of tho original forms --— borlcy Kruglik 21,
ryo Kazanskeia 546 (control), 2nd of the first socd genoration of tho
vegotative hybrids Kruglik 21 and Kruglik = WOroc

' 2 Kozanskaie 546 5 Dotnuvo=-Aukshtcin

grown on o moist substrate until shoots appoarcd. Thc root tips (rootlot
meristom) which had formod were fixod with Bruin's fluid and with mixturocs
of o 3% solution of chromie acid end ncutralizod formalin. After tho
uswal cytological trootmont, soctions (5-8 microns thick) wore staincd
with homatoxylin and acctocarminc.

Declassified and Approved For Release 2013/04/05 : CIA-RDP80R01426R010100040001-8

The grofting was accomplish-



o

Declassified and Approved For Release 2013/04/05 : CIA-RDP80R01426R010100040001-8

(2) Trans. 510

A detnilod study of all the proporations showed that the formation
of now colls in thc meristom of shoots of thc control seriocs was “accomplished
with an obvious prodominanco of mitosis (62 - 68%) (Scc tablo 1).

An cntirely difforont corrolation in the occurrcenco of mitosis,
amitosis and casos of now nucloi formation in the nuclei of maternal cclls
is obsorved in the meristem 6f shoots of sced gencration of invostigated
vogetative hubrids {(Tablo 1). It was found that hore tho mitotic indox
cqualled 8.5 — 10%, whilc amitosis, instancos of nuclear budding, and
tho appearanée of some new nuclei wi thin ono nucleus of a maternal cell
reach 69-73%. ' ' ‘

In vegetetivo hybrids amitosis is encountorcd more oftei in the form
of o direct division of the nuclear substanco into two parts. In the
literatufe this type of division is considcred as o typical, complox
emitosis. Fig. 1 shows that the new nuclei thus formed are connccted
with oach other by & thick bridgc. Thé initiel phases of complex

~emitosis are roproscnted'in Fig. 2 v,d. Thus it is obvious that tho
appoarance of new nuclei is preceded by the formation of two nucleoli,
the separation of which indicates the beginning of the partition of the
remaining nuclcar substanco. The division of the nuclecar substance into
two approximately equal parts manifosts the morphological characteristics of
such amitosis.

The other process in the formation os new nuclei is the budding of
the nicleus. In this instance, the nucloolus at first splits into two
parts. One of the nucleoli loaves tho nuclcus, and a now but small
nucleus forms eround it (Fig. 2, 2,g,z). Tho ccll becomes binucleato,
and then the daughtor nucleous, scporated by budding migratcs from thoe
nuclcus of the mdthcr cell, and the formation of tho nmombrenc of a now
coll takcs placo. Somctimos the budding of the daughtcor nuclous precodes
the formation of nucleoli (Fig. 2, g,k). In such a caso there occurs
an unequal division of the nuclecuss tho smaller part of the nuclocar
substanco goes to the daughter nuclous, ond the larger part romains in
tho mothor nuclous. More rarcly thoro occurs a procoss of now nuclei
formation that could be dosignatcd as "multiple budding” or as tho
doconposition of nuclous into scveral ports.
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Tablo 1.
A 1 . ]
Mitosis (c11¢ Amitosis { Mononucloar
phases) in § and now | cells and in-
Scries % i+ formotion]| distinet forms
: of nuclei} of development
' : in%d { in %
. q* 1
I. Winter ryec, Kazanskaia- ! - , -
5+6 . - . . . - { 68 1206 4 19-4
II. Winter barley, Kruglik 21 62 ‘ 16.5 ¥ 2l.5
111, ___Kruglik 21 8.5 | 695 | 22
. Datnuvo-—Aukshtein )
Iv. Kruglik 21
» ! .4
Kazonskoia 546 10.6 73 16

According to our observations such o mothod of nuclear formation
oceurs; as a rule, in colls of lerge dimonsions possessing large-size
nuclei. Whiloe nuclei aro being reproducod by this method in o lerge-
size nuclous, thore appoar soveral nuclcoli followd by fission of the
nucloor substonce into throo doughter nuclei (Fig. 2, b,e) in conformity
with tho number of the ncwly developed nuclecli, or the nucloar sub-

stance scparatos into’a lergof number of ports than thce number of the

nucleoli dofincd (Fig. 2, zh). Therc wore obscrved instancos”of scpara-
tion of the original nuclcus into four new nuclei (Fig. 2, k).

Fig. 1,

Straight division of nucloar sub-
stance in & moristem ccll of the
shoot of a veégetative hybrid
(Scrics III). The newly forméd
nuclei arc joined by o bridge.

The forms of coll reproduction doseribed above and tho pictures of
now nuclei produdtion within tho old nuclous donote nothing specially
new. ot this time. Similar pictures of such dovelopment of new nuclei
hove alroady beon described in the litcraturo (10, 12).

In our opinion, attention should be paid to the reascns for the
predominance of onmitosis and tho fermotion of cclls through tho formation
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of now nuclci in tho tissuos of investigated vogotative hybrids os :
comparcd with the tissuos of tho original variotics, utilizéd as controls,
in which tho predominont form of coll formation wos mitosis.

On tho basis of our own obscrwotions, and taking into account a large
accunulation of matcrial covering this subjoct in tho literaturc, wo aro
roady to advance tho hypothesis that tho rcascn for such prodominance
probably is a motabolicdisturbonco caused by tho union of romote
intergeneric components.

It is genernolly known that vegetative hybridization is one of the
péwérful means for upsetting heredity, of eliminotifig its conservation,
i,e. the ostablished, stabilized type of metabolism. From & purcly
chomical anglo, metabolism represents the sunm total of comporativoly
simple reactions of oxidation, reduction, docomposition, synthesis,
transfor of soparato atomic groupings. Howover, the specific thing
for the orgonism is that those roactions aro &ccomplished in it in co-
ordination, in strictly dotermincd succossion.

The spceific charactoristics of motabolism detormino pormncy, tho
qualitativo constancy of specics, gonus, varioty, forms of living organisms
undeor appropriate conditions of enviromment. In so far as the result of
vogetative hybridizotion is & complete modification of the charactor and
the type of motabolism in the sced gencration causing changes in its
propertios, characteristics and phcnonona (11), it must bc assumcd that
this modification dotormines clso & chango in thc process of coll
production.

Fig. 2

Various forms of nucleoi propagatiocn in thé
tissues of vogototive hybrids (sorios IV).
{a) - formoticn of o now nucleus by meons of
budding; ‘ '

(b) - dividing nuclcar substanco in 3
doughtor nucleij;

(v,d) - initial phascs of dividing nuclcus
into 2 daughter nuclei of equal sizo;

(0o, zh) - decomposition of nuclous into

3 daughter nuclei of varying sizo;

(z) - ncw budding begins in nuclcus after
tho formation of ono daughter nuclcus;

(i) - in thec nuclous appoar ombryos of
noew nuclei (buds), but no nucleoli have
formed in thom as yot;

(k) - nultiplo budding of onc nucleous;
formation of 4 doaughter nuclei of vary
ing sizos. :

Praocecding fron such an hypothesis, it can be assumed thet in the
casc of an undisturbod, stabilizcd type of metabolism the predominant
form in the fornation of new cells would have to be mitosis, as it is
the nore complex form of cell roproduction, capable of oqual distribution
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(:i of living; substanco betwocn the mothor and daughter eolls, In other ‘
words, mitnsis reflcets coordination, rcgular scquence of metobolic ro=-
actions, and anitosis is an indieator of o disturbanece in the constant
type of motebolism == of shatterod horedity., Nemely, it is, procisoly,
thanks tc the uncquel distribution of living substanco during onitosis
or nucloar budding and the formation of now nueloi that diverse tissuc
propcrtics aro fermed, thus cousing the forphological diversity in tho
progeny of vegotative hybrids (1,3,8,9).

The dircet rclation between motobolie distrubance and tho proccsscs
of ccll reproduction was discovered by P. S. Revutskeia (10) who ostablish-
od the fact that in mesotholiunm which sottles out in ascitic fluid, in
cascs of canéor of intornal organs, tho amitotie indox ecqualed 91.3%, and
in mitotic 0, 6%. ‘

In studying tho sced sprouts of ryo, whoat, Crcopis toctorum, aftor

a B=6 yoar storage period, and following tho action of high”tempcraturo
(54-55°C) on dormont dry socd for o period of 20~44 days, M. S. Novashin
and P, K. SHkvafnikov (7) cstablished an almost complote abscnce of
typical mitesis. Togethor with this thoy discovered in the colls of
both series tho prosonce of additicnal nueloi, fragmentation of nuclei
and, nost intercsting of all, a predominancc of amitosis. It is truo
that the authors trcated thosc focts as an example of “ehromosome mutations”,
"chromosome transloeaticn™, yot in studying the microphotograph it bocomes

_ clcar that thorc aetually decurrod anmitotie division of nucloii, or that
(f\‘ " nuclecar budding took placc., It is elear thot tho reason for this was a
docp disturbance »f motobolic typo causcd by prolonged storage of the
sced or by sublethal tomporaturo.

A scorics of inpcrtant obsorvatinons of tho proecss of mctabolism

in vegotativo hybridization was carricd out by D. Kostov (4). Hc found
thot in cascs of transplantation thore cecurs on acceunulation of storeh
and other nutritive substoncos, and that cnrichment of cclls by cytcplasnm,
oytolysis (nucloolysis, proteolysis, hydration, ote) ond nécrosis which
arc tho rosult of incrooscd onzymc activity, could bec scon. It is sige-
nifiecant to notc that these changos in tho physiclogical proccssos causcd
a scrics ~f morphologieal changos in eoll strueturcs, particularly therc
oceurrcd an abnormal inercosc in the sizoe of eclls, thon hypcrtrophy of
nuclei and an ihecrcasc of tho numbor or sizc, or sizo 2s woll as number,
of thce nueloeoli.

If cur hypothosis will be substantiated 21sc in rogard to sced
progeny of scxual hybrids and in pegard to the progeny of crganisms whosc
noturc had beon changed by cultural conditicns, thon it could bc assuned
thot the prodrminance of tho coofficiont of amitcsis and the new formaticn
~f nuelei in thc nueleus over the mitotie coeofficicnt is ono of the
authentic characteristios (indieators) that the noturo of an srgonism is
unstablo, unsottlod. In the roverso case == in an absclute prepondorcnes
of mitnsis as o form of eoll roproduction, ono will be able tc asscrt that
instability has definitcly boen ~veore-me, thot & stablc typc of metabolism
(j\\ has bocn cstablished, which meoans, asscrting that therce is o cortain

stability of feorm, class, spocics, and varicty »f the »rganisns undor
investipotion.
Roacivéd
12 Oct. 1953
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