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THE DIAGNOSIS OF COTTON PLANT RESISTANGCE 1
TO VERTICILLIUM WILT

: Trudy Vsesovuznogo Pauchno- N. N. Guseva F
Isgledovatel'soro Institutn
. Zashchity Rasteniy (Works of

the All-Union Scientific Re-
scarch Institute of Plant Pro-
4 tection), Yo 26, 1966, op 1°25-
: 131.

- The most radicrl method of controlling the Verticillium

] wilt of cotton 1s the develooment of its resistont varieties.
fowever, the selection of resistant forms of cotton armainst the
Infectinus background is labor-consuming and little efficient.
Considerine that this eveluation should consitute the final stage
of the work, we have set ourselves the task to develan accelerated
methods for the orimary evsluation of resistance of the cotton
rlant to wilt.

\ :
To solve thls question there has been undertaken a study
of the resistance of cotton to wilt in plant ontoeeny and of oe-
culilarities of the pronagation of infection in leaves,

It was considered that the infection of cotton with wilt
disease occurs during the period of the formatinn of lateral rn-
dilcles at the stamge of 3-5 true leaves, with its manifestation
4 occurrinm durins the neriod of budding, e have proved by direct
exporiments the nossibility of an early infection of cotton at
the cotyledon stame, at the 1lst, 2nd, and 3rd true leaves,

The Investirations have established that under natural
conditlons the fungus which is the causative arent of verticiili-
aceous wilt can be assured of good sources of miirition directly
In the seed hole itself. The nutrient substratse 1s formed by un-
merminated seeds, oarts of plants left in the soil during thinning,
partly gnawed by boll worm, and plants that perished dues to the




recurrence of cold weather. All these vegetable remnante contrie:
bute to an intensive devclopment of the fungus in the soed hole
and may brins about an early infection of the cotton plant with
wilt /17. T™his set of circumstances was confirmed by investiaa-
tions of the UzbIZR /Tlzbek Institute of Plant Protection/ and

SazGU /Samarksnd State University/ at the Symoosium on Wilt in
1963.

The nresence of the nathosen of wilt in the leaves i3 of
great Iimnortance in an accelerated evaluation of the wilt resgtist-
ance of cotton nlant.

The ability of the parasite to venetrate into the leaves
was used by us to ascertain the possibllity of evaluating the
wilt resistance of the cotton plant through the inoculstion of
leaves separated from the plant. The cotton plants iIn the fileld

were infected by hishly virulent strains of th2 vathneen of verti-
cilliaceous wilt,

To dingnose the infection the use was made of the macro-
luminescent mothod. In the veins of leaves of plants =affected
with verticillisceous wilt and examined in a flux of ultraviolet
rays there 1s observed a so-called primary luminescence, 1. a.
natural luminesccnce of velns. As a source of ultraviolet roys
the use can be made o” a SVDSh-120A mercury-quartz larmp with a
UWPS-3 filter, transmitting light waves within the ranpme of 3600-
4200 A. This part of the spectrum does not cause deep chemieal
changes In the investigated bjological objects. ™se exnminrntion
of leaves in a flux of ultravinlet rays takes place Airectly over
a lieght filter in a shaded place at room temverature, The luni-
nescence of veins of the infected cotton leaves is areenish-blue.
In the control no such luminescence 1is observed. A checkup car-
ried out at the Iaboratory of Immunity of the VIZR /All-Imion
Institute of Plant Protection/ of the corresnondence between lu-
minescence and oressnce of the wilt pathomen up»n its deter~ina-
tion by the biolopical method showed that in cotyledonal leaves
the luminescence of veins coincides with the snread of the funsus
in them. In the true leaves of plants of susceotlble varieties
this corresovondence was also noted, whereas in nlants of resist-
ant varieties the luminescence outstrips the soread of the fungus.

The reliability of determination of the infection from the
luminescence has been verified by us on 50 samples from the col-
lection of the Central Aslan Affiliate of the VIR /All-Union Sci-
entific Research Institute of Plant Growing/amonr which there was
8 group of Soviet-gselected varletles with known characteristiecs
with re~ard to wilt, notably such varieties as 108-f and S-L727
(used as standards), 8196, 8517, sS-1622, 152-f, 1L9-f, etec.

The ma jority of samples studied was represented by varietiles
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of Amerlean orizin. ™ey are of snecial interest because the se-
lection of most of .them was carried out purposely with regard to
{ thelr resjistance to wilt.

mable 1

FEvaluation of Cotton Varietles with Resmect to Thelr
Resistance to Verticilllaccous %ilt by the MMethod of
Inoculation of Plants in the Ontogeny

Oncixa n pare Oucuka nopaxen-
- OadTB)| rny  n i (14)
{ 10 (L )'Sl } /X X
N no Kata- 9) L‘: L / n A , \ X
W) N AR o s dar
g 2) (5) 2 |S5lenleztscles|es] Bl38| 538
H R FHHIEHEI BRI B
& I IR IR IR IR
4878 Acala 44 WR . ., .[53 (30 O0{17| 24| S5( 21| 26| 8|70 23
1 4868 Acala 4-42, 55028117 o100y O ol u 7'{ 1
4863 | Coker 124c . (171 Rl ol 6| o 2s] 02| wa2fso|76|2%
2 4875 | Stoncville 7 , , B3I IG I S 4] S0l U2 80129
{ 4874 Stonevi 64121 b Orde | O 2 ) 56 22
(3) Cmunp‘r . 171 033 RTAENLY B NI 41
3{ ?” v o] BlAOLAU L, ll 1] Vil t 111701 44
ol e —— i

“ey: l=-Group; 2--¥o. acc. to VIR catalor: 3--Standard;
L--ditto; S=--Variety; 6--108-f; 7--S-1i727; B--Tvaluation
at the cotyledon stame; 9--Tealthy; 10--S1ichtly infectod;
1l --Medium infected; 1?--Stronp1y infected; 13--Fvaluation
at the stage of 2-3 true leaves; lh--anluation of morbi-
dity against infectious backpground; 15--Totel of affected
plants; 16--In a hipgh degree; 17--Coker 12Lis

Yotes: 1. Tvaluation arainst infectious baclkground on Octo-
ber 23 was carried out by Z.F.Belovaya; 2. A relntively low
vercentage of morbidity upon late evaluatinn of varieties
108-f and S-4727 1s explained by the fact that they were
sown acainst infectious background among wild forms of cot-
ton resistant to wilt

The comvparisor of results of the evaluatinn of resistrnce
of the samnles (Table 1) by the method of inoculation of cotton
rlants at various stames of their develooment permits us to Araw
8 conclusion relative to differences in the resistance of cotton
to wilt 1n the ontomeny. T™ereunon it was established that in ac-
cordance with specific changes in their resistance the cotton va-
rieties can be divided into 3 groups.




1. Varieties comparatively wealkly affected at all stages
of their develooment and only at the end of vermetative period
showing 2 hirh percentape of morbidity. The harmfulness of infec-
tion in t.-ese varleties is minimal since they succed in nroducing
the crop. /‘monm this eraup may be reckoned such varioties as
Acala Ll %R, Acala L-L2, Coker 12Ls, Acala 1517s, etec.

2. Varieties which are being affected uniformly at all
stages of thoir d~velooment with average desree of morbidity.
Amonm this ~roup of varieties can be reckoned, for example, Stone-
ville 20 and Stoneville 7.

3. Varieties which are being affected at all staces but
which infrequently disnlay at an early stage deviations towards
the increase of morbidity. Among such varieties may be recvoned
Deltapino, S-4727, and & number of others. '

The above pvatterns of the character of infection of cotton
with wilt, ascertained by us on 50 samples, were confirmed in the
subsequent investigatlion on 300 samples of various origin.

The obteined data point to the necessity of takine into
consideration the differences in the infection of cotton with wilt
at various stages of the development of plants while estimertines
the resistance of different selection samples as well as varintiles
produced by selectionists.

A more thorouch study of the luminescence of velns during
the infection of cotton with wilt permitted us to ascertain the
chemical nature of luminescing substances. Biochemical Iinvestipa-
tions have established that in resvnnse to the infection there
1s activated in the resfstant varleties of plants the formation,
of caffeic acid which is highly toxic to the pathomen of verti-
cilliaceous wilt., The luminescence assumes a preenish-yellow hue
due to scopoline comoound,

The use of this method affordsthe vossibility, vhile den -
ing with individual leaves, to raoidly diagnose the infection
before the external sy'ntoms of morbidity become avvarent.

Summine up briefly the deta relatine to the diarnosis of
the resistance of cotton to wilt with resnect to ohenol commounds
we may state that: 1) the resistance of a vartlety is characterized
by 1ts ablility to form uvon infection the phenslic substances which
are toxlec for wilt nathoren; 2) in over-all deter~inration of phe-
nols by quantitative methods among uninfected plants the first
place se to the amount of phenols 1s occupied by susceptible vari-
eties, but after the irfection the plcture chanros, irdiesting the

ability of resistant varleties to activate phenols in response to
the infection.
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™e study of physiolozicel vroverties of cotton varicties
has demnnstrated a varying Intensity of exosmosls vrocesrces inr
the cells.

The vermeabiiitvy, as a physiologiecal irdex of resi!steonce,
has been studied on a number of cultures in varjous digenses /7,
3/. It was established that exosmosls in resistont -lant verieties
is considerably weaker than in the suscentible nl»nt varietles.
This circumstance has been ascertained by us also with remard to
verticilliaceous wilt of the cotton plant with twe use of variouvus
riethods of dctermination of the denree of permeability of the voro-
toolasm: by direct titration of leaf infusions with 0,0025 1 KMnOy,
back titration with oxalic acid (0.05 ¥), and accordins to the
index of refractlon scele of a ITR-1 device, The ncthod of direct 4
titration can be used directly under field conditions, vhile the
method of back titration is more suited for laboratory conditions.
The results of determination of the permeability of cells of the
cotton plant by the above-indicated methods are gliven in Tablo 2.

Table 2
Permeabil ity of the Protoplasm in Varlious Cotton

Varieties Differing in Thelr Resistance to Wilt
(st the stage of cotyledon)

Koatned (0o sKI00CUNpON NS FaRNE
Cxiix meinedts z
*» no

l"‘l::)- e npet mumwuum 7O WKsAc A :
?ln ) ’ &) wpofi9) | ua.,,m.(lwa‘%’: (1) '
4421 | Acola 4.2 ()} [

4613 | Acala 1517¢

Deltapl P . |
(eker e Olgy o 10| v | = ' h

4878 | Acala 44 , , . .

—-s-cse
SEEEYS
88EESs

1 .
CT | C4 .

Key: l--No. acc. to VIR catrlon; 2--3T; 3--Varilety, line;
L--Acala 1517s8; 5--108f; 6--5-U4727; T=--YTumbor of exosmoscd “
orzenic substences; Be«-Tloon titrstion; 9-Direct; 10--Back;

l1l-=Acec. to refraction scele of ITR-1 device.

Tetermination of the resistnance of varleties And lines of
the cotton nlant accordine to the rmumber of substarces exogsmosged
by the cells wrs carried out using the followine technique. /ith
a8 drill (1 cm in diameter) there were cut § disks which wers then
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placed irn the test tubes filled with 2 ml of water. The infusion
lasted 30 min. After the removal of disks the Infusions vere sub-
mitted to a direct titration with 0,0025 N XMnO, solution until
the apnearance of a stable pink color.

To obtain more distinct differenccs the method of back ti-
tration is used. Mor this vurpose 20 disks are being placed in the
flasls filled wisth 10 ml of distilled water. '™he time of infusion
i3 increased to 2 hours. Then 5 ml of infusion 1s withdrawn with
a pipet from each flask and put into clean flasks, addinrm 10 ml
of fourfold diluted HpsOy and S ml of 0.05 N Mn0OL. The mixture lis
heated during one mimute and then titrated with 0.05 N oxalic acid
until decoloration.

“hile determiring the permeability of cells with the aid
of the T™R-1 device the infuslons were prepared in the same way
as when determining 1t by the method of back titratlion but after-
wards the directions on the use of this device wers followed.

Investigations carried out by us showed the nossibility of
determinines the degree of the resistance of cotton varieties to
wilt In the toxins of the fungus, The additional use of this meth-
0d makes it possible to characterize more fully the resistance
of analyzed sawples.

Indications are available in the literature on the use of-
toxins of the funpus for characterizing the resistance of tomasto
to fusarial wilt /L7 and of tobacco to verticilliaceous wilt /5/.

In determining the resistance of the cotton plant to verti-
cilliaceous wilt by the above-~indicated method we were usine the
exotoxins of the pathosen in the filtrate of cultural llouid from
the one-month old fungal culture (Capek's medium) and endotoxins
in the form of an aqueous extract from a dry culture of Verticil-
lium dahliae, The use of the latter procedure is more convenlent.
while vorking under field conditions. The extract from the patho-
gen vas prevnared at the rate of 300 mz of dry culture per 10 ml
of water at C0°, The plants at the cotyledonal stage or cotton
leaves separated from the plant are placed in the filtrate or in
anuaous solution of the dry culture of the funsus. The experience
has shown that the work should be carried out under conditions
of the maximum illumination. In cotton plants of resistant vari-
etles the turcor 1s preserved for a longer time - for one hour
and more, vhereas in suscentible plants the ranid wiltine occurs,
beeinning already after 1-15 min. The subsenuent restoration of
the turegor in plants after placing them back into water is an im-
portant index. The loss of turgor under the effect of toxins does
not mean in all nlants the loss of viability. In olants of resist-
ant varietles there is observed the reversibility of the wiltine
process, whereas in susceotible plants, as a rule, the viability
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is not restored. Tn +he evaluatior of irtoxicatior va nsed a l-
orade scale: 0 - the nreservatior of co-nlese *urrcor in funaal
toxins; 1 - slizht wiltine, comrnlete resto-atior of *ur-~or in
water; 2 - considerabls wiltin~, weak restoration of Hur=srr in
viater; 3 - Irreversihle wiltinn,

An eveluation with the use of the irtoxicrtion mecthod af-
fords an addltional characterization of the de~sree of resistonce
but permits us to sir~le out only the forms which are very con- -
trasting as to their resistance.

A oreliminary selectinn of wilt-resistant sa-wles of the
cotton plarnt may be performed after the infectior of plants at
cotyledonal sta~e and thnt of individual leaves, besinnins from
the 5th-7th true leaf, with the usc of the macrolu-inescert ~eth-
od. Tor the dia~nosis of the resistance we may also use the apa-
lysis of the quantitative comnosition of phenols in vlants and
thelir cnoacity to activate the formation of phenols irn resnonse
to the Infection.

The study of the wilt-resistance of cotton samnles from
the VIR collection by the methods of laboratory and field diagno-
sis nermitted the sensratinn of a number of forms irterestincs as
to thelir resistance to verticilliaceous wilt. These are Irndisn
samnles - 2167 (%=L473”, %=320, k-L719)}, 3uri (k=1t730); Umanda sarm=
ples - BP-50 (%-l1966), A-2106 (k-4977); Argentinian samples - .Jle-
nes (%-L608); Saenz Pena (k-LL603); Central African sammle - Reba
(k=L855); Brazilisn samwle H-105 (%-L965); and a mroup of samples
of American selection,

Amorican sammles may be considered as belonginm to the In-
dian qroup, since Acala was introduced by Cook from India and un-
derwent a further selection in the United Stestes. “rom amonm the
American samples of greatest Iinterest as to their resistance are
.scala Lel2 (k-10h21), Acals LL WR (k-5035), Acala 1517s (k-LR6T),
Acala LL (k=-5033), and a number of others.

Vie sive a comnarative characterization of the morbidity
of the introduced samples (Table 3).

The explanntion of anroclimatic characteristics of those
Zones from which the more resistant to verticilllaceors wilt cot-
ton samnles are beine included into our domestic collection has
been verified by us with the use of the method of climatorramg -
¢limorrams (rsraphs) renresented in the form of two co-ordinate
axes (on the axis of ordinates are given temperature data, on the
axis of abscissas = the sum of monthly atmosvheric precipitation)

The c¢llimoagrams were plntted for all the zones from which
the cotton samnles were entered into the collection. Their analysis
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has shown that the centers which yield the materirl more resistant
to verticillinceous wilt are associated with warm and ‘mmid c¢limna
tic condlitions. At the same time, the climorrams of these zones are

Table 3
Comparative Characteristics of Introduced Cotton

Varieties with Respect to Thelr Resistance to
Yorticiiliaceous %Wilt

W3 wux -uu;veuo (ie)
Tponcxomacnnc :'\:».mw:(;;::(; 260
v " it €260 no- | cpeane no- | cuanno no-,
(l) .(uvym uinm ‘w‘mx ﬂ*,ﬂﬂl ’“'('15)
s . .. (8 g2y, 2 6 18 0
Vlr‘.::::: .. (h (3) A 2 1 0
bpaswais | (5) 2 1 i 0
(1177, S (6) 7. 60 14 36 10
Adranncron 1ok 2 0 0 2
&Tpuunmn. (as K .‘:\) 8 2.; 1::
apns . . M R .
Ap:;u';mm (10)(9) ] 2 15 2
'peuns , . Y02 I8 0 11 7
[

“ey: l==0Oririn; 2--Indis; 3--Tiranda; L--Brazll;
S--1Tnited States; 6--Afghanistan; 7--Islard of
Trinidad; 8--Bulmaria; 9--Arpentina; 1lO-«fireece;
ll--lumber of samnlss tested; 1l2-=0ut of them
vwere singled out; 1l3--Yeakly affected; 1lli~-Vedium
affected; 15--Stronsly affected.

extended horizontalwards and are compact verticalwards, The annual
temvoerature fluctuations are insipgnificant - not more than LO,
ransine from 2lL to 289, As an example we present the climonrams of
the znnes of India /sic/7 - Singapore and Jakarta (Fimqure 1). A si-
milar in character are climoerams of the central regions of Africa,
for example those of Mobaye and Luluabourg (Figure 2)., The armunl
difference of temperatures in Mobaye is L® and in Iuluaboure - 0.5°.
™he averame anmual temverntures are 25.9 and 2L,70, resvectively.
The American Continent is revresonted by the climngram of Bellze
situated on the east coast of the Yucatan Peninsula, Tt 1is seen
from the climorrams quoted that thoy are all situated ir the "warm)
"humid" part of the drawing. The possibility of obtaining intereost-
ine forms from the central part of the American Continent is still
enhanced by the fact that the latter is the homeland of the cotton
plant cultivation.
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“tauever, the arnlwsis of the »nos~ible Incidence of this
discse 3hinws that these zones are "-vorable for the develonment
of verticilliaceous wilt., Trvesti~~tions hrve estoblishad thnt
temoer~ture ontimum for the funmus is +27% an? thet the develon-
ment of discasc is esoecc?-~lly intensive when it colrcldes with
the oresecnce of a relatively hirh molsture of soil. ]

™ws, the remions of India [fsic/, Usanda, and Central Amer-
ica are charactrrize! by a climate vhich is favorable for the de-
velopment of verticilliaceonus wilt, nnd 1t ¥s exnactly in these
zones thrt the natural selectlon of resistant material 1s vossible.
™herefore, it 1is from these very centers that we can obtain valu-
able sa-ples for the selection of wilt-resigtant ¢otton plants.
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