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ABSTRACT

This study pertains to the effects of the physio
logic age of plants and various pre-inoculation treatments 
on the susceptibility to VerticiIlium albo-atrum of cotton 
varieties considered to be tolerant or very susceptible to 
this pathogen. Roots of plants harvested at the time of 
inoculation were analyzed for certain biochemicals and 
attempts were made to relate these and their changes to 
variations in susceptibility.

Plants of the wilt-tolerant Pima S-2 and the wilt- 
susceptible DeItapine Smooth Leaf cotton varieties varied 
in susceptibility to soil infestation of VerticiIlium albo- 
atrum depending upon their physiologic age. Those in the 
one-leaf stage were less susceptible than those inoculated 
in the four or six leaf, square, or flowering stages. An 
exception was Pima S-2 plants which in the flowering stage 
were less susceptible than Pima S-2 plants in the one-leaf 
stage. •

Equal or greater numbers of Pima S-2 plants became 
infected than comparable DeItapine plants in many of the 
studies reported here. However, external symptoms of 
disease were greatly reduced and often absent in the tol
erant plants, as compared to the more susceptible plants,
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though, vascular discoloration was present in both vari
eties.

The continual removal of squares from or treatment 
of plants with growth retarding chemicals, before inocula
tion of the roots, induced only slight differences i n 
susceptibility between treated and non-treated plants of 
both varieties. However, the percentage of plants infected 
by V . albo-atrum was influenced by the removal of certain 
numbers of leaves, their exposure to various controlled air 
and/or soil temperatures, or their exposure to darkness 
prior to inoculation.

Quantitative determinations of tannins, amino 
acids, and carbohydrates present in the extracts from 
various cotton roots repeatedly indicated that changes in 
carbohydrate levels most consistently paralleled changes 
in the percentages of plants infected by inoculation of 
roots. Visual inspections of spots on paper chromatograms 
indicated that sucrose concentrations varied more than those 
of other sugars but data from quantitative analyses were 
not consistent. Sucrose concentrations below 250 mg/ml 
in agar substrates did not appreciably affect growth rates 
of hyphae of V. albo-atrum. Regardless of variety or pre
treatment, root extracts in agar had slight effects on 
either the growth of hyphae or the germination of conidia 
of V. albo-atrum.
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The germination of more conidia was inhibited by 

exudates from Pima S-2 roots grown at 30 C than by exudates 
either from Pima S-2 roots at 20 C or from the roots of 
Deltap'ine plants grown at either temperature. .



INTRODUCTION

The wilt disease of cotton (Gossypiurn spp. L .) , 
incited by the fungus, VerticiIlium albo-atfum Reihke and 
Berth., was responsible for a loss of 334,330 bales of 
cotton in the United States in 1967. This amounted to a 
4.4% reduction in the total yield from 14 cotton producing 
states, the largest loss caused .by any single: disease (22) .

Recently, a newly developed compound, 1-(butyl- 
carbamoyl )-2-benzimidazole carbamic acid, methyl ester 
(Du Pont fungicide 1991), has been shown to act system- 
ically, preventing the infection of cotton by V. albo-atrum 
and curing cotton plants already infected (27, 42, 56).
While this compound gives promise for effective control of 
VerticiIlium wilt in the future, the use of cotton varieties 
resistant to V. albo-atrum would be the simplest and least 
expensive method of "control."

Although so-called "wilt resistant" G. barbadense 
L. varieties as Pima-and Seabrook Sea Island are being 
grown, these may be characterized as being later maturing, 
having excessive vegetation, and being more vigorous in 
growth habit than the short staple G. hirsutum L. varieties 
such as Deltapine Smooth Leaf, known to be more susceptible 
to VerticiIlium wilt (73, 92). Since practical cotton 
production demands that a variety mature well within the

1 .  '



season of its climatic adaptation, the re is a limit in 
regard to the length of growing season that can be commer
cially tolerated to avoid VerticiIlium wilt. Because the 
G. hirsutum varieties are those predominantly grown, in the 
United States (95) , there still is a need for more tolerant 
"early" plants suitable for large- scale production. These 
problems plus many others that may be expected were de
scribed by Fisher (43).

There are, at present, no cotton Strains immune 
(i .e. , are not penetrated) to the pathogenic VerticiIlium 
sp. (108). Thus, the cotton breeder must work within gene 
pools effecting varying levels of tolerance (i.e., degrees 
of resistance).

To further add to agronomic complications, the 
breeder, in making field evaluations of tolerance to 
VerticiIlium is also confronted with the necessity of 
having uniformly sufficient natural inoculum, environmental 
conditions requisite for infection and, simultaneously with 
these, plants at a susceptible stage of growth.

Since some of these relationships, and, in turn, 
the factors influencing them, have not been elucidated, 
this thesis was conducted with the following objectives:

1. To compare the susceptibility at various physiologic 
ages of a wiIt-susceptible and a wilt-tolerant 
cotton variety.
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To determine if the susceptibility or resistance of 
the two cotton varieties can be influenced by; 
removal of flower buds (squares), removal of 
leaves, treatment with growth retarding chemicals, 
or predisposition at various air and soil tempera
ture regimes,
To determine if preinbculation biochemical changes 
occur in the plants as a result of the above treat
ments and if these changes can be correlated with 
changes in susceptibility.
To determine what effect root exudates and certain 
plant extracts have on VertleiIlium mycelial growth 
and conidial germination. ■



LITERATURE REVIEW

In order for a "wilt disease" to develop, the 
pathogen must enter the vascular system of the host and 
must continue to colonize it to some "minimum intensity" 
(111). It follows that any characteristic of the host 
which tends to prevent or reduce either of these require
ments for disease development favors resistance. Kuc (69) 
feels that "resistance is the extent to which a plant can 
withstand, oppose, lessen, or overcome the attack of the 
pathogen. Susceptibility is the extent to which it cannot. 
It follows that plants will be "resistant" if they possess 
characteristics which prevent or reduce either entry or 
colonization by the pathogen.

These characteristics, however, can be influenced
by the environment. Yarwood (119) has emphasized this in
his comment:

The age of the plants and the conditions under 
which they grow affect their susceptibility to 
disease. This environmentally conditioned 
susceptibility is called predisposition. Pre
disposed, as used here, is an internal degree 
of susceptibility resulting from external 
causes. Predisposition includes induced 
changes in disease proneness toward greater or 
lesser susceptibility (pp. 521-522).

El Khash (37) presented evidence for ontogenetic 
predisposition (the phenomenon in which plants vary in 
susceptibility to disease with age) of VerticiIlium wilt of



cotton. He determined that the wilt-resistant Pima S-2 
cotton variety (G. barbadense L.) was most susceptible to 
root inoculation with V. albo-atrum at the cotyledon and 
flowering stages while the wilt-susceptible variety 
Deltapine Smooth Leaf was most susceptible at the square 
stage. However, Garber and Houston (46) reported that 
cotton plants (G. hirsutum) root-inoculated 4, 10, and 16 
weeks after planting did not differ in their overall .■ 
susceptibilityrto V. albo-atrum, although the progress of 
the disease was not as extensive in the oldest plants.

Plant growth retarding chemicals have been used to 
alter the overall growth and flowering time in many types 
of plants (19) including cotton. Thus, when 2, 3, 5- 
triiodo-benzoic acid (TIBA) was sprayed on the foliage of 
cotton plants, these began to flower sooner but the total 
number of flowers was reduced (112). Another growth 
retardant, cycocel (2-chloroethyl trimethylammonium 
chloride), was shown to reduce the length of the flowering 
period (112) and to accelerate the abscission of petiole 
stumps of cotton (66). However, only cycocel has been 
tested in conjunction with VerticiIlium. In this case (40 
41) it delayed the formation of wilt symptoms in cotton. 
However, none of the VerticiIlium studies included con
comitant biochemical analysis of the treated plants (but 
see later comments on maleic hydrazide).



Yarwood (1.1.9) goes on to says
Experimentally, predisposition can be clearly 
demonstrated only by exposing otherwise similar 
healthy plants to contrasting conditions, then 
placing them all in the same environment, and 
inoculating them or subjecting them to a 
disease-inducing environment. If the experi
mental preinoculation treatments cause differ
ences in disease, predisposition may be said to 

. have occurred (p. 524).
Brinkerhoff, Samayoa, and Murray (14) found that 

some cotton varieties subjected to 36 C (day) and 18 C 
(night) diurnal cycles for 42 days before and 7 days after 
stem inoculation with V. albo-atrum conidia, and then 
stored at 28-18 C diurnal cycles, proved to be resistant. 
When reinoculated, before being exposed to the 28-18 C 
cycles, all plants became severely diseased. It was noted 
that resistance or tolerance appeared to depend on an 
interaction at diurnal 36-18 C. The interpretation here 
that these temperatures were influencing the host seems 
suspect in the light of the following temperature studies.

Verticillium albo-atrum is considered to be a "coo 
temperature fungus" with an optimal temperature for in 
vitro growth between 22 and 27 C and a maximum temperature 
for growth approximating 30 C for most isolates (20, 36, 
51, 63, 75).

Several authorities have concluded from soil 
temperature studies that the reduction in severity of 
VerticiIlium wilt symptoms in pepper (Capsicum frutescens 
L.) (63) and mint (Mentha piperata L.) (10) at high soil
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temperatures results from the effect of temperature on the 
fungus rather than the plant. Edgington and Walker (36) 
imply that this is similarly true for wilt of tomato 
induced by dauermycelial isolates of V. albo-atrum.

Abdel-Raheetn and Bird (l) also have shown that high 
soil temperatures reduce the incidence and severity of 
VerticiIlium wilt of cotton. Wilhelm at al. (118) and 
Halisky,• Garber, and Schnathorst (51) all consider that the 
effect of the high temperature is probably on the fungus 
per se. - ■

The above studies would lend a different interpre
tation to the predisposition investigations of Brinkerhoff 
et a l . (14). There is direct evidence, in addition, that 
at certain temperatures plants might influence the popula
tions of V. albo-atrum in soil and thus infection.
Schreiber and Green (104) reported that the survival of 
VerticiIlium in mineral soil in the absence of host plants 
is dependent upon the continued viability of microsclerotia. 
These structures have been shown to be quite resistant to 
high temperatures (81) and were found to survive for over 
12 years in the dry state in culture and for 14 years in. 
field soil with no hosts present (117). Emmatty and Green 
(38) observed no sporulation when microsclerotia of V. 
albo-atrum were germinated in soil. However, when various 
mono- and di-saccharides were added to soil, fungi stasis of 
microsclerotia was reversed and microsclerotia germinated



. 8
by producing t y pi ca l n a r r o w  hyphae or chains of 
chlamydospore-like cells. It is of interest, then, that 
the least exudation of carbohydrates by cotton seed (54,
.55) occurred at 27 C with marked increases at 15 and 37 C; 
amino nitrogen in exudates was greater at 33 and 37 C. 
Similar "results were obtained for mung bean (Phaseolus 
aureus Roxb.) seeds (68). The influence that plant exu
dates have on root-infecting fungi has been reviewed by 
Schroth and Hildebrand (106).

While VerticiIlium grew equally well in root exu
dates from susceptible and resistant tomato varieties (109), 
exudates from susceptible tomato stimulated to a greater 
degree the germination of VerticiIlium microsclerotia than 
did root exudates from wheat (Triticum vulgare Vi11.), a 
nonhost (105). It was suggested that amino acids or other 
nitrogen-containing compounds were responsible. Of 
interest, then, is the report that root exudates of 
VerticiIlium-susceptible cotton contained more L-alanine 
than did those from VerticiIlium-tolerant cotton (13). 
VerticiIlium endopolygalacturonase production and activity 
was found to be greatly increased by the addition of L- 
alanine to liquid cultures (13). The role of amino acids 
in plant diseases has been recently reviewed (113).

Mechanisms of disease resistance include exclusion 
(usually by a morphological barrier), growth restriction, 
and/or destruction of the pathogen after entry (53).



Talboys (110) suggested that the deposition of 
suberin in endodermal cell walls of certain Verticillium- 
tolerant hop (Humulus americanus Nutt.)" cultivars was 
responsible for the exclusion of the fungus from the 
vascular system of the plant. Conversely, the roots of 
resistant and; susceptible mint (70) and cotton (45) were 
invaded equally.well by V, albo-atrum, as were the roots of 
resistant and susceptible tomato (79) plants by V. dahliae 
Kleb. (i.e., V. albo-atrum according to a number of con
tributors working in the United States)i However, the 
distribution of the fungus was not as extensive, within 
resistant tomato (79) and cotton plants (45) and there were 
fewer free-floating conidia in the resistant as compared to 
the susceptible cotton plants (45, 101). Free-floating 
conidia have been shown to be responsible for the rapid 
spread of V. albo-atrum in cotton (93, 102). Some workers 
believe that symptoms first occur at the site of germina
tion of conidia in the leaves and as a consequence of such 
germination (46).

The xylem fluids in which conidia are distributed 
throughout the plant have been studied with respect to 
their influence on the tolerance of the plant to Vertici1- 
lium wilt. Blackhurst (12) found no differences in the 
chemical composition of such fluids from healthy tomato 
plants, tolerant or susceptible to V. albo-atrum. The 
germination of conidia of V. albo-atrum was facilitated by



the tracheal fluids from healthy, susceptible and tolerant 
cotton plants and from infected, "susceptible" cotton (99, 
100,. 103). Similar fluids from infected, tolerant cotton 
inhibited conidial germination by 20-80% (99, 101). No 
mention was made of substances present in the tracheal 
fluids which may have had the inhibitory properties.

Khadr and Snyder (65) determined that the hyphae of 
Fusarium oxysporum f. vasinfectum Snyd. and Hans. pene- 
trated the root endodermis of Acala 4-42 cotton both inter 
and intracellularly. Some workers believe that phenolic 
compounds, as tannins and quinones, in endodermal cells are 
responsible for preventing the growth of hyphae through 
these cells. However, F . oxysporum f . vasinfectum was able 
to tolerate up to 25 g per liter of tannin, in vitro, 
utilizing it as a sole source of carbon (65). It was 
demonstrated by Babaev (4) that 1.0-1 *,6 g per liter of 
tannin almost completely stopped V. dahliae mycelial 
growth. Further, the roots of VerticiIlium wiIt-resistant 
cotton plants contain more tannins before infection (3), 
while increases in tannin after infection were also greater 
in resistant cotton (4, 5, 9). , In addition, Rubin and 
Perevyazkina (97) and Rubin, Perevyazkina, and Volobueva 
(98) have shown that resistant cotton can mobilize tannin 
from leaves to roots.

Similarly, while tannins and polyphenols increased 
in the crowns of both resistant and susceptible strawberry
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clones infected with V.. albo-atrum (83), the increase was 
greater in the resistant clones (82). Extracts from the 
crowns were shown to inhibit mycelial growth and fungal 
pectinase activity (83).

Recently, Bell (8) showed that the introduction of 
- ' . ' conidia of V. albo-atrum, sporangiospores of Rhizopus

nigricans Ehr., cupric or mercuric ions, or various meta
bolic inhibitors into boll cavities or the xylem of excised 
stems of G. hirsutum or G. barbadense, induced marked 
accumulation of phenolic compounds. The predominant 
chemical was gossypol, which had LD^q values of 20-100 ppm 
against spore germination of various fungi, including V. 
albo-atrum. Healthy, young stern and root tissues of 
resistant cotton varieties had a greater potential for 
gossypol synthesis than those of susceptible varieties (9). 
Bell (9) also determined that the quantity of gossypol 
formed after inoculation was directly related to both the / 
Virulence of the VerticiIlium strain, the susceptibility of 
the cotton variety, and to some extent the inoculum con
centration used.

Potato (Solanum tuberosum L .) varieties resistant 
to VerticiIlium wilt synthesized more chlorogenic acid than 
did susceptible varieties'(91). Although both resistant 
and susceptible varieties initially contained comparable 
amounts of chlorogenic acid and phenolics, the rate of 
decrease of these compounds was slower in the susceptible
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varieties and was correlated with the degree of resistance 
to V. albo-atruin (78, 90). Chlorogenic acid also inhibited 
V. albo-atruin. spore germination and mycelial growth (78) . 
This chemical and also rufianic, and'caffeic acids reduced 
the synthesis (88) and activity of polygalacturonase and 
pectolytic enzymes (84, 87).

The effects of several phenolies and quinones on 
the growth of V. albo-atrum in liquid culture have been 
determined (71); pyrogallol was found to be the most toxic 
compound tested. The quinones were generally more inhibi
tory than phenolies and chlorination of the quinones in
creased their effectiveness as inhibitors.

The nutritional hypothesis for plant resistance to 
pathogens states, that the susceptibility or resistance may 
result from the presence or absence in the host of nutrients 
essential to the parasite for successful infection (53).

The conidia of V. albo-atrum require mineral 
nutrients to germinate plus an adequate carbohydrate (CHO) 
source, such as sucrose (18). Optimum growth of mycelium, 
in vitro, is attained at pH 5.9-6.3 (75), with the same 
inorganic and organic chemicals requisite for germination 
of conidia also being required. Amino acids have been 
shown to be a better source of nitrogen than inorganic 
forms, as nitrates or ammonium sulfate (75).

Disease severity may relate to plant CHO levels, 
thus the terms "low sugar disease" (disease severity is



inversely related, to the concentration of "sugar") and 
"high sugar disease" (disease severity relates directly to 
the concentration of "sugar" [57]). For example, root rot 
of cotton caused, by Phymatotrichum omnivorum (Shear) Dug. 
was more severe and the CHO content of roots lower in 
irrigated than in dry field plots (33).

Diseases caused by Fusarium spp. are also con
sidered to be "low sugar diseases." Cotton seedling rot 
caused by Fusarium spp. (67) and cotton wilt caused by 
Fusarium oxysporum f . vasinfecturn (60) were reported to be 
more severe in plants low in sugar, and tomato plants 
treated with maleic hydrazide (a chemical which delays 
movement of sugars from leaves to stems [47]), or grown 
under low light intensity, are more susceptible to Fusarium 
wilt (44, 114, 116).

When sugar levels in the stems of tomato were 
increased by damaging the roots (64), by application of 4- 
chloro-3, 5-dimethyl-phenoxyethanol (24), or by introducing 
sugars through exposed bundles (89), the plants became less 
susceptible to F. oxysporum f . lycopersici (Sacc.) Snyd. 
and Hans.

High CHO concentrations in cotton roots and hypo- 
cotyls brought about by low soil temperatures (48, 49, 50, 
58) favored infection by Rhizoctonia solani Kuehn (58).
This fungus also grew better in homogenates (48) or 
extracts (58) of hypocotyls grown at low root temperatures.



Similarly, the. invasion and colonization of tomato roots by 
V. albo-atrum in sterile nutrient solution was enhanced by 
increasing;sucrose concentrations (107). Further, 
partially defoliated tomato plants were shown by Roberts 
(94) to be far less susceptible to V . albo-atrum than con
trol plants. Mcllrath (77) has reported that maleic 
hydrazide delayed movement of sugar from the leaves to the 
stems and roots of cotton plants. Based on this informa
tion , Horsfall and Dimond (57) hypothesized that plants 
treated with maleic hydrazide should be less susceptible 
to VerticiIlium. Unfortunately, corroborative data are not 
available.

However, the CHO levels in cotton plants have been 
manipulated by other means. Partial defoliation of cotton 
plants in the flowering stage resulted in a 43% decrease in 
the CHO content of the stems (32). Conversely, the removal 
of flower buds (squares) from cotton plants over a period 
of time caused CHO to increase in the aerial portions of 
the plants (23, 34) and also resulted in larger plants 
which produced greater numbers of flower buds (23, 29, 30, 
34). There is no available information which describes the 
effects of defoliation and Square removal on the suscepti
bility of cotton to V. albo-atrum.



GENERAL MATERIALS AND METHODS

The VertlciIlium wiIt-susceptible DeItapine Smooth 
Leaf (DSL) (73, 92) and wilt-tolerant Pima S-2 (PS-2) (92) 
cotton varieties were used in these studies.

Plants were either grown in one-gallon (3.8 liter) 
rubber pots or in metal cans containing a dry heat- 
sterilized soil mixture consisting of Mesa loam, sand, and 
peat moss (1:1:1). Approximately 5 g of 16-20-0 fertilizer 
(Shell Chemical C o .) were sprinkled on the soil in each pot 
at the time of planting. No additional fertilizer was 
applied during the course of the experiments. Plants were 
maintained at greenhouse air temperatures ranging from 
22.0-29.5 C unless otherwise specified.

VerticiIlium albo-atrum isolate X-2, isolated from 
a naturally infected cotton plant in the field, was used 
in these studies. The fungus was cultured on Czapek's 
solution agar (Difco Laboratories) at laboratory tempera
tures (about 25 C ) . This isolate formed dense quantities 
of microsclerotia on the medium and completely covered the 
agar in Petri plates after 3-4 weeks.

Two different techniques were, used to inoculate the 
cotton plants. Needle inoculations (16) were used to 
introduce conidia of V. ■ albo-atrum directly into the hypo- 
cotyls of the plants. For these three ml of sterile

• . : ■ is
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distilled water (SDW) were poured on each of three Petri 
plates overgrown with V. albo-atrum. The plates were 
swirled for 1-2 min to suspend conidia and then the liquid 
from each plate was combined. The number of conidia per ml 
of suspension was determined for an aliquant by using a
Levy counting chamber. Subsequently, SDW was added to

7 ■ .adjust, the conidia]. concentration to approximately 10 
conidia/ml. This suspension was then pipetted into a 
sterile, screw-cap vial which was kept in crushed ice in a 
styrofoam container until the inoculum was. used, usually 
within 1-2 hr.

A sterile, disposable plastic 2.5 ml syringe fitted 
with a 22 gauge , 3-. 8-cm-long needle was used to deposit a 
drop of conidia! suspension on a cotton plant stem 2-3 cm 
below the cotyledonary node. The top of the needle was 
then pushed approximately 2-5 mm (depending on the diameter 
of the stem) into the stem through the drop and quickly 
pulled out, after which the inoculum was observed to be 
rapidly taken into the wound. This method of inoculation 
shall be referred to as the stem-puncture technique.

The second method involves inoculation of roots by 
a technique adapted from that described by El Khash (37). 
The contents from two Petri plates overgrown with isolate 
X-2.were mixed for 3 min with 300 ml of SDW at maximum 
speed in a clean but non-prosterilized Waring Blender 
(Model 1042, 120 volts). This mixture was then poured into
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a two-11ter flask containing 400-500 ml of crushed ice and ■ 
the total volume.was brought to approximately one liter 
with distilled water. Inoculum was used within 2 hr after 
its preparation.

-A 7-mm-diameter metal rod was used to make three 
equidistant holes no less than 2 cm from a stem, approxi
mately 8 'em deep, in the soil of a pot containing cotton 
plants. One hundred ml of inoculum were poured on the 
soil; care was taken to fill each hole. After the pots . 
were watered a few times, enough soil washed into the holes 
to completely fill them. This method of inoculation shall 
be referred to as the soil infestation technique.

The plants were left on greenhouse benches after 
inoculation for 4 weeks. Then, plants in each pot were 
removed and examined individually for vascular discolora
tion. A razor blade was used to make diagonal cross 
sections through the primary root, hypocotyl, and epicotyl 
portions of each plant. The total number of plants having 
vascular discoloration was recorded for each treatment.

. Attempts were made to recover V . albo-atrum from 
each plant in order to verify if infection occurred. A 
5-7-cm-long hypocotyl section of each plant was washed 
thoroughly in tap water, drained, and immersed in an 
aqueous 10% Clorox solution (1:9 mix of commercial clorox, 
which itself contains 5.25% of sodium hypochlorite) for 5 
min. A 1-cm-long section was cut from the center of the
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stem section using a razor blade which had been dipped in 

. alcohol and flamed. One end of the stem section was 
embedded in streptpmycin-water agar (80) from which the 
alcohol was deleted. This was added to Petri plates con
taining propylene oxide sterilized-barley straw fragments 
(52). Five hypocoty1 sections were placed on each plate, 
which then were incubated for 3 weeks at laboratory temper
ature . A positive recovery of V. albo-atrum from a section 
was indicated by the presence of microsclerotia on the 
barley straw near the section.

In this work a susceptible plant is considered as 
one which had dark brown-black discoloration in some por
tion of the xylem and from which V. albo-at rum was isolated. 
Susceptibility refers to the percentage of plants which met 
these qualifications.

When marked differences in susceptibility occurred
between plants in the various treatments of a given experi- 
■ " , . ■ 
ment, chemical studies were made on the root tissues in an
attempt to determine possible causes for these differences.
The methods used in these studies, and the results obtained,
are described later. ,

Data from all experiments that were repeated were 
analyzed by analysis of variance and, where appropriate, by 
the Duncan Multiple Range Test (74), at the 95% level of 
confidence. In two instances (root temperature and defolia
tion studies) analyses also were made at the 99% level of
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confidence. Analysis of variance computations were done by 
the University of Arizona Computer Center, using a program 
provided by the University of Arizona College of Agri
culture statistician• In the tables, the composite average 
for two trials is followed by the range; the average of 
more than two trials is followed by the absolute deviation.



PROCEDURES AND RESULTS

The Susceptibility of Cotton. Plants of Various 
Physiologic Ages to VerticiIlium 

albo-atrum
These experiments were made in an attempt to

confirm the report (37) that cotton plants differ in their
susceptibility to V. albo-atrum at various physiologic 
(ontogenetic) ages.

Procedures
Seeds of DSL and PS-2 cotton were planted in 65

pots in the greenhouse on staggered dates so that on a
given date there were groups of plants of both cotton 
varieties in the first, fourth, and sixth leaf, square, and 
flowering stages; each pot contained three uniform plants. 
The plants in 20 pots from each group were inoculated by 
stem puncture; those in another 20 pots were inoculated by 
the soil infestation technique. Sixty plants were left as 
non-inoculated controls, while 15 were dried for chemical 
analysis. Inoculations were made in September and in 
October. The data presented (Table 1; Fig. 1) are visual 
determinations of vascular discoloration.

20



Table’ Tv Susceptibility of two cotton varieties of various physiologic ages to 
V . albo-atrum.

Per cent plants infected a

Method of 
inoculation

Physiologic ages 
of plants when 
inoculatedb

Trial 1 Trial 2 Composite average
DSLC ,. PS-2C DSL PS-2 DSLd PS-2d

Soil 1 leaf 35.0 61.6 38.3 56.6 36.64- 1.6 a 59.1+2.5 ab
infestation

4 leaves 53.3 73.3 75.0 81.6 64.1+ 5.8 b 77.4+4.1 c
6 leaves 75.0 • 83.3 68,3 81.6 71.6+3.3 b 82.4+0.8 c
square 76.6. 66.6 56.6 66.6 66.6+10.0 b 66.6+0.0 b
flower 75.0 58.3 58.3 53.3 6 6.6+ 8.3 b 55.8+2.5 a

Stem V V 1 leaf 96.8 93,3 90,0 90.0 93.4+ 3.4 a .91.6+1.6 a
puncture

4 leaves 100.0 88.3 98.3 96.6 99.1+ 0.8 a 92,4+4,2 a
6 leaves 91.6 100.0 100 , 0 98.3 95.8+ 4,2 a 99.1+0,8 a
square 96.6 90.0 100.0 95.0 98.3+ 1.7 a 92.5+2.5 a
flower 100.0 76.6 96.6 83.3 98.3+ 1.7 a 79.9+3.3 b

aEach treatment consisted of 20 pots each with three plants.
U ;■ ■ ' . ■ ' • , ■
; Inoculation dates were; Trial 1, September; Trial 2, October.
CDSL = Deltapine Smooth Leaf; PS-2 = Pima S-2.
^Means not followed by the same letter differ significantly at the 5% 

level. Comparisons should only be made within a given inoculation group for 
each variety. : , .
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Results

The number of days required for the two cotton 
varieties to reach the various physiologic ages after 
seeding are listed in Appendix A.

Inoculation by Soil Infestation. DSL cotton was 
significantly less susceptible to infection in' the 1-leaf- 
stage than in all later stages of development. There was 
little difference in the susceptibility of the plants in 
stages after the 1-leaf-stage but a difference of about 35% 
separated plants in the 1-leaf and 4-leaf stages.

PS-2 cotton was most susceptible in the 6-leaf- 
stage, moderately susceptible in the 4-leaf and square 
stages, and comparatively much less susceptible in the 1- 
leaf and flowering stages. On the whole, the PS-2 plants 
were more susceptible than DSL plants in these tests. No 
control plants of either species became infected.

Inoculation by Stem Puncture. With the exception 
of PS-2 at the flowering stage, plants of both varieties 
at all physiologic ages were extremely susceptible when 
inoculated by stem puncture (Table l). The susceptibility 
data for PS-2 at flowering differed significantly at the 5% 
level from the data for PS-2 plants of the other physiologic 
ages. .



The .Effect of Growth Retarding Chemicals on
24

the Susceptibility of Cotton to 
VerticiIlium albo-atrum

Procedures
The two growth retardants used were Alar-85 

(succinic acid 2, 2-dimethyl hydrazide; United States 
'-Rubber Co.) and Phosfon (2, 4-dichlorobenzy1-tri- 
buty Iphosphonium chloride; V-C Chemical Co.). In pre
liminary experiments it was noted that young cotton plants 
sprayed with a 0.05% solution of Phosfon or treated by soil 
drench with a 0.5% solution of Alar-85 initiated formation 
of squares from 6-10 days later than non-treated plants. 
Because of the information derived from the physiologic age 
study, these preliminary results with Phosfon and Alar-85 
suggested that attempts be made to determine the effects 
of these two chemicals on the susceptibility of cotton to 
V. albo-atrum.

Seeds of DSL and PS-2 cotton were planted in 80 
pots for each chemical used. After germination the seed
lings were reduced to three per pot. When plants reached 
the 2-leaf-stage, One-half of those (i.e., plants in 40 
pots) of both, varieties were treated with a single applica
tion of one retardant; the remaining plants were left 
untreated. Alar-85 was applied by pouring 50 ml of a 0.5% 
(w/v) aqueous solution on the soil in each pot. A 0.05% 
aqueous solution of Phosfon was sprayed on the foliage to
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the point of runoff with the use of an atomizer. The 
plants were then allowed to develop in the greenhouse until 
formation of squares occurred on non-treated plants. At 
this time the plants in 15 pots of each group were either 
inoculated by soil infestation or by stem puncture; plants 
in five pots were left as controls, and the remaining 
plants were dried for chemical analysis. The test for each 
growth retardant was done twice and plants were inoculated 
in June and. July. The effect of the chemicals on suscepti
bility i s .indicated by the data presented in Tables 2 
and 3.

Results
Alar-85. Non-treated DSL and PS-2 plants formed 

squares 6-7 days sooner and became taller than did Alar- 
treated plants. At the time of inoculation DSL control 
plants were from 52-55 cm tall, compared with 40-45 cm for 
Alar-treated plants. Similarly, control PS-2 plants were 
from 57-65 cm tall compared to 55-60 cm for Alar-treated 
plants.

Results of the studies of roots inoculated by the 
soil infestation technique are shown in Table 2. There was 
very.little difference between the susceptibility of non
treated and Alar-treated plants. The DSL plants, however, 
were much more susceptible than PS-2 plants. All plants, 
regardless of variety or treatment, became infected when



Table 2. Effect of the growth retardant Alar-85 on the susceptibility of two
cotton varieties to V. albo-atrum.

Per cent plants infected3

Method of 
inoculation

Trial 1' Trial 2 : . Composite average
Treatment DSLb PS-2b DSL PS-2 DSL6 PS-2

Soil Alar-85c 86.6 71.1 91.1 68.8 : 88.8+2.2 69.9+1.1
infestation

Control^ 88.8 66.6 91.1 64.4 89.8+1.1 65.5+1.1

Stem Alar-85 100.0 100.0 100.0 100.0 100.0+0.0 100.0+0.0
puncture

Control 100.0 100.0 100.0 100.0 100.0+0,0 100.0+0.0

aEach treatment consisted of 15 pots, each with three plants. 
^DSL = Deltapine Smooth Leaf; PS-2 = Pima S-2.
When plants reached the 2-leaf-stage 50 ml of a 0.5% solution of Alar-85 

(succinic acid 2,2-dimethyl hydrazide) was poured on the soil in each pot.
^These plants were allowed to develop normally; when they initiated square 

formation both treated and non-treated plants were inoculated. Inoculation dates 
were: Trial 1, June; Trial 2, July.

No statistically significant differences existed among the data for a 
given variety.

toO'



Table 3. Effect of the growth retardant Phosfon on the susceptibility of two
cotton varieties to V . albo-atrum.

Per cent plants infecteda

Method of 
inoculation

Trial 1 Trial 2 Composite ave rage
Treatment DSL- PS-2 DSL PS-2 DSLe PS-2

Soil Phosfon0 86.6 60.0 88.8 68.8 87.741.1 64.444.4
infestation

Control^ 82.2 64.4 93.3 73.3 87.745.5 68.844.4

Stem Phosfon 100.0 100.0 100.0 100.0 100.040.0 100.040.0
puncture

Control 100.0 100.0 100.0 100.0 100.040.0 100.040.0

aEach treatment consisted of 15 pots, each with three plants. 
^DSL = Deltapine Smooth Leaf; PS-2 = Pima S-2.
cWhen plants reached the 2-leaf-stage a 0.05% solution of Phosfon (2,4^ 

dichlorobenzy1-tributyIphosphoniuro chloride) was sprayed on the foliage of each 
plant to the point of runoff.

d 'These plants were allowed to develop normally; when they initiated square
formation both treated and non-treated plants were inoculated. Inoculation dates
were: Trial 1, June; Trial 2, July.

eNo statistically significant differences existed among the data for a 
given variety.

K>
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needle inoculated by stem puncture. No control plants 
(non-inoculated) became infected.

Phosfon. Non-treated PS-2 plants initiated forma
tion of squares 6-8 days sooner and grew taller than 
Phosfon-treated plants. At the time of inoculation PS-2 
control plants were from 57-65 cm tall, compared with 50-56 
cm for Phosfon-treated plants.

DSL plants, both treated and non-treated, were from 
50-55 cm tall at the time of inoculation and both groups 
had initiated square formation.

Results of the studies of roots inoculated by soil 
infestation are shown in Table 3. There was very little 
difference between the susceptibility of control and 
Phosfon-treated plants of both varieties. The DSL plants 
were far more susceptible to inoculation by soil infesta
tion than the PS-2 plants. All plants, regardless of 
Variety or treatment, became infected after inoculation by 
the stem puncture technique.

The Effect of Various Levels of Defoliation on 
" ~~ the Susceptibility of Cotton to

Verticillium albo-atrum
The results of the physiologic age study indicate a 

definite relationship between cotton plant age and its 
susceptibility to V. albo-atrum. Since the older, larger 
plants have a greater leaf area, perhaps their generally 
greater susceptibility relates, at least in part, to an
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accumulation of photosynthates. Thus, these experiments 
were conducted to determine if defoliation could alter the 
physiologic condition of cotton plants and concomitantly 
their susceptibility to V. albo-atrum.

Procedures
Experiment 1 . In two tests (plants were inoculated 

in July and February) seeds of DSL and PS-2 cotton were 
planted in 210 pots in the greenhouse. The number of plants 
per pot was reduced to three for each variety and were 
divided into seven groups. As the plants developed, each 
group was defoliated to different degrees--!.ev, no leaves 
were removed (control); only the first leaf was removed 
when it formed; only the first two leaves were removed as 
they formed, etc., through the removal of the first six 
leaves as they developed.

When the sixth leaf was removed from the appro
priate plants, the plants in 20 pots from each group were . 
inoculated (Table 4); those in 10 pots were inoculated by 
soil infestation (Fig. 2) or stem puncture (Fig. 3), plants 
in five pots were left as controls, while the remaining 
plants in five pots were dried for chemical analysis. At 
the time of inoculation in trial 2, the height, the presence 
or absence of squares, and the number of basal leaves 
present above the node of the last leaf to be defoliated 
was recorded for each group of plants (Appendix B).



Table 4. Effect of various levels of defoliation on the susceptibility of two
cotton varieties to V. albo-atrum; Experiment 1.

Per cent plants inferteda

Method of 
inoculation

Number of basal 
leaves removed . 

before inoculation
Trial 1 Trial 2 Composite average0

DSLd PS-2d DSL . PS-2 DSL PS-2
Soil
infestation

0 (control) 53.3 60.0 86.6 90.0 69.9+16.6 75.0+15.0
1 60.0 56.6 96.6 7 6.6 78.3+18.3 66.6+10.0
2 66,6 60.0 93.3 86.6 79.9+13.3 73.3+13.3
3 63.3 16.6 90.0 56.6 76.6+13.4 36.6+20.0
4 40.0 20.0 83.3 86.6 61.6+21.6 53.3+33.3
5 46.6 36.6 86.6 ' 83.3 66.6+20.0 59.9+23.3
6 60.0 40.0 63 .3 86.6 61.6+ 1.6 63.3+23.3

Stem
puncture

.0 (control) 50.0 26.6 100.0 93.3 75.0+25.0 59.9+33.4

■ i 90.0 66.6 100.0 96.6 . 95,0+ 5.0 81.6+15,0
2 76.6 36.6 100.0 100,0 88.3+16.7 68,3+31.7

* 3 80.0 73.3 100.0 96.6 90.0+10.0 84,9+11,7
4 66.6 46.6 100.0 100.0 83.3+16.7 73.3+26.7
5 86.6 66.6 100.0 100.0 93.3+ 6.7 83.3+16.7
6 100.0 83.3 100.0 100.0 100.0+0.0 91.6+ 8.4

aEach treatment consisted of 10 pots, each with three plants. 
hAs the.plants developed to the 6-leaf-stage, the number of basal leaves 

indicated were successively removed as they developed. When the sixth leaf was 
removed from the appropriate plants, all plants were inoculated. Inoculation 
dates were; Trial 1, July; Trial 2 , February.

cNo statistically significant differences existed among the data for a 
given variety in a given inoculation group.

DSL = Deltapine Smooth Leaf; PS-2 = Pima S-2.
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Experiment 2 . The results of the repeated experi- 
ment (Table 4) indicated that the removal of a certain leaf, 
from a cotton plant may be responsible for a decrease in 
susceptibility. The following experiment, repeated once 
(plants were inoculated in May and July), was carried out 
to determine, the effect of removing a certain leaf on 
increasing susceptibility to V. albo-atrum. Since the 
effect seems most persistently pronounced in plants inocu
lated through soil infestation, only this procedure was 
used.

Seeds of DSL and PS-2 cotton were planted in 75 
pots in the greenhouse. After germination the plants were 
reduced to three uniform seedlings per pot; the 75 pots of 
each cotton variety were also divided into three equal 
groups. As the plants developed to the 6-leaf-stage, one 
group was left untreated (control), the third leaf only 
was removed when it formed in the second group, and the 
first three leaves were removed as each developed in the 
third group. .

Subsequently, plants were grown an additional 22 
days after the third leaf was removed (the length of 
elapsed time between the removal of the third leaf and 
inoculation in the previous experiments; control plants had 
some squares). Then, the plants in 15 pots in each group 
were inoculated using the soil infestation technique; 
plants in five pots were dried for chemical analysis.
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Again at the time of inoculation the height, the presence 
or absence of squares, and the number of basal leaves 
present above the node of the last leaf to be defoliated 
was recorded for each group (Appendix B ) . The derived 
susceptibility data are presented in Table 5 and Fig. 4.

• Results
As shown in Appendix B the heights of the plants 

of both cotton varieties in Experiment 1, Trial 2 were 
. directly related to the number of basal leaves removed.
The most pronounced effect of defoliation on ultimate plant 
height was observed in plants from which only the first 
true leaf was removed» These plants were from 15 cm (DSL)

V to 17.5 cm (PS-2) shorter than the controls whereas the 
removal of each additional leaf resulted in a further 
decrease of only from 2.5-7.5 cm. for both varieties.

In Experiment 2 (Appendix B) the removal of only 
the third leaf had no effect on the subsequent height of 
the plants. The removal of the first three leaves in suc
cession caused the plants to be quite stunted.

Defoliation also affected formation of squares. In 
the period before inoculation, DSL plants in Experiment 1, 
Trial 2* initiated formation of squares even though as many; 
as four basal leaves, had been successively removed. Pima 
S-2, on the other hand, did not form squares when more than 
one basal leaf was removed. In Experiment 2 neither



Table 5. Effect of various levels of defoliation on the susceptibility of two
cotton varieties to V. albo-atrum; Experiment 2.

Number of 
basal leaves 

removed before 
inoculation^

Per cent plants infected3 *

Method of 
inoculation

Trial 1 Trial 2 Composite average:
DSLg PS-2° DSL PS-2 DSLd PS-2e

Soil None (control) 77.7 91.1 55.5 66.6 66.6+11.1 a 78.8+12.3 a
infestation

Third leaf only 91.1 80.0 60.0 64.4 75.5+15.6 a 72.2+ 7.8 a
First-third
leaves 40.0 35.5 15.5 28.8 27.7+12.2 b 32.1+ 3.4 b

. aEach treatment consisted of 15 pots , each wi th'three plants•
b
As the plants developed, the number of leaves indicated were removed as 

they formed. Twenty-two days after the removal of the third leaf from the 
appropriate plants, all plants were inoculated. Inoculation dates were: Trial 1, 
May; Trial 2, July.

CDSL = Deltapine Smooth Leaf; PS-2 = Pima S-2. 
dMeans in this column not followed by the same letter differ significantly 

at the 5% level.
e ' ■ ■ • • ■ '■ ' ' ■■ Means in this column not followed by the same letter differ significantly

at the 1% level.
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variety formed squares after the first three leaves were 
removed.

•Inoculation by Soil Infestation. Differences in 
susceptibility between the treatments for a variety were 
not significant, but trends were evident, particularly in 
PS-2-plants, which suggested that something involved with 
the first three leaves may be related to susceptibility 
(Fig. 2).

Removal of just the third leaf from plants in 
Experiment 2, Trials 1 and 2 had little effect while 
significant decreases in susceptibility of 40% to 48% were 
observed in plants of both varieties when the first three 
leaves were successively removed before inoculation (Table 

. 5; Fig,. 4). . ' . •
Inoculation by Stem Puncture._ Differences in 

susceptibility between the treatments for each variety were 
not significant. Similar trends were evident for both 
varieties in Trial 1 (Table 4; Fig. 3).

The Effect of Continual Removal of Squares on 
the Susceptibility of Cotton to ! ! ' .

VerticiIlium albo-atrum
Some researchers•(2) have shown that when a cotton 

plant begins to form squares the nitrogen content in the 
leaves decreases proportionately with increases in the 
nitrogen content of the squares and later the bolls. Also, 
the removal of* squares caused CEO to increase in the aerial
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portions of cotton plants (23, 34) and resulted in larger 
plants which produced greater numbers of squares (23, 29, 
30, 34).

The following experiments were performed to compare 
the susceptibility to V. albo-atrum of cotton plants which 
were allowed to form squares with that of plants from which 
squares had been removed.

Procedures
Seeds of DSL and PS-2 cotton were planted in 80 

pots in the greenhouse; after germination the seedlings 
were thinned to three uniform plants per pot. Plants were 
allowed to develop normally until formation of squares was 
initiated after which these were continually removed from 
plants in 40 pots of each cotton variety over a 4 -week 
period. Subsequently, debudded and non-debudded plants of 
each variety in 15 pots were inoculated by soil infestation 
and those in 15 pots were inoculated by stem puncture; 
plants in five pots were left as controls, while those in 
the remaining five pots were dried for chemical extraction. 
Debudding was not continued after inoculation. The experi
ment was conducted twice (plants were inoculated in 
September and October) and the data are recorded in 
Table 6.



Table 6. Effect of continual removal of squares on the susceptibility of two
cotton varieties to V. albo-atrum.

Per cent plants infected3"

Method of 
inoculation

Pre-inoculation
treatment^

Trial 1 Trial 2 Composite average0
DSLd PS - 2d DSL PS-2 DSL PS-2

Soil
infestation

Debudded 82.2 62.2 77 .7 60.0 79.9+2.2 61.1+1.1
Non-debudded 77.7 66.6 68 .8 62.2 73.2+4.4 64.4+2.2

Stem
puncture

Debudded 100.0 100.0 100.0 100.0 100.0+0.0 100.0+0.0
Non-debudded 100.0 100.0 100.0 100.0 100.0+0.0 lOO.QtO.O

aEach treatment consisted of 15 pots, each with three plants.
kSquares (flower buds) were continually removed from debudded plants for 4 

weeks before inoculation; non-debudded plants were allowed to develop normally 
before inoculation. Inoculation dates, were s Trial 1, September; Trial 2, October.’, c - - ' ' "No statistically significant differences existed among the data for a
given variety.

' dDSL = Deltapine Smooth Leaf; PS-2 = Pima S-2. '
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Results
The continual removal of Squares caused no differ

ences in height between the debudded and non-debudded 
plants of either variety„ New young squares were removed, 
from debudded plants every 3-4 days as they appeared during 
the 4-week period prior to inoculation. At the time of 
inoculation non-debudded plants were in the flowering 
stage.

Inoculation by Soil Infestation. Very little dif
ference in susceptibility was observed between debudded and 
non-debudded plants of each variety (Table 6). The DSL 
plants were more susceptible in each instance and no 
control plants became infected.

Inoculation by Stem Puncture. All plants regard
less of variety or treatment were infected (Table 6). No 
control plants became infected.

Effect of Controlled Soil and/or Air Temperatures 
on the Predisposition ofCotton to ' "

Verticillium albo-atrum —
During at least their initial growth period, and as 

a result of irrigation, the roots of field plants are 
exposed to variable temperatures in the upper six inches 
(or so) of soil (108) . This suggests that apart from the 
influence of temperature per s_e on VerticiIlium, root 
temperature might also alter the innate susceptibility or 
tolerance of cotton plants to V . albo-atrum. Thus, these
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experiments were performed to determine if cotton plants 
exposed to various controlled soil or air temperatures 
alone, or in combination, prior to inoculation could differ 
in their susceptibility to V. albo-atrum.

Controlled Soil Temperatures in the Greenhouse
Procedures. Constant temperature water baths were 

used to control soil temperature during the initial growth . 
of DSL and PS-2 seedlings in order to determine if soil 
temperature will predispose the seedlings to become resist
ant or susceptible to Verticillium wilt. Seeds were planted 
in rubber pots 18 cm in diameter with perforated bottoms 
and after germination, the plantings were thinned to six 

' uniform seedlings per pot. When the first true leaves were 
formed, the pots were placed in snug-fitting metal con
tainers and 12 of each of these units were placed in each 
of five constant temperature water baths set at 15, 20, 25, 
30, or 35 + 0.5 C. Temperatures of the air in the green- 

. house ranged from 22.0 to 29.5 C.
Two weeks later all pots were removed from the 

water baths. After 2-4 hr equilibration, plants in eight 
pots of each cotton variety were inoculated; plants from 
the remaining four pots were dried for chemical analysis.
At this time plants were at the 3-leaf stage. Determina
tions of infection were made 4 weeks after inoculation.
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In two of four experiments plants were inoculated 

by soil infestation (Table 7, Fig. 5) in February and June 
while those in the other two tests were inoculated by stem 
puncture (Table 8) in August and November.

Based on results of the above tests, an additional 
experiment was conducted using only the 20 C and 30 C water 
baths. Plants in 12 pots of each cotton variety were 
exposed for 2 weeks and then the plants in eight pots were 
inoculated by soil infestation (Table 7) while those in the 
remaining four pots were dried for chemical analysis.

Since the plants used in the above experiments we re
in the early stages of growth, one further test was con
ducted to determine the effects of pre-inoculation soil 
temperature on the susceptibility of more mature plants to 
V. albo-atrum.

Seeds of DSL and PS-2 cotton were planted in 60 
pots in the greenhouse and after germination the number of 
plants per pot was reduced to three. These were allowed 
to grow until they reached the six-leaf-stage. Then, 12 
pots of each variety were placed in each of the five con
stant temperature water baths. Two weeks later all pots 
were removed from the water baths and allowed to stand at 
greenhouse temperature for 2-4 hr. The plants in 10 pots 
of each cotton variety were then inoculated by soil infes
tation (Table 9) while the plants in the remaining two pots



Table 7. Susceptibility to V. albo-atrum of two cotton varieties exposed to
various soil temperatures in the greenhouse as determined by inoculation
by the soil infestation technique.

Per cent. plants infecteda

Water bath , 
temperature, C

Trial 1 Trial 2 Trial 3
1 Composite 
of Trials

average 
1 an d 2

DSLC PS-2C DSL PS-2 DSL PS-2 DSLd PS-2e
15 20.8 27.0 20.8 35.4 2 0 .8+0.0 a 31.2+4.2 c
20 33.3 64.5 35.4 56.2 66.6 85.4 34.3+1,0 b 60.3+4.1 d
25 37.5 31.2 33.3 22.9 , 35.4+2.1 b 2 7.0+4.1 c
30 18.7 35.4 33.3 37 .5 . 95.8 45.8 26.0+7.3 ab. 36.4+1.0 c

- 35 27.0 41.6 41.6 41.6 34.3+7.3 b 41.6+0.0 c

aEach treatment consisted of eight pots , each with six plants.
u   -Cotton plants were grown in the greenhouse to the 1-leaf-stage- after vMch 

the pots were placed in water baths at one of the temperatures indicated. Two 
weeks later all plants were removed from the baths, inoculated, and kept at green
house temperature (22-29.5 C). At the time of inoculation the plants were in the 
3-leaf stage. Inoculation dates we re i Trial 1, February; Trial 2, June; Trial 3, 
April.

CDSL = Deltapine Smooth Leaf; PS-2 = Pima S-2."
d ■■Means in this column not followed by the same letter differ significantly

at the 5% level.
eMeans in this column not followed by the same letter differ significantly 

at the 1% level.
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Table 8 . Susceptibility to V . albo-atrum of two cotton .'varieties exposed to
various soil temperatures in the greenhouse as determined by inoculation 
by the stem puncture technique.

Per cent plants infected a

Water bath , 
temperature, C

Trial. 1 Trial 2 Composite cave rage
DSLd PS-2d DSL PS-2 DSL PS-2

15 97.9 85.4 100.0 85.4 98.9+1.0 85.4+0.0
20 93.7 85.4 93.7 100.0 93.7+0.0 92.7+7.3
25 100.0 81.2 95.8 83.3 97.9+2.1 82.2+1.1
30 95.8 93.7 100.0 89.5 97.9+2.1 91.6+2.1
35 97.9 95.8 89.5 100.0 93.7+4.2 .97.9+2.1

aEach treatment consisted of eight pots, each with six plants.
bCotton plants were grown in the greenhouse to the 1-leaf-stage after 

which the pots were placed in water baths at one of the temperatures indicated.
Two weeks later all plants were removed from the baths, inoculated, and kept at 
greenhouse temperature (22-29.5 C). At the time of inoculation the plants were in 
the 3-leaf-stage. Inoculation dates were: Trial 1, August; Trial 2, November.

No statistically significant differences existed among the data for a • 
given variety.

— DSL = Deltapine Smooth Leaf; PS-2 = Pima S-2.

4>Ul
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Table 9. Susceptibility to V. albo-atrum of two varieties 

of cotton plants in tEe square stage, inoculated 
. by soil infestation after being exposed to 
various, soil temperatures in the greenhouse.

Water bath u 
temperature, C

Per cent plants infected3"
DSLC PS-2°

15 56.6 63.3
20 63.3 60.0

■ 25 : 56.6 66.6

30 60.0 66.6

35 63.3 63.3

aEach treatment consisted of 10 pots, each with 
three plants. No statistically significant differences 
existed among the data for a given'variety.

^Cotton plants were grown in the greenhouse to the 
6-leaf-stage after which the pots were placed in water 
baths at one of the indicated temperatures. Two weeks 
later all plants were removed from the baths, inoculated, 
and kept at greenhouse temperature (22-29.5 C). At the 
time of inoculation (March) the plants were in the square 
stage.

°DSL = Deltapin.e Smooth Leaf; PS-2 = Pima S.-2*
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were dried for chemical analysis. At the time of inocula
tion (March) the plants were in the square stage.

Results.
Inoculation of Young Plants by Soil Infestation:

The results in Table 7 and Fig, 5 show that the 
various preinoculation soil temperatures had pronounced 
effects on the susceptibility of the roots of both cotton 
varieties to inoculation with V. albo-atrum. However, the : 
two varieties were influenced differently.

In Trial 1, DSL cotton was least susceptible when, 
grown at the 30 C root temperature and increasingly suscep
tible at 15, 35, 20, and 25 C, respectively. However, in 
Trial 2 the least number of infected plants was obtained at 
the 15 C soil temperature while plants grown at higher 
temperatures were from 12.5% to 20.8%  more susceptible. 
Composite average data for 15 C differed significantly at 
the 5% level from all but the 30 C data. DSL plants grown 
at 30 C in Trial 3 were over 30% more susceptible than 
those grown at the 20 C soil temperature.

PS-2 plants exposed to the 20 C soil temperature 
were from one and one-half to more than two times more 
susceptible than and differed significantly at the 1% level 
from the data for PS-2 plants grown at any other soil 
temperature in all three trials. Also, plants grown at 
35 C were more susceptible than those grown, at 15, 25, or. 
30 C.
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Inoculation of Young Plants by Stem Puncture;

From 89% to 100% of the DSL plants were infected 
regardless of pre-inoculation soil temperature; no signifi
cant differences were observed among the treatments (Table 
8 ). - Large percentages (81% to 100%) of the PS-2 plants 
also became infected. In both trials, however,, plants 
grown at the 25 C soil temperature were least susceptible. 
No significant differences existed.

Inoculation of Plants in the Square Stage by Soil
Infestation:

Only slight differences (3.3% to 6.7%) in suscep
tibility occurred when plants of both cotton varieties in 
the square stage.were exposed to various soil temperatures 
and then root inoculated (Table 9). The differences were 
not significant.

Controlled Air Temperatures in Growth Chambers
Procedures. Thirteen pots each of DSL and PS-2 

cotton were planted for each trial; after germination the 
seedlings were reduced to six per pot. The plants were 
allowed to grow in the greenhouse until they reached the 
1-leaf-stage at which time they were placed in a growth 
chamber (Sherer-Gilette, CEL-14) set for 12 hr diurnal 
cycles with a day (light) temperature of 30 C (light 
intensity approximated 3,500 ft-c) and night (dark) temper
atures of 15, 20, 25,.or 30 C . After 2 weeks at one of 
the diurnal temperature regimes plants, were returned to the



49
greenhouse, where those in eight pots of each cotton 
variety were inoculated by soil infestation (Table 10). At 
the time of inoculation plants were in the 3-leaf-stage. 
Eighteen of the.remaining plants were left as non
inoculated controls and 12 were dried for chemical analysis. 
Three trials were made at each night temperature. Inocula
tion dates were; Trials 1 and 2 15 C, November; Trial 3 
15 C and Trial 1 .20 C, December; Trials 2 and 3 20 C ,
December; Trials 1 and 2 25 C, January; Trial 3 25 C and
Trial 1 30 C , January; Trials 2 and 3 30 C ,.February.

Results. Changes in susceptibility which related 
to temperature were noted for each variety but differences 
were not significant. The trend line for PS-2 suggested a 
greater susceptibility at 20 C while DSL plants were most
susceptible when grown at 30 C (Table 10).

Controlied Air and Soil Temperatures in Growth Chambers
Procedures. Seeds of DSL and PS-2 cotton were 

planted in 28 rubber pots in the greenhouse; after germina
tion the number of plants was reduced to six uniform seed
lings per pot. When the plants formed the first true leaf, 
they were placed in two growth chambers set for 12 hr 
diurnal cycles with a day (light) temperature of 30 C and 
a light intensity of 3,500 ft-c and a night (dark) tempera
ture of 25 C. These temperatures were selected because 
they approximated the range of air temperatures which



Table 10. Susceptibility to V. albo-atrum of two cotton varieties exposed to 
various diurnal temperature regimes before inoculation by soil 

. infestation.

Per cent plants infected a

Night (dark) ^ 
temperature, C

Trial 1 Trial 2 Trial. 3 Composite caverage
. DSLd PS-2d DSL PS-2 DSL PS-2 DSL PS-2

15 33,3 20.8 54.1 70.8 93,7 87.5 60.3+22.2 59.7+25.9
20 75.0 87.5 56.3 70.8 83.3 95.8 71.5+10.1 84.7+ 9.2
25 54.1 66.6 87.5 72.9 75.0 83.3 72.2+12.0 74.2+ 6.0
30 91.6 95.8 72.9 58.3 81.2 79.1 81.9+6.4 77.7+16.3

Each treatment consisted of eight pots, each with six plants.
^The day (light) temperature in the growth chamber was maintained at 30 C. 

Plants were grown to the 1-leaf-stage in the greenhouse after which they were put 
in the growth chamber and grown for 2 weeks at one of the 12 hr diurnal tempera
ture regimes, returned to the greenhouse, and then inoculated. Inoculation dates 
we re t Trials 1 and 2 15 C, November;- Trial 3 15 C and Trial .1 20 C December; 
Trials 2 and 3 20 C , December; Trials 1 and 2 25 C, January; Trial 3 25 C and 
Trial 1 30 C, January; Trials 2 and 3 30 C, February.

No statistically significant differences existed among the data for a 
given variety.

^DSL = Deltapine Smooth Leaf; PS-2 = Pima S-2.

Lno
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prevailed when water bath experiments were conducted in the 
greenhouse.

Two galvanized metal containers 75 cm long, 5 0  cm 
wide, and 30 cm deep were placed side by side in one of the 
growth chambers and used as a water bath. An electric pump 
was used to pump water from a constant temperature water 
bath outside the growth chamber into the first galvanized 
container. The flow of water from the first to the second 
container was made possible by means of a siphon consisting 
of plastic tubing about 60 cm long with an inside diameter 
of 4 cm. Another electric pump was used to pump water from 
the second container back to the. constant temperature bath, 
thus maintaining a continuous flow.

Each of 14 pots for each cotton variety was placed 
in a metal can as described earlier oh p. 41 and then 
placed in the water baths contained in the one growth 
chamber; the remaining 14 rubber pots without metal cans 
were placed in the second growth chamber. The temperature 
of the water bath was maintained at 15 + 0.5 C and 20 +
0.5 C for two and. three tests, respectively.. Two weeks 
later 10 pots of each variety were removed from both 
chambers, the plants were inoculated by soil infestation, 
and left in the greenhouse (Table 11). Plants in two pots 
were left as non-inoculated controls, while those in the 
two remaining pots were dried for chemical analysis.
Plants were in the 3 leaf-stage on the inoculation dates



Table 11. Susceptibility to V. albo-atrum of two cotton varieties exposed to 
controlled air and soil temperatures in growth chambers before 
inoculation.

Per cent plants infected3

Soil b
temperature, C

Composite average01
Trial DSL° PS-2C DSL PS-2

1 15 66.6 53.3
30-25 81.6 71,6 Trials 1 and 2

2 15 53.3 60 .6 59.9+6,6 56.6+ 3.3
30-25 60.0 51.6 70.8+10.8 61.6+10.0

3 - 20 
30-25

75.0
56.6

91.6
68.3

4 . 20 ' 63.3 51.6
30-25 48.3 53.3 Trials 3, 4, and 5

5 20 80.0 75.0 72.7+ 6.3 72.7+14.1
: 30-25 70.0 55.0 58.3+ 7.8 58.8+ 6.2

Average of 
all trials 30-25 , 63.3+8.8 59.9+7 .9

aEach treatment consisted of 10 pots, each with six plants.

Growth chamber air temperatures sere set for 12 hr diurnal cycles of 25 G
night (dark) and 30 C day (light). A water bath inside the growth chamber was
used to control soil temperatures independently of air temperatures. Plants were 
grown to the 1-Teaf-stage in the greenhouse after which they were put in the 
growth chamber and grown for 2 weeks at one of the indicated temperature regimes, 
returned to the greenhouse, and inoculated by soil infestation when in the 3-leaf-
stage. Inoculation dates wsres Trial 1, May; Trial 2, May; Trial 3, June; Trial
4, June; Trial 5, July.

CDSL = Deltapine Smooth Leaf; PS-2 = Pima S-2.
dNo statistically significant differences existed among the data for a 

given variety.
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which were: Trial 1, May; Trial 2,. May; Trial 3, June;
Trial 4 , June;/ Trial ,5, July.

■Results. Differences in susceptibility between 
treatments for a given variety were not significant.
Trends suggest that PS-2 plants were more susceptible at 
20 C and DSL plants were more susceptible at temperatures 
above 15 C .

Chemical Studies of Cotton Roots 
Attempts were made to determine whether the pre- 

inoculation treatments which altered the susceptibility Of 
the varieties to V. albo-atrum also altered the chemical 
makeup of the roots. Extracts from roots were also tested 
for their effect on the growth of mycelium and germination 
of conidia of V. albo-atrum.

Procedures
Prior to inoculation, a number of plants from each
■ ■ : - ’i

treatment were set aside to be used for chemical determina
tions . These plants were thoroughly washed in tap water, 
dried for 24 hr in a forced air oven at 70 C, and separated 
into roots, stems, and leaves within 2 weeks after drying. 
These plant parts were ground separately in a Wiley Mill 
through a 40 mesh screen and stored in screw cap vials at 
room temperature until they were used for chemical 

.. analysis .
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From a comparison of the results employing the two 

methods of inoculation, it appears, that treatments affect
ing susceptibility primarily involved root tissues, thus 
these only were analyzed„ One g dry weight of root tissue 
of each sample was Soxhlet-extracted for 24 hr with 60 ml 
of 80% (in all procedures, unless otherwise specified, 
dilutions were made with double distilled water hereafter 
referred to as DDW) ethanol according to the procedure of 
Caldwell, Stith, and Weinburg (17). The extract was 
brought to 60 ml with additional 80% ethanol after cooling 
to room temperature. Thirty ml were then set aside in a 
2 C refrigerator for quantitative amino acid and tannin 
determinations, which were made within 1 week. The remain
ing 30 ml were reduced in vacuo at 30 C to a volume of
3.0 ml by means of an aspirator. One ml was removed and 
used immediately for bioassay tests while the remaining
2.0 ml were set aside in a 2 C refrigerator for carbo
hydrate chromatography, which was performed within 2 weeks. 
The remainder of the dried material was used in the 
quantitative estimation of carbohydrates. Spectrophoto- 
metric analyses were made using a Beckman DU-2 spectro
photometer. Chemical standards were run with each group of 
root extracts to be analyzed quantitatively. The resulting 
standard curves for each chemical to be determined were 
very similar.
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Quant-itative Analysis of Tannins. The method 

described by Rosenblatt and Peluso (96) was used to 
determine the tannin content of cotton root extracts.

All reagents were prepared 1 day in advance of 
their use. A solution consisting of 60 ml DDW, 12.5 g of 
sodium tungstate, 2.6 g of phosphomolybdic acid, and 6.25 
ml of 85% phosphoric acid was refluxed for 2 hr and 
allowed to cool to room temperature. The final volume was 
brought to 125 ml with DDW. This solution is known as the, 
Folin-Denis reagent.

A saturated sodium carbonate solution was made by 
dissolving sodium carbonate monohydrate in 100 ml of DDW 
at room temperature urtti1 no more would dissolve and an 
excess of sodium carbonate was visible on the bottom of the 
container.

Tannic acid (J . T. Baker Chemical Co.) was prepared 
in solutions at concentrations of 50, 100, 250, and 500 
ug/ml. To a 100 ml volumetric flask was added approxi
mately 75 ml DDW, 1.0 ml of the solution to be tested (root 
extract or standard tannic acid solution), 2.0 ml of Folin- 
Denis reagent, and 5.0 ml of saturated sodium carbonate 
solution. The volume was immediately brought to 100 ml 
with DDW, then briefly shaken. Subsequently, the solution 
was poured into a 125 ml erlenmeyer flask, left at room 
temperature for 1 hr, after which the optical density 
(O.D.) at 650 mp was recorded for each test solution. DDW
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was used for the blank determination; each sample was run
once. The tannin content of each root extract was esti
mated by extrapolation (Tables 12, 13, and 14) from a 
standard curve derived from the tannin solutions of known 
concentration.

Quantitative Analysis of Amino Acids. The method 
described by Yemm and Cocking (120) was used to determine 
the amino acid content of roof extracts.

All reagents were prepared on the day of their use. 
Sodium acetate buffer (pH 5.5) was made by dissolving 
54.4 g of sodium acetate in 40 ml of DDW to which was 
added, in order, 10 ml of glacial acetic acid and suffi
cient DDW to make a final volume of 100 ml. Twelve and 
one-half ml of the buffer was added to 37.5 ml cellosolve 
(2-methoxyethanol, J . T . Baker Chemical Co.) containing 1 g 
ninhydrin (1, 2, 3-indantrione, J. T. Baker Chemical Co.) 
and .0.15 g hydrindantin (2, 2-dihydroxy- 2, 2-biindan - 
1,1, 3, 3-tetrone, J . T. Baker Chemical Co.).

Alanine was found to give excellent results in the 
ninhydrin reaction (120). Thus, aqueous solutions of this 
were prepared at concentrations of 5, 1 0 , 25, 50, and 100 
Ug/ml, to serve as standards. One-half ml of ninhydrin 
reagent was added to a 150 x 15 mm test tube containing
1.0 ml of the solution to be tested (root extract or 
standard alanine solution). The tube was loosely fitted 
with a cork, shaken by hand to effect mixing, and heated in
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a boiling water bath for 15 min. Four ml of 50% ethanol
were added to each tube, which was immediately shaken 
again. After the solutions cooled to room temperature each 
tube was again shaken to oxidize residual hydrindantin; the.
O.D. at 570 mp was recorded for each test solution. DDW
was used for the blank determination; each sample was. run 
once.

A standard curve was made, from the known alanine 
solutions and the amino acid content of each root extract 
was determined by extrapolation (Tables 12, 13, and 14;
Figs . 6 ,. 7. , and 8) .

Quantitative Estimation of Carbohydrates. Twenty- 
five mg dry weight of ground tissue was placed in a 
150 x 15 mm test tube, to which 10 ml of freshly prepared 
potassium hydroxide solution (30%, w/v) were added. The 
tubes were put into a wire basket, placed in a boiling 
water bath for 30 min, and then allowed to cool to room 
temperature. The liquid from each tube was poured into a 
volumetric flask and the volume was adjusted to 100 ml with 
DDW. The CEO concentration in this extract was then deter
mined using the method of Yemm and Willis (121), involving 
anthrone.

To 5 ml of DDW were added 45 ml of concentrated 
sulfuric acid containing 0.100 g of anthrone (J. T. Baker 
Chemical Co.). This mixture was allowed to stand with 
occasional shaking for 45 min. A fresh solution of
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anthrone, sulfuric acid, and water was prepared for each 
group of determinations and was not used after 3 hr.

Five ml of freshly prepared anthrone were quanti
tative ly\pipe11ed into a 150 x 15 mm test tube and chilled 
in an ice water bath for 10 min. Then, 1.0 ml of test 
solution was layered on the anthrone reagent, chilled for 
5 min in ice water, and then thoroughly mixed by shaking 
while still in the ice water. Subsequently, the tubes were 
loosely fitted with corks, and heated in a boiling water 
bath for 10 min. They were then cooled in running tap 
water and the O.D. at a wavelength of 625 mp was determined 
for each. DDW was used for blank determinations.

A series of standard glucose (Merck and Co.) solu
tions was prepared at concentrations of 1 0 , 25, 50, and 100 
ug/ml along with each group of tissue extracts to be 
analyzed for their CH0 content. A standard curve was made 
from these after reaction with,anthrone; the CHO content of 
each root extract was then estimated by extrapolation 
(Tables 15, 16, 17, 18, and 19; Figs. 6 , 7, and 8 ).

Three replicates of each of two root tissue samples 
were analyzed for CHO content in a trial experiment. The 
results indicated only slight differences between the 
replicates (178, 178, and 180 mg/g; 145, 146, and 146 
mg/g). Each tissue sample was run only once in subsequent 
tests.
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Qualitative Determinations of Carbohydrates-.-. Two 

ml of concentrated root extract were reduced in vacuo to 
dryness after which the' material was taken up in 2 ml of 
DDW. Following the method of Guinn and Hunter (49) this 
solution was shaken with 0.2 ml chloroform and centrifuged 
at 5,000 rpm for 10 min to remove residual lipids and . 
proteins. The upper, aqueous layer was pipetted off and 
stored in vials at 2 C.

The procedure of Guinn and Hunter (49) was used to 
separate the CHO by descending paper chromatography on 
Whatman No. 1 paper. A 100 ul portion of extract was 
applied as a 5 cm (2 inch) streak along the origin. The 
chromatograms were developed with n-butanol, 95% ethanol, 
and water (52:32:16; v:v:v) for 48 hr at room temperature. 
CHO standards of known concentration (5 mg/ml) were run 
with the plant extracts in order to identify and estimate 
the concentrations of sugars after separation.

The chromatograms were sprayed after drying with a 
p-anisidine-diphenylamine reagent (6) consisting of a 
mixture of equal volumes of a solution of diphenylamine 
(Matheson, Coleman, and Bell Co.; 2% w/v) in acetone (con
taining concentrated phosphoric acid; 10% v/v) and a solu
tion of p-anisidine (E. H . Sargent and Co.; 2% w/v) in 
ethanol, also containing phosphoric acid (10% v/v). All 
spray solutions were prepared immediately before u se. The
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chromatograms were allowed to dry and then heated at 80 C 
for 5 min

Only those extracts from Physiologic age Trial 1 
(Table 12), Defoliation Trial 1 (Table 13), and Greenhouse 
water bath Trials 1 and 3 (Table 14) were chromatogrammed. 
Seven extracts were spotted on an individual paper but all 
chromatograms were developed at the same time.

Chromatographic analysis of the root extracts 
showed that D-glucose, D-fructose, and sucrose were the 
only sugars present in detectable quantities. On visual 
inspection, marked differences were observed only in the ; 
sucrose concentrations. -

All sucrose-containing spots on an individual 
chromatogram were cut out as a single strip, at right 
angles to the line of solvent movement in order to deter
mine the relative concentrations of sucrose in each spot 
and the strips were run through a Photovolt Densicord 
recording densitometer which was connected to a PhotovoIt 
integraph (Automatic, integrator, model 49). The number of 
integrator counts shown in Tables 20, 21, and 22 is 
directly proportional to the sucrose concentration of each 
root extract.

Bioassay of Cotton Root Extracts. Ninety-nine ml 
of freshly prepared 2% water agar (Difco Laboratories) were 
placed in a 125 ml erlenmeyer flask and autoclaved at 121 C 
and 15 lb pressure for 20 min for each root extract to be
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bioassayed. The media were allowed to cool at room temper
ature until they reached about 40 C . Then, 1.0 ml of the 
concentrated, non-sterilized, root extract was pipetted . 
into each flask, the flask was swirled to mix the contents., 
and approximately 15 ml of the medium was poured into each 
of six Petri dishes. Five ml of the medium also was 
reacted with 0.25 ml of Gramercy universal indicator 
(Fisher Scientific Co.) and the pH of each agar solution 
was recorded. Two per cent water agar was used as the 
control medium.

Each ml of water agar contained the extract from 
1.66 mg dry weight of root tissue after mixing 99.0 ml of 
wafer agar with 1.0 ml of concentrated root extract, since 
each ml of concentrated root extract represented 166 mg of 
dried root tissue (the extract from 500 mg of root tissue 
was'reduced to 3 .0 ml)..

Germination of Conidia:
Three ml of SDW were poured on the surface of each 

of four Czapek's agar plates overgrown with V. albo-atrum 
isolate X̂ -2. The plates were swirled several times, after 
which the liquids from the four plates were combined, then 
centrifuged at 5,000 rpm for 10 min. Centrifugation 
procedures were repeated two additional times, after which 
the conidial pellet was suspended in 150 ml of SDW and the

' I

number per ml determined by using a Levy counting chamber.
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One.ml of this conidial suspension was pipetted 

onto, each of three plates for each root-extract-agar to be 
bioassayed. The plates were swirled to evenly distribute 
the suspension and then incubated in the dark at 25 C for 
24 hr. One hundred conidia were counted, on each plate 
after incubation, and the numbers which germinated (germ 
tube was at least twice as long as conidium) were recorded 
(Tables 23, 24, and 25). .

Mycelial Growth;
A glass tube with an inside diameter of 5 mm was 

dipped in alcohol and flamed and used to punch out plugs of 
agar plus mycelium from a Czapek's agar plate culture over
grown with V. albo-atrum isolate X-2. A flamed inoculating 
needle was used to transfer a plug to the center of one of 
the bioassay plates. Three plates were seeded for each 
extract to be tested. The plates were incubated in the 
dark at 25 C for 15 days after which colony diameters were 
measured (Tables 23, 24, and 25).

Results
.Quantitative Analysis of Tannins.

Effect of Physiologic Ages
The tannin contents of the roots varied with the 

physiologic ages of the plants but the range of total 
tannin content was small (Table 12). As the plants devel
oped from the 1-leaf to the 4-leaf-stage the total tannin



Table 12. Tannin and amino acid content of the roots of two varieties of non 
inoculated cotton plants of various physiologic ages.

Mg/g dry weight of root tissue
Physiologic ages 

of plants 
when harvested

• Tannins -nm-i Porrmn ̂71 Amino acids
Composite
averagebTrial 1 Trial

vj 1/ LLlĵ Vy O JL UC
2 averageb Trial 1 Trial 2

DSLa
• 1 leaf 10.9 9.0 9.9+0.9 a 44.4 50.0 47.2+ 2.8 a
4 leaves 13.4 12.6 13.0+0.4 b 15.3 27.0 21.1+ 5.8 b
6 leaves 11.4 12.0 11.7+0.3 ab 11.1 9.0 1 0.0+ 1.1 c
square 12.0 12 .3 1 2.1+0.1 ab 32.0 27.0 . 29.5+ 2.5 b
flower 18.0 16.4 17.2+0.8 c 3.9 6.9 5.4+ 1.5 c
PS-2a

1 leaf 7.0 9.0 8 .0+ 1.0 a 40.0 60.0 50.0+10.0 a
4 leaves 12.8 12.6 12.7+0.1 b 25.0 42.0 33.5+ 8.5 ab
6 leaves 12.9 12.7 1 2.8+0.1 b 16.8 13.2 15.0+1.8 b
square 12.6 12.0 12.3+0.3 b 13.2 15.6 14.4+ 1 . 2 b
flower 18.6 15.8 17.2+1.4 c 15.5 18.3 16.9+ 1.4 b

aDSL = Deltapine Smooth Leaf 5 PS-2 = Pima S-2.
V-vMeans not followed by the same letter differ significantly at the 5% 

level. Comparisons should only be made within a given variety.
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content in the roots increased, then leveled off, and. 
increased again at flowering. There was little difference 
between the quantities of tannin present in the roots of 
the two varieties.

Eff ect of -Defoliation:
The root tannin contents remained fairly constant 

regardless of the number of leaves removed but the DSL 
roots contained slightly more tannin than those of PS-2 
plants. (Table 13).

Effect of Controlled Soil Temperatures in the
Greenhouse:

The quantities of tannin present in the roots of 
the two cotton varieties varied with the soil temperature 
but the range was small (Table 14) and the two varieties 
were inversely, affected. The greatest amounts of tannin 
occurred in DSL roots grown at the 20 C soil temperature, 
with slightly less in roots grown at 15, 25, or 30 C , and 
about.50% less at 35 C. Contrarily, PS-2 roots contained 
the greatest quantities of tannin when grown at 15 C , about 
40% less at 30 G, and intermediary quantities at the other 
temperatures. Combined, the data for Trials 1 and 3 showed 
that both varieties contained more tannin when grown at 
20 C than when grown at 30 C.



Table 13. Tannin and amino acid content of roots from non-inoculated cotton
plants of two varieties defoliated to various degrees in Experiment 1.

Mg/g dry weight of root tissue
Number of basal Tannins Amino acids
leaves removed  ---  — :------ — — —  . Composite -— -— -— ■ - /'■■■;------ Composite
before harvest3- Trial 1 Trial 2 average Trial 1 Trial 2 average

DSLC
0 12.6 11.6 12.1+0,5 ad 21.2 22.8 22.0+0.8 ad
1 . ' ' • .. : .
2 12.0 11.6 11.8+0.2 a 21.5 20.4 20.9+0.5 a
3 12.7 ... 13.7 13.2+0.5 a 23.0 20,6 21.8+1.2 a

: 4  ' ' '• . . ' , / ' ■  . ; ■ ' '■ " . /  ; ■

' 5 . . ' ■ ■ : ■ ■ ■ ' - ' . '

6 12.6 12.2 12.4+0.2 a 56.5 60.0 58.2+1.8 b
^  "  -  " "

0 10.0 10.6 10.3+0.3 a 11.0 13.8 12.4+1.4 a

2 9.6 9.6 9.6+0.0 a 11.6 11.7 . 11.6+0.0 a
3 10.6 8.4 9.5+1.1 a 12.0 12.9 12.4+0.4 a

■ 4 ' ' , ; '' '

5 ' : ' ' ■ ; . , : : 
6 10.6 9.4 ' 10.0+0.6 a . 20,5 23.5 22.0+1,5 b

aAs the plants grew from the cotyledon to the 6-leaf-stage, the number of 
primary leaves indicated were successively removed as they were initiated. When 
the sixth leaf was removed from the appropriate plants, all plants were harvested.

b ■ . ■ ' . ■ ' ' • . : Tannin and amino acid contents were not determined for all samples.
CDSL = Deltapine Smooth Leaf; PS-2 = Pima S-2. 
dMeans not followed by the same letter differ significantly at the 5% 

level. Comparisons should only be made within a given variety.



Table 14. Tannin and amino acid concentrations in the roots of non-inqculated 
cotton plants of two varieties exposed to various soil temperatures 
in the greenhouse.

Mg/g dry weight of root tissue

Water bath 
temperature, C

Tannins Amino acids
Composite
averageTrial 1

a. I.X-

Trial 3 average> Trial 1 Trial 3
DSL5 V

15 10.8 15.0
20 12.7 13.2 12.9+0.2 a° 34.5 45.0 39.7+5.3 a°
25 9.4 15.9
30 9.6 9.6 9.6+0.0 b 24.0 32.0 28.0+4.0 a
35

PS-25
6.7 39.6

15 11.2 37.5
20 8.2 13.2 10.7+2.5 a 55.5 67.3 61.4+5.9 a
25 . . 8.2 52.5
30 6.7 11.2 8 .9+2.3 a 55.5 54.0 54.7+0.7 a
35 9.4 78.0

.aCotton plants were grown in the greenhouse to the> 1-leaf-s:tage after 
which the pots were placed in water baths at one of the indicated temperatures.
Two weeks later the plants were removed from the baths and dried for chemical, 
analysis.

^DSL = DeItapine Smooth Leaf; PS-2 = Pima S-2.
°Means in this column not followed by the same letter differ significantly 

at the 5% level. Comparisons should only be made within a given variety..
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Quantitative Analysis of Amino Acids.•

Effect of Physiologic Age;
Plants of both varieties in the 1-leaf-stage con

tained the largest quantities of amino acids in their 
roots (Table 12; Fig, 6). This level dropped considerably 
at the 4-leaf, again at the 6-leaf-stage and then leveled 
off in PS-2. However, DSL plants showed a sharp amino acid 
increase in the square stage followed at the flowering 
stage by a drop to the lowest of all concentrations. The 
two varieties had similar concentrations at each physio
logic age except the square stage.

When susceptibility data for root inoculations 
(Table 1) and amino acid data (Table 12) were plotted on 
the same graph (Fig. 6), inverse trends were observed" for 
both varieties as the plants developed from the 1-leaf to 
the 4-leaf and 6-leaf stages.

Effect of Defoliation:
In the samples tested the root amino acid levels 

remained fairly constant except in plants from which six 
leaves were successively defoliated (Table 13). The roots 
of these contained about two (PS-2) to three (DSL) times 
more amino acids than those from plants in other treat
ments . In these experiments the amino acid content of DSL 
roots was approximately twice that of comparable PS-2 
roots.
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Fig. 6. Carbohydrate and amino acid content of roots and 
the susceptibility to V. albo-atrum of two 
varieties of cotton plants 57 various physiologi 
ages. Plots were made from composite average 
data presented in Tables 1, 12, and 15, respec
tively, in which the ranges for the values are 
noted. (A) Deltapine Smooth Leaf. (B) Pima S-2



■ 69
When data on infection of roots (Table 4) and data 

from amino acid analyses (Table 13) were plotted together 
(Fig. 7), no related trends were apparent.

' Effect of Controlled Soil Temperatures in the 
Greenhouse s

For Trial 1 (Table 14; Fig. 8) the amino acid 
concentrations were greater in the roots of DSL plants 
grown at a soil temperature of 20 or 30 C than at 15 or 
25 C .

In PS-2 plants the amino acid content was approxi
mately 50% greater in roots grown at 20, 25, or 30 C and 
100% greater at 35 C than at 15 C .

. , The roots of both varieties in Trial 3 were richer
in amino acids when grown at 20 C than at 30 C. In both 
trials the roots of PS-2 plants contained more amino acids 
than those of DSL plants.

When susceptibility data for plants inoculated by 
soil infestation (Table. 7) and amino acid data (Table 14) 
were plotted together (Fig. 8) somewhat similar trends were 
only observed at 30 and 25 C for DSL and PS-2, respec
tively , and at 15 G for both varieties.

Quantitative Estimation of Carbohydrates.
Effect of Physiologic Age;

The total CHO content in the roots of both cotton 
varieties varied with the physiologic age of the plants 
(Table 15; Fig. 6 ). The roots of DSL plants in the



70

Fig. 7

100 240(70)

220(60)90

200(50)

180(40) ^ 
60

160(30) ^

80

70

60T)

140(20) 
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Table 15. Carbohydrate content of the roots of two varieties of non-inoculated
cotton plants of various physiologic ages.

Physiologic ages of 
plants when harvested

Mg/g dry weight of root tissue
Trial 1 Trial 2 Composite, average

DSLa
1 leaf 108 100 104.0+4.0 ab
4 leaves 130 126 128.0+2.0 b
6 leaves 112 112 112.0+ 0.0 a
square 100 108 104.0+4.0 a

• flower 157 165 161.0+4.0 c
PS-2a

/ 1 leaf 84 100 92.0+8.0 a ,
4 leaves 120 114 117.0+3.0 b
6 leaves 116 108 112.0+4.0 b
square 195 200 ■ 197.5+2.5 c
flower 185. • 192 188.5+3.5 c

aDSL - Deltapine Smooth Leaf; PS-2 = Pima S-2.
^Means not followed by the same letter differ significantly at the 5% 

level. Comparisons should only be made within a given variety.
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1-leaf-stage contained relatively small quantities but the 
level increased sharply in the 4-leaf-plants and decreased 
again in plants in the 6-leaf and square stages. The roots 
of flowering plants contained greater quantities of CHO 
than any other physiologic age. . -

PS-2 plants also contained low CHO levels when in 
the 1-leaf-stage but somewhat higher quantities in the 
4-leaf and 6-leaf stages. A marked increase was observed 
when plants formed squares or flowers.

From plots of these data (Tables 1 and 15) there is 
evidence that for both varieties the CHO and susceptibility 
levels were relatively low for plants in the 1-leaf-stage 
but increased sharply in the 4-leaf-stage. Correlations 
between susceptibility and CHO content were not evident in 
later stages of growth.

Effect of Defoliation:
The removal of certain numbers of leaves from DSL 

and PS-2 plants had a pronounced effect on the CHO levels 
in their roots (Table 16; Fig.. 7). When four leaves were 
successively removed from DSL plants or three leaves from 
PS-2 plants, the CHO contents in their roots were signifi
cant ly decreased. The removal of additional leaves from : 
either variety resulted in an increase in root CHO levels.

When susceptibility data for root inoculations 
(Table 4) and CHO data (Table 16) were plotted on the same 
graph^(Fig. 7) trends were quite similar. Of particular



Table 16. Carbohydrate content of the roots of non-inoculated cotton plants of
two varieties defoliated to various degrees.

Number of basal leaves 
removed before harvest3-

Mg/g dry weight of root tissue
Trial 1 Trial 2 Composite average

DSLb
0 148 200 17,4.0+26.0 ac
1 148 . 196 172.0+24.0 a
2 192 220 206.0+14.0 a

' 3 180 220 ’ 20 0.0+ 20.0 a
4 104 116 11 0.0+ 6.0 b
5 188 180 , 184.0+ 4.0 a
6 150 176 163.0+13.0 ab

PS-2b

0 230 , 252 241.0+11.0 a

. ■ 1 215 236 225.5+10.5 a
2 . 215 212 213.5+ 1.5 a

118 124 121.0+ 3.0 b
4 176 176 176.0+ 0.0 c

5 ' ' v" 140 160 150.0+10.0 c
6 148 176 162.0+14.0 c

^As the plants grew from the cotyledon to the 6-leaf-stage, the number of
primary leaves indicated were successively removed at initiation. When the sixth
leaf was removed from the appropriate plants, all plants were harvested.

^DSL = Deltapine Smooth Leaf; PS-2 = Pima S-2.
cMeans not followed by the same letter .differ significantly at the 5%

level. Comparisons should only be made within a given variety.

74



■■■■' ' ■ ■ ■ interest was the large drop in susceptibility at the same.
degrees of defoliation (four leaves for DSL and three
leaves for PS-2) at which the significant decreases in CEO
were observed. ■ .'

Effect of Controlled Soil Temperatures in the 
Greenhouse: r

At the time of inoculation plants were in the 3- 
leaf-stage. Data from analyses of roots collected at this 
time indicated that soil temperature treatments had affected 
the content of soluble CEO of both varieties (Table 17;
Fig. 8). '

For DSL, composite CEO concentrations were greater 
(thpugh not significantly) in roots of Trial 1 and 2 plants 
grown at soil temperatures of 20 or 35 C than at 15, 25, or 
30 C (Table 17; Fig. 8). More CEO was found in the roots 
of plants in Trial 3 grown at 20 C than those grown at 30 C 
(Table 17).

The root CEO content of PS-2 plants grown at 20 C
J

was markedly increased and differed significantly at the 
5% level from that of plants grown at any of the other soil 
temperatures (Table 17; Fig. 8).

When the susceptibility data (Table 7) and compara
tive CEO data (Table 17) are combined, again similar trends 
are noted for PS-2. Similar plots for the data from Trials 
1 and 2 for DSL show CEO peaking at 20 C while the greatest 
per cent infection occurred at 25 C. Otherwise, trends



Table 17. Carbohydrate concentrations in the roots of non-inoculated cotton
plants of two varieties exposed to various soil temperatures in the 
greenhouse.

Mg/g dry weight of root tissue
Water bath _ 

temperature, C Trial 1 Trial 2 Trial 3
Composite average 
of Trials 1 and 2

DSLb
15 118 90 104.0+14.0 a°
20 140 116 156 128.0+12.0 a
25 130 104 117.0+13.0 a
30 108 86 124 97.0+11.0 a
35 121 122 121.5+ 0 . 5 a

PS - 2b
15 87 96 91.5+ 4.5 a
20 144 160 132 : 152,0+ 8.0 b
25 96 112 104.0+ 8.0 a
30 108 120 94 114.0+ 6.0 a
35 108 ■. 128 . 118.0+10.0 a

Cotton plants were grown in the greenhouse to the 1-leaf-stage after 
which the pots were placed in water baths at one of the indicated.temperatures. 
Two weeks later the plants (now in the 3-leaf-stage) were removed from the baths 
and dried for chemical analysis.

kpSL = Deltapine Smooth Leaf; PS-2 = Pima S-2.
Means not followed by the same letter differ significantly at the 5% 

level. Comparisons should only be made within a given variety.



.77
were quite,comparable. However,, with Trial 3, suscepti
bility and CHO levels were inversely related.

CEO levels in the roots of plants in the square 
stage were also influenced by soil temperatures (Table 
18); for both varieties CHO was highest in roots at 20 C. 
Trend lines were similar for other temperatures except 
that DSL had lowest CHO level at 30 C. At all temperatures 
CHO levels were higher in PS-2 roots than DSL. Of particu
lar interest, at four of the five temperatures an equal or 
greater per cent of PS-2 plants were infected in comparison 
with DSL (Table 9).

Controlled Air and Soil Temperatures in Growth 
Chambers; . ■

The composite data for Trials 1 and 2 (Table 19) 
indicate only 3-12 mg/g difference in the CHO content of 
roots of both varieties grown at 15 C or 30-25 C soil 
temperatures. However, when plants were grown at the 
20 C soil temperature (Trials 3, 4, and 5), the root CHO 
levels in a given variety were increased approximately 23% 
(PS-2) to 61% (DSL) over those grown at a soil temperature 
of 30-25 C.

A comparison of the susceptibility data (Table 11) 
and CHO data (Table 19) indicates that there were parallel 
and inverse trends for DSL and PS-2 plants, respectively, 
grown at the 15 and 30-25 C soil temperatures. With one 
exception, plants of both varieties contained more CHO and
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Table 18. Carbohydrate content of the non-inoculated roots 

of two cotton varieties in the square stage- 
after exposure to various soil temperatures in 
the greenhouse.

Water bath 
temperature, C

Mg/g dry weight of root tissue
DSLb PS-2b

15 84 90
20 94 110
25 77 104
30 72 92
35 80 82

Cotton plants were grown in the greenhouse to the 
.6-leaf-stage; after which the pots were placed in water 
baths at one of the indicated temperatures. Two weeks 
later the plants, now in the square stage, were removed 
from the baths and dried for chemical analysis.

^DSL = Deltapine Smooth Leaf; PS-2 = Pima S-2.



Table 19. Carbohydrate content in the roots of two varieties of non-inoculated
cotton plants exposed to controlled air and soil temperatures in growth 
chambers.

Mg/g dry weight of root tissue

Soil . 
temperature, C

Composite average
Trial DSLb PS-2b DSL PS-2

1 15 112 116
30-25 107 92 Trials 1 and 2

2 15 13 2 148 122.0+10.0 a° ’ 132.0+16.0 ac
30-25 144 . 148 125.5+18.5 120.0+28.0

3 20 232 200
30-25 . 136 164

4 20 232 ; 172
30-25 142 • 140 Trials 3 , 4, and 5

5 20 198, 183 220.6+15.1 b 185.0+10.0 a

Average 
of all-

30-25 132 144 136.6+ 3.5 149.3+ 9.7

trials 30-25 132.2+10.1 a 137.6+18.2 a

Growth chamber air temperatures were set for 12 hr diurnal cycles of 25 C 
night..(-dark) and 30 C day (light).- A water bath inside the growth, chamber was 
used to control soil temperatures independently of air temperatures. Plants were 
grown to the 1-leaf-stage in the greenhouse after which they were put in the 
growth chamber and grown for 2 weeks at one of the indicated temperature regimes, 
returned to the greenhouse, and root inoculated. At this time they were in the 
3-leaf-stage.

kpsL = Deltapine Smooth Leaf; PS-2 = Pima S-2. 
cMeans not followed by the same letter differ significantly at the 5% 

level. Comparisons should only be made within a variety. The average data for 
30-25 from all five trials was used as the basis for comparison in this analysis 
for each variety.



' • 80
were more susceptible when grown at a 20 C soil temperature
than when grown at the 30-25 C soil temperature. The
exception was in the case of the PS-2 plants, in Trial 4. 
Although at 20 C the CHO content of these roots was 23% 
greater, the number of plants which became infected was 
about the same at both soil temperatures.

A statistical evaluation of the composite CEO data
showed that the changes in only the DSL plants at the 20
and 30-25 C regimes differed significantly.

Concentrations of Sucrose in Root Extracts. Deter
minations of sucrose concentrations in the roots of plants 
of various physiologic ages, from different defoliation 
regimes, and from different temperature studies are pre
sented, respectively, in Tables 20, 21, and 22.

It is evident that sucrose levels were . influenced 
by the treatments from absolute sucrose values per se. 
Comparisons of sucrose levels, as determined densitometri- 
cally do not agree with total CEO levels or susceptibility.

Bioassay of Root Extracts. The data in Tables 23,
24, and 25 indicated that the total mycelial growth and 
conidial germination was almost identical on all media 
regardless of the source of the root extract or pE of the 
medium, which in most cases approximated 6.0.

Growth of mycelium of Verticilljum albo-atrum was 
slightly higher on water agar with no added root extract 
but this amounted to only 2.3 mm or less in total growth.
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Table ,20. Relative sucrose concentrations in root extracts 

of two cotton varieties harvested at various 
physiologic ages. '

Physiologic 
ages of plants 
when harvested

Integrator
.....B"DSL0

countsa 
PS-2b

Trial 1 1 leaf 75 100
4 leaf 230 540
6 leaf 200 420
square 140 270
flower 180 550

eLCarbohydrates present in root extracts were 
separated by paper chromatography after which the portions 
of the chrornatograms containing sucrose were run through a 
recording densitometer. The number of integrator counts is 
directly proportional to the sucrose concentration.

hDSL = Deltapine Smooth Leaf; PS-2 = Pima S-2.
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Table 21. Relative sucrose concentrations in root extracts 

of two cotton varieties defoliated to various 
levels before harvest.

Number of basal 
leaves removed 
before harvest^

Integrator countsa
DSL° PS-2°

Trial 1 0 (control) 240 125
2 560 650
3 690 330

"  6 470 560

^Carbohydrates present in root extracts were 
separated by paper chromatography after which the portions 
of the chromatograms containing sucrose were run through a 
recording densitometer 6 The number of integrator counts is 
directly proportional to the sucrose concentration.

As the plants developed to the 6-leaf-stage, the 
number of leaves indicated were removed as they developed. 
When the sixth leaf was removed from the appropriate plants, 
all plants were harvested.

CDSL = Deltapine Smooth Leaf; PS-2 = Pima S-2.
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Table 22. Relative sucrose concentrations in root extracts 

of two cotton varieties exposed to various soil 
temperatures for: 2 weeks before harvest.

Integrator countsa
Soil h     c

temperature C DSL PS-2

Trial 1 15 294 120
20 330 224
25 175 195
30 122 190
35 140 200

Trial 3 20 205 560
30 110 480

aCarbohydrates present in root extracts were 
separated by paper chromatography after which portions of 
the chromatograms containing sucrose were run through a 
recording densitometer. The number of integrator counts is 
directly proportional to the sucrose concentration.

^Plants were grown to the 1-leaf-stage in the 
greenhouse after which they were put in water baths at one 
of the indicated temperatures. Two weeks later they were 
removed from the baths and harvested. At the time of 
harvest plants were in the 3-leaf-stage.

CDSL - Deltapine Smooth Leaf; PS-2 = Pima S-2.



Table 23. Growth of and germination of conidia of V. albo-atrum on agar
containing root extracts from non-inoculated cotton plants of two 
varieties at various physiologic ages.

Physiologic age o f . 
plants from which 
root extract was 

obtained

Bioassay3"

pH of 
medium

b. Mycelial growth Conidia! germination^
Trial DSLd PS-2d DSL ’PS-2 ;

1 1 leaf 5.7 56.0+0.43e 56.3+0.43 94.6+1.53 93.0+2.6
4 leaf 6.0 56.3+0.43 56.6+0;46 93.6+4.2 94.6+1.5
6 leaf 6.0 56.0+0.00 56.3+0.43 93.3+3.1 93.7+2.4
square 5.7 56.3+0.43 56.0+0.00 94.3+3.7 93.3+3.1
flower 6.0 56.6+0.46 56.0+0.00 93.7+2.4 95.6+4.4

2 1 leaf 5.5 56.3+0.43 56.0+0.00 93.3+3.1 94.6+1.5
4 leaf . 6.0 ‘ 56.3+0.43 56.3+0.43 92.3+1.7 93.3+1.7

. 6. leaf 5.5 56.0+0.00 56.3+0.43 95.6+4.4 92.3+1.7
square 6.0 56.3+0.43 56.3+0.43 93,0+2.6 94.6+1.5
flower 6.0 56.0+0.00 56.0+0.00 94.6+1.5 95.6+4.4

water agar control 6.5 58.3+0.43 93. 0+2.6

Each value represents the average of three replicate Petri plates. 
Diameter of colonies in mm after 15 days incubation at 25 C in the dark.

'C. Per cent of 100 conidia counted which germinated after 18 hr incubation 
at 25 C in the dark.0 . .. ' . ' ■ - . • ' ' y .

^DSL = DeItapine Smooth Leaf; PS-2 = Pima S-2.
' •• e  .No statistically significant differences.existed among the data for a 
given variety. -



Table 24. Growth of and germination of conidia of V. albo-atrum on agar
containing root extracts from two varieties of non-inoculated cotton 
plants which were defoliated to various degrees as they developed to 
the 6-leaf-stage. " .

T) * cLBioassay
Number of leaves 

successively 
removed

pH of 
medium

bMycelial growth Conidial germination0
Trial DSLd

~oCM1COcu DSL PS-2
1, 0 6.0 .56.6+0.46e 56.0+0.00 94.6+1.5® 92.3+1.7

2 6.0 56.0+0.00 56.0+0.00 93.7+2.4 93.3+3.1
3 6.0 56.3+0.43 56,6+0.46 95.6+4.4 92.3+1.7
6 6.0 56.0+0.00 56.0+0;00 92.3+1.7 9 5.6+4.4

2 0 6.0 56.0+0.00 56.3+0.43 92.3+1.7 93.0+2.6
2 6.0 56.6+0.46 56.3+0.43 94.6+1.5 93.3+3,1
3 6.0 56.0+0.00 56.0+0.00 93.3+3.1 94.3+3.7
6 6.0 56.3+0.43 56.0+0.00 95.6+4.4 93.3+1.7

water agar control 6 .5 58.3+0.43 93. 0+2.6

Each value represents the average of three replicate Petri plates.
. b  ' .Diameter of colonies in mm after 15 days incubation at 25 C in the dark.
cPer cent of 100 conidia counted which germinated after 18 hr incubation 

at 25 C in the dark.

^DSL = Deltapine Smooth Leaf; PS-2 - Pima S-2. - r
eNo statistically significant differences existed among the data for a 

given variety.



Table 25. Growth of and germination of conidia of V. albo-atrum on agar
containing root extracts from non-inoculated cotton plants of two 
varieties grown at various soil temperatures for 2 weeks before 
harvest,

Bioass aya

Soil 
temperature, C

pH of 
medium

Mycelial growth Conidial ge rminationc
Trial DSLd PS - 2d DSL PS-2

1 15 6.0 56.3+0.43e 56.0+0.00 92.3+1.7e 93.3+3.1
20 6.0 56.0+0.00 56.3+0,43 94.6+1.5 93.7+2.4
25 6.0 - 56.0+0.00 56.3+0.43 : 93.6+4.2 95.6+4.4
30 6.2 . 56.0+0.00 56.0+0,00 93.0+2.6 94.6+1.5
35 6.0 56.6+0.46 56.0+0.00 92.3+1.7 95.6+4.4

3 20 . : 6.2 56.3+0.43 56.6+0.46 .94.6+1.5 93.0+2.6

: 30 6.0 56.0+0.00 56.6+0.46 95.6+4.4 93.0+2.6
water agar control 6.5 58.3+0.43 93. 0+2.6

aEach value represents the average of three replicate Petri plates.
^Diameter of colonie s in mm after 15 days incubation at 25 C in. the dark.
cPer cent of 100 conidia counted which, germinated after 18 hr incubation 

at 25 C in the dark. -
^DSL = Deltapine Smooth Leaf; PS-2 = Pima S-2.

No statistically significant differences existed among the data for a 
given variety. 86
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The Effect of Dark Treatments on the Carbohydrate 

Content of Cotton. Roots: and the 
Susceptibillty of Cotton 
Plants to VcrticiIlium 

aTbo-atrum
The results of previous experiments indicate that 

the CEO level in the roots of a cotton plant may be an 
important factor in the susceptibility of the plant to 
V . albo-atrum. This experiment was done to determine 
whether cotton plants kept in darkness for varying lengths 
of time differ in their susceptibility to the fungus and 
in the amount of CEO present in the roots. -

Procedures
Forty-two pots were planted to DSL and PS-2 cotton 

in the greenhouse; after germination the seedlings were 
thinned to four uniform plants per pot. Once the plants 
formed the third leaf 14 pots of each variety were set aside 
as controls while the remaining plants were dark treated.

A wooden frame 1 m high, 1.5 m wide, and 2 m  long 
was covered with a layer of black polyethylene film, placed 
on a greenhouse bench, and used as a dark chamber. The 
ends of the chamber were left partially uncovered to 
facilitate air movement. Fourteen pots of each variety 
were placed in the dark chamber and left for 2 days after . 
which the remaining pots were also placed in the dark..
Two days later all plants were removed from the chamber.
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The plants in eight pots from each group (both 
control and dark-treated) were inoculated by soil infesta
tion , whereas three pots were left as non-inoculated 
controls; plants from the remaining pots were dried for 
chemical extraction.

Results
After 2 days in darkness plants of both varieties 

were somewhat chlorotic but later recovered. However, 
plants kept in the dark for 4 days became very chlorotic 
and remained stunted throughout the experiment.

Both susceptibility to V . albo-atrum and CHO 
levels showed similar trends for both varieties; the levels 
of both also were inversely proportional to the length of 
time which the plants were kept in the dark before inocu
lation (Table 26; Fig. 9).

The CHO contents of the roots of both varieties 
were very similar, but PS-2 plants were generally less 
susceptible than DSL plants. Non-inoculated control plants 
remained healthy,

The Effect of Sucrose Concentration on the Growth 
°£ Mycelium of Verticillium~a'lbo-atrum "

When standard solutions of D-xylose, D-ribose, L- 
arabinose, D-mannose, D-maltose, D-fructose, D-glucose, and 
sucrose were spotted and developed parallel to root extracts 
on paper chromatograms, sprayed chromatograms revealed the



Table 26. The effect of dark treatments on the carbohydrate content of non-
inoculated cotton roots and the susceptibility of two cotton varieties 
to V. albo-atrum.

Number of y 
days in dark

Per cent plants infecteda
Carbohydrate, 

dry weight of
mg per g 
root tissue

DSLC PS-2° DSL PS-2
0 84.3 65.6 188 200
2 65.6 56.2 168 174
4 37.5 31.2 80 84

aEach treatment consisted pf eight pots, each with four plants.
i • •
Plants were left in the dark at greenhouse temperature for 0, 2, or 4 

days and then were either inoculated by soil infestation or dried for chemical 
extraction.

DSL = Deltapine Smooth Leaf; PS-2 = Pima S-2.

00>0
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Fig. 9. Carbohydrate content of cotton roots and the 
susceptibility to V. albo-atrum of two cotton 
varieties exposed to darkness For varying 
lengths of time before inoculation. (A) Delta- 
pine Smooth Leaf. (B) Pima S-2. Four plants, 
in each of eight pots were inoculated for each 
treatment.
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presence of the latter three sugars in all extracts tested. 
However, only the concentrations of sucrose visually 
appeared to differ greatly. The following experiment was 
performed to test the effect of varying sucrose concentra
tions on the mycelial growth of V. albo-atrum.

Procedures
To each of five 125 ml erlenmeyer flasks was added 

1 g of agar (Difco Laboratories) and the proper weight of 
sucrose (J . T. Baker Chemical Co.) to give a final concen
tration of 0, 10, 50, 100, or 250 mg/ml of sucrose per 
50 ml of medium. Enough boiling DDW was added to each 
flask to make a final volume of 50 ml; the flasks were 
plugged with cotton and autoelaved for 20 min at 121 C and 
15 lb pressure. The media were allowed to cool to about 
45 C after autoelaving and then poured into Petri dishes.

Each of three Petri dishes was seeded with a 5-mm- 
diameter plug from a Czapek's agar plate overgrown with 
V. albo-atrum isolate X-2 for each medium to be tested. 
Inoculated plates were incubated in the -dark at 25 Ci The 
diameter of each colony was measured and recorded 8 days 
and 16 days after the plates were seeded.

Results
VerticiIlium albo-atrum grew well on agar contain

ing 10, 50, or 100 mg/ml of sucrose but growth was somewhat 
reduced where no sucrose was added (Table 27), whereas
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Table 27. Growth of mycelium of V. albo-atrum on agar 

plates containing varying concentrations of 
sucrose.

Sucrose ^ 
concentration, mg/ml

Mycelial growth, mma
8 days 16 days

Contro1 25.3+0.9 a° 52.7+0.9 ac
10 26.3+0.4 a 57.0+0.0 b
50 27.7+0.4 a 57.0+0.0 b

100 27.7+0.4 a 57.3+0.4 b
250 12.7+0.9 b 27.0+0.0 c

Average diameter of colonies on three replicate 
plates incubated at 25 C in the dark.

r
Each medium consisted of 2% water agar plus 

sucrose at the designated concentration. Control medium 
consisted of 2% water agar alone.

oMeans in this column not followed by the same 
letter differ significantly at the 5% level.
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mycelial growth was reduced by 50% or more on agar contain
ing 250 mg/ml sucrose.

The Influence of Temperature on Cotton Root 
Exudates and Their Effect on the ~

Germination of Gonidia of 
VerticiIlium albo-atrum •

In experiments reported earlier, pre-inoculation
soil temperatures were shown to have an influence on the.
subsequent susceptibility of cotton plants root inoculated
with V . albo-atrum. In the present work, studies have been.
made on the chemical makeup of root tissue extracts and
their influence on VerticiIlium mycelial growth and
conidial germination. Comparative studies have been made
in the past on the amino acid composition of root exudates
from resistant and susceptible cotton plants and the
influence these exudates have on the germination of conidia
of Verticillium (28) and pectolytic enzyme activity (13).
However, no studies are known which consider the effect of
root temperature on the quantity and quality of root
exudates.

Procedures
: . Cotton seedlings were grown in sterile nutrient
solution at two different root temperatures in the follow
ing experiments. The root exudates were then concentrated 
and, bioassayed for the effect on V. albo-atrum conidia.
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Fifty seeds each of DSL and PS-2 cotton were soaked 

for 30 min in separate beakers containing 50 ml each of an 
aqueous solution consisting of 20% ethanol (v/v) and 10% 
clorox (v/v; this mixture was found by the author to be a 
Simple but effective method for surface sterilizing cotton 
seeds). With a flamed forceps, 25 seeds were evenly dis- 
tribured on 1% water agar contained in each of four, 15 cm 
sterile, glass Petri dishes > The seeds were incubated in 
the dark at 30 C for 48 hr at which time the radicles were 
from 6.0-8.0 cm long.

The root exudate collection apparatus shown in 
Fig. 10 was prepared for use one day after the seeds were 
placed in the incubator. One apparatus was prepared for 
each cotton variety and root temperature to be used in the 
experiment, which was done twice.

The mouth of a 500 ml erlenmeyer flask, containing 
250 ml of DDW, was plugged with cotton. Then, seven 
equidistant holes, 5 mm in diameter, were drilled in a #26 
cork, stopper. Six of these holes were plugged with cotton. 
A piece of 5 mm outer diameter glass tubing was forced 
sufficiently far through the seventh hole that when the 
cork was pushed into the flask mouth the end of the tube 
came within 1.0-2.0 cm of the bottom. The upper end of 
the glass tube was fitted with a 40 cm-long piece of 
plastic tubing connected to a Swinney filter holder, con
taining a 0.45 \i filter (Millipore filter Co.). The filter
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Fig. 10. Apparatus used to aseptically grow cotton roots 
and collect root exudates.
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holder was also connected to a vibrating type, electric air: 
pump and used to aseptically acreate the nutrient solution 
contained in the flask. The cork, tubing,. and filter were 
wrapped in aluminum foil and autoclaved along with the 
flasks of DDW for 30 mih at 121 C and 15 lb pressure.

Four 250 ml volumes of Shrive's and Robbins' 
nutrient solution (59) were filter-sterilized separately 
through an autoclave-sterilized Millipore filter holder 
fitted with a 0.22 p filter.

After the flasks of DDW cooled to room temperature, 
250 ml of the sterile nutrient solution were aseptically 
added to each flask, which was then fitted with a sterile 
cork plus aeration apparatus.

The cotton plugs were removed from five holes in 
each cork under aseptic conditions. Cotton seedlings were 
removed with flamed forceps from the agar and placed two 
to a hole such that their radicles were immersed in the 
nutrient solution; a small wad of sterile cotton was 
subsequently pushed into the hole next to the stems, thus 
holding the seedlings firmly in place. Additional SDW was 
aseptically added, when necessary, through the remaining 
hole with the use of a sterile, 10 ml syringe.

The flasks, each holding 10 seedlings of a given 
cotton variety, were wrapped in aluminum foil and continu
ously left under a fluorescent light (General Electric, 
cool white, 15 watt; located 12.5 cm above the cotton
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seedlings) at laboratory temperatures; each flask was 
aerated for 2 hr each day. During this time large numbers 
of secondary roots developed.

After 10 days (plants were at the cotyledon stage) 
flasks were transferred to a growth chamber containing a 
constant temperature water bath as described earlier 
(p. 51). The controls were set for 12 hr light-dark cycles 
with a: light intensity of 3,500 ft-c and a constant air 
temperature of 30 C. The temperature of the water bath was 
set for 20 C. For each of the two cotton varieties, one 
flask was set in the water bath so that the mouth of the 
flask was about 2 cm above the water level, and the second 
flask was left outside the bath and exposed only to the 
30 C air temperature. The solution in each flask was 
aerated for 2 hr each day and SDW was added when necessary 
to keep the nutrient level about 1.5 cm be low the bottom of 
the cork. The flasks containing plants in the 1-leaf-stage 
were returned to the laboratory 10 days later. From each 
flask 0.25 ml of liquid was aseptically r e m o v e d s  treaked 
on a potato dextrose agar (PDA) plate and incubated at 
laboratory temperature for 4 days. These plates were 
observed daily for microbial growth; corresponding solu
tions which proved to be contaminated were discarded. The 
remaining liquid from each flask was filter-sterilized 
through an autoclave-sterilized Millipore filter holder 
fitted with a 0.22 p filter, and then reduced in vacuo at
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30 C to a dry powder.. This was taken up in 3.0 ml of 50% 
ethanol and stored in vials at 2 C.

Bioassay of Conidia of V. albo-atrum. Root exudate 
solutions from both experiments were tested for their 
effect on the germination of the conidia of V . albo-atrum. 
Spore suspensions were prepared as for the bioassay of

A
cotton root extracts, but adjusted to 10 conidia/ml.

' One hundred ml of the nutrient solution described 
by Lewis and. Papavizas (72) for V. albo-atrum conidia1 
germination was prepared, the pH adjusted to 6.0, and then 
filter-sterilized through an autoclave-sterilized Millipore 
filter holder, fitted with a 0.22 p filter. Next, 0.7 ml 
of the nutrient solution was mixed with 0.2 ml of the 
conidial suspension and 0.1 ml of a concentrated root 
exudate. Controls were prepared by adding either 0.1 ml 
of SDW or 0.1 ml of 50% ethanol in place of the exudate.

For each mixture to be tested, one microscope slide 
(75 x 25 mm) was washed in water, rinsed thoroughly in DDW, 
finally rinsed in 95% ethanol, and allowed to air-dry. A. 
sterile, 1 ml pipette was used to place three drops of a 
test mixture at each end of a slide, and a cover slip was 
put on each sample of liquid. After 24 hr in the dark in 
a moist chamber at 25 C conidia were stained with cotton 
blue (0.1% cotton blue in lactophenol); the percentage 
germinated (germ tube was at least twice the length of the 
conidium) was determined for 200 spores at each position
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(two on each slide) and separately recorded as Trials 1 and 
2 (Table. 28) .

Results .
Bioassay of Exudates. Except for one of the 

DSL 30 C exudates, all of those tested inhibited conidial 
germination to some extent beyond the 6.8% inhibition 
caused by the ethanol control. However,_ the PS-2 30 C 
exudate caused almost a 50% reduction in germination 
(significantly different at the 5% level from all other 
solutions tested), while comparable DSL exudate caused 
little or no inhibition. Results for both varieties at 
20 C were quite similar and showed about 7.0% to 8.0% 
inhibition.



Table 28. Effect of cotton root exudates on the germination, of V. albo-atrnm 
conidia.

Per cent germination
Experiment 1° Experiment 2

bTest solution Trial 1 Trial 2 Trial 1 Trial 2 Composite average
DSLd 20 C 49.5 49.0 48.5 48.5 48.8+0.3 ae
DSL 30 C 53.0 54.0 59.0 58.0 56.0+2.5 ab
PS-2d 20 C 44.5 43.5 51.0 49.5 47.1+3.1 a
PS-2 30 C 28.0 29.0 33.0 33.0 ■ 30.7+2.2 c
Sterile water control 62.0 63.0 62.5+0.5 b
50% ethanol control 55.0 56.5 55.7+0.7 ab

QPer cent of conidia which germinated of 200 counted after 24 hr incuba-. 
tion at 25 C in the dark.

bA mixture was made consisting of 0.7 ml of sterile nutrient solution,
0.2 ml of a V. albo-atrum conidia! suspension (10^ conidia/ml), and 0.1 ml of 
concentrated root exudate or in the case of controls, sterile water or 50% 
ethanol. Root exudates were obtained by growing cotton seedlings aseptically in . 
nutrient solution at 20 or 30 C in a growth chamber and reducing the liquid, in 
vacuo to a dry powder which was resuspended in 3,0 ml of 50% ethanol.

Each experiment represents a different root exudate solution and consists 
of one slide on which two separate trials were run for the same test mixture.

dDSL = Deltapine Smooth Leaf; PS-2 = Pima S-2.
eMeans not followed by the same letter differ significantly at the 5%

level.



DISCUSSION

Most or all of the plants in many of these tests ' 
became infected after needle inoculation of the stems (a 
method which bypasses the root system) with a V. albo-atrum 
conidial suspension, regardless of the cotton variety or 
pre-inoculation treatment. This suggests that the inoculum 
concentration used (about 10 conidia/ml) could have been 
too great for perhaps subtle resistance mechanisms located 
in the stems; the findings of others (9, 15) support this 
idea. These data, plus that of others (45, 46, 101) which 
suggest that resistance to VerticiIlium is located in the 
roots, prompts a restriction of this discussion to the 
results of soil infestation tests. It should be noted that 
in the data presented various trends and associations seem 
apparent; frequently though, the few degrees of freedom 
involved and the variances that occurred, were such that 
significant statistical relations, as such, could hot be 
derived.

Horsfall and Dimond (57) have suggested that infec
tion by VerticiIlium sp. is favored by high CHO levels in 
host tissues. The results of several tests presented here 
would confirm their judgment. Inoculation of DSL and PS-2 
cotton plants of various physiologic ages indicated that at 
greenhouse temperatures both varieties varied in

101
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susceptibility with physiologic age. Few plants of both 
varieties became infected when in the 1-leaf-stage; these 
plants contain low amounts of CEO, many more, were infected 
in the 4-leaf and 6-leaf stages and correspondingly, they . 
contained greater amounts of CHO. Extrapolation of these 
data (Fig. 6) would certainly suggest that newly emerged 
seedlings should be the most resistant to VerticiIlium.
This would confirm the observations of Erwin (39) that non
wounded seedlings up to 7-days~oId are quite resistant to 
the fungus. Low CHO levels could be a factor in effecting 
such tolerance. Before cotton seedlings ernerge (3-5 days 
after planting; personal observation by the author), they 
.are in darkness and thus incapable of photosynthesis. The 
large quantities of oil and starch present in the embryo 
are used as a CHO source during this time (31). The CHO 
content in seedlings continues to decrease for a brief 
period after emergence because of their low photosynthetic 
capability and the high rate of carbohydratti utilization in 
the rapidly growing tissues (67).

Roberts (94) showed that defoliation of tomato 
decreased the susceptibility to Verticillium. Although he 
made no determinations of related CHO levels, the present 
studies do show associated changes in CHO as does the work 
of Eaton and Rigler (35). These workers, in addition, 
found that shading of cotton plants reduced CHO. The data 
reported here confirm this effect of shading and, again,
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indicates, a parallel response in susceptibility to 
VerticiIlium. Recent studies have, shown that low root , 
temperatures (10 or 15. C) caused a rapid increase in CHO 
levels in the hypocotyIs and roots of G. hirsutum plants 
16 (49) and 28 (58) days old. Carbohydrates were high in 
roots exposed to 20 or 25 C (depending upon the variety) 
temperatures; a greater percentage of these plants were 
infected by V. albo-atrum.

Guinn and Hunter (49) have shown that changes in 
cotton root CHO levels are due almost entirely to changes 
in the quantity of sucrose; glucose and fructose concentra
tions remain fairly Constant.

The present study confirms these observations. 
Glucose, fructose, and sucrose were present in extracts 
from roots but only the concentrations of sucrose visibly 
varied greatly with treatments. Unfortunately, the den- 
sitometrie technique used to determine the relative sucrose 
concentrations yielded data which were extremely variable. 
These, often appeared unrelated to data for the total 
soluble CHO content of the same root tissue, as determined 
by the colorimetric technique.

All root extracts were chromatogrammed at the same 
time but those relating to a given experiment may not have 
been analyzed on the same sheet of paper. Thus, errors may 
have arisen due to variations in paper density and to the 
amount of spray reagent applied to each paper. The portion
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of a paper chromatogram containing the sucrose spots from 
all of the extracts applied to that paper was cut out as a 
single strip (at right angles to the line of solvent move
ment). All spots may not have been precisely in the center 
When run through the densitometer, resulting in integrator 
counts nonrepresentative of the densest portion of each 
spot. The elution-colorimetric technique used by Guinn and 
Hunter (49) to quantitatively estimate the concentrations 
of individual sugars in cotton root extracts would probably 
have yielded better results.

Sucrose has been shown to be the major form of GHO 
translocated from leaves to roots in cotton plants (76). 
This evidence, the observed differences in the concentra
tions of sucrose reported by Guinn and Hunter (49), and the 
variability in intensity of sucrose spots on chromatograms 
in the present study suggest that changes in the total 
soluble root GHO levels in the present study were due 
mainly to differences in the quantities of sucrose present 
in the extracts.

Sucrose has been reported to be a good carbon 
source for the growth of V. albo-atrum (18). This was 
confirmed for concentrations up to 100 mg/ml. The large 
reduction in colony diameters at 250 mg/ml may have been 
due to the formation of toxic metabolic products, lowered 
pH, osmotic pressure changes, or a combination of these 
(21). The growth of mycelium and germination of conidia of
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V . albo-atrum were not differently influenced by cotton 
root extracts mixed with water agar, regardless of the 
concentration of carbohydrates shown to be contained in the 
extracts. This lack of response to the various extracts 
may have been due to their 100-fold dilution in the prepa
ration of the test media,

Fusarium oxysporum f , lycopersici (26, 115) and 
VerticlTlium albo-atrum (25, 61) produce pectic enzymes, 
frequently important in plant disease development (7). 
Sugars have been shown to influence the in vitro production 
of such enzymes apart from their influence on the nutrition 
of fungi. .

The in vitro secretion of polygalacturonase (PG) 
by V. albo-atrum on a 1% polypectate medium was shown to 
be increased 2-4 times by the addition of 0.1 M glucose, 
sucrose, or certain other sugars to the medium (86). Con
versely, the addition of 0.05 M glucose or certain other 
sugars to a 1% pectin medium resulted in large reductions 
in PG secretion by F . oxysporum f . lycopersicl, and the 
introduction of such sugars into tomato plants already 
infected by this fungus resulted in a reduction of symptoms 
(85, 89). The synthesis of P G b y  F . oxysporum f . 
lycopersici was enhanced, however, when lower (0.03 M) 
sugar concentrations were added (89). Keen and Horton 
(62) found that the optimum sugar concentration required
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for the repression of PG synthesis is dependent on the 
concentration of pectin in the medium.

It appears that PG production by this fungus is 
favored by a low sugar concentration since the same pectin 
concentrations (0.1%) were used in the studies on Fusarium 
(85, 89). Contrarily, PG production by V. albo-atrum 
appears to be favored by a high sugar concentration. This 
difference may explain why Fusarium and VerticiIlium are 
favored by high and low host sugar contents, respectively 
(57), if the same reactions occur in root tissues. Related 
evidence for V. albo-atrum has been reported by Selman and 
Buckley (107); they found that the invasion by V. albo- 
atrum into young tomato roots, growing in sterile nutrient 
solution, was enhanced as sucrose concentrations in the 
medium were inereased.

Garber and Houston (45) have described in detail 
the penetration of V. albo-atrum into the vascular systems 
of 1-day-old susceptible and resistant cotton seedlings. 
They found that VerticiIlium could penetrate the roots of 
both seedling types with equal facility. After the initial 
intra- and intercellular penetration of the epidermis, 
hyphal advan cement towards the vascular sys tern was impeded 
by dense layers of parenchyma cells in the cortex and 
finally by thick-walled endodermal colls, which only a few 
hyphae penetrated. They further determined that the 
development of the fungus past these barriers depended on
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the number of hyphae (inoculum potential) produced at the 
infection site. A dense hyphal mass was necessary to 
effect a general cell breakdown in the cortex. Subse
quently , more vessels were invaded in the roots of 
susceptible than tolerant plants.

. The data reported in the present study do not 
differentiate the degree of susceptibility but only indi
cate whether or not a plant was infected. Many of these 
results suggest that PS-2 plants are as susceptible as DSL 
plants (which are considered to be the more susceptible) 
and in some instances are more susceptible, as was found 
in the physiologic age tests. However, it was consistently 
observed that infected DSL plants were often completely 
defoliated and killed, while such symptoms were only occa
sionally observed in the PS-2 plants. It is not known 
whether the reduced severity was related to a lesser degree 
of invasion, the formation of inhibiting compounds by the
host, an innate lessened sensitivity to the pathogen

■ ' " -
metabolites, or some combination of these.

Garber and Houston (46) suggested that resistance 
to VerticiIlium wilt in cotton was inherent in the xylem 
tissue (possibly the xylem parenchyma) rather than being 
restricted to the cortical cells. This idea is supported 
by Bell's report (8) that after infection with V. albo- 
atrum the formation of gossypol, a phenolic compound, 
occurred to such a degree in older cotton tissues that the
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concentration formed in the xylem was sufficient to 
completely inhibit mycelial growth and germination of 
conidia. The rate and quantity of gossypol produced was 
several times greater in Verticillium-resistant G . 
ba.rbadense plants than in Verticillium-susceptible G . 
hirsutum plants (9) . These differences may account for 
the general reduction in the susceptibility of PS-2 plants 
in the,flowering stage in the present study, and the 16- 
week-old wilt-tolerant Acala-4-42 plants as reported by 
Garber and Houston (46).

Babaev (3) reported that resistant cotton varieties 
inherently contained greater quantities of root tannins 
than did susceptible varieties. Others (4, 5, 9) found 
that more tannins occurred (as a result of infection by 
V . albo-atrum) in resistant than susceptible cotton plants. 
In the present study the quantities of tannin in root 
extracts of healthy DSL and PS-2 plants increased with the 
age of the plants; both varieties contained similar 
quantities of tannins in each stage of development.

The newly emerged cotton seedling appears to be the 
least susceptible to VerticiIlium, with susceptibility 
increasing through the 4-6-leaf stages. The factors which 
enhance root CHO levels during this period and which are 
not detrimental to VerticiIlium per s_e will also enhance 
infection. Soil temperatures would be particularly criti
cal here. In Marana, Arizona, cotton is planted in
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mid-April when soil temperatures are around 16 C (at a 
depth of 22.5 cm [108]). By late May or early June, by 
which time the plants have formed a few leaves, soil 
temperatures around 20 C (68 F ; the approximate temperature 
which favorably predisposed cotton plants to V . albo-atrum 
in the present studies) are not uncommon at a depth of 
22.5 cm (108). Quantitative measurements of root CHO 
levels at intervals after planting, when accompanied by a 
disease incidence survey, therefore, might reveal the 
interrelationship of temperature and these chemicals in 
influencing the susceptibility of cotton seedlings to such 
pathogens as: Rhizoctonia solani, Fusarium oxysporum f . 
vasinfectum, Pythium sp., Phymatotrichum omnivorum, and 
Thielaviopsis basicola (Berk. & Br . ) Ferr., as well as 
VerticiIlium.albo-atrum. Such studies might serve as a 
basis for the prediction of infection potential by these 
pathogens.

The basis for tolerance in the mature cotton plant 
is less clear.

PS-2 is at least as susceptible to Verticillium a s . 
DSL under proper conditions. Should plants escape infec
tion in the field (in contrast to, say, commingled DSL), 
those factors relating to "lateness" (slow maturation) 
should be examined in. terms of their influence on root CHO 
levels.
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PS-2 plants can be as susceptible to Veftic1Ilium 

wilt as DSL plants but symptoms are generally more 
moderate. However, it is not known if the findings and 
postulates of Garber and Houston (46) and Schnathorst 
et a l , (99, 101; with respect to the "tolerance mechanisms" 
in the G* hirsutum, Verticil!ium-to1erant Acala varieties) 
are applicable to PS-2 (a G. barbadense variety). Cer
tainly, a study of the roots of appropriately treated 
plants (of these several varieties) as substrates for PG 
synthesis by V. albo-atrum is warranted.

An examination of the influence of other pathogens 
on the quantity and quality of chemicals in cotton roots 
in terms of their susceptibility to- VerticiIlium seems 
critical. For example, Horsfall and Dimond (57) have 
postulated that because of the nature of the disease,
R. solani should reduce the susceptibility of plants to 
VerticiIlium by reducing OHO levels. Bean yellow mosaic 
Virus enhances Fusarium root rot (Fusarium solani f . sp. 
pisi Snyd. and Hans.) of peas apparently through increased 
leakage of amino acids (particularly from the roots [11]). 
Applications of the latter report are particularly relevant 
to Verticillium wilt of cotton in light of the effect of 
alanine in exudates from susceptible cotton varieties on 
this fungus (13).



.SUMMARY
i ■ -

Plants of the wiIt-tolerant Pima S-2 and the wilt- 
susceptible DeItapine Smooth Leaf cotton varieties varied 
in susceptibility to soil infestations of Vertici.Ilium 
al bo-at rum depending .upon their physiologic age.. Those in . 
the.one-leaf-stage were less susceptible than those in the 
four or six leaf, square, or flowering stages. An excep
tion was Pima S-2 plants which in the flowering stage were 
less susceptible than Pima. S-2 plants in the one-leaf- 
stage.

Equal or greater numbers of Pima S-2 plants became 
infected than comparable Deltapine plants in many of the 
studies reported here. However, external symptoms of 
disease were greatly reduced and often absent in the 
tolerant plants, as. compared to the more susceptible 
plants, though vascular discoloration was present in both 
varieties. ■

The continual removal of squares from, or treatment 
of plants with growth retarding chemicals, before inocula
tion of the roots, induced only slight differences in 
susceptibility between treated and non-treated plants of 
both varieties. However, the percentage of plants infected 
by V. albo-atrum was influenced by the removal of certain 
numbers of leaves, their exposure to various controlled
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air and/or soil temperatures, or their exposure to darkness 
prior to inoculation.

Quantitative determinations of tannins, amino 
acids, and carbohydrates present in extracts from various 
cotton roots repeatedly indicated that changes in carbo
hydrate levels most consistently paralleled changes in the 
percentages of plants infected by inoculation of roots. 
Visual inspections of spots on paper chromatograms indi
cated that sucrose concentrations varied more than those of 
other sugars but data from quantitative analyses were not 
consistent. Sucrose concentrations below 250 mg/ml in agar 
substrates did not appreciably affect growth rates of 
hyphae of V. albo-atrum. Regardless of variety or pre- 
treatment, root extracts in agar had slight effects on 
either the growth of hyphae or the germination of conidia 
of V. albo-atrum.

The germination of more conidia was inhibited by 
exudates from Pima S-2 roots grown at 30 C than by exudates 
either from Pima S-2 roots at 20 C or from roots of Delta- 
pine plants grown at either temperature.



APPENDIX A

TIME REQUIRED FOR THE DEVELOPMENT OF TWO VARIETIES 
OF COTTON PLANTS TO VARIOUS PHYSIOLOGIC 

AGES IN THE GREENHOUSE

Days after
Deltapine 

Smoo th Leaf

seeding 

Pima S-2 • Physiologic age

6 6 cotyledon
14 14 1 leaf
36 36 4 leaves
50 50 6 leaves
60 68 s quare
85 94 flower
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APPENDIX B

EFFECTS OF DEGREE OF DEFOLIATION ON THE GROWTH OF TWO 
COTTON VARIETIES PRIOR TO INOCULATION 

WITH V. ALBO-ATRUM
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EFFECTS OF DEGREE OF DEFOLIATION ON THE GROWTH OF TWO COTTON VARIETIES
PRIOR TO INOCULATION WITH V. ALBO-ATRUM

Number of basal 
leaves removed 

before inoculation^

Number of , 
leaves present Height, cm
DSLC PS-2° DSL PS-2

Experiment 1 0 (control) 10-12*d 8-9* , 57.5-60.0 62.5-67.5
1 8-9* 6-7* 42.5-47.5 45.0-50.0
2 5-6* 5-6 35.0-37.5 40.0-45.0
3 4-5* 4-5 30.0-35.0 37.5-40.0
4 2-3* 2-3 27.5-30.0 32.5-35.0
5 * 1-2 1-2 25.0-27.5 30.0-35.0
6 0 0 22.5-25.0 22,5-27.5

Experiment 2 0 (control) .10-12* 8-9* 80.0-85.0 80.0-85.0
Third leaf only 10-11* 7-8* 80.0-85.0 80.0-85.0

. First-third 1eaves 4-5 4-5 40.0-45.0 40.0-45.0

Experiment 1: As the plants grew to the 6-leaf-stage, the number of 
leaves indicated were removed as they were initiated. When the sixth leaf was 
removed from the appropriate plants, all plants were inoculated. Experiment 2? 
As the plants grew, the number of leaves indicated were removed as they were 
initiated. Twenty-two days after the third leaf was removed, the plants were 
inoculated.

At the time of inoculation, the number of basal leaves present above the 
node of the last leaf to be defoliated was recorded for each group of plants.

CDSL = Deltapine Smooth Leaf; PS-2 = Pima S-2.
d^Squares (flower buds) also present.
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