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Abstract
Background and Objectives
Verticillium wilt, caused by the soil-borne hemibiotrophic fungus Verticillium dahliae Kleb.,
is one of the most serious diseases affecting cotton production worldwide. The pathogen persists
in soil for prolonged periods as microsclerotia, penetrates host plants through the roots, and
colonizes the xylem vessels, resulting in vascular blockage, physiological dysfunction, and
significant yield losses. Despite the considerable economic importance of cotton, no cultivar
with complete and stable resistance to Verticillium wilt has been reported to date. Therefore,
understanding cultivar-specific responses at both agronomic and biochemical levels is essential
for identifying relatively resistant genotypes and developing effective disease management
strategies. Moreover, pathogen-host interactions can vary substantially depending on
environmental conditions and cultivar genetic backgrounds, underscoring the need to evaluate
multiple genotypes across diverse settings. This study aimed to (i) evaluate the susceptibility of
different cotton cultivars to Verticillium wilt, (ii) examine the effects of the disease on
agronomic traits and yield components, and (iii) investigate the biochemical defense
mechanisms associated with basal resistance.
Materials and Methods
The experiments were conducted under two distinct conditions: a naturally infected field site
and a greenhouse environment with artificial inoculation using V. dahliae. Field experiments
were conducted at the Karkandeh research station, a site with a long history of natural V. dahliae
infestation, providing a realistic setting for evaluating cultivar-specific responses to the
pathogen under natural disease pressure. Nine cotton cultivars were evaluated, including seven
imported cultivars, Erguven, Efe09, GW22-1361, GW22-1513, PM39, May509, and Ashor,
and two local cultivars used as reference controls, namely Varamin, susceptible, and Golestan,
moderately resistant. The disease index and incidence of Verticillium wilt were recorded and
evaluated throughout the growing season. In addition, agronomic traits, including plant height,
branch characteristics, boll number, boll weight, earliness, and vyield, were measured.
Biochemical analyses were conducted at multiple time points after inoculation to quantify total
protein content, phenolic compound accumulation, lignin deposition, and the activities of key
defense-related enzymes, including superoxide dismutase, guaiacol peroxidase, polyphenol
oxidase, and phenylalanine ammonia-lyase. Statistical analyses were performed to characterize
genotype-specific responses and to examine relationships among the disease index, agronomic
traits, and biochemical indicators.



Results

The results indicate that the soil population of V. dahliae progressively increased throughout
the growing season, confirming active pathogen-host interactions. Significant variation was
observed among the cotton cultivars in disease incidence, disease index, agronomic
performance, and biochemical responses. Among the cultivars tested, GW22-1513 showed a
significantly lower disease index and superior agronomic traits, and the fastest activation of
defense-related enzymes, accompanied by higher accumulation of phenolic compounds and
lignin deposition. Relatively resistant cultivars, such as GW22-1361 and Ashor, also showed
stronger biochemical defense responses than susceptible cultivars, although to a lesser degree
than GW22-1513. Trait relationship analyses revealed that rapid and efficient activation of
antioxidant and defense mechanisms was closely associated with a reduced disease index and
the maintenance of plant growth and yield. Furthermore, the findings indicate that specific
biochemical markers, particularly phenolic accumulation and lignin deposition, can serve as
reliable indicators of basal resistance and may help predict cultivar performance under pathogen
pressure.

Discussion

Resistance to Verticillium wilt in cotton is closely linked to the rapid induction of biochemical
defense mechanisms and the preservation of agronomic traits. Increased activities of
antioxidant and defense-related enzymes, together with greater lignification and phenolic
accumulation, appear to play a central role in limiting pathogen spread and reducing disease-
related damage. The superior performance of GW22-1513 suggests that this cultivar combines
favorable agronomic traits with strong defense responses, making it a promising candidate for
cultivation in Verticillium-infested areas. This study provides detailed insight into the
interactions between cotton cultivars and Verticillium wilt and offers valuable information for
breeding programs and the selection of resistant cultivars. Collectively, integrating agronomic
and biochemical assessments establishes a sound framework for identifying resistant cotton
cultivars and improving the sustainable management of Verticillium wilt.
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Table 1. Comparative analysis of agronomic traits of cotton cultivars under natural infection at Karkandeh research

station

Final Length of Length of
Cultivars E)r:rec:a?ﬁg;ee in Plant height (cm)  Earliness (%) monopodial sympodial 30 Boll weight ()

field branch (cm) branch (cm)
Erguven 88.5+0.8a 100.2+0.7e 82.7+00f 36.2+0.5d 21.2+05e 106.9+0.9f
Efe09 87.7+0.4ab 108.7+1.0a 84.0+0.0d 320+04f 24.7+0.2d 115.8+0.3d
GW22-1361 86.1+ 0.3 bed 103.5+ 0.9 bed 84.2+0.0b 43.0+ 0.4 bc 30.0+09a 112.7+0.4e
GW22-1513 86.9+0.7 abc 96.7+1.1f 84.6+0.0a 30.2+099¢g 255+03cd 1143+009de
PM39 85.8+09cd 103.0+ 0.9 cd 82.4+00¢g 342+05¢e 26.7+05b 1190+ 16¢c
May509 85.0+0.3de 101.5+1.2de 835+00¢e 43.5+0.3ab 25.2+05d 1257+0.2b
Ashor 85.6 + 0.7 cde 1060+1.1b 84.1+00¢c 420+04c 30.0+04a 1209+0.3c
Varamin 85.0+ 0.4 de 109.50+ 0.6 a 825+019¢g 445+0.3a 22.0+04e 1135+ 0.6 de
Golestan 84.0+04e 104.2+ 0.5 be 83.4+00¢e 42.7+0.5bc 27.2+0.2b 1333+13a
CcVv 1.36 1.79 0.05 2.58 3.70 1.46

branch branch plant picking (kg/ha)  picking (kg/ha)

(kg/ha)

Erguven 35+03ab 12.0+0.0d 152+02de 6515+29¢ 1365+0.6f 788.0%3.6¢g
Efe09 32+02b 11.7+0.2d 18.0+0.0c 760.0+0.4d 1447+0.2d 904.7+0.2d
GW22-1361 35+03ab 13.5+0.3c 175+0.3c 7515+1.0e 140.7+0.2e 8922%12e
GW?22-1513 42+02a 175+03a 20.7+04a 892.2+23a 161.7+0.2a 1054.0%25a
PM39 32+02b 11.0+04e 13.5+0.3¢g 675.0+1.4f 143.7+05d 8195+18f
May509 3.5+0.3ab 12.2+0.2d 145+ 0.3 ef 7965+15¢c 157.7+0.2b 9542+1.7c
Ashor 42+0.2a 16.2+0.2b 19.5+0.3b 864.2+3.2b 163.0+0.7a 1027.2+39b
Varamin 3.7+02ab 12.0+0.0d 13.7+0.2fg 643.5+0.9h 136.7+0.5f 780.2+1.2h
Golestan 32+02b 11.7+0.2d 15.7+0.2d 760.2+1.8d 151.1+04c 911.2+2.2d
Ccv 14.59 3.88 3.49 13.01 8.60 15.52
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Figure 1. Comparison of the disease index of different Verticillium dahliae isolates collected from initial (20

isolates O) and secondary (28 isolates O) soil samplings of the research farm on cotton seedlings of
Varamin cultivar. Symbols represent mean + standard error.
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Table 2. Effect of artificial inoculation with Verticillium dahliae on agronomic traits of cotton cultivars under
conditions greenhouse

Non-inoculated treatment (without pathogen)

ssb 4 &S ouSS oKl Sliiow 40 5 gllS

Cultivars . . Number of Shoot dry weight .
Seedling length (cm) Plant height (cm) monopodial branch @ Root dry weight (g)
Erguven 325+03e 55+03f 20+00b 0.870 +0.001 d 0.251 + 0.003 d
Efe09 36.2+02b 6.5+ 0.3 cde 22+02b 0.949+0.012 ¢ 0.287 +0.008
GW22-1361 447+02a 7.5+0.3ab 32+02a 1.172 +0.010 b 0.352 +0.004 b
GW22-1513 455+03a 8.0+04a 32+02a 1.221+0.012a 0.395 +0.001 a
PM39 36.5+0.3b 6.7 0.2 bed 22+02b 0.937+0.013 ¢ 0.272 +0.006
May509 34.0+0.4d 57+0.2ef 22+02b 0.872 +0.009 d 0.249 +0.010 d
Ashor 447+02a 7.2+0.2 abc 32+02a 1.180 +0.003 b 0.353+0.001 b
Varamin 352+05¢ 45+03g 20+00b 0.241 +0.009 e 0.118 + 0.006
Golestan 29.0+04f 6.2+ 0.2 def 1.7+02b 0.942 +0.001 ¢ 0.178 +0.002 e
cv 1.77 8.95 17.83 1.97 4.09
Inoculated treatment (Artificially inoculated with Verticillium dahliae) . .
_ NUmber of Field disease Reaction
Cultivars Seedling  Plant height mcL)Jr:T;pz[jic;I Shoot dry weight  Root dry weight SEVe"'(t;’ index type
length (cm) (cm) branch (@) @) (%0)
Erguven  262+05d  4.2+02¢ 12+02bc  0489+000lg  0.158+0.003d  24.1+05c  Susceptible
Efe09 307+05b 52+02c 17+02b  0541+0.002ef  0.183+0002c  167+06e Mr‘é‘s"gtztnet'y
GW22-1361 41.2+02a 7.0+0.04ab 27+02a 0.763+0.003c  0.235+0.007 b 89+05g Fii;?;'t‘éﬁ'ty
GW22-1513 41.7+02a 7.2%02a 3.0+00a 0.828+0.00l1a  0.267+0.002a 52+0.6h Fi;"l‘z't‘a"i'ty
PM39 312+02b  55+03c 12+02bc  0565+0006d  0.175+0003c  351+0.6b  Susceptible
May509  285+03c 45+03de  15+03bc  0533+£0007f  0162+0003d  18.3+0.2d Mrggf;rtgtr?t'y
Ashor 41.0+04a 65+03b 27+02a 0787+0.003b  0.238+0.002b  105+05f R;L"I‘z't‘éfl'ty
Varamin  29.0+04c  2.7+02f 1.0+00¢ 0.122+0003h  0.063+0.003f  452+05a  Susceptible
Golestan  245+03e 50+00cd  15+03bc  0549+0.002e  0.119+0.002e  18.2+0.6de Mrg‘s’ie:tztr?t'y
cVv 2.18 8.84 24.79 1.33 4.30 5.13 -
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Figure 4. Total protein content in seedlings of different cotton cultivars at various time points after
inoculation with VDYb76 isolate of the defoliating pathotype of Verticillium dahliae fungus. Data are

presented as mean * standard error, and the experiment was repeated twice with similar results.
Abbreviations used in the figure: healthy plant (control) - -— - and inoculated plant (infected) ——
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Figure 5. Superoxide dismutase activity in seedlings of different cotton cultivars at various time points after
inoculation with VDYb76 isolate of the defoliating pathotype of Verticillium dahliae fungus. Data are

presented as mean * standard error, and the experiment was repeated twice with similar results.
Abbreviations used in the figure: healthy plant (control) - - - and inoculated plant (infected) ———
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Figure 6. Guaiacol peroxidase activity in seedlings of different cotton cultivars at various time points after
inoculation with VDYb76 isolate of the defoliating pathotype of Verticillium dahliae fungus. Data are
presented as mean * standard error, and the experiment was repeated twice with similar results.
Abbreviations used in the figure: healthy plant (control) - - and inoculated plant (infected) —.—
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Figure 7. Polyphenol oxidase activity in seedlings of different cotton cultivars at various time points after
inoculation with VDYb76 isolate of the defoliating pathotype of Verticillium dahliae fungus. Data are

presented as mean * standard error, and the experiment was repeated twice with similar results.
Abbreviations used in the figure: healthy plant (control) - - - and inoculated plant (infected) —.
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Figure 8. Phenylalanine ammonia-lyase activity in seedlings of different cotton cultivars at various time
points after inoculation with VDYb76 isolate of the defoliating pathotype of Verticillium dahliae fungus.
Data are presented as mean + standard error, and the experiment was repeated twice with similar results.
Abbreviations used in the figure: healthy plant (control) - - - and inoculated plant (infected) ———
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Figure 9. Phenolic compound content in seedlings of different cotton cultivars at various time points after
inoculation with VDYb76 isolate of the defoliating pathotype of Verticillium dahliae fungus. Data are

presented as mean * standard error, and the experiment was repeated twice with similar results.
Abbreviations used in the figure: healthy plant (control) - - - and inoculated plant (infected)
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