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ABSTRACT 

Temperature has huge influence on niche expansion capability of Verticillium dahlia. Phenotypic differences 

were observed between defoliating (D) and non-defoliating (ND) of V. derhliae at 25oC, 28oC and 32oC. We 

conducted temperature stress response test on ten test (10) strains of V. dahliae consisting of five defoliating 

(HB-19, HB-10, HB-42, XJ28, XJ-36), five non-defoliating (D08047, D08165, XJ-14, XJ-02, XJ-63) pathotypes 

respectively. A 1.0µl of fungal spores was aseptically introduced into a PDA plate amended with kanamycin, 

data on radial growth were recorded at four days intervals for five times. Temperature had visible influence on 

mycelial growth of V. dahliae at all the temperatures tested, mean growth response decreases above and below 

25oC as optimum growth temperature followed by 20oc, then 28oC as third. At 28℃ treatment, D-strains recorded 

significantly higher growth (highest HB42 = 48.27mm) compared to ND-strains (highest D08165 = 42.33 mm). 

There is no significant variation in mean growth responses within the D-strains, but there is significant intragroup 

variation in the mean growth responses among the ND-strains at 28℃. While at 30℃ maximum mean growth 

among the D-strains was recorded by HB-19 (40.333mm), with XJ-36 (36.93mm), while among the ND-strains 

XJ-02 (26.93 mm) recorded highest mean growth. All the D-strains showed significantly higher temperature 

tolerance at 30℃ compared to ND-strains. PCR was conducted using Primer pairs specific for Defoliating, Non-

defoliating; Race 1, Race 2; and MATE-1-1-1, MATE-1-2-1 at C1000 Touch™ Thermocycler (BIORAD 2014-

2015) to determine the genotypes of the test strains. Amplified fragments were run on 1% gel in 1 X TAE buffer 

along with DNA marker iii ladders, viewed under UV light in molecular imager® Gel Doc™ XR imaging system 

(BIO-RAD Universal Hood ii) and photographed. Both 5 D-strains were confirmed to be the defoliating by the 

PCR, so also the 5 ND-strains as Non-defoliating strains. 

Keywords: Verticillium dahliae, Defoliating and Non-defoliating, temperature stress, Melanization, Niche 

expansion capability. 

INTRODUCTION 

Microbes are constantly faced with sudden environmental changes that sometimes end up compromising their 

survival and pathogenic ability. To summon stresses, microbes are constantly evolving various sensing 

mechanisms and signal transductions systems that promote their adaptation to new challenges through 

metabolism, cell cycle progress, membrane architecture, proteostasis, etc. (Requenna. et al., 2012). 

Temperature stress can have both positive and negative impacts, decreasing plant stress during the cold seasons 

and increasing plant stress during warm seasons (Walther et al., 2002; Ahuja et al., 2010). The increased 

temperature could also promote symptoms such as wilting, leaf folding, and changes in the synthesis of proteins, 
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enzymes, and other compounds, which could increase susceptibility to pathogens (Foden et al., 2008; Stillman, 

2009). 

MATERIALS AND METHODS 

Fungal Isolates, Media and Culture Conditions 

Ten test strains of Verticillium dahliae consisting of six defoliating (HB-19, HB-10, HB-42, XJ28, XJ-36) and 

six non-defoliating (D08047, D08165, XJ-14, XJ-02, XJ-63) pathotypes respectively, were used in this study. 

The isolates were supplied by the microbial culture library section of the laboratory of cotton disease, institute 

of food science and technology, maintained under the supervision of Prof. Dai Xiao-feng, Institute of Food 

Science and Technology (IFST), Chinese Academy of Agricultural Sciences. All isolates were first re-

activated, a single colony from each isolate was mass cultured on CM without antibiotic amendment, spores 

were preserved in 50% Glycerol, stored at -80℃ as back up.  

Reactivation of test isolates and spore production 

In order to study the in vitro growth response of ten test strains of V. dahliae under temperature stress, 

experimental isolates were first revived by plating on PDA amended with 10% v/v of kanamycin, and Amphicilin 

(400µm/400lm). Single colonies from above PDA cultures at 5-6 days post inoculation (PI) were then aseptically 

transferred and mass cultured in complete medium (C.M) in triplicates for each isolate, placed under shaker 

incubator at 25oC for four days. 

Evaluation of in vitro growth response of Verticillium dahliae 

A 1.0µl of the spores from (2.4.1) above was aseptically introduced into a PDA plate, amended with kanamycin. 

Sealed culture plates were then incubated at their respective temperature condition (15oC, 20oC, 25oC, 28oC 30oC 

and 32oC) with three replications for each isolate. Data on radial growth were recorded at four days intervals 

five times. Phenotypes were photographed at the end of the experiment using a CANON EOS 70D camera. 

The experiment was laid in a factorial design with the temperature and isolates as factors, and the Petri dishes 

as replication. Two way analysis of variance (ANOVA) was conducted using IBM SPSS Statistics v20-64 bit. 

Growing and maintaining of Stock culture 

All isolates used were single-colony purified and maintained as conidia suspensions at 28℃ in glycerol diluted 

by half strength with sterile dd water (50% glycerol vol/vol), deposited with the microbial culture collection 

section of this laboratory and could be retrieved new for on-demand. Cultures were grown on the following 

media for phenotyping and on CM for DNA isolation. 

Identification of Genotypes of the Test Strains: 

Fungal tissue for DNA extraction 

To provide fungal tissue for genotyping the test strains, a single colony of each test isolate was aseptically 

cultured in CM without antibiotic and incubated at 25℃ for five days under shaker incubation. Tissue was 

harvested under centrifuge at 12 rpm for 4 min, wrap up in Reynolds foil paper, lyophilized in liquid nitrogen to 

remove moisture and stored at -80℃.   

DNA extraction 

Total fungal DNA was extracted from each of the lyophilized tissue using TIANGEN DNA for plant kit 

following the manufacturer’s protocol.  
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Polymerase chain reaction (PCR) 

PCR was conducted using the Primer specific for the Defoliating, Non-defoliating; Race 1, Race 2; and MATE-

1-1-1, MATE-1-2-1 at C1000 Touch™ Thermocycler (BIORAD 2014-2015) under the following condition: 

A 25 µl PCR reaction mixture containing 12.5 µl of 2x EasyTaq® PCR SuperMix, 9.5 µl nuclease-free water, 

1.0 µl each of primer pair (F/R) and 1 µl of DNA template was prepared for each sample. The reaction conditions 

were initialization at 95℃ for 5min, followed by denaturation at 95℃ for 0:30 sec, annealing at 60℃ for 0:30 

sec., extension or elongation at 72℃ for 30sec, followed by final extension or elongation at 72℃ for 10:00 min 

and finally hold at 4℃ for 0:00 (∞) [GOTO 2, 30X; Lid at 105℃]. PCR reaction performed, as mentioned in 

(Table 1.0). 

Table 1. Components for Pcr Reaction 

Reaction component of the PCR 

Components Volume (µl) 

 (1X) 

2x EasyTaq® PCR Supermix 12.5 

Primer F (10µM) 1 

Primer R (10µM) 1 

DNA Template (30ng/µl) 1 

Nuclease free H2O 9.5 

Total Volume (µl) 25 

PCR conditions: 

94ºC-5 min 

94ºC-30 sec 

54ºC-30 sec 

72ºC-1 min 30 sec 

72ºC-10 min 

Amplified fragments were run on 1% gel in 1 X TAE buffer along with DNA marker iii ladders, viewed under 

UV light in molecular imager® Gel Doc™ XR imaging system (BIO-RAD Universal Hood ii) and 

photographed.  

Pathotypes specific primes used:  

1-DF (CATGTTGCTCTGTTGACTGG),  

1-DR (GACACGGTATCTTTGCTGAA), gives nearly 500bp, annealing temperatures of 60℃,  
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2-NDF (CAGGGGATACTGGTACGAGACG),  

2-NDR (ATGAGTATTGCCGATAAGAACA), gives 1500bp, are specific (Pérez-Artés, et al., 2000). 

Race-specific Primer pairs:  

1-VdAve1F (AAGGGGTCTTGCTAGGATGG)  

1-VdAve1R (TGAAACACTTGTCCTCTTGCT) gives approximately 900 bp, V. dahliae  race 1, (de Jonge, et 

al., 2012) 

2-VdR2F (ACTTAACGAAAGCATGCGC) 

2-VdR2R (CTTGACTTGCCGGCTCC), gives 260 bp, identified race 2 ( Short et al., 2014).  

Primer pair specific for Mating type:  

1-AlF3 (CGATCGCGATATCGGCAAGG),  

1-MAT1–1–1 R (CAGTCAGATCCAACCTGCTGGCC) about a 600-bp fragment of MAT1–1–2-HMG21F 

(CGGCCGCCCAATTCGTACATCC) (Inderbitzin, et al., 2011a, 2011b; Klosterman, et al., 2011; Short, et al., 

2014; Milgroom, et al., 2013)  

2-MAT-2-1R (CATGCCTTCCATGCCATTAGTAGCC), amplify approximately 300 bp fragment from 

MAT1–2–1 isolate as reported in (Usami et al. 2002, 2008; Klosterman, et al., 2011; Inderbitzin, et al., 2011a, 

2011b; Short, et al., 2014).  

Amplified fragments (14µl) were run on 1% agarose gel electrophoresis, viewed under UV light, and 

photographed using Molecular imager® Gel Dox (universal Hood ii) Biorad Lab. Inc, C.A.   

Phenotypes of the test strains: 

Phenotypes were grown on a PDA amended with 10% v/v ampicillin from spores grown in CM above, incubated 

at 25℃, and photographed after ten days using a camera (CANON EOS 70 D). 

RESULTS 

Phenotypes and Genotypes of the test isolates used in the study: 

Test strains of Verticillium dahliae culture from the library were kindly issued by the microbial culture library 

section of Prof. Dai Xiaofeng’s laboratory of cotton pathology, CAAS, for this study. They were first re-activated 

to get a single colony and spore produced on CM media from the single colony under the shaker incubator at 

25℃. Phenotypes of all the test strains were produced by inoculating 2µ spore on PDA plates and incubated at 

25oC for 12 days. Most of the defoliating phenotypes (D) start producing melanin as early as eight to ten days 

P.I under 25℃ growth condition. In comparison, non-defoliating pathotypes (ND) start melanization around 

thirteen to fourteen days P.I, under 25oC growth condition. All the phenotypes look truly V. dahliae, and no 

aerial mycelium observed in both groups (Figure 1a). 
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Figure 1. Phenotypes And Gel Bands Displaying Genotypes Of Study Isolates. A Shows Phenotypes Of The 

Test Isolates Used In The Study Confirmed, Where Up = Face Picture And Down = Bottom Picture Of The 

Culture Plate And B. Is Gel Bands Displaying Genotypes Of The Test Isolates Used In This Study With Gene 

Ruler (Name Of The Dna Ladder) At Left Y-Axis. 

We also determined the genotypes of all the test strains using PCR protocol, and primers pairs specific to each 

character were used to amplify the fragments as reported by (Inderbitzin et al., 2013) (Klosterman et al., 2011) 

and (Short et al., 2014). All the test isolates were analyzed for the detection of pathotypes, races and mating 

types by the specific PCR assay based on the presence of 500 bp (D pathotype), 1500 bp (ND pathotype), 900 

bp (race 1), 260 bp (race 2) and 600-bp  (MAT-1-1-1), 300 bp (MAT-1-2-1) amplicons. The first five strains 

were defoliating pathotypes (D), and other fives were non-defoliating pathotypes (ND), while all the ten strains 

were race type 2 (R-2). Likewise, all of them were mating types 2 (MAT-1-2-1), as shown in (Figure 1b).  
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Defoliating and Non-Defoliating isolates displayed similar growth pattern at 20oC and 25oC: 

The ability to grow at a certain temperature range is universal among plant pathogens. In Ascomycetes, the 

transition from a saprophyte or dormant resting structure into a plant pathogen is associated with global changes 

in gene expression that contribute to the pathogenesis. The temperature had a visible influence on mycelial 

growth of V. dahliae at all the temperatures tested, with overall decreasing growth responses in both directions 

from 25oC (i.e., above and below 25oC) as shown in (Table 2.0). Analysis of variance has revealed that the 

interaction between temperature treatment and Verticillium strain significantly influence the colony diameter (or 

mycelial growth) as shown with wide variation between D and ND in (Table 3).  

The mean growth response per isolates varies significant between D and ND, with all D-strains having 

significantly higher growth response compared to ND-strains. The highest grand growth response (overall 

performance) in the D-strains was recorded by XJ28 (41.96mma), while the highest in the ND-strains was 

D080165 (35.49mmc) as shown in (Table 2.0). There are intra strains variations in the responses of ND-group 

with D08165, and XJ-02 ranked as c; while XJ-63, XJ-14 both ranked as d, and D08047 ranked as e (Table 2.0). 

But little intra strains variation within the D–strains, with XJ28, HB-19; HB-42, and HB-10 strains having the 

highest growth, and both ranked as a, while XJ-36 was ranked b (Table 2.0). The overall performance of the test 

strains can be separated into six subsets base on homogeneity test, with all the three groups containing only ND-

strains. In contrast, the fourth and fifth groups are the D-strains, and the D-strains appeared to have significantly 

better overall performance compared to ND-strains. The better performance of the D-strains might be due to the 

extreme temperature conditions been more than the number of normal temperature conditions tested (Table 2.0). 

The cumulative performance of the test strains varied significantly among temperature stress, where the entire 

test strains have the highest mean growth at 25℃ (46.73mmA) followed by (44.42mmB). In contrast, 32℃ 

condition has the lowest mean growth (21.85mm F) as shown in (Table 3). 

A number of these changes are temperature-regulated and include the induction of virulence-related genes, 

examples is Cell wall genes (VdCYP1) reported in (Zhang, et al., 2016) and pectin lyase genes in (Chen et al., 

2016). Spadoni, et al. (2014) have reported a general decrease in expressions of two genes involved in fruits 

ripening (β-Gal, PL, PG & PME) in hot water treated fruits as compared to control after inoculation with 

Monilinia laxa. In contrast, expression levels of ROS scavenging genes and PA, CHI, HSP70, increased in hot 

water treated samples compared to untreated fruits after inoculation with Monilinia laxa. 

Table 2. Growth performance of each isolate throughout the experiment and the overall performance of all the 

isolates per temparature level. 

V. dahliae_Isolates Rankking Least Mean (mm) 

XJ28 A 41.96a 

HB-10 A 41.49a 

HB-19 A 41.16 a 

HB-42 A 40.69 a 

XJ-36 B 39.16 b 

D08165 C 35.49 c 

XJ-02 C 35.00 c 

XJ-63 D 33.13 d 

XJ-14 D 32.49 d 

D08047 E 31.32 e 

Pvalue  <.0001 

Std Error  =  0.350327 

Overall performance by temperature 

Level Ranking Mean (mm) 

   

25 A 46.73 

20 B 44.42 

28 C 42.96 
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15 D 36.05 

30 E 31.25 

32 F 21.85 

Pvalue  <.0001 

Std Error   =  0.271362 

 

 

Figure 2 Phenotypes of D and ND of V. dahliae with max and min growth at 20℃ and 25℃; A are phenotypes 

of D and ND-pathotypes showing their growth response to 20℃ Tm while B demonstrates the phenotypes of 

D and ND-pathotypes representing their growth response at 35℃. Where R1= replication 1; R2 = replication 2 

and R3 = replication 3; Up = face picture and Down = bottom picture of the culture plate/phenotype. 

 

Figure 3 Bar graph depicting mean mycelial growth responses of the ten test isolates at 20℃ and 25℃, Bar 

graph depicting mean mycelial growth whereas Tm = temperature; Y-axis represents growth response of V. 

dahlia, and X-axis represents isolates; 
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The result of this study indicated that Tm has a profound effect on the growth ability of the entire test isolates (5 

D-strains and 5 ND-strains). All the strains have significantly higher growth response at 25℃ temperature 

compared to all the rest of the condition tested in both D and ND-groups (Table 2.0). There is no significant 

difference in growth response between D and ND-strains at 20℃ and at 25℃ (Table 3.3 & Table 3.0; Figure 2 

and Figure 3). The highest growth response in D-strains at 20℃ was recorded by HB-10 (48.07mm), while the 

highest growth in ND-strains was recorded by D08165 (46.33mm). And the lowest is XJ-36 (42.93mm) in the 

D- strains, and XJ-63 (40.40mm) in the ND-strains (Table 3.0; Figure 2A and Figure 3a). While at 25oC XJ28 

(51.33mm) has the highest growth and XJ-36 (46.33mm) recorded the lowest growth among the D-strains, but 

in the ND-group D08165 (49.33mm) has the highest growth while D08047 (40.33mm) has the lowest growth 

(Table 3.0; Figure 2b; Figure 3b). Both D-group and ND-group phenotypes both produced dark grey colonies at 

21 days P.I with no aerial mycelium, and dark melanin appeared in the mycelial colony after 8-19 days on PDA 

medium (Figure 2). 

At 25oC XJ28 (51.33 mm) has the highest mean growth response in the D-strains and D080165 (49.33 mm) has 

the highest mean growth response, but generally, the mean growth responses pattern in the D-strains was not 

significant compared to ND-strains, and both recorded the highest growth responses at this Tm. In general, mean 

growth response decreases above and below 25oC, with a performance at 20oC showing its second-best optimum 

temperature followed by 28oC as third optimum temperature for both pathotypes’ strains as can be seen in (Table 

3.0). Both temperature, V. dahlia pathotypes, and the interaction of temperature and isolates had significant 

effects on the growth response, as shown above in (Table 3).  

Table 3. Interaction between temperature and V. dahliae isolates growth (mm) 

 Tm * Vd Interaction   

 Verticillium dahlia (Vd) Isolates 

Tm (oC) XJ28 XJ-36 HB-19 HB-10 HB-42 D08047 D08165 XJ-14 XJ-02 XJ-63 

15 39.13a 37.27c 37.73c 38.13b 36.67d 31.13g 34.47f 35.00e 35.40e 35.53e 

20 47.93a 42.93c 45.67d 48.07a 44.33b 44.53b 46.33d 41.13e 42.87c 40.40e 

25 51.33a 46.33d 49.07b 51.27a 48.13c 40.33h 49.33b 41.67g 45.40e 44.47f 

28 47.27b 44.93c 47.13b 47.60b 48.27a 34.93h 42.33d 37.13g 41.13e 38.87f 

30 39.00b 36.93c 40.33a 39.13b 39.47b 22.40e 22.80e 23.40ef 26.93d 22.07e 

32 28.40a 26.53c 27.00b 24.73d 27.27b 14.60g 17.67e 16.60f 18.27e 17.47e 

 

Std Error = + 0.858122 

The best growth pattern for both D-strains and ND-strains was at 25oC, while the lowest growth response for 

both D and ND-strains was at 32oC; Mean values falling within same letters range or carry the same are 

statistically insignificant at PValue<0.0001 

D-strains of V. dahliae are significantly more tolerant compared to ND-strains 

Defoliating pathotypes (D) and non-defoliating pathotypes (ND) were subjected to temperature stress, and after 

that, their growth response was evaluated. It was observed, that at 15oC, 28oC, 30oC and 32oC all the colonies 

from both D and ND were creamy white at the beginning but became packed, stunted and developed a varying 

degree of melanization (Figure 3.0 a, b, c, & d). D-pathotypes showed early melanin formation but halted at 

some point of growth. In contrast, melanization formation started latter in ND-pathotypes. Still, it progressed 

rapidly, covering more than half of the entire colony growth except for D08047, which seems to maintained 

creamy white colonies at all the temperature tested (Figure 3 a, b, b & b). No aerial mycelial growth was observed 

from both D-group and ND-group at all the Tm treatments. 

Generally, a similar trend in sensitivity to low temperature (15oC) (decrease in growth) was observed for both 

defoliation (D), and non-defoliation (ND) pathotypes, with inter, and some intragroup variations (Figure 3a; 

Table 3.0). The highest mean growth at 15℃ was recorded by XJ28 (39.13 mm), while the lowest mean growth 

was recorded by D08047 (31.133 mm), as can be seen in (Table 3.0; Figure 3a and Figure 4a). But at 15℃ 
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growth responses of the D-strains were significantly higher compared to the growth responses of the ND-strains 

(Table 2.0; Figure 4A). All the colonies were initially looking creamy white. But some gradually turned dark at 

the middle indicating little microsclerotia production, while others remain creamy, all colonies were densely 

packed on to the media with no aerial mycelium. Abundant hyaline and oval conidia were produced by all 

colonies in both D and ND isolates (Figure 3a and b). 

At 28℃ treatment, the D-group recorded significantly higher growth (the highest been HB42 = 48.27mm) 

compared to ND-strains (the highest been D08165 = 42.33 mm) as shown in (Table 3.0 above; Figure 4b). There 

is no significant variation in the mean growth responses within the D-strains, but there is significant variation in 

the mean growth responses among the ND-strains at 28℃ (intragroup variation), for example, D08165 (42.33 

mm) is significantly higher than XJ-14 (37.13 mm) and XJ-14 (37.13 mm) is significantly higher than D08047 

(34.93 mm) as shown in (Table 3.0; Figure 3.b; Figure 5 b). The entire D-group also showed significantly higher 

thermal tolerance (higher growth response) at 28℃ level compared to ND-group [Table 3.0; Figure 4 b; and 

Figure 5b]. 

While at 30℃ maximum mean growth among the D-group was recorded by HB-19 (40.333mm) while XJ-36 

(36.93mm) recorded the lowest mean growth, while among the ND-strains XJ-02 (26.93 mm) recorded the 

highest mean growth and XJ-63 (22.07 mm) has the lowest mean growth (Table 3.0; Figure 4 c; and Figure 5 c). 

The entire D-strains showed significantly higher mean growth response (or thermal tolerance) at 30℃ condition 

compared to the ND-group [Figure 4 c; and Figure 5c; Table 3.0]. 

Whereas at 32℃ conditions, the highest mean growth was recorded by XJ28 (28.4mm), while HB-10 (24.73mm) 

recorded the lowest mean growth among the D-strains (Table 3.0; Figure 4d; Figure 5d). Whereas among the 

ND-strains, isolates XJ-02 (18.27mm) has the highest mean growth response while D08047 (14.60mm) recorded 

the lowest mean growth response [Table 3.0; Figure 4d; Figure 5d]. In general, the defoliating pathotype strains 

displayed significantly higher mean growth (or thermal tolerance) at 15oC, 28oC, 30℃, and 32℃ conditions 

compared to the ND-strains [Table 3.0; Figure 4; Figure 5] andresult of this study aggreed with the Xu et al. 

(2012). 

 

FIGURE 4. GROWTH RESPONSE PHENOTYPES OF D AND ND OF V. DAHLIAE TEST ISOLATES AT 15℃, 28℃, 30℃, 

AND 32℃. WHERE A = PHENOTYPES AT 15℃; B = PHENOTYPES AT 28℃; AND C = PHENOTYPES AT 30℃; AND 

https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias
http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (IJRIAS) 

ISSN No. 2454-6194 | DOI: 10.51584/IJRIAS |Volume X Issue VIII August 2025 

 

Page 1696 www.rsisinternational.org 

 

 

D = PHENOTYPES AT 32℃; R1, REPRESENTS REPLICATION 1; R2 =  REPLICATION 2 & R3 = REPLICATION 3 IN 

EACH OF THE THREE CASES. UP = FACE SIDE AND DOWN = BOTTOM SIDE OF THE CULTURE PLATE/PHENOTYPE. 

 

Figure 5. Mean mycelial growth of the test isolates at Tm (15℃, 28℃, 30℃, and 32℃). Whereas Tm = 

temperature, Y-axis represents the growth response of V. dahliae, and X-axis represents isolates. a shows the 

response at 15℃ for the D and ND, b = shows the response at 28℃ for the D and ND; c = displays growth 

response for the D and ND at 30℃, whereas d = shows the response at 32℃ for both D and ND. 

Melanization varied between D and ND, and from one temperature to another: 

The appearance (phenotypes) of V. dahliae cultures on PDA or other artificial media differ among isolates 

belonging to the same species (Jabnoun-Khiareddine, 2006).  The abundance or not of microsclerotia and its 

distribution in V. dahliae culture growing on PDA can give many differences in the morphology of 

strains/isolates. Media have also been used to differentiate one Verticillium species from another, e.g., oat 

medium, which promotes faster growth of V. albo-atrum isolates compared to strains from V. dahliae (Jabnoun-

Khiareddine, 2004).  

The amount of pigmentation varies between the D-pathotypes and ND-pathotypes and between one temperature 

and another. In general, the D-pathotypes showed significantly more Melanization at 15℃, 30℃, as well as 

32℃ (Figure 6 a), compared to isolate from the ND-pathotypes (Figure 6 b). In contrast, isolates from the ND-

pathotypes are generally more melanized relative to isolates from the D-pathotypes at 25℃. D-pathotypes 

isolates produced more of dark grey pigmentation (Figure 6 a), but ND-pathotypes produced dark pigmentation 

https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias
http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (IJRIAS) 

ISSN No. 2454-6194 | DOI: 10.51584/IJRIAS |Volume X Issue VIII August 2025 

 

Page 1697 www.rsisinternational.org 

 

 

(Figure 6b). There is no aerial mycelial growth observed from both groups at the entire Tm tested (Figure 6a & 

b). 

 

Figure 6. Test isolates showing differences in melanin at 15℃, 25℃, 30℃, and 32℃.  a. shows melanization 

in the mycelium of the D-pathotypes at different Tm level; b. shows melanization in the mycelium of the ND-

pathotypes at various Tm. Up = face or surface picture; Down = bottom picture of the phenotype         

DISCUSSION 

Various studies were conducted across the globe attempted at assessing the variation between D-strains and ND-

strains in various ways, and this study aims to explore the variation in mycelial growth, conidial size, and 

melanization of the two pathotypes in response to Tm treatments. We observed that isolates from D-pathotypes 

differed significantly from their ND counterpart in their response to temperature for in vitro growth at a certain 

temperature. The entire D-strains showed significantly higher growth response (i.e higher temperature tolerance) 

at 15℃, 28℃, 30℃ and 32℃ conditions compared to the ND-pathotypes (Table 2.0 & Table 3.0; Figure 4  & 

Figure 5). The results in this study which shows D-strain to adapt to the two opposites extreme temperatures 

(15oC; 28oC; 30oC, & 32oC) are in agreement with earlier findings reported in Shi et al. (1993), Bejarano-Alcázar 

et al. (1996), Korolev et al. (2008), and Xu, et al. (2012). Xu, et al. (2012) discovered that the D-pathotype 

isolates could well adapt to high temperature and heavily infect cotton under 25–30°C, and these features might 

be responsible for the rapid spread of this pathotype in central China. But our result shows, that the in-vitro 

growth response of the D- pathotypes are not significantly better than that of the ND-pathotypes (i.e., are both 

better adapted to 25℃- 20℃) which is not in agreement with findings of Bejarano-Acázar, J. et al. (1996), but 

it's observed that D-pathotypes can as well significantly adapted to the 28℃ condition better than the ND-

pathotypes (Table 2.0; Table 3.0; Figure 4, & Figure 5). This supports the findings in Xu, et al. (2012), who 

reported that “D-pathotype isolates adapted better than the ND-pathotype isolates to 30°C for conidial 

germination and mycelial growth, although the isolates of the two pathotypes had the same optimum temperature 

of 25°C”. 

Xinjiang is a landlocked region in western China, surrounded by high mountains with hot and humid during 

summer, the muggier period of the year lasting for about six months from March 31 to October 27, during which 

the comport levels is muggy, oppressive or to say miserable with at least 25% of the time muggy. July 9 has the 

muggiest conditions 100% of the time (weatherspark.com on 2020/03/30), while Hubei is located in the middle 

reaches of the Yangtze River, where it's hot and humid during summer (Xu, et al. 2012). Our findings on this 

study suggest the above weather conditions might play a significant role in favoring the D-pathotype adaptation 

to the niche faster than the ND-pathotypes, which confirmed the earlier studies reported by Xu, et al. (2012). 
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Verticillium dahliae produces resting structures called microsclerotia (MS) that can last for many years, and this 

constitutes the main potential infective propagules of the pathogen in seeds or soils. These MS are produced in 

senescent or dead tissues of the affected plants (Lopez-Escudero & Mercado-Blanco. 2011). Microsclerotia and 

melanized particles in fungal inter-hyphal spaces confer resistance to extreme temperature, UV irradiation, 

enzymatic lysis, and fungicidal activities of their host plant (Gordee & Porter, 1961; Griffiths, 1970; Gessler et 

al., 2014). Wilhelm (1955) has reported broad differences in MS size and shape, and V. dahliae isolates form 

smaller oval to elongated MS, which are different from the hyaline mycelium and conidiophores due to 

melanization.  

Differences among Verticillium species regarding the amount and morphology of the MS produced on potato 

dextrose agar (PDA) are pronounced. In this study melanization of the five isolates from D-pathotypes on PDA 

were significantly higher compared to melanization in the five isolates from the ND-pathotypes at 15℃, 30℃ 

and 32℃, but ND-pathotypes were more melanized at 25℃ (Figure 5).   

Dark pigmentation in the D-strains at a lower temperature (15℃) could be an adaptation to cold environments 

as reported by (Kalmus, H. 1941) that pigmentation in an organism can be induced by as it attempts to adapt to 

cold. In contrast, darker-colored species absorb more solar radiation and benefit from higher heating rates, 

leading to an increase in their overall body temperatures. But in contrast, light-colored species in warm 

environments should benefit from enhanced reflection of radiation and hence a reduced risk of over-heating. 

While melanization at higher temperature might be due to exchange of carbon to biomass production for the 

thermal regulation as highlighted in (Hottiger, et al. 1987), and this could support the heavy melanization in the 

ND-strains at 25℃ which might be due to low nutrient or due to light. 

Results from our on phenotypic differences among melanised isolates from D and ND groups of V. dahliae 

agreed with earlier findings of (Goud et al. 2003). Goud et al. (2003), López-Escudero, and Blanco-López (2005) 

used melanized microsclerotia as a morphological criterion for establishing a suitable distinction among species 

and sub-specific groups, which may display differential pathogenicity or virulence, and we know microsclerotia 

are positively correlated with melanization in V. dahliae. 

Many studies have reported that morphology of MS produced by V. dahlia in different culture media might be 

correlated with the virulence of the isolate and we intend to test this hypothesis in the context of 

melanization/pigmentation in the next experiment (in Chapter four; Effect of Tm treatment on Pathogenicity of 

D and ND-pathotypes). The result of this study highlighted that temperature could affect conidial properties, 

such as conidial sizes, melanization, stress tolerance, and mycotoxin, which supports the work of Hagiwara, et 

al. (2016). Increase in conidial sizes at higher temperature could as well be due to phosphatidic acids, and cell 

membrane fluids as reported in Ganoderma lucidum (Liu et al., 2017a; 2017) 

We noted that our isolates exhibited some level of different melanization in response to temperature stresses. 

This difference in melanization is empirically acceptable for isolates of identical species, e.g., V. dahlia, possess 

a genetically diverse background, consequently can exhibit some degree of differences in phenotypes, such as 

hyphal growth, conidiation, conidial melanization, nutrient preferences, and virulence [Kowalski, et al., 2016; 

Fuller, et al., 2016], but we tried to give an average picture of each group. 

Filamentous fungi actively produce conidia (asexual spores) under appropriate conditions, and these conidia are 

reproductive structures that play crucial roles in the distribution and survival of the fungi (Hagiwara, et al., 2017).  

Fungi protect themselves from such abiotic stresses by accumulating compatible solutes. Mannitol and trehalose 

are the most prevalent solute sugars that accumulate in conidia (Wyatt, et al., 2013). Mannitol is the most 

abundant solute in conidia of Aspergillus oryzae and Aspergillus niger, while trehalose is the major compatible 

solute accumulates in conidia of Aspergillus fumigatus [Sakamoto, 2009; Hagiwara, et al., 2014; 2016]. The 

absence of compatible solutes in conidia of A. niger and Aspergillus nidulans reduce their ability to heat 

resistance hence reduced their longevity [Ruijter, et al., 2003; Sakamoto, 2009; Jørgensen, et al., 2011; 

Hagiwara, et al., 2014; 2016].  
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Summary, we screened 10 test isolates of V. dahliae from Xinjiang and Hubei provinces (two major cotton-belts 

in China), for their in vitro growth responses at six Tm treatments conditions. We found diverse reactions to 

temperature treatments, both within and without strains as well as within and between temperature conditions. 

This result can offer a good understanding of the epidemiology of thermal tolerance of Verticillium dahliae and 

its niche expansion in China, especially Xinjiang and Heibei provinces, hence vital tool for appropriate strategies 

in management of cotton wilt. 
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