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ABSTRACT 

Trichoderma spp. were isolated from roots of cotton plants showing the typical symptoms of seedling 

damping-off or adult plants root rot. Identification of 15 randomly selected isolates of Trichoderma to species 

level revealed that eight isolates (53.3%) were belonging to T. longibrachiatum, while seven isolates (46.7%) 

were belonging to T. harzianum.  

Geographic origins of T. harzianum in the sample were restricted to the Nile Delta, while isolates of T. 

longibrachiatum were isolated from widely separated geographic origins in the Nile Delta, Middle Egypt, and 

Upper Egypt.  

The beneficial and deleterious effects of Trichoderma isolates on growth of cotton seedlings were evaluated 

by planting cotton seeds in autoclaved soil infested with Trichoderma isolates. Each of T. longibrachiatum and T. 

harzianum included both beneficial and deleterious isolates.  

Moreover, the same isolate may exhibit both the beneficial and deleterious effects depending on the 

variable under consideration. Biocontrol capacity of Trichoderma spp. against soil-borne fungi involved in 

cotton seedling damping-off was evaluated by planting cotton seeds in autoclaved soil infested with a mixture of 

the soilborne fungi commonly involved in the disease. Before planting, seeds were treated with a fine powder 

consisted of a mixture of sorghum and Trichoderma spp. Grouping the isolates by cluster analysis, based on 

their beneficial effects, deleterious effects, and biocontrol capacity, was neither related to their geographic 

origin nor their species. 
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INTRODUCTION 

 

richoderma Pers. is a genus of 

hyphomycetes. Its species are among 

the most commonly encountered soil fungi 

(Roiger et al., 1991). Trichoderma has been 

shown to act as a mycoparasite against a 

range of economically important aerial and 

soilborne plant pathogens. Different factors 

involved in the antagonistic properties of 

Trichoderma have been identified, 

including antibiotics (Dennis and Webster, 

1971a, b) and hydrolytic enzymes, such as 

β-(1, 3) glucanases, proteases and chitinases 

(Elad et al., 1984; Geremia et al., 1993). 

The initial interaction between Trichoderma 

and its host is characterized by the 

chemotrophic growth of hyphae of the 

mycoparasite towards the host (Chet and 

Elad, 1983). When the mycoparasite reaches 

the host, its hyphae often coil around it      

or are attached by hook-like structures  

(Elad et al., 1983a). Following these 

interactions, the mycoparasite penetrates the 

host mycelium, apparently by partially 

degrading its cell wall. Susceptible host 

mycelia show rapid vacuolation, collapse 

and disintegration (Elad et al., 1983b; 

Benhamou and Chet, 1993).  

Trichoderma spp. exert their beneficial 

effect on plant growth by producing a 

growth-promoting factor that increases     

the rate of seed germination and dry   

weight of shoots and roots (Baker et al., 

T 
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1984; Windham et al., 1986; Chang et al., 

1986; Menzies, 1993; Hanson, 2000). 

Trichoderma spp. play an important role in 

biological control thanks to their advanta-

geous ecological and physiological 

properties: a good environmental fitness, 

which includes the ability to exploit 

competitively many different nutritional 

sources and high antagonistic ability against 

soil microorganisms (Howell, 2003; Sariah 

et al., 2005, Vergara et al., 2006; Abd-

Elsalam et al., 2010; Saba et al., 2012.).  

Regarding soil-borne fungi pathogenic 

on cotton, a number of reports demonstrated 

that isolates belonging to Trichoderma spp. 

could be effectively used for controlling 

these fungi (Aly et al., 2000a; Hanson 2000; 

Mathivanan et al., 2000; Haq and Khan, 

2000; Xueling et al., 2003; Howell and 

Puckhaber, 2005; Asran et al., 2005).  

On the other hand, Trichoderma spp. 

have been shown to induce deleterious 

effects on plant growth. Watkins (1981) 

reported that Trichoderma contains many 

species of moulds living as saprophytes or 

scavengers in the soil. They are unimportant 

as cotton disease agents, except when the 

seedlings are weakened. Many seeds simply 

rot without sprouting, others sprout, but the 

seedlings decay before emerging. Chilly, 

damp weather increases losses. 

Trichoderma has been reported to be 

pathogenic to at least 32 genera of plants 

(Powell et al., 1971; McFadden and Sutton 

(1975; Yang et al., 1976; Farr et al., 1989; 

Menzies, 1993; Howell et al., 1997b; Seaby, 

1998; Howell and Pukhaber, 2005; Komon-

Zelazowska et al., 2007).  

All strains of T. virens are capable of 

producing the steroid phytotoxin, viridiol, 

on substrates with high C/N ratios. 

Preparations containing viridiol, when 

placed in close proximity to cottonseed, can 

have devastating effects on the emerging 

cotton radicle (Howell et al., 1997a). The 

main objectives of the present study were to 

(1) detect the deleterious and beneficial 

effects of Trichoderma spp. on growth of 

cotton seedlings, (2), to evaluate their 

biocontrol capacity against cotton seedling 

damping-off. 

MATERIAL AND METHODS 

 

Isolation, purification, and identification 

of Trichoderma spp. from cotton 

(Gossypium barbadense L.) roots 

Isolation was made from samples 

collected from several locations in cotton-

producing areas of Daqahliya, Minufiya, 

Gharbiya, Giza, and Assiut in Egypt. Each 

sample included from 10 to 15 seedlings 

affected with a variety of damping-off 

symptoms or rotted roots of 5 adult plants. 

Seedlings or roots of adult plants were 

removed from the field and washed 

thoroughly under running tap water to 

remove any adhering soil. Small pieces 

(approximately 0.5 cm long) of necrotic root 

tissues were surface sterilized with 10% 

Chlorox solution for 2 minutes, and washed 

several times with sterilized water. The 

surface sterilized pieces were then blotted 

dry between sterilized filter paper and plated 

on potato dextrose agar (PDA) medium 

amended with streptomycin sulphate or 

penicillin G and Rose Bengal to eliminate 

bacterial contamination. The plates were 

incubated at 26±3°C for 3-7 days. The 

developing colonies were identified to genus 

level according to Barnett and Hunter (1979). 

A random sample of 15 Trichoderma 

isolates, purified by the single spore 

technique, was identified to species level 

according to Rifai (1969). Identification of 

isolates to species level was kindly provided 

by Mycological Center, Assiut University. 

 

Beneficial and deleterious effects of 

Trichoderma spp. on growth of cotton 

seedlings 

Substrate for growth of each 

Trichoderma isolate was prepared in 500-ml 

glass bottle; each bottle contained 50 g of 

sorghum grains and 40 ml of tap water. 

Contents of bottle were autoclaved for 30 

minutes. Isolate inoculum, taken from one-

week-old culture on PDA, was aseptically 

introduced into the bottle and allowed to 

colonize sorghum for 3 weeks. The present 

test was carried out by using autoclaved clay 

loam soil. Batches of soil were infested 

separately with inoculum of each isolate at a 
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rate of 50 g kg
-1

 of soil. Infested soil was 

dispended in 15-cm-diameter clay pots and 

these were planted with 10 seeds per pot 

(cultivar Giza 89). In the control treatment, 

no fungal inoculum was added to the 

autoclaved soil. Pots were randomly 

distributed on a greenhouse bench under a 

temperature regime ranged from 24±6°C to 

34±4°C. Preemergence damping-off was 

recorded 15 days after planting, 

postemergence damping-off, survival, plant 

height (cm), and dry weight (mg plant
-1

) were 

recorded 45 days after planting. The test was 

repeated once with almost the same results. 

 

Biocontrol capacity of Trichoderma 

spp. against soilborne fungi involved 

in cotton seedling damping-off 

Autoclaved clay loam soil was placed on 

a greenhouse bench and infested with a 

fungal mixture consisting of Fusarium 

oxysporum, Rhizoctonia solani, 

Macrophomina phaseolina, Pythium sp., and 

Sclerotium rolfsii. These fungi were chosen 

for soil infestation because they are 

commonly involved in damping-off of cotton 

seedlings (Aly et al., 2000a). After 

thoroughly mixing, infested soil was 

dispended into 15-cm-diameter clay pots. 

Trichoderma-sorghum mixtures were air-

dried in the greenhouse. The dry mixtures 

were triturated to fine powders in a blender 

(Papavizas and Lewis, 1981). Slightly moist 

seeds (cultivar Giza 89) were treated with the 

powdered inoculum of each isolate at a rate 

of 10 g kg
-2

 seeds, and thoroughly shaken in 

plastic bags before being planted in the 

infested soil at a rate of 10 seeds per pot. 

Untreated seeds were planted in the control 

treatments (uninfested and infested soils). 

The pots were randomly distributed on a 

greenhouse bench under a temperature 

regime ranging from 19.5±1.5°C to 34±4°C. 

Preemergence damping-off was recorded 15 

days after planting. Postemergence damping-

off, survival, plant height (cm), and dry 

weight (mg plant
-1

) were recorded 45 days 

after planting. The test was repeated once 

with almost the same results. 

Statistical analysis of greenhouse 

studies 

The experimental design of all 

greenhouse studies was a randomised 

complete block with five replications.  

Analysis of variance (ANOVA) of the data 

was performed with the MSTAT-C 

Statistical Package (A Microcomputer 

Program for the Design, Management and 

Analysis of Agronomic Research 

Experiments, Michigan State Univ., USA). 

Least significant difference (LSD) was used 

to compare isolate means. Percentage data 

were transformed into arc sine angles before 

carrying out ANOVA to produce 

approximately constant variance. Correlation 

analysis was performed with the same 

statistical package. Isolates were clustered by 

the average linked technique (unweighted 

pair-group method) and the results were 

expressed as a phenogram. Cluster analysis 

was performed with the SPSS 13 statistical 

package. 

 

RESULTS  

 

Isolation and identification of 

Trichoderma spp. from cotton roots 

Identification of 15 randomly selected 

isolates of Trichoderma to species level 

(Table 1) revealed that 8 isolates (53.3%) 

belonged to T. longibranchiatum, while 7 

isolates (47.7%) belonged to T. harzianum. 

Ten of the isolates (66.7%) were 

isolated from the Nile Delta (Daqahliya, 

Minufiya, and Gharbiya governorate),       

two isolates (13.3%) were isolated from each 

of Middle Egypt (Giza governorate)          

and Upper Egypt (Assiut governorate), and 

one isolate (6.7%) was isolated from 

unknown location (isolate T9). Geographic 

origins of T. harzianum in the sample      

were restricted to the Nile Delta (Daqahliya 

and Gharbiya), while isolates of T. 

longibranchiatum were isolated from widely 

separated geographic origins in the Nile 

Delta (Minufiya governorate), Middle Egypt 

(Giza governorate), and Upper Egypt (Assiut 

governorate). 
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Table 1. Sources and geographic origins of Trichoderma spp. used in the present study 
 

Isolate 

code 
Source Geographic origin Identification 

T3 Cotton seedlings Daqahliya, Simbellawain T. harzianum 

T4 Cotton seedlings Assiut, Assiut T. longibrachiatum 

T5 Cotton seedlings Assiut, Assiut T. longibrachiatum 

T6 Cotton seedlings Daqahliya, Simbellawain T. harzianum 

T9 Cotton seedlings Unknown T. longibrachiatum 

T10 Cotton seedlings Daqahliya, Simbellawain T. harzianum 

T14 Cotton seedlings Giza, Giza T. longibrachiatum 

T18 Cotton seedlings Minufiya, Minouf T. longibrachiatum 

T23 Cotton seedlings Gharbiya, El-Mahalla El-Kobra T. harzianum 

T27 Cotton seedlings Gharbiya, El-Mahalla El-Kobra T. harzianum 

T29 Cotton seedlings Daqahliya, Simbellawain T. harzianum 

T31 Cotton seedlings Daqahliya, Simbellawain T. harzianum 

T38 Cotton seedlings Minufiya, Shibeen El-Kom T. longibrachiatum 

T39 Cotton seedlings Minufiya, Shibeen El-Kom T. longibrachiatum 

T42 Cotton seedlings Giza, Giza T. longibrachiatum 

 

Beneficial and deleterious effects of 

Trichoderma spp. on growth of cotton 

seedlings 

The Trichoderma isolates did not show 

significant effects on preemergence damping-

off (Table 2). Isolates T5, T9, T10, T14, T23, 

T27, T29, T39, and T42 significantly increased 

postemergence damping-off. Three of three 

isolates (T23, T27, and T39) also significantly 

reduced the percentage of surviving seedlings. 

Isolates T27, T29, and T38 did not show     

significant effects on plant height, while the 

remaining isolates significantly increased it. 

Isolates   T3 and T42 were the only isolates, 

which significantly affected dry weight; 

however, they showed a striking contrast     in 

their effects. Thus, T3 increased dry weight by 

26.10%, while T42 decreased it by 22.14%. 

 
Table 2. Beneficial and deleterious effects of Trichoderma isolates on cotton seedlings 

 (cultivar Giza 89) under greenhouse conditions 
 

Isolate 

code 
Identification 

Preemergence 

damping-off 

Postemergence 

damping-off 
Survival 

Plant 

height 

(cm) 

Dry weight 

(mg/plant) 
% Trans-formed

a
 % Trans-formed % Trans-formed 

T3 T. harzianum 4.0 7.38 4.0 7.38 92.0 77.31 16.81 172.00 

T4 T. longibrachiatum 4.0 7.38 0.0 0.00 96.0 82.62 18.05 139.60 

T5 T. longibrachiatum 12.0 20.06 12.0 20.06 76.0 60.78 16.56 122.60 

T6 T. harzianum 8.0 14.75 2.0 3.69 90.0 73.62 16.76 133.00 

T9 T. longibrachiatum 8.0 12.69 8.0 14.75 84.0 66.69 16.94 130.80 

T10 T. harzianum 8.0 14.75 8.0 12.69 84.0 66.98 17.34 125.80 

T14 T. longibrachiatum 6.0 11.06 16.0 21.25 78.0 64.76 16.98 135.20 

T18 T. longibrachiatum 10.0 11.95 2.0 3.69 88.0 74.36 16.59 127.80 

T23 T. harzianum 6.0 9.00 28.0 31.75 66.0 54.73 16.20 120.40 

T27 T. harzianum 10.0 14.02 56.0 49.16 34.0 34.97 13.29 114.00 

T29 T. harzianum 14.0 21.69 8.0 14.75 78.0 62.40 14.05 124.20 

T31 T. harzianum 12.0 17.71 0.0 0.00 88.0 72.29 15.70 120.20 

T38 T. longibrachiatum 8.0 12.69 0.0 0.00 92.0 77.31 15.17 136.00 

T39 T. longibrachiatum 8.0 12.69 24.0 28.93 68.0 55.76 16.77 116.40 

T42 T. longibrachiatum 0.0 0.00 18.0 22.28 82.0 67.72 16.23 106.20 

Control
b
  14.0 19.33 0.0 0.00 86.0 70.67 13.30 136.40 

aPercentage data were transformed into arc sine angles before carrying out the analysis of variance to produce  

approximately constant variance. 
bAutoclaved soil. 

LSD (P < 0.01)  NS  14.77  19.26 2.84 31.11 

LSD (P < 0.05)  NS  11.19  14.60 2.15 23.57 
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Correlations among variables used for 

evaluating beneficial and deleterious effects 

of Trichoderma isolates are shown in Table 

3. A significant positive correlation was 

observed between preemergence damping-

off and postemergence damping-off. A 

highly significant negative correlation was 

found between survival and each of 

preemergence damping-off and postemer-

gence damping-off. Survival was negatively 

correlated with plant height, while it was 

positively correlated with dry weight. Plant 

height and dry weight were negatively 

correlated. 
 

Table 3.  Correlation coefficients among variables used for evaluating beneficial and deleterious effects 

 of Trichoderma spp. on growth of cotton seedlings (cultivar Giza 89) 
 

Variable Variable 

2 3   4 5 

1. Preemergence damping-off 0.635*
a
 -0.723** 0.354   -0.753** 

 2. Postemergence damping-off  -0.792** 0.024 -0.590* 

 3. Survival           -0.613*    0.911** 

 4. Plant height      -0.723** 

 5. Dry weight     
a
 Linear correlation coefficient (r) is significant at P<0.01 (**) or P<0.05 (*). 

  

Biocontrol capacity of Trichoderma 

spp. against soilborne fungi involved 

in cotton seedling damping-off 

The lack of significant difference in 

preemergence damping-off between control   

1 and control 2 (Table 4) indicated that        

the fungal mixture used for soil infestation 

was nonpathogenic during the preemergence 

stage - that is, there was no disease  pressure 

during this stage. Isolate T5 was the only 

isolate, which significantly affected 

preemergence damping-off, as it increased     

it by 150%. Isolates T5 and T27 significantly 

reduced postemergence damping-off by   

90.48 and 71.43%, respectively; however,   

the other isolates had no significant effects    

on postemergence damping-off.  

 

Table 4. Effects of Trichoderma isolates on incidence of cotton seedlings damping off (cultivar Giza 89)  
under greenhouse conditions 

 

Isolate 

code 
Identification 

Preemergence 

damping-off 

Postemergence 

damping-off 
Survival 

Plant 

height 

(cm) 

Dry weight 

(mg/plant) 
% Transformed

a
  % Transformed  % Transformed 

T3 T. harzianum 20.0 23.49 18.0 24.64 62.0 52.20   8.52 325.40 

T4 T. longibrachiatum 20.0 23.91 16.0 23.02 64.0 53.82 10.37 422.60 

T5 T. longibrachiatum 80.0 72.00   4.0 7.37 16.0 12.69   2.05 128.00 

T6 T. harzianum 10.0 16.37 14.0 19.63 76.0 63.56 11.46 392.00 

T9 T. longibrachiatum 26.0 27.13 52.0 46.45 22.0 21.69   6.29 130.00 

T10 T. harzianum 24.0 28.33 18.0 24.22 58.0 49.84 11.48 341.20 

T14 T. longibrachiatum 14.0 19.33 74.0 59.57 12.0 15.64   5.77 108.00 

T18 T. longibrachiatum 36.0 36.00 46.0 39.56 18.0 21.86   8.75 186.00 

T23 T. harzianum 60.0 54.00 34.0 30.01   6.0 9.0   4.80 60.00 

T27 T. harzianum 28.0 31.11 12.0 18.00 60.0 51.04 11.87 301.00 

T29 T. harzianum 44.0 40.89 48.0 41.31   8.0 12.69   5.30   36.00 

T31 T. harzianum 52.0 46.80 34.0 34.85 14.0 14.49   6.43 134.00 

T38 T. longibrachiatum 60.0 53.95 38.0 34.85 2.0 3.69   2.40     4.00 

T39 T. longibrachiatum 48.0 44.02 36.0 36.47 16.0 18.0   4.98 100.00 

T42 T. longibrachiatum 20.0 26.27 18.0 24.94 62.0 52.02 10.05 315.00 
b
 Control 1  32.0 33.79 42.0 40.30 26.0 30.60 10.55 164.00 

c
 Control 2  19.0 25.56 0.0 0.00 81.0 62.82 12.61 412.00 

aPercentage data were transformed into arc sine angles before carrying out the analysis of variance to produce approximately constant variance. 
bAutoclaved soil infested with a mixture of soilborne fungi involved in cotton seedling damping-off. cAutoclaved soil. 

LSD (P < 0.01)     33.85     27.78       25.31    7.06 240.45 

LSD (P < 0.05)     25.45     20.76  18.92 5.28 179.71 
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Isolates of Trichoderma spp. showed 

variable effects on survival. Thus, isolated T5, 

T9, T14, T18, T29, T31, and T39 did not 

significantly affects survival, isolates T3, T4, 

T6, T10, T27, and T42 significantly increased 

it, while isolates T23 and T38 significantly 

decreased it.  

The majority of Trichoderma isolates did 

not show significant effects on plant height or 

dry weight; however, isolates T5, T23, T38, 

and T39 significantly reduced plant height, 

while isolates T4 and T6 significantly 

increased dry weight. 

 

Correlation among variables used for 

evaluating biocontrol capacity of Trichoderma 

isolates are shown in Table 5. A highly 

significant negative correlation was found 

between preemergence damping-off and each 

of survival, plant height and dry weight. 

Postemergence damping-off was negatively 

correlated with each of survival (P<0.01) and 

dry weight (P<0.05). A highly significant 

positive correlation was observed between 

survival and each of plant height and dry 

weight. Plant height and dry weight were 

positively correlated (P<0.01). 

Table 5. Correlation coefficients among variables used for evaluating biocontrol capacity of Trichoderma spp. 

against soilborne fungi involved in cotton seedling damping-off 

 

Variable 
Variable 

2 3 4 5 

1. Preemergence damping-off -0.084
a
 -0.705**    -0.790**    -0.691** 

2. Postemergence damping-off  -0.647** -0.376 -0.618* 

3. Survival        0.872**    0.969** 

4. Plant height       0.882** 

5. Dry weight     

 

Cluster analysis of Trichoderma 

isolates 

The results of cluster analysis of 

Trichoderma isolates, based on their 

beneficial effects, deleterious effects, and 

biocontrol capacity are shown in Figure 1. 

Three groups of similar isolates (isolates T4, 

T10, T6, T42, T3, T27; isolates T9, T14, T18, 

T31, T39, T5; isolates T29, T38, T23, 

respectively) were identified by cluster 

analysis. Grouping the isolates was neither 

related to their geographic origin nor their 

species.  

 

 

Figure 1. Phenogram based on average linkage cluster analysis of beneficial effects, deleterious effects, and 

biocontrol capacity of 15 isolates of Trichoderma longibranchiatum (L) and T. harzianum (H) 
 

 L T4 

 H T10 

 H T6 

 L T42 

 H T3 

 H T27 

 L T9 

 L T14 

 L T18 

 H T31 

 L T39 

 L T5 

 H T29 

 L T38 

 H T23 

 
 
 
 
 

Trichoderma 
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DISCUSSION 

 

The beneficial and deleterious effects of 

Trichoderma isolates from cotton were 

evaluated by planting cotton seeds in 

autoclaved soil infested with Trichoderma 

isolates. The isolates did not show significant 

effects during the preemergence stage - that  

is, seed germination and seedling growth   

were not significantly affected during the first 

15 days after planting, which may indicate 

that pathogenicity of the isolates or their 

growth-promoting effects did not appear early 

in the growth of cotton seedlings and were  

not as pronounced as effects reported on  

other crops caused by Trichoderma spp. 

(Harman, 2000). Our results demonstrated that 

each of T. longibrachiatum and T. harzianum 

included both beneficial and deleterious 

isolates. Thus, of the 9 isolates, which      

were pathogenic during the post emergence 

stage, 5 belonged to T. longibrachiatum      

and 4 belonged to T. harzianum. Similarly,          

of the 12 isolates that significantly     

promoted seedling height, 7 belonged to                         

T. longibrachiatum and 5 belonged to            

T. harzianum. Moreover, the same isolate may 

exhibit both the beneficial and deleterious 

effects depending on the variable under 

consideration. For example, isolates T5, T9, 

T14, and T42 of T. longibrachiatum as well as 

isolates T10 and T23 of T. harzianum were 

pathogenic during postemergence stage; 

however, the same isolates significantly 

increased the height of the surviving 

seedlings. 

A significant negative correlation was 

observed between postemergence damping-

off and dry weight. This correlation     

implies that the higher the disease pressure 

caused by Trichoderma isolates during the 

postemergence stage, the less vigorous the 

surviving seedlings would be in their growth 

that is, even the seedlings, which survived 

postemergence damping-off, suffered from a 

subtle weakness, which reduced dry weight. 

Evidently, such seedlings would develop into 

unthrifty and less productive plants 

(Watkins, 1981; Minton and Garber, 1983). 

This interpretation holds true for the 

significant positive correlation between 

survival and dry weight. 

The tested isolates of Trichoderma spp. 

could be classified into 3 distinct groups 

based on their biocontrol capacity. The first 

group included T3, T9, T6, T10, T27, and 

T42, which were effective biocontrol agents. 

Isolates of this group significantly increased 

the percentage of the surviving seedlings. 

Moreover, isolates T4 and T6 significantly 

increased dry weight of the surviving 

seedlings. The second group included T23, 

T38, and T39, which significantly reduced 

seedling height. Isolates T23 and T38 also 

reduced the percentage of the surviving 

seedlings. The effects of the isolates in this 

group were consistent with a previous report, 

in that some Trichoderma isolates were 

stimulatory for pathogenicity of some 

Macrophomina phaseolina isolates on cotton 

seedlings (Omar, 2005). These effects are also 

in agreement with results of Khan and Gupta 

(1998) who demonstrated that T. polysporum 

was stimulatory for radial growth of M. 

phaseolina on PDA. The third group included 

T9, T14, T18, T29, and T31, which were 

neither biocontrol agents nor pathogens. Each 

of these groups included isolates of both        

T. longibrachiatum and T. harzianum. It is 

worth noting that isolates T5 showed a 

peculiar behaviour because it showed both 

pathological effects (increase in preemergence 

damping-off and reduction in seedling height) 

and biocontrol activity (reduction in 

postemergence damping-off). 

Based on the results of ANOVA of the 

greenhouse studies, it seems reasonable to 

conclude that morphological variation among 

species (Rifai, 1969), the basis of the genus 

taxonomy, does not provide sufficient 

explanation for the differences in the 

beneficial or deleterious effects on the growth 

of cotton seedlings or for the variation in 

biocontrol capacity against the soilborne fungi 

involved in cotton seedling damping-off. 

Grouping the isolates by cluster analysis was 

also neither related to their geographic origin 

nor their species.  
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