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Abstract 11 

Root endophytic fungi that living inside the plant roots without causing any symptom, 12 

basically is part of microorganisms in the rhizosphere or soil. Considering that, the objective 13 

of this study was to examine the effect of growth media on the occurrence and variabilities of 14 

culturable endophytic fungi in cabbage roots. The growth media examined were soil from 15 

pine forest, rhizosphere of cogon grass and elephant grass, inceptisol soil mixed with goat 16 

manure, compost or vermicompost (1:1, v/v). Fungal isolates obtained were examined their 17 

effect on the growth of cabbage seedlings and their abilities to inhibit the growth of fungal 18 

pathogen Rhizoctonia solani in vitro. The results showed that the growth media influenced 19 

the colonization and variabilities of fungal endophytes isolated from cabbage roots. The 20 

media supporting better colonization and variabilities of fungal endophytes was soil mixed 21 

with goat manure (1:1, v/v). Among 12 isolates obtained, three isolates (PK-2, PK-4 and PK-22 

5 isolates) tended to improve the growth of cabbage seedlings. There were also three isolates 23 

(PK-1, PK-2 and TH-1) inhibited the growth of R. solani in vitro by 56.7% -64.7%. 24 

 25 

Keywords: Colonization frequency; Goat manure; Grass rhizosphere; in Vitro 26 

  27 

Introduction 28 

Endophytic fungi are fungi that partially or completely exist in plant tissues without 29 

causing symptoms (Hardoim et al., 2015). Endophytic fungi can be found in various plants 30 

studied, however, the population and type depend on the host plant and the environment 31 

including the habitat where it grows (Chen et al., 2020). Within one plant, the existence and 32 

diversity of endophytic fungi is also influenced by the parts or organs of the plant. Compared 33 



 

 

to the leaves, the frequency of colonization of root endophytic fungi is relatively more 34 

intensive (Qian et al., 2019).  35 

The effect of endophytic fungi on their hosts varies. The presence of endophytic fungi 36 

may have no effect on the host plant (neutral) (Hardoim et al., 2015). There are also fungi 37 

that are isolated from healthy plant tissues, but they are actually latent pathogens which can 38 

be pathogenic if the environment is conducive (Hardoim et al., 2015; Sun & Guo, 2012). 39 

However, there are many endophytic fungi that are beneficial for plants because they can 40 

promote plant growth (El Mansy et al., 2020; Rigobelo & Baron, 2021) or protect plants from 41 

pests and plant pathogens (Busby et al., 2015; Lacava & Azevedo, 2014; Latz et al., 2018). 42 

The abilities of endophytic fungi to inhibit the growth of pathogens in vitro as well as 43 

plant diseases have been reported (Busby et al., 2015; Latz et al., 2018). Inhibition of 44 

pathogens or plant diseases by endophytic fungi can be through several mechanisms either 45 

directly or indirectly. The endophytic fungi can directly inhibit the pathogen through 46 

production of secondary metabolites that are toxic to the pathogens, parasitism, or through 47 

competition for nutrients and space. Endophytic fungi can also suppress the disease indirectly 48 

through induction of plant resistance (Latz et al., 2018; Baron et al., 2022). 49 

Root endophytes are essentially part of the rhizosphere or soil microorganism 50 

community (Afzal et al., 2019; Qian et al., 2019). Fungal community in bulk soil is usually 51 

species rich and more diverse than rhizosphere, but only some of the rhizosphere fungal 52 

community that are able to colonize root tissue as endophytes (Urbina et al., 2018).  Qian et 53 

al. (2019) also reported that endophytic fungal communities in roots have similarities with 54 

fungal communities in the rhizosphere rather than endophytic fungi on leaves. Root 55 

endophytic fungi can be obtained by baiting method in which the annual plants such as 56 

Chinese cabbage on particular soils (Diene et al., 2013). The objective of the study discussed 57 

in this paper was to examine influence of growing media such as rhizosphere of several 58 

grasses as well as soil that are rich in organic matters on the presence and variability of 59 

endophytic fungi isolated from cabbage roots.  60 

The fungi isolated as endophytes may have neutral, detrimental or beneficial effects. 61 

Therefore, the effects of endophytic fungal isolates on the cabbage plant and their potential to 62 

inhibit one of the cabbage pathogens, Rhizoctonia solani were also being evaluated. Fungal 63 

pathogen, R. solani, causes damping off disease of seedling in various plants including 64 

cabbage. In cruciferae plants, the pathogen can also cause stem base rot and crop rot (Erper et 65 

al., 2021). In addition to its wide range of the hosts, R. solani is also difficult to control due to 66 

their rapid growth and its abilities to produce sclerotia that can persist in the soil for many 67 



 

 

years (Ajayi-Oyetunde & Bradley, 2018). The information about the potential of the 68 

endophytic fungal isolates to promote plant growth and inhibit R. solani is important 69 

consideration for the development of biological control of the pathogen. 70 

 71 

Materials and methods 72 

 This study was conducted in several stages. First cabbage seedling was planted in 73 

several types of growing media for two months. After that, the endophytic fungi were isolated 74 

from the cabbage roots. The effects of endophytic fungal isolates on germination and on the 75 

growth of cabbage seedlings were examined. The isolates that did not inhibit the cabbage 76 

growth were then selected and examined their abilities in inhibiting the cabbage pathogen, 77 

Rhizoctonia solani.  Detail of each steps are explained in the following sub title.  78 

Planting cabbage in various growing media   79 

The planting media tested in this study were 1) pine forest soils; 2) rhizosphere of 80 

cogon grass (Imperata cylindrica, L.); 3) rhizosphere of elephant grass (Pennisetum 81 

purpureum); 4) soils mixed with goat manure (1:1, v/v); 5) the soil mixed with compost (1 :1, 82 

v:v); 6) the soils mixed with vermicompost (1:1, v/v). The soil used was the topsoil (0-10 cm) 83 

of soil from Jatinangor area, Sumedang (inceptisol soil). To reduce the possible effects of 84 

allelopathy, the sample soil was previously left for two weeks with moisture was maintained. 85 

Cabbage seed was seeded on husk charcoal medium. Before sowing, seeds were pre-86 

soaked using warm water (50 oC) for an hour. The cabbage seedlings (two weeks old) were 87 

transferred into the growing media according to the treatments. After two months since the 88 

transplanting, the cabbage roots were taken for isolation of endophytic fungi.  89 

Isolation of endophytic fungi from the cabbage roots, grown in different planting media 90 

The cabbage roots were washed thoroughly and cut into pieces with a size of ± 1 cm. 91 

The root pieces was then surface sterilized by soaking in 96% alcohol for one minute, bleach 92 

solution (containing 2% chlorine) for three minutes, then rinsing with 96% alcohol for 30 93 

seconds. To ensure that the isolates obtained were not epiphytic fungi, imprint of the sample 94 

were made by pressing the sample pieces on Potato Dextrose Agar (PDA) medium before 95 

plating them on other petridish (Istifadah & Sari, 2017). The root samples (10 pieces) were 96 

placed in petridish containing half strength PDA that has been mixed with antibiotic 97 

chloramphenicol (0.5%). The numbers of replications was determined using Federer’s 98 

formula, which is t(r-1) ≤ 15 (Hanafiah, 2012). As the numbers of treatments were six, so 99 

each treatment was repeated four times.  100 



 

 

Observations were made from 3 days after isolation to one month to ensure that there 101 

was enough time for endophytic fungi to colonize the sample root pieces. Frequency of 102 

colonization was observed by calculating the percentage of root pieces that have been 103 

colonized by endophytic fungal isolates. Isolates from one treatment with different colony 104 

characteristics were purified and identified based on their morphological characters 105 

(Watanabe, 2010).  106 

Test effects of endophytic fungi on the growth of cabbage seedlings 107 

The endophytic fungal isolates were tested for their effects on germination and growth 108 

of cabbage seedlings. The experiment used Completely Randomized Design (CRD) with 109 

treatments consisted of the endophyte isolates (12 isolates) and control. Each treatment was 110 

repeated three times.   111 

Considering that many fungal isolates did not produce spores, inoculation of the 112 

endophytic fungi was carried out based on the method used by Istifadah & Sari (2017). 113 

Before planting, cabbage seeds were disinfected by soaking with bleach solution (containing 114 

2% chlorine) for 3 minutes and then rinsed three times with sterile water, then placed for five 115 

days on a colony of endophytic fungi. After that, the seeds were transferred to the planting 116 

medium which consisted of sterile soil mixed with rice husk charcoal (10%).                          117 

           The cabbage growth variables observed were plant height, fresh weight and root fresh 118 

weight. The observation was conducted at three weeks after planting (WAP). Isolates that 119 

caused symptoms or inhibited  cabbage growth were considered as pathogenic and they were 120 

not used in further tests. 121 

Test of antagonistic abilities of endophytic fungal isolates 122 

Isolates of cabbage root endophytic fungi that did not cause disease or inhibit the 123 

seedling growth were tested their antagonistic effects against pathogenic fungi R. solani. The 124 

experiment used CRD with treatments consisted of the fungal isolates (nine isolates) and 125 

control. Each treatment was repeated three times.  126 

The antagonistic test was carried out with dual culture method in PDA medium. A 127 

plug of fungal endophyte culture (0.8 cm in diameter) was placed 3 cm beside a plug of the 128 

pathogen culture. As control/check, the pathogen was cultured without endophytic fungi. 129 

The radial growth of the pathogen towards the endophytic fungi was measured every 130 

day. The total radial growth of the pathogen during the observation was determined by 131 

calculating area under colony growth curve (AUCGC) using modified Area Under Disease 132 

Progress Curve (AUDPC) formula (Istifadah & Herawati, 2018). Level of inhibition was 133 



 

 

calculated with following equation: [(AUCGC in control – AUCGC in treatment) / AUCGC 134 

in control] × 100% 135 

Data Analysis 136 

The data obtained were statistically analyzed using the SPSS program version 20. The 137 

analysis of variance was performed and if there was a significant difference between 138 

treatments, further analysis was carried out using the Duncan Multiple Range Test (DMRT) 139 

at the level of 5%.  140 

  141 

Results and Discussion 142 

The frequency of the fungal endophyte colonization in cabbage roots grown in the 143 

tested media were varied depending on the type of planting media. The highest frequency of 144 

root pieces colonized by endophytic fungi (57.5%) was found in cabbage roots planted on 145 

soil mixed with goat manure. Soil mixed with other organic fertilizers, which were compost 146 

made from household waste and vermicompost, only resulted in 5% of colonized root pieces. 147 

In the cabbage planted in forest soils and grass rhizosphere, the percentage of colonized roots 148 

was only about 7.5-12.5% (Table 1).  149 

  150 

Table 1. The effect of planting medium on the frequency of colonization and variability 151 

of isolates of root endophytic fungi of cabbage plants. 152 

 Types of medium 

Percentage of colonized 

root pieces (%) 

Number 

of isolates 

Forest soil 10.0 3 

Rhizosphere of cogon grass 12.5 1 

Rhizosphere of elephant grass 7.5 1 

Soil + goat manure 57.5 5 

Soil + compost 5.0 1 

Soil + vermicompost 5.0 1 

  153 

In this study, frequency of fungal endophyte colonisation in the cabbage roots grown 154 

in other tested planting media, except from the cabbage grown in goat manure, were quite 155 

low. This study was only evaluated the culturable endophytic fungi in which the media used 156 

can affect the recovery of the fungi from the roots segments. The use of various media for 157 

isolation of endophytic fungi may improve the results. In addition, that may also due to the 158 



 

 

difficulties of the fungi from the tested media to colonise the cabbage roots. Brassicaceae 159 

plants including cabbage produce secondary metabolites containing sulfur, called 160 

glucosinolates. Hydrolysis of glucosinolates results in isothiocyanates which has antifungal 161 

effect. Therefore, the endophytic fungi can successfully colonize the cabbage root if they are 162 

able to interfere to the production or hydrolysis of glucosinolates in the host plant, or even 163 

degrade them directly (Poveda et al., 2022).  164 

In addition to the frequency of colonization, the type of growing medium also 165 

influenced variation of endophytic fungal isolates. Relatively more variation of the fungal 166 

isolates was found in cabbage roots planted in soil mixed with goat manure. Isolation of the 167 

endophytic fungi from cabbage root planted in the tested media resulted in seven types of 168 

fungal colonies. One type of colony could be found in several root pieces from cabbage 169 

planted in different media (Figure 1). In general, one root piece was colonized by one type of 170 

fungal colony. However, some root pieces could be colonized by two types of fungal colony. 171 

The fungal colony that was frequently emerged from root pieces was type 2 which was 172 

initially white then turned to light brown with smooth shiny surface and grayish color in the 173 

middle part. Out of 40 samples of root pieces from cabbage plants grown in each planting 174 

media, this fungal colony was found in root pieces of cabbage grown in pine forest soil (3 175 

times), cogon grass rhizosphere (5 times), and soil mixed with vermicompost (5 times). 176 

Another isolates that the most frequently found was fungal isolate type 4, which was similar 177 

to the fungal colony type 2 but the colony color was dark brown. This type was found in the 178 

root pieces of cabbage grown in cogon grass rhizosphere (8 times), root pieces of cabbage 179 

grown in elephant grass (7 times) and from root pieces of cabbage grown in soil mixed with 180 

goat manure (18 times).   181 

 182 

Figure 1. The frequency of the colony type of fungal endophyte isolates emerged from the 183 

root pieces. (Note: the numbers of root pieces in each treatment were 40 pieces). 184 

 185 



 

 

The fungal isolate the most commonly found in this study was fungal isolate with 186 

type-4 colony. The isolate was found in cabbage roots grown in soil mixed with goat manure 187 

(PK-4 isolate), cogon grass rhizosphere (AA-1 isolate) and elephant grass (RG-1). The fungal 188 

isolates has rather smooth and glossy colony surface. The colony was initially white, then 189 

turned dark reddish brown, but the middle part was gray (Figure 2A). This fungus did not 190 

form spores, even though it has been grown in several media such as Malt Extract Agar 191 

(MEA) or V8 Juice Agar. Under microscopic observation, the isolate has septate hyphae with 192 

thick, blackish-brown cell walls with many swollen cells (toruloid hyphae) (Figure 2B). 193 

Fungi with similar characteristics but with light brown color (type-2 colony) were also 194 

isolated from forest soil (TH-2 isolate), soil mixed with goat manure (PK-3 isolate) and soil 195 

mixed with vermicompost (KS-1). These isolates were probably dark septate endophyte 196 

(DSE) that does not produce spores/conidia. The DSE are endophytic fungi that have dark 197 

pigmented (melanization) of hyphae which occasionally form a structure like microsclerotia, 198 

especially in root tissue (Berthelot et al., 2019). This type of fungus is widely found as root 199 

endophytic fungi in various plants (Berthelot et al., 2019), including Brassicaceae plant 200 

(Khastini et al., 2012).  201 

 202 

 203 

Figure 2. Characteristics of the most frequently found endophytic fungal isolate, A. Fungal 204 

colony, B. Fungal hyphae with dark thick cell wall and swollen cell  205 

  206 

The isolates obtained in this study have not been identified as many fungal isolates 207 

did not form spores/conidia. In addition, although there were some isolates formed powdery-208 

like structures such as PK-1 and PK-2 isolates, the isolates were also very difficult to be 209 

identified as the characteristics of conidiophores arrangement was hard to find. Therefore, 210 

later identification should be done molecularly on isolates that have the potential to be further 211 

studied. 212 

A B 



 

 

 The results of this study showed that the growing media affected the colonization and 213 

variability of endophytic fungi in the roots of cabbage plants. These results were consistent 214 

with other studies that also reported that soil type played important role in shaping 215 

community of root endophytic fungi (Bokati et al., 2016). Soil condition associated with 216 

agricultural practices such as in organic farming system or conventional system also affected 217 

endophytic communities present in the roots. Agricultural activities such as the use of 218 

different types of fertilizers such as organic fertilizers increased the endophytic communities 219 

in the roots (Sheoran et al., 2018; Xia et al., 2019). Application of animal manure can provide 220 

nutrients, but also enriched the microbial community in the soil (Kracmarova et al., 2020). 221 

Endophytic fungal communities are part of fungal communities that exist in the soil or 222 

rhizosphere (Urbina et al., 2018; Qian et al., 2019). However, the host plant will select which 223 

microorganisms that can enter and colonize the plant as endophytes (Urbina et al., 2018). In 224 

this study, although compost and vermicompost are organic materials rich in microorganisms, 225 

only one fungal isolate can be isolated form the cabbage root grown in medium containing 226 

such organic materials. In addition, different planting media such as soil mixed with goat 227 

manure, cogon grass rhizosphere and elephant grass rhizosphere could result in the same type 228 

of fungal endophytes.    229 

 230 

The Effect of Root Endophytic Fungi on the Growth of Cabbage Plants  231 

In this study, endophyte inoculation was conducted by placing the cabbage seeds on 232 

the fungal endophyte colony for several days to allow the endophytic fungi enter and colonize 233 

the seeds and their sprouts. The results showed that out of 12 isolates of endophytic fungi 234 

from cabbage roots that were inoculated to cabbage seeds, 7 isolates of the endophytic fungi 235 

promoted cabbage seed germination. Cabbage seeds that were placed on colonies of 236 

endophytic fungi all germinated (100%) at the third day, mean while at the same time only 237 

20% of the untreated seed that were germinated (Table 2). Manalu et al. (2020) reported that 238 

germination of chili seed on colony of DSE fungal isolate were better than the germination of 239 

untreated seeds (the check). 240 

The effect of endophytic fungi on the host plant depends on the isolate. Most of the 241 

isolates tested were unable to increase the growth of cabbage seedlings. All isolates could not 242 

increase the cabbage plant height. Only three isolates of endophytic fungi from the roots of 243 

cabbage plants grown on manure-containing soils which were PK-2, PK-4 and PK-5 isolates, 244 

tended to support the growth of cabbage shoot 1.3-1.4 times better than controls. Meanwhile, 245 

only one isolate which was an endophytic fungal isolate from cabbage roots grown on 246 



 

 

elephant grass rhizosphere (RG-1 isolate) supported cabbage root development 7.3 times 247 

heavier than the control.  248 

  249 

Table 2. Effect of endophytic fungi inoculated to cabbage seeds on the cabbage seedling 250 

growth   251 

Endophytic 

Fungal Isolate 

Average height of 

cabbage plants (cm) 

Average of shoot 

fresh weight (g) 

Average of root 

fresh  weight (g) 

Control  5.1 a 2.54 ab 0.26 a 

TH-1 isolate 7.3 a 2.96 ab 0.42 a 

TH-2 Isolate 4.3 a 2.11 ab 0.16 a 

TH-3 Isolate 4.1 a 1.54 a 0.19 a 

AA-1 Isolate 5.3 a 2.55 ab 0.21 a 

RG-1 Isolate 5.7 a 2.88 ab 1.89 b 

PK-1 isolate 7.2 a 2.86 ab 0.36 a 

PK-2 isolate 7.2 a 3.46 b 0.43 a 

PK-3 isolate 5.7 a 2.57 ab 0.36 a 

PK-4 isolate 5.1 a 3.59 b 0.36 a 

PK-5 isolate 6.7 a 3.29 b 0.32 a 

KP-1 isolate 5.4 a 2.56 ab 0.27 a 

KS-1 Isolate 4.4 a 2.36 ab 0.21 a 

Note:  The values in one column followed by the same letter was not significantly different, based on 252 

the Duncan Multiple Range Test (DMRT) at the level of 5%. The data were obtained from 253 

observation at 3 weeks after planting. Isolate codes:  TH: pine forest soils; AA: rhizosphere of 254 

cogon grass (I. cylindrica, L.); RG: rhizosphere of elephant grass (P. purpureum); PK: soil 255 

mixed with goat manure (1:1, v/v); KP: soil mixed with compost (1 :1, v:v); KS: soils mixed 256 

with vermicompost (1:1, v/v). 257 

  258 

The abilities of some root endophytic fungi to increase the growth of cabbage plants 259 

in this study is in line with other studies that also reported the abilities of endophytic fungi 260 

from crucifer roots to increase the growth of their host plants (Card et al., 2015). The plant 261 

growth improvement by root endophytic fungi on other plants has also been reported. 262 

Istifadah et al., (2016) found that 28.7% of endophytic fungal isolates from potato roots and 263 

tubers can increase the growth of potato plants. About 50% of endophytic fungal isolates 264 

from peanut roots (Istifadah & Sari, 2017) also increased plant growth, especially in the early 265 



 

 

vegetative stage. The increase in growth by endophytic fungi can be due to the abilities of 266 

endophytic fungi to assist plants in obtaining nutrients or because of their abilities to produce 267 

phytohormone such as auxins, gibberellins and cytokinins (Rigobelo & Baron, 2021; Baron et 268 

al., 2022). 269 

Among the isolates of root endophytic fungi tested, there were also isolates that 270 

inhibited the growth of cabbage plants. The average fresh weight of cabbage plants 271 

inoculated with endophytic fungus, TH-3 isolate, was relatively smaller than that of control 272 

plants. Although not markedly different, the plant height and root growth of cabbage plants 273 

inoculated with these isolates also tended to be smaller than those of controls.  274 

The inhibitory effects of endophytic fungi on their host were also found in other 275 

studies. Istifadah et al (2016) reported that among endophytic fungi isolated from potato and 276 

tuber root 30.7% were pathogenic (causing symptoms of disease) and 7.7% inhibited the 277 

growth of potato plants. The plant growth inhibition by endophytic fungi possibly because 278 

they were actually latent pathogens that were inactive when isolated, but could be pathogenic 279 

in favourable environment. Hardoim et al., (2015) stated that certain fungi that are actually 280 

pathogens, however, under certain conditions can be found as endophytic or in latent 281 

conditions. 282 

  283 

Effects of endophyte fungi on the growth of fungal pathogen Rhizoctonia sp. in vitro 284 

Isolates of endophytic fungi that did not inhibit cabbage growth were tested for their 285 

abilities to suppress one of cabbage pathogens, R. solani. The results showed that the radial 286 

growth of R. solani in the presence of the endophyte fungal isolates were smaller than the 287 

pathogen growth in the check. Six isolates of endophytic fungi tested only inhibited the 288 

growth of R. solani in vitro by 27.5-40.6%. Three other isolates (PK-1, PK-2 and TH-1 289 

isolates) showed relatively high inhibitory effect (Table 3). The AUCGC value of the 290 

pathogen in that treatments were 56.7-64.7% smaller, compared to the control. The highest 291 

inhibition of pathogen growth was shown by treatment with PK2 isolates. 292 

  293 

Table 3. Effect of root endophytic fungi on the growth of R. solani colonies  294 

Fungal endophyte Isolates AUCGC Value Level of inhibition* 

Control (without isolate) 47.53 e 0,0 

TH-1 isolate 20.60 abc 56.7 

AA-1 Isolate 28.25 bc 40.6 



 

 

RG-1 Isolate 28.43 bc 38.9 

PK-1 isolate 17.78 ab 62.6 

PK-2 isolate 16.77 a 64.7 

PK-3 isolate 34.45 cd 27.5 

PK-4 isolate 29.50 cd 37.9 

PK-5 isolate 32.83 cde 30.9 

KP-1 isolate 31.97 cd 32.7 

Note: The values in the column followed by the same letter do not differ markedly according to the 295 

DMRT at the level of 5%. * Level inhibition is the percentage of AUCGC value in the 296 

treatment compared to AUCGC value in the check 297 

             298 

The mechanism of antagonism can be inferred from the characteristics of fungal 299 

colonies in dual cultures. In dual culture between endophytic fungi PK-2 or TH-1 isolates and 300 

pathogenic fungus R. solani there were inhibition zone between their colonies (Figure 3). In 301 

this case, it was suspected that the inhibition was due to antibiosis mechanism. The 302 

endophyte isolates could produce secondary metabolites that diffused into the medium, thus 303 

inhibiting the growth of the pathogen. The abilities of endophytic fungi to produce various 304 

secondary metabolite compounds have been widely reported (Jha et al., 2023). 305 

 306 

    307 

 Figure 3. Dual cultures of endophytic fungi isolates PK-2 and TH-1 with R. solani, showing 308 

inhibition zone (the arrows) 309 

              310 

The overall results showed that in addition to their role in supporting plant growth, 311 

planting medium also play important role in regulating the root endophytes. The use of goat 312 

manure improved colonisation of the root by fungal endophyte. Long term application of 313 

animal manure as agricultural practice in organic farming has been reported to increase the 314 

root endophyte communities (Sheoran et al., 2018; Kracmarova et al., 2020).   315 

PK2 
TH1 



 

 

Some endophytic fungal isolate from cabbage root were beneficial as they promoted 316 

germination and the growth of cabbage plant as well as inhibited the growth of the 317 

pathogenic fungus R. solani. The isolate that promoted cabbage growth and best inhibited R. 318 

solani was PK-2 isolate. This isolate has the potential to be further studied for biological 319 

control of diseases in cabbage plants. Root endophytic fungi from Brassica plants have been 320 

reported to have antagonistic effects on plant pathogens, suppress plant diseases and also 321 

promote the host plant growth (Poveda et al., 2022; Card et al., 2015). The use of endophytes 322 

for supporting plant growth and health is very promising as they live inside the plant tissues 323 

and hence they are more protected from harsh environment (Baron et al., 2022). 324 

 325 

Conclusions 326 

The results of this showed that planting medium affected the presence and variability of 327 

endophytic fungi in the roots of cabbage plants. The frequency of colonization and variability 328 

of endophytic fungal isolates was highest in the root of cabbage planted in soil containing 329 

goat manure. Among 12 isolates of endophytic fungi tested, three isolates (PK-2, PK-4 and 330 

PK-5 isolates) enhanced cabbage growth and three isolates (PK-1. PK-2 and TH-1) inhibited 331 

the growth of fungal pathogen, R. solani in vitro by 56.7-64.7%.  332 

 333 
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