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ABSTRACT 

 

Plants are sometimes exposed to extreme environmental conditions. Drought stress is one of the major abiotic 

constraint limiting crop growth and productivity worldwide. It is reported that endophytic fungi can benefit the host 
plants under biotic and abiotic stress conditions. In the current study, we isolated 46 endophytic fungi from three 

xerophytes and screened them on Waito-C rice, gibberellins (GAs) deficient dwarf rice cultivar, for their growth 

promoting capacity. It was observed that 27 fungal isolates promoted growth attributes of Waito-C rice. These 

growth-promoting fungal endophytes were further bio-assayed on maize (Zea maysL.) under normal and 8% 
polyethylene glycol (PEG) induced drought stress. The fungal endophytes promoted maize growth attributes and 

chlorophyll contents. The best results were recorded for isolates 1-3-1, 1-5-2, 2-1-1, 2-1-2, 3-1-2 and 3-1-3.Based on 

our finding, it was concluded that endophytic fungi can ameliorate the adverse effect of drought stress on the growth 
of plants growing in dry environments.  
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INTRODUCTION 

 

The plants of almost all the species of the Plantae kingdom have shown that they are inhabited by endophytic 

microbes. These unique associations may have positive effects on plant growth and tissue differentiation, as well as 
on biotic and abiotic stresses to which plants are exposed without any damage[1]. In addition, endophytic fungi can 

help plants providing them nutrients and make them immune to pathogenic microbes[2]. Being very diverse in 

distribution and association, these endophytes are a rich source of biologically active secondary metabolites[3]. In 
fact, in recent years, many biologically active compounds such as anticancerous, cytotoxic, antimicrobial and 

antioxidant compounds have been isolated from endophytic fungi[4].  

 Plants are sometimes exposed to extreme environmental conditions. Drought stress is one of the major 

abiotic constraint limiting crop growth and productivity worldwide. Fungal endophytes are asignificantly important 
component of terrestrial ecosystems, which enable host plants to flourish in severe environments. Studies show that 

fungal endophytes can enhance tolerance of their host plant and also increase resistance against a variety of other 

stressors[5]. By influencing plant morphology, development, and physiological and biochemical responses to stress, 

fungal endophytes can induce mechanisms of drought tolerance in their hosts[6]. 
 Plants and fungi in the natural ecosystem have a symbiotic relationship. Plants are subjected to many 

stresses (biotic and abiotic stresses) in their natural environment, and commensal fungi contribute to and adapt 

plants to these environmental stresses[7]. These fungi are important for the structure, function, and health of plant 
communities[8, 9]. Endophytic fungi are the major part of plant-associated fungal symbionts present in plant tissue 

and may be associated with roots, stems and/or leaves, without causing any disease symptoms[10]. These fungi can 

serve as a defender of predators[11], growth promoters[12] and competitors to microbial pathogens[13].The 

promotion of plant growth can be attributed to the secretion of secondary metabolites (gibberellin, auxins, 
cytokinins) by endophytic fungi in the rhizosphere[14, 15]. These fungi express symbiotic, parasitic and other 
symbiotic ways of life[16]. 

 The resistance of host plants to drought stress has been known as a completely documented feature of 

abiotic stress tolerance in endophyte-infected grasses[6]. In fact, a few investigations have given confirmation that 
the endophyte can enhance tolerance to drought stress[17-19]. Variety of plants treated with endophytes, under low 

95 



Seema et al., 2018 

 

water accessibility, indicated more prominent development and biomass formation[20], as compared to uninfected 

plants.  
In general, drought stress occurs when available soil moisture decreases and atmospheric conditions cause 

transpiration or evaporation to cause loss of water[21]. Otostegialimbata (Benth) belonging to family Lamiaceae 

used to treat gum disease, dental disease, wound healing, high blood pressure, eye inflammation, and most 
importantly as an anti-cancer agent. Many plants belonging to the family Labiatae have been screened because they 
also have potential pharmaceutical uses for antimicrobial activity[22]. .Gymnosporiaroyleana (Wall) commonly 

called “surazghay” belonging to Celastraceae family while Rhazyastricta (Decne) is a common evergreen poisonous 

shrub of the Apocynaceae. 

Waito-c rice is a known dwarf rice cultivar with reduced GA biosynthesis. Thus, shoot elongation of these 
seedlings can be effectively associated with the activity of plant-propagating secondary metabolites from the applied 

fungal culture filtrate. Recent studies have shown that plant growth promotion may be attributed to the secretion of 

gibberellins (GAs) by the endophytic fungi in the rhizosphere[23, 24].Application of polyethylene glycol-induced 
drought stress in combination with host plants and endophytic fungi significantly increased plant biomass and 

related growth parameters as compared to control plants. Thus, fungal endophytes promote the survival of their host 

plants under stress conditions by the secretion of favorable secondary metabolites. The purpose of this study was to 

investigate endophytic fungi that promote plant growth by producing secondary metabolites. 
 

MATERIALS AND METHODS 

 

Collection of Plant Samples 
Two plants (otostagialimbata & gymnosporiaroyleana) were collected from the Kot Manzary baba Dargai, 

Malakand agency, Khyber Pakhtunkhwa, Pakistan. Malakand agency is located 341, 35 north latitude and 711, 57 

east longitude. the plants collected were identified, dug out as a whole, sealed in sterile bags, labeled and transported 
to laboratory. the samples were processed immediately to reduce the risk of contamination. rhazyastricta was 

collected from tehsil Takht-e-nasratti, district Karak, Khyber Pakhtunkhwa, Pakistan. The total area of the tehsil is 

about 613.66km2. Majority of the area consists of rigged dry hills and rough field areas. 

 

Isolation and purification of fungal isolates from xerophytes 

The plant samples were first washed with tap water than surface sterilized by 70% ethanol for 30 sec and washed with 

autoclaved double distilled water and make a thin slice of each surface sterilized part of the plant (size= 5mm) [25].  
For fungal endophyte isolation, five to six plant segments (0.5 cm) of each part of the plants were carefully placed in 

Petri-plates, containing Hagem media (0.5% glucose, 0.05% MgSO4, 0.05% KH2PO4,.7H2O, 0.05% NH4Cl, 0.1% 

FeCl3, 80 ppm streptomycin and 1.5% agar; pH 5.6 ± 0.2). The sterilized plant segments were also imprinted on 

separate Hagem plates to ensure the effectiveness of surface sterilization[26, 27]. The Petri dishes were sealed with 
aluminum foil and incubated at 27±20C for a week under the dark condition and checked every day for the 

emergence of endophytic fungi. 

The initially emerged fungal spots from the plant segments were isolated and subculture on potatodextrose agar 
medium (PDA) under sterilized conditions[27, 28].After purification, PDA medium plates/slants were inoculated by 

the fungal isolates, and finally, pure grown cultures were stored for further experiments. 
 For secondary metabolites production, the fungal isolates were inoculated on Czapek broth medium (pH 

7.3±0.2) and incubated in a shaking incubator set at 30ºC with 120 rpm for 7 days.  The composition of Czapek 
medium was: 1% Glucose, 1% Peptone, 0.05% KCl, 0.05% MgSO4.7H2O, and 0.001% FeSO4.7H2O[27]. 

 

Colonization Frequency 

The colonization frequency of isolated endophytic fungi from root parts of the plants can be calculated following the 
established protocol[29, 30]. 

% Colonization frequency =  
����� ���� �������� ������ �!

����� �"�#�$ �% �������� �� �&�� ���'��
× 100   (01) 

Dominant fungi % =  
.�.�% �������� ��������! %$�� �&� ���'��

����� ��.�% ���� ������� �� ���'��
× 100    (02) 

 

Screening for Plant Growth Promoting Capacity on Waito-C rice 

Presence or absence of plant growth promoting metabolites in fungal CF was confirmed by performing screening 

bioassays on gibberellins biosynthesis deficient mutant rice Waito-C. Waito-C has a dwarf phenotype. For bioassay 

experiment, rice seeds were surface sterilized with 2.5% sodium hypochlorite for 30 minutes or 70% ethanol, rinsed 
with autoclaved DDW and then incubated for 4days to obtain equally germinated seeds[31]. Then pre-germinated 
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Waito-C seeds were transferred to small beakers having water: agar medium (0.8% w/v) under aseptic 

conditions[27].  The rice seedlings were grown in growth chamber (day/night cycle: 14 hr- 28°C ± 0.3;10 hr - 25°C 
± 0.3; relative humidity 70%;) for 1 week. 10µl of fungal CF was applied at the apex of the rice seedlings. One week 

after treatment, the shoot length, chlorophyll content and shoot fresh weight were recorded and compared with 

negative (autoclaved DDW) and positive controls (Czapek broth).Upon screening results, bioactive fungal strains 
were selected for further experiments and identification. 
 

Bioassay of Fungal Isolates on Zea Mays Growth under Drought Stress 

Experiments were conducted with a completely randomized block design in order to assess the endophytic fungus 

relationship with host-plants. Experiments comprised of maize plants (Zea mays L, Azam variety), with (i) fungal 
inoculation, (ii) without inoculation, (iii) fungal inoculation with drought stress (8% PEG), and (iv) without 

inoculation and with drought stress. On the basis of results obtained in Waito-C rice, fifteen bioactive endophytic 

fungal isolates were selected to assess their effects in mitigating drought stress. Fungal isolates were inoculated in 
Czapek broth (50 ml) as described previously. Then sterilized pre-germinated maize seedswere grown in pots 

containing soil (300 g/ pot). The fungal mycelia and culture filtrate (20 ml for each pot containing ten propagules) 

were added to thepot containing soil. The control plants only received 20 ml/pot autoclaved distilled water(DDW). 

The endophytic fungi and maize plants were grown together for ten days in agrowth chamber (day/night cycle: 14 
hr- 28°C ± 0.3;10 hr - 25°C ± 0.3; relative humidity 60-65%;12 plants per treatment) and irrigated with distilled 

water. After ten days, three doses of 8% PEG solution (20-50 ml/ pot) was applied to maize plants at three days 

intervals for one week in order to assess the effect of drought stress on these plants[32]. The growth parameters i.e. 
shoot length, root length, shoot fresh and dry weights and root fresh and dry weights were measured for harvested 

maize plants, while chlorophyll content of fully expanded leaves were analyzed33with the help of chlorophyll meter 

(SPAD-502 Minolta, Japan). Dry weights were measured after drying the plants at 70°C for 72 h in oven[33, 34]. 

 

RESULTS AND DISCUSSION 

 

Isolation of Endophytic Fungi from Xeric Flora 

We isolated 46 endophytic fungi from 160 root pieces of three xeric plants. These fungi were grown on Hagem 
media plates for seven days. The pure culture plates were grouped on the basis of colony shape, height and color of 

aerial hyphae, base color, growth rate, margin characteristics, surface texture and depth of growth into medium[5]. 

The morphological trait analysis reveals that 27 endophytic fungi were different.A maximum number of endophytic 
fungi were isolated from Rhazyastricta (21), with 95% infection rate. The colonization frequency of O. limbata and 

G. royleana was 95%, and 85% respectively. The dominant frequency of R. stricta, O. limbata,andG. royleana was 

35%, 22% and 30% respectively (Table 1).Little attention has been given to endophytic fungal association in 

extreme environmental conditions because of their slow growth rate and strenuous handling, however endophytic 
diversity of these microbes is of great interest because of producing secondary metabolites. The microbial 

population decreases with an increase in the altitude[5]. Endophytic fungi interact with the host plant by producing 

secondary metabolites that induce resistance and protection against various pathogens. They protect the plant in 
drought as well as in cold climatic conditions[35]. 

 

Table 1: Dominant fungi (%) and colonization frequency (%) of the fungal isolates 
Plant names Fungal 

Isolates 

Segments 

screened 

Segments with 

fungi 

Colonization 

frequency 

Dominant fungi 

Rhazyastricta 21 60 57 95% 35% 

Otostagialimbate 13 60 57 95% 22% 

Gymnosporiaroyleana 12 40 34 85% 30% 

 

Screening of Fungal Isolates on Waito-C Rice 
After careful removal of duplication, 27 endophytic fungi were selected from atotal of 46 isolates. The culture 

filtrate (10µl) of these endophytic fungi were applied on Waito-C rice seedlings, under growth chamber conditions. 
It gave significant growth promotion results, which was possibly induced by gibberellins present in fungal culture 

filtrate. The shoot & root lengths, fresh weights and dry weights of rice seedlings were checked and compared with 
positive and negative control (autoclaved distilled water, DDW) after one week of culture filtrate application. On the 

basis of shoot length, all the screened fungal isolates were growth promoter (Figure 3). Since Czapek medium 

contains nutrients, we used it as a positive control in order to observe the level of growth promotion imparted by it. 
The seedlings survived easily in water-agar media in the absence of nutrient solution and gave shoot elongation 
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results in 2 weeks. No two fungal isolates with similar morphological growth pattern and/or colonial morphology 

were selected to avoid unnecessary repetition (Table 2). Best growth promoter was selected for further study. We 
used screening bioassays of endophytic fungal culture filtrate in order to identify bioactive fungal strains because 

endophytic fungi have been known as an important source of various kinds of bioactive secondary metabolites20. It 

has been known recently that some of the strains of endophytic fungi can produce plant hormones especially 
gibberellins (GAs). GAs are ubiquitous substances that elicit various metabolic functions required for plants growth 
particularly shoot length. To characterize GAs secreted in the pure fungal culture of bioactive endophyte, it was 

inoculated in Czapek broth (50 ml) for 7 days at 30°C (shaking incubator-120 rpm) as described previously25. The 

filtrate and mycelium were separated by centrifugation (10,000rpm at 4°C for 10min). In screening bioassays, rice 

cultivars were used as rice can easily grow under controlled and sterilized conditions using an autoclaved water-agar 
hydroponic medium that can help in the assessment of culture filtrate obtained from endophytic fungi. 

 

Table 2: Screening of fungal isolates on Waito-C for their plant growth promoting capacity 
Fungal Isolates Shoot length (cm/ 

plant) 

Root length (cm/ 

plant) 

Fresh weight 

(g/plant) 

Dry weight 

(g/plant) 

Growth status 

Control 5.92±2.27 6.67±2.98 0.07±0.02 0.004±0.003  

CZPK 6.50±0.45 6.58±1.68 0.06±0.01 0.006±0.003  

1-1-1 7.50±0.71 6.00±1.05 0.08±0.03 0.010±0.003 Promoted 

1-1-2 7.42±1.53 7.00±2.60 0.08±0.02 0.012±0.003 Promoted 

1-1-3 8.25±1.60 8.25±3.19 0.11±0.02 0.011±0.003 Promoted 

1-1-4 7.92±0.86 5.83±2.40 0.12±0.02 0.010±0.003 Promoted 

1-2-2 7.50±0.84 7.67±2.25 0.05±0.04 0.011±0.003 Promoted 

1-2-3 7.50±1.22 8.17±2.46 0.08±0.03 0.010±0.003 Promoted 

1-2-4 7.58±0.80 5.75±1.92 0.11±0.03 0.010±0.003 Promoted 

1-2-5 7.92±1.32 7.33±1.13 0.12±0.02 0.011±0.003 Promoted 

1-3-1 7.90±1.14 7.67±1.66 0.11±0.03 0.011±0.003 Promoted 

1-3-2 7.67±0.41 6.42±2.54 0.08±0.02 0.011±0.003 Promoted 

1-3-3 8.50±1.00 7.25±1.04 0.07±0.01 0.011±0.003 Promoted 

1-4-2 7.58±1.07 7.75±3.25 0.06±0.01 0.011±0.003 Promoted 

1-4-6 7.50±0.84 7.67±2.25 0.05±0.04 0.011±0.003 Promoted 

1-5-2 8.33±0.75 8.00±3.03 0.05±0.01 0.012±0.003 Promoted 

1-5-3 7.83±0.52 6.42±1.36 0.08±0.02 0.011±0.003 Promoted 

2-1-1 8.42±0.80 8.42±2.28 0.07±0.03 0.012±0.003 Promoted 

2-1-2 8.42±0.97 9.33±2.44 0.04±0.02 0.011±0.003 Promoted 

2-1-3 8.42±0.58 8.33±0.82 0.07±0.02 0.012±0.003 Promoted 

2-2-1 7.50±1.22 8.17±2.46 0.08±0.03 0.010±0.003 Promoted 

2-2-2 7.58±1.07 7.75±3.25 0.06±0.01 0.011±0.003 Promoted 

3-1-1 7.67±0.75 7.67±2.80 0.06±0.01 0.011±0.003 Promoted 

3-1-2 8.00±o.84 8.08±2.41 0.13±0.03 0.011±0.003 Promoted 

3-1-3 8.50±1.14 6.83±1.91 0.12±0.02 0.011±0.003 Promoted 

3-2-2 8.08±1.39 6.67±2.66 0.09±0.04 0.011±0.003 Promoted 

3-3-2 7.67±1.03 6.08±2.13 0.14±0.02 0.011±0.003 Promoted 

3-4-1 7.92±0.58 5.50±1.30 0.14±0.03 0.011±0.003 Promoted 

3-5-2 8.00±0.63 7.33±2.42 0.04±0.01 0.011±0.003 Promoted 

 

Bioassay of Fungal Isolates on Zea Mays Under Drought Stress 

On the basis of screening results of Waito-C rice seedlings, fifteen bioactive endophytic fungi were selected to 
assess their effects in mitigating drought stress. Drought stress was induced by applying 8% PEG to plants. Three 

doses of drought stress were given at 3 days intervals. On the completion of the third dose, growth parameters i.e. 

shoot lengths, root lengths, plants fresh and dry weights were measured for harvested maize plants, while 

chlorophyll content of fully opened leaves was analyzed with the help of chlorophyll meter (SPAD-502 Minolta, 
Japan). Dry weights were measured after drying the plants at 70°C for 72 h in an oven. All the growth parameters 
were compared with the controlled plants receiving only autoclaved distilled water (DDW). Non-inoculated and 

stressed plants had lower shoot length (18.98±0.78) and dry weight (0.21±0.02). Fifteen fungal isolates were applied 

in order to assess their drought tolerance ability. Eight bioactive fungal isolates showed an increase in shoot lengths 
and dry weights and also enhance the chlorophyll contents of the plants under stress conditions (Table 3). 
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Table 3: Bioassay of endophytic fungal isolates on Zea mays L. under normal conditions 
Fungal Isolates SL(cm) RL(cm) PFW(g) PDW(g) Chl. (SPAD) 

Control 21.40±1.01 12.53±0.94 1.32±0.16 0.24±0.03 35.60±13.15 

1-1-2 20.00±1.73 17.57±1.69 1.80±0.27 0.25±0.03 35.10±9.23 

1-1-3 19.47±1.24 16.90±0.96 1.65±0.10 0.25±0.02 32.23±7.54 

1-1-4 21.53±1.12 17.00±2.01 1.53±0.13 0.23±0.02 27.13±4.17 

1-2-3 23.62±0.90 19.08±1.69 2.02±0.31 0.24±0.03 30.33±10.88 

1-3-1 22.75±1.19 17.18±1.32 1.65±0.10 0.30±0.02 43.73±2.11 

1-3-3 25.53±1.48 11.80±0.92 1.71±0.17 0.30±0.02 42.07±1.19 

1-5-2 23.77±1.82 12.87±1.64 1.64±0.24 0.27±0.03 53.26±5.49 

1-5-3 21.67±2.29 15.67±1.51 1.55±0.09 0.24±0.02 31.40±9.28 

2-1-2 22.48±1.85 18.93±1.25 1.66±0.22 0.28±0.03 44.10±3.19 

2-1-3 24.75±1.76 11.83±0.89 1.75±0.22 0.28±0.03 26.07±3.09 

2-3-1 20.52±1.82 12.73±1.14 1.14±0.09 0.20±0.03 29.06±6.38 

2-3-2 22.85±1.91 10.80±1.74 1.43±0.16 0.26±0.01 33.90±10.79 

3-1-1 23.32±1.09 13.55±1.30 1.30±0.09 0.26±0.04 28.60±4.77 

3-1-2 24.20±2.41 12.35±0.75 1.47±0.20 0.27±0.04 28.77±2.22 

3-1-3 23.72±2.50 14.33±1.42 1.69±0.07 0.26±0.02 46.93±0.98 

 

Shoot length(19.13±2.11) and dry weight (0.21±0.03) of fungal isolate 1-1-2 was at par with the control (Table 4) 

under drought stress.  On the basis of results obtained five fungal isolates, 1-3-3 (27.25±1.28), 3-1-3 (25.95±2.08), 

2-1-2 (24.28±1.69), 1-5-2 (25.42±1.80 and 1-3-1(23.58±1.31) showing a maximum increase in shoot lengths and dry 
weights. These fungal isolates were marked as N1, N2, N3, N4, and N5 respectively. Endophytic partner residing in 

root tissues and secreting plant growth regulating compounds are of great interest to enhance crop yield and quality. 
Such growth regulating compounds can influence plant growth in stressful environments. Endophytic fungi offer an 
important role in the protection of plants and making plants more fit to cope with biotic and abiotic stress tolerance, 

decreasing water consumption and increasing biomass[34, 35]. 

 

Table 4: Bioassay of fungal isolates on Zea mays L. under PEG-induced drought stress 
Fungal Isolates SL(cm) RL(cm) PFW(g) PDW(g) CC (SPAD) 

Control 21.40±1.01 12.53±0.94 1.32±0.16 0.24±0.03 35.60±13.15 

Stress (8%PEG) 18.98±0.78 16.85±1.43 1.34±0.26 0.21±0.02 31.70±9.09 

1-1-2 +8%PEG 19.13±2.11 16.62±1.14 1.29±0.38 0.21±0.03 32.36±4.20 

1-1-3 +8%PEG 20.33±0.59 14.90±1.25 1.61±0.14 0.26±0.01 24.83±1.09 

1-1-4 +8%PEG 24.42±1.53 19.08±0.88 1.93±0.33 0.32±0.02 26.30±3.33 

1-2-3 +8%PEG 24.78±1.36 18.00±1.55 1.81±0.28 0.28±0.04 28.23±3.76 

1-3-1 +8%PEG 23.58±1.31 18.67±0.58 2.14±0.22 0.32±0.02 43.90±2.22 

1-3-3 +8%PEG 27.25±1.28 14.57±0.91 1.94±0.15 0.35±0.03 42.70±3.48 

1-5-2 +8%PEG 25.42±1.80 17.05±1.30 1.94±0.22 0.29±0.05 57.20±5.05 

1-5-3 +8%PEG 21.48±1.25 17.23±0.77 1.94±0.12 0.24±0.02 34.63±6.40 

2-1-2 +8%PEG 24.28±1.69 17.25±0.87 1.75±0.22 0.30±0.03 45.76±4.94 

2-1-3 +8%PEG 24.40±1.24 10.57±1.56 1.60±0.16 0.28±0.03 30.50±2.18 

2-3-1 +8%PEG 21.88±1.57 12.57±1.55 1.38±0.14 0.26±0.03 30.50±6.87 

2-3-2 +8%PEG 23.88±0.63 12.38±1.34 1.57±0.10 0.26±0.03 31.10±6.09 

3-1-1 +8%PEG 22.27±2.78 12.03±1.67 1.22±0.10 0.24±0.04 27.96±2.31 

3-1-2 +8%PEG 23.55±1.63 14.03±1.35 1.49±0.16 0.25±0.02 27.93±4.08 

3-1-3 +8%PEG 25.95±2.08 14.20±0.88 1.77±0.18 0.33±0.04 46.03±2.02 

SL = Shoot Length, RL= Root Length, PFW = Plant Fresh Weight, PDW =Plant Dry Weight. For each set of treatment, the different 

letter indicates significant differences at p < 0.05 levels as estimated by Duncan’s Multiple Range Test (DMRT). 
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