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Abstract 

 

Agricultural crops including sunflower and soybean are facing thermal stress because of rapid change in climate caused 

by global warming. Some innovative steps should be taken on an emergency basis to prepare plants for such unfriendly 

stressful conditions. Use of endophytic fungi might be one of the successful weapons to protect food crops, susceptible to 

high temperature. These endophytes are known to secrete vital stress responsive secondary metabolites that not only provide 

resistance to crops against abiotic stresses but also help in promoting plants-growth and yield. Therefore, endophytic fungi 

were isolated from the leaves and roots of Adiantum capillus-veneris L. and their potential were checked for secreting 

bioactive secondary metabolites and possessing plant-growth promoting potential. A high concentration of phenolics, 

flavonoids, salicylic acid (SA) and indole 3-acetic acid (IAA) were found in the culture filtrate of isolate AdR-1, thus 

confirming their growth promoting potential for plants. Later on, phylogenetic exploration and 18S rDNA sequence 

homology showed that the selected isolatic fungus is Rhizopus oryzae.  This strain was inoculated to sunflower and soybean 

seedlings exposed to normal (25°C) and high (40°C) temperature stress in a growth chamber and their potential for thermal 

stress resistance was compared with control seedlings. Inoculated sunflower and soybean plants had shown low level of 

abscisic acid (ABA) while, high levels of ascorbic acid oxidase (AAO), catalase (CAT), proline, phenolics, flavonoids, 

sugars, proteins and lipids were noted. The endophytic fungus was also found stimulatory to chlorophyll content, shoot and 

root lengths, fresh and dry biomass as compared to un-inoculated plants. These results confirmed the beneficial role of R. 

oryzae for crop plants under thermal stress and suggested their use for sustainable agriculture in the future. 
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Introduction 

 

Helianthus annuus L. (sunflower) and Glycine max 

L. (soybean), are the two important lipids and protein rich 

crops, facing heat stress due to global warming. The 

thermal stress is many fold high in arid, semi-arid and 

tropical zones of the globe (Fischer & Knutti, 2015). 

Abiotic stresses including high temperature significantly 

affect vital physiological processes of agricultural crops 

that result in the reduction of food quantity and quality. 

Endophytic fungi are the beneficial asymptomatic 

partners of plants and new tools that recently used by 

plant physiologists against abiotic and biotic stresses 

(Khan et al., 2019). Heat stress boosts up transpiration 

rate and produces physiological drought that causes 

reduction in crop yield. However, there are differences in 

crops sensitivity to high temperature stress as maximum 

value for soybean is 30o C, sunflower 33oC, corn 29oC, 

maize 36oC and cotton 32oC (Gornall et al., 2010). 

Drought and heat stresses significantly reduce crops 

capacity to use water efficiently and hence their growth 

and yield (Stratonovitch & Semenov, 2015). Disturbances 

in the level of phytohormones were also reported in many 

plants under thermal stress. Jasmonic acid (JA) and 

abscisic acid (ABA) increase during high temperature 

stress while, reduction has been noted in the amount of 

gibberellin (GA3) and auxin (Waqas et al., 2012). Low 

level of cytokinin was reported in Passiflora edulis 

(passion fruit) under thermal stress that retarded shoot 

meristem expansion and flowers format ion (Sobol et al., 

2014). Endophytic fungi are recognized to synthesize 

plant-growth stimulating phytohormones including IAA 

and GAs that restore plant growth and development under 

abiotic and biotic stresses. Another beneficial role of 

endophytes for their host plant is enhancement in the 

absorption of essential minerals like Ca, P, K, Mg and S 

(Yuan et al., 2010). Endophytes also have a role in the 

improvement of plants’ nutritious value like total proteins, 

carbohydrates and lipids under drought, cold and salt 

stresses (Ikram et al., 2019). 

Concentration of reactive oxygen species (ROS) 

increases by many folds in stressful conditions that results 

in degradation of cell components leading to premature 

cell death. But high content of phenolics and proline play 

a protective role against ROS (Naseem et al., 2018). 

Endophytic fungi are known to secrete phenolic 

compounds inside host tissues that cause reduction in 

ROS concentration synthesized under various stresses. 

Phytohormones secreted by endophytic fungi including 

IAA, GAs, JA, SA and ABA along with phenolics, are the 

stress alleviating tools that help to lower negative effects 

of different environmental stresses (Khan et al., 2020a; 

Mehmood et al., 2018a). However, adaptive capabilities 

of agricultural crops like sunflower and soybean to 

thermal stress, is not well characterized. Here we tried to 

highlight the potential role of endophytic fungi associated 

to sunflower and soybean under high temperature stress 

and their effect on the total nutritive value. 
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Materials and Methods 

 

The experimental work was performed in the 

Department of Botany, Abdul Wali Khan University 

Mardan (AWKUM), Khyber Pakhtunkhwa, Pakistan. Rice 

seeds (Fakhr-e-Malakand Variety) were obtained from 

Agricultural Biotechnology Institute (ABI), National 

Agricultural Research Center (NARC), Islamabad, 

Pakistan. Rice seedlings were grown in pots having 30 ml 

of water agar medium (0.8%) in a growth chamber set at 

day/night cycles: 14 h, 28°C ± 0.3 day and 10 h, 25°C ± 

0.3 night, relative humidity was 70%. Sunflower (ICI 

Hyson 33 Australia) and soybean (Swat 84) varieties were 

grown in autoclaved sand for two weeks in growth 

chamber set at 25oC and 40oC for 14 h, 28°C ± 0.3 day 

and 10 h, 25°C ± 0.3 night, relative humidity was 70% 

and 14 h, 40°C ± 0.3 day and 10 h, 35°C ± 0.3 night, 

relative humidity was 70% respectively. All experiments 

were performed in replicates of three. 

 

Isolation of endophytic fungi from Adiantum capillus-

veneris L.: Endophytic fungi were isolated from Adiantum 

capillus-veneris L. collected from District Swat Khyber 

Pakhtunkhwa, Pakistan. Plants-sample were scrubbed with 

tap-water and Tween-80 solution and disinfected with 5% 

sodium hypochlorite for 5 min. Then samples were cut into 

0.5 and 1 cm sections and kept on Hagam media plates (10 

pieces/plate) (0.5% glucose, 0.05% KH2- PO4, 0.05% 

MgSO4·7H2O, 0.05% NH4Cl, 0.1% FeCl3, 80 ppm 

streptomycin and 1.5% agar; pH 5.6 ± 0.2) (Khan et al., 

2008). After the emergence, fungal isolations were refined 

on potato dextrose agar (PDA) media by repeated sub-

culturing. Clear isolates were stored at 4°C while, for 

longer storage PDA (water 1000 ml, potato (Sliced washed 

unpeeled) 300 g, glucose 20 g and agar 20 g) slants were 

made (Khan et al., 2009). For the analysis of secondary 

metabolites, fungal isolates were then inoculated to Czapek 

broth medium (50 ml) Czapek (1% C6H12O6, 1% Peptone, 

0.05% MgSO4·7H2O, 0.05% KCl, 0.001% FeSO4.7H2O; 

pH 7.3 ± 0.2) in a shaking incubator set at 30°C for 7 days 

at 120 rpm. Pellets and supernatants were separated using 

filter paper. 

 

Screening-bioassay of fungal filtrates on rice plants: 

Fungal filtrate (100 µl) was applied for their growth 

stimulating or retarding nature on the tip of rice plantlets 

at 2 leaf phase grownup in 30 ml of 0.8% water-agar 

medium in growth chamber for 1 week. Growth attributes 

(shoot and root lengths, fresh and dry biomass) were 

noted after 7 days of filtrate application and compared 

tallied with control plants (Czapek treated and distilled 

water seedlings) (Ismail et al., 2016). 
 

Molecular identification of fungal isolates: 

Methodology of Khan et al., (2008) was followed for 

fungal DNA isolation, PCR amplification and molecular 

identification of AdR-1 isolate. ITS-1 and ITS-4 primers 

were used for the amplification of the internal transcribed 

regions of 18S rDNA. The obtained sequences were 

subjected to BLASTn1 software for sequence similarity 

assessment. Phylogenetic analysis was carried out with 

Neighbor Joining (NJ) tree via MEGA-7 software. 

Inoculation of Rhizopus oryzae to sunflower and 

soybean: Pellet of R. oryzae was inoculated to pots (1 

mg/100 g of sand) containing 6 seeds of sunflower and 

soybean both then transferred to growth chambers fixed at 

40°C and 25°C for 14 days whereas, supernatant was 

analyzed for the presence of secondary metabolites. For 

watering, Hoagland solution was given to the pots at 48 

hours interval and growth attributes were analyzed after 2 

weeks of endophyte inoculation. 

 

Determination of IAA and SA in culture filtrate of R. 

oryzae: Standardized protocol of Benizri et al., (2013) 

was applied for the analysis of IAA in the culture filtrate 

of R. oryzae (AdR-1). One ml filtrate was added to 2 ml 

of Salkowski reagent and incubated for half an hour in the 

dark at room temperature. The color developed, was 

checked by the Perkin Elmer Lambda 25 

spectrophotometer at 540 nm. Different concentrations of 

IAA i.e. 10, 20, 30, 40, 60, 80 and 100 μg/ml were used 

for making standard curve. 

We used Warrier et al., (2013) methodology for the 

determination of SA in the culture filtrate of AdR-1. A 

100 μl of filtrate was added to 2.99 ml of 0.1% freshly 

formed solution of FeCl3. Appearance of violet color 

showed the presence of SA because of a complex formed 

by SA with Fe. Optical density was taken after the color 

developed at 540 nm. Different SA (Sigma Aldrich) 

concentrations (100, 200, 300, 400 and 500 μg/ml) were 

taken to make standard curve. 

 

Analysis of plant growth features: Two weeks old 

sunflower and soybean seedlings were analyzed for total 

chlorophyll contents, shoot and root lengths, -fresh and 

dry biomass of endophyte-associated and –free seedlings.  

 

Analysis of endogenous ABA: Yoon et al., (2009) 

methodology was applied for the determination of ABA 

concentration in sunflower and soybean plants grownup at 

25°C and 40°C. 0.5 g of fresh leaves of both sunflower 

and soybean were crushed in liquid N2.  A 30 ml mixture 

of glacial acetic acid and isopropanol (19:1) was added, 

filtered and then dried using rotary evaporator (Rotary 

Evaporator 1L/2L R-1001VN/R-1001LN). Then 

diazomethane was mixed with that combination and 

examined by GCMS SIM (GC System 6890N Network, 

via 5973 Network Mass Selective Detector, Agilent 

Technologies, Palo Alto, CA, USA). The Lab. Base 

(Thermo Quset, Manchester, UK) Data Analyzer Software 

was used to examine replies to ions with mass to charge 

(m/z) values of 162 and 190 for Me-ABA whereas, 166 

and 194 for Me-[2H6]-ABA. Abscisic acid ([2H6]-ABA) 

(Sigma Aldrich) was used as an internal standard. 
 

Determination of proline, flavonoids and phenolics in 

sunflower and soybean seedlings, and in the culture 

filtrate of R. oryzae: Mervet et al., (2009) protocol was used 

for the examination of flavonoids in sunflower and soybean 

plants and, in the culture filtrate of AdR-1. Sunflower and 

soybean leaves (0.5 g) were crushed in 5 ml ethanol (80%) 

and kept in a shaking incubator set at 120 rpm for 24 h. Then 

the sample was spun for 15 min at 10,000 rpm. After 

spinning, supernatant (250 μl) was mixed with DW (1.25 ml) 
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and then 5 μl of NaNO2 (5%) was combined with the mixture 

and incubated for five minutes. A of 10% AlCl3.H2O (150 μl) 

was also added to this mixture and incubated for 6 minutes. 

In the last, 275 μl of DW and 500μl of NaOH (1M) were 

combined in test tube and mixed well. Aqueous ethanol 

(80%) was used as blank. Optical density was taken at 415 

nm. Different concentrations of quercetin (Sigma Aldrich) 

(15, 30, 60, 120, 240 and 480 μg/ml) were taken to make 

standard curve. 
Bates et al., (1973) methodology was applied for the 

adetermination of prolin in sunflower and soybean leaves. 
Sunflower and soybean leaves (0.1 g) were crushed in 4 ml 
of 3% sulpho-salicylic acid and incubated for 24 hours at 
5°C. The mixture was then spun at 3000 rpm for 5 min. 
Acid ninhydrin (2 ml) and supernatant (2 ml) were mixed 
and warmed upto 100°C for an hour. Optical density was 
taken at 520 nm after the addition of 4 ml toluene. Toluene 
was used as blank. Different concentrations (2, 4, 6, 8 and 
10 µg/ml) of proline were used to make standard curve. 

Folin-Ciocalteu colorimetric methodology of Cai et 
al., (2004) was applied for the determination of total 
phenolics in fungal filtrate, sunflower and soybean. Folin-
Ciocalteu reagent (0.5 N) was combined with sample (0.2 
ml) and incubated at 25°C for four minutes. For the 
neutralization, saturated Na2CO3 (75 g/L) was combined to 
this mixture followed by heating at 100°C for one minute. 
Mixture was incubated for 2 hours in the dark. Optical 
density was taken at 650 nm. Different concentrations of 
Gallic acid (100, 200, 300, 500 and 600, 700 and 900 
mg/ml) were used to make the standard curve. 
 

Analysis of CAT and AAO in sunflower and soybean 

plants: CAT analysis in sunflower and soybean plants 

was done using methodology of Lack (1974). Two g 

leaves were crushed in of phosphate buffer solution (10 

ml) and spun at 10,000 rpm for 5 min and, then 

supernatant was collected. H2O2-phosphate buffer (3 ml) 

and supernatant (40 µl) were combined. Optical density 

was taken at 240 nm. H2O2-free Phosphate-buffer solution 

was used as blank. A decrease of 0.05 in the absorbance at 

240 nm was calculated as one enzyme unit. 

Oberbacher and Vines (1963) methodology was 

applied for the determination of AAO in sunflower and 

soybean plants. One g fresh leaves were crushed in 2 ml 

of phosphate buffer, spun at 3000 rpm for five minutes 

and then supernatant (100 µl) and substrate solution; 3 ml, 

(ascorbic acid (8.8 mg) and phosphate buffer (300 ml); 

PH 5.6), was combined. Optical density was taken at 265 

nm for 5 min after every 30 seconds of interval. One AAO 

unit was calculated by drop in OD by 0.01 per minute. 

Determination total proteins, sugars and lipids in 

sunflower and soybean plants: Lowery et al., (1951) 

protocol was used for the determination of proteins in 

sunflower and soybean seedlings. 1 g of fresh leaves were 

used and OD was taken at 650 nm. Different 

concentrations (20, 40, 60, 80 and 100 µg/ml) of BSA was 

used to make standard curve. Mohammadkhani and 

Heidari (2008), methodology was applied for the 

determination of soluble sugar in soybean and sunflower 

leaves (0.5 g) and OD was taken at 485 nm. Different 

concentrations (20, 40, 60, 80 and 100 µg/ml) of glucose 

(Sigma Aldrich) was used to make the standard curve. 

Van Handel (1985), methodology was applied for the 

analysis of lipids in sunflower and soybean seedlings. 

Sunflower and soybean leaves (0.2 g) were crushed and 

mixture of H3PO4 and Vanillin blue was used as blank. 

Optical density was taken at 490 nm. 

 

Statistical Analysis 

 

All experimentations were performed in replicates of 

three. The data were evaluated by one way analysis of 

variance (ANOVA) and their means were compared with 

Duncan multiple range test (DMRT) at p=0.05 using 

SPSS-20. 

 

Results 

 

Isolation of endophytic fungi and their screening 

bioassay on rice seedlings: A total of 12 different fungal 

isolates were collected from the leaves and roots of 

Adiantum capillus-veneris L. Growth attributes were 

noted after one week of filtrate application and compared 

with Czapek control and DW control treatments (Table 1). 

Fungal isolate AdR-1 was known to be growth promoter 

of rice seedlings and selected for further study and 

molecular identification. The isolate was identified as 

Rhizopus oryzae. 
 

Phylogenetic analysis of isolate AdR-1: DNA of fungus 

was extracted and sequenced for molecular identification. 

BLAST result of 28S rDNA sequencing, was analyzed 

through MEGA 7.0 software, which showed 81% 

homology with R. oryzae. Phylogenetic tree constructed 

from 11 taxa (1 clone and 10 references) by Neighbor 

Joining (NJ) method via MEGA 7 package (Fig. 1) 

confirmed strain identity as R. oryzae. The R. oryzae 

(AdR-1) sequence was submitted to NCBI Gene Bank 

under accession No. MH577052. 
 

Table 1. Effect of R. oryzae (AdR-1) filtrate on the growth of rice seedlings. 

Growth attributes Control (DW) Control (Czk) R. oryzae 

Shoot length (cm) 12.7 + 0 0.36a 13.8 + 0.54ab 15.7 + 0.62b 

Root length (cm) 6.4 + 0.58a 6.7 + 0.17ab 7.7 + 0.35b 

Fresh weight shoot (g) 0.0301 + 0.003a 0.042 + 0.001b 0.05 + 0.001b 

Fresh weight root (g) 0.0937 + 0.007a 0.0986 + 0.006a 0.141 + 0.001b 

Dry weight shoot (g) 0.0045 + 0.001a 0.0052 + 0.003a 0.0071 + 0.004b 

Dry weight root (g) 0.0137 + 0.001a 0.0147 + 0.003a 0.0162 + 0.004b 

Screening bioassay of fungal filtrate (100µl) on rice seedlings at two leaves stage, grown in .8% water-agar medium at room 

temperature. Data are means of 3 replicates with standard error. For each set of treatment, the different letter indicates significant 

differences at p<0.05 > as estimated by Duncan’s Multiple Range Test (DMRT). DW = Distilled water, Czk = Czapek, AdR-1 = 

Fungal strain isolated from the root of Adiantum L. 
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Fig. 1. Phylogenetic consensus tree construction (using 11 taxa, 

10 reference and 1 clone) for the identification of fungal isolate 

AdR-1 using neighbor joining (NJ) method. 81% bootstrap 

value confirmed isolate AdR-1 as R. oryzae. 

 
 
Fig. 2. Important secondary metabolites secreted by R. oryzae 

(AdR-1) in their culture filtrate grown for 1 week in Czapek 

broth medium in shaking incubator set at 120 rpm at 28oC. Data 

are means of 3 replicates with standard error bars. 

 

Analysis of secondary metabolites in Rhizopus oryzae 

filtrate: Different concentrations of secondary 

metabolites found in fungal filtrates were, SA (131.67 

µg/ml), IAA (88.16 µg/ml), phenolics (5.25 mg/ml) and 

flavonoids (3.59 µg/ml) (Fig. 2). 

 

Endophyte-sunflower and soybean interface: A 

significant enhancement in all growth features has been 

recorded in sunflower and soybean seedling co-cultured 

with R. oryzae at 25oC and 40oC. Sunflower and soybean 

inoculated with R. oryzae had more chlorophyll content 

(6.4% and 3.6%), shoot (13% and 18%) and root length 

(74% and 6.5%), fresh weight shoot (13.7% and 1.6%), 

fresh weight root (61.7% and 87.9%) and dry weight 

shoot (11.7% and 2.9%) and dry weight root (0% and 9%) 

respectively under heat stress compared to non-inoculated 

seedlings (Tables 2 and 3). 

 

Modulation of endogenous ABA in soybean and 

sunflower under temperature stress: In both sunflower 

and soybean seedlings, a significant decrease (76.9% in 

sunflower and 77% in soybean plants) was observed in 

the concentration of ABA at heat stress when inoculated 

with R. oryzae as compared to non-inoculated seedlings. 

Sunflower inoculated with R. oryzae had 34 ng/g of ABA 

while, control plants had 60 ng/g at 40oC. Similarly, R. 

oryzae treated soybean had 29.9 ng/g while, non-

inoculated plants had 262 ng/g of ABA concentration at 

high temperature. At 25oC both sunflower and soybean 

seedlings inoculated with and without A. oryzae had no 

significant differences in the amount of ABA (Fig. 3). 

 

Influence of R. oryzae on the endogenous 

concentrations of flavonoids, proline and phenolics: 

Total flavonoids, proline and phenolic concentrations of 

sunflower and soybean inoculated with and without R. 

oryzae at 25oC and 40oC, were analyzed via 

spectrophotometer. At 25oC, control sunflower seedling 

had 36 µg/g and R. oryzae-associated seedlings had 51.7 

µg/g of flavonoids while, at 40oC R. oryzae-associated 

seedlings had 40 µg/g and R. oryzae-free seedlings had 

24.6 µg/g of flavonoids. Similarly, R. oryzae-associated 

and -free soybean has 25 µg/g 20.9 µg/g at 25oC and 61 

µg/g 38 µg/g of flavonoids at 40oC respectively (Fig. 4). 

Maximum proline concentration (16 µg/g) was found in 

R. oryzae-associated soybean seedling at 40oC while, 

control soybean seedling has13 µg/g of proline content. 

Rhizopus oryzae-soybean had 11.5 µg/g while, control 

seedling had 6.6 µg/g of proline at 25oC. Sunflower had 

less content of proline as compared to soybean. R. oryzae-

associated sunflower seedling had 3 µg/g while, control 

seedling had 1.8 µg/g of proline at 25oC. At 40oC, R. 

oryzae-associated sunflower had 3.7 µg/g while, R. 

oryzae-free sunflower seedlings has 3 µg/g of proline 

contents (Fig. 4B). Enhanced content of phenolics were 

found in R. oryzae-associated-soybean (8.2 mg/g) at 40oC 

as compared to control seedlings (7.8 mg/g). While, at 

25oC, R. oryzae-associated-soybean had 3.5 mg/g and 

non-inoculated plants had 2.8 mg/g of phenolic 

compounds. Sunflower associated with R. oryzae at 25oC, 

had 2 mg/g and non-associated plants had 1.3 mg/g of 

phenolics while, at 40oC, sunflower inoculated with R. 

oryzae has 5.9 mg/g as compared to non-inoculated 

seedlings 4 mg/g (Fig. 4C). 
 

Enhancement in the activity of AAO and CAT: A 

noteworthy proliferation was found in the antioxidants 

activity of AAO and CAT in sunflower and soybean plants 

aligned with R. oryzae at heat stress. Maximum activity of 

CAT (1.4 units enzymes/g/30 seconds) was found in 

soybean aligned with R. oryzae at 40oC while, control 

seedling had 0.9 units enzymes/g/30 seconds. At 25oC 

soybean associated with R. oryzae had 0.7 units 

enzymes/g/30 seconds as compared to endophyte-free 

seedlings (0.5 units enzymes/g/30 seconds). Similarly, 

sunflower associated with R. oryzae had 0.4 units 

enzymes/g/30 seconds at 25oC and 0.8 units enzymes/g/30 

seconds at 40oC while, endophyte-free sunflower had 0.2 

units enzymes/g/30 seconds and 0.6 units enzymes/g/30 

seconds at 25oC and 40oC respectively (Fig. 5). 
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Table 2. Effect of endophytic fungal strain R. oryzae (AdR-1) on the growth of sunflower. 

Growth attributes/temperature 

stress 

25°C 40°C 

Control R. oryzae Control R. oryzae 

Total chlorophyll content (SPAD) 38.4 ± 1.9a 44 ± 3.7a 39 ± 1.3a 41.5 ± 2.4a 

Shoot length (cm) 20.5 ± 0.4a 24.5 ± 1.1b 23.7 ± 0.9ab 26.8 ± 1.5b 

Root length (cm) 6±  0.6a 8 ± 0.4ab 9 ± 0.6b 15.7 ± 1.4c 

Fresh weight shoot (g) 1.22 ± 0.09a 1.43 ± 0.25a 1.09 ± 0.04a 1.24 ± 0.18a 

Fresh weight root (g) 0.188 ± 0.05b 0.361 ± 0.02c 0.075 ± 0.007a 0.196 ± 0.03b 

Dry weight shoot (g) 0.040 ± 0.00006a 0.081 ± 0.0007b 0.085 ± 0.009b 0.095 ± 0.0006b 

Dry weight root (g) 0.014 ± 0.0003a 0.04 ± 0.0001b 0.024 ± 0.001a 0.024 ± 0.007a 

Note: Effect of endophytic fungus R. oryzae (AdR-1) on sunflower seedlings, isolated from Adiantum capillus-veneris L. Data are 

means of 3 replicates with standard error. Different letters are significantly different (p<0.05) as estimated by Duncan’s Multiple 

Range Test (DMRT) 

 

Table 3. Effect of endophytic fungal strain R. oryzae (AdR-1) on the growth of soybean. 

Growth attributes/temperature 

stress 

25 °C 40 °C 

Control R. oryzae Control R. oryzae 

Total chlorophyll content (SPAD) 29 ± 2a 34.8 ± 1.2b 30.7 ± 0.3ab 31.8 ± 0.6ab 

Shoot length (cm) 260 ± 0.9a 35 ± 1.7b 38.7 ± 1.8b 45.7 ± 2.2c 

Root length (cm) 10 ± 0.6a 17.1 ± 2a 15.3 ± 3.2a 16.3 ± 1.4a 

Fresh weight shoot (g) 1.138 ± 0.02b 1.173 ± 0.28b 0.121 ± 0.37a 0.123 ± 0.02a 

Fresh weight root (g) 0.182 ± 0.01a 0.166 ± 0.07a 0.133 ± 0.02a 0.25 ± 0.07a 

Dry weight shoot (g) 0.079 ± 0.0003a 0.078 ± 0.0002a 0.135 ± 0.01b 0.139 ± 0.01b 

Dry weight root (g) 0.01 ± 0.0001a 0.023 ± 0.0003b 0.075 ± 0.002c 0.082 ± 0.006c 

Note: Effect of endophytic fungus R. oryzae (AdR-1) on soybean seedlings, isolated from Adiantum capillus-veneris L. Data are 

means of 3 replicates with standard error. Different letters are significantly different (p<0.05) as estimated by Duncan’s Multiple 

Range Test (DMRT) 

 

 
 
Fig. 3. GC MS analysis of ABA concentration of sunflower and 

soybean aligned with R. oryzae (AdR-1). Data are means of 3 

replicates. Similar bars labeled with different letters are 

significantly different (p<0.05). 

 

Sunflower and soybean aligned with R. oryzae had 1 

units enzymes/g/30 seconds and 1.7 units enzymes/g/30 

seconds at 25oC while, control seedlings had 0.6 units 

enzymes/g/30 seconds and 1.5 units enzymes/g/30 

seconds. At 40oC, R. oryzae-associated sunflower and 

soybean has 3 units enzymes/g/30 seconds and 2.5 units 

enzymes/g/30 seconds as compared to control sunflower 

(2.3 units enzymes/g/30 seconds) and soybean (1.8 units 

enzymes/g/30 seconds) plants (Fig. 5B). 

Improvement in host´s nutrients by R. oryzae under 

heat stress: Total proteins, sugars and lipids of R. oryzae-

associated sunflower and soybean were determined 

spectrophotometrically. A slight decrease was observed in 

the total protein content of endophyte-inoculated 

sunflower (33%), while a small rise was detected in 

soybean (10.6%) under thermal stress as compared to 

normal temperature. At 40oC, R. oryzae-associated 

sunflower and soybean had 193 µg/g and 218 µg/g of 

protein content while, endophyte free sunflower has 125 

µg/g and soybean had 163 µg/g of total proteins. At 25oC, 

R. oryzae-associated sunflower and soybean had 258 µg/g 

and 197 µg/g of protein content while, endophyte free 

sunflower has 204 µg/g and soybean had 213 µg/g of total 

proteins (Fig. 6).  

At 25oC, R. oryzae-aligned sunflower and soybean 

had 168 µg/g and 208 µg/g of total soluble sugar 

concentration as compared to non-inoculated sunflower 

(105 µg/g) and soybean (133 µg/g) while, at high 

temperature (40oC), endophyte-associated sunflower had 

91 µg/g and soybean had 206 µg/g as compared to R. 

oryzae-free sunflower (76 µg/g) and soybean (202 µg/g) 

seedlings (Fig. 6B). Total lipids of sunflower and soybean 

were analyzed through spectrophotometer. At 25oC, R. 

oryzae-treated sunflower had 198 µg/g and soybean has 

346 µg/g lipids while, control sunflower had 143 µg/g and 

soybean had 281 µg/g of lipids. At 40oC, R. oryzae-

associated sunflower had 168 µg/g and soybean has 255 

µg/g of lipids as compared to endophyte-free sunflower 

112 µg/g and soybean 187 µg/g (Fig. 6C). 
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Fig. 4. Analysis of (A) flavonoids, (B) proline and (C) phenolics 

of sunflower and soybean associated with R. oryzae. Data are 

means of 3 replicates with standard error bars labeled with 

different letters are significantly different (p<0.05). 

 

Discussion 

 

Endophytic fungi live inside the plant tissues as 
symbiotic partners with no noticeable signs of disease 
(Rodriguez et al., 2008) and that have a role in secreting 
vital secondary metabolites for their host plant (Mehmood 
et al., 2019). We investigated heat-stress alleviating 
potential of plant growth promoting endophytic fungus 
Rhizopus oryzae for sunflower and soybean at 40oC. Rice 
plantlets were used for the initial screening of R. oryzae for 

their growth promoting potential because of its quick and 
easy response to plant growth promoting hormones 
including IAA and GAs (Hamayun et al., 2015). Like other 
endophytic fungi, R. oryzae also secretes vital secondary 
metabolites in their culture filtrate like IAA, SA, flavonoids 
and phenolics. Indole 3-acetic acid is observed to have 
critical role against abiotic and biotic stress responses via 
regulation and transcription of several anti-stress genes 
(Fahad et al., 2015). Several physiological and 
developmental processes are considered to be orchestrated 
by IAA (Mehmood et al., 2018b; Teale et al., 2006). In 
Arabidopsis thaliana, IAA promotes hypocotyl growth 
during thermal stress Thermal stress represses the 
expression of IAA biosynthesis genes i.e. YUCCA that 
leads to abortion of pollen grains development (Sakata et 
al., 2010). Salicylic acid has a role as defense signaling 
chemical against biotic and abiotic stress stimuli. It also 
takes part in plant growth and development, flower 
induction, ethylene biosynthesis, regulation of respiration 
and stomatal behavior (Waqas et al., 2015). Flavonoids 
(Agati et al., 2012) and phenolics (Suzuki et al., 2014) 
function as strong antioxidants against ROS generated 
during high temperature stress. IAA and GAs were 
previously analyzed in the culture filtrate of some 
endophytic fungi comprising Fusarium oxysporum, 
Aspergillus niger, Paecilomyces formosus, Penicillium 
funiculosum (Ali et al., 2018; Deng & Cao, 2017). 

 

 
 

 
 
Fig. 5. Analysis of CAT (A) and AAO (B) concentration of 

sunflower and soybean seedlings treated with R. oryzae (AdR-

1). Data are means of 3 replicates with standard error bars 

labeled with different letters are significantly different (p<0.05). 
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Fig. 6. Analysis of total proteins (A), soluble sugars (B) and lipids 

(C) of sunflower and soybean seedlings treated with R. oryzae 

(AdR-1). Data are means of 3 replicates with standard error bars 

labeled with different letters are significantly different (p<0.05). 

 

Proline, an amino acid, occurs in higher plants in 

retort to different abiotic stresses as osmolyte, free 

radicals scavenger and as buffer for cellular-redox 

potential (Balal et al., 2017). It also has role in mitigating 

cytoplasmic acidosis, maintenance of correct ratio of 

NADP+/NADPH that might be compatible with plant 

cellular metabolism (Hare & Cress, 1997) and protein 

compatible hydro-trope (Srinivas & Balasubramanian, 

1995). On overcoming of stress conditions, rapid 

breakdown of accumulated proline release sufficient 

amount of strong reducing agents that enhance process of 

ATP synthesis and mitochondrial oxidative 

phosphorylation as well as repair damages induced by 

stress (Hare & Cress, 1998). Moreover, proline also help 

in expression of those abiotic stress-responsive-genes 

which have proline-responsive-elements (e.g. PRE, 

ACTCAT) in their promoter regions (Khan et al., 2020b). 

High concentration of proline in R. oryzae-associated 

sunflower and soybean as compared to non-inoculated 

seedlings at 40oC, clearly indicated thermal alleviating 

capability of endophytic fungi. Our result confirmed 

previous work that endophytic fungi caused enhancement 

in phenolics content in tall fescue plant under stress (Zhou 

et al., 2003). An enzyme phospho-lypase-D, Ca and ABA, 

are known to be responsible as signaling chemicals that 

regulate P5CS gene, responsible for proline biosynthesis 

(Thiery et al., 2004). Sunflower and soybean aligned with 

endophytic fungus R. oryzae have low level of ABA as 

compared to non-inoculated seedlings of sunflower and 

soybean at thermal stress of 40oC. Low level of ABA in 

endophyte-associated seedlings determines beneficial role 

of endophytic fungi because accumulation of ABA is 

noted in plants subjected to heat stress (Badshah et al., 

2012; Raghavendra et al., 2010). 

ROS are unstable free radicals generated by all plants 

during normal metabolic reactions where they function as 

mediator of cell division, differentiation, progression and 

defense against biotic and abiotic stresses while, their 

enhanced concentration under stress is the leading cause 

of premature aging and apoptosis (Krishnamurthy & 

Wadhwani, 2012). All organisms are known to have their 

own antioxidant-defense-system (ADS), responsible for 

deactivation of ROS by reducing their vitality or 

distressing their chain of oxidizing reactions, earlier than 

they become injurious to the cell (Alici & Arabaci, 2012). 

Different abiotic and biotic stresses cause enhancement in 

the synthesis of H2O2 that harm vital cell components but 

at the same time plants have defensive antioxidant 

enzymatic system in the form of CAT, AAO and SOD 

(Al-Saffar et al., 2006). CAT and AAO target and degrade 

excess of ROS including singlet oxygen, superoxides, 

hydroxyl radicals and H2O2 (Mhamdi et al., 2010). CAT 

has multi genes family in plants that have role in encoding 

important proteins. These proteins help in regulation, 

localization and expression of stress responsive genes in a 

cell under different stresses (Su et al., 2014). Study on 

AAO suggested that it had role in balancing the 

concentration of membrane bound antioxidant α-

tocopherol in a low amount. It is also known that AAO 

help in cell wall reorganization by performing vital role as 

cofactor for peptidyl-lysyl and peptidyl-prolyl 

hydroxylases that speed up biosynthesis of hydroxyl-

lysine and hydroxyl-proline. Later on, Hydroxy-proline is 

transformed to Hydroxyproline-rich-glycoproteins 

(HRGPs). HRGPs play vital structural and supportive role 

for plant cell wall under different environmental stresses 

including heat stress (Conklin, 2014). High amount of 

AAO and CAT in R. oryzae- associated soybean and 

sunflower as compared to un-inoculated plantlets under 
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high temperature stress, suggested that R. oryzae helped 

their host plant in mitigating thermal stress. In a similar 

study on ryegrass, Bonnet et al., (2000) noted enhanced 

concentration of AAO in endophyte associated plants. It 

has also been reported previosly that endophytic fungi 

like Aspergillus flavus has protective role for host plant in 

reducing thermal toxicity (Rodriguez et al., 2012). Sugars 

play an important role for plants like chief energy source, 

storage compounds, and precursor for carbon containing 

compounds and polymers synthesis. Several sugars 

including glucose, galactose, raffinose and sucrose are 

known to gather in plant tissues as a result of abiotic 

stresses (Khan et al., 2018). In our study, we observed an 

enhanced level of total soluble sugar, protein and lipids in 

R. oryzae-associated sunflower and soybean compared 

un-inoculated plants, suggesting the beneficial role of 

endophytes for their host plants. 

 

Conclusion 
 

Current work was an endeavor to know the role of 

endophytic fungus R. oryzae for sunflower and soybean 

under heat stress. These oily crops are facing continuous 

thermal stress in their growing areas because of global 

warming. Global warming is a world’s combined potent 

problem that significantly reduce crops quality and 

quantity. Reduction in the severity of thermal stress 

responses by endophytic fungus R. oryzae, inoculated to 

sunflower and soybean suggested its use as bio-fertilizer 

and thermal stress alleviating agent in the future for 

sustainable agriculture. 
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