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Abstract 

 
Rice (Oryza sativa L.) needs greater amount of water for its growth and metabolism as compared to other 

agricultural crops making it vulnerable to drought. Previous studies have suggested that symbiotic fungi can be 

utilized as exogenous producers of radical scavenging metabolites that enhance the adaptive ability of their host 

plants exposed to various environmental stresses such as drought. The actual stress-adaptive mechanisms of these 

root symbiotic fungal (RSF) isolates were tested on drought-stressed rice. The results of the study showed that the 

five RSF isolates have different mechanisms in protecting rice seedlings against drought. However, one RSF isolate 

stood out. The rice seedlings treated with the unidentified Mucoromycotina isolate, F9P2RSF21, appeared to have 

the tallest shoots, 100% germination rate, highest seedling vigor index (SVI) and drought tolerance index (DTI) 

together with the lowest drought susceptibility index (DSI). Statistical data also revealed that this isolate 

approximated the plant shoot length, germination rate, SVI, DTI and DSI of those rice seedlings grown in non-

drought conditions. These drought parameters showed that the unidentified Mucoromycotina isolate, F9P2RSF21, 

was proved best in combating the far-reaching effects of drought in agriculture. With the apparent consistency in the 

results pertaining the potential drought stress tolerance capacity of RSF isolates on Drynaria quercifolia, this study 

may be a potential breakthrough in the field of agriculture and rice research. 
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INTRODUCTION 

 

Rice (Oryzasativa L.) is the predominant food for 

many countries worldwide. In the Philippines, rice 

production has huge contribution as household 

income and helps millions of Filipino families. 

Given the aforementioned significance of rice in 

the country's economy, it is expected that majority 

of the nation's agricultural lands are dedicated to 

rice production (Barba et al., 2014). Rice, like any 

other plants, experiences formation of reactive 

oxygen species (ROS) in their normal metabolic 

processes. Rice may experience detrimental 

damages in its morphology and physiology due to 

excessive ROS produced by environmental 

stresses. A very common example of stress 

experienced by rice is drought. For its normal 

growth and development, rice needs greater 

amount of water as compared to other agricultural 

crops making it vulnerable to drought (Pandey and 

Shukla, 2015).  In relation to drought, the climate 

change has caused several areas worldwide to 
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experience longer drought periods; while other 

regions are exposed to heavy rainfalls. The El-

Nino phenomenon, an abnormal weather condition 

that causes drought, has affected countries such as 

Philippines, Indonesia, Malaysia and Thailand 

(Fukai and Cooper, 1995). The erratic rainfall 

pattern and drought conditions caused remarkable 

cutback in yields of major agricultural crops, 

particularly rice. If this irregular pattern and 

drought conditions continue, it may give drastic 

effect to the rice and agricultural industry due to 

their dependency on climatic conditions (Barba et 

al., 2014). 

 To avoid the detrimental damages caused by 

excessive ROS brought about by various 

environmental stresses such as drought, plants 

have evolved mechanisms to control them 

sustainably. Plant's endogenous ROS-quenching 

mechanism plays a critical function in keeping the 

redox balance of its system. For instance, enzymes 

play a vital role in the reduction of ROS levels as 

well as avoiding oxidative stress (Sugiharto et al., 

2016). The activities of these enzymes play an 

important role as being the primary line of defense 

in eradicating free radicals (Elavarthi and Martin, 

2010). Nonetheless, excessive ROS exposure 

might cause failure to plant's endogenous radical 

scavenging system. When this happens, exogenous 

antioxidants are necessary to maintain homeostasis 

of metabolic oxidation-reduction reactions. 

 Previous studies have suggested that 

symbiotic fungi can be utilized as exogenous 

producers of radical scavenging and novel 

bioactive compounds (e.g. phenolic acids, tannins 

and flavonoids) (Ravindran and Naveenan, 2011; 

Dhankhar et al., 2012; Yadav et al., 2014; 

Ludwig-Müller, 2015; Al-Askar, 2016) that can 

combat ROS production during stress. Studies 

even demonstrated that filamentous fungi 

Aspergillus and Monascus are good sources of 

phenolics that are good antioxidants due to the 

scavenging activity of their hydroxyl groups 

especially when their hosts are exposed to drought 

or other related environmental stresses (Manach et 

al., 2004; Arora and Chandra, 2010). Moreover, a 

variety of fungal strains such as Penicillium, 

Mortierella and Acremonium were speculated to 

produce enzymes (e.g. catalase and peroxidase) 

that counter oxidation and arrest damaging 

properties of ROS (Chandra and Arora, 2009) 

brought about by drought. 

 With the above mentioned benefits that can be 

acquired from symbiotic fungi, scientists have 

focused on the feasibility of natural remedies such 

as fungal symbiosis to plants. Literature showed 

that the mutualistic relationship of fungi to plants 

helped them acclimatize with new environmental 

stresses such as desiccation, increased solar 

radiation exposure and extreme temperature 

fluctuations (Selosse and Le Tacon, 1998). Hence, 

there is a great tendency that symbiotic fungi can 

provide certain physiochemical mechanisms to 

their host plants experiencing drought stress. This 

project  was therefore crafted to determine the 

likelihood of the RSF isolates to provide drought 

stress tolerance to rice. Holistically, it aimed to 

combat the far-reaching effects of drought in the 

agricultural industry.  

 

MATERIALS AND METHODS  

 

Isolation and identification of root symbiotic 

fungi (RSF): The epiphytic fern, Drynaria 

quercifolia, often colonizes Acacia (Samanae 

saman) found in the Don Mariano Marcos 

Memorial State University – North La Union 

Campus (DMMMSU-NLUC). This state 

university is found in Bacnotan, La Union, 

Philippines. These ferns are treated as valueless 

outgrowths in tree barks and are often cut to 

maintain the aesthetic beauty of DMMMSU-

NLUC. This study was therefore conducted to 

highlight the potential agricultural significance of 

these seemingly valueless plants. Ten D. 

quercifolia were collected. The roots of these ferns 

were cut into representative segments and grown 

in Potato Dextrose Agar (PDA) (TM Media). Five 

morpho-species were isolated and transferred in 

PDA slants. These root symbiotic fungal (RSF) 

isolates were molecularly identified. Following the 

protocol of Liu et al. (2010), genomic DNA of the 

isolates were extracted. The DNA of these isolates 

were amplified using Vivantis PCR mixture, 

Vivantis nuclease-free water, and ITS 1 forward 

(TCCGTAGGTGAACCTGCGG) and ITS 4 

reverse (TCCTCCGCTTATTGATATGC) primers 
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(IDT Primers). After isolation, the amplicons were 

submitted to 1st Base Sequencing Facility in 

Malaysia for cleaning and subsequent sequencing. 

The generated sequences of the RSF isolates were 

published to the National Center for 

Biotechnology Information (NCBI) GenBank for 

sequence storage. The following are the identified 

RSF isolates and their respective GenBank 

accession numbers: (1) F1P3RSF3 - Meyerozyma 

guilliermondii (KY474516), (2) F2P3RSF5 - 

Trichoderma yunnanense (KY474517),(3) 

F3P3RSF8 - Trichoderma simmonsii 

(KY474518),(4) F5P1RSF16 - Unidentified 

Mucoromycotina (KY474524), (5) F9P2RSF21 - 

Unidentified Mucoromycotina (KY474527). These 

RSF isolates were tested for their actual drought 

protective mechanisms on rice. 

 

Drought tolerance capacity assay:  Three 

replicates of each of the RSF isolates were initially 

grown in Sabouraud Dextrose Broth (SDB) (TM 

Media) at room temperature for seven days. On the 

other hand, rice seeds (PSB Rc10 - Pagsanjan) 

were obtained from the Philippine Rice Research 

Institute (PhilRice), Munoz, Nueva Ecija, 

Philippines. This rice variety was chosen because 

it is an early maturing variety often used for 

drought tolerance properties testing. Therefore, its 

exposure to a drought environment would either 

impede its growth, germination rate, or vigor 

(Valencia, 2015). The rice seeds were surface 

sterilized with 2.5% sodium hypochlorite for one 

hour and rinsed with Type 1 water (Unichrom). 

The seeds were placed in sterile petri plates with 

sterile absorbent paper. Sterile distilled water was 

sprayed onto the seeds then allowed to grow in the 

dark at ambient room conditions for seven days. In 

the preparation of basal culture media, the protocol 

of Santos and Ocampo (2005) was used with few 

modifications. Simple Nutrient Addition Program 

(SNAP) solution was prepared by adding 1.25 ml 

SNAP solution A and B to 1000 ml distilled water. 

Drought stress was induced to the prepared basal 

growth medium following the procedure of 

Trachsel et al. (2010). One hundred fifty grams of 

polyethylene glycol (PEG) 8000 (Sigma) was 

added to the prepared 1000 ml SNAP solution. 

This is equivalent to 15% PEG 8000 (= water 

potential of -4.0 bars) considered as ‘mild’ drought 

(Michel, 1983). Five hundred microliters of the 

PEG-SNAP mixture was transferred to each of the 

sterilized 25x200 mm test tubes that were used as 

growth chambers.  

The pre-germinated rice seedlings were moved to 

the different RSF culture broth suspensions. 

Fifteen seedlings with equal root/shoot lengths 

were inoculated with culture filtrate (CF) for 24 

hours. Three replicates with five seedlings were 

prepared per CF. The RSF-inoculated seedling was 

transferred to sterilized growth chambers and were 

allowed to grow for 14 days under artificial light 

(1000 lux) and at ambient room conditions. Two 

hundred fifty microliters of CF were also added to 

the previously prepared 500 μl SNAP-PEG 

growing medium. Positive controls were seedlings 

immersed to 20 ppm gibberellic acid (99%; 

Sigma), 20 ppm indole-3-acetic acid (99%; 

Sigma), and seedlings grown in SNAP solution 

without PEG (non-drought condition). Negative 

controls were seedlings immersed to sterile broth 

and water.  

 

Drought stress tolerance calculations: The 

number of germinated seeds was recorded to 

calculate for the germination rate. The shoot 

lengths of all seedlings that survived in the SNAP-

PEG medium were recorded. The germination rate 

and the mean shoot lengths of the rice plants were 

computed at 14 DAP (days after pre-germination) 

for the seedling vigor index (SVI). The SVI was 

computed using the formula recommended by 

Amprayn et al. (2012):  

Seedling Vigor Index (SVI) = shoot length x 

germination rate. Two drought-stress indices based 

on the protocol of Kumar et al. (2014) with few 

modifications were calculated based on the 

mathematical association between yield during 

drought stress and in normal non-drought settings. 

For this study, yield was denoted by the computed 

seedling vigor:  

a) Drought Tolerance Index (DTI) = [ViND x 

ViD] / (ViND)2. This parameter denotes how 

tolerant rice seedlings are in drought conditions. 

Values range from 0 to 1 where 0 indicates that 

rice seedlings are non-drought tolerant and 1 

indicates that the rice seedlings are highly tolerant  
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to drought stress; and  

b) Drought Susceptibility Index (DSI) = 1- (ViD / 

ViND). This parameter denotes how susceptible rice 

seedlings are in drought conditions. Values range 

from 0 to 1 where 0 indicates that rice seedlings 

are non-susceptible and 1 indicates that the rice 

seedlings are highly susceptible to drought stress. 

 For both indices, ViND denotes the seedling 

vigor under non-drought conditions and ViD 

denotes the seedling vigor under drought 

conditions. 

 

Data presentation and statistical analysis: All 

data were presented and statistically analyzed 

using SPSS software version 20. The mean shoot 

length and germination rate of RSF-inoculated rice 

seedlings exposed in SNAP-PEG medium were 

presented using the Chart Builder bar and line 

graph with dual Y coordinates where mean shoot 

lengths are shown as bar graph and the 

germination rates (%) are presented as interpolated 

line graph. The SVI was presented in tabular 

format. The two drought stress indices (drought 

tolerance index and drought susceptibility index) 

were presented using Char Builder bar graph with 

dual Y coordinates. One-way ANOVA with 

Scheffe post-hoc test was used to determine 

significant differences on the mean shoot lengths, 

SVI, DTI and DSI. Error bars displayed represent 

+ standard deviations. 

 

RESULTS AND DISCUSSIONS 

 

Figure 1 shows the visual appearance of RSF-

treated rice seedlings at 14 DAPS in SNAP-PEG 

(15%) growth medium. The 15% PEG 

concentration is equivalent to a water potential of -

4.0 bars and is considered as ‘mild’ drought 

(Michel, 1983). In an environment with mild 

drought, an obviously reduced shoot length is 

observed in the negative control (broth and water). 

All RSF-treated rice seedlings appear taller than 

the negative control. T. simmonsii-treated rice 

seedlings appear to be comparable with the IAA 

control and the unidentified Mucoromycotina 

isolate (F9P2RSF21) appear to match the height of 

rice seedlings grown in a non-drought environment 

(SNAP without PEG). Expectedly, 20ppm GA-

treated rice seedlings were the longest but also 

show distinct thin and spindle shoot growth 

typified by increased exposure to GA. Apparently, 

shorter rice seedlings grew when inoculated with 

M. guilliermondii and the unidentified 

Mucoromycotina isolate (F5P1RSF16) as compared 

to the positive controls (GA, IAA and SNAP 

solution without PEG).  

 

 
Figure 1. Visual appearance of RSF-treated rice seedlings at 14 DAP in SNAP-PEG (15%) growth medium. 

Abbreviations: SNAP = Simple Nutrient Addition Program; PEG = polyethylene glycol; DAP = days after pre-

germination. 
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Figure 2. Mean shoot length (cm) and germination rate (%) of RSF-treated rice seedlings. Control = broth and 

water, F1P3RSF3 = Meyerozyma guilliermondii, F2P3RSF5 = Trichoderma yunnanense, F3P3RSF8 = Trichoderma 

simmonsii, F5P1RSF16 = Unidentified Mucoromycotina, F9P2RSF21 = Unidentified Mucoromycotina. Means with 

different letters are significantly different (ρ=0.05) n = 9. Mean shoot length (cm) are shown as blue bars while 

germination rate (%) are shown as interpolated green lines. Error bars are (in red) are + standard deviations
.    

Increased shoot length and higher germination 

percentage in a stressful environment (e.g. 

drought) are indications of possible tolerance of 

plants and can thus be related to the radical 

scavenging or other stress-adaptive potentials from 

RSF isolate culture filtrate applied. The mean 

shoot length and germination rate of RSF-treated 

rice seedlings are shown in Figure 2. As expected, 

rice seedlings exposed to 20 ppm GA have the 

longest shoot length (16.03+1.55 cm) comparable 

to rice seedlings grown in SNAP without PEG 

(14.05+0.94 cm). Surprisingly, rice seedlings 

treated with the unidentified Mucoromycotina 

isolate F9P2RSF21 also have shoot lengths 

(12.87+1.12 cm) comparable to that of the SNAP 

(without PEG) control. This may be an early 

indication of potential drought tolerance protection 

that the RSF isolate provides to its host plant. The 

same F9P2RSF21-inoculated rice seedlings also 

have the tallest shoots that are significantly taller 

than rice seedlings inoculated with the four other 

RSF isolates, and even to those IAA-treated rice 
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seedlings (9.03+0.86 cm) grown in a drought 

media (SNAP-PEG solution).In terms of 

germination rate, only one of the five RSF isolates 

possibly helped their host seedlings attain perfect 

germination. Rice seedlings inoculated with the 

unidentified Mucoromycotina isolate (F9P2RSF21) 

have 100% germination similar to those rice 

seedlings grown in a non-drought  growing media 

attained 100% germination. T. simmonsii- and 

unidentified Mucoromycotina isolate F5P1RSF16-

inoculated rice seedlings also experienced high 

germination percentage, 93% and 80%, 

respectively. These rates are higher than the 

germination percentage of IAA (73%) and GA 

(67%) -treated rice seedlings exposed to the 

SNAP-PEG drought growing media. 

 

Table 1. Mean seedling vigor index (SVI) of RSF treated rice seedlings in SNAP-PEG solution at 14 

DAP. 

RSF Isolate Description Mean Seedling Vigor Index 

(-) Control Broth and Water 2.53a +0.90 

F1P3RSF3 Meyerozyma guilliermondii 4.39b +0.13 

F2P3RSF5 Trichoderma yunnanense 6.40c +0.67 

F3P3RSF8 Trichoderma simmonsii 10.95d +1.20 

F5P1RSF16 Unidentified Mucoromycotina 7.19c +1.18 

F9P2RSF21 Unidentified Mucoromycotina 12.87e +1.12 

(+) Control 1 20 PPM IAA 6.62c +0.63 

(+) Control 2 20 PPM GA 10.69d +1.03 

(+) Control 3 SNAP (w/o PEG) 14.05e +0.94 
Means with different letters are significantly different (ρ=0.05) n = 9. Values are  expressed in SVI+S.D. Abbreviations: SNAP 
= Simple Nutrient Addition Program; PEG = polyethylene glycol; DAP = days after pre-germination. 

  

Many definitions have been proposed for the 

meaning of seedling vigor as it affects various 

plant physiological properties such as seedling 

growth, aging and senescence, metabolism, 

germination and growth rate, root, shoot and total 

plant length, plant biomass, and speed of 

germination (Gibson, 2008). However, for this 

study, two growth parameters (shoot length and 

germination rate) were used for its calculation 

(Amprayn et al., 2012).   

 Table 1 shows the mean SVI of RSF-treated 

rice seedlings in SNAP-PEG solution at 14 DAP. 

As gleaned in the table and figure above, 

F9P2RSF21 (unidentified Mucoromycotina) isolate-

inoculated rice seedlings exposed to drought stress 

(SNAP-PEG 15%) were observed to sustain 

comparable seedling vigor (12.87+1.12 svi) to that 

of seedlings grown in a non-stressed environment 

(SNAP without PEG) (14.05+0.94 svi). The 

F9P2RSF21 isolate treatment also has an SVI 

significantly higher than all other RSF isolates 

treatments, positive controls (GA and IAA) and 

the negative control (broth and water). On the 

other hand, T. simmonsii isolate treatment was 

found to have SVI (10.95+1.20 svi) comparable to 

that of 20 ppm GA positive control treatment 

(10.69+1.03 svi) and T. yunnanense isolate 

treatment was found to have SVI (6.40+0.67 svi) 

comparable to that of 20 ppm IAA positive control 

treatment (6.62+0.63 svi). Despite having the 

lowest SVI compared to other RSF treatments, M. 

guilliermondii isolate treatment (4.39+0.13 svi) 

still has significantly higher SVI than that of the 

negative broth and water control (2.53+0.90 svi). 

In experiments where yield is not determined, 

seedling vigor and drought stress indices are useful 

tools and have been used as agronomic parameters 

to measure rice performance exposed to various 

drought stress conditions (Kumar et al., 2014). In 

this study, the drought tolerance index (DTI) and 

the drought susceptibility index (DSI) were used. 

The seedling vigor and drought stress indices are 

yield measuring tools to quantify the yield 

reduction effects of drought (Raman et al., 2012). 

 The mean drought tolerance index (DTI) and 

the mean drought susceptibility index (DSI) of 

RSF treated rice seedlings in SNAP-PEG solution 

at 14 DAP are presented in Figure 3. As gleaned 

from the table and figure above, rice seedlings 

exposed to the unidentified Mucoromycotina 

isolate (F9P2RSF21) have the highest mean DTI 

(0.92+0.08 dti) which is significantly higher than 
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the negative control (0.18+0.06 dti), GA 

(0.76+0.08 dti) and IAA (0.47+0.05 dti) controls, 

and those rice seedlings inoculated by the four 

other RSF isolates (M. guilliermondii, T. 

yunnanense, T. simmonsii and unidentified 

Mucoromycotina isolate F5P1RSF16). This isolate’s 

DTI value is, however, comparable to the rice 

seedlings grown in SNAP without PEG (non-

drought environment) which expectedly has a 

mean DTI of 1.0. This indicates that the rice 

seedlings inoculated with the F9P2RSF21 isolate 

has high tolerance to drought. Similarly, this 

indicates that the RSF isolate F9P2RSF21 

(unidentified Mucoromycotina) may have 

exogenously produced antioxidants or radical 

scavenging metabolites leading to its potential 

drought tolerance effect to its host rice plant.  

 

 
Figure 3. Mean drought tolerance index (DTI) and mean drought susceptibility index (DSI) of RSF-treated rice 

seedlings. Control = broth and water, F1P3RSF3 = Meyerozyma guilliermondii, F2P3RSF5 = Trichoderma 

yunnanense, F3P3RSF8 = Trichoderma simmonsii, F5P1RSF16 = Unidentified Mucoromycotina, F9P2RSF21 = 

Unidentified Mucoromycotina. Means with different letters are significantly different (ρ=0.05) n = 9. Mean DTI are 

shown as blue bars while mean DSI are shown as green bars. Error bars are + standard deviations

 .

 The results on the DTI were supported by the 

results on the mean DSI. The Mucoromycotina 

isolate (F9P2RSF21) inoculated rice seedlings 

acquired the lowest mean DSI (0.08+0.08) which 

is significantly lower than the negative control 

(0.82+0.06 dsi), the GA (0.24+0.08 dsi) and IAA 

(0.53+0.05 dsi) controls, and those rice seedlings 

exposed to the four other RSF isolates (M. 

guilliermondii, T. yunnanense, T. simmonsii and 

unidentified Mucoromycotina isolate F5P1RSF16). 

The DSI acquired by rice seedlings treated with 

the unidentified Mucoromycotina isolate 

(F9P2RSF21) is subsequently comparable to those 

rice seedlings planted on non-drought SNAP 

medium (0.06+0.03 dsi). This indicates that the 

rice seedlings inoculated with the F9P2RSF21 

isolate has low susceptibility to drought. 

Consequently, it means that the RSF isolate 
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F9P2RSF21 (unidentified Mucoromycotina) may 

have produced drought stress-inhibiting 

metabolites that elicited to the reduced drought 

susceptibility of its host. 

 It is also interesting to note that aside from the 

F9P2RSF21 isolate, two other isolates have 

comparable mean DTI and DSI as compared to the 

positive controls (GA and IAA). The T. simmonsii-

inoculated rice seedlings have DTI (0.78+0.09 dti) 

and DSI (0.22+0.09 dsi) comparable to the 20 ppm 

GA-treated rice seedlings (DTI = 0.76+0.08; DSI 

= 0.24+0.08). Likewise, T. yunnanense-treated rice 

seedlings have DTI (0.46+0.05 dti) and DSI 

(0.55+0.05 dsi) comparable to the 20 ppm IAA-

treated rice seedlings (DTI = 0.47+0.05; DSI = 

0.53+0.05). This indicates that the drought 

tolerance and drought susceptibility of the rice 

seedlings treated with these isolates are 

comparable to the rice seedlings applied with 

commercial hormones (GA and IAA). On the other 

hand, the M. guilliermondii-treated rice seedlings 

have the lowest DTI (0.31+0.01 dti)/highest DSI 

(0.69+0.01 dsi) among the other RSF-inoculated 

rice treatments. Although it may seem that the rice 

seedlings inoculated with M. guilliermondii have 

low drought tolerance and high susceptibility to 

drought stress compared to other RSF treatments, 

these values are still higher (DTI)/lower (DSI) 

than the mean values of the broth and water 

negative control (DTI = 0.18+0.06; DSI = 

0.82+0.06). 

The results of the study show that the five RSF 

isolates have different mechanisms in protecting 

rice seedlings against drought. However, one RSF 

isolate stood out. The unidentified 

Mucoromycotina isolate F9P2RSF21 exhibited the 

highest SVI, highest DTI, and the lowest DSI. 

Raman et al. (2012) reported that rice seedlings 

with the highest seedling vigor have the least 

reduction of yield. Previous rice studies also 

showed that seedlings which had the highest 

drought tolerance and the lowest drought 

susceptibility were drought resistant compared to 

other rice seedlings (Chauhan et al., 2007; Kumar 

et al., 2014).  The ability of rice seedlings 

treatments to do practically well during drought 

indicates production and rice yield stability 

(Kumar et al., 2014), therefore, the results of this 

study  are crucial as it affects rice production 

indirectly. However, it is necessary to point out 

that this study relied on the potential capacity of 

RSF isolates to provide certain protective 

mechanisms to their rice plant host experiencing 

drought stress. Previous studies have shown that 

symbiotic fungi are excellent producers of 

antioxidant and other radical scavenging 

metabolites (Zeng et al., 2011; Govindappa et al., 

2013; Kandasamy andKandasamy, 2014; Yadav et 

al., 2014; Cui et al., 2015; Kumaresan et al., 2015; 

Smith et al., 2015; Venugopalan and Srivastava, 

2015; Pan et al., 2017). The symbiotic fungi has 

the ability to produce phenolics (Manach et al., 

2004; Liu et al., 2007) and antioxidant enzymes 

(Chandra and Arora, 2009; Barbaneagra et al., 

2011; Cristica et al., 2011) that help their host 

survive in stress conditions especially drought. By 

affecting plant morphology and growth, as well as 

biochemical and physiological responses to stress 

(Prasad et al., 2012), symbiotic fungi can promote 

channels of radical scavenging, drought avoidance, 

drought tolerance and drought recovery in their 

host plants (Malinowski and Belesky, 2000). 

Hence, the rice seedlings’ capability to survive and 

sustain growth and development under mild 

drought in vitro indicate the ability of their 

respective fungal symbionts to enhance their 

performance despite stressful conditions. 

Nonetheless, the facets of environmental drought 

tolerance are numerous and cannot simply be 

attributed to the potential ROS quenching 

mechanisms of the RSF isolates. 

With the apparent consistency in the results 

pertaining to the potential drought stress tolerance 

capacity of RSF isolates on D. quercifolia, this 

study might be a potential breakthrough in the 

field of agriculture and rice research. The results 

on the plant shoot length, germination rate, 

seedling vigor index (SVI), drought tolerance 

index (DTI) and drought susceptibility index (DSI) 

reveal that one of the five isolates has induced 

potential drought tolerance effects in rice. The rice 

seedlings treated with the unidentified 

Mucoromycotina isolate F9P2RSF21 appear to have 

the tallest shoots, 100% germination rate, highest 

SVI and DTI together with the lowest DSI which 

proves that might be the best and sustainable 
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remedy for  combating the extensive effects of 

drought in agriculture.  

On top of these values, statistical data also 

revealed that the unidentified Mucoromycotina 

isolate F9P2RSF21 approximated the plant shoot 

length, germination rate, SVI, DTI and DSI of 

those rice seedlings grown in non-drought 

conditions. The isolate also appeared to be 

statistically higher to all other RSF isolate 

treatments, positive controls (GA and IAA), and 

negative control (broth and water) with all the 

aforementioned parameters in the measurement of 

drought stress tolerance capacity. Based on these 

experimental results, indeed, the unidentified 

Mucoromycotina isolate F9P2RSF21 is the best 

candidate for agricultural applications, particularly 

as the best contender for drought. 

 

CONCLUSION  

 

The increasing tendencies of drought affecting 

agriculture also make the knowledge and practical 

applications on fungi-plant symbiosis an utmost 

priority. For this study, the best isolate (unidentified 

Mucoromycotina isolate F9P2RSF21) to provide 

drought-tolerance effects on rice was identified. With 

this isolate's ability to provide drought-protective 

mechanisms to rice seedlings in vitro, its potential 

use in agriculture is undeniable. Overall, the results 

of this study are promising particularly in the 

agricultural industry. It is therefore recommended 

that more species of epiphytic ferns be investigated to 

discover other RSF isolates with drought-combatting 

potentials. In addition, confirmatory studies are 

hereby recommended to fully understand the 

physiological and biological mechanisms that helped 

the rice seedlings survive in drought-stressed 

conditions to facilitate in the screening and selection 

RSF isolates with potential drought tolerance impact 

to the world's most important agricultural produce, 

rice. 
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