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INTRODUCTION

Rice (Oryza sativa L.) is one of the most important cereal crops 
in the world. For many countries, rice is the staple food and 
major source of energy. Plants in natural environments face 
numerous biotic and abiotic stresses, requiring a strong immune 
system to survive and combat pathogens.

Fusarium species, particularly Fusarium oxysporum, are a highly 
destructive group of plant pathogens, causing significant 
economic damage (Aoki et al., 2014). It causes great economic 
losses in global agriculture production. This pathogen is primarily 
responsible for Rice seedling blight. It is a soil-borne fungal 
pathogen that causes necrosis and wilting symptoms in rice 
plants due to the colonization of xylem tissue, making it the 
main disease at the seedling stage (Tjamos, 1989). To fight 
against Fusarium, farmers use various chemical fungicides. These 
fungicides are very harmful to the environment, and pathogenic 
variability often restricts their efficiency (Swarupa et al., 2014).

Against these types of pathogens, plants develop different types 
of strategies like the production of defense-related enzymes 
and hormones. Phytohormones such as abscisic acid (ABA), 
cytokinins (CKs), gibberellic acids (GAs), jasmonic acid (JA), 
salicylic acid (SA) and ethylene (ET) are well known for their role 
in plant defense regulation (Di et al., 2016). These hormones 
are also known for plant growth development and triggering 
of vital plant signaling when the plant comes under biotic and 
abiotic stress (Peleg & Blumwald, 2001; Vleesschauwer et al., 
2010; Spence et al., 2015).

ABA is a key phytohormone involved in many metabolic 
processes like plant defense, adaptation to environmental 
stress, seed dormancy, and inter-species communication 
(Hauser et al., 2011; Lievens et al., 2017). ABA is part of a 
larger signaling system that provides an effective system against 
microbial and environmental manipulations (Lim & Lee, 2015; 
Di et al., 2016). The role of ABA in plant defense mechanisms 
is remains inconsistent. For instance, ABA has shown some 
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roles in stomatal closure and opening, redox homeostasis and 
controlling some expression of defense-related genes (Agarwal 
& Jha, 2010). Furthermore, lower concentrations of ABA induce 
an antioxidant defense response against oxidative damage, but 
higher concentrations of ABA on the other side lead to the 
excessive generation of reactive oxygen species, which cause 
oxidative damage in plant cells (Jiang & Zhang, 2001). A recent 
study reported that in the early hours of F. oxysporum infection 
in flex, the non-mevalonate pathway is activated and there is a 
redirection of metabolites towards ABA synthesis. This increased 
ABA synthesis correlates with flax resistance (Boba et al., 2020). 
Mycotoxins production has anti-pathogen activity and it was 
changed with the induction of ABA (Xu et al., 2018).

Two distinct mechanisms by which ABA increases plant 
resistance to pathogens are callose priming and the regulation 
of defense-related gene expression through the activation of JA 
biosynthesis (Adie et al., 2007; García‐Andrade et al., 2011). 
Transcriptome analysis of tomatoes exposed to exogenous 
ABA also revealed the expression of numerous genes involved 
in plant defense against infections. These genes regulate 
plant signaling networks, enzymatic activity, and free radical 
regulation (Anderson et al., 2004; Wang et al., 2013).

Several enzymes are involved in plant defense mechanisms such 
as L-phenylalanine ammonia-lyase (PAL), polyphenol oxidase 
(PPO) and peroxidase (POD). PAL is the major enzyme of the 
phenylpropanoid pathway which transforms L-phenylalanine 
into trans-cinnamic acid which ultimately leads to the synthesis 
of lignin which is the main product of phenylpropanoid 
metabolism. This mechanism is vital for protection against 
pathogen invasion (Geetha et al., 2005). PPO has a vital role 
in plant-defense resistant cultivars and showed higher PPO 
activity in comparison to susceptible cultivars against pathogens 
(Das et al., 2004). POD also played a significant role in plant 
defense. In this study, we will determine the effect of ABA 
on plant defense mechanisms by evaluating defense-related 
enzymes like PAL, PPO, POD, superoxide dismutase (SOD), 
and malondialdehyde (MDA) content in rice leaves. The 
expression levels of some resistance genes, such as (PRB1-3, 
PRBI-2, Xa39(t)), were also analyzed. Genes PRB1-3 and PRBI-
2 were reported to have functions in response to pathogen 
infection and defense-related mechanisms. These genes encode 
pathogenic-related proteins (Xu et al., 2011; Liu et al., 2017). 
Gene Xa39(t) is a novel dominant gene in rice conferring broad-
spectrum resistance throughout the whole host growth cycle 
(Zhang et al., 2015). Because of their significant role in plant 
defense systems, these genes were selected.

Some scientists also reported the negative effect of ABA on 
plant resistance (Kim et al., 2011; Spence et al., 2015). The 
role of ABA can either be positive or negative, depending on 
the pathogen encountered (Ton et al., 2009; Robert-Seilaniantz 
et al., 2011). Therefore, a comprehensive study is required 
to define the exact role of ABA in plant defense. We believe 
that this study will provide a new base for the plant disease 
resistance induced by exogenous ABA and open new horizons 
for controlling fungal diseases.

MATERIALS AND METHODS

To conduct this research, we used the rice variety Kongyu 131 
and the F. oxysporum strain F02016038, which were provided 
by the Department of Plant Pathology, College of Agriculture, 
Northeast Agricultural University. ABA and ABA inhibitor 
(Fluridone FLD) were purchased from Henan Boming 
Biological Company.

Culturing of Plant Pathogenic F. oxysporum

F. oxysporum strain F02016038 was grown in petri plates on 
potato dextrose agar (PDA) at 28 ℃ for 3  days. After the 
fungus was grown, we took 5 pieces of fungus cake with a 
diameter of 5 mm from the fungus colony and placed them in 
liquid PDB media containing 100 mL of potato dextrose in a 
250 mL triangular flask. This flask was then placed in a shaking 
incubator at 28 ℃ and 120 rpm for 5 days. Following that, we 
centrifuged it at 5000 rpm for 10 minutes. The precipitated 
spores were re-suspended in sterile water to produce a pathogen 
spore suspension. The spore count was measured using a 
hemocytometer and adjusted to 1×105 spores/mL.

Application of Different Concentrations of ABA on Rice 
Seedling Blight

ABA solution of 0.0, 0.05, 0.1, 0.2, and 0.25 mmol/L 
concentrations was sprayed on rice seedlings at the trefoil stage. 
Each treatment was replicated three times. After 24 h of ABA 
treatments, 10 mL of spore suspension with a concentration of 
1x106 CFU/mL was applied to the roots of all the plants. After 
6 days of inoculation, the disease condition was recorded, and 
the disease incidence rate and disease index were calculated.

Application of ABA Inhibitor FLD on Rice Seedling 
Blight

In this experiment, we examined the effects of ABA and the ABA 
inhibitor FLD on rice seedling blight. This experiment includes 
five treatments. The treatments are as follows: 0.2 mmol/L ABA 
inhibitor FLD with F. oxysporum (ABAI+F), ABA inhibitor FLD 
without F. oxysporum (ABAI), 0.2 mmol/L ABA with F. oxysporum 
(ABA+F), and one group treated only with F. oxysporum without 
ABA and ABAI (F), with the CK group serving as the control. 
All these treatments were applied through foliar application at 
the trefoil stage each treatment was replicated three times. After 
24 h of these treatments, we applied a 10 mL spore suspension 
with a concentration of 1x106 CFU/mL to the roots of all the 
plants.

Evaluation of Disease Incidence Rate and Disease Index

After 6 days of inoculation, the disease condition was recorded, 
and the disease incidence rate and disease index were calculated.

Incidence rate =(Number of diseased plants/Total number of 
plants × 100%
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Disease index =(Number of disease grade plants × Disease 
grade/(Total number of plants × Highest disease grade)× 100%

Determination of Fresh Weight, Dry Weight, Plant 
Height and Root Length

To determine the fresh weight of roots and shoots we use an 
electronic weight balance. After measuring the fresh weight, 
we put the roots and shoots in paper bags separately and place 
them in the oven at 105 °C for 72  h to determine the dry 
weight. Plant height and root length were measured by using 
a measuring tape.

Determination of Enzyme Activity and MDA Content

To determine the role of exogenous ABA in plant resistance, 
we conducted two experiments. In the first experiment, we 
used different concentrations of exogenous ABA. These are 
0.0, 0.05, 0.1, 0.2, and 0.25 mmol/L. In experiment two, we 
have five treatments, including 0.2 mmol/L ABA inhibitor 
FLD with F. oxysporum (ABAI+F), ABA inhibitor FLD without 
F. oxysporum (ABAI), 0.2 mmol/L ABA with F. oxysporum 
(ABA), only F. oxysporum (F), and the CK. To determine 
enzyme activity and MDA content, we collected the samples 
at 0, 24, 48, 72, 96, 120, and 144 h after inoculating them with 
F. oxysporum and stored them at -80 ℃. Enzymatic activities 
such as POD were determined by using the methods described 
by (Rao et al., 1996), SOD (Giannopolitis & Ries, 1977), PAL 
(Şirin & Aslım, 2019), PPO (Soliva et al., 2000), and MDA 
(Wang et al., 2015).

Analysis of Gene Expression by Quantitative Real-time 
PCR (qRTPCR)

To analyze the gene expression by qRTPCR, plant samples were 
taken at 0, 24, 48, 72, 96, 120, and 144 h after inoculation with 
F. oxysporum. The total RNA of samples was extracted by the 
TRIzol method (Liao et al., 2014), the RNA extraction kit was 
obtained from (Beijing ComWin Biotech Co., Ltd, China) and 
the first strand of cDNA was synthesized by reverse transcription 

with the M-MuLV enzyme. The cDNA was synthesized using 
cDNA synthesis Kit (Beijing DiNing Biotechnology. China).

The quality of the RNA extracted from rice seedlings was 
detected by 1% agarose gel electrophoresis. The total three 
RNA bands detected are 28S, 18S, and 5S, among them 28S 
and 18S are bright and clear, and 5S rRNA bands are dim 
(Figure 1), which indicates that total RNA extracted from rice 
seedlings is of high quality and free from impurities such as 
protein. The total RNA of rice seedlings was determined by 
using an ultraviolet spectrophotometer, and their A260/A230 
values were between 2.0 and 2.2 and the A260/A280 values 
were between 1.8 and 2.15, which can be used for subsequent 
experiments such as reverse transcription and fluorescence 
quantification.

The expression of rice resistance genes (PRB1-3, PRBI-2, 
Xa39(t)) under the stress of F. oxysporum was analyzed by the 
RNA-seq technique. To calculate transcript level β-actin gene 
was used as a reference gene. The sequence of primers was 
described in Table  1. For this purpose, we used the test kit 
SGExcel FastSYBR Mixture (Plus) (Shenggong Bioengineering 
Co., Ltd.).

Gene expression in rice seedlings was detected by qRT-PCR. It 
can be seen from the primer melting curve (Figure 1) that the 
primers of the three genes can produce obvious single peaks, and 
there are no redundant miscellaneous peaks, which indicates 
that the data obtained from the gene expression experiment by 
qRT-PCR technology is reliable.

Statistical Analysis

All the treatments were replicated three times, and statistical 
analyses were performed using SPSS software (version 9.1, 
SPSS Institute Inc., Cary, NC, USA). All data were expressed 
as means±SD. The Tukey test was used (p≤0.05) for 
analyzing the differences among the exogenous ABA 
concentrations.

Figure 1: Electrophoresis results of total RNA of partial rice samples
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RESULTS

Effects of different ABA Concentrations on Rice 
Seedling Blight

Our results indicated that exogenous ABA has a positive 
effect against rice seedling blight (Table 2). On the 6th day of 
inoculation, most of the rice seedlings in the group without 
ABA withered or died, and the incidence rate was close to 100%. 
The disease incidence rate and disease index decrease with an 
increase in ABA concentrations. Compared with 0.0 mmol/L 
ABA, the incidence rate and disease index of ABA treatment 
groups with concentrations of 0.05 mmol/L, 0.1 mmol/L, 
and 0.2 mmol/L ABA were 75.12%, 60.05%, and 45.19%, 
respectively. However, the incidence rate and disease index of 
rice seedlings treated with 0.25 mmol/L ABA were 45.76% and 
21.33, respectively, which were higher than those treated with 
0.2 mmol/L ABA.

Effect of ABA on Fresh Weight, Dry Weight, Plant 
Height and Root Length

Plants treated with ABA have significantly higher fresh weight, 
dry weight, plant height, and root length in comparison to the 
plant group treated without ABA. The highest plant height 
(16.3 cm) and root length (8.61 cm) were achieved by the plants 
treated with 0.2 mmol/L exogenous ABA. This treatment is 
followed by plants treated with 0.25 mmol/L exogenous ABA. 
This treatment has 16.15 cm plant height and 16.15 cm root 
length, respectively. The plants where no ABA was applied 
showed the lowest plant height of 13.11 cm and root length of 
6.23 respectively.

Fresh weight and dry weight also show similar trends. The 
highest fresh weight of shoots (19.91 g) and roots (6.02 g) was 

achieved by plants treated with 0.2 mmol/L exogenous ABA, and 
the lowest was produced by plants treated without ABA having 
shoots and root fresh weight of 16.77 and 4.61 g respectively. 
Plants treated with 0.2 mmol/L exogenous ABA have the highest 
shoot and root dry weight of 4.12 g and 3.11 g, respectively, and 
the lowest dry weight of shoot and root was produced by plants 
treated without ABA. Details of these results are presented in 
Table 3. From these results, we can conclude that exogenous 
ABA has a significant impact on rice plants, and ABA treatment 
of 0.2 mmol/L proves that above this concentration, the quality 
of seedlings started to deteriorate.

Effects of ABA on Defense-related Enzymes and MDA 
Content in Rice

The application of ABA shows a significant effect on enzymatic 
activity. Under the stress of F. oxysporum, the POD activity 
of rice seedlings in all the treatments increased at first and 
then decreased. Within 24 h after the inoculation, the POD 
activity started to increase. This indicates that ROS (reactive 
oxygen species) began to damage rice cells, and POD activity 
was increased to alleviate this damage. POD activity reached 
its peak after 72 h of inoculation in all the treatments. At this 
point, the rice seedlings treated with ABA concentrations of 
0.05 mmol/L, 0.1 mmol/L and 0.2 mmol/L increased by 3.03%, 
17.58% and 24.50%, respectively, in comparison to the plants 
treated without ABA. After 72 h the POD activity started to 
decrease, possibly due to the deepening of damage caused by 
ROS. After 144 h the POD activity of the plant treated with 0.05 
mmol/L of exogenous ABA was close to that of group where no 
ABA was applied, while the plant treated with 0.1 mmol/L and 
0.2 mmol/L of exogenous ABA had significantly higher POD 
activity than that of the control group. A detailed comparison of 
treatments is shown in (Figure 2A). These results indicate that 
the plants treated with exogenous ABA can effectively regulate 

Table 1: Primer sequences for PCR
Gene Symbol Gene Name Primer Sequence Note

LOC4342317 PRB1‑3 F: GGTGTCGGAGAAGCAGTGGTAC
R: GGCGAGTAGTTGCAGGTGATGAA

Pathogenesis‑related protein

LOC4342313 PRBI‑2 F: CGGTTGGCTTGTGGATGGAGGA 
R: TGAGGACATCGCCGTTGTTGC

Pathogenesis‑related protein

LOC9267585 Xa39(t) F: TCCTCCTCAGATGTCTCACTCACT
R: GTTCTTGGCTTCTTGCTGCTCTTG

Disease resistance protein RGA5‑like

LOC4349863 β‑actin F: CTGGTATCGTGTTGGACTCTGG
R: CCCGTTCAGCAGTGGTAGTG

Reference gene

Table 2: The effect of exogenous ABA and ABAI on Rice Seedling Blight Disease
Treatments (mmol L‑1) Incidence Rate (%) Significant Difference P<0.05 Disease Index Significant Difference P<0.05

ABAI Comparison CK 0 E 0 E
F 89.27 A 76.25 A
ABA (0.05)+F 75.12 B 50.27 B
ABA (0.1)+F 60.05 C 31.13 C
ABA (0.2)+F 45.19 E 20.05 E
ABA (0.25)+F 45.76 D 21.33 D
CK 0 D 0 D
F 89.27 B 76.25 B
ABA (0.2)+F 45.19 C 20.05 C
ABAI+F 93.57 A 83.37 A
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Table 3: Effects of exogenous ABA on seedling quality under Fusarium oxysporum
ABA Concentration (mmol L‑1) Fresh wt (g) Dry wt (g) Plant Height (cm) Root Length (cm)

Above Ground Underground Above Ground Underground

0 16.77e 4.61e 3.12e 2.12e 13.11e 6.23e

0.05 17.12d 5.42d 3.43c 2.98c 14.81c 7.37c

0.1 17.51c 5.64c 3.42c 3.01c 15.26c 7.77c

0.2 19.91a 6.02a 4.12a 3.11a 16.3a 8.61a

0.25 19.34b 5.83b 3.98b 3.07b 16.15b 8.37b

the activity of POD in plants to alleviate the cell damage caused 
by F. oxysporum.

Under the stress of F. oxysporum, the SOD activity started to 
increase within 24 h of inoculation at first, it increased rapidly, 
but after 120 h it started to decline in all the treatments. This 
indicates that SOD activity was increased under F. oxysporum 
stress. SOD activity was used to remove reactive oxygen 
species. All the treatments reached their peak at 120 h after the 
inoculation. At this point, the SOD activity of rice seedlings 
treated with exogenous ABA with the concentrations of 0.05 
mmol/L, 0.1 mmol/L, and 0.2 mmol/L increased by 1.38%, 
23.40%, and 31.65%, respectively, in comparison to plants 
without ABA. After 120 h of continuous development of the 
disease, the antioxidant system of the plant started to collapse, 
and the ability to regulate SOD began to decline, which led 
to the decline of SOD activity. At 144 h, the SOD activity of 
the exogenous ABA treatment group was significantly higher 
than that of no ABA group. SOD activity was described in 
(Figure 2B).

The PAL activity of rice increased steadily under F. oxysporum 
stress in all the treatments. After inoculation, the PAL activity 
of each treatment group began to increase slowly after 24 h. 
All the treatments reached their peak after 96  h except the 
treatment at 0.05 mmol/L. This treatment showed two peaks, 
the first peak appeared at 48h with an increase of 22.48%, and 
the second peak appeared at 96 h with an increase of 12.28% 
in comparison to the group without ABA. Plants treated with 
ABA concentrations of 0.1 mmol/L and 0.2 mmo/L had have 
higher PAL activity since the beginning when we compared them 
with the no ABA group. PAL activity is increased by 5.26% and 
46.78%, respectively. These results indicate that exogenous ABA 
treatment can significantly increase PAL activity in plants. PAL 
activity was briefly explained in (Figure 2C).

After the initial inoculation, PPO activity of rice seedlings 
showed almost the same results their enzymatic activity did not 
change significantly. Plants treated with exogenous ABA exhibit 
higher PPO activity in comparison to the control group. After 
reaching its peak at 96 h PPO activity started to decrease due 
to the deepening of the destruction of the antioxidant system. 
At 144 h, the PPO activity of the exogenous ABA treatment 
group was close to that of the control group. PPO activity was 
briefly explained in (Figure 2D).

When plants come under the F. oxysporum stress, MDA content 
in all the treatments starts to increase. Initially, MDA content 
increased slowly from 0 to 48 h. After 72 h, the degree of cell 

membrane peroxidation began to increase gradually, and MDA 
content began to rise rapidly. MDA content is significantly 
higher in the plants treated without ABA than in the plants 
treated with exogenous ABA. This can be seen in (Figure 2E). 
With the increase in ABA concentration, the MDA content 
decreased significantly. Therefore, exogenous ABA can reduce 
the degree of membrane lipid peroxidation in rice seedlings 
under the stress of F. oxysporum, thus improving the disease 
resistance of rice.

Effects of ABA Inhibitor FLD on Defense-related 
Enzymes and MDA Content in Rice

In this experiment, the role of ABA in plant resistance is 
proved by ABA inhibitor FLD. We determine the effect of 
ABA inhibitor and ABA on defense-related enzymes. In these 
treatments, POD activity started to increase after 24 hours of 
inoculation and reached its peak after 72 hours of inoculation. 
At this point, group ABA+F has the highest POD activity, and 
plant group ABAI has the lowest. When we compare ABA+F 
with other treatments, it has (24.5, 71.8, and 99.1%) higher 
POD activity than treatments F, ABAI+F, and ABAI respectively 
(Figure 3A).

The results of SOD show almost similar trends. The activity 
of SOD started to increase after 24 hours of inoculation and 
reached its peak value at 72 hours of inoculation. This peak 
was maintained at 120 hours of inoculation after this, it started 
to decline. Plants treated with ABA+F have the highest SOD 
activity in comparison to other treatments. The lowest SOD 
activity was recorded in plants treated with ABAI. Plants treated 
with ABA+F has (32.5, 42.2, 55.9%) higher SOD activity 
in comparison to other treatments F, ABAI+F, and ABAI, 
respectively. The details of the results are presented in Figure 3B.

The PAL activity for ABA+F started to increase from the 
beginning and reached its peak after 96 hours of inoculation, 
after this PAL activity started to decline. Plants treated with 
ABAI had the lowest PAL activity. Plants treated with ABA+F 
have higher PAL activity in comparison to other treatments 
ABA+F has (50.9, 70.5, and 93%) more PAL activity in 
comparison to treatments F, ABAI+F, and ABAI respectively 
(Figure 3C).

PPO activity for all the treatments did change significantly. 
However, after 72 hours of inoculation, the plants treated with 
ABA+F started to increase and reached their peak after 96 hours 
of inoculation, but all other treatments almost remained the 
same (Figure 3D)
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Figure 2: Effects of abscisic acid with different concentrations on a) POD, b) SOD, c) PAL and d) PPO activity and e) MDA content in rice leaves 
under the F. oxysporum stress
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Figure  3: Effect of ABA inhibitor FLD and ABA on a) POD, b) SOD, c) PAL and d) PPO activity and e) MDA content on rice leaves 
under F. oxysporum
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MDA content does not increase at the beginning for all the 
treatments. After 48 hours of treatment application, MDA 
content started to increase gradually and reached its peak after 
144 hours. Plants treated with ABAI+F have the highest MDA 
content, followed by plant groups F and ABAI. These groups 
are statistically equal with each other. The lowest MDA content 
was observed in the CK group, which is treated only with water. 
Plants treated with ABAI+F have the highest MDA content 
among CK, F, ABA+F, and ABAI. These results (Figure 3E) 
indicate an increase in plant resistance due to ABA. Plants 
treated with ABAI+F have the highest MDA content, possibly 
due to the non-availability of ABA. This is also proved by plants 
treated with ABA+F this group has the lowest MDA content. 
The only difference between these two groups is ABA. This 
indicates the role of ABA in plant resistance.

Effect of Exogenous ABA on Expression Levels of 
Defence Related Genes

To determine the gene expression qRT-PCR was employed. 
According to qRT-PCR analysis under the stress of F. oxysporum, 
the expressions of three defense-related genes, PRB1-3, PRBI-2, 
and Xa39(t) in rice seedlings did not change significantly from 
0 to 72 h, after 72 h their expressions started to increase, and 
after 96 h compared to the control group, the expression levels 
of three genes increased significantly in the exogenous ABA 
treatment group. The expression levels of these three genes 
in exogenous ABA treatment groups with concentrations of 
0.05 mmol/L, 0.1 mmol/L, and 0.2 mmol/L were higher than 
the control group, with the increase in ABA concentration, the 
expression level of genes increased.

Gene PRB1-3 encodes pathogenic-related proteins. The 
expression level of this gene increased significantly at the 
beginning, and its expression was the same but after 96 h of 
inoculation with F. oxysporum, the level of expression started 
to increase and reached its peak after 144 hours. Plants treated 
with 0.2 mmol/L of ABA concentration showed the highest level 
of gene expression, and plants treated without exogenous ABA 
had the lowest level of gene expression (Figure 4A).

PRBI-2 also encodes pathogenic-related proteins. The expression 
level of this gene started to increase after 72 hours of inoculation 
and reached its peak after 144 hours of inoculation. When we 
compared the different ABA concentrations under F. oxysporum 
stress, we found that a concentration of 0.2 mmol/L had the 
highest level of gene expression, followed by a concentration 
of 0.1 mmol/L and the lowest gene expression was observed in 
the control group where we did not apply any exogenous ABA 
(Figure 4B).

In rice plants, gene Xa39(t) confers broad-spectrum resistance. 
Plants treated with the highest level of exogenous ABA 
concentration 0.2 mmol/L, started to increase after 48 hours 
of inoculation at this point all other concentrations remained 
dormant. They started to increase after 96 hours of inoculation 
and reach their peak at 144 hours after the inoculation at this 
point the concentration of 0.2 mmol/L had the highest level of 

gene expression, and the lowest gene expression was observed 
where there is no application of ABA (Figure 4C). These results 
prove that ABA plays an important role in plant defense and 
can significantly impact defense related genes.

Effects of ABA Inhibitor FLD on Expression Levels 
Defense Related Genes

The expressions of three defense-related genes, PRB1-3, PRBI-2, 
and Xa39(t) in rice seedlings did not change significantly at the 
beginning, but later they increased significantly. The expression 
level of gene PRB1-3 did not change significantly at the 
beginning after 96 hours of inoculation, but the plants treated 
with ABA with fungus (ABA+F) started to increase and reach 
their peak after 144 hours of inoculation. In other treatments 
that were treated without ABA, their expression levels did not 
change significantly (Figure 5A).

Gene PRBI-2 also shows similar trends. Plants treated with ABA 
and fungus (ABA+F) have the highest level of gene expression 
it started to increase after 72 hours of inoculation and reached 
its peak after 144 hours of inoculation. All other treatments did 
not change significantly, and the lowest levels of gene expression 
were observed in plants treated with ABAI (Figure 5B).

Xa39(t) is a broad-spectrum resistant gene. Plant group ABA+F 
has the highest gene expression it started to increase after 48 
hours of inoculation and reached its peak after 144 hours of 
inoculation. In the beginning, all other treatments did not 
change significantly, but after 96 hours of inoculation, they 
also started to increase. The lowest level of gene expression was 
observed in plants treated with ABAI. These results can be seen 
in Figure 5C. Results of gene expression indicate that ABA has a 
significant role in plant resistant. Plants treated with ABA show 
higher levels of gene expression in comparison to ABAI, F, and 
CK. ABAI has lower levels of gene expression which indicates 
the role of ABA in plant resistance.

DISCUSSION

The role of ABA in abiotic stresses is a well-established fact, 
but its function and role in pathogenic stress are not so well 
established. In this study, our results showed that exogenous 
ABA has a significant effect on rice plants against F. oxysporum. 
We applied various levels of exogenous ABA to rice plants. 
ABA concentrations of 0.2 mmol/L exhibit the best results. 
This treatment effectively decreases the disease index, the 
disease incidence rate, and potentially improves the quality of 
seedlings. Above this concentration, the seedling quality started 
to deteriorate, and the disease index and incidence rate also 
started to increase. This means that excess ABA concentrations 
can negatively affect the rice plants against F. oxysporum, so we 
optimize ABA concentrations against F. oxysporum.

The antioxidant enzyme system in plants is an important way 
for plants to resist external biotic and abiotic stresses. When 
plants come under stress, a large number of antioxidant enzymes 
will be synthesized and accumulated, and their activities will 
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increase significantly. These antioxidant enzymes are vital 
for tackling reactive oxygen species. Our results showed that 
exogenous ABA significantly increases the activity of antioxidant 
enzymes. ABA increased plant resistance against pathogens 
mostly through the formation and restoration of the cell wall 
and callose deposition (Zeyen et al., 2002), this led to the 
formation of plant papillae, which worked as a barrier against 
pathogen infections and induction of PAL (Ryerson et al., 
1993). Papillae slow down the spread of disease and buy vital 
time for activating more complex and efficient plant defense 
mechanisms like the formation of phenolic compounds, 
activation of the antioxidant enzymatic system, and reactive 
oxygen species (Voigt, 2014). The increased antioxidant 
enzymatic activity also indicates the defense response to cellular 

damage caused by the pathogen (Chandrakar et al., 2018). Due 
to this cellular damage, MDA content is increased, as we already 
know that ABA is involved in the formation and restoration of 
the cell wall and callose deposition. That is why ABA is able to 
significantly decrease the MDA content. ABA is an essential part 
of the plant signaling network, which activates plant defense 
against pathogens. ABA has a complex network between SA, 
ET, and JA. These phytohormones are vital for plant defense. 
ABA has a positive relationship with these phytohormones 
and ABA is important for the biosynthesis of JA and the gene 
expression of JA-dependent defense genes (León et al., 2001). 
Inter-phytohormonal interactions are only partially understood. 
The relationship between ABA and the phytohormones SA, ET, 
and JA and their role in plant defense need further instigation.

Figure 4: Effects of ABA with different concentrations on the expression of a) PRB1-3, b) PRBI-2 and c) Xa39(t) under F. oxysporum stress

a

b

c
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Our results showed that when the plants come under pathogenic 
stress, their expression of defense-related genes starts to change. 
Plants treated with exogenous ABA exhibit an increased level 
of gene expression in comparison to the control group. These 
results are obvious because a meta-analysis of transcriptomic 
data revealed that approximately one-third of the plant genes 
are up-regulated by ABA (Adie et al., 2007) indicating its 
importance in plant defense. In flax plants, application of 
exogenous ABA increased the expression level of the chitinase 
gene. These genes also possess ABA-responsive cis-regulatory 
elements. These flax plants with higher ABA levels showed 
increased resistance (Boba et al., 2018).

Recent studies about ABA have suggested that the role of 
ABA depends on the stage of disease, type of tissue infected, 

pathogen infection strategy, or the pathogen (Maksimov, 2009). 
Our experiment preliminary proved that exogenous ABA was 
able to control the damage caused by F. oxysporum in rice 
by enhancing the disease resistance in rice. Exogenous ABA 
effectively decreases the disease incidence rate and disease 
index also they improve the quality of rice seedlings. Plants 
treated with ABA show better growth. Moreover, ABA effectively 
increases the activity of defense-related enzymes and also lowers 
down the MDA content, which proves its effectiveness. ABA was 
also able to slow down the spread of F. oxysporum when plants 
were treated with ABA before the infection. These results were 
confirmed by expression of defense-related genes these gene 
expressions indicate the involvement of ABA. ABA is a slightly 
toxic phytohormone, so optimization of ABA concentration 
is important. Tested ABA concentrations are 0.05 mmol/L, 

Figure 5:  Effect of ABA inhibitor FLD and ABA on the expression of a) PRB1-3, b) PRBI-2, and c) Xa39(t) under F. oxysporum stress

a

b

c
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0.1 mmol/L, 0.2 mmol/L and 0.25 mmol/L, among them plants 
treated with 0.2 mmol/L exogenous ABA show the best results. 
At present, spraying ABA on rice plants is rare, so we recommend 
the ABA application for better growth and a preventive strategy 
against F. oxysporum.

CONCLUSIONS

Our preliminary results showed that exogenous ABA could 
control the damage caused by F. oxysporum in rice by increasing 
disease resistance. Exogenous ABA effectively reduces disease 
incidence and index, while also improving rice seedling quality. 
ABA effectively increased the activity of the defense-related 
enzyme while also lowering the MDA content, demonstrating 
its effectiveness. ABA can also slow down the spread of F. 
oxysporum. The expression levels of three defense-related genes, 
PRBA1-3, PRBAI-2, and Xa39(t), confirm the positive role of 
ABA; additionally, an ABA concentration of 0.2 mmol/L proves 
to be optimal. Based on these findings, we can recommend ABA 
to improve the rice defense mechanism.
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