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Abstract. Nisa C, Jadid N. 2021. Exogenous acetic acid pre-treatment increases drought tolerance of two Indonesian foxtail millet 
(Setaria italica) accessions. Biodiversitas 22: 2117-2124. Drought is one of the external factors that affect the productivity of food crops. 

Some biotechnological approaches had been developed to increase plant resistance to drought stress. Moreover, an adjustment in plant 
cultivation system is also reported as alternative way to enhance plant resistance to water deficit conditions, especially during their 
initial vegetative phase. This study aimed to determine the effect of exogenous acetic acid pre-treatment on some Indonesian foxtail 
millet (Setaria italica) accessions under drought stress conditions. Two different foxtail millet accessions were used in this study: 
Gambir Manis and Polman Kuning. Morphological and physiological parameters were observed during this study, including plant 
height, number of leaves, root length, relative water content, total chlorophyll and carotenoid content, and panicle weight. Our results 
showed that all foxtail millet accessions survived drought stress condition after being pre-treated with exogenous acetic acid. Yet, some 
morphological parameters were significantly affected. Meanwhile, physiological parameters were not significantly affected. Overall, our 

data suggest that exogenous acetic acid pre-treatment could enhance drought avoidance in S. italica accessions. This might be due to 
acetic acid-induced jasmonic acid modulation and secondary metabolites production in S. italica during water deficit exposure. 
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INTRODUCTION 

Setaria italica is a carbohydrate-producing plant that 

has the potential to be developed as a functional food, 

especially in areas prone to drought. This plant originates 

from China and has been a traditional cereal crop in China 
since ancient times (Liu et al. 2011). The main producing 

areas for millet are the semi-arid plains in South Asia 

(particularly in India) and the Sahel region (south of the 

Sahara) in Africa (Amadou and Moussa 2018). Today 

millet has been cultivated in Andhra Pradesh, Karnataka, 

Maharashtra, Tamil Nadu, Rajasthan, Madhya Pradesh, 

Uttar Pradesh and the northeast states of India (Kumari et 

al. 2011). In Indonesia, S. italica is known as Jewawut, 

which is usually used as bird feed. Their cultivation as a 

food crops is still limited in several areas such as 

Bengkulu, South Sumatra, West Java and Papua 
(Sulistiyowati 2015). Some valuable nutritional 

characteristics of this crop include low glycemic index 

value (Jali et al. 2012), high protein content, and rich in 

dietary fiber (Amadou et al. 2013). In addition, it contains 

antioxidants (Almaski et al. 2017). Therefore, foxtail millet 

is also potential to be developed as a functional food. 

Jewawut grains contain 12.3% protein, 4.7% fat, and 

60.6% carbohydrates (Kumari et al. 2011). 

Jewawut is reported to be relatively drought tolerant 

(Lata et al. 2010 ; Lapuimakuni et al. 2018). Drought is one 

of the most significant abiotic stresses impeding global 

crop production. Although relatively drought-tolerant, the 
tolerance level of Jewawut to drought varies between 

genotypes (Begum et al. 2013 ; Lapuimakuni et al. 2018). 

Therefore, the selection of millet genotypes that are 

resistant to drought is very important. Basically, plants that 

are resistant to drought stress respond in 3 ways, 

morphological, physiological and molecular responses. 
Long period of drought stress will affect all metabolic 

processes in cells and consequently decrease plant 

productivity (Zlatev and Yordanov 2005). It can also 

trigger the formation of reactive oxygen species (ROS) 

(Asada 2006) and can consequently damage plant tissue 

and cell ultrastructure (Wise & Naylor 1987). 

Another physiological response of plants to drought 

stress is the accumulation of proline compounds. These 

compounds function to regulate the osmotic degree of cells 

(osmotic adjustment). An increase of proline accumulation 

in S.italica cv Prasad and Lepakshi during drought stress 
has been reported (Veeranagamallaiah et al. 2007; Pan et 

al. 2018). Morphological and anatomical responses have 

also been observed when plants are in drought stress 

condition. In addition, Ahanger et al. (2017) showed that 

plant defense mechanisms against drought stress involve 

transcription reprogramming, cell metabolism shifting, 

hormone signaling, and chromatin remodeling. The 

mechanism of plant resistance can be controlled by many 

genes (Tang et al. 2017). However, the study concerning 

the Indonesian local foxtail millet responses to drought 

stress is very limited.  

Several studies have reported the aldehyde 
dehydrogenase (ALDH) gene regulation in response to 

various conditions of abiotic stress. Overexpression of 
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different ALDH gene families in Arabidopsis thaliana 

enhances plant tolerance to drought stress (Kotchoni et al. 

2006). In the Foxtail millet genome, 20 ALDH genes have 

been identified using qRT-PCR, including SiALDH11A1, 

which has increased expression in drought conditions (Zhu 

et al. 2014). In addition, the expression of Allene Oxide 

Synthase (AOS) has also been reported to be involved in 

drought tolerance mechanisms. It involved in the 

biosynthesis of jasmonic acid (Pan et al. 2018; Xu et al. 

2019). Recent studies have shown that acetic acid has a 
role related to the adaptation of plants to drought stress 

through the synthesis of jasmonic acid. Giving the evidence 

that exogenous acetic acid has succeeded in increasing 

drought tolerance in Arabidopsis, maize, rice, and wheat 

crops (Kim et al. 2018), however, the study of gene 

expression dynamics after pre-treatment of acetic acid in 

drought stress conditions has not been widely studied. 

Utsumi et al. (2019) reported that acetic acid treatment 

played a role in delaying the reduction of RWC (Relative 

Water Content) in drought-stressed plants. It also has been 

observed that acetic acid regulates jasmonic acid signaling 
and abscisic acid (ABA) biosynthesis in response to 

drought stress. 

In this recent study, the effect of exogenous acetic acid 

pre-treatment in the initial vegetative phase of two different 

local accessions of Indonesian foxtail millet was observed. 

Our results showed different responses between the two 

local accessions against drought stress conditions. We also 

demonstrated that exogenous acetic acid treatment 

potentially enhances foxtail millet resistance against 

drought stress. 

MATERIALS AND METHODS 

Study area 

The in vivo study for acetic acid pre-treatment and 

drought stress was conducted at the greenhouse facility of 

the Urban Farming area of the Institut Teknologi Sepuluh 

Nopember, Surabaya, Indonesia. Meanwhile, the 

morphological and physiological responses of the foxtail 

millet against drought stress was evaluated at the 

Laboratory of Bioscience and Plant Technology, 

Department of Biology, Institut Teknologi Sepuluh 

Nopember, Surabaya-Indonesia. 

Procedures 

Preparation of plant materials and cultivation media 
Setaria italica seeds used in this study consisted of two 

accessions Polman Kuning (PK) and Gambir Manis (GM) 

which were local accessions obtained from the Indonesian 

Institute of Science (LIPI) Cibinong-Indonesia. The 

cultivation media used were obtained from PT Trubus 

Mitra Swadaya. A total of 2 kg soil was used in each 

polybag. Seed of S. italica were germinated on soil media 

and organic compost (1:1 v/v) until 2 weeks, the watering 

process was carried out regularly according to the field 

capacity of the cultivation media. Furthermore, two weeks 

old seedlings were selected based on its uniformity and 
transferred to the polybag. 

Acetic acid pre-treatment and drought stress 

Four weeks old plants were pre-treated with 200 mL of 

acetic acid with different concentrations (15, 30, and 45 

mM) in the soil for 9 days. We used tap water to replace 

the acetic acid pre-treatment in the negative control plants. 

Meanwhile, positive control refers to Capsicum plants that 

was not subjected to acetic acid treatment but was 

subjected to drought stress. Subsequently, all treated plants 

were subjected to drought stress conditions by withholding 

the irrigation for 10 days.  

Morphological and physiological response assessments 

Morphological responses parameters included plant 

height, number of leaves, root length and dry weight of the 

panicles. All these morphological parameters were 

observed after 10 days of drought condition, at 54 days 

after planting (DAP). The plant height was measured from 

the soil surface to the tip of the longest leaf. The number of 

leaves and root length were counted and measured from the 

plant base to the tip of the longest root, respectively. The 

observation of panicle weight was carried out by harvesting 

the panicle parts. The dry weight of the samples were then 
measured. 

Determination of Relative Water Content (RWC) was 

conducted according to Hapsoh et al. (2006) at 54 DAP. 

The RWC was evaluated before drought treatment (control; 

turgid plants) and after 10 days without watering (drought 

treatment). Nine uniform leaf disks (1 cm2) were selected 

and the RWC was calculated by the following equation :  

 

 
 
Where: FW is the fresh weight, DW is dry weight that 

was calculated after drying in the oven at 70 ⁰C for 24 

hours, TW is the turgid weight that was calculated after the 

leaf disks were re-hydrated by soaking for 24 h in the dark. 

 

Total chlorophyll and carotenoid content were observed 

after drought treatment at 54 DAP Total chlorophyll and 

carotenoid content were measured by preparing 1 gram of 

fresh leaf samples. The samples were then washed 

thoroughly with distilled water and extracted sing 80% 

acetone solvent. The homogeneous samples were the 
placed in a dark place for 12h. The supernatant was taken 

and then measured using spectrophotometer. For 

chlorophyll content, absorbance (O.D) was measured by at 

645 and 663 nm wavelength (Rajput & Patil 2017), while 

for carotenoids, the absorbance (O.D) was measured at 480 

and 510 nm wavelength. the chlorophyll and carotenoid 

levels are calculated with the following formula : 

 

Chlorophyll-a (mg/g fresh weight) =  . W 

 

Chlorophyll-b (mg/g fresh weight) = . W 

 

Total Chlorophyll (mg/g fresh weight) = . W 

 

Carotenoid (mg/g fresh weight) = . W 
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Where: A is the absorbance at specific wavelength, V is 

the final volume of chlorophyll extract in acetone 80% and 

W is the fresh weight of extracted tissue (gr). 

The treatment design 

This study was designed and carried out using a 

factorial design method in a completely randomized design 

(CRD). The observed factors consisted of 2 factors. The 

first factor was accession consisting of 2 levels, namely 

Gambir Manis (GM) accession and Polman kuning (PK) 

accession. The second factor was acetic acid treatment 
consisting of 4 levels, namely concentrations of 0, 15, 30, 

and 45 mM. 

Data analysis 

Data analysis was performed using SPSS series 25 to 

analyze the variance (ANOVA). The morpho-physiological 

data obtained were analyzed with two-way ANOVA at the 

95% confidence level and continued with the Tukey test.  

RESULTS AND DISCUSSION 

Morphological parameters of the Setaria italica during 

drought stress  

Statistical analysis showed that interaction between 
acetic acid pre-treatment and foxtail millet accessions 

influenced the morphological parameters (plant height, 

number of leaves, and root length) of the plant under 

drought stress condition (p value < 0.05).  

Our data showed that plant height of the two foxtail 

millet accessions was varied after being pre-treated with 

acetic acid. However, we noticed that the PK accession 

pre-treated with 15 mM acetic acid possessed higher plant 

height than other pre-treated plants at different 

concentration of acetic acid (table 1). These results 

indicated that acetic acid pre-treatment might maintain the 
plant growth performance during drought stress. In 

addition, as with Utsumi et al. (2019), it depends on the 

plant genotype and the concentration of the acetic acid. 

Higher level of acetic acid concentrations might negatively 

affect plant height (Rahman et al. 2019).  

 

Acetic acid has been reported to induce the biosynthesis 

of Abscisic Acid (ABA) and jasmonic acid (JA), plant 

hormones that function as an abiotic stress response. 

According to Kim et al. (2018), exogenous acetic acid was 

able to increase drought stress tolerance through the 

pathway of jasmonic acid and H4 histone acetylation. 

Furthermore, Histone acetylation can activate the 

downstream gene network which functions as an abiotic 

stress response and makes plants more tolerant to drought 

conditions. Numerous genes expression activation has been 
reported during drought stress conditions (Jadid et al. 

2018). This adverse condition would generate perturbation 

in plant metabolisms. Decrease of turgor pressure which 

affects cell division and expansion has been reported to be 

responsible in declining plant growth compared to normal 

conditions (Sikuku and Onyango 2012). Cell expansion 

(cell enlargement) requires turgor pressure to extend the 

cell wall. In addition, osmotic stress might also inhibit the 

cytokinins which play a role in cell division and 

development (Karunadasa et al. 2020). 

Significant reduction in the number of leaves have been 
observed in all GM treated plants compared to both 

negative and positive controls. Meanwhile, we observed 

that there were no significant difference in the number of 

leaves of PK plants compared to both negative and positive 

controls (Table 1).  Our data also showed that PK accession 

have higher number of leaves in all acetic acid pre-

treatment compared to GM accession. Highest number of 

leaves were recorded in PK accession that pre-treated with 

15 mM of acetic acid (11.3 leaves). GM acetic acid-treated 

plants exhibited significant reduction of the number of 

leaves compared to the GM negative control plant. 
Meanwhile, we did not observe significant change in the 

number of leaves of the PK acetic acid-treated plants 

compared to the PK negative control plants (Table 1). 

Reduction of the number of leaves might be due to the 

plant response to reduce the transpiration rate during 

drought stress. Interestingly, treated PK plants exhibited 

good tolerance strategy to cope the drought stress, even 

though we also observed the presence of wilting leaves. 

These common features of wilting leaves after being 

stressed with drought might be back to normal after 

rewatering (Jadid et al. 2018). This suggest that PK 

accession is more adaptable to drought stress compared to 
the GM accession. 

 

 

 
Table 1. The effect of acetic acid pre-treatment on the morphological parameters of two accession of foxtail millet under drought 
conditions 
 

Acetic acid treatments 

Means ± SD 

Plant height (cm) Number of leaves Root length (cm) 

GM PK GM PK GM PK 

Negative control 131.6 ± 2.89d 168.3 ± 2.89b 17 ± 1.0a 11.3 ± 1.2c 36 ± 1c 30 ± 0d 
Positif control 105.3 ± 6.11e 146.6 ± 4.04c 13.6 ± 0.58b 11 ± 1.0c 46.6 ± 2.89a 40 ± 0b 
15 mM 98.3 ± 0.58ef 180,6 ± 6,66a 10.3 ± 0.58c 11.3 ± 0.58c 37 ± 1.41bc 39.3 ± 1.2bc 

30 mM 98 ± 2ef 149 ± 1.73c 10.6 ± 0.58c 9.6 ± 0.58c 30.3 ± 0.58d 25.3 ± 0.6e 
45 mM 93.6 ± 2.89f 122.3 ± 4.04d 10 ± 0c 10.6 ± 0.58c 25 ± 0e 24 ± 0e 

Note: the numbers with the same notation in the Tukey test are not significantly different (P<0.05). GM : Gambir Manis accession; PK: 
Polman Kuning accession 
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Acetic acid pre-treatment induces ABA which plays a 

role in closing stomata on leaves. This might prevent loss 

of water during drought stress (Basu et al. 2016; Laxa et al. 

2019). Another study has explained that acetic acid might 

induce antioxidant compounds that could protect 

photosynthetic apparatus from damages due to the increase 

of reactive oxygen species (ROS) (Rahman et al. 2019). in 

addition, that acetic acid pre-treatment has been reported to 

increase various ABA responsive genes (Utsumi et al. 

2019). Some previous research has shown that ABA plays 

important role in plant defence mechanisms against abiotic 
stress (Jadid et al. 2017). 

Root length was also slightly affected in acetic acid pre-

treated accessions. The root length of the two accessions at 

the age of 54 DAS varied, ranging from 24 - 46.6 cm. PK 

pre-treated accessions performed good root growth 

performance compared to the GM treated plants. Highest 

root length was obtained in the PK pre-treated with 15 mM 

of acetic acid (39.3 cm) compared to other PK and GM pre-

treated plants (Table 1). In addition, we observed that there 

was no significant difference between PK pre-treated with 

15 mM acetic acid and negative control (Figure 1). It might 
suggest that 15 mM acetic acid might be efficient 

concentration to enhance the tolerance of PK plants to 

drought stress. It is assumed that acetic acid pretreatment 

can minimize the inhibitory effect on root length through 

the jasmonic acid signaling. Jasmonic acid is a 

phytohormone that plays an important role during the 

abiotic stress (Liu et al. 2012). The results of this study are 

consistent with Beyene et al. (2015) who reported that root 

length of sorghum and millet increased under drought 

conditions. However, higher concentration of acetic acid 

resulted in a decrease of root length in both accession 

plants. This indicated that high concentration of acetic acid 

inhibits root growth of S. italica. Root growth inhibition 

due to drought stress has been also reported in maize (Allen 

and Allen, 2020), wheat (Nio et al. 2011), and rice (Seo et 

al. 2011). In addition, we also observed that there was an 

increase of lateral root formation after drought conditions 

(Figure 1). The development of lateral root in response to 

drought stress is considered as common plant adaptation 

(Miftahudin et al. 2020). The root architecture of the GM 

and PK accessions was different, presumably influenced by 
the genotype of the plants and acetic acid pre-treatment. 

Sharp et al. (2004) also demonstrated that difference of 

plant root architecture under drought stress is also 

genetically controlled. Furthermore, acetic acid pre-

treatment has been reported to enhance the ability of plant 

root to efficiently absorbs water and soil nutrients through 

root architecture modification (Rahman et al. 2019). 

Effect of acetic acid pre-treatment on the physiology of 

Setaria italica in drought conditions 

Relative water content (RWC)  

In order to determine the physiological effect of acetic 
acid pre-treatment to enhance drought avoidance of the two 

foxtail millet accessions, we measured the chlorophyll, 

total carotenoid and the relative water content (RWC) of 

the plants aged 54 days after planting (DAP). 

Phenotypically, the leaves of the foxtail millet accessions 

showed to be yellowish (starting from the basal of the 

plants) following the drought conditions periods drought 

stress (Figure 2). 

 

 
 

 
A B 

 
Figure 1. Root architecture of Setaria italica after being treated with acetic acid and drought stress. A. GM accession, B. PK accession 
with acetic acid pre-treatment with concentrations of 45 mM, 30 mM, 15 mM, positive control, and negative control (left to right) after 
drought stress conditions. 
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A B 

 
Figure 2. Morphological effects of acetic acid pre-treatment on foxtail millet (A) GM accession (B) PK accession with acetic acid 
concentrations of 45 mM, 30 mM, 15 mM, positif control, and negative control (left to right) under drought conditions 
 
 

 

RWC is a measure of water status in plants as a 

physiological consequence of groundwater content (Ying et 

al. 2015). RWC is related to the ability to absorb water 

from the soil and the ability of plants to control water loss 

through stomata (Parkash and Singh 2020). In addition, the 

presence of RWC reduction illustrates changes in osmotic 

potential, transpiration rate and water absorption from the 
soil in drought conditions (Utsumi et al. 2019). Our 

statistical analysis showed that the interaction between 

acetic acid concentration and accession treatment did not 

significantly influence the RWC (p value > 0.05). 

However, the percentage of RWC of GM plants pre-treated 

by 30 mM (72.36%) were just slightly below the RWC of 

GM negative control plants (81.14%) after drought stress 

condition. Meanwhile, PK pre-treated with 30 and 45 mM 

possess more water content after drought stress condition 

compared to PK pre-treated with 15mM (Figure 3). Even 

though the interaction between acetic acid concentration 

and accession treatment did not significantly influence the 
RWC, GM accessions were thought to be more able to 

maintain the water content during drought stress than the 

PK accession plants (Figure 3). Slight difference between 

both GM/PK pre-treated accessions and their negative 

controls indicates that acetic acid is able to maintain the 

water status of the treated plants during drought stress 

(Utsumi et al. 2019)  

 

Total chlorophyll and carotenoid content 

Total chlorophyll was shown to be not significantly 

different between pre-treated plants and control groups. 
Even though, we observed slight decrease of the total 

chlorophyll of the pre-treated plants compared to non-

treated plants (Figure 4). These results suggest that acetic 

acid pre-treatment was able to minimize the negative effect 

of drought stress in perturbing the photosynthetic apparatus 

of the cells. Our results are also supported by the results 

from previous study demonstrating that total chlorophyll 

did not change when cassava was previously treated with 

acetic acid until 4 days of stressed with drought conditions. 

However, the chlorophyll content might decrease following 

the degree of drought conditions (Rasheed et al. 2018; 

Ajithkumar and Panneerselvam 2013). However, we 

observed different chlorophyll content between the two 

foxtail millet accessions. Chlorophyll content of the GM 
accessions were higher than those observed in the PK 

accession plants (Figure 4). This result suggests that 

genetic of the plants influence their responses against 

drought stress (Sharp et al. 2004). Highest chlorophyll 

content in the drought-treated plants were demonstrated in 

the GM accessions that were pre-treated by 45 mM of 

acetic acid (0.23 mg/g FW). Similar results were also 

obtained for the total carotenoid content. Our data showed 

that there was no significant difference of the carotenoid 

content observed in treated plants compared with controls. 

Interestingly, the carotenoid content between negative 

control plants (0 mM of acetic acid) and 45 mM PK pre-
treated plants were similar (Figure 5). It suggests that the 

acetic acid might prevent the cellular perturbation in both 

photosynthetic apparatus and prevent the enzymatic 

damage of many enzymatic antioxidants within the cytoplasm. 

Different profile of carotenoid content was observed 

between the two acetic acid-pretreated accessions of foxtail 

millet in response to drought stress. GM accessions 

possessed higher carotenoid content than PK accessions. 

Acetic acid treatment is also reported to increase 

catalase activity, an enzyme that plays a role in accelerating 

the breakdown of H2O2 into water and oxygen (Rahman et 
al. 2019). Other study has also demonstrated that there is an 

increase of CAT accumulation after being pre-treated with 

acetic acid to scavange the excessive hydrogen peroxide 

produced during drought stress condition (Utsumi et al. 

2019). Stable carotenoid content in plants is necessary 

since it acts as an antioxidant, capturing 1O2 to inhibit 

oxidative damage of the photosynthetic apparatus. 
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Moreover, carotenoids act as precursors for signaling 

molecules that influence plant development and the biotic / 

abiotic stress response, including the biosynthesis of ABA, 

GA, and strigolactones (Jadid et al. 2011). 

 

 

 
 

Figure 3. The relative water content (RWC) of Gambir Manis and 
Polman Kuning accessions after being pre-treated with acetic 

acids and subjected to drought stress conditions. C- and C+ refer 
to negative control and positive control, respectively 

 

 

 
 

Figure 4. Total chlorophyll content of Setaria italica pre-treated 
with acetic acid under drought conditions. C- and C+ refer to 
negative control and positive control, respectively 

 

 
 

Figure 5. Total carotenoid content of Setaria italica pre-treated 
with acetic acid under drought conditions. C- and C+ refer to 
negative control and positive control, respectively 
 
 

 

 
 
Figure 7. Panicle dry weight of foxtail millet with acetic acid 
pretreatment under drought conditions. C- and C+ refer to 
negative control and positive control, respectively 

 

 
A B 

Figure 6. The panicles of two accessions of Setaria italica after being stressed in drought conditions. A: Gambir Manis accessions, B: 
Polman Kuning accessions. All the plants were previously subjected to acetic acid pre-treatments (negative control, positive control, 15, 
30, 45 mM; left to right). 

5 cm 
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Panicle weight 

We also measured the effect of acetic acid pre-

treatments to the productivity of the foxtail millet during 

drought stress conditions by evaluating the dry weight 

(DW) of the panicles. The panicles were harvested at the 

age of 54 DAP. All the panicles were normal after being 

stressed with drought (Figure 6). Our statistical analysis 

showed that the interaction between acetic acid 

concentration and accession significantly influence the 
panicle weight (Figure 7). We observed that PK accession 

treated with 45 mM possessed heavier panicle weight (4.1 

g) compared to others. This is slightly below the PK 

negative control plant. This indicated that acetic acid pre-

treatment might help PK plants cope the adverse 

environment generated by drought stress. Meanwhile, the 

panicles DW of the GM accession plants were relatively 

similar in all GM acetic acid treated plants and both GM 

negative and positive control plants. Even though, we 

observed that GM accession plants are more susceptible to 

water deficit stress than PK accession plants. In addition, 
dry weight of the PK plants is genetically heavier panicle 

than the GM plants. However, acetic acid pre-treatment 

was able to stably maintain the dry weight of the GM 

panicle after drought condition compared to those observed 

in the PK plants. Panicle dry weight reduction is generally 

observed when foxtail millet facing drought stress 

condition (Matsuura and An, 2020). Grain yield under 

drought condition might be influenced by grain yield 

potential and genotype susceptibility to water stress (Fisher 

and Maurer, 1978). Tang et al. 2017 also demonstrated 

some S. italica cultivars demonstrated different panicle 
weight response under water stress. It has been evaluated 

that the brassinosteroid (BR) biosynthesis genes were up 

regulated in the resistant cultivar. In addition, 

overexpression of the gene involved in the regulation of 

BR was reported to be responsible to wider leaves and 

better grain yield of Brassica napus (Sahni et al. 2016). 

This demonstrates that BR is important for plant response 

against drought stress (Planas-Riverola et al. 2019) and 

might be correlated with abscisic acid (ABA). The later is 

well-known phytohormone which plays an important role 

in regulating stress signals and is critical for plant growth 

and development under both biotic and abiotic stress 
(Tuteja et al. 2007). Interestingly, acetic acid pre-treatment 

has been reported to activate the ABA biosynthesis. 

Moreover, acetic acid also upregulates the expression of 

ABA signaling-related genes including ABI2, OST1, AHG1 

and AFP2 (Nishimura et al. 2007; Lynch et al. 2017). 

However, further investigation is needed in order to 

explore ABA and BR crosstalk of acetic acid-treated plants 

under water deficit condition.   
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