
CELL BIOLOGY & DEVELOPMENT   

Volume 5, Number 1, June 2021 E-ISSN: 2580-4499  

Pages: 1-6 DOI: 10.13057/cellbioldev/v050101 

 

Exogenous application of paclobutrazol promotes water-deficit 

tolerance in pepper (Capsicum annuum)  

SOLICHATUN♥, FITRI USWATUN KHASANAH, ARI PITOYO, NITA ETIKAWATI, WIDYA MUDYANTINI  

Department of Biology, Faculty of Mathematics and Natural Sciences, Universitas Sebelas Maret. Jl. Ir. Sutami 36A, Surakarta 57 126, Central Java, 

Indonesia. Tel./fax.: +62-271-663375, email: solichatun@staff.uns.ac.id  

Manuscript received: 23 November 2020. Revision accepted: 20 March 2021.  

Abstract. Slichatun, Khasanah FU, Pitoyo A, Etikawati N, Mudyantini W. 2021. Exogenous application of paclobutrazol promotes water-
deficit tolerance in pepper (Capsicum annuum). Cell Biol Dev 5: 1-6. Pepper (Capsicum annuum L.) is a vegetable commodity with 
high economic value. However, pepper cultivation in Indonesia is still hampered by pests and drought, reducing its growth and 
production. The efforts to increase pepper productivity and its resistance to drought stress can be conducted by applying growth 

regulators (ZPT), one of which is paclobutrazol (PBZ). This study aims to determine the effect of PBZ on the growth and accumulation 
of proline, a plant osmoprotectant, in pepper seedlings grown in water-deficit soil. This study used a completely randomized design 
(CRD) with two factors, i.e., a variation of PBZ and soil water capacity. PBZ concentration was made in four levels, namely 0 ppm, 25 
ppm, and 50 ppm. The variation of the water-capacity level was made in three levels, namely 100% FC (field capacity as well-watered 
treatment), 75% FC (mild water deficit), and 50% FC (severe water deficit). The treatment was given for three weeks. The quantitative 
data obtained were analyzed by ANOVA, and if there was a significant difference, a further test was carried out with DMRT at the 95% 
confidence level. In addition, qualitative data were analyzed descriptively. The results showed that applying PBZ to pepper (Capsicum 
annuum L.) seedlings that grew under water-deficit stress significantly affected proline levels, total chlorophyll content, and carotenoid 
levels; meanwhile, the parameters of plant dry weight and root shoot ratio had no significant effect. Furthermore, this indicates that PBZ 

is quite capable of inducing resistance to pepper seedlings in drought conditions. 

Keywords: Drought, paclobutrazol, pepper, proline 

INTRODUCTION 

Pepper (Capsicum annuum L.) is a critical vegetable 

commodity from the family of Solanaceae and is widely 

cultivated by local farmers in Indonesia. The gross national 
production of fresh pepper in 2014 reached 0.8 million tons 

(BPS 2015), which means it increased in production by 

about 86.98 thousand tons (12.19 %) compared to the 

previous year. Moreover, this proves that the demand for 

Indonesian peppers is quite high. 

Several factors still hamper the success of pepper 

cultivation in Indonesia. These factors include the presence 

of pests and diseases as well as environmental stress 

conditions. One of the environmental threats is drought. 

The water deficit condition seriously impacts the 

productivity of peppers planted by farmers. The previous 
research by Yusniwati et al. (2008) showed that drought 

stress on several pepper varieties could reduce their 

production (Tit Super 29.2%, Teak profit 47.72%, Hot 

Pepper 25.74%, Laris 52.63%, and Prabu 50.83%). 

According to Matiu et al. (2017), globally, drought has 

reduced the production of several other horticultural crops, 

including corn (11.6%), wheat (9.2%), and soybeans (33.1-

12.2%). 

Several attempts have been made to increase the 

productivity of peppers or other cultivated plants, one of 

which is the application of growth regulators (ZPT). 
According to Saglam et al. (2002), ZPT is widely applied 

to vegetable crops to increase seed germination and yield 

and induce disease tolerance and unfavorable growing 

conditions.ZPT treatment on seed germination has proved 

to support plant growth and its resistance to drought stress 

(Fletcher et al. 2000). One growth regulator prospectively 
used to improve the quality of seedling growth in drought 

stress is paclobutrazol (PBZ). PBZ is a derivative of 

triazole compounds that are known to protect some 

horticultural plants from environmental stresses such as 

drought stress, cold temperatures, heat, and ultraviolet 

radiation (UV) (Tesfahun 2018). PBZ was reported to have 

a positive impact on improving the quality of seedling 

growth of kenikir (Tagetes patula L.) and geranium 

(Pelargonium hortorum L.H. Bailey) (Pasian and Bennett 

2001); kamelina (Camelina sativa L. Crantz) (Kumar et al. 

2012); tomatoes (Lycopersicon esculentum Mill.) (Still and 
Pill 2004); potato (Solanum tuberosum L.) (Nuraini et al. 

2018); rice (Oryza sativa L.) (Ningsih and Rahmawati 

2017); black rice (Oryza sativa L. 'Cempo Ireng') (Dewi et 

al. 2016); cucumber (Cucumis sativus L., cv. Poinsett 

76SR) and tomato (Solanum lycopersicum L., cv. Sun 

6108) (Magnitskiy et al. 2006); and canola (Brassica napus 

L.) (Anwar et al. 2017). 

This study aims to determine the effect of the 

paclobutrazol application on pepper seedling growth and its 

ability to enhance proline accumulation under suffering 

water deficit conditions. In addition, this research is 
expected to be a reference to improve the quality of pepper 

seedlings to increase the quality of pepper production in 

dry land. 
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MATERIALS AND METHODS 

Plant materials and seed sowing preparation  

This research was done from March to September 2019 

at the Laboratory and greenhouse facilities of the 

Department of Biology, Faculty of Mathematics and 

Natural Sciences, Sebelas Maret University, Indonesia. The 

materials needed for this research are 540 pepper seeds 

(CF-1999 cultivar produced by PT. Seed Citra Asia, 

Jember, Indonesia), as well as paclobutrazol (PBZ), 3% 

sulfosalicylic acid, ninhydrin acid, toluene, glacial acetic 
acid (AAG ), acetone 80%, DMSO, Whatman Filter paper, 

FAA solution, alcohol, xylol,5% NaOCl, safranin 1 %, 

paraffin, etc., and planting medium in the form of a mixture 

of soil: compost (1: 1). 

Before sowing, uniform and vigorous seeds are selected 

and soaked in warm water (± 50°C) for about one night and 

drained on tissue paper. Soaking is intended to select seeds 

and speed up germination. The float seeds are discarded, 

and the seeds that sink are used. Furthermore, a tetrazolium 

test is performed to determine the seeds' viability or vigor. 

The tetrazolium test was carried out by immersing 30 seeds 
in distilled water for 24 hours. Then, the seeds were split 

into two parts and soaked again in 1% tetrazolium solution 

for 24 hours at room temperature (28-30°C). Red seeds are 

counted as viable seeds. The tetrazolium test was carried 

out on the seeds before treatment to determine their initial 

viability. The tetrazolium test was carried out in 3 

replications. The percentage of seed viability is calculated 

using the following formula (Subantoro 2014): 
 
The percentage of viable seed = number of viable seed (red)/ total 
seed tested x 100%. 

 

The sowing media used a mixture, soil: compost (1: 1). 

The soil and fertilizer were separately sieved and then 

mixed and stirred evenly. The media is filled into a polybag 

(25x30 cm) until it reaches ¾ of its parts. Seeds soaked in 

distilled water for 24 hours are then sown in polybags filled 

with the medium inside. Seed sowing is carried out in a 

greenhouse. Each treatment was made 3 with replications. 

Paclobutrazol application and water stress treatment 

The paclobutrazol solution was set in 3 variations of 

concentration, namely 0 ppm (control), 25 ppm, and 50 

ppm, referring to the research of Brigard et al. (2006) and 

Magnitskiy et al. (2006). Next, adding the PBZ weighed as 

much as 25 mg and 50 mg, then each was added a little 

DMSO and stirred until dissolved. Finally, each 

homogeneous mixture of PBZ and DMSO powder was 

added with distilled water until the volume reached 1000 

ml. 

The paclobutrazol application was carried out directly 
on the soil medium in the root area (soil treatment) 

following the procedure performed by Berova and Zlatev 

(2000) with modification. First, PBZ is applied once when 

the pepper seeds are four weeks old. Next, 100 ml of PBZ 

solution was poured directly into the plant's root area. 

Finally, watering is done in the morning at around 6 am. 

Drought stress treatment was carried out three days 

after PBZ application. The variations in drought stress used 

were 100% field capacity (KL) as a control, 75% KL, and 

50% KL. The determination of field capacity is determined 

by the gravimetric method. Drought stress was treated for 

three weeks with watering intervals every two days. The 

volume of water added follows the calculation of the 

media's field capacity according to the treatment. 

Variations of PBZ application and drought stress were 

made into nine treatment combinations. Each treatment 

consisted of 3 replications, each consisting of 3 seedlings, 

so the total seedlings used in this study were 81. 

Growth parameters, physiological and biochemical 

characteristics 

Seedling morphological observations were carried out 

when the pepper plants were seven weeks old. The 

observed morphology of seedlings included plant dry 

weight (grams) and shoot: root ratio based on dry weight 

(Sinaga 2008). Physiological observations of pepper 

seedlings were carried out by measuring proline, 

chlorophyll, and carotenoid content. The analysis of total 

leaf proline levels was carried out using Bates et al. (1973). 

Measurement of the total chlorophyll and carotenoid 
content of pepper leaves was carried out at the end of the 

observation by referring to the research of Kurniawan et al. 

(2010) and Sayyari & Ghanbari (2012). DL-proline 

(Sigma) dissolved in sulfosalicylic acid (3% w / v) is used 

as standard. Quantitative data were analyzed by ANOVA 

(Analysis of Variance). If there was a significant difference 

between the treatment groups, a further test was carried out 

with Duncan's Multiple Range Test (DMRT) at the 95% 

confidence level. 

RESULTS AND DISCUSSION 

Seedling morphological characters in water deficit 

treatments 

Vigor or viability test 

The viability test of pepper seeds was carried out with a 

1% tetrazolium solution. The seeds were categorized as 

having good vigor, marked by a change in color from 

yellowish-white (Figure 1A) to red (Figure 1B) after 

immersion in a 1% tetrazolium solution for 24 hours. The 

tetrazolium test results on three replications resulted in a 

seed viability percentage value of 100%. 

 

Dry weight and shoot: root ratio of pepper seedling 

Table 1 revealed that drought stress only significantly 
affects the dry biomass of seedlings in conditions without 

PBZ. Moreover, giving PBZ concentrations of 25 ppm or 

50 ppm under all soil water levels (100%, 75%, and 50% of 

field capacity) had no significant effect. The pepper 

seedlings are shown in Figure 2. 

Drought stress can affect plant growth and production, 

including physiological, biochemical, anatomical, and 

morphological processes. Table 1 shows that drought stress 

significantly affects the dry biomass of seedlings without 

PBZ application. That is in line with Khan et al. (2012) 

research on pepper (Capsicum annuum L.), which showed 
that drought stress caused a decrease in dry crown weight 
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and total dry weight. The most significant difference 

between dry biomass reduction and drought stress occurred 

in the 0 ppm PBZ treatment, which was ±44.8%. In 

comparison, the difference in reduction was smaller in the 

25 and 50 ppm PBZ treatments. 

 

 
 

 
A B 

 
Figure 1. The morphology of the median-longitudinal section of 
pepper (Capsicum annum L) seed was observed under a 
stereomicroscope at 20x optical magnification. A. Seed before 
tetrazolium 1% test. B. Seed after tetrazolium 1% test 
 
 

 

The decrease in dry biomass is a plant response to 

drought stress. Overall dry biomass of pepper in the three 

PBZ treatments decreased due to drought stress. However, 

the results of this study indicated that the addition of PBZ to 

the seedlings was thought to cause a more tolerant response 

to drought stress. That can be seen from the difference in 

the reduction of dry biomass from normal conditions is 

lower than the treatment without PBZ. 
 
Table 1. Dry weight (gram) and shoot: root ratio based on 
seedling dry-weight after applying various paclobutrazol (PBZ) 
concentrations in different soil water capacities levels treatments 
 

Parameters 

PBZ 

conc. 

(ppm) 

Soil water capacity levels 

100%FC 75%FC 50%FC 

Dry weight 
(gram) 

0  0.29c±0.037 0.19b±0.039 0.16ab±0.007 
25  0.14ab±0.035 0.13ab±0.038s 0.13a±0.053 
50  0.14ab±0.015 0.13ab±0.012 0.12a±0.016 

      

Shoot: root 
ratio 

0  11.86b ±1.413 9.85ab±1.040 5.35a ±1.111 
25  9.29ab±5.531 9.5ab ±4.611 6.72ab±2.414 
50  8.45ab±0.438 5.84a±1.407 9.36ab±3.991 

Note: Mean values± standard deviation followed by the same letter in 
the same column for each parameter indicated no significant 
differences at P: 0.05 with the DMRT post hoc test.FC: field capacity 
 

 

 
 

Figure 2. The morphology of pepper seedling at 21 days after applying various paclobutrazol (PBZ) concentrations in different soil 
water capacities levels (FC). (A-C) Treatments of 0 ppm PBZ combined with (A) 100% FC; (B) 75% FC; (C) 50% FC. (D-F) 
Treatments of 25 ppm PBZ combined with (D) 100% FC; (E) 75% FC; (F) 50% FC. (G-I) Treatments of 50 ppm PBZ combined with 
(G) 100% FC; (H) 75% FC; (I) 50% FC. Bar = 2 cm 
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Drought conditions cause a decrease in water content in 

the plant growing media, which causes a reduction in water 

uptake by the roots. This condition causes insufficient 

water supply for growth; consequently, plant growth is 

stunted. According to Hidayati et al. (2017), reduced dry 

biomass in plants experiencing drought stress is a plant 

response closely related to decreased photosynthesis. 

Likewise, Subantoro (2014) states that a decrease in 

photosynthesis rate causes photosynthate to be translocated 

for limited root and canopy growth, resulting in low 
biomass. 

Paclobutrazol is a derivative of triazole compounds 

known to protect plants from environmental stresses such 

as drought stress (Tesfahun 2018). PBZ is a synthetic 

growth regulator that inhibits the biosynthesis of sterols 

and gibberellins (GA) in plants (Khan et al. 2012) and 

induces various morphological and biochemical responses. 

Furthermore, the PBZ compounds could inhibit shoot 

elongation, reduce leaf area, stimulate root growth, increase 

cytokinin and ABA synthesis, and provide protection from 

various environmental stresses (Fletcher et al. 2000). 
The drought conditions in the vegetative phase also 

inhibit the growth of leaves and roots, but the magnitude of 

this effect is not the same. A decrease in the crown-root 

ratio occurs when the decrease in leaf growth is greater 

than that of the roots. Based on Table 1, drought stress only 

significantly affects the root canopy ratio in the 0 ppm PBZ 

treatment. In the 25 and 50 ppm PBZ treatments, drought 

stress did not have a significant effect even though it 

caused a decrease in the average root canopy ratio. This 

decline is thought to be an attempt by the pepper to 

increase water uptake by expanding the root system, while 
the increase is thought to be an effort to utilize water 

extraction to support crown growth. 

In the treatment without PBZ, the condition of 50% soil 

water capacity reduced the average ratio of pepper 

seedlings significantly compared to normal conditions. 

Moreover, it is agreed with Nejad et al. (2010), which state 

that drought conditions affect the ratio of the canopy root 

of maize plants. The difference in the reduction in the 

average crown-root ratio in the treatment without PBZ was 

greater, i.e., 54.9% than the treatment with the addition of 

PBZ at the same level of water capacity. According to the 

research results of Navarro et al. (2008), the root canopy 
ratio decreased by 0.25 g compared to control under stress 

conditions, while the addition of PBZ decreased the root 

crown ratio by 0.38 g. 

The percentage reduction in root canopy ratio due to 

drought stress treatment was greater than the percentage 

reduction in root canopy ratio due to the addition of PBZ. 

The addition of PBZ in drought stress conditions caused 

the root crown ratio to increase. Possibly, PBZ inhibited 

crown growth, so plants treated with 25 and 50 ppm PBZ 

tended to allocate more assimilates aimed at the crown 

section. 
In general, the character of the root canopy ratio of 

pepper shows a negative response to drought conditions. 

According to Sinaga (2008), the condition of the lower 

availability of water encourages pepper seedlings to 

distribute photosynthate, which tends to be aimed more at 

the roots. As a result, biomass allocation to the roots 

increases to expand the root system, thereby reducing the 

root canopy ratio (Zlatev and Lidon 2012). 

Drought stress conditions trigger plants to increase root 

growth further and suppress crown growth so that the root 

canopy ratio becomes smaller. This response is a form of 

plant adaptation in dealing with drought stress conditions 

related to leaf area parameters and seedling height. 

According to Wu and Cosgrove (2000), adaptation is 

carried out by suppressing crown growth to reduce water 
loss during transpiration and stimulating root growth to 

absorb more water by reaching deeper soil layers. 

According to Bayat and Sepehri (2012), the decrease in 

root and canopy biomass in PBZ treatment is closely 

related to the inhibition of gibberellic acid (GA) 

biosynthesis induced by PBZ causes a decrease in shoot 

growth. 

Biochemical changes in seedlings under water deficit 

treatment 

Proline levels 

Plants with low soil water availability accumulate 
proline, which plays a vital role in osmotic adjustment. 

According to Kurniawati et al. (2014), proline is an 

osmoregulator that protects membranes and plant enzymes 

dealing with drought stress. In drought stress conditions, an 

increase in leaf proline content was higher than in the 

optimum environmental conditions. Based on Yusniwati et 

al. (2008), the leaf proline content in several pepper 

genotypes increased by 12.62% to 646.31% under stressful 

conditions. 

Table 2 shows that the application of 50 ppm PBZ 

significantly affects pepper seedlings' proline content 
grown at the lowest water capacity level. Meanwhile, 

seedlings at 0 ppm and 25 ppm PBZ had no significant 

difference in leaf proline levels. Based on the results of this 

study, the pepper seedlings treated with PBZ were thought 

to have a better tolerance to drought stress than those 

without PBZ. PBZ affects in increasing plant-free proline 

levels to protect against drought stress. Mohamed et al. 

(2011) reported that the free proline levels in tomatoes 

given 50 ppm PBZ grown under 60% KL increased 1.52 

times compared to controls. Seedlings that are more 

tolerant of drought respond to drought stress by increasing 

levels of leaf proline. 
 

 
Table 2. Leaves proline content (mg/g fresh weight) of pepper 
seedling in various paclobutrazol applications at different water 

regimes (field capacities) 
 

PBZ conc. 

(ppm) 

Soil water capacity levels 

100%FC 75%FC 50%FC 

0 3.98a± 1.202 4.36a ±1.245 4.66a±1.741 
25 3.02a± 0.777 4.6a± 0.314 4.93a±0.121 

50 3.6a±0.702 4.81a±1.461 6.91b± 0.496 

Note: Mean values followed by the same letter in the same 
column for each parameter indicate no significant differences at 
P: 0.05 with the DMRT post hoc test. Sd: deviation standard; FC: 
field capacity 
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Table 3. Total leaf chlorophyll and carotenoid levels (mg/g fresh weight) pepper seedling in various paclobutrazol applications at 
different water regimes (field capacities) 

 

Parameters 
PBZ conc. 

(ppm) 

Soil water capacity levels 

100%FC 75%FC 50%FC 

Total leaf chlorophyll 
(mg/g fresh weight) 

0 36.05ab±0.962 35.5a ±2.073 35.26a  ±2.905 

25 40.77c  ±1.521 40.41bc± 1.814 39.54abc±3.571 

50 39.69abc± 1.602 38.81abc±2.482 38.58abc±2.714 

      
Leaf carotenoid (mg/g 
fresh weight) 

0 0.82a±0.041 0.85ab±0.040 0.89abc±0.075 

25 0.95bc±0.075 0.97c ±0.070 0.98c  ±0.049 

50 0.94bc± 0.020 0.95bc± 0.060 0.96c  ±0.057 

Note: Mean values followed by the same letter in the same column for each parameter indicate no significant differences at P: 0.05 with 
the DMRT post hoc test. Sd: deviation standard; FC: field capacity 
 

 

 
According to Alcazar et al. (2011), water deficiency can 

stimulate a chemical signal in the form of abscisic acid 

(ABA) from the roots, which is translocated into the 

canopy inducing the accumulation of proline in leaves. 

Proline accumulates in leaves, is partly used as a protective 

compound against macromolecular compounds and 

enzymes from damage due to drought stress, and is 

partially transferred to roots for root growth (Tuasamu 

2009). Increased proline levels are a characteristic of plant 

tolerance to drought stress because proline acts as an N 

storage compound and protector of certain enzymes 

(Maestri et al. 1995). 

Total chlorophyll and carotenoids content 

Besides the accumulation of proline, water deficit also 

challenges plants with a physiological change in their 

metabolic activity. Plants with low water potential have 

decreased chlorophyll and an increase in secondary 

metabolites, one of which is carotenoids. This study 

indicated that the water deficit and PBZ treatment could 

induce changes in the content of photosynthetic pigments. 

The two PBZ concentrations significantly increased 

seedlings' chlorophyll and carotenoid content under normal 

and stressful conditions. Drought stress conditions also 
showed an insignificant effect on total chlorophyll content 

and carotenoids. 

Based on the data from Table 3, adding PBZ to soil 

media leads to an increase in total leaf chlorophyll. That 

indicates that the presence of PBZ provides a better 

tolerance response to drought stress than the treatment 

without PBZ. Kumar et al. (2012) and Tsegaw et al. (2005) 

reported that the chlorophyll content was higher in plants 

treated with PBZ than in controls. The increase in total 

chlorophyll content in pepper leaves with PBZ treatment is 

thought to be closely related to the effect of PBZ on 

endogenous cytokinin concentrations. Fletcher et al. (1982) 
stated that PBZ could stimulate cytokinin biosynthesis, 

which induced chloroplast differentiation and chlorophyll 

biosynthesis and prevented chlorophyll degradation. 

Carotenoids are additional photosynthetic pigments that 

plants generally need only in small quantities alongside 

chlorophylls. However, to maintain the photosynthesis 

process, their presence is more needed when plants suffer a 

water deficit that is terminating to chlorophyll degradation. 

Table 3 shows that PBZ supplementation has significantly 

affected carotenoid content. This result follows a 

previously reported by Gopi et al. (2007) that PBZ can 

increase carrot root carotenoids. According to Fletcher et 

al. (2000), carotenoid production triggered by PBZ is a 

beneficial antioxidant in plants to combat oxidative stress. 

Under drought stress conditions, the average carotenoid 

leaves of pepper were higher than normal. Following 

Armita et al. (2017) research, the carotenoid content in 

plants experiencing severe drought stress (30% KL) was 

significantly higher than in control plants. 

Based on the results of this study, giving 25 and 50 ppm 

PBZ to pepper seedlings was thought to induce better 
tolerance to water deficit treatments than seedlings without 

PBZ. Plants more tolerant of drought stress showed a 

significant increase in total chlorophyll and leaf 

carotenoids. A decrease in total chlorophyll and an increase 

in carotenoids in pepper peppers indicated that drought 

conditions caused changes in plant metabolic activity. 

According to Oukarroum et al. (2007), one of the 

physiological characteristics of plant resistance to drought 

is to increase photosynthesis by increasing the chlorophyll 

content. The increase in carotenoids in plants indicates 

plants' ability to adapt to new environmental conditions 
(Othman et al., 2014). 

In summary, paclobutrazol (PBZ) application to pepper 

seedlings (Capsicum annuum L.) growing in drought stress 

significantly affected the accumulation of proline levels, 

total chlorophyll content, and carotenoid levels; 

Meanwhile, the parameters of plant dry weight and root 

shoot ratio had no significant effect. 
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