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Abstract. Prellia A, Solichatun, Pitoyo A. 2023. Induction of drought resistance in bell pepper (Capsicum annuum var. grossum) with
osmopriming Polyethylene Glycol (PEG) 4000. Asian J Agric 7: 34-46. The bell pepper (C. annuum var. grossum) is an economically
valuable chili cultivar. However, in Indonesia, the cultivation of bell peppers is hampered by drought stress. Osmopriming is an
alternative method to improve seed quality. That method was used by soaking the seeds in osmoticum solutions, with Polyethylene
Glycol (PEG) as the solution. This research examines the effect of osmopriming with PEG 4000 on the germination and growth of bell
pepper seedlings under various drought stressors. In 2020, seeds were collected from ripe bell peppers grown by farmers in Surjo
Hamlet, Sukabumi Village, Cepogo Sub-district, Boyolali District, Central Java, Indonesia. This study employed a Completely
Randomized Design (CRD) with two parameters: PEG concentration and water capacity variations. The concentrations of PEG 4000
utilized were 0, 50, 100, and 150 g/L. The drought stress test is conducted by cultivating primed bell pepper seedlings in planting media
with varying water capacities of 100%, 75%, and 50% Space Capacity (SC). Included in the drought group with a moderate stress level
is a water capacity of 50% SC. Each treatment was replicated three times. Under drought stress, osmopriming with PEG 4000
accelerated the germination rate and affected seedling growth regarding height, number of leaves, leaf area, wet seedling weight, and
shoot-root ratio. However, under drought stress, osmopriming PEG 4000 had no significant effect on the rise in proline and chlorophyll
content nor on the decrease in carotenoids and nitrate reductase activity. PEG 150 g/L with 50% SC was ideal for seedling height, leaf

number, leaf area, and wet weight, while PEG 100 g/L with 100% SC was optimal for the shoot-root ratio.
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INTRODUCTION

Among Indonesia's many valuable agricultural products
is bell pepper (Capsicum annuum L.). Badan Pusat Statistik
(2018) reports that after reaching a low point in 2017 with
a production of 7.4 thousand tons, bell pepper output
increased to 18.15 thousand tons in 2018. Overall output
rose by 10.75 kilotons from 2017 to 2018. It demonstrates
that bell pepper has a significant demand amongst the
general populace of Indonesia. Bell pepper is a valuable
commodity because to the fact that it can be utilized both
fresh and dry, making it ideal for a wide variety of culinary
applications. Warsi (2013) claims that bell peppers are a
valuable commodity due to their high vitamin content,
antioxidant properties, and versatility in food processing.
These numerous advantages bolstered bell pepper's already
significant value as a strategic item in the national
economy. Bell pepper has enormous potential for growth in
Indonesia as there is now a gap between supply and
demand, despite its widespread cultivation in subtropical
and tropical regions (Arifianto and Kartika 2018).

Several problems, such as plant disease disturbances
and environmental stress conditions, continue to limit the
success of bell pepper farming in Indonesia. Chili yields
are low because of the long dry season, which also
contributes to dryness on farmland (Yusniwati et al. 2008).
The pepper plant, related to chilies, is very drought- and
heat-sensitive and sensitive to light (Aminifard et al. 2010;

Tulung and Demmassabu 2011). The rate of growth,
maturity and biomass accumulation of farmed plants can all
be altered by drought stress.

Seed priming is an alternate method for enhancing seed
quality that involves preparing the seeds before planting.
Seed priming can prepare seeds to germinate concurrently,
grow better, adapt to adverse environmental conditions
such as drought, and be more resistant to disease attacks
(Lutts et al. 2016). The widespread use of seed priming in
horticulture crops is due to its ability to boost crop yields.
For example, applying seed priming to bell pepper seeds is
anticipated to optimize bell pepper plant growth and induce
drought tolerance.

There are various methods for priming seeds,
osmopriming being one of them. The seeds are soaked in
an osmotic solution, such as sugar, glycerol, sorbitol,
mannitol, or Polyethylene Glycol (PEG), for osmopriming
(Lutts et al. 2016). It is known that using PEG for seed
priming has increased simultaneous germination and
induced tolerance to environmental stress. Sorghum seeds
(Sorghum bicolor L. Moench), soybean seeds (Glycine
max), wheat seeds (Triticum aestivum L.), and rice seeds
(Oryza sativa L.) have all been successfully induced to
develop drought stress resistance (Eivaz 2012; Syaiful et al.
2014; Salah et al. 2015; Zhang et al. 2015).

Plant morphological, anatomical, and physiological
responses to drought can be considered (Kasi et al. 2017).
Plants respond physiologically to drought stress by
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accumulating proline  molecules, which operate as
osmoregulatory and osmoprotectant chemicals for cell
membranes. Compared to optimal environmental
conditions, the proline content of plant leaves increased
when plants were exposed to drought (Yusniwati et al.
2008). Due to a loss in chlorophyll and an increase in
secondary metabolites, drought stress also disturbs the
metabolic activity of plants (carotenoids). Drought can also
reduce Nitrate Reductase Activity (NRA) by interfering
with the absorption of nitrogen fertilizers. Nitrate reductase
enzymes contribute to the assimilation of nitrate, which
influences plant development and yield. When plants were
subjected to drought conditions, nitrate reductase activity
decreased relative to optimal environmental circumstances
(Fitriana et al. 2011). The nitrate reductase activity (NRA)
can be employed as a plant selection measure since it
correlates positively with production, dry weight, total
nitrogen, and plant yield.

The application of osmopriming to bell pepper seeds to
generate drought tolerance has not been performed.
Therefore, it has not been as widespread as it has been with
other varieties of chilies. The prior studies employed PEG
with molecular weights of 6000 and 8000; however, PEG
4000 has not been utilized extensively (Syaiful et al. 2014;
Yuanasari et al. 2015; Zhang et al. 2015). Furthermore, the
application of PEG 4000 on seeds, followed by their
cultivation under varying drought stress circumstances, is
also new knowledge uncovered by researchers. Therefore,
reviewing growth characteristics is necessary to identify
the response of bell pepper plants to drought stress
following osmopriming with PEG 4000, given this context.

Given the above context, the problem is stated as
follows: (i) Does osmopriming with PEG affect the
germination rate of bell pepper (C. annuum) seeds? (ii)
Does osmopriming with PEG influence bell pepper (C.
annuum) seedlings' growth under drought stress? (iii) Does
osmopriming with PEG affect the levels of chlorophyll,
carotenoids, proline, and Nitrate Reductase Activity (NRA)
in bell pepper seedlings (C. annuum) under drought stress?
(iv) What is the appropriate concentration of osmopriming
and PEG treatment for bell pepper (C. annuum) seedling
growth under drought stress? Therefore, based on the
definition of the problem above, the goal of this study is as
follows: (i) Determine the effect of osmopriming with PEG
4000 on bell pepper germination rate (C. annuum). (ii)
Determine the effect of osmopriming with PEG on the
growth of bell pepper (C. annuum) seedlings under
conditions of drought stress. Determine the effect of
osmopriming with PEG on the levels of chlorophyll,
carotenoids, leaf proline, and activity of the enzyme nitrate
reductase in bell pepper seedlings (C. annuum) subjected to
drought stress. (iii) Determine the appropriate
concentration of osmopriming and PEG treatment on the
growth of bell pepper (C. annuum) seedlings under drought
stress.

MATERIALS AND METHODS

Time and place

This research was carried out in October 2020-April
2021 in the greenhouse of the Integrated Laboratory
Technical Implementation Unit, the Biology Laboratory,
and the Universitas Sebelas Maret (UNS) Integrated
Laboratory of the UNS, Surakarta, Central Java, Indonesia.

Materials and tools

Seeds of bell pepper (C. annuum var. grossum) were
employed in this investigation. The seeds came from
farmers in Surjo Hamlet, Sukabumi Village, Cepogo Sub-
district, Boyolali District, Central Java, Indonesia, in the
harvest year 2020. Red pepper seeds were chosen for
regeneration because they were mature and ready to be
used. The chemicals used included PEG 4000 solution with
concentrations of 0, 50, 100, and 150 g/L, 1% tetrazolium,
80% acetone, distilled water, Merck's standard proline
compound, 3% sulfosalicylic acid, 0.14 M ninhydrin acid,
glacial acetic acid, toluene 99.5%, phosphate buffer with
pH 7.2, sodium nitrate (NaNO3) 5 M, N-[1-naphthyl]-
ethylenediamine (NED) 0.02%, 1% sulfanilamide acid,
hydrochloric acid (HCI) 3 N. The planting medium was a
mixture of alluvial soil and manure (2:1).

Germination cups (pot trays), petri dishes, measuring
scales, scissors, razor blades, plastic clips, measuring cups,
beakers, stir sticks, pH paper, micropipette, tweezers,
mortar, pestle, glass funnel, test tube, Whatman filter
paper, water bath, stereo microscope, analytical balance,
cuvette, UV-VIS spectrophotometer (Perkin Elmer Lambda
25), and vortex mixer are utilized.

Research design

This research is experimental in the laboratory and
greenhouse. The research design used was a Completely
Randomized Design (CRD) with two factors, namely
variations in PEG 4000 osmopriming (0, 50, 100, and 150
g/L) and variations in water availability (100, 75, and 50%
space capacity). Based on these two factors, 12 treatment
combinations were obtained. Each treatment was carried
out in 3 repetitions. The following is the treatment in this
study. The combination of treatment of the two factors is
presented in Table 1.

Table 1. Combinations of PEG osmopriming variations and space
capacity percentages

Space PEG 4000 concentration variations
Capacity
Variation PO Pl P2 P3
Co POCO P1CO P2C0 P3CO0
C1 POC1 P1C1 P2C1 P3C1
C2 POC2 P1C2 P2C2 P3C2

Note: PO = PEG 0 g/L, P1 = PEG 50 g/L, P2 = PEG 100 g/L, P3 =
PEG 150 g/L; CO = 100% Space capacity, C1 = 75% Space
capacity, C2 = 50% Space capacity
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Procedure
Preparation of bell pepper seeds

Pepper seeds were obtained from farmers in Surjo
Hamlet, Sukabumi Village, Cepogo Sub-district, Boyolali
District, Central Java, in 2020. The seeds come from ripe
bell peppers and are ready for regeneration. Peppers are
split, so the seeds are visible and then dried in indirect
sunlight. The dried seeds are threshed from their sockets
and then selected as reasonable and uniform (color and
seed size are uniform).

Osmopriming treatment

PEG 4000 solution was made in four concentration
variations, namely 0, 50, 100, and 150 g/L. Bell pepper
seeds are soaked in various solutions for 24 hours.
Afterward, the seeds are drained in a container with a paper
towel and left to air dry for 24 hours (Latifa and
Rachmawati 2020). The dried seeds were then stored for
the germination test.

Tetrazolium test

A preliminary test is to determine the initial viability of
seeds using the tetrazolium test. The preparation of
tetrazolium solution begins with a phosphate buffer
solution of 9.078 grams of potassium dihydrogen
phosphate (KH2PO.) dissolved in 1000 mL of distilled
water (solution 1). Then 11.876 grams of disodium
hydrogen phosphate (Na;HPO4.2H,0) dissolved in 1000
mL of distilled water (solution II1). Next, 400 mL of
solution | and 600 mL of solution 11 (2:3)(v/v) were mixed
homogeneously. Finally, ten grams of tetrazolium salt
(2,3,5 triphenyl tetrazolium chloride) was added to 1000
mL of buffer solution to make a 1% tetrazolium solution
(Zanzibar and Herdiana 2010).

The tetrazolium test was carried out by soaking ten bell
pepper seeds in distilled water for one day and one night
(24 hours). After 24 hours, the seeds were split into two
parts. One part was soaked in a 1% tetrazolium solution of
approximately 20 mL for 24 hours at room temperature (+
28°C), and the other was in the dark. Seeds whose
embryonic parts and cotyledons are pink to dark red are
counted as viable seeds (Varela and Albornoz, 2013). The
tetrazolium test was carried out in 3 repetitions. Seeds
treated with osmopriming were tested for viability again
with the tetrazolium test. The percentage of seed viability is
calculated using the following formula (Subantoro and
Prabowo 2013).

number of viable seeds

seed viability = X 100%

total number of seeds

Germination test

Seeds that had been treated with osmopriming were
germinated on filter paper media. A total of 30 seeds were
imbibed in distilled water for 12 hours. The seeds were
then germinated in a germination cup that had been lined
with filter paper. Each cup contains ten seeds, so there are
three replications. The filter paper was moistened with as
much as 15 mL of distilled water. Germination incubation

was carried out at room temperature for two weeks.
Watering with distilled water and the same volume is done
every day until the end of germination. Observations were
made every day on the time the sprouts appeared, and then
the germination percentage and rate were calculated. At the
end of germination, the seeds were weighed to determine
the wet weight of the sprouts. Seeds are said to have
germinated when radicles appear at least 2 mm long
(Pramana et al. 2019). The formula for calculating
germination percentage and rate is as follows (Sutopo
2002; Lesilolo et al. 2013).

number of germinated seeds
X 100%

ermination (%) = -
g (%) number of seeds germinated

N1T1+ N2T2 + ---+ NxTx

number of germinated seeds

germination rate (days) =

nati d ind N1+N2+ +Nx
germination speed index =+ -+

Where:

N = number of seeds that germinate in a particular time
unit

T = The time between the test's start and the end at a
specific observation interval.

Treatment of drought stress

Drought stress treatment with variations of water stress
100%, 75%, and 50% Space Capacity (SC) lasted for 13
weeks. Space capacity was determined using the
gravimetric method. The planting medium is a mixture of
ground and manure with a ratio of 2:1.

Seeds treated with the priming variation were sown in
the media with 100% watering at Space Capacity (SC) for
14 days beforehand. Seedlings with uniform size were then
transferred to polybag media with soil moisture content
according to treatment. Seedling uniformity is based on the
height and number of seedling leaves. Next, the polybags
were placed in greenhouse and watered every two days
with the volume according to the planned treatment. After
13 weeks, growth was observed in morphological and
physiological parameters.

Determination of space capacity used the appropriate
gravimetric method from Swibawa and Oktarino (2010).
This method is carried out by weighing the initial weight of
the media (Wo) and then pouring the media with water
until it is saturated (all the pore space of the media is filled
with water) and left for 24 hours or until the water stops
dripping from the polybag. After the water has stopped
dripping, the media is weighed again to determine the final
weight (Wa). The water content for 100% space capacity
(Wt) is determined by subtracting the final weight of the
media from the initial weight of the media. Space
capacities of 75% and 50% are determined by:

Water content to be added = % SC required x Wt
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Observation of pepper plant growth

Seedling growth parameters. The growth of pepper
seedlings was observed at the end of the drought stress
treatment when the plants were 13 weeks old. Growth
parameters observed included plant height, fresh weight of
seedlings, root crown ratio, leaf area, and the number of
leaves.

Measurement of plant height. Plant height is measured
from the base of the stem above the soil surface to the
apical growing point. (ii) Root canopy ratio is the ratio
between the wet weight of the upper part of the plant
(leaves, stems) and the lower part of the plant (roots). The
formula for measuring the crown root ratio is as follows
(Effendi 2008):

crown wet weight

root crown ratio (gram) = -
root wet weight

Measurement of leaves. Leaves measured in width are
leaves that have opened completely. Leaf area
measurement uses the gravimetric method and is calculated
using the following formula (Irwan and Wicaksono 2017).

leaf replica paper weight

! ?) =
eaf area (cm*) total paper weight

Physiological parameters. The measured physiological
parameters were chlorophyll, carotenoids, leaf proline
levels, and the enzyme nitrate reductase.

Measurement of leaf proline content. Analysis of total
leaf proline content was carried out using Bates et al.
(1973). Fresh leaves (2" to 3™ leaves from shoots) as much
as 0.1 gram, cleaned, then mashed and homogenized with 5
mL of sulfosalicylic acid (3% wi/v). After centrifuging at
5000xg for 15 minutes using a centrifuge, 2 mL of the
supernatant obtained was taken and reacted with 2 mL of
0.14 M ninhydrin acid (CgHsO4) solution (1.25-gram
ninhydrin composition) and added with 2 mL of Glacial
Acetic Acid (GAA) then heated using a water bath at
100°C for 60 minutes.

The test tube containing the supernatant that has been
heated is put into a beaker filled with ice cubes for 5
minutes. The sample is mixed with 4 mL of toluene
(99.5%) and vortexed for 15-20 seconds until two layers of
liquid with different colors are formed. The red toluene-
containing proline was taken, and the absorbance value was
read with a UV-VIS spectrophotometer at 520 nm. The
blank solution is toluene. L-proline (Sigma) dissolved in
sulfosalicylic acid (3% w/v) was used as standard.

Measurement of total chlorophyll and carotenoid
content of bell pepper leaves. Measurement of leaf
chlorophyll and carotenoid content was carried out at the
end of the observation. The content of chlorophyll and
carotenoids was measured by cleaning fresh leaf samples
and weighing 0.1 grams. The sample is mashed with a
mortar and pestle. Once smooth, the sample is extracted
with 10 mL of 80% acetone, then stirred until the color is
released from the tissue. The leaf extract is filtered with
filter paper. The filtrate obtained was put into a cuvette of 3
ml. The content of chlorophyll and carotenoids was

analyzed using a UV-VIS spectrophotometer at
wavelengths of 480 nm, 645 nm, and 663 nm with a blank
of 3 mL of 80% acetone (Kurniawan et al. 2010). This
method was carried out for each treatment sample. The
chlorophyll content was calculated using the equation from
Hendry and Grime (1993), as follows (Anggarwulan and
Solichatun 2007):

Chlorophyll a (mg/g F.W) = (12.7 x A663) - (2.69 X
A645) x 107

Chlorophyll b (mg/g F.W) = (22.9 x A645) - (4.68 X
A663) x 107

Total chlorophyll (mg/g F.W) = (8.02 x A663) + (20.2
X A645) x 101

The calculation of carotenoid content using the equation
according to Gayathri et al. (2016) is as follows:

Carotenoids (mg/g F.W) = A480 + (0.114 x A 663)
(0.638 x AB45)

Where:
A663 = Absorbance value at a wavelength of 663 nm
AB45 = Absorbance value at a wavelength of 645 nm

X total paper area A480 = Absorbance value at a wavelength of 480 nm

FW = Fresh weight (wet weight of leaves)

The nitrate-reductase activity measurement. Nitrate
reductase activity was measured using the first to third leaf
samples from shoots of 0.25 g. The leaves were cut into
small pieces and put into a dark bottle containing 5 mL
phosphate buffer solution (pH 7.2-7.5) for 24 hours. After
24 hours of incubation, the phosphate buffer solution was
replaced with 5 mL of new phosphate buffer solution, and
0.1 mL of 5M NaNOs; was added as a substrate, then
incubated for 2 hours (after this, the sample was called an
aliquot). Finally, 0.1 mL aliquots were put into a test tube
containing the coloring reagent in the form of 0.2 mL of
1% sulfanilamide acid in 3N HCI and 0.2 mL of 0.02% N-
Naphtylethylen diamine (NED). Then, wait for the reaction
until a pink color change occurs (10-15 minutes) as a sign
of nitrate reduction to nitrite by the enzyme nitrate
reductase. After a color change, 5 mL of distilled water was
added and homogenized. Sample absorbance was measured
using a UV-VIS spectrophotometer at 540 nm. The blank
solution is a mixture of coloring reagents with a ratio of
1:1. Nitrate reductase activity (NRA) is calculated using
the following formula (Latifa and Anggarwulan 2009;
Putra et al. 2020).

sample absorbance 100 1 50

NRA I NO* /g/h) = XX — X ——
(kmo /g/h) absorbance standard WW IT 100

Where:

Absorbance standard = 0.0142

WW = wet weight of the sample (grams)
IT =incubation time (hours)

Data analysis
Quantitative data were analyzed by two-way ANOVA
(Analysis of Variance), followed by one-way unstacked
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ANOVA, and then tested by Duncan's Multiple Range Test
(DMRT) at a 95% confidence level.

RESULTS AND DISCUSSION

Tetrazolium test

Seed viability testing was carried out using the
tetrazolium test method on the treated seeds. This method
is called the quick test because the seeds tested can be
analyzed quickly and do not need to be germinated. Good
viability (live seeds) seeds are marked with a red pattern
embryo and cotyledons after soaking for 24 hours with 1%
tetrazolium solution Figure 1). The tetrazolium test was
carried out on seeds that had not been treated (the control)
and Polyethylene Glycol (PEG) 4000-treated seeds with
concentrations of 50, 100, and 150 g¢/L, with three
replications each. The results of the tetrazolium test yielded
a seed viability percentage value of 100% for all control
and treated seeds. These results indicate that all seeds are
still viable (alive) and can germinate and grow. Therefore,
giving PEG 4000 treatment cannot affect seed viability.

The test uses tetrazolium salt (2,3,5 triphenyl
tetrazolium chloride) as an indicator to detect the presence
of living cells. Every living organism or tissue performs
respiration and produces hydroxide gas (Hz) with the help
of dehydrogenase enzymes. The dehydrogenase enzyme
activity will release H+ ions and react with tetrazolium,
which was initially colorless and reduced to a red
precipitate called formazan. Therefore, viable seeds absorb
tetrazolium and appear red (Copeland and McDonald 2001;
Warid and Palupi 2009). The nature of PEG only lowers
the osmotic potential of the water in the media and the
compound because it has a large molecular weight and
does not get absorbed into the tissues or seed embryos, so it
does not poison the seeds. Based on this description,
applying PEG is safe for seeds and does not affect seed
viability.

Germination test

Pepper seeds that had been soaked in PEG 4000
solution according to the treatment were germinated for 14
days. Seeds are germinated when radicles appear at least 2
mm long (Pramana et al. 2019). The seed germination
process starts from the process of water absorption by the
seed (imbibition). Imbibition occurs in three phases. Phase
| begins with rapid water absorption due to the potential
difference between the water and the seeds. In phase II,
imbibition is slow because there is a potential water
balance in the seed with its environment, and seed
metabolism is actively taking place. Finally, in phase IlI,
the rate of imbibition increases again because the growth
and development of the sprouts are ongoing, which begins
with the appearance of the radicle (Yuanasari et al. 2015;
Ernita and Mairizki 2019). Table 2 shows the average
number of sprouts that appeared each day. It was found that
the PEG 100 and 150 g/L treatments on the first day had
germinated seeds, while the control treatment sprouts

started appearing on the 4" day. The highest number of
sprouts in the control treatment appeared on the 71" day. In
the PEG 50 and 100 g/L treatments, the highest number of
sprouts appeared on 4" day, and in the 150 g/L PEG
treatment, the highest number of sprouts appeared on 5™,

In Table 3, it was found that the PEG 4000 control, 50,
100, and 150 g/L treatments produced a 100% germination
percentage of bell pepper seeds with a different wet weight
for each sprout. The ANOVA results showed that the PEG
4000 treatment significantly affected the fresh weight of
each sprout. The 50 g/L PEG treatment produced the
heaviest sprouts of 0.0575 g, which was not significantly
different from the control and 100 g/L PEG treatments but
significantly different from 150 g/L PEG, the lowest
germination weight of 0.0414 g. These results could imply
that the PEG 50 g/L and 100 g/L treatments increased the
wet weight of the sprouts compared to that without the
PEG 4000 osmopriming treatment. Therefore, the sprouts'
wet weight reflects the sprouts' structure growing normally
and optimally.

Figure 1. Morphology of cross-sectional peppercorn seeds
through a stereo microscope at 1x magnification. Before soaking
in 1% tetrazolium solution (A). After soaking in 1% tetrazolium
solution (B)

Table 2. Daily germination of pepper seeds

The number of sprouts that appear

Day PEG50 PEG100  PEG 150
PEG 0 g/L oL oL oL
1 - - 0.33 0.67
2 - 0.33 1 0.33
3 - 0.67 1.67 0.33
4 0.33 3.33 2.67 2.33
5 2.67 3 1 3.33
6 2.33 1.33 2.33 1.67
7 3 0.67 0.67 1
8 1 0.67 - 0.33
9 0.33 - - -
10 - - 0.33 -
11 0.33 - - -
12 - - - -
13 - - - -
14 - - - -
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Table 3. Percentage of germination and average fresh weight of
each bell pepper sprout (C. annuum var. grossum) after
osmopriming treatment with PEG 4000

PEG 4000 Germination Average wet weight
variation percentage (%) of sprouts (g)
0g/L 100 0.04972
50 g/L 100 0.0575?
100 g/L 100 0.05282
150 g/L 100 0.0414°

Note: Numbers accompanied by the same letter show no
significant difference (P>0.05) according to the 5% DMRT test

Germination rate is an important aspect of plant vigor.
The germination rate is determined by the number of days
it takes for the radicle or plumule to emerge over a certain
period (Sutopo 2002). The results of ANOVA showed that
the PEG 4000 treatment significantly affected the
germination rate and germination rate index of bell pepper
seeds. Figure 2A shows that the control treatment produced
the highest germination rate of 6.43 days, while the 100 g/L
PEG treatment produced the lowest germination rate of
4.50 days. However, it was not significantly different from
the 50 g/L and 150 g/L PEG treatments. The germination
rate results indicate the seeds' ability to germinate quickly
in that time range. In addition, the Germination Speed
Index (GSI) value also supports seeds' ability to germinate
quickly.

The average germination rate index value in Figure 2B
is in line with the germination rate value. The 100 g/L PEG
treatment produced the highest germination rate index
value of 2.89 and was significantly different from the
control treatment, which produced the lowest germination
rate index value of 1.63. According to Lesilolo et al.
(2013), the higher the germination rate value indicates that,
the more days needed for a germination process, the lower
the germination rate index value. Ernita and Mairizki
(2019) reported that the soaking treatment of 2.5% PEG
6000 for 6 hours significantly affected the vigor index
(germination speed) of soybean seeds, with the highest
value of 1.16. Based on the results of this study, PEG 4000
treatment as an osmopriming agent at a concentration of
100 g/L increased the ability of seeds to germinate and
accelerate germination rates with better vigor.

In general, the pattern of water absorption in seeds
treated with osmopriming was not different from those
without treatment. The osmopriming treatment only affects
the water absorption rate so that it is slowed down and
controlled (Varier et al. 2010). Yuanasari et al. (2015)
added that Osmo conditioning causes the potential of the
seed environment to be lower so that the initial rate of
imbibition (phase 1) can be slowed down. Then entering
phase Il, the seed can complete the pre-germination
metabolic process optimally before planting so that the
seed is ready for the emergence of radicles (prospective
roots) (phase Ill). Based on this description, giving PEG
100 g/L in this study was thought to slow and control the
rate of imbibition in phase | so that the seeds could
improve and complete their metabolic processes during
phase Il before entering phase I1l. When seeds are planted

or germinated, they are ready to germinate (phase Il1). The
faster germination rate parameter and the high germination
speed index value indicate it.

Growth of pepper seedlings
Seedling height

In general, seedlings treated with drought stress and
PEG 4000 produced higher seedling height than the
control. The results of ANOVA show that the treatment of
variations in  water availability and PEG 4000
independently or in combination significantly affects the
height of the bell pepper seedlings (Figure 3).

Table 4 shows that water availability (space capacity)
significantly affected seedling height growth in the control
treatment without PEG 4000 treatment. PEG 4000
treatment at 100% SC water availability caused the average
seedling height to increase and decrease, although not
significantly. At 75% SC water availability, PEG 50, 100,
and 150 g/L treatment decreased the seedlings' average
height, which was not too significant. Meanwhile, the
availability of water at 50% SC of seeds primed with PEG
4000 increased the average height of the seedlings
significantly. However, PEG concentrations of 100 and 150
o/L produced a height that was not significantly different.
Based on these results, water availability at 75% SC
without PEG treatment was the optimum condition for the
seedlings, and did not consider it to be in a stressed
environment. It was evident in the 75% SC control, which
had a better height than the 100% SC control. The PEG
treatment of 150 g/L was the optimum concentration for
pepper seedlings because it produced the highest seedling
height compared to the control, even in low water
availability (50% SC).

According to Rahayu et al. (2005), polyethylene glycol
(PEG) can mimic drought stress conditions because this
compound lowers the osmotic potential of the solution
through the activity of the ethylene oxide subunit matrix,
which can bind water molecules with hydrogen bonds. In
this study, the PEG 4000 treatment increased the height of
bell pepper seedlings when there was water stress.
Presumably, the seedlings selected with PEG had been
simulated to be in a stressed environment so that when
grown on planting media, they were able to adapt under
unfavorable conditions (low water availability). In addition,
the process of cell division and expansion in the apical
meristem was not hampered, resulting in taller pepper
seedlings.

Table 4. The average height of bell pepper (C. annuum var.
Grossum) seedlings after treatment with drought stress and PEG
4000

Variation of PEG 4000 concentration variations
space
capacity 0g/L 50 g/L 100 g/L 150 g/L
100% SC 13.90¢ 22.67° 21.23b¢ 21.00¢¢
75% SC 21.07b¢ 18.67¢d 17.409 17.404
50% SC 10.57f 20.20bcd 28.272 31.202

Note: Numbers accompanied by the same letter indicate no
significant difference (p>0.05) according to the 5% DMRT test
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Figure 2. Average germination rate (A) and index seed germination rate (B) after osmopriming with PEG 4000. Notes: Numbers
accompanied by the same letter indicate no significant difference (P>0.05) according to the 5% DMRT test
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Figure 3. Compilation of photos of pepper seedlings aged 13 weeks after treatment
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Drought stress treatment can cause a significant
reduction in plant height (Armita et al. 2017). According to
Yusniwati et al. (2008), drought stress negatively impacts
chili growth. Reducing the provision of water can cause
vegetative growth such as plant height, root length, plant
dry weight, and generative growth of chili to decrease
compared to plants at optimum conditions. Subantoro
(2014) added that a lack of water conditions could cause a
decrease in cell turgor, affecting cell division and expansion,
thereby inhibiting vegetative growth and decreasing
physiological processes. Research from Nurjannati (2017)
reported that the PEG 6000 treatment with a concentration
of 250 g/L with 600 mL of water (equivalent to 100% SC)
had an effect on the height of the chili plants with the
highest average value (38.17 cm) compared to giving PEG
225 g/L and the control. The combination of 150 g/L PEG
treatment with 50% SC water capacity resulted in the
highest average seedling height of 31.20 cm. This treatment
combination is thought to have the ability to adapt to
drought stress so that the reduction in water content does
not significantly hinder the growth of seedling height. The
PEG 0 g/L combination shows the lowest value with a
water capacity of 50% SC, which is 10.57 cm.

Number and area of leaves

The results of ANOVA show that the treatment of
variations in water availability and PEG 4000
independently or in combination significantly affected the
number of leaves and leaf area of the bell pepper seedlings.
Leaf area will decrease if the intensity of drought stress is
high. The average number and leaf area of bell pepper
seedlings (C. annuum var. grossum) after drought stress
and PEG 4000 treatment are presented in Table 5.

Table 5 shows that the number of leaves at 100% SC
water availability with PEG 4000 treatment can increase
the number of leaves. However, the number of leaves
decreases as the PEG concentration increases, although not
significantly different. At 75% SC water availability, PEG
4000 can reduce the number of leaves with values that are
not significantly different. The highest average number of
leaves was obtained in the 150 g/L PEG treatment with
50% KL water availability, namely 21 leaves, while the
lowest average number of leaves was obtained in the 0 g/L
PEG treatment with 50% KL water availability, namely
eight strands. Generally, pepper seedlings with a water
availability of 100%-50% SC primed with PEG 4000 could
still produce good leaves. It is suspected that the plants did
not experience growth inhibition due to drought stress so
that they could grow more leaves. According to Samanhudi
et al. (2021), a decrease in the number of leaves is a form
of plant adaptation to water shortage conditions. If the
number of leaves decreases, then the transpiration rate also
decreases.

In the leaf area parameter, treatment without PEG 4000
(the control) can reduce leaf area at 50% SC water
availability. In comparison, at 75% SC water availability,
there is a significant increase in leaf area. It is suspected
that the availability of 75% SC water is the optimal limit
for plants to grow, so it does not show a significant
difference with the treatment of 100% SC water

availability. In general, osmopriming with PEG 4000
increased leaf size. The treatment of 100% and 75% SC
water availability did not show a significant difference after
administration of PEG 4000 at concentrations of 50, 100,
or 150 g/L. In contrast, at 50% SC water availability, it
produced significant differences after osmopriming PEG
4000, even though the concentration was 100 g/L and 150
g/L were not significantly different. The PEG concentration
of 150 g/L at 50% SC water availability resulted in the
highest average leaf area of 14.72 cm? The lowest average
leaf area was obtained in the PEG treatment with 0 g/L and
water availability of 50% SC which was 1.80 cm?.

One of the plant responses to drought stress is to reduce
leaf area. The decrease in leaf area is related to transpiration
which will decrease in rate so that the plants do not lose too
much water (Hendrati et al. 2016). According to Hidayati
et al. (2017), plants that lack water will inhibit the growth
and development of young leaves, cell shrinkage occurs,
and the leaf aging process is followed by the dropping of
old leaves, resulting in a reduction in the photosynthetic
area. Based on this study, osmopriming with PEG 4000 can
increase the number and expansion of leaves. Therefore, it
is suspected that pepper seedlings can adapt to drought
stress conditions. Their transpiration process is at a
tolerance limit so that excess water loss does not occur and
growth can still run normally.

Seedling wet weight

Plants under drought stress generally experience a
decrease in plant wet and dry weight. The results of
ANOVA show that the treatment of variations in water
availability and PEG 4000 independently or in combination
significantly affected the fresh weight of each bell pepper
seedling. The average wet weight of the seedlings in Table
6 shows that water availability in the 75% SC control
treatment had a significantly different average wet weight
per seedling with the 100% and 50% SC controls. This
result is in line with the average height of the 75% SC
control seedlings, which was assumed to be the optimum
condition for seedlings without osmopriming treatment.

Table 5. Average number and leaf area of bell pepper seedlings
(C. annuum var. grossum) after drought stress treatment and PEG
4000

PEG 4009 Variation c_)f Number of
concentration space capacity leaves Leaf area
variations (% SC)
0g/L 100 10.679% 3.18%
75 15.00bcd 5.87bcd
50 8.00° 1.80°
50 g/L 100 16.33P 8.19°
75 12.33bcde 4.,62¢de
50 14.00b 5.36°
100 g/L 100 15.330¢ 7.580¢
75 14.33bcd 6.45°
50 20.672 13.53?
150 g/L 100 12.00bcde 6.230¢
75 11.33cde 6.34¢
50 21.002 14.722

Note: Numbers accompanied by the same letter indicate no
significant difference (P>0.05) according to the 5% DMRT test
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Table 6. Average fresh weight of bell pepper (C. annuum var.
Grossum) seedlings after drought stress treatment and PEG 4000

Space PEG 4000 concentration variations
capacity
variation 0g/L 50 g/L 100 g/L 150 g/L
100% SC 1.119 4.83vc 5.25° 3.65°«
75% SC 3.90% 2,520 3.70bcd 2.85bcde
50% SC 0.61° 3.27bcd 13.602 14.107

Note: Numbers accompanied by the same letter show no
significant difference (P>0.05) according to the 5% DMRT test

Table 7. The average shoot-root ratio of bell pepper (C. annuum
var. grossum) seedlings after drought stress treatment and PEG
4000

Space PEG 4000 concentration variations
capacity

Variation 0g/L 50 g/L 100 g/L 150 g/L
100% SC 4.88bcd 6.172c 8.912 4,70
75% SC 5.81bcd 7.89% 4.66% 5.67b¢d
50% SC 2.90¢ 6.982c 7.350bc 5,74bcd

Note: Numbers accompanied by the same letter indicate no
significant difference (P>0.05) according to the 5% DMRT test

The PEG 4000 osmopriming treatment increased and
decreased the fresh weight of bell pepper seedlings, which
were not significantly different at 100%-75% SC water
availability conditions. Whereas at 50% SC water
availability conditions showed a significant increase in
seedling's wet weight after being treated with PEG 4000.
Concentration 150 g/L PEG produced the highest average
wet weight of each bell pepper seedling at 15.10 grams,
while the lowest wet weight of seedlings was found in the
PEG 0 g¢/L treatment with 50% SC water availability,
which was 0.61 grams. This study resulted in the size of the
seedlings' wet weight in line with the height of seedlings
and number of leaves. The higher the seedling height and
the number of leaves, the greater the wet weight of the
seedling.

Root header ratio

Drought stress can suppress plant growth, shoots, and
roots, causing a decrease in total plant dry weight. In
addition, drought stress suppresses shoot development to a
greater extent than root development. It is due to the efforts
of plants to adapt by reducing water loss through leaves so
that plants reduce the crown size and maintain root
development to meet sufficient water and nutrient needs
(Jamilah 2012). The results of ANOVA showed that the
treatment of variations in water availability independently
had no significant effect on the shoot-root ratio of the bell
pepper seedlings. In contrast, the PEG 4000 treatment and
the interaction between the two significantly affected the
shoot-root ratio of the bell pepper seedlings.

Table 7 shows that the treatment without the addition of
PEG 4000 (control) experienced a decrease in the average
crown-root ratio at 50% SC water availability, while at
100% and 75% SC water availability, there was an average
increase in the crown-root ratio which was not significant.
Therefore, the PEG 4000 treatment was generally not

significantly different from the average crown-root ratio
under drought-stress conditions. Giving PEG 100 g/L at
100% SC water availability produced the highest average
crown-root ratio at 8.91. The lowest shoot-root ratio was
obtained in the PEG treatment of 0 g/L available water
50% SC which was 2.90. These results are in accordance
with the research of Nurjannati (2017), who reported that
the treatment of PEG administration by giving the volume
of water to chili plants did not significantly affect the wet
weight of the shoot-root ratio. The highest shoot-root ratio
wet weight was obtained at 0.69 in the PEG treatment 0 g/L
(control) with a volume of 600 mL water (equivalent to
100% SC). In comparison, the PEG treatment was 225 g/L
and 250 g/L with a volume of 300 mL water (equivalent to
50% SC), equal to 0.65 and 0.59, with results that are not
significantly different.

The crown-root ratio value indicates biomass allocation
between the crown and roots during growth. According to
Effendi (2008), a decrease in the crown-root ratio
illustrates that the assimilate partitions in plant growth
under drought conditions will be more distributed to form
roots. Water stress can change the distribution or partition
of assimilate between organs. The growth of the crown will
decrease more than the roots because there is a large water
deficit in the crown. A decrease in the crown-root ratio
indicates that the plant is under drought stress and, in
response, increases the volume and root elongation to
absorb water. Based on the results of this study, the
application of PEG 4000 generally increased the value of
the crown-root ratio. It is suspected that plants allocate
assimilate more aimed at the crown, so that shoot growth is
good. Pepper seedlings treated with PEG 4000 could grow
normally even under stress, so it can be said that these
seedlings were tolerant to drought stress.

Leaf proline content

The mechanism of plant tolerance to drought stress is to
maintain turgor pressure manifested by a decrease in
osmotic potential and the ability to accumulate dissolved
compounds in the form of sugars and amino acids,
especially proline (Novenda and Nugroho 2016). This
study shows obtained proline levels from the regression
equation as measured by the proline standard curve y =
0.3194x - 0.032 with R? = 0.9063. The results of ANOVA
showed that the treatment of drought stress and PEG 4000
independently or the interaction between the two had no
significant effect on the average proline of bell pepper
seedling leaves.

Table 8 shows the average response of the proline
content of bell pepper leaves to the administration of PEG
4000, and water availability produces values that are not
significantly different. Proline levels in the treatment
without PEG 4000 with water availability of 75% SC
increased and decreased at 50% SC. The highest proline
content was obtained in the PEG 50 g/L treatment
combination with 100% SC water, which was 1.64 M. The
lowest proline content was in the 150 g/L PEG treatment
with 75% SC water, which was 1.10 M. Moreover,
treatment without administration of PEG 4000 at 75% SC
water availability increased proline levels, meaning that
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under these conditions, the plants were in a stressed
environment, so they responded by accumulating proline.
However, at 50% SC water availability, the proline levels
decreased. It could be because the bell pepper plants in this
study grew optimally at a water availability of 75% SC.
When faced with a water availability of 50% SC, the plants
assumed they were in a stressed condition, so their growth
was disturbed (seen from the low plant height and wet
weight), and the plants could not develop. Even if they
adapt well, then the measured proline levels are low.

Yusniwati et al. (2008) reported that leaf proline
content in plants experiencing drought stress was higher
than in the optimum environment. One of the mechanisms
of plant adaptation to drought stress is by regulating the
osmotic potential of cells, namely through increasing leaf
proline concentrations. Proline organic compounds can
reduce cell osmotic potential without inhibiting enzyme
function and not reducing cell turgor.

The treatment of PEG 4000 with a concentration of 50
g/L resulted in a decrease in proline levels along with low
water availability (100-50% SC). The addition of PEG 100
g/L at 100%-75% SC water availability increased proline
levels, and at 50% SC decreased leaf proline levels. Adding
PEG 150 g/L at 100%-75% water availability decreased
proline levels, and at 50% SC water availability increased
leaf proline levels. According to Juswardi and Tanzerina
(2003), giving PEG can lower the water potential, causing
reduced cell turgor pressure. To maintain turgor pressure,
plants accumulate dissolved compounds, one of which is
proline. PEG-selected plants face unfavorable conditions,
so they respond by changing their metabolism affecting
plant growth and development. As a result, the growth of
selected plants is better than non-selected plants. Effendi
(2008) added that plants that are tolerant to drought stress
would have higher proline levels.

The average proline content of bell pepper leaves with
the control treatment and PEG 4000 administration on
water availability produced values that were not
significantly different. Therefore, it indicated that there was
no interaction between the drought stress treatment and the
PEG 4000 given on the proline content of the bell pepper
seedling leaves. Therefore, based on the results of this
study, a PEG concentration of 50 g/L can induce the
resistance of bell pepper seedlings to water stress because
there is no increase in proline levels.

Total chlorophyll and carotenoid content

Plants that experience drought stress can disrupt their
metabolic activity. It is characterized by a decrease in
chlorophyll content and an increase in secondary
metabolites, one of which is carotenoid (Armita et al.
2017). The results of the ANOVA of this study showed that
the treatment of variations in water availability and PEG
4000 independently or the interaction between the two did
not significantly affect the average total chlorophyll in the
bell pepper seedling leaves. Furthermore, the results of the
ANOVA showed that the PEG 4000 treatment
independently affected the carotenoid average of bell
pepper seedling leaves, while the independent variation of
water availability and the interaction between the two
treatments did not affect carotenoid averages.

Table 8. Average proline content of bell pepper (C. annuum var.
grossum) seedling leaves after drought stress treatment and PEG 4000

Variation of PEG 4000 concentration variations
space
capacity 0g/L 50 g/L 100 g/L 150 g/L
100% SC 1.14% 1.642 1.16% 1.41%
75% SC 1.46% 1.19% 1.58%® 1.10°
50% SC 1.128 1.06° 1,228 1.46%

Note: Numbers accompanied by the same letter show no
significant difference (P>0.05) according to the 5% DMRT test

Table 9 shows the average total chlorophyll response of
bell pepper seedlings at 75% and 50% SC water
availability which was lower than normal conditions (100%
SC), although not significantly different. Giving the PEG
4000 at 100% SC water availability increased the total
chlorophyll content of the leaves. At 75%-50% SC
available water and 50 g/L PEG concentration, there was
an increase in the total chlorophyll content of the leaves,
but the total chlorophyll content decreased at 100 g/L and
150 g/L PEG concentrations. The highest leaf chlorophyll
content was obtained in the treatment of 50 g/L PEG
concentration and 100% SC water availability at 1.55 mg/g
wet weight. The lowest chlorophyll content was obtained in
the treatment with a PEG concentration of 150 g/L with a
water availability of 75% SC at 1.19 mg/g wet weight.
Following Zhang et al. (2015), priming PEG 8000 with a
concentration of 20% (w/v) on sorghum seeds (S. bicolor)
can increase total chlorophyll content (chlorophyll a and b)
in conditions of poor soil moisture (dryness) with a content
of 1.68 mg/g wet weight compared to seeds that were not
primed had a total chlorophyll content of 1.39 mg/g wet
weight. Syaiful et al. (2014) reported that seeds primed
with PEG 300 g¢g/L produced soybean plants that were
tolerant to drought stress (50% SC), with the highest
chlorophyll, protein, and dry weight content.

According to Hendriyani and Setiari (2009), the low
water content in the growing media can inhibit chlorophyll
synthesis in the leaves. In addition, plants will experience
an increasing temperature and transpiration, causing the
disintegration of chlorophyll and affecting the decrease in
the rate of photosynthesis. Finally, it will result in
decreased synthesis of chlorophyll. In general, applying
PEG 4000 to different water availability had no significant
effect on the average total chlorophyll of bell pepper
seedling leaves. These results suggest that applying PEG
4000 did not make bell pepper seedlings under drought
stress conditions (plants already can adapt), so the bell
pepper seedlings responded by causing no significant
decrease in total chlorophyll content.

Carotenoids are one of photosynthetic pigments that
plants need in small amounts. Plants experiencing drought
stress have a decrease in chlorophyll content. As a result,
more carotenoids are needed to continue the photosynthesis
process (Armita et al. 2017). The results of the ANOVA in
this study showed that the treatment of variations in water
availability and PEG 4000 independently or the interaction
between the two did not significantly affect the carotenoid
average of bell pepper seedling leaves.
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Table 9 shows that variations in water availability had
no significant effect on carotenoid content, while giving
PEG 4000 concentrations of 100 g/L and 150 g/L gave
significant results on carotenoid content compared to the
control and PEG 50 g/L. The highest average carotenoid
content in bell pepper seedling leaves was obtained in the
50 g/L PEG treatment with 50% SC water availability of
1.09 mg/g wet weight, while the lowest carotenoid content
was obtained in the 100 g/L PEG treatment with 75% water
availability and 50% SC which is equal to 0.60 mg/g wet
weight. Based on the results of this study, PEG 4000 was
thought not to make pepper seedlings under drought stress
conditions, so the seedlings responded with no significant
increase in carotenoid levels.

Nitrate reductase enzyme activity

Nitrate reductase is an enzyme that reduces nitrate ions
to nitrite ions. Putra et al. (2020) reported that increasing
drought stress would reduce the activity of the nitrate
reductase enzyme due to an increase in the water potential
gradient between the environment and plant tissues. The
results of the ANOVA in this study showed that the PEG
4000 variation treatment independently affected the
average nitrate reductase activity of the bell pepper
seedlings. In contrast, the independent variation of water
availability and the interaction between the two treatments
had no significant effect on the average of the bell pepper-
seedling nitrate reductase activity.

Table 9. Average total chlorophyll and carotenoid content of bell
pepper (C. annuum var. grossum) seedling leaves after drought
stress treatment and PEG 4000

PEG 4000 Variation of Total chlorophyll Carotenoids

concentration space capacity (mg/g wet (mg/g wet
variations (% SC) weight) weight)
0g/L 100 1.39%® 1.042
75 1.29%® 0.972
50 1.34%® 0.992
50 g/L 100 1.552 1.05%
75 1.41%® 1.052
50 1.51® 1.092
100 g/L 100 1.36% 0.67°¢
75 1.22% 0.60°
50 1.27® 0.60°
150 g/L 100 1.47% 0.89%
75 1.19° 0.68%
50 1.37%® 0.71%¢

Note: Numbers accompanied by the same letter indicate no
significant difference (P>0.05) according to the 5% DMRT test

Table 10. Average levels of the enzyme nitrate reductase (umol
NO?/g/hour) of bell pepper (C. annuum var. grossum) seedling
leaves after drought stress treatment and PEG 4000

Variation of PEG 4000 concentration variations
space capacity 0 g/L 50 g/L 100 g/L 150 g/L
100% SC 148.27 8¢ 131 44 bede 133 2gbcde 10390 f
75% SC 156.7928 128.26bcde  113.87 %"  100.60
50% SC 149.878 134.38bcd 12730 11224 °¢f

Note: Numbers accompanied by the same letter show no
significant difference (P>0.05) according to the 5% DMRT test

Table 10 shows the average response of the activity of
the nitrate reductase (NRA) enzyme in bell pepper seedling
leaves to the availability of water without PEG 4000
treatment; there were increases and decreases with values
that were not significantly different. At the availability of
water 100%, 75%, and 50% SC, PEG 4000 administration
causes a decrease in the average activity of the enzyme
nitrate reductase. The highest average NRA was obtained
in the 0 g/L PEG treatment with 75% SC water availability,
which was 156.79 umol NO?/g/hour, while the lowest
NRA average was obtained in the 150 g/L PEG treatment
with 75% water availability. % SC is 100.60 umol NO%*
/glhour.  The treatment of giving PEG 4000 at
concentrations of 50 g/L and 150 g/L with 50% SC water
availability showed an increased NRA value. A PEG
concentration of 50 g/L produced a higher NRA value than
a PEG concentration of 150 g/L; this was suspected to be
an optimum PEG administration, and 50 g/L can still
support nitrate reductase activity. The treatment of giving
PEG 100 g/L with 50% SC water availability showed a
decrease in NRA values.

An increase in the NRA value is suspected that plants
can defend themselves against drought stress. A high
nitrate reductase value indicates that water in the
environment is available, which acts as a provider of
protons and electrons for its activities. Water available in
the soil can facilitate the transport of nitrogen from the soil
into the plant. Fitriana et al. (2011) reported that soil with
100% - 90% SC water availability resulted in higher nitrate
reductase activity than that with 70%, 50%, 30%, and 10%
SC water availability in Burangrang cultivar soybean.
These results were suspected because a lack of water can
cause stomata to close, thereby cutting off the supply of
CO; to the mesophyll cells and reducing the photosynthesis
rate. Low photosynthetic efficiency affects the amount of
NADPH formed in the light reaction (Salisbury and Ross
1992). Suppose there is not an adequate supply of
NADPH2 in the cytosol. In that case, there will be a
decrease in the nitrate reductase enzyme activity because
NADPH; plays an important role as a proton and electron
donor, which can stimulate the movement of electrons in
the cytosol (Fitriana et al. 2011).

Based on this research, it can be said that giving PEG
4000 to drought stress can reduce nitrate reductase activity,
which is indicated by a decrease in its levels. For example,
pepper seedlings treated with 150 g/L PEG priming had
low nitrate reductase activity. However, the seedlings
showed good growth in seedling height, leaf number and
area, and the seedling's wet weight.

The conclusions of this study are (i) Osmopriming with
PEG 4000 can accelerate the germination rate of bell
pepper (C. annuum var. grossum) seeds. Giving PEG 100
g/L resulted in the fastest germination rate of 4.50 days
with a better vigor value. (ii) Osmopriming with PEG 4000
affected the growth of bell pepper (C. annuum var.
grossum) seedlings, namely increasing seedling height,
number of leaves, leaf area, wet weight of seedlings, and
crown-root ratio values under drought stress conditions.
(iii) Osmopriming with PEG 4000 had no significant effect
on increasing total proline and chlorophyll levels but
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affected reducing carotenoid levels and activity of the
enzyme nitrate reductase of bell pepper seedlings (C.
annuum var. grossum) under drought stress conditions. The
highest levels of proline and chlorophyll were obtained in
the treatment combination of PEG 50 g/L with 100% SC
water availability, while the highest levels of carotenoids
were obtained in the treatment combination of PEG 50 g/L
with 50% SC water availability. The highest nitrate
reductase activity was obtained with the treatment
combination of PEG 0 g/L with 75% SC water availability.
(iv) The combination of PEG 4000 osmopriming treatment
under drought stress conditions optimal for growth of
seedling height, number of leaves, leaf area, and wet
weight of pepper seedlings was PEG 150 g/L with 50% SC
water availability. In contrast, the optimal combination on
the canopy ratio parameter- root is PEG 100 g/L with 100%
SC water availability.
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