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ABSTRACT

Climate change in the form of drought will reduce agricultural production, so it is necessary to
develop superior drought-tolerant varieties. The study aimed to determine the drought-tolerant local
upland rice cultivars at the germination stage. From September to December 2021, the study was
carried out at the Seed Science and Technology Laboratory, Faculty of Agriculture, Tadulako
University, Palu, Center Sulawesi, Indonesia. A completely random design (CRD) with a two-factor
factorial pattern was employed in the study. Twelve cultivars comprised the first factor, while two
superior drought-resistant variants served as comparators. The second factor is osmotic stress,
namely PO = control, P1 = -1 bar, P2 = -2 bar, and P3 = -3 bar, so there are 56 treatment
combinations repeated four times, so there are 224 experimental units. The observed variables
were maximum growth potential, germination rate, radicle length, plumule length, radicle dry
weight, plumule dry weight, sprout dry weight, water volume, and germination rate. The results
showed that drought stress through PEG — 1 bar did not affect germination. Using PEG down to -3
bar resulted in a significant reduction in germination. Pulut ko, logi and sina ponding are cultivars
that have tolerance to drought stress.
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1. INTRODUCTION

The international economy and agriculture have
both been significantly impacted by climate
change. Approximately 95% of climate change is
related to drought, and it is estimated that in
2100 drought will cause a decrease in corn crop
production by 20-45%, wheat by 5-50% and rice
by 20-30% [1]. Drought severely affects plant
growth and  development by causing
physiological, metabolic and molecular changes
[2,3]. According to Furlan et al. [4], drought
causes cell dehydration, which releases water
from the cytosol to the vacuole and apoplast.
Water stress occurs when the rate of
transpiration exceeds the uptake and transport of
water in plants. Therefore, plants will try to
respond to these conditions by changing
stomatal conductance, growth, osmolyte
accumulation, and specific gene expression.
Abscisic acid (ABA), the primary stress hormone,
will accumulate and participate in physiological
and biochemical processes that allow plants to
survive [5].

Sealing plants with better drought tolerance is
especially important in dry environments.
However, drought simulation that is controlled
and uniformly repeated in the field cannot be
easily achieved. The slow progress in developing
drought-resistant cultivars also reflects the need
for more specific methods to screen the large
number of genotypes required in plant breeding

for drought tolerance. Using natural field
conditions is difficult because rainfall can
eliminate water deficits. However, in Vvitro,

drought screening methods facilitate advances in
our understanding of drought-resistant/tolerant
traits and the selection of drought-resistant
genotypes [6]. It further emphasized germination
as a helpful criterion in screening for water stress
tolerance. Khakwani et al. [7] showed that the
varieties tested and drought tolerant during in
vitro germination tests were equally tolerant
under field conditions. Thus, the study of the
effects of drought using osmotic solutions is one
of the methods for evaluating resistance during
the germination phase. Exposure to polyethene
glycol (PEG-6000) solutions has been effectively
used to mimic drought stress with limited
metabolic  disturbances, such as those
associated with the use of low molecular weight
osmolytes that can be taken up by plants [8].
PEG-6000 has long been used as a reliable
marker to test drought-tolerant genotypes under

75

laboratory  conditions. This is because
polyethene glycol acts as a nhon-penetrating
osmotic agent, which increases solubility

potential and a barrier to water absorption by the
root system [9]. PEG-based in vitro screening for
drought tolerance is a suitable method to screen
germplasm sets with reasonable accuracy [10].

Pant & Bose, [11] conducted a study to see the
effect of PEG-induced water stress using an
osmotic potential of -0.3 to -0.60 MPa; up to -
0.60 PEG caused the sprouts to die. Alaei et al.
[12], Swapna & Shylaraj, 2017) use an osmotic
pressure of -0.03 to -1.35 MPa. Basha et al. [13]
use a 0% to 16% PEG concentration. Chutia &
Borah, [9] used an osmotic stress of 0.15 to 0.56
bar.

The research results by Nazirah et al. [14]
concluded that water stress caused a decrease
in root weight, root crown ratio, leaf proline
content and total leaf chlorophyll. According to
Aniat-ul-Haq & Agnihotri, [15], increased
concentrations of PEG reduced water absorption
by seeds resulting in decreased germination.
Therefore, the decrease in the potential water
gradient between seeds and the surrounding
media by the effect of PEG 6000 harmed seed
germination. Pradhan et al. [8] also reported that
different osmotic potential and priming duration
significantly affected the germination percentage,
vigour index and dry weight of seedlings. Seed-
priming of various types has been observed to
increase seed germination rates and seedling
emergence in several studies [11,16,17].
Therefore, this study aims to detect early drought
tolerance of upland rice cultivars during
germination.

2. MATERIALS AND METHODS
2.1 Place and Time

The Seed Science and Technology Laboratory
was the site of this study., Faculty of Agriculture,
Tadulako University, Palu, from September to
December 2020.

2.2 Tools and Materials

Petri dishes, straw paper, scissors, germination
tools, paper presses, sprayers, rulers, threads,
and stationery were among the supplies utilized
in this investigation. Local upland rice seeds, two
drought-resistant superior kinds, purified water,
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and Polyethylene glycol (PEG) 6000 were the
ingredients employed in this investigation.

2.3 Research Procedure

This research was started by saturating the straw
paper substrate with a PEG 6000 solution. Then,
a paper press removes the excess water from
the straw paper substrate. The straw paper used
in each roll is five sheets, each with one plastic
as the base. The PEG 6000 osmotic pressure
level consists of four levels, namely O bar, -1 bar,
-2 bar and -3 bar.

The PEG 6000 osmotic pressure calculation
formula, according to [18], is as follows:

Ws = — (1.18 x 10-2) C — (1.18 x 10-4) C2 +
(2.67 x 10-4) CT + (8.39 x 10-7) C2T

Information:

Ws = osmotic pressure of the solution (bar)

C = concentration of PEG 6000 in grams PEG/kg
H20

T = room temperature (°C)

Based on the approach of the Michel &
Kaufmann formula (1973) with a room
temperature of 280C, osmotic pressure of O bar
is obtained, equivalent to 0 g PEG/L H20; -1 bar
= 82.5 g PEG/L H20, -2 bar = 124.38 g PEG/L
H20, -3 bar = 156.75 g PEG/L H20 and -4 bar =
184.11 g PEG/L H20O. The method used to
germinate the seeds is the Rolled Paper Test
method established in plastic (RPTmep) and
then put in the seed germination tool.

2.4 Research Design

This experimental study was arranged with a
factorial pattern of two factors using a
Completely Randomized Design (CRD). The first
factor consisted of twelve cultivars of local
upland rice, namely C1 = Dongan, C2 = Siang,
C3 = Pulut ko, C4 = Roda, C5 = Logi, C6 = Raki,
C7 = Kenari, C8 = Kalendeng, C9 = Sina didi,
C10 = Sina ponding, C11 = Tagolu, C12 = Pae
pulu palang, C13 = Gajah Mungkur variety and
Cl14 = Inpago 4 variety (Gajah Mungkur and
Inpago 4 are exceptional drought resistant
varieties used as check/comparison varieties).
The second factor consists of four osmotic
pressure levels, namely PO= 0 bar, P1 = -1 bar,
P2 = -2 bar, and P3 = -3 bar. Thus there were 56
treatment combinations, where each treatment
was repeated four times, so in total, there were
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224 experimental units. Each experimental unit
used the Rolled Paper Test method established
in plastic (RPTmep), where each experimental
unit used 50 seeds.

2.5 Observation Parameters

Observations were made of 50 seeds in each
treatment unit, such as:

Maximum growth potential (%), calculated based
on the percentage of seeds that grow and carried
out at the last observation

MGP=(} sprouted seeds)/(> planted seeds)
x100%

Germination speed (GS) is calculated based on
the percentage of usual sprouts per etmal (1
etmal = 24 hours) and starts on the first day until
the seventh day with the following formula:

GS=(%KN,)/etmal,) +(%KN_,/etmal,)
+(%KNa/etmals) +---+(%KN;/etmal;)

%KN=Percentage of seeds germinating on a
given day

Germination power (%)

DB(%)=(> KN count I+ KN count II)/(}seed
planted)

KN = normal sprouts

Plumula length (cm), measured from the base of
the plumula to the tip of the plumula on the
seventh day after planting.

Radicle length (cm), measured from the root's tip
to the root's base on the seventh day.

The dry weight of plumula (cm) measured the
average dry weight from regular sprouts by
considering the growth structure of seven-day-
old sprouts oven-dried at 60-C.

Radicle dry weight (mg), measured by the roots
of regular sprouts by weighing the growth
structure of seven-day-old sprouts which had
been oven-dried at 60-C.

Sprout dry weight (mg), total dry weight of seven-
day-old plumule and radicle, which had been
oven-dried at 60-C.

The root volume (ml) is determined by
determining the initial volume of water to be put
into the measuring cup, putting the roots into the
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measuring cup and then recording the
increase in water volume after putting the roots
into it [19].

2.6 Data Analysis

The data obtained from the measurement results
on each observation variable are tabulated and
processed using analysis of variance. To find out
the effect of each treatment on the variables
observed using the F-Test (Fisher-Test) at an
accuracy level of 95%, and if the F-Test of each
treatment shows an authentic or genuine effect, it
will be followed by a test BNT at 5% level by
comparing the average treatment with the check
variety (2 comparisons).

3. RESULTS AND DISCUSSION

The diversity analysis showed that cultivars,
PEG, and PxC interactions had a very significant
effect except for cultivars for observing maximum
growth potential and plumule length, which had
no significant effect (Table 1). The cultivars that
had no significant effect showed that the cultivars
gave the same response to the observed
variables under drought stress conditions.
Cultivars with significant effect indicated that
each cultivar responded differently to drought
stress conditions. PEG had a significant effect
indicating that each concentration had a different
effect on the germination phase of rice plants.
The significant effect interaction showed that
each cultivar responded differently at each PEG
concentration. The coefficient of variance in all
observed variables ranges from 5.78 to 18.42,
meaning that all observed variables can be
analyzed for diversity [20].

3.1 The Effect of PEG on the Maximum
Growth Potential and Germination of
Local Upland Rice Plants

The performance of cultivars that were given
stress through PEG concentrations resulted in
different maximum growth potentials and
germination rates (Fig. 1A). An increase in PEG
up to -3 bar causes a decrease in the maximum
growth potential and germination capacity of
local upland rice.

The maximum growth potential is the ability of
the seed to grow and develop in both standard
and abnormal growing media. The results
showed that the initial growth potential of the
cultivars  evaluated ranged from 91.5%
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(Kalendeng, Tagolu, and Gajah Mungkur
varieties) to 97.50% (roda and kenari cultivars).
Application of osmotic pressure of -1 bar showed
no significant decrease in the maximum growth
potential of cultivars/varieties (Fig. 1B). Giving
PEG up to -3 bar caused the maximum growth
potential of all cultivars/varieties to decrease by
8% (pulut ko cultivar) and 22.28% (logi cultivar),
while other cultivars/varieties decreased by
30.57% (roda) to 81.03% (kenari). The decrease
in the maximum growth potential of the inpago-4
and Gajah Mungkur varieties was 39.34 and
37.50%, respectively. The response of roda
cultivars was feeble when given PEG up to -3 bar
for maximum growth potential. The pulut ko
cultivar has the highest value, so it is considered
the most tolerant if given PEG up to -3 bar for
maximum growth potential. Dongan, Siang, Raki,
Kalendeng, Sina Didi, Tagolu, and Pae Pulu
Siang are cultivars that look relatively the same
as the control varieties with maximum growth
potential (Table 2). These cultivars have good
tolerance after pulut ko.

Germination capacity (DB) describes the
percentage of seeds that can generally
germinate under certain conditions. The

germination rate of the cultivars/varieties used in
the study was quite good, ranging from 83.05%
(page 4) to 97.50% (wheels). Giving PEG -1 bar
caused a slight decrease in germination, but
using osmotic pressure up to -3 bar caused a
decrease in the germination of 13.21% (pulut ko)
and 88.21% (roda). Application of PEG-6000
down to -3 bar decreased germination capacity
by 70.5% (Gajah Mungkur) and 74.62 (Inpago-4).
Pulut ko is the cultivar with the highest
germination rate and is different from the control
variety, and is more tolerant to the osmotic
pressure of up to -3 bar. The control varieties
had better germination performance than the
tested cultivars (Table 2). Made et al. research
(2022) showed that using PEG-6000 up to 40%
reduced the maximum growth potential by
35.15% and 43.61% germination. Using PEG-
6000 down to -3 bar causes maximum growth
potential and decreases germination. This is
because the more osmotic solution in the
germination medium causes the water potential
of the media to decrease so that the water
content in the seed decreases. Kadhimi et al.
[21], the content of PEG-6000 in seed
germination medium can reduce the availability
of water that seeds can absorb during
germination. This causes the seeds to
experience osmotic stress, which can affect
sprouts' growth; seeds that cannot adapt to this
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grow properly or physiological function of cells [22].

the accumulation of solutes in cells, affecting the  decreased seed germination.

These

conditions cause maximum growth potential and

Table 1. Effect of cultivars, PEG and their interactions on some of the observed variables

Souce of MGP  GP RL PL RDW PDW  SDW VR GS
Diversity

Treatm e nt *% *% *% *% *% *% *% *% *%
CU'tIV&rS ns *% *% ns *% *% *% *% *%

P EG *% *% *% *% *% *% *% *% *%

C X P *% *% *% *% *% *% *% *% *%
Ccv 5.78 4.63 9.51 12.25 8.66 10.81  7.88 18.42 14.17

Information: SD=source of diversity; MGP=maximum growth potential; GP=germination power; RL=radicle length;
PL=plumule length; RDW=radicle dry weight; PRW=plumule dry weight; SDW=spout dry weight, VR= volume
root; GS=germination speed; CV=coefficient of variation; **=significantly; ns=non significant

Maximum growth potential (%)
B

Local uplandrice cultivars

Fig. 1. Response of cultivars given drought stress conditions through PEG on the maximum

growth potential (A) and germination (B) of local upland rice

Table 2. The average value of the control test between each cultivar and the control variety
given PEG up to -3 bar for maximum growth potential, germination, radicle length, plumula

length, and radicle dry weight

Treatment Maximum Germination Radicle Plumule Radicle

growth capacity length length dry

potential weight
C1P4 60.50 ns * 41.50* * 543* * 1.77* * 30.83 * *
C2P4 56.00 ns ns 39.00* * 1.00* * 0.95 * * 57.00 * ns
C3P4 85.50 * * 79.50 * * 492ns * 2.20* * 39.50 * *
C4P4 18.50 * * 11.50 * * 487ns * 0.68 * ns 21.33* *
C5P4 71.50* * 52.00 * * 8.36* * 1.97 * * 59.08 * ns
C6P4 56.00 ns ns 41.00* *  6.29% * 1.98 * * 27.63 * *
C7P4 67.50 * * 4750 * *  7.14*% * 1.64 * * 52.20ns *
C8P4 51.75 ns ns 33.50* * 0.98* * 093 ns * 44.00 * *
CoP4 55.50 ns ns 42.50* * 598* * 1.07 * * 76.63 * *
C10P4 67.00 * * 52.00 * *  6.44 % * 2.66 * * 42,10 * *
Cl1P4 51.75 ns ns 33.50* * 1.00* * 0.98 * * 64.00 * *
C12P4 55.50 ns ns 34.00* * 1.00* * 0.73 ns ns 58.00 * ns
Varietas 1  55.50 25.00 4.75 0.80 51.00
Varietas 2  54.00 24.50 3.25 0.68 56.50
BNT 5% 5.01 2.28 0.52 0.14 3.49

Description: ns = not significantly different; * = significantly different
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3.2 Effect of PEG on Radicle and
Plumule Length of Local Upland Rice
Plants

The results showed that the radicle length at O
bar PEG (control treatment) ranged from 4.31 cm
(kalendeng cultivar) to 12.67 cm (roda cultivar)
(Fig. 2). Using PEG up to -3 bar caused the
radicle length to decrease by 28.79% (Logi
cultivar) to 86.38% (Pae Pulu Siang cultivar).
Logi cultivars had the highest radicle length
values, followed by kenari and sina ponding, and
were better than the superior varieties used as
controls. The plumule length of several cultivars
in the control treatment ranged from 3.19 cm
(sina didi cultivar) to 6.59 cm (sina ponding
cultivar). The use of PEG osmotic pressure of up
to -3 bar caused a decrease in plumula length
from 59.61% (sina ponding) to 92.93% (Pae Pulu
Palang cultivar) (Fig. 2). Herawati et al.'s 2020
research shows that using PEG-600 up to 20%
causes a 33.50% decrease in plumula length and
80% in radicle length. Pulut ko and sina
ponding cultivars had higher plumula lengths
than control varieties (Table 2). The difference in
the amount of reduction due to the use
of PEG osmotic pressure of up to -3 bar on the
length of the radicle and the length of the
plumula is due to genetic factors in each
cultivar. According to Sokoto & Muhammad,
(2014), employing PEG up to a certain
percentage will result in challenges for the radicle
and plumule's appearance because of alterations
in the gradient of the water potential
between the seed's interior and the surrounding
environment. The length of the radicle and

plumule will decrease due to cell division
and display under water stress conditions
[23].

3.3 Effect of PEG on Radicle and Plumule
Dry Weight of Local Upland Rice
Plants

The results showed that the radicle's dry weight
without using PEG ranged from 63.43 mg (raki
cultivar) to 288 mg (pae pulu palang cultivar).
PEG application up to -3 bar caused a decrease
in radicle dry weight from 47.74% (logi cultivar) to
82.21% (roda cultivar). Sina didi and Tagolu
were the cultivars with the highest radicle dry
weight values, followed by Tagolu. Both cultivars
were more tolerant than the varieties used as
comparisons. Plumule dry weight without PEG
ranged from 109 mg (raki cultivar) to 273 mg
(roda cultivar). The dry weight of plumula without
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PEG produced a dry weight of 109 mg (raki
cultivar) to 288 mg (pae pulu palang cultivar).
Using PEG up to -3 bar caused plumula dry
weight to decrease in the range of 52.51% (raki
cultivar) to 93.04% (Pae Pulu Palang cultivar).
The results of the 5% BNT test between cultivars
and control varieties on radicle dry weight
showed that the Dongan, Siang, Pulut ko, Roda,
Raki, Kalendeng, and Tagolu cultivars were not
different from the comparison one. Dongan,
Roda, Raki, Sina Didi, and Tagolu were cultivars
that looked the same as the second control
(Table 3). The cultivars that did not differ from
the control variety had the same tolerance as the
control variety. The cultivar sina ponding had the
highest dry weight of plumula, followed by kenari
and logi. The three cultivars had better drought
tolerance than the control and were significantly
different.

The dry weight of a plant reflects its strength to
survive. Osmotic stress causes low water
availability for plants. The availability of water
then causes a decrease in cell division and
elongation. This condition causes a decrease in
turgor pressure and cell growth, resulting in a
decrease in biomass and a reduction in dry mass
[24,25].

3.4 Effect of PEG on the Dry Weight of
Sprouts and Water Volume of Local
Upland Rice Plants

According to the findings, there were differences
between cultivars in both the dry weight and
water content of sprouts. Without the use of
PEG, the dry weight of the sprouts ranged from
172.55 mg (raki cultivar) to 527 mg (pae pulu
palang) (Fig. 4A). The use of PEG up to -3 bar
resulted in a decrease in the lowest seedling
weight of 53.96% (raki) and the highest, 85.25%
(pae pulu palang), while the controls were
respectively 77.45% and 71.69% (Fig. 4B). The
research results of Sathyabharathi et al. (2022)
showed that the use of PEG-6000 down to -0.8
MPa caused a decrease in the germination of up
to 50%. Siang, raki, Kalendeng, and Tagolu were
cultivars that performed better than the others
and did not differ from the control varieties (Table
2). The volume of water ranges from 0.13 ml
(raki) to 0.65 ml (pae pulu palang) without PEG.
Applying PEG up to -3 bar caused a decrease in
water volume from 40% (pulut ko and raki) to
85.71% (siang), while the control variety
decreased by 77.45% and 71.69%. According to
Qayyum et al. [26], the dry weight of the roots
and shoots of wheat cultivar seedlings decreased
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with increased PEG. Osmotic stress results in
limited water availability for plants, which lowers
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Fig. 3. Response of cultivars subjected to drought-stressed conditions through PEG on the dry
weight of radicle (A) and plumula (B) of local upland rice

Table 3. The average value of the control test between each cultivar and the control variety has
given PEG up to -3 bar for plumula dry weight, dry seedling weight, water volume and
germination rate

Perlakuan Plumula Dry seedling Water Germination

dry weight weight Volume rate
C1pP4 50.20 ns ns 81.03 * * 0.08 * ns 4.66 * *
C2P4 39.50 ns * 95.75 ns * 0.08 * ns 5.78 ns *
C3P4 37.68 ns * 77.18* * 0.11* * 3.99*
C4P4 45.94 ns ns 67.26 * * 0.08 * ns 6.46 ns ns
C5P4 71.95* * 131.03 * * 0.15* * 5.18 * *
C6P4 51.83 ns ns 79.45 ns * 0.08 * ns 6.30 ns *
C7P4 76.48 * * 128.68 * * 0.15* * 6.75 ns ns
C8P4 38.50 ns * 82.50 ns * 0.08 * * 4.15* *
CoP4 64.25 * ns 140.88 * * 0.13* * 5.73 ns *
C10P4 86.83 * * 128.93 * * 0.10 * ns 497 * *
C11P4 50.50 ns ns 114.88 * ns 0.05ns * 5.45* *
C12P4 16.50 * * 77.75* * 0.10 * ns 7.10* ns
Varieties 1  41.00 92.25 0.05 6.28
Varieties 2  54.50 113.88 0.09 7.00
BNT 5% 5.01 2.28 0.52 0.14

Description: ns = not significantly different; * = significantly different
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3.5 Effect of PEG on the Germination
Rate of Local Upland Rice

The results showed that without PEG, the
germination rate was 2.56 (day) to 4.33 days
(Inpago-4). Without PEG application,
cultivars/varieties germinate for 3 to 4 days.
Application of PRG up to -3 bar caused slow
germination of cultivars/varieties, namely
39.48% to -131.55% (Fig. 5). This means that
using PEG for up to -3 days causes the seeds to
germinate on the fourth day (pulut ko) to seven
days (Gajah Mungkur). PEG stress up to -3 bar
caused some cultivars to germinate faster than
control varieties, such as pulut ko and roda,
which germinated on the fourth day and
performed better than the control (Fig. 5). Delay
in seed germination caused by PEG
administration up to -3 bar has caused metabolic
disturbances such as slower hydrolysis of
storage compounds in the endosperm or
cotyledons and slower transport of the
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hydrolyzed material to the axis of the developing
embryo under drought conditions [23].

4. CONCLUSION

Generally, -1 bar drought stress has not resulted
in a significantly different decrease. Application
of PEG up to -3 bar resulted in a decrease in the
maximum growth potential of 8% to 81.03%,
germination rate of 13.21% to 88.21%, 28.79% -
86.38% for radicle length, plumula length 59.61
to 92 .93%, radicle dry weight 47.74% to 82.21%,
52.51% to 93.04% for plumula dry weight, sprout
dry weight 53.96% - 85.25%, 40% to 85.71 % for
water volume and germination rate -39.48% to -
131.55%. Using PEG up to -3  Dbar
caused a significant decrease in the
germination of local upland rice. None of the
cultivars showed tolerance for all the observed
variables. Pulut ko is a cultivar with drought
stress tolerance, followed by logi and sina
ponding.
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