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Abstract. Quintao G, Ubaidillah M, Hartatik S, Khofifa RAN, Siswoyo TA. 2023. The morpho-physiological and gene expression of East
Timor’s local rice plant (Oryza sativa) response to drought and salinity stress. Biodiversitas 24: 4548-4556. East Timor is rich in local
rice varieties, such as Silaun, Ime Buci, Me Klan, Me Likan, Me Meak, Me Taek, and Umak Klete. These varieties are tolerant to drought
and salinity stress. These superior characteristics emerge as the coping strategy of the rice plants toward environmental conditions such
as mountainous, upland planting areas without irrigation networks and coastal regions with high salinity levels. This study determined
the tolerance response of East Timor's local rice to drought and salinity stresses. This study was designed in a Completely Randomized
Design (CRD) with two factors. The first factor, i.e., rice varieties, consisted of 8 varieties, i.e., Silaun (1), Ime Buci (V2), Me Klan
(V3), Me Likan (V4), Me Meak (V5), Me Taek (V6), Umak Klete (V7), and IR-64 (V8) and the second factor was the abiotic stress
treatments, namely no treatment or control (P0), 10% PEG treatment (P1), and 150 mM NaCl treatment (P2). The parameters observed
were morpho-physiology and biochemical characteristics of the plants. The results showed that the Silaun local rice variety from East
Timor was tolerant to drought and salinity, supported by the gene expressions for tolerance to drought and salinity stress.
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INTRODUCTION

Rice is a staple food crop for 3.5 billion people
worldwide, 90% of which are Asian people (Stallworth et
al. 2021). The East Timor region, a part of Asia, has unique
rice germplasm diversity in each region. This diversity
emerges from the different geographical conditions and
microclimate of each district in East Timor, namely
mountainous areas that result in drought-tolerant rice plant
variety and the coastal regions that produce salinity-
tolerant rice variety. East Timor rice germplasm with
superior properties of environmental stress tolerance
includes Silaun, Ime Buci, Me Klan, Me Likan, Me Meak,
Me Taek, and Umak Klete. So far, identifying the
environmental stress tolerance is limited to phenotypic
changes, which indicates that the variety has not been well
characterized, and its tolerance to drought or salinity is still
being determined. Moreover, the environmental condition
has been more challenging recently due to global warming,
which can harm rice production due to increased rainfall in
a short time and drought in a relatively long time (Arham
and Adiwibowo 2022).

Drought and saline soils are environmental stresses
caused by global warming. Drought stress has deleterious
effects on plant morphology and physiology, including
changes in external morphology and internal structure of
roots, stems and leaves, osmotic regulation, drought-
induced proteins, and plant ROS metabolism (Yang et al.
2021). Meanwhile, salinity causes stress from poor osmotic

regulation and ion poisoning due to saline soil conditions
(Ullah et al. 2021), significantly impacting farmers. This
loss can be reduced if farmers apply the superior varieties.
Superior varieties are obtained from breeding activities.
Breeding activities can increase the variety's potential and
support production (Aristya and Taryono 2019). Therefore,
rice variety breeding can become an option to respond to
the global warming challenge. Breeding can be performed
by providing an advanced genetic resource. Selected
genetic sources generally come from the superior
characteristics of the local variety.

The superior characteristics of a local variety are
obtained from the region where the variety grows, a dry
and hot area that can grow plants tolerant to dry and hot
conditions. It is possible to obtain genetic resources for
drought- and saline-tolerant plants from several areas
confirmed to have dry and saline soils. Sahoo et al. (2019)
showed that 2 of 21 rice varieties in the arid Northeastern
region of India were tolerant (Tampa) and sensitive
(Chandan) to drought stress, based on the PEG exposure
and further biochemical analysis. The study also found the
presence of a solid antioxidative defense mechanism in the
Tampa variety, which led to reduced ROS accumulation
and increased photosynthetic activity, indicating that it is
more tolerant under PEG-induced drought stress than
Chandan. During the germination phase in saline soil
(Rasel et al. 2021), the growth and physiological rate of the
rice plant decreases due to stress. Still, several varieties
from Bangladesh have the lowest reduction, such as
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Ghunsi, Nonabokra, Hogla, Holdegotal, Vusieri, and
Kanchon, due to increased proline content, catalase, and
ascorbic peroxidase activity. Meanwhile, the accumulation
of H,0, and MDA was reported to be relatively lower.

Considering the description above, it is necessary to
screen and identify the superior characteristics of each rice
variety from East Timor through stress treatment during the
germination phase to obtain tolerant varieties. The
tolerance level in the following varieties can later be used
as a donor combined with other superior germplasm
properties to support the growth process and produce a
high rice yield. The success of these efforts will produce
new superior rice genotypes tolerant to climate change and
have high production levels to meet future food needs.
Thus, morpho-physiological changes and genetic
expression of East Timor's local rice plants under drought
and salinity stress were analyzed further to obtain potential
drought and saline-tolerant rice varieties.

MATERIALS AND METHODS

Study area

This study was conducted from August - December
2022 at the Nutraceutical and Pharmaceutical Laboratory,
Center for Development of Advanced Sciences and
Technology (CDAST), and the Agrotechnology
Laboratory, Faculty of Agriculture, Universitas Jember,
East Java, Indonesia.

Procedures
The rice morphological responses under stress
conditions were analyzed in the Agrotechnology

Laboratory. Seven local rice of East Timor varieties and
one high-yielding rice variety (IR-64) were soaked for 24
hours with stress treatment. Each rice variety was divided
into three abiotic stress treatment groups: no treatment
(control), 10% PEG 6000 treatment, and 150 mM NaCl
treatment. No treatment group varieties were prepared by
soaking each rice variety in aquadest solution as a
treatment under normal conditions. The 10% PEG 6000
treatment group was prepared by soaking each rice variety
in 10% PEG 6000 solution as a drought treatment. At the
same time, the 150 mM NaCl treatment group was
prepared by soaking each rice variety in 150 mM NaCl
solution as a salinity treatment. After the rice seeds had
been soaked for 24 hours and germinated, they were
transferred to a pot and installed with the following
treatment. The growth of rice plant seedlings was observed
after seven days.

Observations

The physiological and biochemical responses of rice
plants after salinity and drought stress exposure were
analyzed at the Nutraceutical and Pharmaceutical
Laboratory. The physiological responses of rice plants after
drought and salinity stresses were observed in height, shoot
fresh weight, root wet weight, shoot dry weight, and root
dry weight. Leaves from each rice variety with and without
10% PEG 6000 treatment were taken and analyzed to
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obtain the following parameters: total chlorophyll content,
phenolic compounds, flavonoid compounds, DPPH test,
and gene expression.

Total chlorophyll content

100 mg samples of the third leaf were homogenized
using 5 mL of 95% ethanol. The samples were then
centrifuged at 12,000 rpm for 10 minutes. The absorbance
of the supernatant absorbance was measured using a
spectrophotometer with 664 nm and 649 nm wavelengths.

chlorophyll A = (13.36 * Abs 664) — (5.19 * Abs 649)
chlorophyll B = (27.43 * Abs 649) — (8.12 * Abs 664).

Phenolic compounds

Samples were extracted with 1 mL of 80% ethanol, 5
mL of distilled water, and 0.5 mL of 50% Folin-Ciocalteu
before homogenizing and allowed to stand for 5 minutes.
Then, 1 mL of 2% Na,CO3 was added and left in the dark
for + 60 minutes with gallic acid as a standard. The
absorbance value at 750 nm wavelength was then
converted into total phenol in mg GAE/g sample weight
unit.

Flavonoid compounds

Samples were extracted with 450 mL of distilled water,
40 mL of methanol, and 30 mL of 5% NaNO, and
incubated for 5 minutes. Samples were added with 30 mL
of 10% alcohol and incubated for 6 minutes, then added
with 240 mL of distilled water and 200 mL of 1 M NaOH.
The absorbance of flavonoid compounds was measured
using a spectrophotometer at A = 415 nm.

DPPH test

This test determines the maximum o by preparing 3 mL
of DPPH 0.2 solution and allowing it to stand for + 10
minutes. Time stability was determined by making 25 mL
of 200 ppm extract solution. The extract solution was taken
at 4.5 mL and added with 0.2 mm of DPPH solution at 1.5
mL before finding the time stability after and before
incubation among 5-60 minutes with 5-minute intervals.
The sample was measured at A max, and the stability time
was obtained. In this test, each extract was dissolved at 100
ppm concentration, and 4.5 mL of the extract was taken,
and 1.5 mL of DPPH solution was added (the ratio of
soluble extract and DPPH solution was 3:1) at 0.2 mm
concentration in 99% ethanol (v/v). The extract was
incubated at 37°C with the same time stability obtained in
the previous step. Then, the extract was put into a cuvette
to measure its absorbance at A max = 515 nm with three-
time measurements (triplicates). The absorbance data
obtained from each concentration of each extract was
calculated by the % value of its antioxidant activity. This
value was obtained by the formula:

{ao-ac)

Antioxidant activity (%)= x 100%

ao = Absorbance control
ac = Absorbance samples
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Gene expression analysis

Expressed genes observed in this study were OsAPX1,
OsCATA, OsCAT, Cytosolic APX, Mn-SOD, GPOD, and
Cu/ZnSOD as antioxidative responsible gene, OsLEA as
drought and saline stress responsible gene, and OsAbl3 as
drought stress-responsive gene. Meanwhile, OsActinl
serves as a housekeeping gene. Callus sampling was
conducted in the second and fourth weeks after planting in
regeneration media. The stages in gene expression analysis
are RNA isolation, cDNA synthesis, and PCR. Total RNA
at 1000 ng from callus was extracted following the
Ribospin™ Plant kit (GeneAll) procedure, and then cDNA
synthesis was carried out following the ReverTra Ace®
gPCR RT Master Mix (Toyobo) procedure. The Polymerase
Chain Reaction (PCR) (Table 1) was performed with a total
volume of 15 pL, following the GoTag® Green Master
Mix (Promega) procedure. The amplified PCR product was
then electrophoresed in 2% agarose gel stained with EtBr
and visualized with a UV transilluminator. The
electrophoretic gel, placed on the UV-transluminator, had a
glowing-orange color from the formed DNA fragments.
The DNA fragments were documented and observed for
the band size.

Data analysis

Data were analyzed using a one-way Analysis of
Variance (ANOVA). If there was a significant difference
among the treatments, a further test was carried out using
Duncan's Multiple Range Test (DMRT) at a 5%
significance level. Meanwhile, the data from the gel
electrophoresis were analyzed using a qualitative
descriptive analysis with a visual presentation.

Table 1. Primer sequence for antioxidant gene expression analysis

RESULTS AND DISCUSSION

Morphological analysis of East Timor local rice under
drought and salinity stress

The growth characteristics of rice plants under drought
stress conditions with 10% PEG 6000 exhibited different
morphological traits for each rice type. These different
growth characteristics of rice plants were due to the
morphological characteristics of each rice type. Under
drought stress conditions, the tested plants exhibited
different morphological conditions (Table 2).

Drought treatment on all rice varieties (Table 2) caused
plant height and shoot fresh weight reductions. Regarding
plant height, the lowest reduction value was found in
Silaun, Uma Kilete, and Me Klan (17.98%;8.85%;7.6%).
For shoot fresh weight observation, the lowest reduction
value was obtained in Me Taek, Silaun, and Me Klan
(18.26%; 16.68%:;14.54%).

The root fresh weight did not show any significant
differences. In contrast to the fresh root weight, the Me
Taek variety showed an increased shoot dry weight, which
differed from other varieties that obtained a reduction
value. The lowest shoot dry weight reduction was found in
Ime Buci, Silaun, and Me Klan (8.33%; 5.19%; 2.05%),
and the weight gain in the Me Taek variety was 2.28%. In
root dry weight, varieties with the lowest reduction value
were Me Klan, Uma Klete, and Me Taek
(10.52%;10.31%;0%). Based on this condition, with IR-64
as a control sample, the most drought-tolerant varieties are
Me Klan, Silaun, and Uma Kilete.

In addition to drought stress treatment, the salinity
stress treatment with 150 mM NaCl produced different
morphological conditions in each rice type (Table 3).

Gene Primer References

OsAPX1 F: 5 CCA AGG GTTCTG ACCACCTA3 Kim et al. 2018
R: 5 CAA GGT CCCTCAAAACCAGA3

OsCATA F:5° CGG ATA GAC AGG AGA GGT TCA 3° Kim et al. 2018
R:5° AAT CTT CACCCC CAACGACT 3

CAT F:5 CAT CTG GCT CTC CTACTGGTC T3’ Kim et al. 2007
R:5° CAG GAG AAACGT GTCTTCAGGT 3’

Cytosolic APX F:5 GCG AAATCC ATG TGA TAC AAG A3 Kim et al. 2007
R:5° CAA TGC TGA AGG TGT AGCTGA G 3’

Mn-SOD F: 5> GGA AAC AAC TGC TAACCAGGAC3’ Kim et al. 2018
R: 5 GCA ATG TAC ACAAGGTCCAGAA3

GPOD F: 5> ACC GTG AGC GAG GACTACCT 3’ Kim et al. 2007
R:5” AGC GTC AAG TGA GCC TTAGC 3’

Cu/ZnSOD F: 5" CAA TGC TGA AGG TGT AGCTGA G 3’ Kim et al. 2018
R: 5 GCG AAATCC ATG TGA TAC AAG A3

OsAbI3 F:5° CCC AAC AAC AAA AGC AGG AT 3’ Zhou et al. 2020
R:5° CCT TTG TAT TGG ACG AGA CG 3’

OsLEA F:5° CCCAAGCTTAAAATGGCGTCGAGGCA G GACA 3’ Zhou et al. 2020
R:5° TGCTCTAGATCATGGCAAGACTGCTG A TGTATGG 3’

OsACTIN1 F: 5 TCC ATC TTG GCA TCT CTC AG 3’ Kim et al. 2018

R:5” GTA CCC GCATCA GGC ATCTG 3’
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Salinity treatment in all varieties of rice plants (Table 3)
caused a plant height reduction. Plants with the lowest
height reduction were Silaun, Uma Klete, and Me Taek
varieties (21.64%; 19.65%; 18.66%). In shoot wet weight,
varieties that showed the lowest reduction value were Me
Clan, Ime Buci, and Me Taek (19.99%; 18.26%; 8.69%),
whereas the Silaun variety had an increased shoot wet
weight at 5.01%. There was no significant difference in the
root fresh weight. Meanwhile, the lowest shoot dry weight
was obtained from Silaun, Uma Klete, and Me Klan
(18.70%; 14.02%; 3.16%). In the root dry weight, the
lowest reduction was found in Me Meak, Melikan, and

Meclan (21.09%;16.55%;13.16%). Compared to IR64 as a
control, Silaun, Me Taek, and Uma Klete are the most
saline-tolerant varieties.

Morphologically, the Me Klan variety is the most
tolerable local rice variety from East Timor to drought
stress conditions (Figure 1), compared to IR-64 rice as a
moderate positive control and Silaun as a quite tolerable
rice variety to drought stress. However, the Silaun and Me
Taek varieties are superior to Me Klan in saline exposure.
This can be shown in the morphological reduction in
Figure 1.

Table 2. Rice morphological characteristics under drought stress condition

Variety x . Shoot Wet Weight Root Wet Weight Shoot Dry Weight Root Dry Weight

Treatment ant Height (cm) (mg) (mg) (mg) (mg)
IR_C 10.08 + 0.58 ef 66.00 + 1.73 efg 28.33+7.50 9.43 £ 0.50 efgh 4.10 + 0.10 defg
IR_D 8.73 +£0.29i 56.66 + 4.04 gh 29.00£9.16 8.86 + 1.62 efgh 5.32 + 0.65 fghi
MK_C 13.93+0.57a 36.66 +2.51a 17.00 +1.00 6.33+0.73a 3.80+0.10de
MK_D 12.87+ 0.63b 31.33+2.08b 14.33 +4.50 6.20 £0.45ab 340+0.20ab
IB_C 12.25+0.37¢c 38.33+2.08 defg 13.33+10.78 6.36 + 0.66 efgh 2.57 +0.25]
IB_D 9.63+ 1.15fg 33.33+5.85¢gh 16.33 +1.52 5.83 £0.90 gh 3.63£0.25 efgh
SI_C 1229+ 1.17¢c 50.00 £ 6.55 bc 23.66 +11.06 7.70 £ 1.32 abcdef 4.03 +1.88 cd
SI_D 10.08 + 1.34 ef 41.66 + 2.88 def 21.33+7.23 7.30 + 0.50 bedefgh 4.60 + 1.80 cd
UK_C 11.30+0.50d 52.00 + 6.00 bc 29.33+11.23 8.56 + 0.90 abc 4.13+0.15de
UK_D 10.30+0.66 e 36.66 + 5.03 efgh 23.66 +4.16 6.70 + 0.98 defgh 3.70 £ 0.44 efgh
ML_C 1354+ 1.04a 56.33+6.35b 27.66 + 6.65 8.33 + 1.05 abcd 4.47 +0.93 bc
ML_D 9.52+0.97 fg 41.66 + 4.93 def 24.00 +8.88 7.50 + 0.26 bcdefg 557+0.25a
MM_C 13.50+0.43 a 45.33+3.51 cd 15.00+1.73 7.26 + 3.07 abcd 3.13+0.25hi
MM_D 9.18 £ 0.58 ghi 32.66 +2.88 gh 16.33 £ 0.57 5.46 +0.64 h 3.43 £ 0.15 fghi
MT_C 11.47+0.57d 38.33+3.21 defg 20.33+8.08 5.70 £0.79 gh 2.97 £ 1.93 fghi
MT_D 8.17 £ 0.63] 31.33+5.50 gh 15.00 + 1.73 5.83+1.12 gh 2.97 £ 0.06 ij

Note: IR-64 (IR), Me Klan (MK), Ime Buci (IB), Silaun (SI), Umak Klete (UK), Me Likan (ML), Me Meak (MM), and Me Taek (MT) after
drought stress exposure (D). A further test used the DMRT test with a significance level of 0.05

Table 3. Rice morphological characteristics under salinity stress condition

Variety x . Shoot Wet Weight Root Wet Shoot Dry Weight Root Dry Weight

Treatment Plant Height (cm) (mg) Weight (mg) (mg) (mg)
IR C 10.08 + 0.58 ef 66.00 £ 1.73 efgh 28.33+7.50 9.43 £ 0.50 efgh 4.10 £ 0.10 defg
IR_S 6.53+0.94k 42.3+4.61h 18.33+ 251 7.26 £0.92 fgh 4.13 £ 0.64 ghi
MK_C 13.93+0.57 a 36.66 +2.51a 21.33+5.03 6.33+0.73a 3.80+0.10 de
MK_S 9.03 +£0.29 ghi 29.33+2.88 de 15.33+1.15 6.13 £ 0.20 bcdefgh 3.30+0.10 cd
IB C 12.25+0.37 ¢ 38.33 £ 2.08 defg 14.33 £ 4.50 6.36 + 0.66 efgh 2.57 £0.25j
IB S 8.87 £ 0.14 hi 31.33+0.00 gh 16.33+1.52 6.36 + 0.89 efgh 3.57 £ 0.47 efghi
SI C 12.29+1.17¢ 33.33+5.85bc 23.66 + 11.06 7.70 + 1.32 abcdef 4.03+1.88 cd
SIS 9.63 £ 0.63 fg 35.00 £ 3.60 efgh 15.66 + 4.72 6.26 + 1.02 efgh 3.00+2.77k
UK C 11.30+0.50d 52.00 + 6.00 bc 29.33+11.23 8.56 + 0.90 abc 4.13+0.15de
UK S 9.08 £ 0.91 ghi 36.66 + 5.03 efgh 16.66 + 6.50 7.36 £ 1.16 bedefg 4.87 £0.35bc
ML C 13.54+1.04a 56.33+6.35b 27.66 + 6.65 8.33 + 1.05 abcd 4.47 £0.93 bc
ML_S 7.87+£1.46]j 34.33 £3.51 fgh 18.00 + 1.00 6.76 + 1.36 cdefgh 3.73+0.72 def
MM_C 13.50+0.43 a 45.33+3.51 cd 15.00 £1.73 7.26 + 3.07 abcd 3.13 £0.25 hi
MM_S 9.47 £ 1.00 fgh 31.66 £ 3.05 gh 11.33+0.57 5.80 £ 0.60 gh 2.47+£0.50 ]
MT_C 11.47 £0.57d 38.33 £ 3.21 defg 20.33 +8.08 570 £0.79 gh 2.97 £ 1.93 fghi
MT_S 9.33 £ 1.50 ghi 35.00 + 5.50 efgh 18.00 + 2.00 8.00 + 0.72 abcde 3.77 £ 0.06 efg

Note: IR-64 (IR), Me Klan (MK), Ime Buci (IB), Silaun (SI), Umak Klete (UK), Me Likan (ML), Me Meak (MM), and Me Taek (MT)
after salinity stress exposure (S). A further test used the DMRT test with a significance level of 0.05
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Physiological analysis of rice in East Timor under
drought and salinity stress

The physiological response to drought stress with PEG
treatment in each variety (Table 4) showed decreased
chlorophyll and increased DPPH values. The lowest
chlorophyll reduction was found in Ime Buci (24.53%),
Silaun (24.76%), and Me Klan (36.83%), and the highest
decrease was found in IR-64 (72.04%), Me Meak (61.
67%), and Me Likan (60.56%). In the DPPH parameter, the
varieties with the highest value were Me Likan, Silaun, and
Me Meak. In addition, a decreased DPPH value occurred in
the Ime Buci and Me Taek varieties. Each variety's phenolic

contradictory to the Me Klan variety, which had an
increased phenolic content. Still, they showed a reduced
flavonoid content, while IR-64 showed a decreased
phenolic content but an increased flavonoid content.
Furthermore, Silaun and Me Taek varieties experienced a
decrease in both phenolic and flavonoid contents. Varieties
with the highest phenolic content were Me Meak, Me Klan,
Ime Buci, Uma Klete, and Silaun. Varieties with the lowest
phenolic content were IR-64 and Me Taek. Varieties with
the most significant flavonoid reduction were Me Likan,
Ime Buci, Me Klan, Me Taek, and Me Meak. Meanwhile,
the varieties with the most significant flavonoid increase

and

flavonoid contents showed different

\ Me Klan

\' l‘ 1,‘;./ \V \j \f
J l Lol

Kontrol

\' } J\

b kbl

Kontrol NaCl

/
|

results,

£ 1

were Silaun, Uma Klete, and IR-64.

Silaun

Figure 1. Morphology of rice plants under abiotic stress conditions (salinity and drought)

Table 4. Physiological characteristics of rice under drought stress condition

Variety x Treatment

PEG Treatment

Chlorophyll Phenolic Flavonoid DppH
IR_C 8.62£0.67 d 1.51+£0.02j 1.92+0.14p 0.44+0.07r
IR_D 2.41+0.25jk 1.31+£0.03n 3.26£0.14 h 1.16 £0.03 p
MK_C 3.34+£0.13i 0.98+0.03s 6.90£0.07 e 1.25+0.07p
MK_D 2.11+0.25kl 1.77+0.02f 3.12+0.14i 1.65+£0.25n
IB C 3.22+£0.361i 1.15+£0.02r 6.72+0.14f 4.43+0.27h
IB D 2.43+0.12 jk 1.85+0.02d 2.93+0.14 k 1.95+0.13m
SI_C 428+0.16 h 1.82+0.02¢e 3.30+£0.07h 1.41+0.040
SI_D 3.22+£0.81i 1,83 £0.02 de 6.87£0.07 e 4.42+0.03h
UK_C 458+ 1.05gh 0.91+0.02t 1.95+0.07 op 2.22+0.011
UK_D 2.12+0.43kl 2.08+0.02b 551+0.07¢g 4.41+0.04h
ML_C 6.11+£0.48f 2.76+£0.03a 9.78£0.07a 0.85+0.08q
ML_D 2.41+1.22 jk 1.31+£0.03n 3.02+£0.07j 410+0.05i
MM_C 7.25+1.08¢e 0.97+0.02s 8.05+0.07c 2.81+0.02k
MM_D 2.79+0.51ij 1.90+0,02¢c 7.72£0.07d 5.02+0.02¢
MT_C 1116 £1.42b 1.72 £0.03 gh 8.20+£0.07b 3.49+0.03]j
MT_D 10.19+1.66 ¢ 1.72+£0.02 g 3.28+0.12h 2.26+0.16 1

Note: IR-64 (IR), Me Klan (MK), Ime Buci (IB), Silaun (SI), Umak Klete (UK), Me Likan (ML), Me Meak (MM), and Me Taek (MT)

after PEG (drought) treatment (D). A further test used the DMRT test with a significance level of 0.05
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The physiological response to salinity stress in each
variety (Table 5) decreased the chlorophyll content and
increased the DPPH value. The lowest reduction in the
chlorophyll content was in Me Klan (28.44%), but the
Silaun and Uma Klete varieties experienced an increase in
the amount of chlorophyll as much as 188.551%. And
158.297%. At the same time, the highest reduction of
chlorophyll was observed in Me Taek (51.62%) and 1R64
(72.51%). The highest increase in DPPH values was
observed in Me Klan, Silaun, and IR64 varieties, while the
varieties that experienced the lowest increases were Ma
Taek, Ime Buci, and Me Meak. The results of phenolic and
flavonoid content of each variety showed different results.
As in the Me Klan variety, which experienced an increase
in phenolic content but experienced a reduction in
flavonoid content after being treated, it was inversely
proportional to the control variety IR64, which experienced
a decrease in phenolic content but an increase in flavonoid
content. At the same time, the Silaun and Me Taek variety
experienced a reduction in phenolic and flavonoid content
values. The varieties that experienced the highest reduction
in phenolic content were Me Likan, Silaun, Me Taek and
IR64. At the same time, the varieties that showed the
highest increase in phenolic content were Me Klan, Ime
Buci, Me Meak, and Uma Klete. The varieties that
experienced a reduction of flavonoids were only IR64.

Tolerant gene expression in rice

Stress conditions showed different morphological and
physiological responses to each rice variety. Based on
morphological and physiological analysis, several abiotic
stress tolerance genes were expressed in the selected East
Timor local rice variety (Figure 2), e.g., the Silaun variety.
This variety had relatively high tolerance in both types of
treatment compared to other varieties. Silaun, as a Timor
Leset's local rice variety, expressed more tolerance genes
than the IR-64 rice variety. Osapx is detected more clearly

Table 5. Physiological data of rice under saline stress conditions
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in the Silaun, while some tolerance genes like OsLEA and
OsABI3 were only expressed in the Silaun. However, other
genes, such as OsCATA, OsCAT, CuzZnSOD, GPOD,
Cytosolic APX, MNSOD, and Osactinl, were expressed in
both IR-64 and Silaun varieties.

IR 64 SILAUN
123 12 3

OsCATA
OsCAT b e e s A
CuZnSOD
OsAPX

GPOD

Cytosolic APX

MnSOD

OsAB13
OsLEA

OsActinl

Figure 2. Expression of tolerance genes to abiotic stress in rice
plants. Note: 1: Control; 2: PEG 10%; 3: NaCl 150mM

NaCl Treatment

Variety x Treatment

Chlorophyll Phenolic Flavonoid DppH
IR64_C 8.62+0.67d 1.51+£0.02] 1.92+0.14p 0.44+0.07r
IR64_S 2.37 £0.49 jk 1.24+0.020 2.09+0.07n 7.31+£0.24d
MK_C 3.34+0.13i 0.98+£0.03s 6.90+0.07 e 1.25+0.07p
MK_S 2.39+0.13 jk 1.70£0.02 h 2.53+0.071 12.32+0.69a
IB C 4.28+0.26h 1.15+0.02r 6.72+0.14f 4.43+0.27h
IB_S 3.22+0.36i 1.66 £0.02i 3.05+0.07 ij 7.19+0.04 €
SI_C 4.28+0.16h 1.82+0.02¢ 3.30+0.07h 1.41+£0.040
SI_S 12.35+1.09a 1.20+£0.03p 2.00+0.070 8.44+0.08 b
UK_C 458+ 1.05gh 0.91+£0.02t 1.95+0.07 op 2.22+0.011
UK_S 11.83+0.77a 1.18+0.05¢q 1.92+0.14p 8.14+0.15¢c
ML_C 6.11+0.48f 276 £0.03 a 9.78+0.07a 0.85+0.08q
ML_S 1.76 £ 0.54 1 1.44+£0.02 k 2.24+0.07m 6.92+0.10f
MM_C 7.25+1.08¢e 0.97£0.02s 8.05+0.07¢ 2.81+0.02k
MM_S 2.02+0.42 kl 1.39+£0.021 2.50+0.141 8.41+0.02b
MT_C 10.19+1.66 c 1.72£0.03 gh 8.20+0.07b 3.49+0.03j
MT_S 493+147¢g 1.35+0.02m 254+0.141 6.88+0.15f

Note: IR-64 (IR), Me Klan (MK), Ime Buci (IB), Silaun (SI), Umak Klete (UK), Me Likan (ML), Me Meak (MM), and Me Taek (MT)
after salinity exposure treatment with NaCl (S). A further test used the DMRT test with a significance level of 0.05
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Discussion

Rice (Oryza sativa L.) is a widely planted crop in East
Timor, but its characterization against the environmental
challenge due to global warming still needs to be improved.
Global warming can cause many effects on rice, such as
drought or saline soil, due to excessive evaporation. Thus,
varieties found around East Timor regions, planted in
Coastal or dry mountain areas, may be used to find the best
varieties that are tolerant to drought and saline conditions.
Based on the morphological observation after drought
stress exposure, Me Klan, Silaun, and Uma Klete are the
most susceptible varieties against drought stress. At the
same time, Silaun and Taek are the most tolerant rice
varieties against salinity stress (Figure 1).

The morphological observation results (Table 2)
showed that each variety experienced a reduction value of
the observed variables due to drought stress, which aligns
with the results of Maemunah et al. (2021). The
concentration of PEG caused these reductions applied to
the seeds, which could bind water, so roots could not
absorb water for the metabolic process. This process is
similar to the mechanism of drought that generally occurs
in seeds and plants. Upadhyaya and Panda (2019)
highlighted that morphological responses indicated the
response of rice plants to drought stress, e.g., decreased
leaf area, less number of stomata, leaf necrosis, and
reduced plant biomass due to low roots and crowns formed,
leaf surface area, and percentage of flowering. Drought
stress also affects the cell life cycle, which causes growth
retardation due to a lack of water content in the soil. The
fresh and dry weight of the rice plant biomass significantly
decreased due to excessive dehydration. However, not all
plants produce a reduction mechanism due to drought;
some varieties showed an increased root dry weight, such
as Me Klan and Uma Klete. However, the wet root weight
had no significant difference, which caused the root
variable in drought stress to be unable to be used as an
observational variable, as mentioned in Mangansige et al.
(2018).

The response of rice plant morphological changes to
salinity stress on plant morphology (Table 3) is closely
related to growth inhibition and yield loss (Haque et al.
2021). Salinity stress can increase the osmotic pressure,
thus decreasing the water absorption by roots and water
potential in plant cells and tissues, which causes a poor
growth rate. High salinity levels in plant tissues can inhibit
growth and  productivity, affecting germination,
photosynthesis, and plant nutrient balance. The
morphological response produced by plants when being
exposed to salinity stress in rice plants is stomata closure,
which can impact the assimilation of CO- levels and cause
the disruption of the photosynthesis process in rice, so the
rice biomass will also decrease (Giordano et al. 2021).
Decreased plant biomass includes decreased roots and
crowns, leaf surface area, and flowering percentage, which
also causes a productivity decline.

Similarly, roots in salinity stress exposure treatment
also cannot be used as a benchmark to assess the salinity
stress tolerance because fresh root weight had no
significant values. However, root dry weight due to salinity
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stress significantly differed in several varieties, even an
occurrence of dry weight increase in IR-64, Ime Buci, Uma
Klete, and Me Taek. However, different responses of the
rice variety to drought and salinity stresses in the forms of
an increased root dry weight were attributed to the
following varieties' tolerance. For example, IR-64, as a
control variety, is highly tolerant to drought (Salsinha et al.
2020) but sensitive to saline conditions (Saini et al. 2018);
the results were associated with the increased root dry
weight in the salinity stress treatment.

Several varieties have different responses based on the
physiological response of rice plants to drought (Table 4)
and salinity stress (Table 5). Stress affects the biochemical
photosynthesis properties, i.e., chlorophyll. Chlorophyll is
an essential component of photosynthetic activity, which
can be used as a variable in the initial screening process of
plants to determine whether plants are affected by stress
(Swapna and Shylaraj 2017). The total chlorophyll content
can decrease due to low water availability, which elevates
the transpiration process and chlorophyll disintegration
(Hendriyani and Setiari 2009). However, the Uma Klete
and Silaun varieties under salinity stress experienced an
increased chlorophyll content, similar to the results of
Kanawapee et al. (2012) on drought-sensitive rice varieties
found to be tolerant to salinity stress.

In contrast, the chlorophyll content increased, although
the susceptible varieties experienced a decreased
chlorophyll content. This condition may occur due to the
defense mechanism of tolerant plant varieties to reduce free
radicals as a stress product, producing more chlorophyll to
protect plant cells from damage. Generally, plants sensitive
to drought stress are prone to have the greatest and sharpest
reductions than drought-tolerant plants (Mishra et al.
2019).

In addition to chlorophyll, phenolic is a secondary
metabolite compound in plants that acts as a natural
defense against unfavorable environmental conditions.
Hopkins (1999) stated that secondary metabolites could
accumulate in tissues when plants were subjected to
environmental stress. Bidwell (1979) also stated that stress
caused complex changes in cytoplasm and plant
biochemical process imbalance. This imbalance causes the
accumulation of various secondary metabolites, such as
phenolics and flavonoids. Flavonoids are secondary
metabolites widely found in plant tissues and are one of the
mechanisms for surviving stress. This has an impact on the
value of phenolic and flavonoid contents, which depends
on the mechanism of the variety to face stress, as
mentioned in this study with Me Klan that had high
phenolic content after being exposed to drought and
salinity stress but showed a decreased flavonoid content.
According to Abdalla et al. (2022), The DPPH test is used
to determine the antioxidant activity in plants. A higher
antioxidant activity indicates more active genes responsible
for counteracting the free radicals due to stress. However,
this makes it less correlated with phenolics because various
other antioxidant compounds may have an effect.

In stressed conditions, rice plants activate or express
their tolerance genes (Figure 2). The Silaun variety was
chosen because it was the most resistant in all treatments,
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and for the observed variables, we looked at its gene
expression and compared it to IR64 as a control. The
OsABI3 and OsLEA genes were used as parameters to
observe the mechanism of plant tolerance to drought stress.
Fatima et al. (2020) and Duan and Cai (2012) used the Late
Embryogenesis Abundant (LEA) gene to demonstrate
drought or cold and high salinity stress that occurred in
water-associated plants. The Abscisic Acid Insensitive 3
(ABI3) gene mediates plant stress, especially in ABA
signaling response, which can be highly expressed when
exposed to drought stress (Koramutla et al. 2021). OsABI3
and OsLEA genes were expressed in Silaun var. gene
expression, which means that Silaun is resistant to drought
stress compared to IR64.

Meanwhile, several enzymes, such as Catalase (CAT),
Superoxide Dismutase (SOD), Guaiacol Peroxidase
(GPX/GPOD), and Ascorbic Peroxidase (APX), were
analyzed to determine the effect of NaCl concentrations,
that could upregulate these enzymes during salinity stress
(Siddiqui et al. 2022). The genes that control these
enzymes were expressed in IR64 and Silaun var., so they
were considered resistant/tolerant to salinity stress. The
OsActinl was used as a control gene for normalization (Lin
et al. 2020). Therefore, based on morphological conditions,
Me Klan, Silaun, and Uma Klete are the most tolerant
varieties to drought stress. Based on the physiological
response, the most tolerant varieties to drought stress are
Ime buci, Silaun, and Me Klan.

Meanwhile, the most tolerant varieties of salinity stress
on the morphological response are Silaun, Uma Klete, and
Me Taek. The most tolerant varieties based on the
physiological response are Silaun, Me Taek, and Me Klan.
These varieties have unique tolerance mechanisms in
phenolic content or the DPPH test. However, the most
tolerant rice variety to drought and salinity stress is the
Silaun variety, as evidenced by the various expressions of
defensive genes and enzymes to tolerate stress exposure.
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