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Abstract

Drought is the main abiotic factor that reduces productivity of crops such as rice in the suboptimum area. This study aimed to
identify drought-tolerance of local rice cultivars “Nusa Tenggara Timur-Indonesia” through their oxidative defense mechanism. In
this study, 17 local rice cultivars and two control cultivars (Ciherang and Situ Bagendit) were used. Drought was imposed by using
three levels of FTSW: FTSW 1 (control), 0.5 (moderate drought), and 0.2 (severe drought) during the vegetative stage. Growth
parameters such as plant height, number of tillers, number of leaves, and total dry weight were higher in Boawae 100 Malam, Hare
Tora, and Padi Putih Kuatnana than other cultivars. The analysis of relative water content, chlorophyll, carotenoid, and proline
content also indicated that the Boawae 100 Malam, Gogo Sikka, and Hare Tora cultivar showed a higher result compared to control
and other cultivars. These characters tend to correlate with the higher activity of antioxidant enzymes in Boawae 100 Malam and
Gogo Sikka, when exposed to severe drought conditions. Based on principal component analysis of the physiological changes and
enzymatic antioxidant activity, the Gogo Sikka, Boawae 100 Malam, and Hare Tora cultivars were classified as rice cultivars with
higher drought tolerance.

Keywords: antioxidant, drought-tolerant, enzymatic, FTSW, traditional rice.
Abbreviations: APX_Ascorbate Peroxidase, CAT_Catalase, DAP_Day after planting, FTSW_Fraction of Transpirable Soil Water,
NTT_Nusa Tenggara Timur, ROS_Reactive Oxygen Species, SOD_Superoxide Dismutase, TTSW_Total Transpirable Soil Water

Introduction

Plants experience drought or water deficit due to climate 2015; Salsinha et al., 2020). During drought stress, plants
changes and fluctuations of environmental temperatures experience lower root and shoot development as a result of
less or more than optimum. The effects of drought on plants water deficit (Tripathy et al., 2000; Pandey and Shukla,
depend on the water holding capacity of soil particles and 2015).

the rate of plant evapotranspiration (Aroca and Ruiz-Lozano, A common side effect is a reduction in cell division, which
2012). Water stress reduces agricultural production has significant implications on decline in shoots fresh and
throughout the world, and the need to increase the dry weight (Centritto et al., 2009). Drought also reduces
adaptation of crops and the selection of tolerant cultivars is turgor pressure under stressful conditions and triggers a
becoming urgent (Pandey and Shukla, 2015). decrease in the photosynthesis rate by lowering the
Rice (Oryza sativa L.) is a crop that evolves in tropical and concentration of CO, absorbed by leaf tissue (Pandey and
subtropical regions and is generally sensitive to drought. Shukla, 2015). As a result of this process, the photosynthetic
Cultivation of drought-tolerant rice cultivars needed two pigments continued to be disturbed during the dehydration
factors: 1) accession of drought-tolerant upland rice as a phase (Ashraf, 2011).

parental donor and 2) effective evaluation methods for the The disruption of photosynthesis and metabolism due to
selection process (Xia et al., 2016). According to Pandey and drought causes higher production of reactive oxygen species
Shukla (2015), a comprehensive study of various (ROS) (Mittler, 2002; Ashraf, 2011). When conditioned at a
morphological, physiological, and biochemical characteristics low level, ROS acts as a component of the secondary
can be used to predict patterns of drought tolerance and the messenger in the stress signaling pathway during drought
response mechanism of drought-tolerant plants. stress and initiates the autophagy process. When the
During vegetative drought stress, plants experience several accumulation of ROS reaches its phytotoxicity level, it leads
physiological changes. These include increase in antioxidant to an uncontrolled oxidation process, causing cell membrane
activity, changes in stomatal conductance and root damage (Mittler, 2002).

characteristics, higher level of osmotic adjustment, higher To overcome cell damage due to ROS production, plants
transpiration rate, and changes in biosynthesis and respond by developing oxidative defense systems. This
catabolism of phytohormone like ABA (Pandey and Shukla, defense system includes the activation of superoxide
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dismutase (SOD), ascorbate peroxidase (APX), catalase
(CAT), and glutathione reductase (GR) as an enzymatic
antioxidant defense (Siswanti and Rachmawati, 2011; Refli
et al.,, 2014; Singh et al., 2015). Several rice cultivars are
known to have a high tolerance to drought according to the
antioxidant level of the cell (Pandey and Shukla, 2015; Singh
et al., 2015).

The East Nusa Tenggara (NTT) region consists of several
islands, including Timor, Sumba, Flores, Alor, Rote, and
another island consists of various geographical conditions
that are dominated by dry climates. The average rainfall in
the NTT is about 0-12 mm in May—October and 50-300 mm
from November to April. The need to improve food
production in this region has directed agricultural objectives
to the development of tolerant rice cultivars.

NTT has a local upland seed germplasm, which ranges from
21 upland rice accessions cultivated through traditional
techniques based on Lalel (2009). NTT has 91 accessions of
food crops including 20 local upland rice accessions spread
across 11 districts in NTT. Each rice cultivar has specifically
adapted to its environment so that the potential for crop
variations with high adaptation to drought is also high in the
regions of NTT dominated with a dry climate (Mau et al.,
2019). However, Indonesia has been experiencing the loss of
thousands of local rice cultivars until 2008.

In order to obtain drought tolerant local rice cultivars, this
study will examine morphophysiological characters and their
relationship with enzymatic antioxidant defense to identify
drought-tolerant rice cultivars.

Results and Discussion

Drought stress is a limiting factor affecting the growth rate
and productivity of food crops. The ability of a plant to adapt
to various environmental conditions with different moisture
content is related to plasticity and photosynthetic resilience
combined with many processes in controlling plant growth
and development in the environment (Chaves et al., 2011).
Through the identification of regulatory mechanisms in
morphological, physiological, and oxidative defense
responses, a group of cultivars that are tolerant to drought
can be obtained.

Growth phenotype characters

Drought stress significantly decreased the phenological
character in the plant. The development process from the
vegetative to the reproductive phase has also been reduced
due to limited available water (Farooq et al., 2012). It also
causes cell membrane damage, which has implications for
cell death. A study conducted on Triticum aestivum L. and
Hordeum vulgare L. showed that an increase in stress level
decreases the total duration of growth (McMaster and
Wilhelm, 2003). However, each plant species has different
responses in different groundwater levels (Farooq et al.,
2012).

Table 1 indicates the decreasing percentage of growth
characteristics (plant height, number of tillers, and plant dry
weight) significantly (p< 0.05) along with the increase in
drought stress level. The formation of shoots, number of
tillers, and plant biomass depend on cell division, expansion,
and differentiation activities (Farooq et al., 2012; Salsinha et
al., 2020).

Reduction of water supply in planting medium below the
optimum point for the physiological process of the plant
negatively affects cell’s turgor pressure, suppressing cell
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division and inhibits the cell growth (Neumann, 2011). An
increasing level of drought stress has significant effects on
drought-susceptible plants showed by a higher reduction
percentage of each parameter. This reduction percentage
can be obtained by comparing the phenotypic characteristics
in the control condition to severe drought conditions
(Farooq et al., 2012).

The reduction analysis of growth (Table 1) shows that
drought-tolerant cultivar are Boawae 100 Malam and Padi
Merah Kuatnana with the smallest reduction percentage of
24.2% and 20.9% for plant height, 7.14% and 41.18% for the
number of tillers, and 28.2% and 26.7% for the number of
leaves, respectively. This reduction percentage was
significantly different (p< 0.05) from Ciherang cultivar. While
for the same growth parameters, cultivars with high
susceptibility to drought stress with higher reduction
percentage are Padi Putih Maumere, and Padi Merah
Noemuti.

When plants were exposed to drought, turgor pressure will
decrease which inhibits growth (Neumann, 2011). This
condition is compounded by the increase in ROS production
as a result of the loss of cell turgor pressure and stomatal
closure during drought stress. As a result, plants will
experience a decrease in the rate of carbon assimilation,
which has an impact on decreasing plant biomass.

Relative Water Content and Leaf Rolling Score

In drought conditions, plants also experience the increase of
cell osmotic potential, causing a rapid loss of physiological
water from the cell. This leads to the change of relative
water content (RWC), the parameter was used to evaluate
the cell osmotic response during drought. In this condition,
RWC will drop until it reaches the point of osmotic
equilibrium between the internal and external conditions of
the cell (Farooq et al., 2012).

In this study, the water status indicated by the RWC shows
the actual water content ratio relative to the maximum
water binding capacity in turgid conditions (Mullan and
Pietragalla, 2011). A cultivar with higher RWC can minimize
stress by regulating optimum leaf turgor pressure under
drought stress conditions (Bacellar et al., 2011; Mullan and
Pietragalla, 2011).

A high level of drought stress (FTSW 0.2) corresponds to a
small RWC percentage in plant tissue but with high leaf
rolling scores. This condition is associated with a decrease in
cell turgor pressure. Based on the data (Table 2), several
cultivars generally show significant differences (p<0.05)
between RWC and changes in leaf rolling scores during
drought conditions. A small increase in the leaf rolling score
from control to severe drought condition corresponds to the
plant’s ability to allocate the water content in the cell to
maintain the turgor pressure.

Each cultivar shows a high leaf rolling score with a low RWC.
The higher the leaf rolling score is, the more a cultivar
sensitive to water stress. Higher leaf rolling scores can be
seen in Padi Putih Maumere cultivar in FTSW 0.2 (severe).
The lowest leaf rolling scores (more tolerant) were shown by
the Boawae 100 Malam, Hare Tora, and Pak Mutin cultivars.
These results suggest that each cultivar that has different
leaf rolling scores responds differently to changes in the
water status in the leaf tissue.

Changes in proline levels
Proline is an osmoprotectant in the amino acid group.
Proline plays important roles in maintaining osmotic and



oxidative stress and also acts as a sub-cellular structure
(membranes and proteins) stabilizers, regulators of
NADP+/NADPH ratio, and a protein hydrotrope (Hayat et al.,
2012). The data (Table 2) show that plants experience
increase in proline levels as a result of the induced drought
stress in roots. Several cultivars have shown the highest level
of proline level from control to severe drought conditions
including Shintara, Padi Merah Noemuti, Boawae 100
Malam, Padi Hitam Maumere, and Gogo Sikka, with
percentages of 35.96%, 31.35%, 41.31%, 49.18%, and
47.99%, respectively.

As a defense mechanism against drought, proline
biosynthesis is induced directly during stress. Research
shows that proline is responsible for scavenging ROS and
other free radicals. However, the application of exogenous
proline at excess levels (40-50 mM) has a low growth effect
on rice plants with abiotic stress (Hayat et al., 2012).

Photosynthetic Pigment Characteristics

The photosynthetic performance of a plant can be observed
from chlorophyll pigment changes. In a severe drought
condition, an increase in leaf rolling scores leads to a
decreasing photosynthesis rate, especially in carbon
assimilation reactions. As a result of stomatal closure,
decreased CO, availability leads to a reduction of the
carboxylation process by Rubisco (Chaves et al., 2011).

Based on the data (Table 2), cultivars with a lower reduction
percentage of chlorophyll content (Hare Tora and Boawae
100 Malam with 9.37% and 7.56%, respectively) tend to
have a high tolerance to drought. Cultivars with the highest
decrease in chlorophyll levels or a high drought sensitivity
are Pak Mutin, Gogo Jak, and Padi Putih Maumere, with
percentages of 34.65%, 34.38%, and 43.28%, respectively.
An imbalance in PSII photochemical activity and electron
transport for photosynthesis also occurs after a long period
of drought stress. These cause a limitation on the
assimilation rate, as indicated by a decrease in chlorophyll
levels (Chaves et al., 2011). This situation leads to the
decreased accumulation of the assimilation process, which
affects the decreasing cell biomass. The data in Table 2 show
that plants experience a decrease in chlorophyll pigment
contents in line with the reduction in total biomass
(significantly different with p<0.05) for each cultivar.
Therefore, a decrease in chlorophyll content under drought
conditions affects the formation of total plant biomass.

Enzymatic antioxidant response

Chloroplast, mitochondria, peroxisome, plasma membrane,
and apoplast normally produce ROS during the respiration
and photosynthesis processes. However, the effects of water
deficit on plants encourage the increasing accumulation of
ROS in cells (Mittler, 2002; Refli and Purwestri, 2016).
Increased levels of ROS (O Hy0; and *OH) leads to
oxidation of lipid molecules, DNA, and protein inactivation
and inhibition of various enzymes in metabolic processes
(Foyer and Noctor 2003; Mittler, 2002).

ROS were produced sufficiently during drought stress in
photosystem | (PSI) and photosystem Il (PSll). In general,
superoxide is one of the ROS that is produced predominantly
in the PS | and the Mehler reaction (Gechev et al., 2006). The
resulting superoxide then catalyzes into H,0 by superoxide
dismutase (SOD). Singlet accumulation of oxygen is also
produced through the excitation of chlorophyll at the PS II
reaction center as a negative consequence of increased
drought stress. (Mittler, 2002; Foyer and Noctor, 2003).
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The data (Table 3) shows the SOD of each cultivar was
significantly different at each level of treatment (P < 0.05).
During drought conditions, the Padi Merah Noemuti, Gogo
Metan, and Mapan cultivars showed high SOD activity during
drought stress, with values of 45.8, 45.3, and 30 U LY,
respectively. SOD acts as a dismutase enzyme that catalyzes
singlet oxygen (02.7) into H,0,. Several cultivars that have
high SOD activity shows a lower level of cell damage than
other cultivars. SOD activity also increased at the beginning
of the stress period and decreased in line with the increase
in the drought stress period (Mittler, 2002).

Another enzyme in the enzymatic antioxidant system is
catalase (CAT), which is an enzyme that converts peroxide
into O, and H,0. The difference in activity with APX is that
CAT does not require ascorbic acid as an electron donor
(Foyer and Noctor, 2003). The enzymatic activity of CAT in
several rice cultivars increased until the third day after
drought stress and then decreased in line with the increase
in the stress period. However, CAT activity depends on
cultivars, the types of abiotic stress, and the drought stress
phase (Gechev et al., 2006). Based on the data (Table 3),
severe drought conditions (FTSW 0.2) increased CAT
antioxidant enzyme activity in the vegetative phase but with
no significant differences (p< 0.05) between each cultivar.
These conditions lead to the late process of CAT activity
during early drought treatment.

In addition to SOD and CAT, another important antioxidant
enzyme is ascorbate peroxidase (APX). This enzyme is
involved in the oxidative chain reaction that converts H,0,
into O, and H,O with ascorbic acid (non-enzymatic
antioxidant) as one of the electron donors (Refli and
Purwestri, 2016). The data (Table 3) shows that severe
drought conditions lead to an increase in APX antioxidant
enzyme activity in the vegetative phase but with no
significant differences (p < 0.05) between each cultivar. This
condition also leads to the late process of APX activity during
early drought treatment. A comparison of activities between
each stress level shows an increasing pattern from control
conditions (FTSW 1) toward severe drought (FTSW 0.2) both
in CAT and APX activity.

Principal Component Analysis (PCA)

The data from PCA analysis (Fig.2a) revealed a 90.2%
correlation of parameters affected by different levels of
drought in various cultivars. The results show PC 1 (principal
component 1) was correlated positively with parameters
affected by drought include TDW, SDW, RDW, SFW, APX,
ROS, CAT, AND SOD. This PC 1 also tends to correlate
negatively with CHL, PRO, CAR, RWC, SCO by 60.1%. From
the same data PC 2 (principal component 2) is known to
correlate positively with almost all parameters with a
correlation percentage of 30.1%.

Among all cultivars (Fig. 2b), Boawae 100 Malam(12), Gogo
Sikka (17), Situ Bagendit (19), Kisol Manggarai (11), Hare
Tora (6), Gogo Pulut Merah (3), and Pak Morin (1) were
considered drought-tolerant cultivar. Otherwise, the cultivar
of Shintara (2), Padi Merah Noemuti (9), Padi Hitam
Maumere (15), Padi Putih Maumere (16), and Ciherang (18)
were considered being drought susceptible.

The high level of drought can increase the ROS and
corresponded linearly with the increase in the antioxidant
activity of SOD, APX, and CAT. During drought conditions,
plants experienced a decrease in physiological



Table 1. Plant growth characteristics (plant height, tiller number, shoot dry weight, and root dry weight) of 17 NTT local rice cultivars as affected by decreasing FTSWs.

Cultivar Plant Height (cm) Tiller Number Shoot Dry Weight Root Dry Weight

FTSW 1 0.5 0.2 1 0.5 0.2 1 0.5 0.2 1 0.5 0.2

PM 110.6 <def 91.9fdh 79.7 %ef 467 3.6 4.09 18.54¢ 15.53 10.61 % 0.77% 0.59¢ 0.42 abede
SH 87.5abc 72.4bcd 62.9 abcde 12.4¢ 8.4 cde 8.2 25.45 14.54< 10.70¢% 0.75° 0.54¢ 0.33%
GPM 117.7¢ 96.39h 86.31 5.4¢9 4.4 4.2ab 19.53 12.569 12.05¢ 0.75% 0.52¢ 0.46 abede
™M 80.7 65.2 abe 56.59b 12.69 10¢ 9.8¢ 21.54f9 16.55¢ 8.99 abe 0.77% 0.58¢ 0.47 abede
MPP 75.2¢ 67 abe 45.74 9.6bcd 6.0 9bed 6.4 bcd 24.507 13.54b¢ 13.00/ 0.73° 0.63¢ 0.47 obede
HT 116 % 93.79h 82.5¢ 5.09 6.2 abed 4.8abc 17.59b¢ 12.559 10.56 e 0.74% 0.61¢ 0.55 bede
GF 87.5abe 75.8 cde 64.4 abede 9.2b¢ 6.4 abed 6.2 bcd 18.54¢ 11.53¢ 9.89 bed 0.77% 0.56¢ 0.43 abede
GJ 110.4 cdef 94.39h 78.8 %f 6.09 5.8 4.4 16.56% 14.54< 11.59¢ 0.74° 0.61¢ 0.48 obede
PMN 91.8abed 72.1bcd 59.3 abede 11.8 9.6¢ 7.0bcd 21.5079 15.59d 7.94¢ 0.72° 0.49¢ 0.47 obed
GM 108.6 <def 84.8¢f9 76.8 cdef 10 bed 8.6% 6.6b<d 17.53b¢ 16.53¢ 12.611 0.75% 0.57¢ 0.36ab<d
CK 107 cdef 81.34f 77.29f 4.2¢9 4.6 4.20b 15.56¢ 13.57b¢ 10.52 0.75° 0.57¢ 0.56 <de
BSM 107.8 def 100.2h 81.7¢ 5.6¢9 5.2 5.209bc 15.51¢ 14.54< 8.519 0.72° 0.61¢ 0.58%
PMK 99.6 bede 104.2h 78.8 4 6.8 5.69b¢ 4.09 20.51¢ 16.54¢ 12.621 0.74° 0.56¢ 0.37 9bede
PPK 110.4 cdef 96.79" 76.1 bedef 7.2 4.09 4.20b 21.4679 13.54b¢ 9.62 bed 0.65° 0.54¢ 0.49¢
PHM 125.6/ 99h 76.1 bedef 4.4¢9 4.09 4.0 23.52h 14.53 < 8.629 0.73° 0.59¢ 0.35 obed
PPM 101.59%f 99.7" 75.6 bedef 5.09 4.2¢9 2.6¢ 18.52¢ 15.554% 7.51¢ 0.74° 0.58¢ 0.50 9bede
GS 100.4b¢de 58.7¢@ 56.9 9be 9.8bcd 9.8¢ 7.4 cde 26.51k 16.58¢ 8.62% 0.73° 0.51¢ 0.32¢
CH 75.8¢ 62.6% 51.5¢ 10 bed 8.2 cde 6.4 bcd 20.58¢ 13.55b¢ 7.84¢ 0.76 0.61¢ 0.31¢
SB 78.49 63.79b¢ 56.1% 9.4 bed 7.2 bede 5.29b¢ 22.629" 14.57< 9.64 bed 0.88 0.60° 0.34 9b¢

Mean value followed by the same letters in the same column and row of each parameter indicate no significant differences based on the Duncan test at P < 0.05 and two-way ANOVA. Treatment was conducted using FTSW level 1
(control), 0.5 (moderate drought), and 0.2 (severe drought).

Fig 1. Morphology of 17 NTT local rice cultivars and two control cultivars, including a) PM_Pak Morin,b) SH_Shintara, c) GPM_Gogo Pulut Merah, d) CM_Mapan, e) PM_Pak Mutin, f) HT_Hare Tora, g)
GF_Gogo Fatuhao, h) GJ_Gogo Jak, i) PMN_Padi Merah Noemuti, j) GM_Gogo Metan, k) CK_Kisol Manggarai, I) BSM_Boawae 100 Malam, m) PMK_Padi Merah Kuatnana, n) PPK_Padi Putih Kuatnana, o)
PHM_Padi Hitam Maumere, p) PPM_Padi Putih Maumere, and q) GS_Gogo Sikka with two control cultivars r) CH_Ciherang as drought-sensitive cultivars and s) SB_Situ Bagendit as drought-tolerant
cultivars. Bars: 1.5 cm.
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Table 2. Drought tolerance characteristics (proline content, relative water content, and leaf rolling scoreS) and photosynthetic pigments (chlorophyll and carotenoid content) of 17 NTT local rice cultivars and control cultivars as affected by decreasing

FTSWs.
Cultivar Proline content (umol g FW) Relative Water Content (%) Leaf Rollling Scores Chlorophyll Content (mg g* FW) Carotenoid Content (mg g FW)
1 0.5 0.2 1 0.5 0.2 1 0.5 0.2 1 0.5 0.2 1 0.5 0.2
PM 0.36¢ 0.38¢ 0.47¢ 77.529% 68.55 abed 39.399b¢ 11.80¢ 27.19b¢ 28.35¢ 4.27 obe 3.32¢ 2.79¢ 0.50 obed 0.38% 0.22%
SH 0.32¢ 0.50° 0.50¢ 79.619 70.82bcd 28.79 ab¢ 6.15¢ 25.9b¢ 37.00¢ 3.969b¢ 3.53¢9 3.41¢ 0.51 abed 0.50 9 0.63 9
GPM 0.38¢ 0.57¢ 0.42¢ 78.06 % 55.06 ob<d 43.64 obc 7.40 abed 23.2abc 33.90 obed 5.16b¢ 4.25¢ 4.46¢ 0.42 obed 0.57% 0.40%
M 0.30¢ 0.38¢ 0.36¢ 81.529b 67.75 abcd 11.119b¢ 6.25 abed 26.49b¢ 30.80 ab<d 4.55abc 3.42¢9 3.34¢ 0.25 abed 0.389 0.279
MPP 0.35¢ 0.78¢ 0.46° 84.689% 72.43¢ 20.37ab¢ 8.65 abcd 25.69b¢ 31.95 abed 3.43 abc 3.41¢9 2.91¢ 0.72¢ 0.78% 0.09¢
HT 0.26¢ 0.78¢ 0.37¢ 65.50% 61.34 abed 38.24 abc 7.05 abed 20.89b¢ 27.359% 3.84.abc 3.90° 3.48¢ 0.81 0.78° 0.33%
GF 0.27¢ 0.38¢ 0.30¢ 87.30% 69.82 abcd 18.63 abc 6.55 abcd 24.4abc 30.349b¢ 4.919bc 3.94¢9 3.72¢ 0.05¢ 0.389 0.369
GJ 0.26° 0.70¢ 0.37¢ 70.64 9 59.62 obed 33.769b¢ 11.65 abed 27.2abc 32.450b¢ 4.99 abe 3.38¢ 3.28¢ 0.03¢ 0.70° 0.50%
PMN 0.32¢ 0.49¢ 0.47¢ 89.445 62.41 abed 19.43 abe 10.00 obed 33.0¢ 33,25 abcd 3.659b¢ 4.09° 3.17¢ 0.49 abed 0.499 0.559
GM 0.25¢ 0.43¢ 0.30¢ 85.53 9 54.20 abed 21.109b¢ 7.20 abcd 26.7 ¢ 31.659¢ 3.820bc 3.35¢9 3.22¢ 0.58 abed 0.43 9 0.299
CK 0.32¢ 0.44¢ 0.38¢ 76.95 % 57.29 abed 47.09 obe 7.65 abed 28.3abc 32.80 9bed 4.189bc 4.31¢ 3.62¢ 0.68 bed 0.44 9 0.27%
BSM 0.32¢ 0.76¢ 0.55¢9 85.739b 73379 58.94¢ 6.35 abcd 21.19b¢ 25.959% 4.65 abc 4.409 4.30° 0.119b¢ 0.76% 0.79°
PMK 0.27¢ 0.34¢ 0.40° 84,529 62.67 abed 27.03 abe 14.05 bed 24.5abc 31.550b¢ 4.33 9bc 4.07¢ 3.33¢ 0.01¢ 0.349 0.54 %
PPK 0.32¢ 0.55¢ 0.31¢ 82.46% 54.05 obed 52.635¢ 8.60 abcd 31.1¢ 29.65 9b¢ 3.58% 3.91¢ 2.87¢ 0.29 obed 0.559% 0.17¢
PHM 0.21¢ 0.45¢ 0.41¢ 83.86% 60.17 abed 37.379b¢ 9.15 abed 24.09b¢ 34,70 abcd 3.629 4.24¢9 3.07¢ 0.139bc 0.45 9 0.489b
PPM 0.28¢ 0.52¢ 0.36¢ 86.81° 68.48 abed 59.07°¢ 12.50¢ 23.19bc 40.70¢ 5.44¢ 2.74¢9 3.09¢ 0.09 % 0.529 0.41
GS 0.27¢ 0.73¢ 0.52¢9 81.199 58.58 abed 42.93 abe 8.75 abed 30.59¢ 33.45 abed 4.97 abe 4.22¢9 4.14¢° 0.05¢ 0.73% 0.569
CH 0.26° 0.03¢ 0.27¢ 70.77 % 64.35 abed 28.44 abc 14.254 27.2b¢ 36.65 bcd 3.51¢ 3.067 2.35¢ 0.55 obed 0.03 % 0.28%
SB 0.37¢ 0.49¢ 0.45¢ 77.76% 52.19¢ 30.409b¢ 9.10 9bed 27.9b¢ 26.309b<d 4.69 obe 4.33¢ 4.29¢ 0.59 obed 0.49 % 0.62 %
Mean value followed by the same letters in the same column and row of each parameter shows no significant differences based on the Duncan test at P < 0.05 and two-way ANOVA. Treatment was conducted using FTSW level 1 (control), 0.5 (moderate drought), and 0.2 (severe drought). Inc (%) shows increasing percentage from control condition to severe drought.
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Fig 2. Loading plot and score plots of principal component analysis (1) Pak Morin, (2) Shintara, (3) Gogo Pulut Merah, (4) Mapan, (5) Pak Mutin, (6) Hare Tora, (7) Gogo Fatuhao, (8) Gogo Jak, (9) Padi
Merah Noemuti, (10) Gogo Metan, (11) Kisol Manggarai, (12) Boawae 100 Malam, (13) Padi Merah Kuatnana, (14) Padi Putih Kuatnana, (15) Padi Hitam Maumere, (16) Padi Putih Maumere, and (17)
Gogo Sikka with two control cultivars (18) Ciherang (drought-sensitive cultivar) and (19) Situ Bagendit (drought-tolerant cultivar). APX: ascorbate peroxidase, CAR: carotenoid content, CAT: catalase,
CHL: chlorophyll content, PRO: proline content, RDW: root dry weight, ROS: H,0, content, RWC: relative water content, SCO: leaf rolling score, SDW: shoot dry weight, SFW: shoot fresh weight, SOD:
superoxide dismutase, TDW: total dry-weight.
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Table 3. Enzymatic antioxidant activity characteristics (SOD, CAT, APX) of 17 NTT local rice cultivars as affected by decreasing FTSWs.

. SOD (U L?) 0 CAT (mmol H202 ming? FW) o APX (U L1) Inc
Cultivar 1 05 02 Inc (%) — 0.5 0.2 Inc (%) — 0.5 0.2 (%)
PM 17.3¢ 18.2¢ 2240 229 0.09¢ 0.299 0470 796 0.210® 0.239 0.330¢ 36.8
SH 4.9abc 4,60 8.5 429 0.120 0.210 0.210 452 0.199 0.2395 0.299b¢ 35.3
GPM 15.0t¢ 17.7¢ 2220 324 0.140 0.11a 0.300 55.0 0.219 0.269 0.330b¢ 36.8
™ 9.4abc 21.5¢ 30.00¢ 68.7 0.120 0.269 0.28¢ 58.9 0.189 0.299 0.43b¢ 58.7
MPP 120 13.00bed 22.99 94.7 0.140 0.269 0.399 65.4 0315 0.355 0.350b¢ 10.0
HT 12.00bc 15.7 bed 17.70 32.1 0.139 0.350 0.399 67.9 0.07¢ 0.084 0.249b¢ 71.4
GF 12.9abe 17.3¢ 19.50 34.1 0.099 0.179 0.410 77.8 0.199 0.289 0.425 54.2
Gl 10,10 13.3 abed 2129 526 0.140 0.350 0.579 76.3 0.10@ 0.299 0.45¢ 78.2
PMN 274 36.8¢ 45.8¢ 94.1 0.170 0.229 0.270 389 0.179 0.219 0.369¢ 524
GM 7.2abc 16.8¢ 453¢ 84.1 0.110 0.159 0.27¢ 61.1 0.050 0.149 0.310b¢ 83.3
K 5.9abe 9.7 abed 10.8% 453 0.150 0.350 0.399 615 0.07¢ 0.249 0.239 69.2
BSM 6.4.9bc 10.7 2039 68.5 0.110 0.249 0.399 73.1 0.169 0.129 0.289b¢ 437
PMK 17.0¢ 18.8¢ 28.7b¢ 407 0.089 0.159 0.530 85.8 0.199 0.249 0.369b¢ 476
PPK 6.30bc 13.5 abed 2210 713 0.130 0.42b 0.499 737 0.110 0.289 0.425 73.6
PHM 11,20 12.2 abed 28.66¢ 61.0 0.074 0.082 0.389 80.0 0.209 0.319 0.330bc 40.4
PPM 7.6abc 9.1 abc 12,99 412 0.119 0.189 0.270 61.1 0.159 0.149 0.249b¢ 38.1
GS 029 230 599 958 0.030 0.29 0.530 933 0.020 0.169 0.239 923
CH 7.0abc 10.8 abed 13.6% 483 0.120 0.269 0.23¢ 46.7 0.19 0.199 0.179 40.0
sB 210 11.30bed 26.009b¢ 91.9 0.150 0.269 0.29¢ 456 0.050 0.169 0.239 76.9

Mean value followed by the same letters in the same column and row of each parameter shows no significant differences based on the Duncan test at P< 0.05 and two-way ANOVA. Treatment was conducted using FTSW level 1 (control), 0.5
(moderate drought), and 0.2 (severe drought). Inc (%) shows increasing percentage from control condition to severe drought.

performance, as indicated by the reduction of plant height,
the number of tillers, chlorophyll content, shoot dry weight,
and root dry weight. These were inverse to the increase of
enzymatic antioxidant activity and leaf rolling score as a
response of each cultivar to severe drought conditions as
reported by Salsinha et al. (2020). In several cultivars,
although the physiological performance is decreased, the
resulting reduction is smaller than that in plants that express
relatively low enzymatic antioxidants.

Materials and Methods

Plant materials

The 19 rice (Oryza sativa) cultivars used in this study
consisted of 17 local rice cultivars from NTT including
PM_Pak Morin, SH_Shintara, GPM_Gogo Pulut Merah,
CM_Mapan, PM_Pak Mutin, HT_Hare Tora, GF_Gogo
Fatuhao, GJ_Gogo Jak, PMN_Padi Merah Noemuti,
GM_Gogo Metan, CK_Kisol Manggarai, BSM_Boawae 100
Malam, PMK_Padi Merah Kuatnana, PPK_Padi Putih
Kuatnana, PHM_Padi Hitam Maumere, PPM_Padi Putih
Maumere, and GS_Gogo Sikka with two control cultivars:
CH_Ciherang as drought susceptible cultivar and SB_Situ
Bagendit as a drought-tolerant cultivar.

Research location

This research was conducted at the Sawitsari Research
Station, Faculty of Biology, Universitas Gadjah Mada
(7°45'22"S,110°23'18"E with an altitude of 114 m above sea
level) during 2018 to 2019. The area has an average annual
rainfall of 243 to 348 mm with a temperature range
between 25 and 34 °C. The sun exposure ranged from ~4500
lux (in the morning) to ~53000 lux (during daylight) with
humidity, air pressure, and velocity of 87%—-88%, 995
millibars, and 0.8—-1 m/s, respectively.

Experimental design and cultivation treatments

Drought treatments performed using the FTSW (Fraction of
transpirable soil water) method (Serraj et al., 2008) with
three levels of treatments consisted of FTSW 1 (control),
FTSW 0.5 (moderate drought stress), FTSW 0.2 (severe
drought stress). Before the treatment of FTSW, each cultivar
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was grown under 100% field capacity (gravimetry method).
The calculation of total transpirable soil water (TTSW) was
performed after it reached the permanent wilting point
(indicated by stable pot and crop weight). The TTSW of each
cultivar calculated using PO (initial pot and plant weight at
100% field capacity) and Pi (pot and plant weight at the
permanent wilting point) with the formula:
TTSW = PO — Pi
To maintain the stability of each level of FTSW treatment,
the value of Pt (pot and plant weight at any given time) and
Wt (water amount that should be kept permanent for each
FTSW level) calculated using the formula:
Wt = FTSW level (1;0.5 or 2) x TTSW
Pt = PO — (TTSW — Wt)
Each germinated seedling (21 days after imbibition)
transferred into 1 kg of the individual plastic pot (with a
diameter of 15cm) contained soil and compost (with the
ratio of 3:1). The research design was carried out accordingly
to randomized complete block design with a total number of
the samples were 228 samples consisted of three levels of
drought treatments, 19 cultivars, and four replications). All
the cultivars should maintain each level of treatment after
seven days of acclimatization. The growth parameters were
measured at 49 days after planting (DAP), while the
physiological parameters were observed between 42-49
DAP.

Observation and variables evaluated

Growth parameters, including plant height, root length,
number of leaves, and tillers, were recorded at the end of
observation (49) DAP). Fresh weight and dry weight were
weighed with digital scales (ACIS, BC-500). All plant parts
were dried in an oven at 75 °C for four days to obtain the dry
weight. For pigments measurement, leaf samples were
crushed and extracted in 80% cold acetone. Chlorophyll
(Chla, Chlb, total Chl) and carotenoids content were
measured by using the Harborne method (1984) with a
spectrophotometer (GENESYS 10 UV Scanning, Thermo
Fisher Scientific) and expressed as mg g fresh weight (FW).
Proline content was determined spectrophotometrically
based on Bates et al. (1973) method using the calibration of
a proline standard curve. For antioxidant enzyme analysis,
samples from each plant were taken and homogenized in 50
mM potassium phosphate buffer (pH 7) containing one mM
and 1% (b/v) EDTA. Supernatants were used as enzyme
samples (Sunkar, 2010; Elavarthi and Martin, 2010). The



superoxide dismutase (SOD) activity was measured using the
method by Marklund and Marklund (1970). The absorbance
of the enzyme solution was measured with a
spectrophotometer at A325 nm. The enzyme activity was
expressed by 50% inhibition of pyrogallol autoxidation
activity within 3 mins. For catalase (CAT) activity, the
absorbance of the sample was measured at A240 nm for 2
minutes. This method was performed following Elavarthi and
Martin  (2010). The enzymatic activity of ascorbate
peroxidase (APX) was measured at A290 nm. The rate of
ascorbic oxidation reactions was calculated according to
Elavarthi and Martin (2010). Relative water content (RWC)
analysis was carried out following Mullan and Pietragalla
(2011) with several modifications. The leaf samples were
weighed as initial fresh weight (FW) and ddH,O was added
before incubation. The leaf pieces were weighed again to
determine the turgid weight (TW) and dried at 75 °C for 48
hours and reweighed to obtain the leaf sample dry weight
(DW).

FW = DW 1 00%
TW — DW 0

RWC (%) =
Data analysis
The significance of the data and the effect of FTSW
treatment on plant height, number of tillers, plant biomass
parameters of biochemical activity, and other enzymes (SOD,
APX, CAT) tested using two-way ANOVA. The analysis
continued with the Duncan test conducted at a 95%
confidence level. All data were analyzed statistically by using
IBM SPSS Ver. 20.0 (US). The accumulated data of plant
height, number of tillers, plant biomass parameters of
biochemical activity, and other enzymes (SOD, APX, CAT)
then subjected to principal component analysis (Mau et al.,
2019) using XLSTAT 2020 and MINITAB 19.0.

Conclusion

Under stress conditions, the mechanism of oxidative defense
was increased to ensure the tolerance of plants due to the
increase in ROS production. The drought tolerance of rice
cultivars was observed in various parameters such as the
higher content of Prolin and enzymatic antioxidant activities.
In this study, cultivars with high tolerance to drought stress
are Boawae 100 malam, Gogo Sikka, Kisol Manggarai, Hare
Tora, Gogo Pulut Merah, and Pak Morin, while Shintara, Padi
Merah Noemuti, Padi Hitam Maumere, and Padi Putih
Maumere considered as drought susceptible cultivars.
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