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Abstract

Drought is one of the main factors limiting rice (Oryza sativa L.) productivity
and has become an increasingly severe problem in many regions worldwide.
Establishing breeding programs to develop new drought-tolerant varieties re-
quires an understanding of the effect of drought on rice plants and the me-
chanisms of drought tolerance in rice. We conducted a pot experiment to ex-
plore growth characteristics, root plasticity, and stomatal conductance in six
rice varieties (DA8, Malagkit Pirurutong, Thierno Bande, Pate Blanc MNI1,
Kinandang Patong, and Moroberekan) in response to different drought stress
and re-watering conditions. Drought stress significantly depressed plant
growth, root size, and stomatal conductance in all experimental varieties.
These negative effects depended on both the variety and the severity of the
drought stress treatment. Under moderate drought stress (10 days after
drought treatment), growth was less influenced in roots than in shoots. In
contrast, there was an opposite trend under severe drought stress (15 days af-
ter drought treatment), with growth being more severely affected in roots than
in shoots. Rice plants recovered from drought stress in terms of dry matter
accumulation, root size, and stomatal conductance after re-watering; however,
the recovery pattern differed among varieties. DA8 exhibited the highest dry
weight accumulation and root size (root length, root surface area, root vo-
lume, fine root length, and thick root length) under well-watered, drought
stress, and re-watering conditions. Kinandang Patong showed the highest re-
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covery ability in dry matter accumulation, root length, root surface area, and
stomatal conductance after re-watering. Malagkit Pirurutong expressed the
poorest recovery ability in dry matter accumulation after re-watering. These
three varieties might be selected for further experiments focusing on the me-
chanisms of drought tolerance and recovery ability in rice.
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1. Introduction

In irrigated lowland rice, water is supplied to satisfy crop requirements during
the growth period. Plant water deficit occurs when the crop water demand ex-
ceeds supply. Drought is defined as a period when moisture availability is insuf-
ficient for maximum or potential growth of crops. In rain-fed ecosystems,
drought is the major obstacle to rice production. Developing varieties resistant
to drought is considered a promising approach to increase rice yields in
drought-prone environments. However, this approach requires an understand-
ing of rice plant responses to drought and the mechanisms of drought tolerance
in rice.

A number of comprehensive reviews of drought response in rice have been
published [1] [2] [3] [4]. Rice adapts to drought stress through the induction of
various morphological, physiological, and biochemical responses. Drought res-
ponses may be highly variable depending on the severity, duration, and timing
of drought stress as well as the characteristics of different varieties [5].

The growth and development of leaves, stems, and roots can be severely af-
fected by water stress. Drought stress leads to decreased numbers of leaves, re-
duced leaf elongation, leaf rolling, discoloration in green leaves, and the promo-
tion of leaf death [6] [7] [8]. Leaf stomata are particularly sensitive to drought
stress. Leaf stomatal conductance decreases sharply with decreases in leaf water
potential [9], reducing photosynthesis and radiation-use efficiency rates.
Drought severely affects plant growth and development, with substantial reduc-
tions in crop growth rate and biomass accumulation [10]. These responses re-
duce dry matter production and eventually grain yield.

Rice is a shallow-root crop susceptible to drought. Because plants acquire wa-
ter from the soil, root growth, density, proliferation, and size are key factors in
drought stress resistance [11]. The ability of plants to change their root mor-
phology [12] and physiological functions [13] in response to fluctuations in en-
vironmental conditions, known as root plasticity, may play an important role in
plant adaptation to various intensities of drought stress in rice [14]. O’Toole and
Chang [15] found that rice varieties with longer and thicker roots were more

drought-resistant than those with shorter and thinner roots. In another study,
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rice varieties with deeper root systems were found to be better adapted to drier
conditions [16].

The ability of a plant to recover following drought stress is also considered an
important trait determining rice grain yield [17] [18]. Some researchers have
suggested that drought recovery ability is more important than drought toler-
ance [19]. The ability to recover from desiccation during vegetative growth is an
important factor affecting the productive capacity of rice [20].

The objective of the present study was to analyze the responses of different
rice varieties in terms of dry weight accumulation, root morphology, and sto-

matal conductance under different drought stress and re-watering conditions.

2. Materials and Methods

2.1. Materials and Experimental Design

From the previous screening at seedling stage using 172 rice varieties [21], we
selected two drought-tolerant varieties (DA8 and TheirnoBande) and two
drought-sensitive varieties (Malagkit Pirurutong and Blanc MN1) for this expe-
riment. In addition, two other varieties (Kinandang Patong and Moroberekan)
were used as the check varieties in this experiment. We assigned various codes to
six rice varieties from different ecological regions including DA8 (Bangladesh:
V1), Malagkit Pirurutong (Philippines: V2), Thierno Bande (Senegal: V3), Pate
Blanc MN1 (Ivory Coast: V4), Kinandang Patong (Philippines: V5), and Moro-
berekan (Guinea: V6). We then performed a pot experiment in a greenhouse at
the Faculty of Agriculture, Kyushu University, Japan (33°37'N, 130°25'E; 3 m
above sea level) in summer 2015. The experiment was conducted in a rando-
mized complete block design with three replicates.

The air temperature and humidity within the greenhouse were measured us-
ing a TR-72wf Thermo Recorder (T & D Corporation, Matsumo, Japan). Soil
temperatures during the control and drought trials were recorded using a
TR-71U Thermo Recorder (T & D Corporation). Soil moisture content was
measured with a EC 5 soil moisture sensor (Decagon, Pullman, WA, USA); these
data were calibrated and converted to soil moisture content (% water weight/fresh
soil weight).

For this experiment, we used Futsukaichi soil (sandy loam), which was origi-
nally komatsuna-cultivated soil but was sampled and stored for a long period in
the laboratory. The water-holding capacity of the soil was 47.8%. We prepared
the soil by adding 3.0 kg of air-dried Futsukaichi soil (13% moisture content) to
each 1/5000 Wagner pot. To each pot, we applied fertilizer as follows: 0.2 g N +
0.2 g P,O; + 0.2 g K,O. Fertilizer was applied 2 days before the sowing day.

2.2. Drought Treatments

Drought treatments were started 4 weeks after sowing by withdrawing the water
from drought treatment pots while retaining a water level of 1 - 2 cm above the

soil surface in control pots (well-watered). The drought treatments were divided
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into two levels: moderate drought and severe drought, with drought periods of
10 and 15 days, respectively. After the drought treatment, plants were re-watered

to permit recovery.

2.3. Sampling and Measurement

Stomatal conductance (gs) was measured from 10:00 to 13:00 every 5 days dur-
ing the drought treatment stage and 3 days after re-watering at the second from
the top expanded leaves using a leaf porometer (Decagon). In this experiment,
there were five sampling times including: 1:1 day before drought treatment; 2:10
days after drought treatment (moderate drought); 3:15 days after drought treat-
ment (severe drought); 4:7 days after re-watering following moderate drought;
and 5:7 days after re-watering following severe drought.

For each sampling time, we collected one plant from each variety in each rep-
licate. Leaves and stems were detached, dried at 70°C for 48 hours, and then
analyzed for leaf dry weight and stem dry weight. Root morphological traits (to-
tal length, surface area, volume, and diameter) were analyzed using the Win
RHIZO system (Regent Instruments, Quebec City, Canada), which interacts
with the image scanner. The roots were grouped into diameter classes (fine
roots: diameter < 0.3 mm, thick roots: diameter > 0.3 mm) following a method
used in previous studies [22] [23]. After morphological analysis, root samples

were dried at 70°C for 48 hours and then root dry weight was measured.

2.4. Statistical Analysis

Analysis of variance was used to test for differences, and Tukey’s test was used to
determine significant differences at the 5% probability level using STAR soft-
ware (IRRI, 2013).

3. Results

3.1. Climate Data and Soil Moisture Content

During the experimental period, air temperature and soil temperature in all
treatments remained stable, from 25°C to 30°C; relative humidity fluctuated
from 60% to greater than 80% (Figure 1). At later stages of the experiment, the
soil temperature in the drought trial was slightly higher than that in the control
trial.

Soil moisture content (%) decreased dramatically following drought treat-
ment. At 1 day after drought treatment, soil moisture had decreased to 28%. A
sudden decrease in soil moisture content occurred from 2 to 5 days after drought
treatment and then soil moisture gradually decreased until the end of the
drought treatment. The soil moisture content of varieties V1, V2, and V3 de-
creased more rapidly than that of V6, V4, and V5 (Figure 1). The soil moisture
content fell to approximately 15% at 10 days after drought treatment (moderate

drought) and 13% at 15 days after drought treatment (severe drought).
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Figure 1. Environmental characteristics and soil moisture content for each variety
through experimental time. SMC: Soil Moisture Content (% water weight/fresh soil
weight).

3.2. Leaf Dry Weight Accumulation

Leaf dry weight (LDW) data for the experimental varieties under well-watered,
drought stress, and re-watering conditions are presented in Table 1. Before the
drought treatment, there was no significant difference in LDW between experi-
mental varieties, although the absolute values of V1 and V3 were higher than
those of other varieties. At later stages of the experiment, however, a significant
difference between varieties in LDW accumulation was observed under both
control (well-watered) and drought conditions. Under well-watered conditions,
V1, V2, and V3 generally retained a higher LDW than did other genotypes.
Drought stress significantly decreased the LDW of all varieties in comparison
with control conditions throughout the experimental period. However, this pat-
tern of decrease occurred at different rates between varieties. At moderate
drought stress, V1 accumulated more LDW (2.12 g-plant™) than other varieties,
significantly higher than that of V2 (1.31 g-plant™), which exhibited the lowest
LDW among the varieties. Under severe drought stress, V1 and V3 demonstrat-

ed the greatest ability to accumulate LDW, at 2.32 g-plant™ and 2.18 g-plant™,
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respectively. Under severe drought stress, V4 accumulated the lowest LDW (on-
ly 1.45 g LDW plant™) in comparison with other varieties. During the recovery
period, there were no significant differences in LDW for either moderate

drought or severe drought conditions.

3.3. Stem Dry Weight Accumulation

Table 2 shows the stem dry weight (SDW) data for experimental varieties in
different conditions. Before drought treatment, the SDW of V4 (0.95 g-plant™)

was lower than that of all other varieties. Differences in SDW between varieties

Table 1. Leaf dry weight (g-plant™) of varieties under different conditions.

Varieties
Treatments
V1 V2 V3 V4 V5 V6
BDT 1.95, 1.28, 1.95, 1.18, 1.39, 1.24,
Control 3.75", 3.02", 312, 2.25°, 2657, 2817,
MD
Drought 2.12, 1.31, 1.86,, 1.64,, 1.72, 1.84,,
Control 4.317, 3.70%, 3.38",. 2.79', 3.05 4 2.94
SD
Drought 2.32, 1.76, 2.18,, 1.45, 1.65;, 1.84,.
Control 3.81°, 3.43", 3.33" . 2.67", 2.89,. 2.94",.
RMD
Recovery 1.64, 1.04, 1.45, 1.32, 1.55, 1.46,
Control 3.97", 3.88",, 3.88",, 2.87", 3.27". 3.33"
RSD
Recovery 0.29, 0.39, 0.53, 0.55, 0.61, 0.42,

BDT: Before Drought Treatment; MD: Moderate Drought; SD: Severe Drought; RMD: Recovery from
Moderate Drought; RSD: Recovery from Severe Drought; "Significant difference between control and
drought conditions in the same variety at p < 0.05; Means with the same letter are not significant difference
between varieties under the same condition at p < 0.05 by Tukeys’s HSD Test (2= 3).

Table 2. Stem dry weight (g-plant™) of varieties under different conditions.

Varieties
Treatments
V1 V2 V3 V4 V5 V6

BDT 1.68, 1.30,, 1.64, 0.95, 1.27,, 1.09,,
Control 479, 3.82%, 417, 2537, 3.457, 3.427,

MD
Drought 2.71, 2.34, 252, 1.77, 2.01,, 1.98,,
Control 8.90", 6.29%, 5.62, 433", 517", 517",

SD

Drought 2.42° 1.82%® 2.40° 1.43° 1.67° 1.73°
Control 7.55%, 5.84", 6.49", 3.78"4 4.53", 4.80",

RMD
Recovery 2.85, 222, 2.89, 2.01, 2.59,, 242,
Control 9.81°, 7.27" 7.66", 4.47", 5.98" 4 5.93"4

RSD
Recovery 2.07, 1.85,, 1.87, 1.42, 1.70,, 1.64,,

Foot notes: Same to Table 1.
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under well-watered conditions were observed throughout the later stages of the
experiment, where V1 always accumulated the highest SDW under well-watered
conditions and V4 the lowest.

Similar to the pattern observed in LDW (Table 1), SDW was decreased sig-
nificantly under drought stress compared with that under control conditions. At
moderate drought stress, V4 showed the lowest SDW value (1.77 g-plant™); there
was no significant difference in SDW among other experimental varieties, de-
spite the fact that V1 retained the highest absolute value at 2.71 g-plant™. Inte-
restingly, there were no significant differences in SDW between varieties under
severe drought treatment, despite higher absolute values in V1 and V3. After 7
days of re-watering following moderate drought, V2 and V4 accumulated lower
amounts of SDW than did other varieties. The SDW values for these varieties
were only 2.22 g-plant™ and 2.01 g-plant™, respectively. After 7 days of re-watering
following severe drought, there was no significant difference in SDW accumula-
tion between varieties, although V1 had the highest absolute value, at 2.07
g-plant™.

3.4. Root Dry Weight Accumulation

Before drought treatment, the root dry weight (RDW) values of V3 (0.50
g-plant™) and V1 (0.40 g-plant™) were significantly higher than those of other
varieties (Table 3). Similarly, under control conditions in later stages of the ex-
periment, V1 and V3 consistently accumulated higher RDW than did other ex-
perimental varieties. However, in the last sampling, there was no significant dif-
ference in RDW between varieties under control conditions.

Moderate drought stress significantly depressed RDW accumulation in V1,
V2, and V3, but not in V4, V5, and V6 in comparison to control conditions.

However, during the stage of recovery from moderate drought stress, the RDW

Table 3. Root dry weight (g-plant™") of varieties under different conditions.

Varieties
Treatments
V1 V2 V3 V4 V5 Vé6
BDT 0.40,, 0.21, 0.50, 0.13, 0.21, 0.16,
Control 2,64, 1.77 4 2.33°, 1.27, 1.77 4 1.84,,
MD
Drought 1.74, 1.38, 1.68, 1.28, 1.43, 1.63,
Control 4.66", 3.95, 3.83", 3.08", 3.31% 3.51%
SD
Drought 1.30, 1.37, 1.25, 1.24, 1.32, 1.40,
Control 410", 3.63y 452", 3.34°, 3.13", 3.96",
RMD
Recovery 2.33, 1.68, 2.15,, 1.71, 2.07, 2.10,,
Control 5.60°, 4.74", 532, 432", 4.02°, 5.14",
RSD
Recovery 1.43, 1.22, 1.42, 1.03, 1.15, 1.41,
Foot notes: Same to Table 1.
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values of all varieties in the drought treatment group were significantly lower
than those in the control group. The RDW values of V2 (1.68 g-plant™) and V4
(1.70 g-plant™) at 7 days of re-watering following moderate drought were lower
than those of other varieties. The RDW values of all varieties under severe
drought stress were significantly reduced compared with those under control

conditions, and this pattern continued after re-watering.

3.5. Drought/Control Ratios for Dry Weight Accumulation

Under moderate drought stress, the RDW drought/control ratio of experimental
varieties was higher than those for LDW and SDW. In contrast, under severe
drought stress, the LDW and SDW drought/control ratios were higher than the
RDW ratios (Figure 2).

Under moderate drought stress, the total dry weight (TDW) drought/control
ratio in V4 was higher than those of other varieties. LDW was more severely af-
fected in V2 under moderate and severe drought stress than in other varieties. At

7 days of re-watering following moderate drought, V5 expressed the highest dry
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Figure 2. Drought/control ratios for Leaf Dry Weight (LDW), Stem Dry Weight (SDW); Root Dry Weight (RDW) and Total Dry
Weight (TDW) of varieties under different conditions. MD: Moderate Drought; SD: Severe Drought; RMD: Recovery from Mod-
erate Drought; RSD: Recovery from Severe Drought; Means with the same letter are not significant difference between varieties
under the same condition at p < 0.05 by Tukeys’s HSD Test (22 = 3).
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weight accumulation (in leaves, stems, and roots) recovery/control ratios among
the varieties, whereas V2 exhibited the lowest ratios. At 7 days of re-watering
following severe drought, the dry weight recovery/control ratios of all varieties
were only approximately 0.2, and there were no significant differences between

varieties.

3.6. Root Morphology under Well-Watered, Drought, and
Re-Watering Conditions

Root morphological characteristics such as total root length (RL), root surface
area (RSA), root volume (RV), root diameter (RD), fine root length (FRL), and
thick root length (TRL) are shown in Figures 3-7.

Before drought treatment, there were no significant differences in RL between
varieties. In later stages, under well-watered conditions, V1 and V3 expressed
higher RL values than other varieties (Figure 3). RL values were significantly
lower in drought stress treatments than in control treatments. Interestingly, un-
der moderate drought and severe drought stress, there were no significant dif-
ferences in RL between varieties. However, a significant difference in RL be-
tween varieties was observed after re-watering. During the recovery stage fol-
lowing moderate drought, the RL values of V1, V3, and V5 were higher than
those of other varieties, whereas V2 expressed the lowest RL value. Similarly, the

V2 RL value was lower than those of other varieties during recovery from severe

drought.
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Figure 3. Total root length of varieties under different conditions. BDT: Before Drought Treatment; MD: Moderate Drought; SD:

Severe Drought; RMD: Recovery from Moderate Drought; RSD: Recovery from Severe Drought. “Significant difference between
control and drought conditions at p < 0.05; Means with the same letter are not significant difference between varieties under the
same condition at p < 0.05 by Tukeys’s HSD Test (22 = 3).
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Under control conditions, V1 and V3 RSA values were generally higher than
those of other varieties during the study period. Similar to the trend observed in
RL, RSA values were significantly depressed under drought stress compared with
those under well-watered conditions (Figure 4). Under moderate drought stress,
the RSA values of V1, V3, and V6 were higher than those of V2, V4, and V5.
Under severe drought stress, V5 showed the lowest RSA value among all varie-
ties. During recovery following moderate and severe drought stress, the RSA
value of V4 was lower than those of other varieties (Figure 4).

RV values under different treatments are illustrated in Figure 5. Under con-
trol conditions, V1 always presented higher RV values than the other varieties
did. Moderate and severe drought stress significantly decreased RV values in
comparison with those under control conditions. Under moderate drought
stress, V2 and V4 had the lowest RV among varieties. Under severe drought
stress, there were no significant differences in RV between varieties. The RV
values recovered after re-watering following moderate drought stress. At 7 days
of re-watering following moderate drought, the RV value of V1 was highest
(32.96 cm’/plant), and V2 and V4 exhibited the lowest RV values (20.73
cm’/plant and 21.37 cm®/plant, respectively) compared to other varieties.

Before drought treatment, the RD value of V1 was higher than those of other
varieties (Figure 6). Moderate drought stress led to decreased RD values in V2
and V5, but increased RD values in V6 and no significant differences among
other varieties. Severe drought stress significantly decreased RD values in V1,
V2, and V5 compared to those under control conditions. Under moderate
drought stress, the RD of V1 was highest, and V2 and V4 showed lower RD val-
ues than all other varieties. However, there were no significant differences in RD
between varieties under severe drought stress. At 7 days of re-watering following
moderate drought, the RD values of V1, V3, and V6 were significantly higher
than those under control conditions. In contrast, the RD values of V1, V3, V5,
and V6 at 7 days of re-watering following severe drought remained significantly
lower than those in control conditions (Figure 6).

FRL values for different treatments are presented in Figure 7(a). There were
no significant differences in FRL among varieties before drought treatment. In
the later stages of the experiment, V1 and V3 generally showed higher FRL val-
ues under well-watered conditions than did other varieties. Moderate drought
stress significantly decreased FRL in all varieties except V4 and V5. Under severe
drought stress, the FRL values of all varieties significantly decreased compared to
those under well-watered conditions. There were no significant differences in
FRL among varieties under moderate and severe drought stress. During recovery
from moderate drought, FRL values were lower in V2 and V6 than in other va-
rieties. Similarly, the FRL of V2 during recovery from severe drought was lowest
among all varieties (Figure 7(a)).

The TRL values of V1 and V3 under control conditions were consistently
higher than those of other varieties during the study period (Figure 7(b)).
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Moderate drought stress significantly decreased TRL values in V1, V3, and V6,
but not in other varieties. However, severe drought stress significantly reduced
the TRL of all varieties in drought treatments compared to those under control
conditions. There were no significant differences in TRL among varieties under
moderate and severe drought stress. During recovery from moderate and severe
drought stress, however, V2 exhibited the lowest TRL values compared to those
of other varieties (Figure 7(b)).

Figure 8 shows the drought/control ratios for root morphology measure-
ments of the varieties under different conditions. The development of the root
system was depressed under drought stress, and this negative effect was stronger
under severe drought than under moderate drought. Under moderate drought
stress, the drought/control ratios for RL, RSA, RV, FRL, and TRL were lowest in
V1, and highest in V4. Under severe drought stress, however, the drought/control
ratios for RL and FRL of V4 were lowest compared to other varieties. V5 showed
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root length (FRL) and thick root length (TRL) of varieties under different conditions. Foot notes: Same to Figure 2.

the highest recovery/control ratios for RL, RSA, RV, LRL, and TRL during re-

covery following moderate drought.

3.7. Stomatal Conductance under Different Conditions

In plants, stomata control CO, uptake and water transpiration rates, thereby
playing an important role in drought tolerance mechanisms in rice. To explore

stomatal responses under drought stress and re-watering conditions, we meas-

DOI: 10.4236/ajps.2017.812215

3201 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2017.812215

D. C. Dienetal.

ured stomatal conductance (gs); these data are presented in Figure 9. Under
control (well-watered) condition, the highest gs values were exhibited in V1 and
the lowest in V5. In all varieties, gs values at 5 days after drought treatment
(DAD) and 10 DAD were significantly lower than those under control condi-
tions. At 5 DAD, V5 showed the highest gs value (106.6 mmol-m>s™') compared
to other varieties, whereas the lowest gs was expressed in V2 (31.5 mmol-ms™").
At 10 DAD, V4 and V6 showed higher gs values than other varieties, and the gs
of V3 was lowest. At 3 days of re-watering following moderate drought (3
DRMD) and 3 days of re-watering following severe drought (3 DRSD), the gs
values of all varieties were significantly higher than those under drought stress
conditions. There were no significant differences in gs among varieties at 3
DRMD. At 3 DRSD, however, the V5 gs value was higher than those of other va-

rieties (251.5 mmol-m*s™).

4. Discussion

In this study, we evaluated the effects of different drought stress conditions on
the growth characteristics of six rice varieties in terms of dry weight accumula-
tion, root morphology, and stomatal conductance. We also evaluated the recov-
ery ability of the varieties in response to re-watering after drought. Varieties
were cultivated in pots of the same size and irrigated with the same amount of
water before drought treatment. After drought treatment, soil moisture content
decreased significantly in all varieties. However, the pattern of decreasing soil

moisture content differed slightly between varieties (Figure 1). These differences
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Figure 9. Stomatal conductance (gs) of experimental varieties under different conditions. DAD: Days After Drought Treatment;
DRMD: Days after Re-watering from Moderate Drought; DRSD: Days after Re-watering from Severe Drought. Means with the

same letter are not significant difference between varieties under the same condition at p < 0.05 by Tukeys’s HSD Test (1= 3).
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can be explained by the diversity in phenotypes among varieties. Tables 1-3
show that V1 (DAS8 variety) and V3 (Thierno Bande) generally had higher LDW,
SDW, and RDW values than did other varieties under well-watered conditions.
These results suggest that these varieties possess larger leaf canopies and root
systems.DA8 and Thierno Bande also exhibited higher values for root size cha-
racteristics than other varieties under well-watered conditions, particularly dur-
ing later stages of the study period (Figures 3-7). Consequently, plants of the
DAS and Thierno Bander varieties were capable of greater water absorption, al-
lowing them to retain higher transpiration rates than other varieties. This may
explain the more rapid decrease in soil moisture content in DA8 and Thierno
Bandepots, compared to those of other varieties.

This study showed that dry weight accumulation in the leaves, stems, and
roots of all six varieties was significantly reduced under drought conditions.
However, the effects of drought on root and shoot (leaves and stems) parts were
not equal. Previous studies have suggested that, under water-limited conditions,
the root to shoot ratio increases [24] [25] [26] [27] because root growth is fa-
vored over shoot growth [26]. In this experiment, we found that the effects of
drought on root and shoot development depended on the severity of drought
stresses as well as the variety. Root dry weight was less affected than that of
shoots under moderate drought; in contrast, roots were more severely affected
than shoots under severe drought (Tables 1-3 and Figure 2). Under drought
stress conditions, DA8 generally expressed higher dry weight accumulation than
other varieties in the leaves, stems, and roots. In contrast, V2 (Malagkit Piruru-
tong) showed the lowest LDW accumulation values under moderate drought
conditions, with only 1.31 g-plant™.

Recovery ability following drought stress also plays an important role in rice
development [17]. Malabuyoc et al [20] suggested that recovery ability after
drought stress during the vegetative stage was important in determining the
production capacity of rice. In our experiment, V5 (Kinandang Patong) showed
the highest recovery ability in dry matter accumulation in stems, shoots, and
roots after re-watering following moderate drought. Malagkit Pirurutong
showed the poorest recovery ability among all varieties in terms of dry weight
accumulation (Figure 2).

Root system morphology is an important trait determining drought resistance
in rice. To adapt to water-limited conditions, rice roots undergo morphological
and anatomical changes [28]; in particular, root growth becomes restricted [29].
The ability to remain and/or develop the root system in response to drought
stress reflects phenotypic plasticity. Under drought conditions, total root length,
root surface area, and root volume were considerably reduced in all varieties.
The results of our experiment are consistent with those of previous studies [29],
which have indicated that larger root systems (deeper root length, higher root
surface area, and root volume) are important for drought tolerance in rice [30].

Rice root characteristics are significantly correlated with water uptake capacity
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[31]. In this study, the DAS8 variety had the highest RL, RSA, RV, and RD values
among all varieties. Kinandang Patong showed the highest recovery ability in
terms of RL and RSA during the recovery stage following moderate drought.

Under water-limited environments, the initial response of a plant is to prevent
the decline in water content in its tissues by balancing the rates of water uptake
and water loss, a stress avoidance strategy [32]. Stomatal closure is the imme-
diate and short-term mechanism that plants employ in response to potential
water loss [33]. The results of our experiment show that thegs was significantly
decreased in all varieties under drought stress conditions. At 5 DAD, Kinandang
Patong showed the highest gs value (106.6 mmol-m *s™"), while the lowest value
was observed in Malagkit Pirurutong (31.5 mmol-m™>s™"). The gs value recov-
ered after re-watering following drought stress. The Kinandang Patonggs value
(251.5 mmol-m*s™") was higher than those of all other varieties at 3 DRMD.
Thus, Kinandang Patong expressed the highest gs recovery ability after
re-watering following drought stress.

5. Conclusion

DAS exhibited the greatest dry matter accumulation and root system develop-
ment under well-watered, drought stress, and recovery conditions. Kinandang
Patong expressed the highest recovery ability during re-watering, in terms of dry
weight accumulation, root morphology, and stomatal conductance. Malagkit
Pirurutong was observed to be drought-sensitive, having the lowest recovery
ability after re-watering. These three varieties will be selected for further study,

focusing on the mechanisms of drought tolerance and recovery ability in rice.
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