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Abstract

Drought-flood abrupt alterations (DFAA) is a condition in drought season when sudden rain inundate rice plants. These events
are due to the high frequency of extreme climate events that might pose a threat to rice productivity. DFAA causes cumulative
stress on rice which affects crop growth and alters dry matter accumulation. This study aims to understand the effect of DFAA
to dry matter accumulation by assessing six rice varieties under DFAA. Three treatments were provided such as continuously
irrigated as non-water stress (NS) as a control; drought to water stress -35 kPa (DFAA1) followed by sudden flood; drought to
severe water stress -70 kPa (DFAA2) followed by abrupt floods; repeated until harvest. The study found that the alteration of
dry matter accumulation was determined by root length, root weight, shoot length and shoot weight. Only varieties that are
able to increase root depth under water stress fluctuation will be able to maintain the yield. The results of study showed that
root depth was positively correlated with shoot length (r = 0.68), shoot weight (r = 0.62), root weight (r = 0.57), percentage of
filled grain (r = 0.55) and number of filled grain per hill (r = 0.49). Shoot length was positively correlated with shoot weight (r =
0.83), root weight (r = 0.75) and the number of filled grain (r = 0.62), while shoot weight was only positively correlated with root
weight (r = 0.88). This means that only root depth and shoot length can increase the seed setting rate and the number of filled
grains per hill. Furthermore, at DFAA2, the percentage of filled grain was highest in Sipulo followed by Bo Santeut, Sanbei,
Towuti and Situ Patenggang, which mean that varieties with deeper and heavier root dry weight can maintain higher yields than
shallow and low root dry weight. The result of the study may allow to select rice varieties that are resistant to multilevel water-
stress and able to maintain the potential yield, by looking at root depth, root dry weight, and through their grain yield in
general. These traits could become key indicators for resistance to DFAA stress in rice. It is also necessary to pay attention to
the fluctuation of soil water content in critical phases, especially in the reproductive phase and grain filling.

Keywords: abrupt; climate change; drought; flooded; soil water potential; yield.
Abbreviations: DAP_days after planting; DFAA_drought-flood abrupt alternation; NS_non-stress

Introduction

Rice is a plant that is strongly influenced by causes differences in water use of leaves, which affect
environmental factors (Upadhayaya and Panda, 2019). rice modelling and production. This accumulative stress
These factors are exacerbated by climate change that causes change in the photosynthetic properties of
causes frequent extreme climate events (IPPC, 2014), plants, especially rice (Zhu et al., 2019). These extreme
namely drought-flood abrupt alteration (DFAA) in which climate events often destroy planted areas (Zhang et al.,
drought and floods often occur simultaneously, causing 2015) and threaten agricultural production (Dong et al.,
plants to experience accumulated stress (Gao et al., 2011). Drought, especially followed by inundations,
2019; Xiong et al., 2020; Zhu et al., 2020). The DFAA reduces dry matter production, even in drought
causes photosynthetic inhibition after soil moisture resistant varieties (Suralta et al., 2010).

fluctuation stress. This DFAA stress at the heading A change in rainfall patterns is another type of
causes differences in air pressure on leaves which environmental stress (Khalil et al., 2020), in which
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causes a negative effect on crop production (Bano et al.,
2020; Gautam et al., 2020). The physiology of rice leaves
can be affected by rewatering after drought stress
(Xiong et al., 2018). Drought followed by flood can
increase the number of panicles and decrease the level
of seed setting rates in rice (Xiong et al.,, 2020).
Furthermore, it also causes rooting activity to increase
and mitigate the effects of inundation (Xiong et al.,
2018). Rice is a semi-aquatic plant that requires
sufficient water (Upadhayaya and Panda, 2019; IPPC,
2014) where a lack of water affects rice production
(Kumar et al., 2020).

Furthermore, drought condition causes physiological,
morphological and biochemical changes in rice (Pandey
and Shukla, 2015) that potentially threatens world rice
production (Wassman et al., 2009). Extreme climate
change is a threat to food security, and the effects of
climate change on rice production must be reduced
(Mukamuhirwa et al., 2019). Drought has a negative
effect on growth and development of rice because. It
decreases photosynthetic rate (Oh-e et al., 2007) and
the quality of rice (Mukamuhirwa et al., 2019). Overall,
rice production is significantly influenced by climate
change (Korres et al., 2016).

Simultaneously, drought affects grain quality (Chen et
al., 2020) and has a negative effect on rice growth and
development (Huang et al., 2018). In dry conditions,
drought affects starch accumulation in grains (Prathap et
al., 2019), even the yields of super rice become 2.0 to
2.9 t ha! (Marcaida et al., 2014). Meanwhile, sensitive
drought varieties such as IR 64 have a significant change
in starch accumulation in the grain under water-stress
conditions (Prathap et al., 2019). Water stress causes
changes in dry matter accumulation (Gao et al., 2018)
and the partition of starch grains (Duan et al., 2020).
Meanwhile, soil moisture fluctuation stress changes the
photosynthetic properties of rice (Zhu et al., 2020).
Indeed, the resistance of rice to water stress depends on
the accumulation of dry matter and starch partitions in
the grains (Kumar et al., 2006). Furthermore, drought
induces increased antioxidant capacity (Nahar et al.,
2018). However, under stress conditions, grains have a
higher nutritional value (Mukamuhirwa et al., 2019).
Several studies have shown that sudden flooding after a
drought causes lower growth and yield (Gao et al., 2019;
Shao et al., 2015) and affects the rate of photosynthesis
(Lu et al., 2016; 2017; Zhu et al., 2019).

The purpose of this study is to determine the effect of
soil moisture fluctuation stress on six rice varieties that
experience multi-stages soil moisture fluctuation stress
and to determine the accumulation of dry matter based
on root, shoot length, shoot, root weight, root to shoot
ratio, number of filled grains per panicle, seed setting
rate, number of filled grains per hill and the harvest
index.

Results and discussion

The interaction effect of soil moisture fluctuation
stress and variety on root length, shoot length, shoot
weight, root weight, root to shoot ratio, the number of
filled grains per panicle, seed setting rate, the number
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of filled grains per hill and the harvest index can be
seen in Table 1.

There was a decrease in root depth with different
levels of reduction in each variety when compared to
non-stress condition, when the drought-flood abrupt
alteration (DFAA) repeatedly occurred until harvest,
both in DFAA1 (drought up to -35 Kpa and then abrupt
inundation) and DFAA2 treatments. Furthermore,
when drought stress induced by the dropping soil
water potential to -70 kPa followed by abrupt
inundation (in DFAA2), root length and shoot length
were highest in Sipulo, followed by Bo Santeut and
Sanbei (test varieties), which were longer than Situ
Patenggang and Towuti (positive control of water-
stress-tolerant varieties). This is in line with the
research results of Kumar et al. (2020) and Wang et al.
(2010). The weight differences in shoot and root in the
six studied varieties was at various levels of soil
moisture fluctuation stress. In DFAA2, the highest
shoot weight was found in the Sipulo variety, followed
by Bo Santeut and Sanbei which were higher than
Towuti, Situ Patenggang; and IR 64 (the negative
control of sensitive water-stress variety) (Prathap et
al., 2019; Swapna et al., 2017; Kumar et al.,, 2020;
Nahar et al., 2018).

Likewise, the highest root weight was found in Sipulo,
followed by Bo Santeut and Sanbei compared to IR 64,
Towuti and Situ Patenggang. These higher root and
shoot weights indicated that the amount of partition
of dry matter in those three local varieties was greater
compared to the check varieties. Furthermore, the
highest root to shoot ratio was found in Bo Santeut,
followed by Situ Patenggang, IR 64, Sipulo, Sanbei and
Towuti. This shows that the distribution of carbon in
the roots and shoots is varied between varieties. This
is in line with the research results of Korres et al.
(2017). Furthermore, under water-stress conditions,
plant genotypes have varied growth rates between
varieties. This was also in line with the research results
of Chutipaijit et al. (2016). Moreover, response of
plant morphology to drought was seen in growth.
Growth can be in the form of dry matter accumulation
in the roots and canopy. Meanwhile, for yields, there
was a decrease in the yield component under different
soil moisture fluctuation stress. The number of filled
grains of rice decreased in all varieties, except in Situ
Patenggang and Sipulo which showed an increase
under DFAA2. This is due to the ability of Situ
Patenggang variety (the positive control of water-
stress-tolerant variety) to accumulate starch in grains
under water-stress conditions, which is the
characteristic of drought-tolerant varieties (Kumar et
al.,, 2020). Meanwhile, under DFAA2 conditions, the
lowest number of filled grains per hill was in the
Sanbei variety. Furthermore, the seed setting rate was
decreased in all varieties as water stress increased.
However, under DFAA2 condition, the highest seed
setting rate was observed in Sipulo, followed by Bo
Santeut and Sanbei, which were higher than Towuti
and Situ Patenggang as the positive control of water-
stress-tolerant varieties.

The ability of local varieties — Sipulo, Bo Santeut and
Sanbei — to accumulate starch under conditions of



severe water stress is in line with the research results
of Kamarudin et al. (2018). There was an increase in
the harvest index for tolerant local varieties and a
decrease in the harvest index for sensitive genotypes
such as IR 64 under water-stress conditions. However,
the number of filled grains of rice decreased in all
varieties at various levels of water stress. In DFAAL,
the lowest decrease of number of filled grains was in
Sipulo, followed by Towuti, Sanbei, Situ Patenggang
and Bo Santeut. The largest decrease in the number of
filled grains of rice was found in IR 64 which is a water-
stress-sensitive variety (Kamarudin et al., 2018; Nahar
et al,, 2018; Liu et al., 2011). Meanwhile, in DFAA2, the
highest number of filled grains of rice were in Situ
Patenggang, followed by Sipulo, Bo Santeut and
Sanbei.

The harvest index was decreased with increased soil
moisture fluctuation stress. In DFAA1, the highest
reduction rate was in IR 64, followed by Bo Santeut.
Meanwhile, in the same situation, for Situ Patenggang,
Sanbei, Sipulo and Towuti there was an increase in the
harvest index. This was because in DFAA1 conditions,
the average content of starch was increased due to
water-stress conditions. There was an increase in the
accumulation of starch to grain, but the accumulation
of dry matter to the shoot in the form of leaves in the
vegetative and reproductive phases decreased in
water-stress conditions. This is in line with the
research results of Zhang et al. (2009). Drought can
increase the weight of filled grains due to higher starch
accumulation. However, there were also studies that
reported a decrease in starch in drought conditions
(Zhu et al., 2017). Meanwhile, in DFAA2, the harvest
index was decreased in Towuti, Situ Patenggang, IR 64,
Sanbei and Bo Santeut.

However, in DFAA2, for Sipulo, the number of filled
grains and seed setting rate was higher when
compared to other varieties. This shows that Sipulo as
a local variety has a better mechanism for the
accumulation of dry matter to grains so that the
harvest index was higher under DFAA2. This higher
harvest index was due to the ability to produce
antioxidants so that it can protect cells from damage
and maintain starch production in chloroplast. So, the
weight of grains per hill remains high and the harvest
index increases. This is in line with the findings of
Skirycz et al. (2010) and Wang et al. (2013).

The ability of different varieties in accumulating dry
matter can be seen in the root and canopy growth in
the vegetative phase of the six varieties. Fig. 1. shows
that Sipulo, Sanbei and Bo Santeut have root and
shoot morphologies that are more developed under
soil moisture fluctuation stress than other varieties.
There were significant differences in root and shoot
growth among varieties under different soil moisture
fluctuation stress. In DFAA1l, the photosynthetic
partition to the roots of the Sipulo, Sanbei and Bo
Santeut (test variety) at the age of one month after
planting was greater than those in Situ Patenggang
(the water-stress variety for upland and lowland),
Towuti (the water-stress variety for lowland) and IR 64
(the susceptible water-stress variety). In DFAA2, it was
seen that the Sipulo variety had larger solid roots
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represented by photosynthetic partitions to the roots
than the other varieties.

The matrix correlation of parameters under different
soil moisture fluctuation stress and variety is shown in
Table 2. There was a positive correlation between root
depth and shoot length (r = 0.68), shoot weight (0.62),
root weight (0.57), seed setting rate (0.58) and the
number of filled grains per hill (0.49). Also shoot length
was positively correlated with shoot weight (0.83),
root weight (0.75) and the number of filled grains per
hill (0.62). Furthermore, shoot weight was closely
related to root weight.

This shows that the accumulation of dry matter in the
shoot is highly dependent on the depth of the roots.
The deeper the roots, the more water and nutrients
can be taken in for shoot formation. Root depth also
affects root weight because the deeper the roots are,
the more of dry matter is allocated to the roots, which
increases the root weight. Root depth is also
correlated with the seed setting rate because the
deeper the roots, the more water can be taken in, so
the formation of starch to be translocated into the
grains is higher.

Cell activity can continue under water-stress
conditions so that more photosynthate partitions are
allocated to the filled grain, causing an increase in the
percentage of filled grains. The amount of filled grain
was also positively correlated with root depth due to
the photosynthetic component consisting of water and
CO2 from the air, while water from the soil was uptake
by the plant roots. So that more uptake water leads to
a greater amount of photosynthate that produced and
allocated to the grain to increase the amount of filled
grain. Shoot length was also closely related with shoot
weight, root weight and the number of grains per hill.
The longer shoots were heavier creating plants with
deeper roots. Because there were more leaves,
photosynthate was produced to be allocated to the
roots to increase the ability of the roots to take water.
The root weight was increased in plants with long
shoots. Shoot lengths were also closely related with
the number of filled grains per hill. The longer the
shoot, the more leaves and photosynthate were
produced to be transferred into grains.

Shoot weight was also positively correlated with root
weight. The heavier shoot produced more
photosynthate that could be translocated to the roots.
Likewise, the heavier the roots, the longer the
distribution and the deeper the roots. Therefore, more
water and nutrients were taken for various metabolic
processes to produce dry matter. Thus, more dry
matter accumulation was produced for the formation
of shoots and roots.

Materials and methods

Materials and growth condition

This study was conducted on six rice varieties consisting
of Situ Patenggang, Towuti, IR 64, and three local
varieties namely Sipulo, Sanbei and Bo Santeut. In this
sense, Towuti is the positive control of tolerant variety
for lowland and Situ Patenggang is the positive control



Table 1. Interaction effect between soil moisture fluctuation stress and variety on root depth, shoot length, shoot weight,
root weight, root to shoot ratio, number of filled grains per panicle, seed setting rate, number of filled grains per hill and

harvest index.

Root depth (cm) NS 36.00c 20.67a  37.33c  4533d  39.67d 41.67d 6.00
DFAAL 29.33bc 23.67a  2067a  32.67c  41.33d 30.00b
DFAA2 25.33bc 19332 1867a  30.67b  25.00b 26.67b
Shoot length (cm) NS 108.00e 10550e  98.67d  147.50h  118.67f 11550f  4.68
DFAAL 106.83e 104.83e  97.83c  127.67g  104.37e 106.83e
DFAA2 104.00de 81.00a  9450c  11833f  8533b 97.67¢
Shoot weight (g) NS 26.49a 46.85c  36.09b 16564  56.51d 93.21h 3.11
DFAAL 25.85a 35.86b  33.76b  77.62g  44.85c 58.59%
DFAA2 25.25a 27.52a  27.56a  7356f  35.18b 53.08d
Root weight (g) NS 7.61a 25.80e  23.40e  42.85g  17.44d 26.39% 2.09
DFAAL 7.31a 11.38b  1350c  27.34f  16.84d 25.60e
DFAA2 7.09a 7.31a 8.23a 2343e  11.56b 14.45¢
Root to shoot ratio NS 0.10a 0.02a 0.09a 0.18b 0.09a 0.09a 0.13
DFAAL 0.08a 0.08a 0.05a 0.26¢ 0.14a 0.10a
DFAA2 0.34d 0.11a 0.29¢ 0.25¢ 0.12a 0.56e
Number of filled grains per NS 203.77e 12727c  116.53b  121.93b  211.20e 125040 1119
panicle (grain) DFAAL 153.73¢ 130.00c  11647b  11431b  130.07c 122.27b
DFAA2 190.40d 116.86b  115.81b  130.00c  100.05a 119.60b
Seed setting rate (%) NS 67.91g 60.51f  55.77e 85.29 64.668 68.82h 3.51
DFAA1 48.45d 53.42¢  37.67b  60.60f 5412 55.84e
DFAA2 32.86a 40.13b  3441a  49.85d  45.53c 49.08d
Number of filled grains per NS 921.25d 961.08d  444.080b  900.93d  875.34d 606.77b  173.4
hill (grain) DFAAL 669.09c 933.28d  269.77a  900.17d  827.17d 564.75b
DFAA2 638.95¢ 283.39a  215.74a  446.16b  382.55a 413.09b
Harvest index NS 0.59f 0.49 0.51e 0.22a 0.39c 0.30b 0.056
DFAAL 0.74g 0.40d 0.33¢ 0.35¢ 0.50e 0.24a
DFAA2 0.40d 0.35¢ 0.26b 0.34¢ 0.24a 0.20a

Data followed by the same letter within the same column for each parameter indicate no significant difference at P< 0.05 level (HSD test) coefficient of

variation (CV).

Situ Patenggang

Towuti

IR 64

Sipulo

Sanbei

Bo Santeut

NS

DFAA1

DFAA2

Fig 1. Differences of photosynthate partition in roots and shoots in six varieties under non-stress and water stress
conditions. Overall, there were changes in the roots in DFAA1, when compared to NS condition, but not as much as in
DFAA2. Regarding shoots, for water stress tolerant varieties, changes of shoots were not as large as in water stress-
sensitive varieties. NS (non-stress water condition); DFAA1 (dry-flood abrupt alteration at water stress condition -35 Kpa);
DFAA2 (dry-flood abrupt alteration at sever water stress level -70 Kpa).
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Table 2. Correlation matrix between parameters under different soil moisture fluctuation stress and varieties.

Root depth (cm) 1 0.685™ 0.623™ 0.577" -0.105 0.264 0.551" 0.490" 0.105
Shoot length (cm) 1 0.836" 0.758™ 0.022 0.198 0.336 .628™ -0.059
Shoot weight (g) 1 0.888"  0.082 -0.197 0.443 0.322 -0.437
Root weight (g) 1 -0.085 -0.309 0.388 0.348 -0.336
Root to shoot ratio 1 -0.052 -0.336 -0.257 -0.432
Number of filled grains per panicle 1 0.232 0.451 0.462
(grain)

Seed setting rate (%) 1 0.335 0.058
Number of filled grains per hill (grain) 1 0.383
Harvest index 1

Root depth (X1), Shoot length (X2), Shoot weight (X3), Root weight (X4), Root to shoot ratio (X5), Number of filled grains per panicle (X6), Seed Setting rate
(X7), Number of filled grains per hill (X8), Harvest index (X9). **Very closely related, *closely related.

Table 3. Minimum and maximum temperature, relative humidity and photoperiod.

minimum (°C) maximum (°C)

November 23.0 32.6 80-90 12
December 21.0 334 77-89 12
January 22.0 33.8 78-91 12
February 22.0 34.6 78-91 12
March 16.0 34.8 77-88 12

Weather conditions during the study

of tolerant variety for both upland and lowland and
(Sujinah and Jamil, 2016; Yugi et al., 2011).

IR 64 is a negative control of water-stress-sensitive
variety (Nahar et al., 2018; Kumar et al., 2020). The
study was conducted in a plastic house at the
experimental farm and greenhouse laboratory of the
Faculty of Agriculture, Syiah Kuala University, Band
Aceh, Aceh, Indonesia (95° 22'34, 49° T longitude, 5°
34'3.44° U latitude). The altitude was 3 m above sea
level and the annual rainfall was 1383.6 mm with a
maximum temperature of 33.25°C and a minimum
temperature of 23.75°C. The study was conducted from
November 2015 to March 2016.

The study was carried out in pot experiment, using a 19-
liter volume pot filled with 10 kg of podsolid soil. The
soil was soaked and stirred to form a mud texture and
then soaked for two weeks. A factorial randomised block
split plot design was used with three levels of soil water
potential with the six rice varieties (Situ Patenggang,
Towuti, IR 64, Sipulo, Sanbei, Bo Santeut). Split plot with
three replications was used with a total 162 pots for 3
blocks. The soil water stress treatments became the
main plots, while the varieties became subplots. The
main plots consisted of non-stress (NS) treatment;
drought-flood abrupt alteration 1 and 2 (DFAA1l and
DFAA2) treatments. The control (NS) were irrigated
continuously for up to 2 cm above the soil surface from
the age of 15 days after planting (DAP) until harvest.
While DFAA1 and DFAA2 were inundated for 2 cm as
well, then allowed to dry naturally until the soil water
potential drops to -0.35 kPa (DFAA1) and -0.70 kPa
(DFAA2) then immediately watered up to 2 cm above
the soil surface, repeated until harvest.

Plants were given soil water fluctuation stress
repeatedly in the growing phase to see the plant
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resistances to soil water fluctuation stress at various
growing stages. Soil water fluctuation stress control was
done by installing a tensiometer Jet Fill Model 2725 (Soil
moisture Equipment Corp., Santa Barbara, California,
USA) and Global Water Logger Il Version 2.10 (produced
by Global Water, 11390 Amalgam Way, Gold River,
California, 95670, USA, www.globalw.com) to ensure the
same level of soil water stress in the pots in DFAA1 and
DFAA2 (soil water potential decreased to -35 and -70
KPa) before rewatering until flooded 2 cm above the soil
surface. Soil water potential observations were
conducted at 7 am, 1 pm and 6 pm every day.
Fertilisation was carried out by giving 0.5 g of urea at
planting, aged 30 and 60 days after planting (DAP). KCI
and Sp36 were given 0.5 g at planting time. N-P-K (15%-
15%-15%) was given 2.25 g at planting time and at an
age of 30 DAP. Rice seedlings were planted 12 days after
sowing. Each seedling was planted in each pot on 15
November 2015 and harvested on 19 March 2016. The
daily weather conditions during the study can be seen in
Table 3.

Sampling and measurement

Dry matter accumulation measurements based on the
morphology of root depth, shoot length, shoot weight,
root weight, the number of filled grains, seed setting
rate, filled grains per hill and the harvest index were
carried out after the harvest. After the harvest, the
biomass was measured including the length and depth
of the roots. They were dried at 60°C for 3 x 24 hours
until they reached a constant weight. Measurements
were based on IRRI (2012).




Statistical analysis

Data were analysed by analysis of variants (ANOVA) to
determine the effect of soil moisture fluctuation stress
and variety on the parameters studied (Gomes and
Gomes, 1984). Microsoft Excel version 2013 was used.
Meanwhile, to see the significant difference between
the levels of treatment, the honesty significant
difference test (HSD) p<0.05 was used. A correlation test
between parameters using Pearson correlation was
performed using SPSS statistical analysis package
version 26.0 (IBM, Chicago, USA).

Conclusion

There were varied accumulation of dry matter for each
variety at different levels of soil moisture fluctuation
stress. The drought-tolerant varieties can increase the
accumulation of dry matter in the grain and increase the
harvest index. Particularly, the accumulation of dry
matter in the roots was closely related to the
accumulation of dry matter in the shoot and grain. Local
varieties of Sipulo, Sanbei and Bo Santeut have a greater
accumulation of dry matter in the roots so that the
depth and dry weight of the roots were higher than the
positive control of water-stress-tolerant varieties, Situ
Patenggang and Towuti. Likewise, the accumulation of
dry matter in filled grains under DFAA2 in Situ
Patenggang, Sipulo and Bo Santeut was higher than in
the Towuti, Sanbei and IR 64 varieties. The accumulation
of dry matter in roots and the grains could be key
indicators of rice tolerance to soil moisture fluctuation
stress. Local varieties of Sipulo and Bo Santeut can be
improved to become water-stress-tolerant varieties.
Various agronomic techniques are needed to cope with
soil moisture fluctuation stress under climate change
conditions.
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