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Abstract Evaluation,-and characterisation as-aeH-as-a and selection of rice were conducted for
that-are tolerant to drought stress. is-an-essential-stage-in-plant-breeding. Fo-make The process
of selection of double haploid lines, especially those related to drought tolerance ean-be was
done by leeking-observation at the morphological features on the root system in each genotype.
The treatment of PEG solution in the planting medium is expeeted—to created the stress
condition efstress because of the water availability efwater for plants te-be reduced. Molecular
size and the-concentration of PEG in the solution determined ing the osmotic potential. that
oceurs. The defense mechanisms used in by-plants te-defend on drought stress is through the
accumulation of proline to fer adjust ment-osmotic, production and accumulation of free amino
acids like proline in plant tissues during drought stress, an adaptation response in these
conditions. In-this-researeh; Result showed that PEG 6000 inhibited the germination (33.9 per
cent), root length (60.8 per cent), and shoot length (80 per cent) of upland rice lines. Drought
stress treatment (60 per cent of field capacity) at the flowering period showed non-significant
reduction in the growth of doubled haploid upland rice but reduced the weight of grains per hill
(52.11 per cent). Drought stress decreased in total chlorophyll (20.7 pmol/cm) and increased
proline content in leaves (30.3 umol/g). The content of proline in the leaves varied in inbreds
due to drought stress. The high contained proline of tolerant genotype based on PEG 6000 are
P3-31, and followed by P6-95 respectively. [30.33, 20.82 umol/g, and genotype moderate line
P6-291 at 20:42 umol/g.] Stress drought led to decrease in total chlorophyll and increased the
proline content in the leave.
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Introduction

Using of upland rice varieties is still very low, due to lack of availability
of multi tolerant rice varieties. The problem of increased of upland rice
production caused by the constraints of physical, biological and socio-economic.
Land cultivation is generally reacted sourly with high Al saturation, in addition
to the frequent droughts and nutrient deficiency. The characters of upland rice
desirable for such a physical condition is early harvesting to medium, medium
tillers, preferably an erect stem, blast resistance, and Al tolerant, drought and
shade (Peng et al., 2008; Herawati et al., 2010; Hairmansis et al., 2016). The
development of upland rice faced very complex obstacles, so it needs to repair
the high-yielding varieties with multi tolerant characters of the biophysical
factors in dryland.

Anticipate the effects of climate change on sustainable agricultural
systems; various efforts are made to produce technological innovations that are
expected to overcome the problem. The technology includes superior drought-
tolerant varieties. The use of upland rice varieties with higher yields, as well as
resistance to drought, and can adapt well to climate change, is needed to
support efforts to increase yields and expansion of rice areas on dry land.

Development of varieties requires time and funds are relatively large. The
formation of homozygous lines can be accelerated by anther culture technique
to produce inbreds in one generation. The selection process could be more
efficient because the homozygous lines can be obtained immediately in the first
(DH1) and second-generation (DH2) (Dewi et al., 1996; Herawati et al., 2008).
In previous experiments have produced double haploid lines via anther culture
as much as 348 lines (Herawati et al., 2008). A total of 78 lines has been
through a screening test to stress the aluminium in the greenhouse with a
nutrient solution, and screening blast leaves with 173 race, 033 races and 001
races in the greenhouse (Herawati et al., 2016). Drought stress testing is
needed to determine whether these lines have a tolerance to drought stress, so
long dry periods can be anticipated by planting drought-tolerant varieties.

Evaluation and characterisation, as well as a selection of rice that are
resistant to drought stress, is an essential stage in plant breeding. To make the
process of selection of double haploid lines, especially those related to drought
tolerance by looking at the morphological features on the root system of each
genotype (Herawati et al., 2017). Taiz and Zeiger (2002) describe the plant's
defences of drought stress is hampered the development of leaf area, root
development to reach a wet area, and the closing of stomata to limit
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transpiration. Assessment genotype trough selection is less efficient because the
identification of potential high yield in drought stress is difficult obtained
immediately (Clarke et al. 1992). Selection for breeding purposes by
connecting between rooting properties with tolerance to drought have
conducted by Chang et al. (1972). Results of research Babu et al. (2003)
revealed that the character of root positively correlated with production in
drought stress.

The treatment of PEG solution into the planting medium is expected to
create conditions of stress because of the availability of water for plants to be
reduced. Molecular size and the concentration of PEG in the solution
determining the osmotic potential that occurs. According to Seshu and Sorrells
(1986), 6000 PEG solution with a level of 20% has an osmotic potential -0.71
Mpa (7:06 bar). Land under conditions of osmotic potential field capacity have
-0.03 Mpa (0.33 bar) and in a state of the permanent wilting point has an
osmotic potential -1.5 Mpa (15 bars) (Taiz and Zeiger 2002). As an agent
selector, PEG 6000 reportedly superior to mannitol, sorbitol, or salt because it
is not toxic to plants, can not be absorbed by root cells, and homogeneously
lowering osmotic potential (Verslues et al. 1998). The use of PEG 6000
solution with a concentration of 20% is expected to create an osmotic potential
that is equivalent to the condition of the soil between field capacity and
permanent wilting point. The addition of PEG solution in germination media is
expected to simulate drought stress conditions. This study aims to determine the
double haploid lines of crossbred upland rice with a new plant type (NPT) that
are tolerant to drought, as well as to assess the consistency of testing using PEG
at germination stage and the drought stress test in the greenhouse.

Materials and methods

The research had was conducted at the laboratory and greenhouse of the

Indonesian Center for Agricultural Biotechnology and Genetic Resources
Research and Development, Indonesia, Cimanggu Bogor. The experiments

were carried out two stages of early selection seeds of double haploid (DH1)
with 20% polyethene glycol (PEG) 6000 at the germination phase, and drought

stress test in the greenhouse.
Test of 20% polyethene glycol (PEG) 6000
The materials used in this study were 78 lines of double haploid (DH1)

selected from crosses of upland rice in new plant type (PTB) Fatmawati, four
elders namely SGJT-28, SGJT-36, Way Rarem, and Fatmawati, and Jatiluhur
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and Cisokan as a tolerant and sensitive control. A total of 20 seeds of each line
represented by treating 20% concentration of PEG 6000 on a petri dish for early
selection of drought-tolerant seeds. Seeds soaked in a solution of 10 ml PEG in
a petri dish.

After 24 hours, the number of seeds that germinate calculated until the
age of six days. Data collected for germination, root length, and length plumule.
Measuring the Index average decline using the formula Jiang and Lafitte (2007)
as follows:

The average decrease (%) = [1- (Vs/ Vp)] x 100

Vs = the value of the variable in drought stress conditions

Vp = value of the variable in the condition without stress

Selection of lines at 20% PEG on germination phase based on the relative
root length (RRL), follows the normal distribution pattern. RLR data
transformed into raw value genotype Z. Tolerance levels grouped into 5 groups:
very sensitive if Z <-1 SD, sensitive if -1 SD> Z <-1/2 SD, moderate if -1/2 SD
<Z < +1/2 SD, tolerant if +1/2 SD> Z <+1 SD, very tolerant if Z> +1 SD.

Drought Stress Test

The selected materials result from screening with PEG 6000. Varieties
used for comparison is Jatiluhur and Batu Tegi as a comparison tolerant and
varieties Cisokan and Fatmawati as a sensitive comparison. The soil dried for
one week, then sieved with four mm sieve to obtain a homogeneous soil.
Determination of soil water content by weighing 3 x 100 g air-dry soil. The soil
roasted for 24 hours at t 105 ° C, then weighed and gained an average weight of
oven-dry soil (ODS). Determination of field capacity with Bouyoucos modified
method. Three seeds planted per pot. Having grown been two of the best.
Plants fertilized with 200 kg/ha (5 g/pot) Urea, 100 kg/ha (2.5 g/pot) SP36, and
100 kg/ha (2.5 g/pot) KCI.

Proline content analysis refers to Bates et al. (1973). Three old leaf
samples were taken at each genotype that has opened full, during the day (+ 1
am) (Uyprasert et al. 2004). Standard curves using proline solution with a level
of between 0-1.0 mmol to determine the concentrations of proline. Proline
content of the material expressed in mmol/g dry weight. Chlorophyll analysis
was conducted using a spectrophotometer.

The experiments arranged into factorial Randomized Block Design
(RBD) factorial, the first factor is the genotype, and the second factor is the
drought with three replications. Treatment of dryness stress consists of two
levels, namely: (1) the provision of water commonly at field capacity until the
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end of the trial, (2) the provision of water to 60% of field capacity given during
the critical period of plant that is over six days (3 days before and 3 days after
flowering) (Kumar et al., 2006; Liu et al., 2006; Lafitte et al., 2005).

The variables observation are root length, shoot length, root dry weight,
shoot dry weight, shoot and root weight ratio (SRR), grain weight per hill, the
content of proline and chlorophyll in the leaves. Selection of drought stress
tolerance based on the ratio of grain weight per hill (RGW), which is the ratio
between grain weight/hill on drought stress and grain weight/hill without
drought stress.

RESULTS AND DISCUSSION|

Effect of Polyethyleneglycol (PEG) 6000 to Germination of Doubles
Haploid lines Derived Anther Culture

PEG 6000 treatment affects the germination percentage, root length and
length plumule. Germination percentage decreased by 33.95 per cent, followed
by a decrease in root length (60.8 per cent), and long-plumule (80 per cent)
(Figure 1). Research by Macar et al. (2009) showed that PEG 6000 is
equivalent to the osmotic pressure of -0.8 MPa causes inhibition of
germination, root elongation and epicotyl on chickpea plants.

Decreased (%) OPEG 6000/Control (%)
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100
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20 20
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Figure 1. Effect of PEG 6000 on germination, roots length and shoot length
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PEG 6000 treatment resulted in the lowest germination in genotypes P3
and P6 (39.8 and 36.5 per cent), while the genotype P4 and P5 produced the
highest germination rate (77.5 and 75 per cent) (Figure 2). Zapico (2008)
reported that the lowland rice genotypes are more sensitive than upland rice on
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the inhibition of germination in treatment 15% PEG 8000. PEG 6000 led to a
water deficit that will inhibit the entry of water molecules into plant tissues,
whereas water is indispensable in the process of germination. An average
reduction of 60.8 per cent root length (Figure 1). Long roots lowest average in
treatment 20% PEG 6000 is P3 (2.3 cm), and the highest average length root is

P6 (3.7 cm) (Figure 3).
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Results Zapico (2008) showed that the leaf is more constrained than the
roots of the water deficit during the germination process. The same reported by
Macar et al. (2009) revealed that PEG 6000 inhibits the shoots and the root
elongation. The former of the roots are more exposed to conditions of drought
stress and caused damage to the root tissue, so it requires much supply of
carbohydrates to the roots, consequently supply to the shoots reduced.

PEG 6000 treatment caused a reduction in the shoot length by 80 per cent
(Figure 2). Shoot length varies between the crossing ranging from 0.51 to 1.22
cm. The lowest average of shoot length is P6 (0.51 cm) and P3 (0.65 cm), while
the longest in P4 and P5 is 1.22 and 1.16 cm, respectively (Figure 4).
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Figure 4. Effect of PEG 6000 on shoot length of double haploid lines

[Comment [wk16]: Bold

derived anther culture

The selection of double haploid lines at 20% PEG 6000 in the phase of
germination based on the value of relative root length (RRL) results in very
sensitive genotype if RRL<15.46, sensitive if 15.46<RRL<28.09, moderate
sensitive if 28.09 <RRL<53.35, moderately tolerant if 53.35 <RRL<65.89, and
tolerant if RRL> 65.89. Double haploid lines selection results in the treatment
of 20% PEG 6000 in various crosses produced ten genotypes tolerant, 13
somewhat tolerant genotypes, 29 genotypes moderate, eight genotypes rather
sensitive and 18 sensitive genotypes (Table 1).
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Table 1. Selection of double haploid lines derived anther culture by relative ( comment [wk18]: bold

root Iength (RRL) at 20% PEG 6000‘ [Comment [wk19]: . after the end sentence
Number of lines [comment [wk20]: bold
lCrosses Rather rather upper line table should be bold
Tolerant  Tolerance Moderate sensitive sensitive
P1 (Fatmawati x Way Rarem) 0 1 0 0 0
P2 (Fatmawati x SGJT-28) 1 3 2 0 0
P3 (Fatmawati x SGJT-36) 7 3 14 3 7
P4 (Way Rarem x Fatmawati) 0 1 1 0 0
P5 (SGJT-28 x Fatmawati) 0 1 0 0 0
P6 (SGJT-36 x Fatmawati 2 4 12 5 11
Total 10 13 29 8 18 {Comment [wk21]: lowerr line table should be
bold
Table 2. The lines were chosen to test the consistency of drought stress by PEG ( comment [wk22]: bold
6000 ‘ [Comment [wk23]: . after the end sentence
Grains

Lines RLR* Z % Germ®  Criteria  weight/hill {Comment [wk24]: bold

P6-95 66.9 1.03 100 T 435 upper line table should be bold

P2-112 71.7 1.22 100 T 27.7

P3-190 79.0 151 100 T 4.77

P3-31 76.4 1.41 90 T 7.11

P4-43 42.0 0.05 80 M 18.0

P6-92 48.3 0.29 90 M 29.5

P2-2 49.8 0.35 60 M 2.71

P6-291 43.3 0.10 60 M 4.42

P6-75 0.0 -1.61 0 S 23.8

P6-64 6.0 -1.37 10 S 16.1

P6-53 8.64 -0.63 10 S 9.87

P3-221 0.0 -1.61 0 S 3.7 {Comment [wk25]: lower line table should be
|1/R LR= relative length root was tansform from Z values, where Z=standard values; bold
Susceptible (S) if Z < -1SD, Moderate (M) if -1SD<Z<+1SD, and Tolerance (T) if
Z2+1SD;
?/Germ=germination | Comment [626]: Time new roman 10

Test results with polyethyleneglycol (PEG) 6000 is used for testing
drought in the greenhouse. The resulting genotype grouped into three criteria,

510



International Journal of Agricultural Technology XXXX Vol. X(X): XXXX-XXXX

namely the sensitive genotypes, genotypes moderate and tolerant genotypes
based on the relative root length (RRL) (Table 2).

Effect of Drought Stress on the Growth and Yield of Doubled Haploid
Lines Results from Anther Culture

Effect of Drought Stress on Growth |

The results of variance in drought stress experiments showed that the
shoot length, root dry weight, shoot dry weight, and shoot root weight ratio
(SRR) was significantly different among lines except for variables root length
(Table 3).

fTabIe 3. The effect of drought stress on roots length, shoot length, root dry
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weight, shoot dry weight, and shoot root weight ratio (SRR) of double haploid
lines derived anther culture|
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* *
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Figure 5. Effect of drought stress on growth and yield of doubled haploid lines

derived anther culture

Drought stress treatment significantly different at all variables except for
SRR, and there are interactions between genotypes to drought stress, which
indicates that their response to drought stress to the difference between
genotypes (Table 3). Relative values were used to know the effect of drought
stress on the growth and yield of rice (Figure 5).

Drought stress treatment did not show a substantial decrease in growth
response. Root length, shoot length and shoot root weight ratio (SRR) only
decreased respectively by 8.37, 6.18, and 8.33 per cent because stress give in a
relatively short period and the plant growth has stabilised. The variables root
dry weight decreased by 17.83 per cent and shoot dry weight decreased by
12.51 per cent; however, a decrease in grain weight/hill up 52.01 per cent
(Figure 5). Drought stress treatment significantly affects the yield reduction due
to drought stress treatment is given at a critical period when filling seed in the
reproductive phase.

Total Chlorophyll content |

The total chlorophyll content in leaves varies in genotype tested to
drought stress. Almost all genotypes showed a decrease in total chlorophyll,
except genotypes P6-291 and Batutegi as tolerant check variety. The reduction
in total chlorophyll lowest in genotype P3-31, P2-2, P6-53, P6-64, and
Fatmawati, while the highest decline in genotype P6-95, P3-190 and P3-221
(Figure 6).
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]Figure 6. The total chlorophyll content of doubled haploid lines derived

anther culture on drought stress

Li ]et al. \(2006) reported that there is a decrease in chlorophyll content in the
leaves of barley, the tolerant genotype (Tamor and Arta) chlorophyll content
dropped respectively by 10.7, and 1.6 per cent and the sensitive genotype
(Morocco9-75 and W12291) dropped respectively by 31.3 and 30.1 per cent.
Refers to Pieters and Souki (2005), the drought stress weakens the activity of
PS 1l in the flag leaf, reduced chlorophyll, and increased the pigment content
xanthophyll, which serves to absorb excess light under irradiation higher in
drought conditions. Further proposed by Havaux and Lannoye (1985) that the
inhibition of photosynthesis due to drought stress not only causes degradation
of chlorophyll and stomatal closure but also resulted in changes in the function
of the thylakoid membrane. It reduces quantum photochemical reaction primer
on PS Il which directs changes in the distribution of energy to PS I. Herawati
et al. (2017) revealed that the stomatal composition and density in the
susceptible genotype being denser and number full than the tolerant genotype.
The stomatal density could affect two essential processes, photosynthesis, and
transpiration,

The content of Proline

One of the mechanisms used by plants to defend on drought stress is
through the accumulation of proline for adjustment osmotic, production and
accumulation of free amino acids like proline in plant tissues during drought
stress, an adaptation response in these conditions (Cattivelli et al., 2008;
Vendruscolo et al. 2007). Further Vajrabhaya et al. (2001) revealed that the
high proline content not only plays a role in the osmotic adjustment in water
stress, proline accumulation was also thought to be involved in the protection of
the structure of enzymes and cells from free radicals.
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Figure 7. The content of proline of doubled haploid lines derived anther culture
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on drought stress

The content of proline in the leaves varies in inbreds due to drought
stress. The content is very high proline contained in tolerant genotype test
criteria based on genotype PEG 6000, i.e. P3-31, followed by P6-95
respectively 30.33, 20.82 umol/g, and genotype moderate line P6-291 at 20:42
pmol/g (Figure 7). Based on criteria of grain weight/hill ratio (GWR), the
genotype categorised as sensitive. The amount of organic material that has been
accumulated for osmotic adjustment, resulting in grain weight/hill is low.
Results of research Pirdasthi et al. (2009) showed that drought stress at
different growth stages would increase the proline content in the leaves, and the
tolerant genotype contains proline and high rice yield. The experimental results
Mostajeran and Rahimi-Eichi (2009) states that the accumulation of proline
varies among genotypes tested, the content of proline in young leaves and old
leaves always increased in drought stress, and the content of proline in young
leaves was higher than leaves parents in all cultivars tested. Therefore, some
studies suggest that the proline content used for the selection of drought-
tolerant genotypes.

Effect of Drought Stress on Yield Double Haploid Lines

The effect of drought on the grain weight per hill on some lines tested
presented in Table 4. The line P4-43, P6-92, and P6-53 do not show significant
declines due to drought stress. Some lines showed substantial reductions due to
drought stress as P2-112, P3-90, P3-31, P2-2, P6-75, and P3-221. Sheoran and
Saini (1996) and Saini (1997) has detected a sensitivity to drought stress at
meiosis anther rice plants. Meiosis in the anther occurs in 9-10 days before
flowering depending on the position of the panicle rice. The process of meiosis
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ends three days before the flowers come out. Therefore stress can be given
three days before the flowers come out or afterwards to see the effects on yield
reduction.

Liu et al. (2006) found that water stress causes the failure of pollination
by pollen up to 67 per cent of total grain/ panicle. Furthermore, in the case of
pollination, the time to achieve the pollen to reach the ovule micropyle longer is
1-8 days. Flowers failed to open. Consequently, pollen can not get out through
the surface of interest due to drought stress (Liu et al. 2006). Lafitte et al.
(2005) reported that drought stress on dryland cause delays flowering an
average of 3 days in some genotypes tested, but on the contrary there is a
genotype faster flowering phase, it is presumably because these plants are
sensitive to the process of pollination and development of the embryo, so
flowering accelerated before more severe stress.

Delayed flowering during drought stress will negatively affect the filling
of grains, especially in sensitive genotype, assimilate partitioning of the stems
and leaves to the grain filling increases during drought stress by speeding
senescence on the leaves (Kumar et al. 2006). This statement is supported by
Yang et al. (2001) that 75-92 per cent during the pre-anthesis, **C deposited on
the trunk that will be relocated back to the seed when there is drought, 50-80
per cent higher than the amount remobilisation on condition without stress.
Drought stress on grain filling period also led to senescence faster, shorter grain
filling period, but increased assimilate remobilisation (Kamoshita et al. 2004).

Table 4. The weight of grain per hill at normal conditions and drought stress

(
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Grain weight/hill (g)

Lines 100% FC' 60 % FC GWR(%)?  Criteria
P6-95 431 0.28 6.49 Susceptible
P2-112 14.87 331 22.26 Susceptible
P3-190 28.44 19.94 70.11 Tolerant
P3-31 17.74 3.88 21.87 Susceptible
P4-43 19.16 18.22 95.09 Tolerant
P6-92 10.40 8.18 78.65 Tolerant
pP2-2 17.00 3.09 18.17 Susceptible
P6-291 8.07 2.20 27.26 Susceptible
P6-53 16.98 12.20 71.85 Tolerant
P6-64 3.32 0.83 25.00 Susceptible
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P6-75 24.61 2.62 10.65 Susceptible

P3-221 8.66 1.32 15.24 Susceptible
Jatiluhur 52.34 33.01 63.07* Tolerant

Cisokan 38.03 11.75 30.89 Moderate

Batutegi 46.77 31.37 67.07 Tolerant

Fatmawati  38.89 15.55 39.98 Moderats

’1’ FC= kapasitas lapang;

’GWR =Grain Weght Ratio; *Based on tolerance of parental (Jatiluhur) tolerant if
WGR>60%, Moderate if 30<WGR<60, and susceptible if WGR<30%4

Drought stress also causing delays exertion of panicle elongation
resulting in a reduction in the base of the panicle, causing sterility of grain
inside the leaf sheath, which can decrease grain yield (Ji et al., 2005).

The selection of drought stress tolerance based on the ratio of grain
weight per hill (GWR) indicates that the level of consistency varies with test
PEG 6000 (Table 4). A total of four double haploid lines tolerant to testing
PEG 6000 was only one consistent is the line P3-190, while four moderate lines
on the trial of PEG 6000, two of which are compatible based on GWR i.e line
P4-43 and P6-92, and four lines sensitive on the trial of PEG 6000 only one
inconsistent and otherwise intolerant based on GWR namely line P6-53 (Table
4). When viewed from the relative decline in grain weight/hill due to drought
stress decreased to 52.11 per cent (Figure 6). Drought stress six days before
flowering significant causes a decrease in grain weight/hill, the most significant
impact when pressure is at the time of flowering can cause a reduction in fill
grain of up to 80% (Liu et al. 2006).

The experimental results Lafitte et al. (2005) states that the average
reduction in grain yield in lowland rice by 75 per cent due to drought stress.
Wang et al. 2009 reported that the lowland rice genotypes IR2266 more
significant reduction in total root length as a result of drought stress than upland
rice genotypes CT9993. Upland rice genotypes (CT9993) more adapted to the
conditions of water deficit in the rainfed areas, by way of avoidance (avoidance
strategy) that can penetrate deep roots and reliable root system. Furthermore,
Kumar et al. (2009) reported that the decrease in plant biomass could reduce
rice yields due to drought stress in sensitive genotype, so the selection of high
biomass and harvest index can be used to obtain drought tolerant genotypes.
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Abstract Evaluation, characterization, and selection of rice were conducted to be tolerant to
drought stress. The process of selection of double haploid lines, especially those related to
drought tolerance, was done by observing the morphological features on the root system in each
genotype. The treatment of polyethylene glycol (PEG) solution in the planting medium is
created the stress condition because of the water availability for plants reduced. Molecular size
and the concentration of PEG determined the osmotic potential. The defense mechanisms used
in plants on drought stress is the accumulation of proline to adjust osmotic, production and
accumulation of free amino acids like proline in plant tissues during drought stress, an
adaptation response in these conditions. The result showed that PEG 6000 inhibited the
germination (33.9 percent), root length (60.8 percent), and shoot length (80 percent) of upland
rice lines. Drought stress treatment (60 per cent of field capacity) at the flowering period
showed a non-significant reduction in the growth of doubled haploid upland rice but reduced
the weight of grains per hill (52.11 percent). Drought stress decreased in total chlorophyll (20.7
umol/cm) and increased proline content in leaves (30.3 umol/g). The content of proline in the
leaves varied in inbreds due to drought stress. The high contained proline of tolerant genotype
based on PEG 6000 are P3-31, followed by P6-95, respectively 30.33, 20.82 umol/g, and
genotype moderate line P6-291 at 20.42 pmol/g. Stress drought led to a decrease in total
chlorophyll, and increase the proline content in the leaves.
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Introduction

Using of upland rice varieties is still very low, due to lack of availability
of multi tolerant rice varieties. The problem of increased upland rice production
caused by the constraints of physical, biological, and socio-economic. Land
cultivation is generally reacted sourly with high Al saturation, in addition to the
frequent droughts and nutrient deficiency. The characters of upland rice
desirable for such a physical condition is early harvesting to medium, medium
tillers, preferably an erect stem, blast resistance, and Al tolerant, drought and
shade (Peng et al., 2008; Herawati et al., 2010; Hairmansis et al., 2016). The
development of upland rice faced very complex obstacles, so it needs to repair
the high-yielding varieties with multi tolerant characters of the biophysical
factors in dryland.

Anticipate the effects of climate change on sustainable agricultural
systems; various efforts are made to produce technological innovations that are
expected to overcome the problem. The technology includes superior drought-
tolerant varieties. The use of upland rice varieties with higher yields, as well as
resistance to drought, and can adapt well to climate change, is needed to
support efforts to increase yields and expansion of rice areas on dry land.

The development of varieties requires time and funds are relatively large.
The formation of homozygous lines can be accelerated by anther culture
technique to produce inbreds in one generation. The selection process could be
expressed highly efficient because the homozygous lines can be obtained
immediately in the first (DH1) and second-generation (DH2) (Dewi et al.,
1996; Herawati et al., 2008). In previous experiments have produced double
haploid lines via anther culture as much as 348 lines (Herawati et al., 2008). A
total of 78 lines has been through a screening test to stress the aluminum in the
greenhouse with a nutrient solution, and screening blast leaves with 173 races,
033 races and 001 race in the greenhouse (Herawati et al., 2016). Drought
stress testing is needed to determine whether these lines have a tolerance to
drought stress, so long dry periods can be anticipated by planting drought-
tolerant varieties.

Evaluation and characterization, as well as a selection of rice that are
resistant to drought stress, is an essential stage in plant breeding. The process of
selection of double haploid lines was done, especially those related to drought
tolerance, by looking at the morphological features on the root system of each
genotype (Herawati et al., 2017). Taiz and Zeiger (2002) described the plant's
defenses of drought stress is hampered the development of leaf area, root
development to reach a wet area, and the closing of stomata to limit
transpiration. Assessment genotype trough selection is less efficient because the
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identification of potential high yield in drought stress is difficult obtained
immediately (Clarke et al. 1992). Breeding purposes was done by rooting
properties with tolerance to a drought that reported by Chang et al. (1972).
Babu et al. (2003) revealed that the character of root positively correlated with
production in drought stress.

The treatment of PEG solution into the medium is expected to create
conditions of stress, because of reducing the availability of water for plants
Molecular size and the concentration of PEG in the solution determining the
osmotic potential. According to Seshu and Sorrells (1986), 6000 PEG solution
at a level of 20% has an osmotic potential -0.71 Mpa (7:06 bar). Land under
conditions of osmotic potential field capacity is -0.03 Mpa (0.33 bar), and in a

stage of the permanent wilting point is an osmotic potential -1.5 Mpa (15 bars)
(Taiz and Zeiger, 2002). As an agent selector, PEG 6000 reported as superior to
mannitol, sorbitol, or salt because it is not toxic to plants, can not be absorbed
by root cells, and homogeneously lowering osmotic potential (Verslues et al.
1998). The use of PEG 6000 solution at a concentration of 20% is expected to
create an osmotic potential that is equivalent to the soil condition between field
capacity and permanent wilting point. The addition of PEG solution in
germination media is expected to simulate drought stress conditions. The study
aimed to determine the double haploid lines of crossbred upland rice with a
new plant type (NPT) that tolerant to drought to assess the consistency of
testing using PEG at the germination stage and drought stress test in the green
house.

Materials and methods

The research was conducted at the laboratory and greenhouse of the
Indonesian Center for Agricultural Biotechnology and Genetic Resources
Research and Development, Indonesia, Cimanggu Bogor. The experiments
were carried out two stages of early selection seeds of double haploid (DH1)
with 20% polyethylene glycol (PEG) 6000 at the germination phase, and
drought stress test in the greenhouse.

Test of 20% polyethylene glycol (PEG) 6000

The materials used in this study were 78 lines of double haploid (DH1)
selected from crosses of upland rice in new plant type (PTB) Fatmawati, four
elders, namely SGJT-28, SGJT-36, Way Rarem, and Fatmawati, and Jatiluhur
and Cisokan as a tolerant and sensitive control. A total of 20 seeds of each line
represented by treating 20% concentration of PEG 6000 on a petri dish for early
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selection of drought-tolerant seeds. Seeds soaked in a solution of 10 ml PEG in
a petri dish.

After 24 hours, the number of seeds that germinate calculated until the
age of six days. Data were collected as germination, root length, and length
plumule. The Index average decline using the formula Jiang and Lafitte (2007)
was measured as follows:

The average decrease (%) = [1- (Vs /Vp)] x 100

Vs = the value of the variable in drought stress conditions

Vp = value of the variable in the condition without stress

The relative root length (RRL) was used to selection of lines at 20% PEG
on the germination phase. RRL data were transformed into the Z value
genotype. Tolerance levels were divided into 5 groups: very sensitive if Z <-1
SD, sensitive if -1 SD> Z <-1/2 SD, moderate if -1/2 SD <Z < +1/2 SD, tolerant
if +1/2 SD> Z <+1 SD, very tolerant if Z> +1 SD.

Drought Stress Test

The selected materials resulted from screening by PEG 6000. Varieties
used for the check were Jatiluhur and Batutegi as a tolerant and Cisokan and
Fatmawati were sensitive. The soil dried for one week, then sieved with four
mm sieve to obtain a homogeneous soil. Soil water content was determined by
weighing 3 x 100 g air-dry soil. The soil was roasted for 24 hours at t 105°C,
then weighed and gained an average weight of oven-dry soil (ODS). Field
capacity was determined by the Bouyoucos modified method. Three seeds
were planted per pot. Plants were fertilized with 200 kg/ha (5 g/pot) Urea, 100
kg/ha (2.5 g/pot) SP36, and 100 kg/ha (2.5 g/pot) KCI.

Proline content analysis is referred to as the method of Bates et al.
(1973). Three old leaves are taken as samples (Uyprasert et al. 2004). Standard
curves were done using a proline solution at a level between 0-1.0 mmol to
determine the concentrations of proline. Proline content of the material was
expressed in mmol/g dry weight. Chlorophyll analysis was conducted using a
spectrophotometer.

The experiments were arranged as factorial in Randomized Completely
Block Design (RCBD). The first factor was the genotype, and the second factor
was the drought stress with three replications. Treatment of dryness stress
consists of two levels, namely: (1) Field capacity until the end of the trial, (2)
60% of field capacity was given during the critical period of the plant (three
days before and three days after flowering) (Kumar et al., 2006; Liu et al.,
2006; Lafitte et al., 2006).

The variables observation were root length, shoot length, root dry weight,
shoot dry weight, shoot and root weight ratio (SRR), grain weight per hill, the
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content of proline and chlorophyll in the leaves. Selection of drought stress
tolerance based on the ratio of grain weight per hill (GWR).

RESULTS

Effect of Polyethyleneglycol (PEG) 6000 to Germination of Doubles Haploid
lines

The PEG 6000 treatment reduced the percentage of germination, root
length, and plumule length, respectively, by 33.95 percent, 60.8 percent, and 80
percent (Figure 1).

B Decreased (%) OPEG 6000/Control (%)
120 +

100 -
80 % 33.9 60.8 0

60
40
66.05 39.2
20 T 20
0 T T 1
Germination ~ Root length  Shoot length

A\
\\

Relative Value (%)

Figure 1. Effect of PEG 6000 on germination, roots length, and shoot
length

PEG 6000 treatment resulted in the lowest germination in genotypes P3
and P6 (39.8 and 36.5 percent), while the genotype P4 and P5 produced the
highest germination rate (77.5 and 75 percent) (Figure 2). Root length was the
shortest 2.3 cm (P3), and the longest was 3.7 cm (P6) (Figure 3).
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Figure 2. Effect of PEG 6000 on seed germination of double haploid lines
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Figure 3. Effect of PEG 6000 on length root of doubled haploid lines

Shoot length varied between crosses, ranging from 0.51 - 1.22 cm. The
lowest was found in P6 (0.51 cm) and P3 (0.65 cm), while the longest was in
P4 and P5 (1.22 and 1.16 cm) (Figure 4).
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Figure 4. Effect of PEG 6000 on shoot length of doubled haploid lines

The selection of double haploid lines at 20% PEG 6000 based on the
relative root length (RRL) resulted in susceptible genotype if RRL<15.46,
rather susceptible if 15.46<RRL<28.09, moderate susceptible if 28.09
<RRL<53.35, moderately tolerant if 53.35 <RRL<65.89, and tolerant if RRL>
65.89. The results of genotype selection were ten tolerant genotypes, 13
genotypes rather tolerant, 29 moderate, eight rather susceptible, and 18
susceptible genotypes (Table 1).

Table 1. Selection of double haploid lines by relative root length (RRL) at

20% PEG 6000

Number of lines

Crosses Rather rather
Tolerant Tolerance Moderate susceptible susceptible
P1 (Fatmawati x Way Rarem) 0 1 0 0 0
P2 (Fatmawati x SGJT-28) 1 3 2 0 0
P3 (Fatmawati x SGJT-36) 7 3 14 3 7
P4 (Way Rarem x Fatmawati) 0 1 1 0 0
P5 (SGJT-28 x Fatmawati) 0 1 0 0 0
P6 (SGJT-36 x Fatmawati 2 4 12 5 11
Total 10 13 29 8 18
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Table 2. The lines selected for drought stress testing at the greenhouse
based on the PEG 6000

Grains
Lines RLR! z % Germ®  Criteria weight/hill
P6-95 66.9 1.03 100 T 43.5
pP2-112 71.7 1.22 100 T 27.7
P3-190 79.0 1.51 100 T 477
P3-31 76.4 1.41 90 T 7.11
P4-43 42.0 0.05 80 M 18.0
P6-92 48.3 0.29 90 M 29.5
pP2-2 49.8 0.35 60 M 2.71
P6-291 43.3 0.10 60 M 442
P6-75 0.0 -1.61 0 S 23.8
P6-64 6.0 -1.37 10 S 16.1
P6-53 8.64 -0.63 10 S 9.87
P3-221 0.0 -1.61 0 S 3.7

Y/RLR= relative length root was tansform from Z values, where Z=standard values; Susceptible
(S) if Z<-1SD, Moderate (M) if -1SD<Z<+1SD, and Tolerance (T) if Z>+1SD;
?/Germ=germination

The results of tests on polyethylene glycol (PEG) 6000 were used for
drought stress testing in the greenhouses. It divided the results of genotype
selection into three groups, namely susceptible genotypes, moderate genotypes,
and tolerant genotypes based on their relative root length values (RRL) (Table
2).

Effect of Drought Stress on the Growth and Yield of Doubled Haploid Lines

Effect of Drought Stress on Growth

Variance analysis in drought stress experiments showed that the shoot
length, root dry weight, shoot dry weight, and shoot root weight ratio (SRR)
were significantly different among lines except for root length (Table 3).

Table 3. The effect of drought stress on roots length, shoot length, root dry
weight, shoot dry weight, and shoot root weight ratio (SRR) of double
haploid lines

Mean Square

Source of Root Shoot rootdry shootdry shoot root
variance length length weight weight weight
ratio (SRR)
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Genotipe (G) 36.41ns  1771.26** 229.23** 3749.77** 0.0067**
Drought (D) 396.09*  937.50**  256.79** 2208.57** 0.0043™
GxD 28.99* 64.08* 16.94* 129.21* 0.0018*

**significant, " no significant at F 0.05 test
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Figure 5. Effect of drought stress on growth and yield of doubled haploid
lines derived anther culture

Drought stress treatment was significantly different in all variables except
SRR, and there was an interaction between genotypes on drought stress, which
indicated that there were varied responses among the genotypes (Table 3).
Relative values were used to know the effect of drought stress on the growth
and yield of lines (Figure 5). The response of rice growth did not show a
significant decrease due to drought stress. Root length, shoot length and shoot
root weight ratio (SRR) decreased only by 8.37, 6.18, and 8.33 percent,
respectively, because it applied the stress in a relatively short period, and plant
growth was stable. Root dry weight decreased by 17.83 percent and shoot dry
weight decreased by 12.51 percent; however, the decrease in grain weight/hill
was up to 52.01 percent (Figure 5). Drought stress had a significant effect on
yield reduction because it gave the treatment in the critical period when filling
grains in the reproductive phase.

Total Chlorophyll content

Total chlorophyll in the leaves varied in each genotype tested. Almost all
genotypes showed a decrease in total chlorophyll, except for genotypes P6-291
and Batutegi as checks tolerant. The lowest reduction of total chlorophyll was
found in genotypes P3-31, P2-2, P6-53, P6-64, and Fatmawati, while the
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highest decreases were seen in genotypes P6-95, P3-190, and P3-221 (Figure
6).
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Figure 6. The total chlorophyll content of doubled haploid lines

The content of Proline

Plants use proline accumulation to defend themselves in drought stress by
osmotic adjustment, which is an adaptation response to these conditions. The
content of proline in the leaves varied in the genotype tested. The content of
proline was very high for tolerant genotypes based on the PEG 6000 test, which
was found in P3-31 (30.33 umol/g), and P6-95 (20.82 umol/g), and moderate
genotypes were found in P6-291(20.42 umol/g) (Figure 7). Based on grain
weight/hill ratio (GWR), the genotype was categorized as susceptible. It was
due to the large amount of organic material that has accumulated for osmotic
adjustment, which resulted in low grain weight/hill.
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Figure 7. The content of proline of doubled haploid lines derived

Effect of Drought Stress on Yield Double Haploid Lines

The effect of drought stress on grain weight per hill was presented in
Table 4. Genotypes P4-43, P6-92, and P6-53, did not show a significant
decrease due to drought stress. Some lines showed significant reductions, such
as genotypes P2-112, P3-90, P3-31, P2-2, P6-75, and P3-221.

Table 4. The weight of grain per hill at normal conditions and drought
stress and the ratio of grain weight per panicle of doubled haploid lines

Grain weight/hill (g)

Lines 10%FC'  60%FC  GWR(%) Crteria
P6-95 431 0.28 6.49 Susceptible
P2-112 14.87 3.31 22.26 Susceptible
P3-190 28.44 19.94 70.11 Tolerant
P3-31 17.74 3.88 21.87 Susceptible
P4-43 19.16 18.22 95.09 Tolerant
P6-92 10.40 8.18 78.65 Tolerant
P2-2 17.00 3.09 18.17 Susceptible
P6-291 8.07 2.20 27.26 Susceptible
P6-53 16.98 12.20 71.85 Tolerant
P6-64 3.32 0.83 25.00 Susceptible
P6-75 24.61 2.621 10.65 Susceptible
P3-221 8.66 1.32 15.24 Susceptible
Jatiluhur 52.34 33.01 63.07* Tolerant
Cisokan 38.03 11.75 30.89 Moderate
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Batutegi 46.77 31.37 67.07 Tolerant

Fatmawati  38.89 15.55 39.98 Moderate
YEC= field capacity; “lGWR =Grain Weght Ratio; *Based on tolerance of parental (Jatiluhur)
tolerant if WGR>60%, Moderate if 30<WGR<60, and susceptible if WGR<30%

The selection of drought tolerance based on grain weight/hill ratio
(GWR) showed different levels of consistency on the PEG 6000 test (Table 4).
Four tolerant doubled haploid lines in the PEG 6000 test showed only one that
was consistently tolerant (P3-190). In comparison, four moderate lines in the
PEG test, two of them were consistent, namely P4-43 and P6-92, and four
susceptible lines in the PEG test produced one was not consistent (P6-53)
(Table 4).

DISCUSSION

PEG 6000, which is equivalent to osmotic potential of -0.8 MPa, caused
inhibition of germination, root elongation, and epicotyl in chickpeas (Macar et
al., 2009). Zapico (2008) reported that lowland rice genotypes were more
sensitive than upland rice in inhibiting germination at 15% PEG 8000. PEG
6000 caused a water deficit that inhibited the entry of water molecules into
plant tissue, while water was essential in the germination process. The average
decrease in root length was 60.8 percent (Figure 1).

Zapico’s (2008) revealed that leaves were more inhibited than roots
because of water deficits during the germination. Macar et al. (2009) also
reported that PEG 6000 inhibited shoot rather than root elongation. Because the
roots are first exposed to drought stress, causing damage to the root tissue, so it
took a lot of carbohydrates to the roots, consequently the supply to the shoot
decreases. In this experiment, PEG 6000 reduced shoot length by 80 percent
(Figure 2).

Li et al. (2006) reported that there was a decrease in chlorophyll content
in barley leaves, tolerant genotypes (Tamor and Arta) decreased by 10.7, and
1.6 percent, respectively, and sensitive genotypes (Morocco9-75 and W12291)
decreased by 31.3 and 30.1 percent. Refers to Pieters and Souki (2005) also
reported that drought stress weakens PS |1 activity in rice leaf flags, resulting in
reduced chlorophyll content. However, drought stress increased xanthophyll
pigment in leaves, which functions to absorb excess light under high irradiation
in drought stress. Furthermore, it was stated by Havaux and Lannoye (1985)
that the inhibition of photosynthesis not only caused in the degradation of
chlorophyll and stomatal closure but also resulted in changes in thylakoid
membrane function. It has reduced quantum vyields in primary photochemical
reactions in PS 1l that direct changes in energy distribution to PS I. Herawati et
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al. (2017) proved that the composition of stomata in susceptible genotypes was
denser and more numerous than tolerant genotypes. Stomatal density affected
two essential processes, namely photosynthesis, and transpiration.

Pirdasthi et al. (2009) showed that drought stress at different growth
stages would increase the proline content of the leaves, and tolerant genotypes
have a high proline and grain yield. Mostajeran and Rahimi-Eichi (2009) stated
that the accumulation of proline varies between genotypes tested, the content of
proline in young and old leaves always increases in drought stress, and the
proline in young leaves was higher than older leaves in all cultivars tested.
Therefore, several studies have shown that proline content can be used as an
indicator of drought-tolerant genotypes.

The effect of drought stress on grain weight/hill in lines tested was
presented in Table 4. Lines P4-43, P6-92, and P6-53 did not show a significant
decrease due to drought stress. Some lines showed significantly decreased, such
as lines P2-112, P3-90, P3-31, P2-2, P6-75, and P3-221 (Table 4). Sheoran and
Saini (1996) and Saini (1997) have detected sensitivity to drought stress in the
process of rice anther meiosis. Meiosis of the anther occurs 9-10 days before
flowering depending on the position of the spikelet in panicles. The process of
meiosis ends three days before the flowers come out. Therefore, stress can be
given three days before or afterward to predict the effects on yield reduction.

Liu et al. (2006) stated that water stress causes pollination failure by up to
67 percent of the total spikelet/panicle. Furthermore, if pollination occurs, the
time achieved by pollen to reach the micropyle in the ovule is longer, between
1-8 days. Flowers fail to open; consequently, pollen cannot escape through the
surface of the flower. Lafitte et al. (2005) reported that drought stress in dry
land caused delays in flowering for three days in the genotype tested. However,
on the contrary, genotypes were flowering faster; this is because the plant was
sensitive to pollination and embryo development, so it accelerated flowering
before more severe stress.

Delay in flowering during drought stress will negatively affect seed
filling, especially on sensitive genotypes. The assimilate partitioning from
stems and leaves increased during drought stress by accelerating leaf
senescence (Kumar et al. 2006). Yang etal. (2001) supported this
statement that 75-92 percent during pre-anthesis, **C was stored in stems that
would be relocated back to seeds when exposed to drought, 50-80 percent
higher were mobilized under normal conditions. Drought stress in the grain
filling period also causes faster senescence, a shorter seed filling period, but the
assimilation remobilization increases (Kamoshita et al. 2004).

Drought stress also inhibited panicle exertion due to decreased elongation
at the base of the panicle, causing sterility of grain within the leaf sheath, which
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reduced grain yield (Ji et al. 2005). The results showed a decrease in grain
weight/hill up to 52.01 percent because of drought stress (Figure 5). The six-
day drought stress treatment in the flowering period significantly decreased the
weight of filled grain/hill, up to 80% (Liu et al. 2006). Lafitte et al. (2005)
stated that the average decreased grain yield in paddy fields was 75 percent,
while Wang et al. 2009 reported that the IR2266 lowland rice genotype had a
more significant reduction in total root length than the CT9993 upland rice
genotype. The upland rice genotype (CT9993) was more adaptable to water
deficit conditions in rainfed lowland areas, by avoidance strategy, which can
penetrate deep roots and strong root systems. Furthermore, Kumar et al. (2009)
reported that decreased biomass could reduce rice yield due to drought stress in
sensitive genotypes, so that selection of high biomass and harvest index can be
applied to obtain drought tolerant genotypes.
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Abstract Evaluation, characterisation and selection of rice were conducted to be tolerant to
drought stress. The process of selection of double haploid lines, especially those related to
drought tolerance was done by observation the morphological features on the root system in
each genotype. The treatment of polyethene glycol (PEG) solution in the planting medium is
created the stress condition because of the water availability for plants reduced. Molecular size
and the concentration of PEG in-the-selution determined the osmotic potential. The defense
mechanisms used in plants on drought stress is the accumulation of proline to adjust ment
osmotic, production and accumulation of free amino acids like proline in plant tissues during
drought stress, an adaptation response in these conditions. Result showed that PEG 6000
inhibited the germination (33.9 per cent), root length (60.8 per cent), and shoot length (80 per
cent) of upland rice lines. Drought stress treatment (60 per cent of field capacity) at the
flowering period showed non-significant reduction in the growth of doubled haploid upland rice
but reduced the weight of grains per hill (52.11 per cent). Drought stress decreased in total
chlorophyll (20.7 pumol/cm) and increased proline content in leaves (30.3 pumol/g). The content
of proline in the leaves varied in inbreds due to drought stress. The high contained proline of
tolerant genotype based on PEG 6000 are P3-31, followed by P6-95 respectively 30.33, 20.82
pumol/g, and genotype moderate line P6-291 at 20.42 umol/g. Stress drought led to a decrease in
total chlorophyll, and increase the proline content in the leaves. Stress-drought-led-to-decrease

Keywords: Drought, Doubled haploid, Upland rice, Polyethyleneglycol, Proline
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Introduction

Using of upland rice varieties is still very low, due to lack of availability
of multi tolerant rice varieties. The problem of increased of upland rice
production caused by the constraints of physical, biological and socio-economic.
Land cultivation is generally reacted sourly with high Al saturation, in addition
to the frequent droughts and nutrient deficiency. The characters of upland rice
desirable for such a physical condition is early harvesting to medium, medium
tillers, preferably an erect stem, blast resistance, and Al tolerant, drought and
shade (Peng et al., 2008; Herawati et al., 2010; Hairmansis et al., 2016). The
development of upland rice faced very complex obstacles, so it needs to repair
the high-yielding varieties with multi tolerant characters of the biophysical
factors in dryland.

Anticipate the effects of climate change on sustainable agricultural
systems; various efforts are made to produce technological innovations that are
expected to overcome the problem. The technology includes superior drought-
tolerant varieties. The use of upland rice varieties with higher yields, as well as
resistance to drought, and can adapt well to climate change, is needed to
support efforts to increase yields and expansion of rice areas on dry land.

Development of varieties requires time and funds are relatively large. The
formation of homozygous lines can be accelerated by anther culture technique
to produce inbreds in one generation. The selection process could be expressed
more highly efficient because the homozygous lines can be obtained
immediately in the first (DH1) and second-generation (DH2) (Dewi et al.,
1996; Herawati et al., 2008). In previous experiments have produced double
haploid lines via anther culture as much as 348 lines (Herawati et al., 2008). A
total of 78 lines has been through a screening test to stress the aluminium in the
greenhouse with a nutrient solution, and screening blast leaves with 173 races,
033 races and 001 races in the greenhouse (Herawati et al., 2016). Drought
stress testing is needed to determine whether these lines have a tolerance to
drought stress, so long dry periods can be anticipated by planting drought-
tolerant varieties.

Evaluation and characterisation, as well as a selection of rice that are
resistant to drought stress, is an essential stage in plant breeding. Fo-make The
process of selection of double haploid lines were done, especially those related
to drought tolerance by looking at the morphological features on the root
system of each genotype (Herawati et al., 2017). Taiz and Zeiger (2002)
described the plant's defences of drought stress is hampered the development of
leaf area, root development to reach a wet area, and the closing of stomata to
limit transpiration. Assessment genotype trough selection is less efficient
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because the identification of potential high yield in drought stress is difficult
obtained immediately (Clarke et al. 1992). Selectien for Breeding purposes was
done by eennecting-between-rooting properties with tolerance to drought that
reported eonducted by Chang et al. (1972). Resulis—of+esearch Babu et al.
(2003) revealed that the character of root positively correlated with production
in drought stress.

The treatment of PEG solution into the planting medium is expected to
create conditions of stress because of the availability of water for plants to be
reduced. Molecular size and the concentration of PEG in the solution
determining the osmotic potential that occurs. According to Seshu and Sorrells
(1986), 6000 PEG solution with a level of 20% has an osmotic potential -0.71

Mpa (7:06 bar). Land under conditions of osmotic potential field capacity is
have--0.03 Mpa (0.33 bar), and in a state- stage of the permanent wilting point

is has an osmotic potential -1.5 Mpa (15 bars) (Taiz and Zeiger, 2002). As an
agent selector, PEG 6000 reportedhy as superior to mannitol, sorbitol, or salt
because it is not toxic to plants, can not be absorbed by root cells, and
homogeneously lowering osmotic potential (Verslues et al. 1998). The use of
PEG 6000 solution with a concentration of 20% is expected to create an
osmotic potential that is equivalent to the soil condition ef-the-seil between
field capacity and permanent wilting point. The addition of PEG solution in
germination media is expected to simulate drought stress conditions. The study
aimed s to determine the double haploid lines of crossbred upland rice with a
new plant type (NPT) that are-tolerant to drought, as~weH-as and to assess the
consistency of testing using PEG at germination stage and the drought stress
test in the greenhouse.

Materials and methods

The research was conducted at the laboratory and greenhouse of the
Indonesian Center for Agricultural Biotechnology and Genetic Resources
Research and Development, Indonesia, Cimanggu Bogor. The experiments
were carried out two stages of early selection seeds of double haploid (DH1)
with 20% polyethene glycol (PEG) 6000 at the germination phase, and drought
stress test in the greenhouse.

Test of 20% polyethene glycol (PEG) 6000
The materials used in this study were 78 lines of double haploid (DH1)

selected from crosses of upland rice in new plant type (PTB) Fatmawati, four
elders namely SGJT-28, SGJT-36, Way Rarem, and Fatmawati, and Jatiluhur
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and Cisokan as a tolerant and sensitive control. A total of 20 seeds of each line
represented by treating 20% concentration of PEG 6000 on a petri dish for early
selection of drought-tolerant seeds. Seeds soaked in a solution of 10 ml PEG in
a petri dish.

After 24 hours, the number of seeds that germinate calculated until the
age of six days. Data were collected for as germination, root length, and length
plumule. Measuring The Index average decline using the formula Jiang and
Lafitte (2007) was measured as follows:

The average decrease (%) = [1- (Vs / Vp)] x 100

Vs = the value of the variable in drought stress conditions

Vp = value of the variable in the condition without stress

Selection of lines at 20% PEG on germination phase is based on the
relative root length (RRL), and followed by the normal distribution pattern.
RLR data were transformed into raw value genotype Z. Tolerance levels were
greuped divided into 5 groups: very sensitive if Z <-1 SD, sensitive if -1 SD> Z
<-1/2 SD, moderate if -1/2 SD <Z < +1/2 SD, tolerant if +1/2 SD> Z <+1 SD,
very tolerant if Z> +1 SD.

Drought Stress Test

The selected materials resulted from screening with PEG 6000. Varieties
used for comparison is Jatiluhur and Batu Tegi as a comparison tolerant and
varieties Cisokan and Fatmawati were a sensitive comparison. The soil dried
for one week, then sieved with four mm sieve to obtain a homogeneous soil.
Determination-of Soil water content was determined by weighing 3 x 100 g air-
dry soil. The soil was roasted for 24 hours at t 105 ° C, then weighed and
gained an average weight of oven-dry soil (ODS). Betermination—ef- Field
capacity was determined with Bouyoucos modified method. Three seeds were
planted per pot. Having grown been two of the best. Plants were fertilized with
200 kg/ha (5 g/pot) Urea, 100 kg/ha (2.5 g/pot) SP36, and 100 kg/ha (2.5 g/pot)
KCI.

Proline content analysis is refered s to the mehod of Bates et al. (1973).

Three old leaf samples were taken at-in each-genotype-that-has—opened—full,
during-the-day{=1-am) (Uyprasert et al. 2004). Standard curves was done

using proline solution with a level of between 0-1.0 mmol to determine the
concentrations of proline. Proline content of the material was expressed in
mmol/g dry weight. Chlorophyll analysis was conducted using a
spectrophotometer.
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The experiments were arranged #nte as factorial in Randomized
Completely Block Design (RCBD). facterial, The first factor is was the
genotype, and the second factor was is the drought with three replications.
Treatment of dryness stress consists of two levels, namely: (1) the provision of
water commonly at field capacity until the end of the trial, (2) the provision of
water to 60% of field capacity given during the critical period of plant that is
over six days (3 days before and 3 days after flowering) (Kumar et al., 2006;
Liu et al., 2006; Lafitte et al., 2006).

The variables observation are were root length, shoot length, root dry
weight, shoot dry weight, shoot and root weight ratio (SRR), grain weight per
hill, the content of proline and chlorophyll in the leaves. Selection of drought
stress tolerance based on the ratio of grain weight per hill (RGW), which is the
ratio between grain weight/hill on drought stress and grain weight/hill without
drought stress.

RESULTS

Effect of Polyethyleneglycol (PEG) 6000 to Germination of Doubles Haploid
lines Derived Anther Culture

PEG 6000 treatment affects the germination percentage, root length and
length plumule. Germination percentage decreased by 33.95 per cent, followed
by a decrease in root length (60.8 per cent), and long-plumule (80 per cent)
(Figure 1).

@Decreased (%) OPEG 6000/Control (%)
120

100 +

28 ) e 39 / 60.8
i

40
66.05 39.2

O T T 1
Germination  Root length  Shoot length

80

N\

Relative Value (%)

Figure 1. Effect of PEG 6000 on germination, roots length and shoot
length
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PEG 6000 treatment resulted in the lowest germination in genotypes P3
and P6 (39.8 and 36.5 per cent), while the genotype P4 and P5 produced the
highest germination rate (77.5 and 75 per cent) (Figure 2). Long roots lowest
average in treatment 20% PEG 6000 is P3 (2.3 cm), and the highest average
length root is P6 ( 3.7 cm) (Figure 3).
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Figure 2. Effect of PEG 6000 on seed germination of double haploid lines

derived anther culture
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Figure 3. Effect of PEG 6000 on length root of doubled haploid lines

derived anther culture
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Shoot length varies between the crossing ranging from 0.51 to 1.22 cm.
The lowest average of shoot length is P6 (0.51 cm) and P3 (0.65 cm), while the
longest in P4 and P5 is 1.22 and 1.16 cm, respectively (Figure 4). Comment [IJAT7]: it must be changed to
be Past tense.

6
533 00 PEG 6000
'g S 4a 020% PEG 6000
~ ] 3.92
£ 4 -
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Figure 4. Effect of PEG 6000 on shoot length of double haploid lines
derived anther culture

The selection of double haploid lines at 20% PEG 6000 in the phase of
germination based on the value of relative root length (RRL) results in very
sensitive genotype if RRL<15.46, sensitive if 15.46<RRL<28.09, moderate
sensitive if 28.09 <RRL<53.35, moderately tolerant if 53.35 <RRL<65.89, and
tolerant if RRL> 65.89. Double haploid lines selection results in the treatment
of 20% PEG 6000 in various crosses produced ten genotypes tolerant, 13
somewhat tolerant genotypes, 29 genotypes moderate, eight genotypes rather
sensitive and 18 sensitive genotypes (Table 1). Comment [IJAT8]: it must be changed to
be Past tense.
Table 1. Selection of double haploid lines derived anther culture by relative
root length (RRL) at 20% PEG 6000

Number of lines

Crosses Rather rather
Tolerant Tolerance Moderate  sensitive sensitive
P1 (Fatmawati x Way Rarem) 0 1 0 0 0
P2 (Fatmawati x SGJT-28) 1 3 2 0 0
P3 (Fatmawati x SGJT-36) 7 3 14 3 7
P4 (Way Rarem x Fatmawati) 0 1 1 0 0
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P5 (SGJT-28 x Fatmawati) 0 1 0 0 0

P6 (SGJT-36 x Fatmawati 2 4 12 5 11
Total 10 13 29 8 18
Table 2. The lines were chosen to test the consistency of drought stress by
PEG 6000
Grains
Lines RLR! z % Germ®  Criteria weight/hill
P6-95 66.9 1.03 100 T 435
P2-112 717 1.22 100 T 27.7
P3-190 79.0 151 100 T 4.77
P3-31 76.4 1.41 90 T 7.11
P4-43 42.0 0.05 80 M 18.0
P6-92 48.3 0.29 90 M 29.5
p2-2 49.8 0.35 60 M 2.71
P6-291 43.3 0.10 60 M 4.42
P6-75 0.0 -1.61 0 S 23.8
P6-64 6.0 -1.37 10 S 16.1
P6-53 8.64 -0.63 10 S 9.87
P3-221 0.0 -1.61 0 S 3.7

YJRLR= relative length root was tansform from Z values, where Z=standard values; Susceptible
(S) if Z<-1SD, Moderate (M) if -1SD<Z<+1SD, and Tolerance (T) if Z>+1SD;
%/Germ=germination

Test results with polyethyleneglycol (PEG) 6000 is used for testing
drought in the greenhouse. The resulting genotype grouped into three criteria,
namely the sensitive genotypes, genotypes moderate and tolerant genotypes
based on the relative root length (RRL) (Table 2). Comment [IJAT9]: it is not a good
sentence, REWRITE
Effect of Drought Stress on the Growth and Yield of Doubled Haploid Lines
Results from Anther Culture

Effect of Drought Stress on Growth
The results of variance in drought stress experiments showed that the
shoot length, root dry weight, shoot dry weight, and shoot root weight ratio

(SRR) was significantly different among lines except for variables root length
(Table 3).
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Table 3. The effect of drought stress on roots length, shoot length, root dry
weight, shoot dry weight, and shoot root weight ratio (SRR) of double
haploid lines derived anther culture

Mean Square

Source of Root Shoot rootdry shootdry shoot root
variance length length weight weight weight
ratio (SRR)

Genotipe (G) 36.41ns  1771.26** 229.23** 3749.77** 0.0067**
Drought (D) 396.09*  937.50**  256.79** 2208.57** 0.0043™
GxD 28.99* 64.08* 16.94* 129.21* 0.0018*

**significant, ™ no significant at F 0.05 test
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100 1 ™= 537 RN 618 En.ss E 1251 833

80 -

™% Decrease
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52.01
60 -
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40 91.63 93.82 82.1 87.49 91.6
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20 | 47.99

0

Root length  Shoot Rootdry Shootdry ShootRoot Grains
length weight weight weight  weight per
Ratio hill

Figure 5. Effect of drought stress on growth and yield of doubled haploid
lines derived anther culture

Drought stress treatment significantly different at all variables except for
SRR, and there are interactions between genotypes to drought stress, which
indicates that their response to drought stress to the difference between
genotypes (Table 3). Relative values were used to know the effect of drought
stress on the growth and yield of rice (Figure 5).

Drought stress treatment did not show a substantial decrease in growth
response. Root length, shoot length and shoot root weight ratio (SRR) only
decreased respectively by 8.37, 6.18, and 8.33 per cent because stress give in a
relatively short period and the plant growth has stabilised. The variables root
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dry weight decreased by 17.83 per cent and shoot dry weight decreased by
12.51 per cent; however, a decrease in grain weight/hill up 52.01 per cent
(Figure 5). Drought stress treatment significantly affects the yield reduction due
to drought stress treatment is given at a critical period when filling seed in the
reproductive phase.

Total Chlorophyll content

The total chlorophyll content in leaves varies in genotype tested to
drought stress. Almost all genotypes showed a decrease in total chlorophyll,
except genotypes P6-291 and Batutegi as tolerant check variety. The reduction
in total chlorophyll lowest in genotype P3-31, P2-2, P6-53, P6-64, and
Fatmawati, while the highest decline in genotype P6-95, P3-190 and P3-221
(Figure 6).
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Figure 6. The total chlorophyll content of doubled haploid lines derived
anther culture on drought stress

The content of Proline

The content of proline in the leaves varies in inbreds due to drought stress. The
content is very high proline contained in tolerant genotype test criteria based on
genotype PEG 6000, i.e. P3-31, followed by P6-95 respectively 30.33, 20.82
pumol/g, and genotype moderate line P6-291 at 20:42 umol/g (Figure 7). Based
on criteria of grain weight/hill ratio (GWR), the genotype categorised as
sensitive. The amount of organic material that has been accumulated for
osmotic adjustment, resulting in grain weight/hill is low.
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Figure 7. The content of proline of doubled haploid lines derived anther
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culture on drought stress

Genotype
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Effect of Drought Stress on Yield Double Haploid Lines

The effect of drought on the grain weight per hill on some lines tested
presented in Table 4. The line P4-43, P6-92, and P6-53 do not show significant
declines due to drought stress. Some lines showed substantial reductions due to
drought stress as P2-112, P3-90, P3-31, P2-2, P6-75, and P3-221.

Table 4. The weight of grain per hill at normal conditions and drought
stress and the ratio of grain weight per panicle of doubled haploid lines

derived anther culture

Grain weight/hill (g)

Lines 10%FC'  60%FC  GWR(%)y Criteria
P6-95 431 0.28 6.49 Susceptible
P2-112 14.87 331 22.26 Susceptible
P3-190 28.44 19.94 70.11 Tolerant
P3-31 17.74 3.88 21.87 Susceptible
P4-43 19.16 18.22 95.09 Tolerant
P6-92 10.40 8.18 78.65 Tolerant
P2-2 17.00 3.09 18.17 Susceptible
P6-291 8.07 2.20 27.26 Susceptible
P6-53 16.98 12.20 71.85 Tolerant
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P6-64 3.32 0.83 25.00 Susceptible

P6-75 24.61 2.62l 10.65 Susceptible
P3-221 8.66 1.32 15.24 Susceptible
Jatiluhur 52.34 33.01 63.07* Tolerant
Cisokan 38.03 11.75 30.89 Moderate
Batutegi 46.77 31.37 67.07 Tolerant
Fatmawati  38.89 15.55 39.98 Moderate

YEC= field capacity; 2GWR =Grain Weght Ratio; *Based on tolerance of parental (Jatiluhur)
tolerant if WGR>60%, Moderate if 30<WGR<60, and susceptible if WGR<30%

The selection of drought stress tolerance based on the ratio of grain
weight per hill (GWR) indicates that the level of consistency varies with test
PEG 6000 (Table 4). A total of four double haploid lines tolerant to testing
PEG 6000 was only one consistent is the line P3-190, while four moderate lines
on the trial of PEG 6000, two of which are compatible based on GWR i.e line
P4-43 and P6-92, and four lines sensitive on the trial of PEG 6000 only one
inconsistent and otherwise intolerant based on GWR namely line P6-53 (Table
4).

DISCUSSION

PEG 6000 is equivalent to the osmotic pressure of -0.8 MPa causes
inhibition of germination, root elongation and epicotyl on chickpea plants
(Macar et al., 2009). Zapico (2008) reported that the lowland rice genotypes
are more sensitive than upland rice on the inhibition of germination in treatment
15% PEG 8000. PEG 6000 led to a water deficit that will inhibit the entry of
water molecules into plant tissues, whereas water is indispensable in the
process of germination. An average reduction of 60.8 per cent root length
(Figure 1). Results Zapico (2008) showed that the leaf is more constrained than
the roots of the water deficit during the germination process. The same reported
by Macar et al. (2009) revealed that PEG 6000 inhibits the shoots and the root
elongation. The former of the roots are more exposed to conditions of drought
stress and caused damage to the root tissue, so it requires much supply of
carbohydrates to the roots, consequently supply to the shoots reduced. PEG
6000 treatment caused a reduction in the shoot length by 80 per cent (Figure 2).

Li et al. (2006) reported that there is a decrease in chlorophyll content in
the leaves of barley, the tolerant genotype (Tamor and Arta) chlorophyll
content dropped respectively by 10.7, and 1.6 per cent and the sensitive
genotype (Morocco9-75 and W12291) dropped respectively by 31.3 and 30.1
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per cent. Refers to Pieters and Souki (2005), the drought stress weakens the
activity of PS 1l in the flag leaf, reduced chlorophyll, and increased the pigment
content xanthophyll, which serves to absorb excess light under irradiation
higher in drought conditions. Further proposed by Havaux and Lannoye (1985)
that the inhibition of photosynthesis due to drought stress not only causes
degradation of chlorophyll and stomatal closure but also resulted in changes in
the function of the thylakoid membrane. It reduces quantum photochemical
reaction primer on PS Il which directs changes in the distribution of energy to
PS I. Herawati et al. (2017) revealed that the stomatal composition and density
in the susceptible genotype being denser and number full than the tolerant
genotype. The stomatal density could affect two essential processes,
photosynthesis, and transpiration.

Results of research Pirdasthi et al. (2009) showed that drought stress at
different growth stages would increase the proline content in the leaves, and the
tolerant genotype contains proline and high rice yield. The experimental results
Mostajeran and Rahimi-Eichi (2009) states that the accumulation of proline
varies among genotypes tested, the content of proline in young leaves and old
leaves always increased in drought stress, and the content of proline in young
leaves was higher than leaves parents in all cultivars tested. Therefore, some
studies suggest that the proline content used for the selection of drought-
tolerant genotypes.

The effect of drought on the grain weight per hill on some lines tested
presented in Table 4. The line P4-43, P6-92, and P6-53 do not show significant
declines due to drought stress. Some lines showed substantial reductions due to
drought stress as P2-112, P3-90, P3-31, P2-2, P6-75, and P3-221. Sheoran and
Saini (1996) and Saini (1997) has detected a sensitivity to drought stress at
meiosis anther rice plants. Meiosis in the anther occurs in 9-10 days before
flowering depending on the position of the panicle rice. The process of meiosis
ends three days before the flowers come out. Therefore stress can be given
three days before the flowers come out or afterwards to see the effects on yield
reduction.

Liu et al. (2006) found that water stress causes the failure of pollination
by pollen up to 67 per cent of total grain/ panicle. Furthermore, in the case of
pollination, the time to achieve the pollen to reach the ovule micropyle longer is
1-8 days. Flowers failed to open. Consequently, pollen can not get out through
the surface of interest due to drought stress (Liu et al. 2006). Lafitte et al.
(2005) reported that drought stress on dryland cause delays flowering an
average of 3 days in some genotypes tested, but on the contrary there is a
genotype faster flowering phase, it is presumably because these plants are
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sensitive to the process of pollination and development of the embryo, so
flowering accelerated before more severe stress.

Delayed flowering during drought stress will negatively affect the filling
of grains, especially in sensitive genotype, assimilate partitioning of the stems
and leaves to the grain filling increases during drought stress by speeding
senescence on the leaves (Kumar et al. 2006). This statement is supported by
Yang et al. (2001) that 75-92 per cent during the pre-anthesis, **C deposited on
the trunk that will be relocated back to the seed when there is drought, 50-80
per cent higher than the amount remobilisation on condition without stress.
Drought stress on grain filling period also led to senescence faster, shorter grain
filling period, but increased assimilate remobilisation (Kamoshita et al. 2004).

Drought stress also causing delays exertion of panicle elongation
resulting in a reduction in the base of the panicle, causing sterility of grain
inside the leaf sheath, which can decrease grain yield (Ji et al., 2005). When
viewed from the relative decline in grain weight/hill due to drought stress
decreased to 52.11 per cent (Figure 6). Drought stress six days before flowering
significant causes a decrease in grain weight/hill, the most significant impact
when pressure is at the time of flowering can cause a reduction in fill grain of
up to 80% (Liu et al. 2006).

The experimental results Lafitte et al. (2005) states that the average
reduction in grain yield in lowland rice by 75 per cent due to drought stress.
Wang et al. 2009 reported that the lowland rice genotypes IR2266 more
significant reduction in total root length as a result of drought stress than upland
rice genotypes CT9993. Upland rice genotypes (CT9993) more adapted to the
conditions of water deficit in the rainfed areas, by way of avoidance (avoidance
strategy) that can penetrate deep roots and reliable root system. Furthermore,
Kumar et al. (2009) reported that the decrease in plant biomass could reduce
rice yields due to drought stress in sensitive genotype, so the selection of high
biomass and harvest index can be used to obtain drought tolerant genotypes.

One of the mechanisms used by plants to defend on drought stress is
through the accumulation of proline for adjustment osmotic, production and
accumulation of free amino acids like proline in plant tissues during drought
stress, an adaptation response in these conditions (Cattivelli et al., 2008;
Vendruscolo et al. 2007). Further Vajrabhaya et al. (2001) revealed that the
high proline content not only plays a role in the osmotic adjustment in water
stress, proline accumulation was also thought to be involved in the protection of
the structure of enzymes and cells from free radicals.
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Abstract The characterization and selection of rice were evaluated for tolerant to drought
stress. The selection process of double haploid lines, especially related to drought tolerance,
was done by observing the morphological features on the root system in each genotype. The
polyethylene glycol (PEG) solution in the planting medium is created the stress condition
because of the water availability for plants reduced. Molecular size and the concentration of
PEG determined the osmotic potential. The defense mechanisms used in plants on drought
stress is the accumulation of proline to adjust osmotic, production and accumulation of free
amino acids like proline in plant tissues during drought stress, an adaptation response in these
conditions. The result showed that PEG 6000 inhibited the germination (33.9 percent), root
length (60.8 percent), and shoot length (80 percent) of upland rice lines. Drought stress
treatment (60 per cent of field capacity) at the flowering period showed a non-significant
reduction in the growth of doubled haploid upland rice but reduced the weight of grains per hill
(52.11 percent). Drought stress decreased in total chlorophyll (20.7 pmol/cm) and increased
proline content in leaves (30.3 pumol/g). The content of proline in the leaves varied in inbreds
due to drought stress. The high contained proline of tolerant genotype based on PEG 6000 are
P3-31, followed by P6-95, respectively 30.33, 20.82 umol/g, and genotype moderate line P6-
291 at 20.42 pumol/g. Stress drought led to a decrease in total chlorophyll, and increase the
proline content in the leaves.
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Introduction

Upland rice varieties is still very low, due to lack of availability of multi
tolerant rice varieties. The problem of increased upland rice production caused
by the constraints of physical, biological, and socio-economic. Land cultivation
is generally reacted sourly with high Al saturation, in addition to the frequent
droughts and nutrient deficiency. The characters of upland rice desirable for
such a physical condition is early harvesting to medium, medium tillers,
preferably an erect stem, blast resistance, and Al tolerant, drought and shade
(Peng et al., 2008; Herawati et al., 2010 and Hairmansis et al., 2016). The
development of upland rice faced very complex obstacles, so it needs to repair
the high-yielding varieties with multi tolerant characters of the biophysical
factors in dryland. Anticipate the effects of climate change on sustainable
agricultural systems; various efforts are made to produce technological
innovations that are expected to overcome the problem. The technology
includes superior drought-tolerant varieties. The use of upland rice varieties
with higher yields, as well as resistance to drought, and can adapt well to
climate change, is needed to support efforts to increase yields and expansion of
rice areas on dry land. The development of varieties requires time and funds are
relatively large. The formation of homozygous lines can be accelerated by
anther culture technique to produce inbreds in one generation. The selection
process could be expressed highly efficient because the homozygous lines can
be obtained immediately in the first (DH1) and second-generation (DH2) (Dewi
et al., 1996; Herawati et al., 2008). In previous experiments have produced
double haploid lines via anther culture as much as 348 lines (Herawati et al.,
2008). A total of 78 lines has been through a screening test to stress the
aluminum in the greenhouse with a nutrient solution, and screening blast leaves
with 173 races, 033 races and 001 race in the greenhouse (Herawati et al.,
2016). Drought stress testing is needed to determine whether these lines have a
tolerance to drought stress, so long dry periods can be anticipated by planting
drought-tolerant varieties.

Evaluation and characterization, as well as a selection of rice that are
resistant to drought stress, is an essential stage in plant breeding. The process of
selection of double haploid lines was done, especially those related to drought
tolerance, by looking at the morphological features on the root system of each
genotype (Herawati et al., 2017). Taiz and Zeiger (2002) described the plant's
defenses of drought stress is hampered the development of leaf area, root
development to reach a wet area, and the closing of stomata to limit
transpiration. Assessment genotype trough selection is less efficient because the
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identification of potential high yield in drought stress is difficult obtained
immediately (Clarke et al., 1992). Breeding purposes was done by rooting
properties with tolerance to a drought that reported by Chang et al. (1972).
Babu et al. (2003) revealed that the character of root positively correlated with
production in drought stress. The treatment of PEG solution into the medium is
expected to create conditions of stress, because of reducing the availability of
water for plants Molecular size and the concentration of PEG in the solution
determining the osmotic potential. According to Seshu and Sorrells (1986),
6000 PEG solution at a level of 20% has an osmotic potential -0.71 Mpa (7:06
bar). Land under conditions of osmotic potential field capacity is -0.03 Mpa
(0.33 bar), and in a stage of the permanent wilting point is an osmotic potential
-1.5 Mpa (15 bars) (Taiz and Zeiger, 2002). As an agent selector, PEG 6000
reported as superior to mannitol, sorbitol, or salt because it is not toxic to
plants, can not be absorbed by root cells, and homogeneously lowering osmotic
potential (Verslues et al., 1998). The use of PEG 6000 solution at a
concentration of 20% is expected to create an osmotic potential that is
equivalent to the soil condition between field capacity and permanent wilting
point. The addition of PEG solution in germination media is expected to
simulate drought stress conditions. The study aimed to determine the double
haploid lines of crossbred upland rice with a new plant type (NPT) that tolerant
to drought to assess the consistency of testing using PEG at the germination
stage and drought stress test in the green house.

Materials and methods

The research was conducted at the laboratory and greenhouse of the
Indonesian Center for Agricultural Biotechnology and Genetic Resources
Research and Development, Indonesia, Cimanggu Bogor. The experiments
were carried out two stages of early selection seeds of double haploid (DH1)
with 20% polyethylene glycol (PEG) 6000 at the germination phase, and
drought stress test in the greenhouse.

Test of polyethylene glycol (PEG)

The materials used in this study were 78 lines of double haploid (DH1)
selected from crosses of upland rice in new plant type (PTB) Fatmawati, four
elders, namely SGJT-28, SGJT-36, Way Rarem, and Fatmawati, and Jatiluhur
and Cisokan as a tolerant and sensitive control. A total of 20 seeds of each line
represented by treating 20% concentration of PEG 6000 on a petri dish for early
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selection of drought-tolerant seeds. Seeds soaked in a solution of 10 ml PEG in
a petri dish.

After 24 hours, the number of seeds that germinate calculated until the
age of six days. Data were collected as germination, root length, and length
plumule. The Index average decline using the formula Jiang and Lafitte (2007)
was measured as follows:

The average decrease (%) = [1- (Vs / Vp)] x 100

Vs = the value of the variable in drought stress conditions

Vp = value of the variable in the condition without stress

The relative root length (RRL) was used to selection of lines at 20% PEG
on the germination phase. RRL data were transformed into the Z value
genotype. Tolerance levels were divided into 5 groups: very sensitive if Z <-1
SD, sensitive if -1 SD> Z <-1/2 SD, moderate if -1/2 SD <Z < +1/2 SD, tolerant
if +1/2 SD> Z <+1 SD, very tolerant if Z> +1 SD.

Drought stress rest

The selected materials resulted from screening by PEG 6000. Varieties
used for the check were Jatiluhur and Batutegi as a tolerant and Cisokan and
Fatmawati were sensitive. The soil dried for one week, then sieved with four
mm sieve to obtain a homogeneous soil. Soil water content was determined by
weighing 3 x 100 g air-dry soil. The soil was roasted for 24 hours at t 105°C,
then weighed and gained an average weight of oven-dry soil (ODS). Field
capacity was determined by the Bouyoucos modified method. Three seeds
were planted per pot. Plants were fertilized with 200 kg/ha (5 g/pot) Urea, 100
kg/ha (2.5 g/pot) SP36, and 100 kg/ha (2.5 g/pot) KCI.

Proline content analysis is referred to as the method of Bates et al.
(1973). Three old leaves are taken as samples (Uyprasert et al., 2004).
Standard curves were done using a proline solution at a level between 0-1.0
mmol to determine the concentrations of proline. Proline content of the material
was expressed in mmol/g dry weight. Chlorophyll analysis was conducted
using a spectrophotometer.

The experiments were arranged as factorial in Randomized Completely
Block Design (RCBD). The first factor was the genotype, and the second factor
was the drought stress with three replications. Treatment of dryness stress
consists of two levels, namely: (1) Field capacity until the end of the trial, (2)
60% of field capacity was given during the critical period of the plant (three
days before and three days after flowering) (Kumar et al., 2006; Liu et al.,
2006; Lafitte et al., 2006).
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The variables observation were root length, shoot length, root dry weight,
shoot dry weight, shoot and root weight ratio (SRR), grain weight per hill, the
content of proline and chlorophyll in the leaves. Selection of drought stress
tolerance based on the ratio of grain weight per hill (GWR).

Results
Effect of polyethyleneglycol for germination of double Aaploid lines

The PEG 6000 treatment reduced the percentage of germination, root
length, and plumule length, respectively, by 33.95 percent, 60.8 percent, and 80
percent (Figure 1).
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Figure 1. Effect of PEG 6000 on germination, roots length, and shoot length

PEG 6000 treatment resulted in the lowest germination in genotypes P3
and P6 (39.8 and 36.5 percent), while the genotype P4 and P5 produced the
highest germination rate (77.5 and 75 percent) (Figure 2). Root length was the
shortest 2.3 cm (P3), and the longest was 3.7 cm (P6) (Figure 3).
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Figure 3. Effect of PEG 6000 on length root of doubled haploid lines

Shoot length varied between crosses, ranging from 0.51 - 1.22 cm. The
lowest was found in P6 (0.51 cm) and P3 (0.65 cm), while the longest was in
P4 and P5 (1.22 and 1.16 cm) (Figure 4).
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Figure 4. Effect of PEG 6000 on shoot length of doubled haploid lines

The selection of double haploid lines at 20% PEG 6000 based on the
relative root length (RRL) resulted in susceptible genotype if RRL<15.46,
susceptible if 15.46<RRL<28.09, moderate susceptible if 28.09 <RRL<53.35,
moderately tolerant if 53.35 <RRL<65.89, and tolerant if RRL> 65.89. The
results of genotype selection were ten tolerant genotypes, 13 genotypes rather
tolerant, 29 moderate, eight rather susceptible, and 18 susceptible genotypes
(Table 1).

Table 1. Selection of double haploid lines by relative root length (RRL) at 20%
PEG 6000

Number of lines

Crosses Tolerant Rather Moderate Rather_ Susceptib

Tolerance susceptible le

P1 (Fatmawati X Way Rarem) 0 1 0 0
P2 (Fatmawati x SGJT-28) 1 3 2 0 0
P3 (Fatmawati x SGJT-36) 7 3 14 3 7
P4 (Way Rarem x Fatmawati) 0 1 1 0 0
P5 (SGJT-28 x Fatmawati) 0 1 0 0
P6 (SGJT-36 x Fatmawati 2 4 12 5 11
Total 10 13 29 8 18

Table 2. The lines selected for drought stress testing at the greenhouse based
on the PEG 6000

Lines RLR? z % Germ? Criteria Grains weight/hill
P6-95 66.9 1.03 100 T 435
pP2-112 71.7 1.22 100 T 27.7
P3-190 79.0 151 100 T 4.77
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P3-31 76.4 141 90 T 7.11
P4-43 42.0 0.05 80 M 18.0
P6-92 48.3 0.29 90 M 295
p2-2 49.8 0.35 60 M 271
P6-291 43.3 0.10 60 M 4.42
P6-75 0.0 -1.61 0 S 238
P6-64 6.0 -1.37 10 S 16.1
P6-53 8.64 -0.63 10 S 9.87
P3-221 0.0 -1.61 0 S 3.7

Y/RLR= relative length root was tansform from Z values, where Z=standard values; Susceptible
(S) if Z<-1SD, Moderate (M) if -1SD<Z<+1SD, and Tolerance (T) if Z>+1SD;
*/Germ=germination

The results of tests on polyethylene glycol (PEG) 6000 were used for
drought stress testing in the greenhouses. It divided the results of genotype
selection into three groups, namely sensitive genotypes, moderate genotypes,
and tolerant genotypes based on their relative root length values (RRL) (Table
2).

Effect of drought stress on the growth and yield of double Aaploid lines

Variance analysis in drought stress experiments showed that the shoot
length, root dry weight, shoot dry weight, and shoot root weight ratio (SRR)
were significantly different among lines except for root length (Table 3).

Table 3. The effect of drought stress on roots length, shoot length, root dry
weight, shoot dry weight, and shoot root weight ratio (SRR) of double haploid
lines

Mean Square

Source of Root length  Shoot length root_ dry shoo_t dry sh_oot roof[
variance weight weight weight ratio
(SRR)
Genotipe (G) 36.41ns 1771.26** 229.23** 3749.77** 0.0067**
Drought (D) 396.09* 937.50** 256.79** 2208.57** 0.0043™
GxD 28.99* 64.08* 16.94* 129.21* 0.0018*

**significant, ™ no significant at F 0.05 test
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Figure 5. Effect of drought stress on growth and yield of double haploid lines
derived anther culture

Drought stress treatment was significantly different in all variables except
SRR. There was an interaction between genotypes on drought stress, which
indicated that there were varied responses among the genotypes (Table 3).
Relative values were used to know the effect of drought stress on the growth
and yield of lines (Figure 5). The response of rice growth did not show a
significant decrease due to drought stress. Root length, shoot length and shoot
root weight ratio (SRR) decreased only by 8.37, 6.18, and 8.33 percent,
respectively, because it applied the stress in a relatively short period, and plant
growth was stable. Root dry weight decreased by 17.83 percent and shoot dry
weight decreased by 12.51 percent; however, the decrease in grain weight/hill
was up to 52.01 percent (Figure 5). Drought stress had a significant effect on
yield reduction because it gave the treatment in the critical period when filling
grains in the reproductive phase.

Total chlorophyll content

Total chlorophyll in the leaves varied in each genotype tested. Almost all
genotypes showed a decrease in total chlorophyll, except for genotypes P6-291
and Batutegi as checks tolerant. The lowest reduction of total chlorophyll was
found in genotypes P3-31, P2-2, P6-53, P6-64, and Fatmawati, while the
highest decreases were seen in genotypes P6-95, P3-190, and P3-221 (Figure
6).
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Figure 6. The total chlorophyll content of double haploid lines

The content of proline

Plants were evaluated proline accumulation to defend themselves in
drought stress by osmotic adjustment, which is an adaptation response to these
conditions. The content of proline in the leaves varied in the genotype tested.
The content of proline was very high for tolerant genotypes based on the PEG
6000 test, which was found in P3-31 (30.33 umol/g), and P6-95 (20.82 pumol/g),
and moderate genotypes were found in P6-291(20.42 umol/g) (Figure 7). Based
on grain weight/hill ratio (GWR), the genotype was categorized as susceptible.
It was due to the large amount of organic material that accumulated for osmotic
adjustment, which resulted in low grain weight/hill.
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Figure 7. The content of proline of double haploid lines derived

Effect of drought stress on yield double haploid lines

The effect of drought stress on grain weight per hill was presented in
Table 4. Genotypes P4-43, P6-92, and P6-53, did not show a significant
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decrease due to drought stress. Some lines showed significant reductions, such
as genotypes P2-112, P3-90, P3-31, P2-2, P6-75, and P3-221.

Table 4. The weight of grain per hill at normal conditions and drought stress
and the ratio of grain weight per panicle of doubl haploid lines

Grain weight/hill (g)

Lines 100 % FC* 60 % FC GWR(%)® Criteria
P6-95 4.31 0.28 6.49 Susceptible
P2-112 14.87 331 22.26 Susceptible
P3-190 28.44 19.94 70.11 Tolerant
P3-31 17.74 3.88 21.87 Susceptible
P4-43 19.16 18.22 95.09 Tolerant
P6-92 10.40 8.18 78.65 Tolerant
p2-2 17.00 3.09 18.17 Susceptible
P6-291 8.07 2.20 27.26 Susceptible
P6-53 16.98 12.20 71.85 Tolerant
P6-64 3.32 0.83 25.00 Susceptible
P6-75 24.61 2.62l 10.65 Susceptible
P3-221 8.66 1.32 15.24 Susceptible
Jatiluhur 52.34 33.01 63.07* Tolerant
Cisokan 38.03 11.75 30.89 Moderate
Batutegi 46.77 31.37 67.07 Tolerant
Fatmawati 38.89 15.55 39.98 Moderate

YFC= field capacity; “lGWR =Grain Weght Ratio; *Based on tolerance of parental (Jatiluhur)
tolerant if WGR>60%, Moderate if 30<WGR<60, and susceptible if WGR<30%

The selection of drought tolerance based on grain weight/hill ratio
(GWR) showed different levels of consistency on the PEG 6000 test (Table 4).
Four tolerant doubled haploid lines in the PEG 6000 test showed only one that
was consistently tolerant (P3-190). In comparison, four moderate lines in the
PEG test, two of them were consistent, namely P4-43 and P6-92, and four
susceptible lines in the PEG test produced one was not consistent (P6-53)
(Table 4).

Discussion

PEG 6000, which is equivalent to osmotic potential of -0.8 MPa, caused
inhibition of germination, root elongation, and epicotyl in chickpeas (Macar et
al., 2009). Zapico (2008) reported that lowland rice genotypes were more
sensitive than upland rice in inhibiting germination at 15% PEG 8000. PEG
6000 caused a water deficit that inhibited the entry of water molecules into
plant tissue, while water was essential in the germination process. The average
decrease in root length was 60.8 percent. Zapico’s (2008) revealed that leaves

513



were more inhibited than roots because of water deficits during the
germination. Macar et al. (2009) also reported that PEG 6000 inhibited shoot
rather than root elongation. Because the roots are first exposed to drought
stress, causing damage to the root tissue, so it took a lot of carbohydrates to the
roots, consequently the supply to the shoot decreases. In this experiment, PEG
6000 reduced shoot length by 80 percent. Li et al. (2006) reported that there
was a decrease in chlorophyll content in barley leaves, tolerant genotypes
(Tamor and Arta) decreased by 10.7, and 1.6 percent, respectively, and
sensitive genotypes (Morocco9-75 and W12291) decreased by 31.3 and 30.1
percent. Refers to Pieters and Souki (2005) also reported that drought stress
weakens PS Il activity in rice leaf flags, resulting in reduced chlorophyll
content. However, drought stress increased xanthophyll pigment in leaves,
which functions to absorb excess light under high irradiation in drought stress.
Furthermore, it was stated by Havaux and Lannoye (1985) that the inhibition of
photosynthesis not only caused in the degradation of chlorophyll and stomatal
closure but also resulted in changes in thylakoid membrane function. It has
reduced quantum yields in primary photochemical reactions in PS Il that direct
changes in energy distribution to PS I. Herawati et al. (2017) proved that the
composition of stomata in susceptible genotypes was denser and more
numerous than tolerant genotypes. Stomatal density affected two essential
processes, namely photosynthesis, and transpiration. Pirdasthi et al. (2009)
showed that drought stress at different growth stages would increase the proline
content of the leaves, and tolerant genotypes have a high proline and grain
yield. Mostajeran and Rahimi-Eichi (2009) stated that the accumulation of
proline varies between genotypes tested, the content of proline in young and old
leaves always increases in drought stress, and the proline in young leaves was
higher than older leaves in all cultivars tested. Therefore, several studies have
shown that proline content can be used as an indicator of drought-tolerant
genotypes.

The effect of drought stress on grain weight/hill in lines tested was
discussed. Lines P4-43, P6-92, and P6-53 did not show a significant decrease
due to drought stress. Some lines showed significantly decreased, such as lines
P2-112, P3-90, P3-31, P2-2, P6-75, and P3-221. Sheoran and Saini (1996) and
Saini (1997) have detected sensitivity to drought stress in the process of rice
anther meiosis. Meiosis of the anther occurs 9-10 days before flowering
depending on the position of the spikelet in panicles. The process of meiosis
ends three days before the flowers come out. Therefore, stress can be given
three days before or afterward to predict the effects on yield reduction. Liu et
al. (2006) stated that water stress causes pollination failure by up to 67 percent
of the total spikelet/panicle. Furthermore, if pollination occurs, the time
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achieved by pollen to reach the micropyle in the ovule is longer, between 1-8
days. Flowers fail to open; consequently, pollen cannot escape through the
surface of the flower. Lafitte et al. (2005) reported that drought stress in dry
land caused delays in flowering for three days in the genotype tested. However,
on the contrary, genotypes were flowering faster; this is because the plant was
sensitive to pollination and embryo development, so it accelerated flowering
before more severe stress. Delay in flowering during drought stress will
negatively affect seed filling, especially on sensitive genotypes. The assimilate
partitioning from stems and leaves increased during drought stress by
accelerating leaf senescence (Kumar et al., 2006). Yang et al. (2001) supported
this statement that 75-92 percent during pre-anthesis, **C was stored in stems
that would be relocated back to seeds when exposed to drought, 50-80 percent
higher were mobilized under normal conditions. Drought stress in the grain
filling period also causes faster senescence, a shorter seed filling period, but the
assimilation remobilization increases (Kamoshita et al., 2004). Drought stress
also inhibited panicle exertion due to decreased elongation at the base of the
panicle, causing sterility of grain within the leaf sheath, which reduced grain
yield (Ji et al., 2005). The results showed a decrease in grain weight/hill up to
52.01 percent because of drought stress. The six-day drought stress treatment in
the flowering period significantly decreased the weight of filled grain/hill, up to
80% (Liu et al., 2006). Lafitte et al. (2005) stated that the average decreased
grain yield in paddy fields was 75 percent, while Wang et al. (2009) reported
that the IR2266 lowland rice genotype had a more significant reduction in total
root length than the CT9993 upland rice genotype. The upland rice genotype
(CT9993) was more adaptable to water deficit conditions in rainfed lowland
areas, by avoidance strategy, which can penetrate deep roots and strong root
systems. Furthermore, Kumar et al. (2009) reported that decreased biomass
could reduce rice yield due to drought stress in sensitive genotypes, so that
selection of high biomass and harvest index can be applied to obtain drought
tolerant genotypes.

Acknowledgment

We would like to thank Yenni and Imam (staff at the Indonesian Center for Agricultural
Biotechnology and Genetic Resources Research and Development) for their assistance in the
Laboratorium and field works.

References

515



Bates, L. S., Waldren, R. and Teare, P. (1973). Rapid determination of free proline for water-stress
studies. Plant and Soils, 39:205-207.

Babu, R. C., Nguyen, D. B., Chamarerk, V, Shanmugasundaram, P., Chezhian, P., Jeyaprakash, P.,
Ganesh, S. K., Palchamy, A., Sadasivam, S., Sarkarung, S., Wade, L., Henry T. and
Nguyen, T. H. (2003). Genetic analysis of drought resistance in rice by molecular markers:
association between secondary traits and field performance. Crop Science, 43:1457-1949.

Cattivelli, L. F., Rizza, F., Badeck, W. F., Mazzucotelli, E., Mastrangelo, M. A., Francia, E., Mare",
C., Tondelli, A. and Stanca, M. A. (2008). Drought tolerance improvement in crop plants:
An integrated view from breeding to genomics. Field Crops Research, 105:1-14.

Chang, T. T., Loresto, C. C. and Tagumpay, O. (1972). Agronomic and growth characteristics of
upland and lowland varieties. In: Rice Breeding. International Rice Research Institute Los
Banos, Laguna, Philippines, pp. 648-661.

Clarke, J. M., De Pauw, R. M. and Smith, T. F. T. (1992). Evaluation of methods for quantification
of drought tolerance in wheat. Crop Science, 32:723-728.

Dewi, I. S., Hanarida, I. and Rianawati, S. (1996). Anther culture and its application for rice
improvement program in Indonesia. Indononesia Agriculture Research. And Development

Journal, 18:51-56.

Hairmansis, A., Yullianida, Supartopo and Suwarno (2016). Rice Improvement for Upland Areas.
Iptek Tanaman Pangan, 11:95-106.

Havaux, M. and Lannoye, R. (1985). Effect of dehydration on the photochemical function of
thylakoids in bean leaves. Photosynthetica, 19:388-396.

Herawati, R., Purwoko, B. S., Dewi, I. S., Khumaida, N. and Abdullah, B. (2008). Development of
double haploid lines of upland rice with new plant type characters through anther culture.
Bulletin Agronomy, 36:181-187.

Herawati, R., Purwoko, B. S. and Dewi, I. S. (2016). Development of New Type Upland Rice Lines
for Resistance to Blast Disease through Anther Culture. Proc. International Seminar and
Expo on Promoting Local Resources for Food and Health, 12-13 October 2015.

Herawati, R., Masdar, Ganefianti, D. W., Hermawan, B. and Alnopri (2017). Screening and
identification of upland rice lines derived recurrent selection for drought tolerance.
International Journal on Advanced Science, Engineering and Information Technology,
7:2322-23217.

Ji, M. X., Raveendran, R., Oane, R., Ismail, A., Lafitte, R., Bruskiewich, R., Cheng, H. S. and
Bennett, J. (2005). Tissue-specific expression and drought responsiveness of cell-wall
invertase gene of rice at flowering. Plant Molecular Biology, 59:945-964.

Kamoshita, A., Rodriguez. R., Yamauchi, A. and Wade, L. (2004). Genotypic variation in
response of rainfed lowland to prolonged drought and rewatering. Plant Production Science,
7:406-420.

Kumar, R., Sarawgi, A. K., Ramos, C., Amarante, S. T., Ismail, A. A. and Wade, L. J. (2006).
Partitioning of dry matter during drought stress in rainfed lowland rice. Field Crops Research,
96:455-465.

Kumar, A., Satish Verulkar, S., Dixit, S., Chauhan, B., Bernier, J. Venuprasad, R., Dule, Z. and
Shrivastava, M. N. (2009). Yield and yield-attributing traits of rice (Oryza sativa L.) under
lowland drought and suitability of early vigor as a selection criterion. Field Crops Research,
114:99-107.

Lafitte, H. R., Li, Z. K., Vijayakumar, C. H. M., Gao, Y. M., Shi, Y., Xu,J. L., Fu,B. Y., Yu,S.
B., Ali, A. J, Domingo, J, Maghirang, R., Torres, R. and Mackill, D. (2006).
Improvement of rice drought tolerance through backcross breeding: Evaluation of donors
and selection in drought nurseries. Field Crops Research, 97:77-86.

Li, R., Guo, P., Baumz, M., Grand, S. and Ceccarelli, S. (2006). Evaluation of chlorophyll content
and fluorescence parameters as indicators of drought tolerance in barley. Agricultural
Sciences in China, 5:751-757.

516


https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Satish+Verulkar%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Shalabh+Dixit%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Bhagirath+Chauhan%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Bernier%2c+J.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Ramaiah+Venuprasad%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Zhao+Dule%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Shrivastava%2c+M.+N.%22

International Journal of Agricultural Technology XXXX Vol. X(X): XXXX-XXXX

Liu, J. X., Liao, D. Q., Oane, R., Estenor, L., Yang, X. E., Li, Z. C. and Bennett, J. (2006). Genetic
variation in the sensitivity of anther dehiscence to drought stress in rice. Field Crops
Research, 97:87-100.

Macar, T. K., Turan, O. and Ekmekcd, Y. (2009). Effects of water deficit induced by PEG and
NaCl on Chickpea (Cicer arietinum L.) cultivars and lines at early seedling stages. G.U.
Journal of Science, 22:5-14.

Mostajeran, A. and Rahimi-Eichi, V. (2009). Effects of drought stress on growth and yield of rice
(Oryza sativa L.) cultivars and accumulation of proline and soluble sugars in sheath and
blades of their different ages leaves. ~ American-Eurasian Journal of Agriculture and
Environment Science, 5:264-272.

Peng, S., Khush, G. S., Virk, P., Tang, Q. and Zou, Y. (2008). Progress in ideotype breeding to
increase rice yield potential. Review. Field Crops Research, 108:32-38.

Pieters, A. J. and Souki, S. E. (2005). Effects of drought during grain filling on PS II activity in rice.
Journal of Plant Physiology, 162:903-911.

Pirdashti, H., Sarvestani, Z. T. and Bahmanyar, M. A. (2009). Comparison of physiological
responses among four contrast rice cultivars under drought stress conditions. Proceeding of
World Academy of Science, Engineering and Technology (PWASET), 37:52-53.

Saini, H. S. (1997). Effects of water stress on male gametophyte development in plants. Sexual Plant
Reproduction, 10:67-73.

Seshu, D. V. and Sorrells, M. E. (1986). Genetic studies on seed dormancy in rice. In: Rice
Genetics. IRRI Manila Philippines, pp. 369-381.

Sheoran, I. S. and Saini, H. S. (1996). Drought-induced male sterility in rice: changes in
carbohydrate levels and enzyme activities associated with the inhibition of starch
accumulation in pollen. Sexual Plant Reproduction, 9:161-169.

Taiz, L. and Zeiger, E. (2002). Plant Physiology. Third Edition. Sinauer Associates, Inc. Publishers.
Sunderland, Massachusetts.

Uyprasert, S., Toojinda, T., Udomprasert, N., Tragoonrungb, S. and Vanavichita, A. (2004).
Proline accumulation and rooting patterns in rice in response to water deficit under rainfed
lowlands. Science Asia, 30:301-311.

Vajrabhaya, M., Kumpun, W. and Chadchawan, S. (2001). The solute accumulation: the mechanism
for drought tolerance in RD23 rice (Oryza sativa L.) lines. Science Asia, 27:93-97.
Verslues, P. E., Ober, E. S. and Sharp, R. E. (1998). Root growth and oxygen relations at low water
potentials, impact of oxygen availability in polyethylene glycol solutions. Plant Physiology,

116:1403-1412.

Vendruscolo, E. C. G., Schuster, I., Pileggi, M., Scapim, C. A., Molinari, H. B., Marur, C. J.
and Vieira, L. G. (2007). Stress-induced synthesis of proline confers tolerance to water
deficit in transgenic wheat. Journal of Plant Physiology, 164:1367-1376.

Wang, H. J., Siopongco, Wadec, L. J. and Yamauchi, A. (2009). Fractal analysis on root systems of
rice plants in response to drought stress. Journal of Environmental and Experimental
Botany, 65:338-344.

Yang, J., Zhang, J., Wang, Z., Zhu, Q. and Wang, W. (2001). Remobilisation of carbon
reserves in response to water-deficit during grain filling in rice. Field Crops Research, 71:47-
55.

Zapico, F. L., Miranda, J. G. and Pare, M. I. (2008). Physiological characterization for drought
tolerance of selected rice varieties in Lake Cebu, Philippines. USM R & D. J., 16:13-16.

(Received: 2 August 2019, accepted: 20 June 2020)

517


https://www.ncbi.nlm.nih.gov/pubmed/?term=Schuster%20I%5BAuthor%5D&cauthor=true&cauthor_uid=17604875
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pileggi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17604875
https://www.ncbi.nlm.nih.gov/pubmed/?term=Scapim%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=17604875
https://www.ncbi.nlm.nih.gov/pubmed/?term=Molinari%20HB%5BAuthor%5D&cauthor=true&cauthor_uid=17604875
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marur%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=17604875
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vieira%20LG%5BAuthor%5D&cauthor=true&cauthor_uid=17604875

International Journal of Agricultural Technology XXXX Vol. X(X): XXXX-XXXX

Pirdashti, H., Sarvestani, Z.T. and Bahmanyar, M.A. (2009). Comparison of physiological
responses among four contrast rice cultivars under drought stress conditions.
Proceeding of World Academy of Science, Engineering and Technology (PWASET),
37:52-53.

Saini, H.S. (1997). Effects of water stress on male gametophyte development in plants.
Sexual Plant Reproduction 10, 67-73.

Seshu, D.V. and Sorrells, M.E. (1986). Genetic studies on seed dormancy in rice. Di dalam:
Rice Genetics. IRRI Manila Philippines. pp. 369-381.

Sheoran, 1.S. and Saini, H.S. (1996). Drought-induced male sterility in rice: changes in
carbohydrate levels and enzyme activities associated with the inhibition of starch
accumulation in pollen. Sexual Plant Reproduction 9:161-169.

Taiz, L. and Zeiger, E. (2002). Plant Physiology. Third Edition. Sinauer Associates, Inc.
Publishers. Sunderland, Massachusetts.

Uyprasert, S., Toojinda, T., Udomprasert, N., Tragoonrungb, S. and Vanavichita, A. (2004).
Proline accumulation and rooting patterns in rice in response to water deficit under
rainfed lowlands. Science Asia 30: 301-311.

Vajrabhaya, M., Kumpun, W. and Chadchawan, S. (2001). The solute accumulation: the
mechanism for drought tolerance in RD23 rice (Oryza sativa L.) lines. Science Asia
27:93-97.

Verslues, P.E., Ober, E.S. and Sharp, R.E. (1998). Root growth and oxygen relations at low
water potentials, impact of oxygen availability in polyethene glycol solutions. Plant
Physiology 116:1403-1412.

Vendruscolo, E.C.G., Schuster, I., Pileggi, M., Scapim, C.A., Molinari, H.B., Marur, C.J.
and Vieira, L.G. (2007). Stress-induced synthesis of proline confers tolerance to water
deficit in transgenic wheat. Journal of Plant Physiology 164(10): 1367-1376.

Wang, H.J., Siopongco, Wadec, L.J. and Yamauchi, A. (2009). Fractal analysis on root
systems of rice plants in response to drought stress.  Journal of Environmental and
Experimental Botany 65: 338-344.

Yang, J., Zhang,J., Wang, Z.,, Zhu, Q.and Wang, W. (2001). Remobilisation of carbon
reserves in response to water-deficit during grain filling in rice. Field Crops Research
71: 47-55.

Zapico, F.L., Miranda, J.G.and Pare, M.l.. (2008). Physiological characterisation for

drought tolerance of selected rice varieties in Lake Cebu, Philippines. USM R & DJ
16(1):13-16.

519


https://www.ncbi.nlm.nih.gov/pubmed/?term=Schuster%20I%5BAuthor%5D&cauthor=true&cauthor_uid=17604875
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pileggi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17604875
https://www.ncbi.nlm.nih.gov/pubmed/?term=Scapim%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=17604875
https://www.ncbi.nlm.nih.gov/pubmed/?term=Molinari%20HB%5BAuthor%5D&cauthor=true&cauthor_uid=17604875
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marur%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=17604875
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vieira%20LG%5BAuthor%5D&cauthor=true&cauthor_uid=17604875

1/8/22, 12:50 AM Email Universitas Bengkulu - Revise manuscript

Dear editor,

Please kindly find the attached file for revised manuscript
Thank you for the response

Best regards,

Dr. Reny Herawati
[Kutipan teks disembunyikan]

2 lampiran

@ 84 REVISED-08-05-2020-Dr. Reny Herawati.docx
118K

84 RETURN FOR Major Revision -Dr. Reny Herawati-29-8-2019- must separay=te Resultband Discussion
before evaluation process--possible in IJAT --Revised.docx
119K

review ICIST <icist.review@yahoo.com> 8 Mei 2020 21.24
Kepada: Reny Herawati <reny.herawati@unib.ac.id>

Dear Reny,
| received, thanks.

Kasem

[Kutipan teks disembunyikan]

https://mail.google.com/mail/u/0/?ik=63de116a2a&view=pt&search=all&permthid=thread-f%3A 165906724 3781582368&simpl=msg-f%3A1659067243...  3/3


https://mail.google.com/mail/u/0/?ui=2&ik=63de116a2a&view=att&th=171f0ac3c8297878&attid=0.1&disp=attd&realattid=f_k9x6jz5d0&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=63de116a2a&view=att&th=171f0ac3c8297878&attid=0.2&disp=attd&realattid=f_k9x6kcxd1&safe=1&zw

1/8/22, 12:56 AM Email Universitas Bengkulu - your manuscript is accepted to publish in IJAT Vol. 16(4), July 2020

Reny Herawati <reny.herawati@unib.ac.id>

your manuscript is accepted to publish in IJAT Vol. 16(4), July 2020

3 pesan

ijat-aatsea publication <ijat.publication@gmail.com> 13 Juli 2020 11.37
Kepada: reny.herawati@unib.ac.id

Dear corresponding author

Please see the accepted letter in the attached file and reconfirm manuscript final proof within 3 days, please mark it
as yellow background for any changes.

Thanks for your cooperation and | am looking forward to hearing from you soon.

Best wishes
IJAT team

2 lampiran

@ Herawati, R.(84).docx
115K

ﬂ Herawati, R.-- Accept_Letter_to publish in IJAT.pdf
127K

Reny Herawati <reny.herawati@unib.ac.id> 13 Juli 2020 18.28
Kepada: ijat-aatsea publication <ijat.publication@gmail.com>

Dear |JAT Team,

| have been checking the file, there are no changes and everything | agreed on it to the manuscript final poof
Many thanks for the accepted letter.

Best regards,

Dr. Reny Herawati
[Kutipan teks disembunyikan]

ijat-aatsea publication <ijat.publication@gmail.com> 13 Juli 2020 19.05
Kepada: Reny Herawati <reny.herawati@unib.ac.id>

Dear corresponding author,
Thank you very much for your confirmation.
Best regards

[JAT

[Kutipan teks disembunyikan]

https://mail.google.com/mail/u/0/?ik=63de116a2a&view=pt&search=all&permthid=thread-f%3A1672075109541590674&simpl=msg-f%3A1672075109...  1/1


https://mail.google.com/mail/u/0/?ui=2&ik=63de116a2a&view=att&th=17346773fdffb692&attid=0.1&disp=attd&realattid=f_kck0mrc50&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=63de116a2a&view=att&th=17346773fdffb692&attid=0.2&disp=attd&realattid=f_kck0n0ri1&safe=1&zw

	Revise manuscript 1.pdf (p.1-3)
	our manuscript is accepted to publish in IJAT Vol. 16(4), July 2020.pdf (p.4)

