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Abstract— Variety assemblings for higher yield capacity of upland rice which tolerant to drought stress and highly adaptable to
climate change has been needed to support the effort to increase both rice yield and the upland rice field extensification. This research
aims to screen and identify an agronomic character of upland rice lines as the result of recurrent selection to a seedling stage on the
drought stress. Materials were 180 rice lines as the result of recurrent selections from two local varieties Sriwijaya and Bugis with
other two drought tolerant lines IR7858-1 and N148+. Twenty seeds each genotype were seeding in seed pods adjusted with stripe
check such Situbagendit and Inpari 6 as tolerant and susceptible lines respectively. Drought stress treatment had conducted in a
week, began at two weeks seedling age with a scoring value 0-9 (SES IRRI), at the same time were taken sample soil to measure the
soil water content was done at a depth of 20 cm. Then, the crops were watered again to observe the recovery capacity of the crops,
with the scoring 1-9 (SES IRRI). Anatomically stomatal proximation was observed for both susceptible and tolerant rice lines. The
selected lines would transplant in the field to record the yield capacity and other agronomic characters. The SES screening resulted in
53 tolerant lines, 99 moderate tolerant, and 28 susceptible to the drought stress which had the soil water content ranged from 11.9 to
12.7 percent. Anatomic stomatal observation showed that the stomatal structure and density of susceptible lines were closer and more
than tolerant lines. The highest percentage of filled grains showed by the intercross line Sriwijaya/IR7858-1 about 77.4 to 85.1 percent
with averagely 80.7 percent, which was a high category with the scale of 3 SES IRRI. The selected drought stress lines with better
agronomic character would continuously test to know the yield capacity in the environmentally specific location.
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Upland rice is one of the food crops that could yield to the
I. INTRODUCTION drought land. Upland rice development in drought land
being one solution for the food security problem. The rice

Rice being global, especially in Asia, an important crop q q land h , |
for most humans which have been using the grain as a stapl@lcreage ecrease due to land use changes into not only

food. The problems faced by the rice farmers today being theresiden_tial but inddusl_tria_ll dp'?‘”.ts areas, newh rice hfieltr:i]s
drought land widespread, especially in the rice belt Central expensiveness, and limited Irrgation water, that why the
Java, West Java, the northern coast of Cirebon, IndramayufJIOIanOI rice actually an essential crop to_cultlvate [5]. .
and other areas in Indonesia [1]. There extensive drought T_O‘?'ayzl the l')OVL Iusage (')If leghf i;'eld'o?g uplzénd (;'?e
lands in Indonesia could not optimally utilize. The drought vai€ties due to both low available of breeder seed and low

land being always without any irrigation channel. The soil desire .Of seed producers to produce_ the super_ior seed.
water only from rainfall retained by the soil particles. Accordmg to [6.]’ th? upland rice lproducnon. constraints due
Therefore the drought land generally being affected by the!© Physical, biological and socio-economic reasons. The

dry season. The drought land nature or character has beeﬁultivation land with generally high aluminum (Al) saturated
causing to limit the cultivated crops (2], [3]). sour reaction, frequently in drought and nutrient deficiency.

Continuous efforts for innovative technology hopefully The _d.esir(.ad upland rice charac;eris?ic for such a _phy;ical
could overcome and reduce the climate change impact on th on_dmon like early to m_oderate ripening, moderate tillering,
sustainable farming systems. The innovative technologyuﬁrlght Ste_lf?{ blastl reslstance,dandlAl, droug?t, and shade
includes drought-tolerant rice varieties. The high-yielding as tolerant. e upland rice development faces many
well as tolerant or resistant of upland rice varieties being cpmpllcgted obstac_les so that Fhe high-yield varieties with
used for the climate change highly adaptation [4], which is PioPhysically ~multi tolerant ‘in drought land  [3].

highly necessary to support rice yield increase efforts as We”Convennonall_y spgmﬂc local rice breeding m_drought land
as drought land rice extensification. to improve high yield could not be done without known
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genetic constraints and the desired pattern of inheritanceB. RicePlantationProcedure

Select_ion Wi.|| provide an optimal response to.the appropriate Twenty seeds were sown in a plastic tub soil of 40x25x20

improve one or two properties that are contrqlled by a singlesmpe check, known Situbagendit as drought tolerant and
gene called the backcross method. While a recurrent|npari 6 as susceptible varieties.

selection being actually to improve some characteristics

controlled by many genes. Recurrent selection is a selectiorC. ScreeningProcedure

method and crossing selected plants from a population in @ The plant being intensively maintained, ie watering to
systematic way to establish a new better population ([7], [8], two-week-old plants. After the phase, the plants were left
[9], [10]). In other words, this method is a procedure of without water. Drought tolerance assessed by Standard
collecting the desired characters of a combination crossesvaluation System IRRI [20] (Table 1), at the time of
with some continuously crossing selected segregants in ordegysceptible plant check dies or leaves drought has dried up

to obtain better pop.ulat.ion than previous ones, due to the(score 9). At the same time, the 20 cm depth soil samples
plants have a combination of desired characters. Referencegken for moisture content measurement.

[11] reported that recurrent selection in Wheat Bread plants
could identify potential lines with high yield and drought
stress tolerant for limited water resource areas. Recurrent
selection techniques have also been carried out by [12] with
8 cycles to genetically estimate the progress yield of a | Score | criteria Description
chickpea. 0
Evaluation, characterization, and selection of drought
stress tolerant rice crop being an essential step in plant 1
breeding. To conduct the selection of lines especially to 3 Tolerant Tip drying extended up to %
drought tolerance could be through morphological features c One-fourth to 1/2 of all

TABLE |
PLANT DROUGHT RESPOND CLASSIFICATION BASED OSESIRRI (2002)

Highly tolerant No symptoms

Rather tolerant Slight tip drying

Moderate tolerant

of the root system of each genotype. Plant endures to leaves dried

drought stress by leaf area limiting, root elongation to reach 7 Moderate More than 2/3 of all leaves
wet areas, and stomatal closing to limit transpiration ([13], susceptible fully dried

[14]). Stomata play an essential role in plant adaptation to All plants apparently dead.
drought stress. In drought conditions, the stomata would 9 | Susceptible l&ﬁggth in most leaves fully

close to restrain transpiration rate. Abscisic acid (ABA)
plays a role in both stomatal opening and closing. ABA _
plays a drought signal for the stomatal closing ([15], [16]). After the whole tested lines were observed and scored

Crop yield as the selection criteria being efficient less for Pased on Table 1, the plants watered and intensively
genotype tolerance assessment on drought due tgcultivated again. Te_n_ days_ later the plant recovery grovyth
complicated hard to identify the genotype high yield at€ response classified with the IRRI Standard Evaluation

potential in drought stress. Screening tolerant lines in System [20] (Table 2).

seedling phase have been made to select drought-tolerant TABLE Il
lines ([1], [17], [18]). Reference [16] showed that PLANT RECOVERY GROWTH RATE RESPONSE CLASSIFICATION AFTER
successfully managed to select 78 assessed drought tolerant DROUGHT TREATMENT BASED ONSESIRRI, 2002

on the water content of 10-12% in the seedling phase with
SES score 0 and 13 genotypes for the yield potential of
above 1 ton/ha. Reference [19] that successfully identifying 1 Tolerant 90-100% plants recoverefd

Score criteria Description

the drought stress tolerance in local upland rice with PEG. 3 Rather tolerant 70-89% plants recoverdd

This research aimed to screen and identify agronomic 5 Moderate tolerant 40-69% plant d

characters of upland rice lines resulting recurrent selection in oderate foleran ~02% plants recovere

drought stress tolerance at seedling stage. 7 Moderate susceptible¢  20-39% plants recovergd
9 Susceptible 0-19% plants recovered

Il. MATERIALS AND METHODS
) D. StomatalAnalysis
A. Material Anatomical observation of stomatal density being also
The research was conducted at the Greenhouse, angerformed on susceptible lines as well as those able to adapt
Ag(oecqtechnology Laboratory Faculty of Agriculture, to drought stress with modified methods by [21]. The upper
University of Bengkulu, from December 2016 to May 2017. and lower surfaces of taken leaves being cleaned with tissue
The experiments methods accorded to the [1]. 180 lines offrom dust/dirt. The cleaned leaves were fixed with 70%
recurrent cross selection result derived from local rice gjcohol for 24 hours [22]. The leaves being smeared with
Bengkulu crosses (Sriwijaya and Bugis) and drought- transparent fluids, left for 24 hours, in order to get better
tolerant lines (IR7858-1 and N148+). Plant check is stomatal prints. The dried smear is slowly taken with a pair
Situbagendit and Inpari 6 as drought tolerant and susceptiblesf tweezers, attached to the object glasses and observed with
varieties respectively. similar 100x magpnification microscope.
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E. ldentification of Agronomic character As seedling visibility shown that the plants which 7
Selected lines were then planted in the experimental Weeks without watered, the tolerant lines kept growing well,
garden for the yield and agronomic characters. PlantsVigorous, and the leaves remain completely open, while
planted in the land sized 2 m x 3 m. A total of 53 selected moderate tolerant lines showed the ends of the leaves dried
lines are used in the experiment, each line being planted irdP. €ven on vulnerable lines seen almost all the leaves rolled
one row of 25 plants of 20 cm x 20 cm plant spacing, which UP, dried and wilted (Figure 2 and 3). Reference [14]
the distance between lines of 40 cm. Fertilization dosed with"eéported that leaf roll being delayed on the drought-tolerant
200 kg Urea, 100 kg SP36 and 100 kg KCI per hectare. Thefice genotype. The rolled leaves are induced by loss of
whole SP36 and KCI fertilizers were administered at turgor and lower osmotic regulation in the rice plants,
planting time, Urea was administered three times, each onedelayed leaf rolling in the tolerant genotype indicates
third dose respectively at planting time, 4 weeks, and 7pre_served turg_or and _protected from dehydratlon.' Leaf
weeks after planting. The whole management of pests,rolllng mgchanlsms adjusted the leaf water potential to
diseases, and weeds being done as needed. The resear@RSorb soil water under drought stress [23].
observations as plant height, maturity, the number of

productive tillers, panicle length, the percentage of filled [\

grains per panicle, and grain weight per hill.

I1l. RESULTS ANDDISCUSSION

A. Drought Tolerant Line Screening

The screening of tolerant line at the nursery phase being
carried out to select drought-tolerant lines ([1], [17], [18]).
The drought-tolerant assessment was performed on both
Situbagendit and Inpari 6 varieties that shown dried leaves |
symptoms, while soil sampling of 20 cm depth shown the

water content between 11.9 and 12.7 percent. L L i Lal 4.4 .
Fig. 2. The appearance of lines on the treatment of drought stress and the

ability of plants to recovery grow back.
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Fig. 1. Distributions of rice lines with different drought tolerance scores i : i
(in SES scale 0-9) SUSCEPTIBLE LINES MODERAT LINES TOLERANT LINES

. Fig. 3. Comparison of tolerant seedlings (0-1 score), moderately tolerant
The assessment based on the SES (Standard Evaluatio@core 3-5) and susceptible (score 7-9) in treating drought stress

System) [20] showed 53 tolerant lines, 99 moderately
tolerant lines, and other 28 susceptible lines to drought stress )
(Figure 1). Out of 53 drought tolerant lines at the end of the B Stomatal Observation

observation, only the tips of dried leaves with the score Anatomical approaches being made for stomatal
between 0 and 1, which 90-100% being able to grow back,0observation intolerant as well as susceptible plants to
while 99 tolerant moderate lines with the score of 3-5 which drought. This approach is essential for both physiological
70-90% being able to recovery grow back, and 28 and morphological approach in determining the susceptible
susceptible lines with the score of 7-9, only 40-69% of them and adaptable genotypes in drought stress. According to [14],
being recovery grow back (score 5) (Table 3; Figure 1). drought stress affected both physiological and biochemical
Reference [17] reported in their study that during the properties such as total chlorophyll content, photosynthesis,
drought stress periods, the soil water content below 30 cmstomatal structure, total protein, leaf area index, relative
depths ranged from 10-12% showed 78 assessed droughwvater content, and proline content. Correlations between
tolerant in which 12 assessed with the score of 0-1, 18each character could be used as an indirect selection tool of
assessed with the score of 1 and other 48 assessed with tiBe main characters. The indirect selection would work if the
score of 3 under SES IRRI. Out of these 73 accesses, theharacter could be measured more quickly and more
yield of 13 assessed being more than 1 ton/ha, while theaccurately than the main character [24]. Stomatal density
yield of the tolerant line (CR 143-2-2) being 2.7 tons/ha and could affect two important processes, photosynthesis, and
no yield of the control susceptible plants (IR20). transpiration, in plants.
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TABLE IlI
CHOSEN LINE NUMBER WITH BOTH DROUGHT AND THE RECOVERY RESPONSE ON THE GROWTH RATE

Drought Response* Recovery*
The number| Tolerant Moderate | Susceptible
of Lines (score 0-1)| (score 3-5) | (Score 7-9) 1 3 5 7 9

53
45
51

15

9
stripe check

Situbagendit|

Inpari 6
*Base on SES IRRI (2002)

The stomatal observation shows that the composition andcharacters being influenced by one or two allele groups, of
density of stomata in the susceptible genotype being densewhich one allele controlled the semi-dwarf, while the other
and number full than the tolerant genotype (Figure 4). Theone controlled the plant height character. The
plant stomatal density being related to drought resistanceSriwijaya/N148+ crossbreed height averagely 118.5 cm,
[25]. Reference [13] reported that both stomatal size and thewhile the Sriwijaya/IR7858-1 crossbreed height averagely
density being associated with the resistance to water stressl09.7 based on the SES IRRI [19], while the ideal plant
Plant adaptation to drought stress, could by leaf modification characteristics according to [27] for the plant height
to reduce the leaf area. In the drought stress, stomata woulédveragely 115-120 cm.
close to restrain the transpiration rate. The abscisic acid

(ABA) compound plays a role in both stomatal opening and TABLE IV

closing. ABA acts as a drought stress signal to immediately THE SELECTED LINE OF DROUGHT STRESS IN SEEDLING PHASE
closes the stomata ([15], [16]).

Crossing Genotype Th; ﬂrl:g;ber
Bugis/ 248-1, 248-2, 248-3, 248-4, 2485, 248-
|R79’858_1 6, 248-7, 248-8, 248-9, 249-2, 249-3, 13
249-4, 249-5
AeTs Bugis/ ) ~ ) ) }
B g, N148+ 250-11, 250-12, 251-1, 251-2, 251-3 5
L ir@e il . , ... 253-13, 253-14, 253-15, 253-16, 253-
AR AIaR LR X P oot tdn Y B3 z‘;‘;"gfya/ 17, 253-18, 254-1, 254-2, 254-3, 254-, 12
: 254-5, 254-6
256-4, 256-5, 256-6, 256-7, 256-8, 256-
Sriiiavay | & 256-10, 256-11, 256-12, 256-13, 256-
|R78'58y_ 1 | 14,258-3, 258-4, 258-5, 258-6, 258-7 23
Fig. 4. Stomatal observation on the tolerant line (a) and susceptible line (b) 258-8, 258-9, 258-10, 258-11, 258-12
258-13, 258-14

The selected line of drought stress being shown in Table 4. ) ) )
Thirteen lines from Bugis/IR7858-1 crossbreed, five lines ~ The productive filler number greatly varies across all
from Bugis/N22 crossbreed, 12 line from Sriwijaya/N22 crossbreeds. The Bugis/N148+ crossbreed showed the
crossbreed. The lines being evaluated for both agronomicThe lines potentially produce large number panicles
character and yield rate. according to the new plant type (NPT) criteria with 330
panicles per m2, 150 grains per panicle, 80% grain filling,
C. Agronomic character appearance of the selected drought 25 mg of dry unhulled oven weight, 22 tons/ha total above
tolerant line ground biomass (Moisture content of 14%), and 50% the
The agronomic characteristics of selected lines beingharvest index [28]. The Bugis/IR7858-1 crosshreed showed
presented in Table 5. Plant height being categorized as shorthe highest panicle length ranged from 20.7 to 26.2 cm,
to high. The plant height and productive tillers being averagely 22.4 cm (Table 5). The panicle length and the
essential agronomic characters and important identity of thegrain number per panicle correlated each other [29] when the
genotype. Reference [26] reported that plant height panicle number per m2, the percentage of filled grains, the
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total biomass and the harvest index required for the new typeis the ideal plant character [27]. Reference [31] reported that
of rice. Both the range and an average number of filled grainwater stress caused significant reductions in plant height (8
per panicle and grain weight per hill is shown in Table 5. cm), the number of grains per panicle (18 grains), the
The highest percentage of grain contents of number of tillers (2 tillers), and crop yield (12 g/plant).
Sriwijaya/IR7858-1 crossbreed ranged from 77.4 to 85.1 Averagely grain weight per hill ranged from 15.1 to 24.7
percent with an average of 80.7 percent and beinggrams in almost all crossbreeds. The lines were potentially
categorized high on the scale of 3 SES IRRI [20]. Referencethe high-yield one. The well agronomic characteristics lines
[30] suggested that low seed filling due to a low efficiency of drought stress being readily tested in selected
of the assimilating partition to the seed. The grain number environments to determine the yield potential rate in specific
between 180-240, with a filled grain of more than 85 percent environments.

TABLE V
GROUPING AND PERFORMANCE O3 SELECTED DROUGHTTOLERANT LINES

Crossbreeds The number Plant height (cm) The number of productive tillers
of lines Range Average Range Average
Bugis/IR7858-1 13 117-151 139.5 2-11 6.7
Bugis/N148+ 5 125-143 136.0 2-22 5.6
Sriwijaya/N148+ 12 112-128 118.5 6-12 8.9
Sriwijaya/IR7858-1 23 91-122 109.7 3-16 9.3
The number Maturity Panicle length (cm)
of lines Range Average Range Average
Bugis/IR7858-1 13 114-125 121.5 20.7-26.2 22.4
Bugis/N148+ 5 110-116 113.6 20.5-22.1 21.3
Sriwijaya/N148+ 12 114-120 118.5 20.4-22.5 21.7
Sriwijaya/IR7858-1 23 115-123 119.2 20.5-23.0 21.9
The qumber Z?;?r?/?)t:r?iilzn Grain weight/hill (g)
of lines Range Average Range Average
Bugis/IR7858-1 13 71.1-77.2 42 | 153047 21.1
Bugis/N148+ 5 72.7-81.3 711 151031 18.8
Sriwijaya/N148+ 12 72.6-84.6 816 | 155000 19.7
Sriwijaya/IR7858-1 23 77.4-85.1 80.7 | 153005 18.9
Strategic Research of Ministry of Research, Technology and

IV. CONCLUSIONS

The screening based on SES results in 53 tolerant lines,
99 moderate tolerant lines, and 28 susceptible lines to
drought. Anatomical observation to stomata shows that
stomatal composition and density of susceptible genotypelll
being more denser and number full compared to the tolerant
genotype. The highest percentage of fill up grain at 2]
Sriwijaya/IR7858-1 crossbreed ranged from 77.4 to 85.1
percent, averagely 80.7 percent and being categorized a#l
high based on the 3rd SES IRRI scale. Selected lines with
good agronomic characteristics in drought being 4]
recommended for further testing to determine the potential
yield rate in the specific environments. 5
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