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AGRONOMIC CHARACTERS OF DROUGHT-
TOLERANT SOYBEANS AT THE REPRODUCTIVE
STAGE

[Karakteristik Agronomis Genotipe Kedelai Toleran Kekeringan Pada Fase Reproduktif]

M. Muchlish Adie” and Ayda Krisnawati"™*

Balai Penelitian Tanaman Aneka Kacang dan Umbi
J1. Raya Kendalpayak Km 8, Kotak Pos 66 Malang 65101

email: my ayda@yahoo.com
ABSTRAK

Di Indonesia, sebagian besar kedelai dibudidayakan pada musim kemarau sehingga rentan terhadap terjadinya kekeringan pada fase
reproduktif. Penelitian ini bertujuan untuk mengkarakterisasi karakter agronomi dari beberapa genotipe kedelai yang toleran terhadap
kekeringan pada fase reproduktif. Sebanyak 19 genotipe kedelai diteliti perubahan karakter agronomi dan toleransinya terhadap kekeringan
di Probolinggo (Indonesia) selama musim kemarau (Juni-September). Penelitian menggunakan dua lingkungan yaitu lingkungan normal
(tanaman diairi secara optimal sepanjang pertumbuhan) dan lingkungan kekeringan (hanya diairi hingga tanaman berumur 40 hst, setelah itu
tidak diairi sama sekali). Cekaman kekeringan yang terjadi selama fase reproduktif tidak mempengaruhi karakter tinggi tanaman, jumlah
cabang, jumlah buku, dan jumlah polong isi. Karakter jumlah polong hampa, bobot 100 biji, bobot biji/tanaman dan hasil biji secara nyata
dipengaruhi oleh cekaman kekeringan yang terjadi selama fase reproduktif. Teridentifikasi genotipe MDT15-6-11 yang berkarakteristik dan
hasil tinggi dinilai toleran kekeringan karena mekanisme terhindar. Genotipe MDT15-W-3034 teridentifikasi tahan kekeringan karena
memiliki laju kelayuan yang lamban, postur tanaman tinggi, fase vegetatif lamban dan berdaya hasil tinggi. Kedua genotipe tersebut
berpotensi dilepas sebagai varietas unggul kedelai toleran kekeringan dan juga berpeluang digunakan sebagai sumber gen perbaikan
ketahanan kedelai terhadap kekeringan pada fase reproduktif.

Kata kunci: cekaman kekeringan, Glycine max, karakter pertumbuhan, kelayuan tanaman, hasil biji

ABSTRACT

In Indonesia, soybeans are typically cultivated during the dry season, thus making it prone to drought stress in the reproductive stage. The
objective of the research was to characterize the agronomic characters of several soybean genotypes which were tolerant to drought at the
reproductive stage. A total of 19 soybean genotypes were evaluated for its agronomic characters and tolerance to drought stress in
Probolinggo (East Java, Indonesia) during the dry season (June — September). The research was arranged in a randomized block design with
four replicates. Soybean cultivars were sown at two separate experiments, normal/optimal (plants were irrigated during the growth period)
and stress (plants were irrigated up to 40 days after planting) conditions. Drought stress during the reproductive stage did not affect the
characters of plant height, the number of branches per plant, the number of nodes per plant, and the number of pods per plant. Meanwhile,
the number of empty pod, seed weight per plant, and seed yield were significantly affected. There were two genotypes which were identified
as the tolerant genotypes to drought stress at the reproductive stage, i.e. MDT15-6-11 and MDT15-W-3034. The agronomic characters of
MDT15-6-11 were showed as having a low percentage of yield reduction, hence it was able to mantain its high yield. The MDT15-W-3034
was identified as drought-tolerant due to the slow wilting, high plant character, a slow vegetative phase, and high yields. The genotypes
obtained from this study could be recommended to be released as new soybean drought-tolerant varieties due to its high yield and tolerant to
drought stress. Those genotypes could also be used as gene donors for soybean improvement to drought stress at the reproductive stage.

Keywords: drought stress, Glycine max, growth character, plant wilting, seed yield.

INTRODUCTION
Drought is a limiting factor in soybean

production in the world, especially in the era of

Strategies for reducing yield losses due to
drought can be done through the manipulation of the
environment and cultivating soybean varieties which
climate change that is happening today. The decline are drought tolerant. Cultivation of soybean varieties
in the soybean production due to drought stress will that are tolerant to drought requires knowledge of
be more significant in Indonesian tropical areas their morpho-physiological ~characters as a

because most of the soybeans are planted in the dry
season, making them vulnerable to the occurrence of
drought stress, especially in the reproductive phase.
Soybean yield losses due to drought ranged from
21% to 70% (Frederick et al, 2001; Suhartina and
Arsyad 2005), depending on the variety, duration of
stress, and growth stadia.

*Kontributor Utama

determinant of the tolerance. Various studies have
reported the relationship between root architecture
and drought tolerance characters of the plant (Huck
et al., 1983, Bassani et al., 2004; Brady et al., 2007,
Fenta et al, 2014; Opitz et al., 2016). It is certainly
understandable because seed yield is a function of a
number of several processes, such as water loss

*Diterima: 10 Oktober 2017- Diperbaiki: 25 Desember 2018 - Disetujui: 18 September 2019
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through respiration, water use efficiency and harvest
index (Turner et al., 2001). Water use efficiency is
also used as a selection indicator at the early
generation selection lines in barley plants
(Kovacevic et al,, 2015). Those three components are
directly related to the architecture of plant roots.
Thus, the improvement program of drought tolerance
is associated with the efforts to minimize water
input, reduce yield losses, and increase plant water
use efficiency. Soybean’s reproductive phase is
considered as the most sensitive phase to drought,
especially related to a decrease in the seed yield
(Saitoh et al, 1999; Oya et al., 2004). The similar
pattern was also reported in other plants (Boonjung
and Fukai 2000; Pantuwan et al., 2002; Griffiths and
Parry 2002).

Drought disturbs the various yield components
and cumulatively reduces the seed yield of soybeans.
It is often stated that the soybean tolerance to
drought is caused by a complex factor among their
morpho-physiology characters. Sloane et al. (1990)
stated that the drought-tolerant soybeans resulted in a
relatively low decrease in the seed yield. The
characteristics of the soybean tolerance to drought
are determined by a high partitioning of biomass to
the roots, thereby increasing the ratio of roots to
canopies (Huck et al., 1983), the growth rate of plant
height, and the ability to maintain the leaf area
during the drought stress (Oya ef al., 2004). Suresh et
al. (2015) reported that drought-tolerant soybeans
and other genotypes that are considered drought
tolerant are characterized by relatively high shoot
length and shoot dry weight.

In Indonesia, Adhiwibawa et al (2015)
analyzed leaf chlorophyll to examine the
drought-tolerant level of soybeans. The type of soil
also determines the characteristics of soybean
drought-resistance. The result showed that in clay
soil, Plant Introduction (PI) 578477A and 088444
were found to have a higher root number and forks
with higher yield under water limitation. Similarly,
in sandy soil, PI458020 was found to have a thicker
lateral root system and higher yield under water
limitation. The genotypes identified in this study can
be used to enhance drought tolerance of elite
soybean cultivars through improved root traits
specified to the target environments (Prince et al

340

2016). In sunflower crops, Mohammadi et al. (2015)
reported that a higher plant height, a higher leaf
number, a higher capitulum number, a higher seed
number per plant and a higher seed weight per plant
characterized drought-tolerant cultivars. The ability
of plants to maintain the growth rate in conditions of
drought stress is probably caused by the ability of the
root system to absorb water so as to keep pace with
the rate of transpiration, or the ability of the plant to
reduce the transpiration rate.

There are genotypic variations in growth, yield,
and yield components of soybean genotypes under
drought stress condition, especially at the
reproductive stage. The objective of this study was to
characterize the agronomic characters of several
soybean genotypes which were tolerant to drought at
the reproductive stage.

MATERIALS AND METHODS

The experiment was conducted on dry land in
Probolinggo, Indonesia, during the dry season. The
materials consisted of 19 soybean genotypes. The
research was performed utilizing a randomized block
design with four replications. Soybean cultivars were
sown in two different kinds of environment. The
normal or optimal environment group (O) was all
genotypes irrigated during the growth period.
Meanwhile, the stressed environment group (D) was
plants irrigated up to 40 days after planting. Each
genotype was planted in a 1.2 m x 4.5 m plot size
with 40 cm x 15 cm planting distance or two plants/
hill.

Soil tillage was done intensively. Before
planting, the land had to be cleared of weeds. The
soybeans were planted by using the tugal method
with 2-3 seeds per hole. Pest and disease control was
performed optimally. The drainage was used to
maintain optimum soil moisture. The plants were
fertilized using 250 kg Phonska and 100 kg SP36 or
other compound fertilizers with equivalent doses,
which were given evenly before planting. Cultivation
included weeding and intensive pest and disease
control.

Measurements of soil moisture in the
environment O and D were performed at the plant
age of 45, 50, 55, 60, 65, 70, and 75 days after plant-
ing, respectively. Soil sampling was conducted at
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five points diagonally. Soil moisture was measured
by using the oven method (Abdurrahman et al,
2013). Data were collected for the growth and seed
yield characters. The wilting level was measured
using wilting scores of 45, 50, 55, 60, 65, 70, and 75
days after planting, respectively. Observation on
wilting as the plant response to drought stress was
rated visually on 1-5 scale following Del Rosario et
al., (1992) scoring method: 1 = all leaves were green
and fresh (turgid); 2 = > 50% of the leaves were still
fresh, no older leaves were brown; 3 = > 50% of the
leaves began to wither and <50% of young leaves
were brownish; 4 = > 50% leaves withered, > 50% of
the old leaves started browning but there were no
dead plants, and 5 = > 50% leaves wilted and > 50%
of older leaves began to brown and there were dead
plants.

RESULT
Combined analysis of variance

The combined analysis of variance of growth
characters and seed yield characters is presented in
Table 1. The interaction of genotype x environment
was significant in growth characters, i.e. the number
of pods and number of empty pods. The environment
influenced all the characters except the number of
pods, whereas genotype effect was significant on all
characters except the number of empty pods. The

seed characters consisted of seed weight per plant
and seed yield per ha. The interaction of genotype x
environment was siginificant in 100 seed weight and
seed yield per ha. Based on the combined analysis of
variance of various characters in both drought
stressed condition and optimal environment, the
result indicates that the most affected characters by
drought were the number of empty pods and seed
yield.

Soil moisture

Soil moisture content in the stressed and opti-
mal conditions is presented in Figure 1. The soil
moisture on the 55™ day after planting (DAP) was
similar in the optimal environment and in the
stressed one. Differences in soil moisture levels in
both environment conditions started at the age of 60
DAP or 20 days after the drought stress treatment,
and differences in the soil moisture content in the
two environment conditions gradually increased
along with the increasing age of the plants.

The soil moisture content on the 60™ DAP in the
optimal and stressed environment conditions reached
30.69% and 21.71%, respectively; or there was a
decline in the soil moisture content by 29.13%. At
the age of 65 days after planting or 25 days after the
drought treatment, the soil moisture content reached
26.61% in the optimal environment, and 20.58% in

Table 1. The analysis of variance for characters of growth and seed yield (Sidik ragam karakter

pertumbuhan dan karakter hasil biji)

Character Mean square (Kuadrat tengah) (5\/
(Karakter) EnV@ronment (E) Replicati0n|E'nVir0nment Genotype GxE (%)
(Lingkungan) (Ulangan|Lingkungan) (Genotipe)
Growth
PH 3056.4379 ** 57.9577 ns 1134.1667 ** 47.5657 ns 11.69
NOB 6.5695 ** 0.4452 ns 1.9235 ** 0.4436 ns 26.55
NON 2.3750 * 0.5340 ns 8.6809 ** 1.0589 ns 8.38
NFP 9.7010 ns 16.6400 ns 262.0058 ** 53.0483 ** 14.55
NEP 87.0066 ** 0.2638 ns 0.4419 ns 0.6660 * 24.41
Seed Yield
SWP 648.0796 ** 4.1955 ns 41.4290 ** 12.9184 ns 22.37
YLD 9.9758 ** 0.6190 ** 1.1925 ** 0.3023 ** 17.06

Note (keterangan): CV= coefficient of variation (koefisien keragaman); * = significant at 5 % probability level (p < 0.05) (nyata pada
taraf probabilitas 5%), ** = significant at 1% probability level (p < 0.01) (nyata pada taraf probabilitas 5%), ns =
not significant (tidak signifikan), PH = plant height (tinggi tanaman) (cm), NOB = number of branches/plant (jumlah
cabang/tanaman), NON = number of nodes/plant (jumlah buku/tanaman), NFP = number of filled pods (jumlah
polong isi), NEP = number of empty pods (jumlah polong hampa), SWP = seed weight per plant (berat biji per

tanaman) (g), YLD = seed yield (hasil biji) (t/ha).

341



Berita Biologi 18(3) - Desember 2019

the stress condition; or a decline of 22.66% in soil
moisture content. The plant ages between 55 and 65
days are the critical period of soybean crops against
drought, which means that the occurrence of drought
stress during those periods are able to disrupt crop
production performance.

Growth characters

The result indicates that the drought-stressed
environment increased the plant height, the number
of branches, and the number of empty pods; but
decreased the number of nodes and number of empty
pods. The average of plant height in the stressed
environment was 56.23 cm and that in the optimal
environment was 47.27 cm; the average number of
branches in the drought stressed and optimal
environment conditions was 2.29 and 1.88 branches
per plants, respectively. Additionally, the average
number of empty pods/plant under the drought stress
and optimal conditions were 3.32 and 1.81 empty
pods, respectively. All three characters had increased
by 15.93%, 17.90% and 45.48% in drought-stressed
environment, respectively. Meanwhile, three growth
characters declined in drought-stressed environment,

50
45
40
35
30

25
20
15
10
5
0 ¥iiA
40 4

S
S

Soil moisture (kadar lengas tanah) (%)

-
<

5

111

i.e. the number of nodes decreased by 2.58% and the
number of pods dropped to 1.43% (Table 2 and 3).

The growth development of soybean plants is
divided into generative (reproductive) and vegetative
phases. Generative phase starts from the emergence
of the flower. The pod formation process of tropical
soybeans in Indonesia with days to maturity is about
83 days beginning from the age about 50 days. When
connecting the phenology of soybean plants with
Figure 1, the impact of drought stress started to
appear on the 60" days after planting, when
irrigation cessation was conducted on the DAP. This
means that the process of pod and node formation
and plant height and branch growth have been
completed on the 60th DAP.

The difference in characters between drought-
stressed environment and more optimal environment
are due to differences in genetic factors of tested
genotypes. Among the various growth factors, it
seems that the number of empty pods becomes the
most ideal character used to assess the effects of
drought-stressed environment compared to other

growth characters.
5

Z

|

#
.
.

0 7

Days after planting (Hari setelah tanam) (days) (hari)

Optimal environment (lingkungan normal)

Drought-stressed environment (lingkungan kekeringan)

Fig. 1. Soil moisture content in optimal and drought-stressed environments (Kadar lengas tanah pada

lingkungan kekeringan dan normal)
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Table 2. Plant height, number of branches/plant, number of node/plant of 19 soybean genotypes in
drought-stressed and optimal environments (Tinggi tanaman, jumlah cabang per tanaman, dan

Jjumlah buku per tanaman dari 19 genotipe kedelai pada lingkungan kekeringan dan normal)

Number of branches/

No Genotype (Genotipe) Pl?;;sre’;g;‘)t gélr}ggl plant (tJ:,:ZiZZ nc)abang/ (Ij;nTll;Zr l?;]; (}ize;g)’lz%
D (6] Mean D (0] Mean D (0] Mean

1 MDT15-2-13 52.15 52.05 52,10 240 1.55 1.98 8.85 9.15 9.00

2 MDT15-1-1 5485 37770 4628 1.80 1.55 1.68 9.10 9.30 9.20

3 MDT15-30-7 66.35 58.05 6220 2.65 230 2.48 9.40 10.10 9.75

4 MDT15-4-4 55.70 4120 4845 340 230 2.85 9.70 9.90 9.80

5 MDT15-16-2 67.10 53.60 6035 1.50 1.40 1.45 13.30 11.60 12.45

6 MDT15-3-3 2930 2465 2698 220 205 2.13 7.75 7.90 7.83

7 MDT15-6-13 69.75 6225 66.00 3.65 2.30 2.98 10.80 10.95 10.88

8 MDT15-1-2 69.25 6555 6740 125 2.00 1.63 9.05 10.75 9.90

9 MDT15-5-5 5480 3975 4728 1.65 1.30 1.48 9.90 9.70 9.80

10 MDTI15-6-11 4560 3525 4043 295 215 2.55 8.30 9.70 9.00
11 MDT15-8-1 48.40 4095 44.68 1.90 1.50 1.70 9.05 9.55 9.30
12  MDT15-1-3 4590 27.00 3645 2.30 1.75 2.03 9.20 8.60 8.90
13  MDTI15-6-12 53.50 4445 4898 2.30 1.65 1.98 9.25 8.95 9.10
14 MDT15-6-8 5590 4740 5165 1.75 1.60 1.68 9.00 9.20 9.10
15 MDTI15-A-49-4 5995 5445 5720 190 1.95 1.93 10.00 10.05 10.03
16 MDTI15-G-0 37.30 3045 33.88 1.60 1.40 1.50 7.60 7.85 7.73
17 MDT15-D1-1-2 69.00 60.60 64.80 2.60 2.35 2.48 9.65 10.20 9.93
18 MDTI15-W-3034 68.15 6195 6505 285 2.60 2.73 9.20 10.25 9.73
19 MDT15-D4-66 65.50 60.75 63.13 295 2.00 2.48 10.35 10.50 1043
Mean 56.23 4727 5175 229 1.88 2.09 9.44 9.69 9.57

D = drought-stressed environment (/ingkungan kekeringan), O = optimal environment (/ingkungan normal)

Seed yield characters

Seed characters in this study consisted of seed
weight per plant and seed yield per ha. The
reduction of seed weight/plant from optimal
environment (average 15.26 g/plant) to drought-
stressed environment (average 11.13 g/plant) was
27.06% (Table 4). There were three genotypes that
showed a very low decrease in the seed weight/
plant, namely MDT15-1-3 (2.90%), MDT15-D4-66
(8.77%) and MDTI15-2-13 (9.33%). On the
contrary, genotype MDT15-1-2 showed a
significant decrease in seed yield/plant, reaching
53.18%. Ranges of seed weight per plant 10.26 -
21.75 g (average 15.26 g) in the optimal
environment and 8.46 to 15.18 g (average 11.13 g)
in the stressed environment. The MDT15-A-49-4
consistently had the highest yield in the two types
of environment. Meanwhile, genotype MDT15-1-3

indicated the most significant decrease in the seed
yield/plant (2.90%).

The seed yield per ha in optimal and stressed
types of environment ranged from 1.64 to 3.41 t/ha
(average 2.43 t/ha) and from 1.16 to 2.45 t/ha
(average 1.92 t/ha), respectively. The range of
yield declined from the optimal to the stressed
environment by 4.83 - 55.21% (an average of
20.99%) (Table 5, Fig. 2). The highest seed yield in
the optimal environment was MDT15-D1-1-2 (3.41
t/ha), followed by MDTI15-1-2 (3.31 t/ha) and
MDT15-A-49-4 (2.76 t/ha); while the three
genotypes which were able to produce the highest
yield in the stressed environment were MDT15-W-
3034 (2.45 t/ha), MDT15-D1-1-2 (2.22 t/ha), and
MDT15-6-11 (2.27 t/ha). The smallest decrease in
seed yield were observed in MDT15-3-3 (4.83%),
MDT15-G-0 (4.87%), and MDT15-1-1 (5.58%).
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Table 3. Number of filled pods and number of empty pods of 19 soybean genotypes in drought-stressed
and optimal environment (Jumlah polong isi dan hampa dari 19 genotipe kedelai pada lingkungan
kekeringan dan normal)

Number of filled pods/plant ~ Number of empty pods/plant

No Genotype (Genotipe) (Jumlah polong isi/ (Jumlah polong hampa/
tanaman) tanaman)

D 0 Mean D 0 Mean

1 MDT15-2-13 31.85 26.35 29.10 2.55 2.15 2.35
2 MDT15-1-1 37.15 33.05 35.10 2.85 1.55 2.20
3 MDT15-30-7 30.10 35.00 32.55 3.65 1.65 2.65
4 MDT15-4-4 39.55 39.25 39.40 2.95 1.75 2.35
5 MDT15-16-2 46.45 41.30 43.88 3.55 1.45 2.50
6 MDT15-3-3 29.10 26.85 27.98 3.55 1.85 2.70
7 MDT15-6-13 42.35 38.60 40.48 3.25 1.55 2.40
8 MDT15-1-2 32.70 44.90 38.80 2.90 1.75 2.33
9 MDT15-5-5 26.20 26.50 26.35 4.25 1.90 3.08
10 MDT15-6-11 34.75 33.35 34.05 3.25 2.10 2.68
11 MDT15-8-1 30.90 35.50 33.20 4.10 1.80 2.95
12 MDT15-1-3 39.25 33.15 36.20 2.90 2.60 2.75
13 MDT15-6-12 35.85 34.95 35.40 3.65 1.75 2.70
14 MDT15-6-8 32.40 33.85 33.13 3.60 2.05 2.83
15 MDT15-A-49-4 45.45 46.20 45.83 3.40 1.50 2.45
16 MDT15-G-0 23.10 25.70 24.40 3.05 1.85 2.45
17 MDT15-D1-1-2 33.45 41.10 37.28 3.25 1.80 2.53
18 MDT15-W-3034 32.90 41.40 37.15 3.55 1.50 2.53
19 MDT15-D4-66 42.90 39.00 40.95 2.80 1.75 2.28
Mean 35.07 35.58 35.33 3.32 1.81 2.56

D = drought-stressed environment (/ingkungan kekeringan), O = optimal environment (/ingkungan normal)

Table 4. Seed weight/plant of 19 soybean genotypes in drought-stressed and optimal environment (Berat
biji/tanaman dari 19 genotipe kedelai pada lingkungan kekeringan dan normal)

No Genotype (Genotipe) Seed weight/plant (Berat biji/tanaman) (g)
D (0] Mean
1 MDT15-2-13 11.57 12.76 12.17
2 MDT15-1-1 11.00 14.17 12.58
3 MDT15-30-7 8.92 14.09 11.51
4 MDT15-4-4 11.43 17.39 14.41
5 MDT15-16-2 16.74 19.46 18.10
6 MDT15-3-3 10.92 13.98 12.45
7 MDT15-6-13 13.88 17.82 15.85
8 MDT15-1-2 9.23 19.72 14.47
9 MDT15-5-5 8.46 10.26 9.36
10 MDT15-6-11 11.83 14.87 13.35
11 MDT15-8-1 9.50 14.54 12.02
12 MDT15-1-3 13.23 13.63 13.43
13 MDT15-6-12 9.98 13.42 11.70
14 MDT15-6-8 9.91 14.05 11.98
15 MDT15-A-49-4 15.18 21.75 18.46
16 MDT15-G-0 9.63 12.29 10.96
17 MDT15-D1-1-2 8.91 15.56 12.23
18 MDT15-W-3034 8.49 16.35 12.42
19 MDT15-D4-66 12.65 13.86 13.25
Mean 11.13 15.26 13.19

D = drought-stressed environment (lingkungan kekeringan), O = optimal environment (lingkungan normal)
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Table 5. Seed yield of 19 soybean genotypes in drought-stressed and optimal environments (Hasil biji dari
19 genotipe kedelai pada lingkungan kekeringan dan normal)

Reduction

from O to D

. Seed yield (Hasil biji) l\lélean (Penurunan

No Genotype (Genotipe) (t/h) (Rata- hasil dari O
rata) ke D)
(%

D N

1 MDT15-2-13 2.19 2.47 2.33 11.34
2 MDT15-1-1 1.86 1.97 1.92 5.58
3 MDT15-30-7 2.08 2.54 2.31 18.11
4 MDT15-4-4 1.16 2.59 1.88 55.21
5 MDT15-16-2 1.26 1.79 1.53 29.61
6 MDT15-3-3 1.97 2.07 2.02 4.83
7 MDT15-6-13 1.98 2.73 2.36 27.47
8 MDT15-1-2 2.17 3.31 2.74 34.44
9 MDT15-5-5 1.45 1.70 1.58 14.71
10 MDT15-6-11 2.27 2.51 2.39 9.56
11 MDT15-8-1 1.62 1.98 1.80 18.18
12 MDT15-1-3 1.50 1.64 1.57 8.54
13 MDT15-6-12 2.04 2.61 2.33 21.84
14 MDT15-6-8 1.93 2.31 2.12 16.45
15 MDT15-A-49-4 1.84 2.76 2.30 33.33
16 MDT15-G-0 2.15 2.26 2.21 4.87
17 MDT15-D1-1-2 2.33 3.41 2.87 31.67
18 MDT15-W-3034 2.45 2.74 2.60 10.58
19 MDT15-D4-66 2.16 2.73 2.45 20.88
Mean 1.92 2.43 2.18 20.99

D = drought-stressed environment (/ingkungan kekeringan), O = optimal environment (lingkungan normal)

The level of plant wilting
The level of plant wilting is one of the

benchmarks of soybean tolerance to drought. In the
optimal environment until 65 DAP, the whole plant
leaves were still green and fresh. Starting from 70
DAP, most of the leaves turned to yellow, a sign of
ageing and death of the plant. In contrast, in the
drought-stressed environment, all the leaves were
green and fresh only until 55 DAP (Table 6).

In addition, starting from 60 DAP, soybean
genotypes began to show a diverse response
tolerance, and this continued until 75 DAP. On the
60™ DAP, nine of 19 tested genotypes began to
show withered leaves. At the age of 65 DAP, six
genotypes showed withered leaves by as much as
more than 50% and the young leaves turned into a
brown color. The peak diversity of genotype
responses to drought occurred at the age of 70

DAP, and there were two genotypes that had a wilt
score of 2 (the leaves were still fresh), eleven
genotypes had a score of 3 (over 50% withering
leaves appeared) and six genotypes were at a score
of 4 (over 50 % leaves wilted and turned to brown).
On the 75™ DAP, all genotypes showed withering
and brown leaves.

Based on the score of wilting, genotypes
MDT15-16-2 and MDT15-W-3034 consistently
had a score of 2 until 70 DAP, while the other
genotypes were at a score between 3 and 4. This
indicates that those two genotypes are considered
drought-stress tolerant.

DISCUSSION

Drought is a serious problem within soybean
cultivation in Indonesian tropical area because most
of the soybeans are planted in the dry season.
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Fig. 2. Seed yield (t/ha) in drought-stressed and optimal environments (Hasil biji pada lingkungan
kekeringan dan normal)

Table 6. Wilting score of 19 soybean genotypes in drought-stressed and normal environments (Skor layu
dari 19 genotipe kedelai pada lingkungan kekeringan dan normal)

Wilting score (Skor layu)

No Genotype (Genotipe) Drought-stressed environment Optimal environment

P P (lingkungan kekeringan) (lingkungan normal)
45 50 55 60 65 70 75 45 50 55 60 65 70 75
1 MDTI15-2-13 r1 1 1 2 3 3 5 1 1 1 1 1 2 3
2 MDTI15-1-1 r1 1 1 1 2 3 5 1 1 1 1 1 2 3
3 MDTI15-30-7 1 11 2 3 4 5 1 1 1 1 1 2 3
4  MDTI15-4-4 1 1r 1 2 2 3 5 1 1 1 1 1 2 3
5 MDTI15-16-2 1 1+ 1 1 2 2 4 1 1 1 1 1 1 2
6 MDTI5-3-3 1 1 1 1 3 4 5 1 1 1 1 1 2 4
7  MDTI15-6-13 1 1r 1 2 2 4 5 1 1 1 1 1 2 4
8 MDTI15-1-2 t1 1r 1 2 2 3 5 1 1 1 1 1 2 3
9 MDTI5-5-5 1 1 1 1 2 3 5 1 1 1 1 1 2 3
10 MDT15-6-11 r1 11 2 3 4 5 1 1 1 1 1 2 5
11 MDT15-8-1 $1 1+ 1 1 2 3 5 1 1 1 1 1 2 3
12 MDT15-1-3 $1 1+ 1 1 2 3 5 1 1 1 1 1 2 3
13 MDT15-6-12 r1 1+ 1 1 2 3 5 1 1 1 1 1 2 3
14 MDT15-6-8 1 11 2 3 3 5 1 1 1 1 1 2 3
15 MDT15-A-49-4 1 1 1 1 2 3 5 1 1 1 1 1 2 3
16 MDT15-G-0 r1 11 2 3 4 5 1 1 1 1 1 2 5
17 MDT15-D1-1-2 1 1r 1 2 2 3 5 1 1 1 1 1 2 3
18 MDT15-W-3034 1 1r 1 2 2 2 4 1 1 1 1 1 1 2
19 MDTI15-D4-66 1 1 1 2 2 4 5 1 1 1 1 1 2 3
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Drought stress is also reported in other crops to be
responsible for more yield losses than any other
abiotic stresses (Boyer 1982). The availability of
soybean varieties to tolerate drought is important to
mantain the soybean yield per unit area. Seed yield
is influenced by the amount of water lost through
respiration, water use efficiency and harvest index
(Manavalan et al, 2009), and it is also related to
various yield components that are interlinked with
other yield components. Drought will affect each of
yield component and its accumulation will reduce
seed yield.

Soybean cultivation in Indonesia are carried
out in the dry season, on the rice fields after paddy,
and soybean are grown between 5 and 10 days after
the rice is harvested immediately without any soil
tillage. Seed filling phase is a critical phase of the
occurrence of the drought stress. In this study, the
drought stress began on the 40™ days after planting.
Nonetheless, decreased levels of soil moisture
began to occur on the 60 DAP or 20 DAP after
cessation of irrigation. Thus, the effects of drought
in the reproductive phase did not influence various
components of growth such as plant height, number
of branches, and number of pods. The component
that may be affected is the number of empty pods.
It was also addressed by Desclaux et al. (2000) that
the drought during the flowering phase will reduce
the number of pods, number of seeds per pod, and
seed size. But the drought that occurred in seed
development period (RS - R7) may lowering the
soybean yield between 45-88% (Eck et al., 1987).

In this study, seed yield characters which
consist of seed weight per plant and seed yield per
ha decrease due to the drought stress, and the
amount of the decline varied among soybean
genotypes. Soybeans tolerant to drought are
characterized by a relatively low decrease in the
seed yields, a relatively slow level of wiltering
leaves (Sloane et al, 1990), an increasing
partitioning of biomass to root thereby increasing
the ratio of root to canopy (Huck et al, 1983), a
high rate of plant growth in the drought-stressed
environment, and an ability to maintain leaf areas
(Oya et al., 2004). Several researchers reported that
drought-tolerant cultivars with early flowering and
deep root phenotype have longer and deeper roots

that contribute to better water uptake (Au et al.,
2010; Zhao et al., 2004). It was also reported that in
soybeans, several morphological characters, such as
diameter of tracheas belonging to the root, stem,
and leaf; stomata index; and size and average
number of stomata and epidermal cells are
important characters which vary among soybean
plants under stress conditions (Makbul ef al., 2011).
It is also emphasized that drought stress at any time
from R4 to shortly after R6 (beginning to seed) will
reduce yields more than the same stress in any oth-
er periods of development. The period from the late
pod formation to shortly before full seed is espe-
cially critical, because flowering ceases and can no
longer compensate for the lost pods. The younger
pods and stems are also more susceptible to abort-
ing under stress than older pods and seeds (Hall and
Twidwell 2002).

Disruption various morphological characters
will accumulate to the decrease of the seed yields.
Soybean genotypes which able to maintain or have
smallest decrease in the yields are considered as
resistant or tolerant to drought. In this study, the
highest yield genotypes in the optimum
environment are MDT15-D1-1-2, MDT15-1-2, and
MDT15-W-3034. The highest yields in the drought
-stressed environment are MDTI15-W-3034,
MDT15-D1-1-2, and MDT15-6-11. From this fact,
it can be identified that soybean genotypes which
are able to produce high yields in the optimal
environment are also likely to be able to produce
high yields in the drought-stressed environmental,
as seen on MDT15-W-3034 and MDT15-D1-1-2.
There are five soybean genotypes that have the
lowest rate of yield loss, i.e. MDT15-3-3, MDT15-
G-0, MDT15-1-1, MDT15-1-3, and MDT15-6-11.
Based on the result, due to the characters such as
the smallest yield loss in the optimal environment
to drought-stressed environment, the performance
of seed yield per ha in the drought-stressed
environment, the genotype MDT15-6-11 is
considered as drought tolerant. If the mapping of
soybeans tolerant to drought is based on the level of
wiltering leaves in the drought environments, then
two drought-tolerant genotypes are gained, namely
the MDT15-16-2 and MDT15-W-3034. Those
genotypes show green and fresh (turgid) leaves
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after 70 DAP or 30 days after the drought-stress
treatment.

From this study, soybean genotypes with high
yields (2.27 t/ha) in the drought-stressed
environment are obtained. These genotypes are
recommended to be introduced as a drought-
tolerant variety in Indonesia, or can be used as a
gene source for improvement of soybean resistance
to drought through the escape mechanism. A study
conducted by Song et al (2016) showed that
soybeans can survive drought stress if there is a
robust and deep root system at the early vegetative
growth stage. The MDT15-W-3034 is considered
tolerant to drought because it has a slow rate of
wilting, a high posture of plant, and a long duration
of the vegetative phase

CONCLUSION

The development of a soybean variety which
is tolerant to drought at the reproductive phase in
the tropical Indonesian area has the potential to use
the yield reduction and a score of wilting plants as
the selection indicators. Drought tolerant genotypes
can be evaluated from the slow withering time and
a high yield. There are two genotypes which are
identified as the drought-tolerant plants at the
reproductive stage, i.e. MDT15-6-11 and MDT15-
W-3034. The agronomic characters of MDT15-6-
11 include having high yields and low percentage
of yield reduction. The MDT15-W-3034 is
identified as drought-tolerant due to the slow
wilting, high plants, a slow vegetative phase, and
high yields.
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Format naskah

1. Naskah diketik dengan menggunakan program Microsoft Word, huruf New Times Roman ukuran 12, spasi ganda kecuali Abstrak spasi
tunggal. Batas kiri-kanan atas-bawah masing-masing 2,5 cm. Maksimum isi naskah 15 halaman termasuk ilustrasi dan tabel.

2. Penulisan bilangan pecahan dengan koma mengikuti bahasa yang ditulis menggunakan dua angka desimal di belakang koma. Apabila
menggunakan Bahasa Indonesia, angka desimal ditulis dengan menggunakan koma (,) dan ditulis dengan menggunakan titik (.) bila
menggunakan bahasa Inggris. Contoh: Panjang buku adalah 2,5 cm. Lenght of the book is 2.5 cm. Penulisan angka 1-9 ditulis dalam kata
kecuali bila bilangan satuan ukur, sedangkan angka 10 dan seterusnya ditulis dengan angka. Contoh lima orang siswa, panjang buku 5 cm.

3. Penulisan satuan mengikuti aturan international system of units.

4. Nama takson dan kategori taksonomi ditulis dengan merujuk kepada aturan standar yang diakui. Untuk tumbuhan menggunakan
International Code of Botanical Nomenclature (ICBN), untuk hewan menggunakan International Code of Zoological Nomenclature (ICZN),
untuk jamur International Code of Nomenclature for Algae, Fungi and Plant (ICFAFP), International Code of Nomenclature of Bacteria
(ICNB), dan untuk organisme yang lain merujuk pada kesepakatan Internasional. Penulisan nama takson lengkap dengan nama author hanya
dilakukan pada bagian deskripsi takson, misalnya pada naskah taksonomi. Penulisan nama takson untuk bidang lainnya tidak perlu
menggunakan nama author.

5. Tata nama di bidang genetika dan kimia merujuk kepada aturan baku terbaru yang berlaku.

6. Untuk range angka menggunakan en dash (-), contohnya pp.1565-1569, jumlah anakan berkisar 7-8 ekor. Untuk penggabungan kata
menggunakan hyphen (-), contohnya: masing-masing.

7. Tlustrasi dapat berupa foto (hitam putih atau berwarna) atau gambar tangan (/ine drawing).

8. Tabel

Tabel diberi judul yang singkat dan jelas, spasi tunggal dalam bahasa Indonesia dan Inggris, sehingga Tabel dapat berdiri sendiri. Tabel
diberi nomor urut sesuai dengan keterangan dalam teks. Keterangan Tabel diletakkan di bawah Tabel. Tabel tidak dibuat tertutup dengan
garis vertikal, hanya menggunakan garis horisontal yang memisahkan judul dan batas bawah.



8. Gambar
Gambar bisa berupa foto, grafik, diagram dan peta. Judul gambar ditulis secara singkat dan jelas, spasi tunggal. Keterangan yang menyertai
gambar harus dapat berdiri sendiri, ditulis dalam bahasa Indonesia dan Inggris. Gambar dikirim dalam bentuk .jpeg dengan resolusi minimal
300 dpi, untuk /ine drawing minimal 600dpi.

9. Daftar Pustaka
Sitasi dalam naskah adalah nama penulis dan tahun. Bila penulis lebih dari satu menggunakan kata ‘dan’ atau et al. Contoh: (Kramer, 1983),
(Hamzah dan Yusuf, 1995), (Premachandra et al., 1992). Bila naskah ditulis dalam bahasa Inggris yang menggunakan sitasi 2 orang penulis
maka digunakan kata ‘and’. Contoh: (Hamzah and Yusuf, 1995). Jika sitasi beruntun maka dimulai dari tahun yang paling tua, jika tahun
sama maka dari nama penulis sesuai urutan abjad. Contoh: (Anderson, 2000; Agusta et al., 2005; Danar, 2005). Penulisan daftar pustaka,
sebagai berikut:

a. Jurnal
Nama jurnal ditulis lengkap.
Agusta, A., Maehara, S., Ohashi, K., Simanjuntak, P. and Shibuya, H., 2005. Stereoselective oxidation at C-4 of flavans by the endophytic
fungus Diaporthe sp. isolated from a tea plant. Chemical and Pharmaceutical Bulletin, 53(12), pp.1565—1569.

b. Buku
Anderson, R.C. 2000. Nematode Parasites of V ertebrates, Their Development and Tramsmission. 2nd ed. CABI Publishing. New Y ork.
pp. 650.

c. Prosiding atau hasil Simposium/Seminar/Lokakarya.
Kurata, H., El-Samad, H., Yi, T.M., Khammash, M. and Doyle, J., 2001. Feedback Regulation of the Heat Shock Response in Eschericia
coli. Proceedings of the 40th IEEE Conference on Decision and Control. Orlando, USA. pp. 837-842.

d. Makalah sebagai bagian dari buku
Sausan, D., 2014. Keanekaragaman Jamur di Hutan Kabungolor, Tau Lumbis Kabupaten Nunukan, Kalimanan Utara. Dalam: Irham, M. &
Dewi, K. eds. Keanekaraman Hayati di Beranda Negeri. pp. 47-58. PT. Eaststar Adhi Citra. Jakarta.

e. Thesis, skripsi dan disertasi
Sundari, S., 2012. Soil Respiration and Dissolved Organic Carbon Efflux in Tropical Peatlands. Dissertation. Graduate School of
Agriculture. Hokkaido University. Sapporo. Japan.

f. Artikel online.
Artikel yang diunduh secara online ditulis dengan mengikuti format yang berlaku untuk jurnal, buku ataupun thesis dengan dilengkapi
alamat situs dan waktu mengunduh. Tidak diperkenankan untuk mensitasi artikel yang tidak melalui proses peer review misalnya laporan
perjalanan maupun artikel dari laman web yang tidak bisa dipertangung jawabkan kebenarannya seperti wikipedia.
Himman, L.M., 2002. A Moral Change: Business Ethics After Enron. San Diego University Publication. http:ethics.sandiego.edu/LM H/
oped/Enron/index.asp. (accessed 27 Januari 2008) bila naskah ditulis dalam bahasa inggris atau (diakses 27 Januari 2008) bila naskah
ditulis dalam bahasa indonesia

Formulir persetujuan hak alih terbit dan keaslian naskah

Setiap penulis yang mengajukan naskahnya ke redaksi Berita Biologi akan diminta untuk menandatangani lembar persetujuan yang berisi hak alih
terbit naskah termasuk hak untuk memperbanyak artikel dalam berbagai bentuk kepada penerbit Berita Biologi. Sedangkan penulis tetap berhak
untuk menyebarkan edisi cetak dan elektronik untuk kepentingan penelitian dan pendidikan. Formulir itu juga berisi pernyataan keaslian naskah yang
menyebutkan bahwa naskah adalah hasil penelitian asli, belum pernah dan tidak sedang diterbitkan di tempat lain serta bebas dari konflik
kepentingan.

Penelitian yang melibatkan hewan
Setiap naskah yang penelitiannya melibatkan hewan (terutama mamalia) sebagai obyek percobaan/penelitian, wajib menyertakan ’‘ethical clearance
approval® terkait animal welfare yang dikeluarkan oleh badan atau pihak berwenang.

Lembar ilustrasi sampul

Gambar ilustrasi yang terdapat di sampul jurnal Berita Biologi berasal dari salah satu naskah yang dipublikasi pada edisi tersebut. Oleh karena itu,
setiap naskah yang ada ilustrasinya diharapkan dapat mengirimkan ilustrasi atau foto dengan kualitas gambar yang baik dengan disertai keterangan
singkat ilustrasi atau foto dan nama pembuat ilustrasi atau pembuat foto.

Proofs
Naskah proofs akan dikirim ke penulis dan penulis diwajibkan untuk membaca dan memeriksa kembali isi naskah dengan teliti. Naskah proofs harus
dikirim kembali ke redaksi dalam waktu tiga hari kerja.

Naskah cetak
Setiap penulis yang naskahnya diterbitkan akan diberikan 1 eksemplar majalah Berita Biologi dan reprint. Majalah tersebut akan dikirimkan kepada
corresponding author

Pengiriman naskah
Naskah dikirim secara online ke website berita biologi: Attp://e-journal.biologi.lipi.go.id/index.php/berita_biologi

Alamat kontak

Redaksi Jurnal Berita Biologi, Pusat Penelitian Biologi-LIPI
Cibinong Science Centre, J1. Raya Bogor Km. 46 Cibinong 16911
Telp: +61-21-8765067, Fax: +62-21-87907612, 8765063, 8765060,
Email: berita.biologi@mail.lipi.go.id
jurnalberitabiologi@yahoo.co.id atau
jurnalberitabiologi@gmail.com
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PLANKTON DISTRIBUTION IN CONTROLLED WATER OF MILKFISH LARVA CULTURE SYSTEM
[Distribusi Plankton di Sistem Air Terkontrol pada Pemeliharaan Larva Ikan Bandeng]
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IDENTIFICATION AND PATHOGENICITY TEST OF SOME BACTERIA ISOLATED FROM WILD AND
FARMED SPINY LOBSTER Panulirus homarus

[Identifikasi dan Uji Patogenisitas Bakteri yang Diisolasi dari Lobster Panulirus homarus Alam dan Budidaya]
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PAKAN ALTERNATIF PADA TRENGGILING JAWA (Manis javanica Desmarest, 1822) DI PENANGKARAN
[Alternative Feeding of Sunda Pangolin (Mams Javanica Desmarest, 1822} in Captlve Brccdmgl
Anita Rianti dan Mariana Takandjandji ..
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(Oreochromis niloticus) DI WADUK JATILUHUR, JAWA BARAT

[Measurement First Maturity and Gillnet Selectivity of Nile Tilapia (Oreochromis niloticus) at Jatiluhur
Reservoir, West Java|

Andri Warsa, Didik Wahju Hendro Tjahjo dan Lismining Pujiyani ASIULD ........coiioiiiiiiiiinaeseeiesesaessssesssss e

KEANEKARAGAMAN DAN SEBARAN EKOLOGIS AMFIBI DI AIR TERJUN BERAMBAI SAMARINDA,
KALIMANTAN TIMUR

|Diversity and Ecological Distribution of Amphibians in Berambai Waterfall Samarinda, East Kalimantan|
Jusmaldi, Aditya Setiawan dan NOva HAVIAND ..ottt ekt eba b a s ab s ia st ese et be e b e s ebaseasstesn s

KEANEKARAGAMAN DAN KELIMPAHAN ANGGREK EPIFIT DI KAKI GUNUNG LIANGPRAN KALIMANTAN
TIMUR

|Diversity and Abudance of Epiphytic Orchids on foothill of Liangpran Mountain, East Kalimantan|
Surianto Effendi, Nunik Sri Ariyanti dan Tatik Chikmawati

ANALISIS VEGETASI DI PULAU BINTAN, KEPULAUAN RIAU
[Vegetation analysis of Bintan Island, Riau Archipelago]
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THE DIVERSITY AND DISTRIBUTION OF TWO FAMILIES OF SUMATRAN LAND SNAIL
(GASTROPODA: CAMAENIDAE AND CYCLOPHORIDAE)

[Keragaman dan Distribusi Dua Suku Keong Darat Sumatra (Gastropoda Camaenidae dan C}clophorldae)[
Nova Mujiono, Windra Priawandiputra and Tri Atmowidi ................... . s e .

AGRONOMIC CHARACTERS OF DROUGHT-TOLERANT SOYBEANS AT THE REPRODUCTIVE STAGE
|Karakteristik Agronomis Genotipe Kedelai Toleran Kekeringan Pada Fase Reproduktif]
M. Muchlish Adie and AVAda KPISHUWAED .........c.ooooueoeeeiereeierevieeveeeeesr e eveese e eseesesessssenssssesassssassessssesssssassessesessessnans

THE PHSYIOLOGICAL CHARACTER OF BACTERIA ISOLATED FROM BANANA TREE’S
RHIZOSPHERE FROM MALAKA, EAST NUSA TENGGARA, AND THEIR ROLE ON PLANT GROWTH
PROMOTION ON MARGINAL LAND

[Karakter Fisiologi Bakteri yang Diisolasi dari Rizosfer Pisang asal Malaka, Nusa Tenggara Timur, dan
Peranannya sebagai Pemacu Tumbuh Tanaman pada Lahan Marjinal]
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KOMUNIKASI PENDEK (SHORT COMMUNICATION)

AKTIVITAS LARVISIDAL EKSTRAK ETIL ASETAT DAN HEKSANA DARI FILTRAT Beauveria bassiana
TERHADAP Aedes aegypti

[Larvicidal Activity of Ethyl Acetate and Hexane Extract from Beauveria bassiana Filtrate Agamst Aedes aegyprfl
I Nyoman Pugeg Aryantha dan Wahyu Setyaji Dwiantara .. e i e R e SR T

NEW RECORD OF EURYCOMA APICULATA A.W. BENN (SIMAROUBACEAE) FROM FOREST
RESERVE OF KENEGERIAN RUMBIO, RIAU, INDONESIA

[Rekaman Baru Eurycoma apiculata A.W. Benn (Simaroubaceae) dari Hutan Larangan Adat Kenegerian
Rumbio, Riau, Indonesia|
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