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ABSTRACT

One of the constraints impeding soybean production in the tropics is yield losses due to the damage by pod feeding insects. The research objective was
to identify the resistance of soybean genotypes to the pod feeders. The existence of the pod feeding insects was evaluated on 24 soybean genotypes
planted in Ngawi (Indonesia) in 2016. The experiment was arranged in a randomized block design with two environmental conditions. The first environmental
condition was plants controlled by insecticide during plant growth, and the second condition was plants controlled by insecticide only up to 45 days after
planting (dap). The pod feeding insects included pod sucking bug (Riptortus linearis), pod borer (Etiella zinckenella), and podworm (Helicoverpa sp.). The
damage intensity of pod sucking bug at 45 dap of controlled environment reached 60.24 %, meanwhile the damage intensity of pod borer and podworm were
46.08% and 3.85%, respectively. This indicates that the natural population of pod sucking bug is relatively high and dominant. Of 24 soybean genotypes
tested, NSP-16-2-8 was consistently resistant on environments with and without insecticide application, whereas NSP-16-1-4 was consistently resistant
to the pod borer attack. Those genotypes were potential to be used as source of genes for pod feeding insects’ resistance in the breeding program.
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ABSTRAK

Salah satu masalah budidaya kedelai di daerah tropis adalah tekanan berbagai kompleks hama perusak polong. Tujuan penelitian adalah untuk mengidentifikasi
ketahanan genotipe kedelai terhadap hama perusak polong. Eksistensi dari kompleks hama perusak polong diuji pada 24 genotipe kedelai yang dilakukan di
Ngawi (Indonesia) pada tahun 2016. Penelitian dilaksanakan dengan menggunakan rancangan acak kelompok dengan dua lingkungan. Lingkungan pertama
adalah tanaman dikendalian dengan insektisida selama pertumbuhan dan lingkungan kedua adalah hanya dikendalikan dengan insektisida sampai umur
45 hst. Hama perusak polong dominan terdiri dari hama pengisap polong (R. linearis), penggerek polong (E. zinckenella), dan pemakan polong (H. armigera).
Pada lingkungan yang dikendalikan hingga 45 hst, intensitas serangan hama pengisap polong mencapai 60,24%, penggerek polong 46,08% dan hama
pemakan polong hanya sebesar 3,85%; mengindikasikan bahwa populasi alam hama pengisap polong cukup tinggi dan dominan. Dari 24 genotipe kedelai
yang diuji, teridentifikasi genotipe kedelai NSP-16-2-8 konsisten bereaksi tahan pada lingkungan dengan dan tanpa pengendalian dengan insektisida,
sedangkan genotipe NSP-16-1-4 tergolong tahan terhadap hama penggerek polong. Kedua genotipe tersebut berpotensi digunakan sebagai sumber
ketahanan terhadap hama perusak polong.

Kata Kunci; Etiella zinckenella, Helicoverpa sp, Riptortus linearis, soybean

INTRODUCTION

The infestation of pest complexes is one of the of chemical and botanical insecticides (Mustikarini

et al., 2014; Hendrival et al., 2013; Anshori and

major problems in the soybean cultivation in the

tropics. There are three destructive pod feeding
insects that potentially decrease soybean produc-
tion in Indonesia, namely pod sucking bug, pod
borer, and pod worm. The magnitude of the soy-
bean yields losses due to the pod feeding insects
was between 20 - 100% (Jones and Sullivan, 1978;
Singh and Allen, 1980; Prayogo and Suharsono,
2005; Bayu, 2015) depending on the level of plant
resistance and soybean growth phase (Asadi et al.,
2012). So far, soybean varieties that are relatively re-
sistant to each pod feeding insects are not available

yet, hence, the main pest control is still using both

Prasetiono, 2016; Sumartini, 2016).

Based on the type of the attack, there are two
groups of soybean pod feeders, i.e. pod borer (E.
zinckenella, H. armigera) and podworm (Riptortus sp,
N. viridula, and Piezodorus hybneri). The pod feeding
insects may attack soybeans either individually or
simultaneously, especially on soybean crops during
the dry season of June/July - September/October
as the largest soybean growing season in Indonesia.
Lourencao et al. (2002) had identified stink bug
complex as the most economically destructive pest

on soybean which consisted of N. viridula, Piezodorus



guildinii and Euchistus heros. In Bangladesh, it was
reported that pod sucking bug, Riptortus pedestris
(Fabricius) & Halyomorpha halys (Stal), had become
the main pod feeding pests on soybean (Rahman
and Lim, 2017). In South Sulawesi (Indonesia),
Rahayu et al. (2018) found three types of destructive
insect as pod sucking pests (N. viridula, R. linearis,
and Leptocorisa acuta) and a type of pod borer pest
(E. zinckenella). The yield losses due to infestation
of pod feeders do not only reduce the productivity
per unit area, but also decrease the seed vigor (Bae
et al., 2014) as a result of imperfect seed formation
or due to seed physical damage.

Pest resistant variety is an important component
of integrated pest management (Bazok et al., 2011;
Pretty and Bharucha, 2015). Development of soy-
bean variety tolerant to pod feeders requires the
availability of resistance genes sources, appropri-
ate selection methods, and understanding of the
determinants of pest resistance (Krisnawati et al.,
2016; Johnson et al., 2017). The use pest resistant
varieties are not only able to minimize the yield
losses but also have positive implications on the
development of environmentally friendly condi-
tions (Pinheiro et al., 2005).

The most sensitive stage of soybean growth to
pod-sucking bug infestation is between the repro-
ductive phases R3 - R5 (Acle and Rolim, 1994).
Other studies have reported that Hemipterans
pests group prefer young pods, tender growth, and
developing seeds or when the reproductive growth
of soybeans is in the phase of R4 - R6 (Bundy and
McPherson, 2000). In stink bug pests, the peak of
infestation is during the mid to late pod filling stage
(stages R5-R7) (Baur et al., 2000). Rahman and Lim
(2017) compared the effects of two pod sucking
bugs on their behavioral, and they reported that
R. pedestris prefers seeds over pods, while H. halys
prefers pods over seeds. The effect of two species of
pod-sucking bugs on soybean showed that 72% of
pod damage was caused by Riptortus destipes which

was higher compared with 44% pod damage by N.
viridula (Acle and Rolim, 1994).

Dzemo et al. (2010) evaluated the resistance of
three cowpea varieties to pod sucking bug Clavi-
gralla tomentosicollis and found differences in the
pre oviposition period, ovoposition period, and
number of eggs among the three tested varieties.
Research on the pod sucking bug C. tomentosicol-
lis in cowpea (Vigna unguiculata) revealed that the
longer growth development of the nymph was
showed in resistant variety than those in susceptible
variety. This reveals the variability of interactions
between varieties and different pests. In Brazil, it
was reported that the soybean genotype IAC 100
was categorized as resistant and the BRS Silvania
RR was included to susceptible to the brown stink
bug E. heros (Timbo et al., 2014). Furthermore, de
Godoi and Pinheiro (2009) stated that the char-
acter of percentage index of pod damage can be
recommended as a resistant selection criteria for
pod-attacking stink bugs in the initial generation
(F3 or F4) population, whereas selection criteria
for advanced population were suggested using
character of the grain filling period and percentage
of spotted seeds.

In Indonesia, research on the damage intensity
caused by the pod sucking bug (R. linearis), pod
borer (E. zinckenella) and podworm (H. armigera) as
well as soybean resistance to those three destructive
pod feeding insects has never been reported. The
results of this study will be important in order to
obtain resistant genotypes which will be used in the
breeding program. Therefore, the research objective
was to identify the resistance of soybean genotypes

to each pod feeder.

MATERIALS AND METHODS
Sample Preparation and Experimental Design

The study was conducted in Ngawi (East Java,

Indonesia) during the dry season in 2016. The
research site was located at SL 7.4095° and EL
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111.3726° with the climate type of C3 (Oldeman,
1974), elevation of 50 m above sea level, tempera-
ture of 24° - 33°C, and relative humidity of 87.5%.

The research was arranged in a randomized
block design consisting of two environmental
conditions. The first environmental condition
(selected protection/ISP) was soybean plants
controlled by insecticide only up to 45 days after
planting, and the second environmental condition

(full protection/IFP) was soybean plants controlled

by insecticide from planting time to harvest. The
treatment consisted of 24 soybean genotypes with
five replications. The research was conducted in
wetland after rice cultivation under zero-tillage
condition. Each genotype was planted ina 1.2 m x
4.5 m plot size, plant spacing of 40 cm x 15 cm, and
two plants per hill. Pest and disease were controlled
optimally. Plant was fertilized by 250 kg Phonska
and 100 kg SP36 which was done after planting.

Table 1. The pod damage intensity caused by pod sucking bug, pod borer, and podworm of 24 soybean genotypes

No Genotype

Pod damage intensity (%)

R. linearis E. zinckenella H. armigera
IFp? N Avge IFP? ISPt Avge IFP2 N Avge

1 NSP-16-2-13 36.05(MR) 56.60 (MR) 46.32 15.04(S)  38.92(MR) 26.98 1.60 (MR)  2.44 (R) 2.02
2 NSP-16-1-1 37.65(MR) 67.74(S)  52.70 5.62 (R) 34.65(R) 20.14 0.53 (HR)  0.98 (R) 0.76
3 NSP-16-30-7 40.71 (MR) 63.10(S)  51.90 9.09 (MR) 52.61(S)  30.85 3.70 () 1.57 (R) 2.63
4 NSP-16-4-4 41.13(MR) 66.92(S)  54.03 15.01(S) 47.46(S) 3124 4.04 (5) 2.01 (R) 3.03
5 NSP-16-16-2 68.40 (HS) 56.08 (MR) 62.24 8.48 (R) 4351 (MR) 25.99 1.58 (MR) 2.95(MR) 2.26
6 NSP-16-3-3 33.89(MR) 60.53(S)  47.21 15.68 (S)  40.93(MR) 28.30 2.75(S) 1.82 (R) 2.29
7 NSP-16-6-13 45.84(S)  65.70(S)  55.77 1297 (S)  37.98(MR) 25.48 4.02 (S) 0.77 (R) 2.39
8  NSP-16-1-2 37.25(MR) 58.75(MR) 48.00 1478 (S)  37.80(MR) 26.29 2.89(S) 1.85 (R) 237
9  NSP-16-5-5 35.59(MR) 52.06(MR) 43.83 16.32(S)  35.59(MR) 25.95 0.71 (R) 7.78 () 4.25
10 NSP-16-6-11 40.92 (MR) 56.30(MR) 48.61 10.29(MR) 47.28(S)  28.79 2.48 (MR)  0.48 (R) 1.48
11 NSP-16-8-1 38.84(MR) 55.24(MR) 47.04 9.52 (MR) 38.63(MR) 24.08 0.89 (R) 0.95 (R) 0.92
12 NSP-16-1-3 33.48(MR) 39.25(R) 36.36 14.71(S)  67.59 (HS) 41.15 3.66 () 2.71 (R) 3.19
13 NSP-16-6-12 44.15(S)  99.80 (HS) 71.98 11.76 (MR)  65.34 (HS) 38.55 1.31(MR) 2.96 (MR) 2.13
14 NSP-16-6-8 35.09(MR) 69.44(S)  52.27 9.30(MR)  35.20(MR) 22.25 1.05 (MR)  3.75(9) 2.40
15 NSP-16-2-8 31.81(R) 3446 (HR) 33.14 15.81(S)  5455(5) 35.18 3.97(9) 18.02 (HS) 11.00
16 NSP-16-12-15 45.13(S)  48.24(MR) 46.69 13.55(S)  65.59 (HS) 39.57 3.27 (S) 13.13 (HS) 8.20
17 NSP-16-6-3 41.07 (MR) 48.40(MR) 44.74 6.31 (R) 38.51(MR) 22.41 0.13(HR)  8.40(HS) 4.27
18 NSP-16-19-7 39.21(MR) 68.85(S)  54.03 24.20 (HS) 63.99 (HS) 44.10 7.3 (HS)  2.04(R) 4.59
19 NSP-16-1-7 47.89(S) 68.35(S) 58.12 12.24(MR) 38.81(MR) 25.53 2.15(MR)  2.48 (R) 2.32
20 NSP-16-6-7 4471 (S)  58.31(MR) 51.51 12.84(S)  43.65(MR) 28.24 3.76 (S) 3.63 (MR) 3.69
21 NSP-16-1-4 49.67 (S)  58.38(MR) 54.03 12.50(MR) 31.12(R)  21.81 1.39(MR)  4.27 (9) 2.83
22 Grobogan 3211 (R) 62.78(S) 47.44 10.42 (MR) 59.41 (HS) 34.91 2.61 (MR) 0.92 (R) 1.77
23 Anjasmoro 59.87 (HS) 76.82 (HS) 68.35 10.92 (MR) 35.85(MR) 23.38 1.52 (MR)  0.86 (R) 1.19
24 Argomulyo 34.43(MR) 51.65(MR) 43.04 19.36 (HS) 50.98(S)  35.17 5.80 (HS)  5.19(S) 5.49

Average 41.45(S)  60.16(S)  50.81 12.78(S)  46.08(S)  29.43 2.62 (MR) 3.83(MR) 3.23

Standard deviation 8.48 12.62 8.56 4.01 11.05 6.53 1.67 4.12 227

HS (Highly Susceptible), S (Susceptible), MR (Moderately Resistant), R (Resistant), HR (Highly Resistant)

*full controlled by insecticide from planting time to harvest
bcontrolled by insecticide until 45 dap
‘average damage intensity of IFP and ISP



Table 2. The seed damage intensity caused by pod sucking bug, pod borer, and podworm of 24 soybean genotypes

No Genotype Seed damage intensity (%)
R. linearis E. zinckenella H. armigera
IFp? ISP Avge IFp? ISPt Avge IFp? N Avge

1 NSP-16-2-13 15.58 (MR) 51.00 (HS) 33.29 11.78(S)  31.40(5)  21.59 0.38 (HS)  0.00 (R) 0.19
2 NSP-16-1-1 20.40(MR) 51.69(S)  36.05 831(MR) 29.80(MR) 19.06 0.16 (MR)  0.09(MR) 0.12
3 NSP-16-30-7 16.89 (MR) 40.72 (MR) 28.80 6.12 (MR) 38.28 (HS) 22.20 0.00 (R) 0.00 (R) 0.00
4 NSP-16-4-4 18.31(MR) 62.41 (HS) 40.36 9.80 (S) 29.80 (MR) 19.80 0.84 (HS)  0.00 (R) 0.42
5 NSP-16-16-2 58.29 (HS) 46.85(S)  52.57 5.08 (R) 44.02 (HS) 24.55 0.00 (R) 0.00 (R) 0.00
6 NSP-16-3-3 15.76 (MR) 31.63(R)  23.69 731 (MR)  26.26 (MR) 16.79 0.00 (R) 0.00 (R) 0.00
7 NSP-16-6-13 24.41(S)  45.92(S) 35.17 9.72 (9) 23.08(R)  16.40 0.35(HS)  0.00 (R) 0.17
8 NSP-16-1-2 20.78(MR) 37.11(MR) 28.95 8.04 (MR)  27.71(MR) 17.87 0.20 (S) 0.00 (R) 0.10
9  NSP-16-5-5 19.59(MR) 41.70(MR) 30.64 9.87 (S) 23.06 R) 16.47 0.00 (R) 291 (HS) 1.46
10 NSP-16-6-11 18.28 (MR) 43.59(S)  30.94 7.19 (MR)  25.04(MR) 16.12 0.16 (MR)  0.00 (R) 0.08
11 NSP-16-8-1 23.70(S)  42.20(MR) 32.95 5.96 (MR) 24.35(MR) 15.15 0.07 (MR)  0.00 (R) 0.03
12 NSP-16-1-3 27.36(S) 44.62(S)  35.99 13.83 (HS) 39.97 (HS) 26.90 0.55(HS)  0.00 (R) 0.28
13 NSP-16-6-12 2436(S)  37.25(MR) 30.81 1452 (HS) 32.76(S)  23.64 0.00 (R) 0.03 (MR) 0.01
14 NSP-16-6-8 16.51(MR) 52.09 (HS) 34.30 4.92 (R) 25.72(MR) 15.32 0.10 (MR)  0.00 (R) 0.05
15 NSP-16-2-8 11.48 (R)  24.58 (HR) 18.03 13.23(S)  34.74(S)  23.99 0.59 (HS)  2.48(HS) 1.54
16 NSP-16-12-15 22.98(S) 48.47(S)  35.72 10.14(S)  33.28(S) 2171 0.03 (R) 0.00 (R) 0.01
17 NSP-16-6-3 19.84(MR) 44.06(S)  31.95 4.65 (R) 28.04(MR) 16.34 0.00 (R) 0.16 (MR)  0.08
18 NSP-16-19-7 1455(MR) 31.93(R) 23.24 17.57 (HS) 37.48 (HS) 27.52 0.24 (S) 0.00 (R) 0.12
19 NSP-16-1-7 27.60(S) 44.90(S) 36.25 8.70 (MR)  35.30 (HS) 22.00 0.13 (MR)  0.00 (R) 0.06
20 NSP-16-6-7 2485(5) 4491(S) 34.88 20.14 (HS) 27.38(MR) 23.76 0.14 (MR)  0.00 (R) 0.07
21 NSP-16-1-4 27.13(5)  51.39(S)  39.26 735(MR) 19.84(R)  13.59 0.00 (R) 0.00 (R) 0.00
22 Grobogan 15.59 (MR) 3139(R)  23.49 6.31(MR) 35.85(S)  21.08 0.19(S) 0.00 (R) 0.10
23 Anjasmoro 4172 (HS) 55.50 (HS) 48.61 739(MR) 1931 (R) 13.35 0.00 (R) 0.00 (R) 0.00
24 Argomulyo 15.68(MR) 30.16 (R)  22.92 1215(S)  36.08(S)  24.11 0.12 (MR)  0.00 (R) 0.06

Average 22.57(S)  43.17(MR) 32.87 9.59 (S) 3036(5)  19.97 0.18 (MR) 0.24(MR) 0.21

Standard deviation 9.65 8.79 7.67 3.93 6.38 4.09 0.22 0.75 0.40

HS (Highly Susceptible), S (Susceptible), MR (Moderately Resistant), R (Resistant), HR (Highly Resistant)
*full controlled by insecticide from planting time to harvest

bcontrolled by insecticide until 45 dap

‘average damage intensity of IFP and ISP

Data collection and analysis The damages intensity was calculated based on
The damage intensity of pod sucking bug (R.  the following formula:

linearis), pod borer (E. zinckenella) and podworm

POd damage (%) _ Number of pod damags

(H. armigera) was observed based on five random Number of total pods 100%

sample plants. Observations consisted of the Seed damage (%) = ‘“’:::::::J;:Er:‘:ﬂ‘t:’:zﬂ *100%
number of total pods, number of total seeds, the

number of pods and seeds attacked by pod sucking The grouping of resistance follows a method by
bug, pod borer, and podworm. Observations on Chiang and Talekar (1980):

the agronomic characters were made on the days x> x+ 2SD = HS (Highly Susceptible)

to flowering and weight of 100 seeds. x> x>x+2SD = S (Susceptible)
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x> x> x1SD = MR (Moderately Resistant)
x1SD > x> x2SD = R (Resistant)
x <x-2SD = HR (Highly Resistant)
with x = seed/pod damage
X = general mean

SD = standard deviation

RESULTS AND DISCUSSION

In tropical regions, such as Indonesia, soybeans
are planted throughout the season following the
planting pattern in the paddy field of paddy-paddy-
soybean, and in the dry land of soybean-soybean.
Soybean cultivation on paddy fields during the
third cropping pattern (June/July-September/
October), is the largest soybean cultivation in In-
donesia and it is also at the peak of the dry season,
especially the growth phase of seed filling up to har-
vest period. The condition of those agro-ecosystem
increases population of pod pest complex.

The soybean planting pattern at the research
study was paddy - paddy - soybean. Soybean cultiva-
tion during the second dry season (July - October)
is generally attacked by pod feeding insects which
consisted of pod sucking bug (R. linearis), pod
borer (E. zinckenella) and podworm (H. armigera). In
this study, the natural population of pod sucking
pest and pod borer were very high, while that of
the podworm was relatively low. This can be seen
from the average intensity of pod damage by pod
sucking bug on full control with insecticide (IFP)
which reached 41.45%, and with selective control

of insecticide until 45 dap (ISP) reaching 60.16%.
Intensity of pod damage by pod sucking bug in IFP
ranged from 31.81 - 68.40% and in ISP ranged from
34.46-99.80% (Table 1). The range of seed damage
by pod sucking bug in IFP was from 11.48-58.29%
with an average of 22.57%, and seed damage in the
ISP was between 24.58 - 62.41% with an average
of 43.17 % (Table 2).

The range of pod damage intensity by pod borer
in [FP was 5.62-24.20% with an average of 12.78%,
while in the ISP ranged from 31.12-67.59% with
an average of 46.08% (Table 1). The range of seed
damage intensity by pod borer in the IFP ranged
from 4.92 - 20.14% with an average of 9.59%,
and in the ISP ranged from 19.84 - 44.02% with
an average of 30.36% (Table 2). The intensity of
pod damage caused by pod worm in IFP and ISP
were 2.62% and 3.83%, respectively. Meanwhile,
the seed damage was 0.18% in IFP and 0.24% in
ISP (Table 1, Table 2). Among the three varieties
tested (Anjasmoro, Argomulyo and Grobogan),
Argomulyo variety showed higher resistance than
the others.

The soybean yield losses by pod sucking bug was
higher than those of caused by pod borer. The pod
damage intensity by pod worm was relatively low. A
higher population of pod sucking bug was because
R. linearis is the most common species found in
Indonesia which has wide distribution throughout
the country (Prayogo and Suharsono, 2005; Asadi,
2012; Suharsono & Sulistyowati, 2012). An alterna-

Table 3. The resistance criteria to pod feeding insects based on pod damage

o R linearis E. zinckenella H. armigera

Criteria
IFP ISP IFP? ISP IFP ISP

HR¢ <245 <3492 <475 <23.98 <0.71 <-4.40
R 24.50 -32.98 34.92-47.54 4.75-8.76 23.98 -35.03 0.71-0.95 -4.40 - 2.90
MRe >32.98-4145  >47.54-60.16 >8.76-12.78 >35.03 - 46.08 >0.95-2.62 >2.90-3.83
sf >41.45-49.93 >60.16-72.77  >12.78-16.79  >46.08-57.13 >2.62-4.29 >3.83-7.95
HSo >49.93 >72.77 >16.79 >57.13 >4.29 >7.95

*full controlled by insecticide from planting time to harvest
bcontrolled by insecticide until 45 dap

Highly resistant, “Resistant, “Moderately Resistant, ‘Susceptible, *Highly Susceptible



Table 4. The resistance criteria to pod feeding insects based on seed damage

L R linearis E. zinckenella H. armigera
Criteria
IFP? ISP? IFp? ISP? IFP? ISP?

HR¢ <3.27 <25.58 <1.73 <17.59 <-0.26 <-1.16
R¢ 3.27-12.92 25.58 -34.38 1.73-5.66 17.59 - 23.97 -0.26-0.04 -1.16 - 0.00
MRe >12.92-2257  >34.38-4357 >5.66 - 9.59 >23.97-30.36 >0.04-0.18 >0.00-0.25
Sf >2257-3222  >43.57-51.96 >9.59 - 13.51 >30.36-36.74 >0.18-0.39 >0.25-0.98
HS¢ >32.22 >51.86 >13.51 >36.74 >0.39 >0.98

*full controlled by insecticide from planting time to harvest
bcontrolled by insecticide until 45 dap

Highly resistant, “Resistant, eModerately Resistant, Susceptible, *Highly Susceptible

tive way to minimize the yield losses caused by the
pod sucking bug is by providing the high yielding
soybean variety and in accordance with the users’
preference in Indonesia.

This research result revealed that the major pod
feeders on soybean during the dry season were pod
sucking bug and pod borer, whereas pod worm was
in relatively low population. In Brazil, de Godoi &
Pinheiro (2009) reported that pod sucking (stink)
bug complex which consisted of N. wviridula, P.
guildinii, and E. heros were the most harmful pests
on soybean. Those pests complex attack soybean
during pod formation, filling and maturation
(Gazzoni, 1998; Lourencao et al., 2002). Lucini
et al. (2016) revealed that the stink bug P. guildinii
was a major pest of soybean in America. In recent
years, its abundance has increased in the southern
United States and it has become the most impor-
tant stink bug pest of soybean in southern Texas.
In Indonesia, Asadi (2009) reported that the pod
pests commonly found in Indonesia causing the
yield losses were R. linearis (F), N. viridula (L), and
Piezodorus rubrofasciatus. Furthermore, among those
three species, R. linearis caused the greatest loss
in soybean yield, which the peak of its attack was
during the growth phase of R5 - R6. Other studies
(Prayogo and Suharsono, 2005; Naito, 2008) also
reported that the most critical phase of R. linearis
attack was started form pod filling period until
maturity. R5 - R6 phase on soybean is character-
ized by green and soft pod and the seed is not fully

formed. This means that the results of this study
were consistent with the previous researches that
the pod sucking becomes the most important pest
that caused decrease in soybean yield production
in Indonesia.

The intensity of pod damage caused by pod suck-
ing and pod borer was higher than the intensity of
seed damage. The interaction between insect and
soybean genotype is random. Each insect pest will
search for feed and, at early stages of food search-
ing, will try all the existing soybean genotypes. Janz
and Nylin (1997) suggest that the insect behavior in
finding the right host is very important because it is
used as the determination of its host range. Hence,
there are five steps in the host selection process by
herbivorous insects, i.e finding the host habitat,
hostfinding, host recognition, host acceptance and
host suitability. These five steps make it possible
to make one or more steps as a barrier for insects
in determining their host (Mudjiono, 1998). Two
factors that could be a barrier to the interaction
between insect pests with soybean genotype are
morphological and chemical characters existing in
the pods. The morphological character of the pod
will be the main barrier of any genotype to mini-
mize the seed damage. Several researches showed
that trichome character and pod wall thickness
in soybean were expected to be determinant fac-
tors of soybean resistance to pod pests complexes
(Traw and Dawson, 2002; Shepard and Wagner,
2007; Dabire-Binso et al., 2010). Suharsono and
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Table 5. The mapping of soybean resistance to pod feeding
insects based on pod damage

Criteria Number of genotypes
R linearis E. zinckenella H. armigera
IFP? ISP IFP? ISP IFP? ISP
HRe 0 1 0 0 2 0
R 2 1 3 2 2 14
MR® 14 1 9 12 9 3
Sf 6 9 10 5 9 4
HS? 2 2 2 5 2 3

*full controlled by insecticide from planting time to harvest

bcontrolled by insecticide until 45 dap

Highly resistant, “Resistant, eModerately Resistant, ‘Susceptible, *Highly
Susceptible

Sulistyowati (2012) reported that soybean trichome
(length and density) will prevent the movement
of stylet on the pod wall. Based on a research in
Brazil by Souza et al. (2014), the IAC 17 and PI
227687 showed morphological resistance to pod
sucking bug N. viridula through their high trichome
density. Thus, it is suggested that morphological
characteristics could be used as important indica-
tor in the soybean resistance to pod sucking bug,
and also used as selection indices in the soybean
breeding program.

The resistance criteria to pod feeders based on
pod damage are presented on Table 3, whereas
Table 4 showed the resistance criteria based on
seed damage. The classification of pod-sucking
resistance based on the intensity of pod damage
showed that there was no highly resistant genotype,
but only one was classified as resistant (Table 5). In
the ISP, two genotypes were identified as very resis-
tant and resistant, respectively. When we observed
based on the intensity of seed damage, there was
no highly resistant genotype in both of IFP and
ISP environments. In the IFP, one soybean geno-
type was classified as resistant, while in ISP there
were four genotypes were resistant to pod sucking
pests (Table 6). Based on seed damage as well as
pod damage, most of genotypes were in moderate

resistance to pest-sucking pests. There was a single

genotype of soybean (NSP-16-2-8) which showed
consistently resistant based on the pod damage as
well as seed damage.

The grouping of soybean resistance to pod
borer based on the intensity of pod damage, one
resistant genotype was found in IFP, whereas in
the ISP obtained one highly resistant genotype
and one resistant genotype (Table 5). Based on the
intensity of seed damage, a genotype was classified
as resistant in the IFP, while in the ISP was obtained
one very resistant genotype and four resistant geno-
types (Table 6). There was no consistently resistant
genotype in both of IFP and ISP environments.
NSP-16-1-4 showed consistently resistant reaction
based on the intensity of pod and seed damage
only in the ISP environment.

The main difference between the pests of R.
linearis and E. zinckenella in damaging the soybean
pod is in the mouth type. In the case of this study,
morphological characters of pods might become
the resistance determinant to pod sucking bugs,
while the resistance determinant to pod borer was
due to morphological factor in pod wall and anti-
biosis resistance in soybean seed. Other study, for
example by Dzemo et al. (2010) which evaluated the
resistance of three cowpea varieties to pod sucking
bug C. tomentosicollis, found differences between
varieties in terms of pre-oviposition period, ovopo-

Table 6. The mapping of soybean resistance to pod feeding
insects based on seed damage

Criteria Number of genotypes
R linearis E. zinckenella H. armigera
IFP? ISP IFP? ISP IFP? ISP
HRe 0 1 0 0 0 0
R 1 4 3 4 9 19
MRe 13 5 10 9 7 3
Sf 8 10 6 3 0
HS? 2 4 4 5 5 2

*full controlled by insecticide from planting time to harvest

bcontrolled by insecticide until 45 dap

Highly resistant, “Resistant, “Moderately Resistant, ‘Susceptible, *Highly
Susceptible



Table 7. Days to maturity and seed size of 24 soybean
genotypes at full controlled environment (IFP) and
controlled environment until 45 dap (ISP)

No Genotype Days to maturity 100 seed weight
(days) (9)

IFP* ISP Avge IFP*  ISP*  Avge
1 NSP-16-2-13 77 81 79 1530 16.02 15.66
2 NSP-16-1-1 81 85 8 1355 13.06 13.30
3 NSP-16-30-7 78 83 80 1473 1419 1446
4 NSP-16-4-4 83 87 85 1445 129 13.71
5 NSP-16-16-2 83 84 84 1532 13.71 1451
6 NSP-16-3-3 78 79 79 1471 1492 1481
7 NSP-16-6-13 78 80 79 1548 15.07 15.28
8  NSP-16-1-2 80 82 81 1553 15.09 15.31
9 NSP-16-5-5 84 87 85 1483 1387 1435
10 NSP-16-6-11 79 79 79 1586 1640 16.13
11 NSP-16-8-1 79 82 81 13.74 1431 14.03
12 NSP-16-1-3 81 82 82 1463 1381 1422
13 NSP-16-6-12 83 83 8 1456 1428 1442
14 NSP-16-6-8 80 80 80 14.01 1353 13.77
15 NSP-16-2-8 78 71 78 1536 1577 15.57
16 NSP-16-12-15 79 81 80 1592 16.12 16.02
17 NSP-16-6-3 81 80 81 1483 15.00 1491
18 NSP-16-19-7 83 82 8 1393 1490 1442
19 NSP-16-1-7 79 81 80 1432 1419 1425
20 NSP-16-6-7 78 78 78 1565 14.05 14.85
21 NSP-16-1-4 79 80 79 13.65 1394 13.79
22 Grobogan 77 79 78 1824 2032 19.28
23 Anjasmoro 85 85 85 14.65 1453 1459
24 Argomulyo 77 78 78 1454 15.60 15.07
Average 80 81 81 1491 1482 14.86

*full controlled by insecticide from planting time to harvest
bcontrolled by insecticide until 45 dap
‘average damage intensity of IFP and ISP

sition period and number of eggs. Furthermore, De
Souza et al. (2014) reported that the resistance of
soybean AC 100 and IAC to seed sucking E. heros
was caused by non-preference resistance. Moreover,
Krisnawati et al. (2016) stated that morphological
pod characters such as number of pod/plants,
number of seed/plants, and seed weight may not
contribute to the soybean resistance to pod sucking
bug. However, soybean resistance to pod sucking
bug may exhibit antibiosis, and or antixenosis

resistance.

The characteristics of tropical climate in In-
donesia provide not only an ideal condition for
the development and growth of pest complexes
but also establish the user preferences for soybean
varieties, i.e. early days to maturity (<80 days) and
large seed size (> 14 g/100 seeds). The average of
days to maturity in the IFP was 80 days (range of
77 - 84 days) and ISP was 81 days (range of 77 - 87
days). The seed size in IFP ranged from 13.55 - 18.14
g/100 seeds (an average of 14.91 g/100 seeds) and
in ISP ranged from 12.96 - 20.32 g/100 seeds (an
average of 14.82 g/100 seeds) (Table 7). The days
to maturity as well as the seed size seem not to be
affected by the environments used in this study.

The NSP-16-2-8 was identified as resistant to
pod sucking pest. This genotype has average days
to maturity of 78 days and average seed size of
15.57 g¢/100 seeds. Soybean genotype NSP-16-1-4
categorized as resistant to pod borer showed aver-
age days to maturity of 79 days and average seed
size of 13.79 g/100 seeds. According to the aspect
of days to maturity, both soybean genotypes are in
accordance with the preferences of soybean users in
Indonesia, but for seed size, it was only NSP-16-2-8
suiting user’ preferences in Indonesia.

Two genotypes which were resistant to pod suck-
ing bug (NSP-16-2-8) and pod borer (NSP-16-1-4)
were important for soybean development in the
tropical area of Indonesia as well as for enhanc-
ing the soybean resistance to pod feeding insects.
Resistant variety could act as direct control tactics
in IPM programs. In IPM implementation, the
resistant varieties are playing important roles. The
advantages of using insect-resistant varieties are
relatively applicable, compatible with other IPM
component tactics, low cost, and environmentally
friendly (Weeden et al., 2008). Even according to
Teestes (1996), pest-resistant varieties have advan-
tages on the economic aspect, ecological aspect,

and safe for the environment.
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CONCLUSION

The yield losses due to pod sucking bug was
higher than by pod borer and pod worm. There
was no resistant genotype to the both of pod suck-
ing and pod borer. The NSP-16-2-8 was resistant to
pod sucking bug, while the NSP-16-1-4 was resistant
to pod borer.
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