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ABSTRACT

Under tropical conditions mung bean seed may lose vigor prior to harvest. A field trial was conducted to to
determine mungbean genotypes with higher resistance to incubator weathering and to relate seed coat
characteristics with resistance to incubator weathering. Nine mung bean genotypes of known seed weight,
known lignin content in seed coat and known seed coat permeability were planted in research plotsat Agriculture
Faculty, Bengkulu University on April 10, 2003 in a split-plot arrangement, with incubator weathering period as
amain plot and mung bean genotypes as asubplot with threereplications.. At physiological maturity podswere
harvested and kept in an incubator at 30°C and 90% relative humidity for 0, 1 and 2 weeks. Their seeds were
subjected to accel erated aging and el ectrical conductivity testsfor seed quality evaluation. Therewere significant
genotypic differencesand asignificant genotypex weathering period interaction for accel erated aging germination
and seed |eachate conductivity. A marked decline in accel erated aging germination and asignificant increasein
seed leachate conductivity for all genotypes was observed at 1 week weathering period and at this weathering
period genotypic differences for resistnace to incubator weathering was revealed. Seeds of Bhakti, which had
the highest percentage of hard seed exhibited the most resistant to incubator weathering. Some small-seeded
genotypes were resistant to incubator weathering; others were susceptible. Regression analysis showed that
accel erated aging germination wasclosely related (R? = 0,56*) tolignin content, whileainversely linear relationship
(R? = 0,85**) was observed between conductivity of seed leachate and lignin content. Overall, there were
genotypic differences in resistance to incubator weathering and this resistance was related to seed coat
permeability, the degree of hardseededness, and lignin content in seed coat.

Keyword: mung bean, incubator weathering, lignin, seed coat permeability, hard seed

INTRODUCTION seed vigor began to declinewithin afew days after

harvest maturity stage. In addition to a decrease

High quality of mung bean[Vignaradiata
(L.) Wilczek] seed is difficult to produce in the
humid tropicd regions due to its susceptibility to
field weathering damage. Field weathering of seed
isassociated with unfavorable weather conditions
during the ripening period and its occurrence was
mainly dueto moigture, in theform of high humidity
and precipitation, and temperature (TeKrony et
al., 1980).

TeKrony et a. (1980) reported that seed
viability was maintained a arelatively high level
for 1 — 2 months following harvest maturity, but

in seed vigor, seed deterioration was also
associated with the progressive | oss of membrane
integrity (Marwanto et al., 2003; Ching and
Schoolcraft, 1968). Marwanto et al. (2003),
working with soybeans and Ching and School craft
(1968), working with crimson clover found that
conductivity of seed leachate asaresult of loss of
membrane integrity was gretaer for aged seeds
than for non-aged seeds.

In addition to physiologica disruption by
climatic factors, the cause of field weathering of
seed is also associated with pathological infection
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such as Phomopsis infection (Dassou and
Kueneman, 1984). However, the use of fungicides
to control seed pathogens in the tropics including
Phomopsis has met with a limited success
(TeKrony et al., 1980).

One of the most promising solutionsto the
problems of field westhering appears to be the
development of cultivars that resist *weathering
in the field. To provide genetic materid for this
purpose the identification of mung bean genotypes
resistant to field weathering would be necessary.
The common method used for this purpose in
soybean is to delay harvest after plant maturity
and then asses the seed quality (Dassou and
Kueneman, 1984). When applied for mung beans,
however, thismethod has severa limitations. Firs,
seed shatering was encountered when delayed
harvest period was prolonged longer than 2 weeks.
Second, seeds were subjected to different
weathering period because pods did not mature
a the sametime. In an attempt to overcome these
limitations, an incubator westhering or incubator
aging method developed by Dassou and
Kuenemann (1984) was employed. At thismethod
pods at physiological maturity were harvested and
kept at 30 °C and 90-95% relative humidity for 10
days. For mung bean seed, however, the exact
period of incubator weathering effective to
evauate their resistanceto field weathering is not
well understood.

When subjected to delay in harvest,
genotypic differencesin mung beansfor resistance
to field weathering were observed (Marwanto,
2007b). The similar resistant differenceswas also
reported by Marwanto (2003a; ¢) and Dassou and
Kueneman (1984) in soybeans. Marwanto (2007b)
further reported that the different resistance in
mung beans was associated with impermeable
seed coat or hard seed character. The similar
resi stant mechanism was al so reported by Dassou
and Kueneman (1984) and Miranda et al. (1980)
in soybeans. In addition to hard seed character,
lignin content in the seed coat, which differred
among mung bean genotypes used in this study
(Marwanto, 2007a) correlated with resistance to
field weathering (Marwanto, 2007b). The similar
resitant mechanism was also applicable for
soybeans (Marwanto, 2003c; 2004). For mung
bean seeds genotypic differences for resistance
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to incubator weathering and the role of seed coat
characteristicson resistant to the weathering were
not fully understood.

The objective of the study was (1) to
determine mungbean genotypes with higher
resistanceto incubator weathering and (2) to relate
seed coat characteristics with resistance to
incubator weathering

MATERIALSAND METHODS

Nine mung bean genotypes of known seed
size and known seed coat characteristics (seed
coat lignin content and seed coat permeability were
used in these studies) (Table 1) The seedswere
planted in research plots at Agriculture Faculty,
Bengkulu University on April 10, 2003 in a split-
plot arrangement, with period of incubator
weathering as a main plot and mung bean
genotypes as a subplot with three replications.
Each genotype was planted in a plot consisting of
asingleraised bed, 65 cm wide and 4 meterslong.
Two rows were planted per bed. Row spacing
was 35 cm between rows within beds and 65 cm
between beds. Seeds were planted in hills 20 cm
gpart with 3-4 seeds per hill. For optimum growth
N, P, and K fertilizer at a rate of 100, 80 and 75
kg ha'! was applied prior to planting.

At physiologica maturity stage podsfrom
each genotype was harvested The pods were
considered to reach physiologica maturity stage
when thefirst timetheir seeds reached maximum
dry weight. The time of occurrence of
physiological maturity was determined by
harvesting 10 pods of each genotype at
approximately daily intervals and measuring seed
dry weight. The first harvest for seed dry weight
determination was made at afew days beforethe
physiological maturity stage was reached. Seed
dry weight was measured gravimetricaly after
drying the seeds for 24 hours at 105 °C.

Pods from each genotype harvested at
physiologica maturity were subjected to incubator
weathering. The weathering treatment were
imposed by placing sufficient pods harvested at
physiologica maturity stage (maximum dry weight/
seed) on awire mesh tray of 20X5X2.5cm. The
tray was placed insde aplastic box of 30X10X5cm
filled with 200 mL of NaCl solution to create a
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90% relative humidity. A 10-mm gap was
maintained between the salt solution surface and
the seed tray. The box was covered with airtight
lid and kept in oven a 30 °C for a period of O, 1
and 2 weeks. After being imposed by a certain
period of incubator weathering, pods were taken
out and dried at 30 °C for 5 days and their seeds
were subjected to quality evaluation.

To determine the effect of the weathering
treatments on seed quality, mung bean seed of
each genotype from each incubation period was
subjected to accelerated aging test for seed vigor
evaluation and electrical conductivity test for
leachate conductivity evaluation.

Seed Quality Evaluation

In the accelerated aging test, 50 seeds from
each treatment-replicate were subjected to a
period of accelerated aging, 42 °C and near 100%
RH, for 48 hours prior to standard germination
test. They were placed on a wire mesh tray of
20X5X2.5cm. Thetray wasplaced insideaplastic
box of 30X10X5cm and the box was filled with
100ml of water. A 10 mm gap was maintained
between the water surface and the seed tray. The
box was covered with airtight lid and kept in oven
at 42 °C for 48 hours. After aging, seeds were
taken out of the aging box and subjected to
standard germination test. In standard germination
test, fifty seeds from each replication were place
on moist paper towels which were rolled and
placed inside plastic bags and kept at a room
temperature. Germination seeds were counted
after 4and 7 days. At thefina count, the remaining
normal seedlings and abnormal seedlings, dead
seeds and hard seeds were counted. The
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percentages of germination (normal seedlings)
and hard seeds were calculated separately and
combined into atotal viable seed percentage

In electrica conductivity test, a weighed
sample of twenty five seeds were soaked in 40
ml distilled water for 12 hours at a room
temperature. The electrical conductivity of seed
leakage was determined with a Cole-Parmer
conductivitimeter (Chicago, Illinois) and was
expressed in mmhos cn? g,

Seed Coat Characteristics Evaluation

The seed coat lignin content expressed as
%ADL (Acid Ddlinted Lignin) was determined
using 1,0 g of seed coat tissue for each genotype
by the sulphuric oxidation method (Van Soest and
Wine, 1968).

To determine permeability of seed for
each genotype, one set of two replicates of 10 g
of seed was randomly drawn from seed fraction
of the soybean sample. Initial seed moisture
content of each genotype was adjusted to about
10%. Permeability of seed was determined
following 2 hours of summersion in deionized
water and expressed ing g* ht.

Data Analysis

Anaysisof variance of each variablewas
conducted as a split plot design (Steel and Torrie,
1980). The means were separated by Duncan
Multiple Range Test at the 0.05 leve of probability.
Regression analysis between accelerated aging
germination and conductivity of seed leachate
following all weathering treatments with percent
lignin content of the seed coat of the tested
genotypes was also determined.

Table 1. Selected mung bean genotypes used in this study with their lignin content expressed as % ADL (acid
delinted lignin), seed coat permeability (P) and seed weight.***.

Genotipe Lignin content * (%ADL) P* (gg-1hr-1) 100-seed weight ** (Q)
Gelatik 0,062 ab 0,029d 4,74
Bhakti 0,070a 0,008 e 4,34
Betet 0,054 bc 0,071a 382
Kenari 0,010fg 0,047 bc 5,61
Parkit 0,050 cd 0,039¢ 5,07
Merak 0,070a 0,043c 6,64
I1PB,M/97-13-60 0042d 0,056b 6,27
VC-3012-B 0,016 ef 0,068 a 5,46
Vr,1686-3-8-B 0,007g 0,042c 4,00

Keterangan: *: Means separated within the same columns by Least Significant Difference, P = 0,05; **: Weight in grams
of 100 seeds at 12% moisture; ***: Data taken from Marwanto (2007a)
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Table 2. Effects of period of incubator weathering on the percentage of germinated seed (GS), hard seed (HS)

and total viable seed (TVS) of mung bean

Incubator weathering period (weeks)

Genotype I} 1 2
(&5 H3 TV3 Ga H3 TVa (K5 H3 T3
e W e
Celatil 25,0 1n,a 03,0 a ad4,0 10,0 740 0 293 4.0 3E33c
& AR EC
Bhakti 237 10,0 028 a 747 a0 202 h 50 a7 a0, o
& A &
Betet 920 1,3 933 a a20 2.0 ad 0k 30,0 03 N3 e
& B C
Kenari 204 23 91.2a daF 1.3 4200 11,0 0,3 113¢
& C D
Partkit 0,0 53 933 a Taf 2.0 TEE b T0,0 0,7 07 h
& & &
Merak 23,0 7.0 o900 a a0,0 47 ad.E h ad 0 07 A4, 7 h
& E &
[PEIAT-13-60 1.3 a,0 073 a 420 4.0 440w 36,0 07 3/,7h
& 8 EC
ViZ-3012-B 0.0 50 050 a 4.0 40 460k 387 2.0 A7 h
& C B
Vr1686-3-8-B 0.0 a0 96,0 a a0 53 53h 273 4.0 3¢

BC

Keterangan: *Numbers within the same column followed the same capital letter differed significantly at ? = 0,05; **:
Numbers within the same row followed the same small letter differed significantly at ? = 0,05

Table 3. Effects of period of incubator weathering on leachate conductivity of mung bean seeds

Incubator weathering period (weeks)

Genotyhe 1] 2
——----- Leachate conductivity (mmbhosem = gl
G elatik 0,051 a 0,129 %k 0,214h
A D D
Bhalti 0,049 & 01200 0,276 ¢
A D BCD
Betet 0,043 a 0,190k 0231k
A D D
Eenar 0,039 a 0,343 b 0712 ¢
A AR &
Parkit 0,030 & 0,258 b 0,343 o
A cDh B
Mlerak 0,041 a 0226k 02200
A (] D
IPELIMT-13-60 0,045 a 0,220 hk 03330
A BC BC
VC-3012-B 0,050 a 0,220 0 0,660 o
A A A
Vi l626-3-8-B 0,052 a 0,342k 0,79 ¢
A AR r:y

Keterangan: *Numbers within the same column followed the same capital letter differed significantly at ? = 0,05; **:
Numbers within the same row followed the same small letter differed significantly at ? = 0,05

RESULTSAND DISCUSSION

No rainfall occurred at physiological
maturity when seeds of all genotypes were

scheduled for harvest. Rainfall more than 5 mm
only occurred a few days before the stage was
attained (datanot shown). Thisgood environmental
condition prior to physiologica maturity contributed
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toagood seed quality for al genotypes. Simulated
unfavorable conditions during incubator
weathering mainly high humidity and high
temperature contributed to seed deterioration of
mung bean as indicated by a decrease in
accelerated aging germination (Table 2) and an
increase in seed leachate conductivity (Table 3).
Averaged over genotypes, accelerated aging
germination as an indicator of seed vigor were
94,0, 61,5 and 42,2% for the non-weathered, 1
week and 2 week weathered seeds, respectively.
Average over genotypes, seed leachate
conductivity was 0,045, 0,266, and 0,421 mmhos
cmr2 g for the non-weathered, 1 week and 2 week
weathered seeds, respectively. These results
indicated that deterioration in mung bean seeds
as a result of incubator weathering was
manifested by adecreasein germinative response
after accelerated aging and an increase in
conductivity of seed leachate. Other researchers
working with different seeds have aso reported
the declinein seed quaity associated with incubator
westheing. Theseincluded Marwanto (2007 b) in
mung beans and Marwanto (2004) and Dassou
and Kueneman (1984) in soybeans.
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Relationship between seed coat lignin
content and accelerated aging
germination for nine mung bean
genotypes

Figure 1.

Theanaysisof variance showed that there
was a significant genotype X wesathering period
interaction for accel erated aging germination and
seed leachate conductivity. The significant geno-
type X weathering period interaction for both seed
qudity indicatorswas dueto genotypic differences
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inthe rate of decreasein seed vigor (Table 2) and
inmembranedamage (Table 3). Asshownin Table
2 and 3, a marked decline in accelerated aging
germination and a significant increase in seed
leachate conductivity for al genotypes was ob-
served at 1 week weathering period and at this
weathering period genotypic differences for
resistnace to incubator weathering wasrevealed..
Therefore, this weathering period could be used
by breedersto determine differencesin genotype' s
potential to resist seed deterioration during field
weathering. Meanwhile, the 2 week weathering
period caused extreme seed deterioration for all
genotypes and masked their differencesin resis-
tance. The accelerated aging germination had
dropped to below 80% for all genotypes and even
to below 50%.for almost all genotypes.

Electrical Conductiity (rooho cm_zg_l}

020 Fy=04.28% o o

015 Lr=082 RP=0323

DDDT | | | | | 1 |
= — M M T Wy MO - 33D
[ e e e R e = s
o o o o o o o o O

Ligmin C ontent (%)

Relationship between seed coat lignin
content and electrical conductivity for
nine mung bean genotypes

Figure 2.

Among the genotypes subjected to 1 week
weathering period, Bhakti was identified as being
the most resistant to weathering as indicated by
the highest score of accel erated aging germination
(>80%) (Table 2) and the lowest value of
conductivity of seed leachate (Table 3).

The superior resistance of Bhakti to
incubator weathering was apparently related to
its expression of hardseededness, which tends to
be higher than the others except for VC-3012-B.
However, hardseededness was not the only
mechanism of resistance in this study since VC-
3012-B, which had the same percentage of hard
seed as Bhakti had poor accelerted aging
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germination value. This result was supported by
Dassou and Kueneman (1984), who reperted that
soybean with good seed quality had hard seeds,
but not al hard-seeded genotypes had agood seed
qudlity.

Seed size appeared to play a role in
resistance to incubator weathering among the
genotypes tested in this study. Bhakti with the
highest seed vigor had relatively small seeds, but
other small-seeded genotypes such as Betet and
Vr.1686-3-8-B had a poor seed vigor. This result
emphasized that genotypes with good quality had
relatively small seeds, but not al small-seeded
genotypes had good seed quality. Thesimilar result
was also reported by Dassou and Kueneman
(1984) for soybeans.

The superior resistance of small-seeded
genotype such as Bhakti to incubator weathering
was obvioudy related to seed coat permeability.
This genotype, which was the most resistant to
incubator weathering had the lowest seed coat
permeability. While the other small-seeded
genotype such as Betet, which was susceptible to
incubator weathering had the highest seed coat
permeability. This result indicates that resistance
to incubator weathering for mung beans was
related more to seed coat permeability than seed
size. The similar result was also reported by
Dassou and Kueneman (1984) for soybean.
According to Kuo (1989) seedswith low seed coat
permeability might gain their protection against
incubator weathering from a seed coat which
tends to imbibe water at slower rate than those
with high seed coat permesbility.

Lignin content in the seed coat expressed
as %ADL aso involved in protecting mung bean
seeds from incubator weathering. Regression
analysis showed that there was a quadratic
relationship (R? = 0,56*) between accelerated
aging germination to lignin content (Fig. 1), thus
establishing postive influence of lignin content on
maintaining seed vigor during incubator
weathering. Meanwhile, an inversely linear
relationship (R? = 0,85**) was observed between
conductivity of seed leachateto lignin content (Fig.
2); the lower the lignin content in the seed codt,
the higher the vaues of the electrical conductivity.
The similar results were also reported by
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Marwanto (2007b) in mung bean and Marwanto
(2003Db, ¢) and Marwanto et al. (2003) in soybean.
The positive effects of lignin on protecting mung
bean seeds against incubator weathering was
understood since lignin in the seed coat has
impermesabilization characteristics and exerts an
important effect on the capacity and velocity of
absorption of water throughout the seed coat
(McDougadll et al., 1997). The proposed reasons
werein agreement with Kuo (1989), who reported
that soybean seeds with low seed coat
permeability tended to imbibe water at dower rate.
The results obtained from this study showed that
mung bean seeds with high lignin content tended
to have low permeability (Table 1). Thus, the
involvement of lignin in resstant mechanism of
mung bean seeds to incubator weathering was
through controlling seed coat permesbility.

CONCLUSIONS

Mung bean genotypes differred
significantly in their ability to maintain seed gaulity
during incubator weathering. Some genotypes
with good seed quality had relatively small seeds,
but not all small-seeded genotypeshad agood seed
quality. Genotypic differences in resistance to
incubator weathering was related more to seed
coat permeability than seed size. Some genotypes
with good seed quality had hard seeds, but not all
hard-seeded genotypes had a good seed quality.
Genotypic differences in resistance to incubator
weathering were also related to seed coat lignin
content, which was a characteristic that varied
among mung bean genotypes. The accelerated
aging responses as a measure of seed vigor
appeared to be more sensitive indicators of
deterioration in mung bean seeds during incubator
weathering. than conductivity of seed leachate.
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