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Storability of Mung Bean Seeds Possessing Different Seed Coat Ligain
‘Content under Simulated Adverse Condit-i_ons

Daya Simpan Benih Kacang Hijau Berkadar Lignin Beda di dalam
Kulit Benihnya pada Kondisi Lingkungan Tercekam

: _ Marwanto :

Lecturer of Seed Technology, Faculty of Agriculture, University of Bengkulu
JIn. Raya Kandang Limun Bengkulu 383714
marwanto@unib.ac.id :

. ABSTRACT

Lignin content in the seed coat may relate to genotypic differences-among mung bean genotypes for
resistance to adverse storage conditions: This study was undertaken to cvaluate such’ presumption. Ninc mung
bean genotypes with different seed coat lignin content were grown in research plots at Agriculture Faculty,
Bengkulu University on April 2003. Sccds were hand harvested at R8 maturation and stored for 8 months at a
30°C and 75% relative humidity (RH). Samples of seeds from cach Benotype were taken at bimonthiy interval and
then subjected to seced quality evaluation. Treatments were arranged in a split plotdesign with storage period as
main plots and genotypes subplots with three replications. There were genotypic differences among mung
beans for resistance to adverse storage conditions as reflected by germination and accclcrated aging germination
(AAG) percentages. Germinalion and AAG percentages for all genotypes remained above 90% at the 0. 2. 4 and
6 month storage period. At the 8 month storage period, germination and AAG for three genotypes (Bhakti,
Gelatik and Parkit) remained high (>80%) and they were classified as resistant 10 adverse storage conditions or
a good storer. For the other genotypes germination and AAG declined to below 80% at the same storage period
and they were classed as susceptible to adverse storage conditions or a poor storer. Good storer genotypes
absorbed moisture at slower rate than poor storer genotypes. Sced moisture increased from near 1% at the 0

month storage period to-only around 12% - 13% at the 8 month storage period. for good storer genotypes and

from near 11% at the 0 month storage period to almost 14% - 15%

at the 8 month storage period for poor storer

genotypes. The rate of moisture absorption during storage was positively correlated with secd coat permeability
(r =0.93). Lignin content expressed as %ADL (acid delinted lignin) was correlated to germination percentage (r
=0.53 ) and with AAG percentage (r = 0.64). Overall, the involvement of lignin in resistant mechanisim of mung
bean secds to adverse storage conditiofis was obviously through controlling sced coat permeability as shown
by good correlation between lignin content and seed coat permeability (r = 0.69).

Keyword : mung bean, lignin, seed deterioration, seed viability. seed vigor, storability

INTRODUCTION

A humid tropical climate characterized by
high temperature and high retatif humidity is very
conducive to rapid deterioration of legume seeds
such as mung bean [Vigna radiata (L.) Wilczek]
seed in storage. During seed deterioration in
storage, its vigor as well as viability, can deteriorate
rapidly, making it impossible for the farmers to
usc their own seed for planting in the next season
due to its low quality.

One of the most promising solutions to the
problems of seed deterioration in storage appears
to be the development of cultivars that resist
adverse storage conditions. To providc genctic
material for this purpose the identification of: mung
bean genotypes resistant to the conditions would
be necessary. The common method used for this
purpose in soybean is to store the seeds at high
temperature and humidity for a certain period of
time and then asses the seed quality regularly
(Marwanto ¢t af.,, 2003; Chuntirapongsa, 1992),




’lro_r‘abilirlg of mung bean sceds

' 'gthodj has not been applied for mung

ifferences have been shown to exsist
nditions in soybcan (Marwanto ef al.,

1984). However, the same information
y ‘available for mung bean. In their
ction among soybean lines for increased seed
ility, ‘they reported that sced size played

ration in storage. They further. suggested
an lines, adapted to adverse storage
s;-should be small-seeded, but not all
seeded lines were resistant to adverse
:conditions. One possible explanation for
the relationship between small seed size and good
quality is the possitive correlation between
ze and sced coat permeability (Marwanto,
'b;Dassou and Kuencman, 1984).
Chuntirapongsa (1992) and Dassou and
eman(1984) also reported that some soybean

storage conditions, but not all genotypes
“resistance to deterioration in storage were
;eeded ln other studles Marwanto (2007a,

; 987) reported that sced coat impermeability
so_ybcan was chemmally influenced by its| hgmn

enotypes in their resistance ‘to’ adverse -

hunnrnpongsa, 1992; Dassou andf

nt'roles on resistance of seeds to -

with a hard sced coat were resistant to
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walls affects the rate of water absorption
throughout the sced coat. Since lignin determines
the rate of water absorption throughout the secd
coat, its occurrence had an effect on reducing
deterioration of soybean seed during storage
(Marwanto er al., 2003). However, the samc
rclationship between sced coat lignin contentand
resistant to deterioration during storage in mung
bean seed is not well understood.

. The objectives of the study were (1) to
evaluate genotypic differences in resistance to
adverse storage conditions, and (2) to relate sced
coat lignin_content with resistance to adverse
storage.conditions.

-MATERIALS AND METHODS

Procedures for Seed Pmd-cnon

“Nine mung bean genotypes of known sc.cd :
size and seed coat permeability were used in these
studies (Table 1) The seeds were planted in
research plots.at Agriculture Faculty, Bengkulu
University on April 10,2003 with three rephcauons

" Each genotype was plamed ina plot consisting of
- asingle raised bed, 65 ¢im wide and 4 meters long.

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

apan with 2-3 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,

ble 1. Selected mung bean genotypes used in this study- with their lignin content expressed as % ADL (acid
°_ ~delinted lignin), seed coat permeability (P} and sced weight.***, *

nin Content (%ADL) P;y%g hr') - 100-Sced Wexght ae (g)
”0 0 an
0070 0.008 434
0054 0.071 38
0010 0.047 561
0.050 0.039 507
v 0070 0043 664
B.M/97-13-60 . 0.042 0.056 627
C-3012-B 0016 0:068 546
.1686-3-8-B 0.007 - 0.042 400

K:wnngm *: Permeability of seed determined following two hours submersion in dionized watcr; **: . Weight in grams of
100 sceds at | I% mmsum, ede, Dala lakcn from Marwnnto (2007a)
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Fuble 2. Tot: al viable seed pcrcm(abes for nine sclected mung beans at bnmomly intervals dnnnb 8 month storage
at30°C and 75% RH.

: ] MQ Penod (months) : .
Genotype 1] 2 . rs b
: ¢ mmte ol Gemmmm(%) --------
Gelatik . 97 3 a “987a 9534 96.3 a 830b
s SA A A AB
Bhalkti ) 92 7a 940a - 9878 . 953a 883 a
o A . A A A
Batet . ' 960a 980a | . 980a - 973a .- 780b
. A ' A A A _ABC
Kenan ) T 9%7a 967 987 a ©973a 7176
R A A A ABC
Parkit 9%60a  987a ‘9334 %0 a 8000
A A - A : A - -ABC
Iferak ) ©o0 100048 o - 7100:.0a 993 e 99.7.a - 7437 b
. A . A . A A BC
IFB.M/97-13-60 v 980e . 953a 933 957 a. 7000
| P g e g s T A o
VC-3012-B 9878 7 . 9%7a 1000 e S 983a 7876
’ : : A A A A - ABC
Ve 1486-3-8.B 980 a ' '98 v E IR 98IJ a 983 L 700b
. RRTG - Y DA o A i c

kucr'\ny\n ¢: Numbers within Lhc same column followed the same: cqmal letter duﬂercd significantly at a = 0.05; **:
‘Numbers wnhm (!n same row fol!owcd lhe same small letter differed- slgmﬂcamly ala =005

lnbh. 3. Accclcralcd aging responses in terms of to(al vmb)e seed percentng,es for nine selected mung beans at
bimontly intervals during 8 mnmh storage at 30 °C and:75% RH.

- ﬁomPcnod (mant.hs)
Genotype o | 2. 4. 6. 8
o o eeen Accelersted Aging Germination %) ~-----

Gelatik o 96.7 a © 94Tab - 927 ab . ‘947 ab 8430
. ] A A A A ) A

Bhaldi 9%R7a 1940 ab 91349b - 880 ab 8670
] A ) A ) A A . A

Betet 953a 913a 95348 . 940 a 6170
o A ) A A A CcD

Kenan - 9732 933a 9678 . 957 517w
A ) A A A D

Parkit 953 a 927 ab 933 ab 937 ab 8306

A ; A A A A

Merak 973a 9.7 a 9.7 a 96.7 a 776
A A A A - AB

IPBM/97-13-60 953a 960 a < 900a 900 6700

A . A . A A BC .

VC.3012-B 933 . 980a . 920 a 93 a 67706

) A A A A BC

Vr.1626.3.8-B ’ 973 933a 953477 0 953a 637b
A dx AT s A C

Ke terangan : %: Numbers within the same column Tollowed the same cumlal Iener @iered sq,mlu:anlly dt-a = 0.05; **:
Numbers within the same row followed the same small letter differed significantly at a = 0.05

Seeds were harvested by hand stripping mo:smre content had dropped about 20% ro
of the pods at harvest maturity when 90% of mung eslabhsh a non-weathered category. The pods
bean pods turned dark brown and their seed  were then dried with heated air (<35°C) to reduce




3 'S_mr,abili:y of mung bean seeds

ntent to about 12% threshed in jute
ailing. Then, the seeds were separated
pod walls and another plant parts by
1g:Sieving (round hole) was used to eliminate
mall; immature and insect damaged seeds:
ted.mung bean seed samples from each
ype-were further evaluated for its initial
ological quality by the standard germination
-and then their seed moisture content were
ijusted: to about |1% Only seed samples with
gh initial quality (>90%) were used for storage
_ cparate seed samples were also drawn to
aluate seed coat lignin content.

rocedures for Evaluating Resistance to
dverse Storage Conditions 7

- Resistance to adverse storage conditions
he nine mung bean genotypes of known seed
at lignin content were evaluated by subjecting
eii seeds at about 30.°C and 75% relative
Humidity (RH) for periods of 0 (control), 2,4, 6
d'$'months in a controlled storage chamber. The
storage chamber was made from plexiglass about
0:3'm® capacity. A saturated sodium chloride

amber to maintain the 75% RH condition in the
chamber. A shelf was placed inside the chamber
10 support the seeds and a | 5-cm gdp was
maintained between the solution surface and the
shelf.. The chamber was then divided into S small
boxes with a partition and each box made up of
one of the storage period treatment. Seeds of
100 g from each genotype and each storage period
were contained in plastic mesh pouches and placed
n cach box of the storage chamber. The chamber
vas then covered with an airtight lid and positioned
0.3 room with tcmperature controlled at about
0°C. At the end of each storage period samples
f seeds from each genotype were taken and then
- subjected to seed quality evaluation in term of seed
+viability and vigor by standard germination and
accelerated aging tests for seed viability and vigor
: cvaluation, respectively. While seed moisture test
: was made only at the beginning of 0 month storage
period and at the end of 8 month storage period.
“Allthese tests were performed on seed from each
~genotype in each replication.

gy

lution was added in the bottom well of the -

134

Seed Quality Evaluation
Determination

Seed moisture content was determined on
seed fraction of the mung bean seed sample. For

and Lignin

. each seed moisture evaluation, samples of about

20 g in duplicate were placed in an oven at | 05°C
for 24 hours to obtain dry weight and determine

_ the amount of moisture lost. Seed moisture content

was calculated on a wet weight basis and
expressed in %. m TR Ty
Standard germination test (SGT), which
was used to evaluate seed viability, was made on
three replications of 50 seeds. The test was
determined on mung bean seed sample taken after
0,2, 4, 6 and 8 month period of storage. The fifty
seeds were placed on mosit paper towels, which
were rolled and placed inside plastic bags and kept
‘ata room:temperature. Germinated seeds (normal
seedlings) were counted after 4 and 7 days. Dead
seeds were removed after 4 days, while hard seeds
after 7 days. The percentage of - all germinated
seeds and hard seeds were counted separately
and then combined into total viable seeds
percentage. -~ AR
Accelerated aging test, which was used
to evaluate seed vigor, was: made on three
replications of 50 seeds. The test was détermined
on mung bean seed sample taken after 0, 2,46
and 8 month period of storage. The fifty 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. The seeds were placed on a wire mesh tray
-of 20X5X2.5cm. The tray was placed- inside a

plastic box of 30X 10X 5cm and the box was filled
with 100m! of water. A" 10-mm gap was
maintained between the water surface and the
seed tray. The box was covered with an 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 ata
room temperature. Germinated: séeds (normal
seedlings) were counted afler 4 and 7 days. Dead
seeds were removed after 4 days, while hard seeds
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after 7 days. The pcrccntagc'ot all germinated
sceds and hard seeds were counted. separately
and then combined into total viable seeds
percentage. ) ,

. The seed coat lignin content was
determined using 1.0 g of seed coat tissue for each
genotype by the sulphuric oxidation method and
the result was cxpressed as %ADL (acid delinted
hgnm)(Van Socstand Wine, I968)

Data Analysns :
Genotypes and storage period which
_ included in this study as treatments were arranged
ina split-plot design with-period of storage as main
plot and mung bean: genotypes .as subplots with
three replications. Analysis of variance of each
variable was also conducted as a splitplot design
(Stecl and ‘Torrie, 1980). The means. were’
separatcd by Duncan Multiple Range Test at the
0.05 level of probability. Regression analysis
between viability and vigor . with percent lignin
content of the seed coat of the tested genotypes -
was also determined.

RESULTS AND DlSCUSSlON

Chmatologlcal data (data not shown)
~ showed that almost no rainfall occurred several
days before and after all genotypes reached
harvest maturity stage although at this period daily
average temperatures and relative humidity were
above 26°C and 85%, respectively. Less rainfall
during this seed maturation was probably
responsible for almost- maximum level of seed
vigor-of all genotypes when their seeds were
harvested.

. Sxmulgted unfavorable conditions durmg
storage mainly high humidity and high temperature
-contributed to seed deterioration of mung bean.
Less seed deterioration occurred until 6 month
storage period, while severe seed deterioration
only occurred after 8 month storage period as
indicated by a decrease in germination (Table 2)
and accclerated aging germination. (Table 3).
Averaged over genotypes, germination as indicator
of seed viability were 97.0, 97.4, 97.2,97.1 and
77.8% for 0, 2, 4,6 and 8 month storage,
nespectwely Average over genotyp@c, accelerated
aging germination as an indicator of seed were

 Seed Moisture %)
i
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96.3,94.4,93.7,93 .8 and 71.5% for 0,2,4,6and
8 month storage, respectively. These results
indicated thatdeterioration in mung bean sceds
as a result of adverse storage -conditions was
manifested by a decrease in germination capacity
and germinative response after accelcrated aging.
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'Siprability of mung bean seeds

m amI) Sis of variance showed that there

was due to genotypic differences in the
ase in seed viability-(Table 2) and
or:(‘Table 3). Other researchers working
ferent seeds have also reported the decline
‘quality associated with: adverse. storage
ns. These included Marwanto (2004),
rapongsa (1992) and Dassou -and
ian (1984) in soybeans.
As shown in Table 2 and 3, a marked
1n germination and accelerated. aging
nation alt genotypes was observed onlyat8
torage period and at this storage period
ic differences: for resistmace to adverse
¢ conditions was revealed. Therefore, this
e period could be used by breeders to
mine differences in genotype’s potential to
ist.seed deterioration during storage for mung
Meanwhnle storage period at 0 2 4 and 6

: gé»pe'riods:lhcir germiriau'on and -accelerated
g. germination remained above 90% for all

¥=573 + 2827 X =064

¢

0.08

L:gnm Content’ (A») _
igure 3. Relationship between seed coat lignin
content and accelerated aging germina-
tion for ninc mung bean g ;_.,cnotypes Vcr-
tical bars = s.e :
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Figure 4, Rclm:onshnp between seed.coat hgnm
content and permeabnhty of seed coat
for nine mung bean geno(ypes Vertical
bars = s.¢

Among the. genolypc.s_subjected to 8
month storage period three genotypes, Bhakti,

Gelatik and Parkit, consistently maintained high

seed viability and seed vigor (>80%).and might

- beclassified as a good “storer™, Among these three

genotypes, Bhakti was identified as being the most
resistant to adverse storage conditions as indicated
by the highest score of germination(Table 2) and
accelerated aging germination (Table 3) followed
by Gelatik and Parkit respectively. Similar superior
resistance was. also exhibited by seed of Bhakti
when it was exposed to unfavorable conditions
during natural aging (Marwanto, 2007b) and
incubator aging (Marwanto, 2008a). Meanwhile,

“viability and vigor of seeds of Betet, Kenari, Merak.

IPB.M/97-13-60, VC-3012-B and Vr.1686-3-8-B
had decreased to below 80%, which. might -be
classed as a poor “storer”. For breeding purposes,
however, further studies are needed to determine
the: heritability of seed storability. If the studies
indicate a high level of 'péobability,,a resistant
genotype such as Bhakti can: be exploited as
sources-of genes for better seed.storability.

* Thesuperiar resistance to adverse stornge
condmons for Bhakti, Gelatik and Parkit was
attributed to its slower rate of moisture
reabsorption during storage as reflected by its
relatively low seed moisture content. Their seed
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moisture content at 8 month storage period were

12.1% for Bhakti, 12.6% for Gelatik and 12.8%
for Parkit. While the-other genotypes had a sced
moisture of 13.8% for Kenari, 14.0% for Merak,
14.1% for Vr.1686-3-8-B, 14.6% for.IPB.M/97-
13-60, 14.8% for VC-3012-B and 14.5% for
Betet, respectively. The slower rate of moisture
reabsorption: during storage ‘exhibited by these
three- genotypes was probably a result of lower
sced coat permeability as shown by a highly
positive correlation (r = 0.93) between sced
moisture and 'seed coat permeability (Figure 1).
These three genotypes with less permeable sced
coat experienced less éxposure to moisture
reabsorption during storage and tended to absorb
moisture at a slower rate than the other genotypes
with more permeable seed coat and this would
protect them from deterioration due to adverse
conditions durmg storsge "As a result of this
decresead’ response, genotypes with less
permeable seed coat could be expected to have
lower levels of moisture at any storage period and
higher level of seed viability and vigor than those
with- more permeable seed coat. The proposed,

reasons were in agreement with Marwanto -

(20034, c) and Kuo (1989) who worked with
soybeans. They reported that soybean seeds with
low secd coat permeability tended to imbibe
moisture. at slower rate than others ‘and this
‘delayed imbiber’ might resist absorption of
moisture during storage and then protect seed from
deterioration. Kuo (1989) further stated that the
respiraton rate of seed was accelcrated -with
increased ‘seed ‘moisture content and: this
respiration interferes -‘with the seed quality of
- rapid-imbibed seeds to greater extent than slow-
imbibed seeds.

The superior resistance to adverse storage
conditions for the three genotypes, Bhakti; Gelatik
and Parkit was probably related to lignin content
in their seed coat as well. Regression. analysis
showed that lignin-content in the seed coat was
correlated (r = 0.53) with germination (Figure 2).
A positive correlation (r = 0.64) was also found
between accelerated aging germination and lignin
content in the seed coat (Fig. 3). These two figures
showed that genotypes with both high-seed viability

i37

and vigor and were classed as a good storer tended
tohave high lignin content in the sced coat, while
genotypes-with both low seed viability and vigor
and were classed as'a poor storertended to have
low lignin content in the seed coat. Thesc positive
corrclations suggest that lignin content in the séed
coat may be involved in reducing the rate of seed
deterioration du¢ adverse storage conditions, thus
establishing positive influence of lignin content on
maintaining seed viability and vigor during storage.
Researchers working with other species also found
a positive correlation between resistance to
adverse conditions and lignin content in the sced
coat -These included Marwanto (2003a, c),
Marwanto ‘et al. (2003) -and Chuntirapongsa
(1992) in soybeans and Marwanto (2008a , 2007b)
inmung bean. -

The positive effects of Hgninon protecting
mung bean seeds against adversc storage
conditions was understood since lignin in the seed
coat has impermeabilization characteristics and
exerts. an important effect on the capacity and
velocity of absorption of moisture throughout the
seed coat (McDougall ef al., 1996). The result of
this experiment showed that lignin content in the
seed coat was-correlated (r = 0.69.) with seed
coat permeability (Figure 4). This figure showed
that genotypes with high lignin content in the sced
coat tended to have low seed coat permeability,
while genotypes with low lignin content tended to
have both high seed coat permeability. This result
was in agreement with Marwanto (2003a, c) and
McDougall ef al. (1996) who worked with
soybeans. Thus, the involvement of lignin in
resistant mechanism of mung bean sccds to
adverse storage conditions was through controlling
seed coat permeability.

CONCLUSIONS

Among genotypes included in this study,
there were genotypic differences in resistance to
adverse ‘storage conditions. The different
resistance to adverse storage conditions was
related to lignin content in the sced.coat, which
tended to be higher'in the genotypes with less
pcn'neable seed coat.
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