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ABSTRACT

The quality of soybean seeds decreased rapidly, so it would be difficult to keep them for a
long time. This research was aimed to study the effect of initial moisture content, packaging
material and storage period on succinate dehydrogenase and cytochrome oxidase activities. The
experimental design used was Factorial Randomized Complete Block Design (RCBD),
consisting of three factors, ze. moisture content (8. 10 and 12 percent), packaging materials
(polyethylene, wheat and aluminium foil), storage period (0, 1,2, 3,4, 5, and 6 months). Changes
in seed water contents, specific activities of succinate dehydrogenase and cytochrome oxidase,
germination and coefficients velocity of germination, were monthly determined. It was found
that decrease of succinate dehydrogenase specific activity can be induced if initial seed water
contentis raised above 8%. Soybean seeds stored in aluminium foil bags showed high succinate
dehydrogenase and cytochrome oxidase specific activities, viability, coefficient of velocity of
germination and could maintain the seeds at a low moisture content to delay seed deterioration
compared to seeds stored in polyethylene and wheat bags.
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INTRODUCTION

Soybean seeds are usually stored for about three months before planting. The
viability of soybean seeds in the sub-humid tropics such as Indonesia will decrease
during storage. This is one of the factors which inhibit soybean seed production.

Soybean seeds may looseits viability or deteriorate even in three months if keptat
14% moisture content and 30”C (Sadjad 1980). According to Sumarno and Harnoto
(1983), viability of soybean seeds decreased to 57% after 6 months of storage if kept
at above 13% moisture content, 20°C, and relative humidity of 50%. Viability of
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soybean seeds may decrease to as much as 50% if kept at 27 to 32°C and relative
humidity of 80%. When longer storage is needed, seed moisture content should be
less than 11%, temperature of 20°C and relative humidity of 50%, and the seeds
should be packed in moisture resistant containers (Wilson & McDonald 1992).
Soybean seeds could be safely stored for 10 months using vacuum plastic bags with
initial moisture content of around 8% (Harnowo & Adie 1998). Viability of soybean
seeds that were stored at 8% initial moisture content at room temperature for 3 years
did not decrease, but it was 60% after 1 month if stored at 12% and 0% after three
months of storage (Kartono 2004). Soybean seeds are hygroscopic, so H,O is
absorbed from the environment.

Polyethylene and aluminium foil materials were moderately effective in preventing
moisture uptake and maintaining seed viability, while paper and cloth containers were
less effective (Wilson & McDonald 1992).

Seed deterioration is an inexorable and irreversible process. One of the symptoms
of seed deterioration is the decrease of the enzyme activities such as succinate
dehydrogenase and cytochrome oxidase (Copeland & McDonald 1985). However no
detailed studies are available concerning the possible relationship between the
activities of succinate dehydrogenase and cytochrome oxidase and the viability of
soybean seeds.

The aim of this research was to study the effects of initial water content of seeds,
packaging materials and storage periods on succinate dehydrogenase and cytochrome
oxidase activities of soybean seeds.

The hypotheses of this study were: (1) succinate dehydrogenase and cytochrome
oxidase specific activities of stored soybean seeds did not decrease at 8% moisture
content; (2) succinate dehydrogenase and cytochrome oxidase specific activities of
soybean seeds that were packed in aluminium foil bags did not decrease during 6
months of storage; (3) succinate dehydrogenase and cytochrome oxidase activities of
soybean seeds that were stored at 8% initial moisture content in aluminium foil bags
did notdecrease during 6 months of storage.

MATERIALS AND METHODS

Sample collection

Soybean seeds var. Willis were obtained in March 2007 from Balai Benih Induk
Wonosari Yogyakarta. After seed processing, water contents of seeds were adjusted to
8%, 10%, and 12%. Samples of 500 g were placed in polyethylene plastic bags, wheat
bags and aluminium foil bags for 6 months at room temperature. Storage temperature
and relative humidity were monitored throughout the experiment but were not
controlled. One sample from each treatment was taken monthly. All samples were
tested after storage for seed moisture content, specific activities of succinate
dehydrogenase and cytochrome oxidase, viability, and coefficient velocity of
germination. Viability and coefficient velocity of germination of seed before storage
were 100%.
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Isolation and purification of mitochondria

Mitochondria were isolated from 3 g of 3-d-old soybean hypocotyls by the
procedure of Day and Hanson (1977), modified by using the centrifugation speeds of
Beckman-J6B centrifuge. Samples were kept in a refrigerator for 10 minutes at 10°C
before being grounded by hand with a chilled mortar and pestle. The filtered
homogenates were centrifuged at 400 x g, 500 x g and 600 x g for 10 minutes,
respectively. The pellets (containing cell walls, fragments, starch grains, nuclei, and
intact plastids) were discarded. The supernatants were then centrifuged at 10 000 x g
for 20 minutes and mitochondria pellets were resuspended in 150 pl of a reaction
mixture consisting of 0.4 M sucrose, 0.5% (w/v) bovine serum albumin (BSA), 50 mM
Tris pH 7.6 and 10 mM KH,PO,. Triplicate aliquots (10 pl) each of the resuspension
were saved for protein determination (corrected for added BSA). Protein contents in
the mitochondria suspension dissolved in 1 M NaOH were measured according to
Lowry et al. (1951). The mitochondria was sonicated until the suspension cleared
(about 20 seconds) at 20 kilocycle using sonicator Labsonic U. Mitochondria inner
membranes were pelleted by centrifugation for 20 minutes at 100 000 x g (Hayes ez a/.
1991) using Hitachi SCP 85H ultracentrifuge. The pellets were resuspended in 5 ml of
buffer Tris pH 7.6 and stored at 0°C until further processing.

Enzyme assays

All enzyme activities were measured at 25°C and the neutral linear rates were
measured. Cytochrome oxidase activity was measured according to Nawa and Asahi
(1971).

The activity of cytochrome oxidase was assayed with the medium (2.5 ml)
containing 1 uM horse heart cytochrome ¢, 50 uM phosphate buffer (pH 7.2), 250 pM
N,N,N,N-tetramethyl-p-phenylenediamin, 1 mM ascorbic acid and 35 pl inner
membrane mitochondria suspension. This activity was measutred as the change in
absorbance at 550 nm using a Beckman 1601 spectrophotometer with the dual
wavelength mode and an extinction coefficient of 17.6 mM ' cm’ for 1.5 minutes with
interval of 15 seconds at room temperature (21°C). Specific activity of cytochrome
oxidase was umol menit' mg protein . Protein content was determined by the Lowry
method (1951). BSA concentrations as standard solution were 0, 0.1, 0.2, 0.4, 0.6, 0.8
and 1.0 mgml .

Succinate dehydrogenase activity was studied using a solution (2.5 ml) containing
20 mM phosphate buffer (pH 7.6), 1 mM KCN, 10% Triton X-100,0.1 mM EDTA, 50
ul of inner membrane mitochondria suspension (Singer ef a/. 1972). This activity was
measured as the change in absorbance at 600 nm using a Beckman UV-Vis Shimadzu
1601 spectrophotometer with the dual wavelength mode and an extinction coefficient
of 19.6 mM"' cm” for 1 minute with interval of 10 seconds at room temperature
(21°C). Specific activity of succinate dehydrogenase was ul mol menit 'mg protein .
Protein content was determined by Lowry ¢ a/ method (1951) with BSA
concentrations as standard of 0,0.1,0.2,0.4,0.6,0.8 and 1.0 mg ml".

Protein content was assayed with a medium (2 ml) containing 1 ml of 2% (w/v)

Na,CO,, 0.1 N NaOH, 2% (w/v) Na'K tartrate and 1% (w/v) CuSO,.5H,0 with
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comparison of 10:0.5:0.5. After 3 ml of folin-ciocalteau was added, it was incubated
for 10 minutes. Absorbance was measured at 600 nm. BSA solutions as standard were

0,0.1,0.2,0.4,0.6,0.8 and 1.0 mgml .

Germination and vigor test
All samples were tested for standard germination and vigor (coefficient velocity of
germination). A number of 100 seeds with 4 replications were germinated in a petri
dish where a paper wetted with distilled H,O was used as underlayer. The number of
seeds germinated (embryonic axis were longer than 1 cm) was recorded daily for 7 days
Seed germination quantities were determined according to International Seed
Testing Association (1996) using the following formula:

Total number of normal seedlings
Germination = x 100%
Total number of seed tested

Coefficient velocity of germination according to Kozlowski (1972) is:

Number of normal seedlings Number of normal seedlings
CVG = to +
Number of normal seedlings Number of normal seedlings
days of first count days of final count
Statistical analysis

The experimental design used was Factorial Experiment in Randomized Complete
Block Design (RCBD) with three factors and three replications. Those factors are
initial moisture content (A) which consisted of 3 levels 8%, 10%, 12%; packaging
materials which consisted of 3 kinds (polyethylene plastic bag, wheat bag, aluminium
foil bag); storage period which consisted of 7 levels 0 (control), 1 month, 2 months, 3
months, 4 months, 5 months, and 6 months. Data were analyzed using analysis of
variance of Statistical Analyses System (SAS 1980). Regression analysis and Pearson
correlation coefficients were done to determine relationships between initial seed
moisture contents and seed moisture contents after storage, germinations, coefficient
velocity of germination (CVG), specific activity of succinate dehydrogenase and
specific activity of cytochrome oxidase.

RESULTS AND DISCUSSIONS

Interactions among initial seed water contents, packaging materials and storage
periods on seed water content, specific activity of succinate dehydrogenase,
germination and coefficient velocity of germination after storage are shown in Tables
1,2, 4 and 5. The water contents of seeds after storage at all levels of initial moisture
contents of seeds stored in wheat bag increased faster than other packaging materials,
because wheat bags were not moisture proof compared to polyethylene and
aluminium foil bags. Correlation between initial moisture content of seeds and seed
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moisture contents after storage was positive (Fig. 1). The seed lots stored in wheat
bags after 2 months showed an increase in moisture content of 13.03% causing a
decrease in specific activity of succinate dehydrogenase (1,34 Umgprotein ) (Table 2
and Fig. 2). Thisindicates that initial moisture content of seeds, packaging materials

Table1. The effect of initial moisture content, packaging
materials and storage petiod on seed moisture

conten (%o)

Table2. The effect of initial moisture content, packaging
materials and storage period on specific activity of
succinate dehydrogenase ((Umg protein’)
(transformation of X +0.5)"

mI::éilrc Storage Packaging materials rr}(il:éilrc Storage Packaging materials
content period  Polyethylene ~ Wheat Alfoil content period  Polyethylene ~ Wheat Alfoil
0 (month) B B2 ®3) 0 (month) B1) B2 B3)
(%) (%)
8 (A1) Co (0) 8.00 g-r 8.00q-r  8.00q-r 8 (A1) Co (0) 3.39 a-b 300a-c  3.94a
Ci (1) 8.03 g-r 8.67p-r  8.00q-r Ci (1) 3.09 a-c 1.73¢c-g  3.60a
C2 (2 8.63 p-r 9.24m-q  8.63 p-r C (2 2.84a-c 1.63¢c-h 279 a-d
G (3) 8.70 p-r 9.20m-q  8.70 o-r G (3) 2.79 a-d 1.60 c-h 278 a-d
Ci(4)  8870r 11.23bi  884o0r Ci(4) 2522 137dh 259ac
Cs (5) 8.98 o-r 11.40 b-h 8.92 o-r Cs (5) 2.07 b-g 113e-h 239 b-f
Cs (6) 11.24 b-i 11.96 b-e  10.20 f-n Cs (6) 0.97 f-h 0.89 f-h  1.60 c-h
10(A2)  Co(0) 10.00h-p  10.00 h-p  10.00 h-p 10 (A2 Co(0) 252 a-¢ 284a-c  279ad
Ci(1) 1045fn  1035fn 1000 h-p Ci(l)  207bg  200bg 214bg
C:(2) 1023fn  10.63em 10181p C2(2)  198bg  18bg 197byg
Cs(3)  10.66e-m  11.00bk 1022 fn C3(3) 154ch  134dh  164ch
Ci(®  10.72c-1 11.48 b-f 1033 f-n Cs(4) 1.37 d-h 117e-h  1.38d-h
Cs (5  10.75d-1 11.60 b-j  10.60 e-m Cs (5) 1.04 e-h 1.01e-h  1.18e¢h
Co(6) 1181b-e  1240b 11.25 b-i Cs (6) 0.95 f-h 0.09 h 0.98 e-h
12(As)  Co(0) 1200b-e  12.00b-e  12.00 b-e 12(A5)  Co(0) 281 a-c 280a-c 2.83ac
Ci(l) 1212b-d 1242b 12.00 b-e Ci (1) 1.99 b-g 1.83b-g 203 b-g
C2(2)  1222b-c  12.64a-b 12.14b-d C (2 1.59 c-h 1.49c-h  1.62ch
Cs(3) 1225b-c  13.03¢ 12.18 b-c G (3) 1.50 c-h 1.34d-h  1.55c¢h
Ci4 1236Db 13262 12.24 b-c Ci(4 1.12 e-h 1.05e-h  1.34d-h
Cs(5 1242b 13422 12.26 b-c Cs (5 1.05 e-h 090 fh  1.29d-h
Cs (6)  12.50a 13.58 a 12.28 b Cs (6) 0.97 f-h 0.75g-h  0.98 e-h
Note:  Numbers followed by the same alphabet are not ~ Note:  Numbers followed by the same alphabet are not

significantly different at 5% of IMRI
h-p = hijklmnop

significantly differentat 5% of DMRI

e-h=efgh

Moisture content after
storage (%)

124
Y =-1,5323 + 1,0987 X *
R*=0,4968
8 - LY 900 ¢
4
0 T 1
0 8 12

Initial moisture content (%)

Figure 1. Relationship between initial moisture content and seed moisture content after storage
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Figure 2. Relationship between initial moisture and specific activity of succinate dehydrogenase

and storage periods are the three principal factors which affect the activity of
dehydrogenase enzyme and viability of seeds during storage. According to Harrington
(1959), the two most important environmental factors which influence the speed of
seed aging are the relative humidity of the air and temperature. Relative humidity of
the air controls seed moisture content, while temperature affects the rates of
biochemical processes in seeds. Harrington concluded that for every increase in seed
moisture content of 1% and 5°C in temperature, the storage life of seed becomes
halved.

Cytochrome oxidase specific activity of stored soybean seeds at all levels of
initial moisture did not significantly decrease (Table 3). This activity decreased because
moisture content of soybean seeds increased (Fig. 3 and Fig. 4). Higher moisture
content of seeds cause a decrease of inner membrane integrity of mitochondria. It has
been clearly demonstrated that mitochondria activity was the primary source of
energy during seed germination (Attuci e#a/. 1991). Succinate dehydrogenase is located
on theinner surface of mitochondria inner membrane (Moller & Rein 1986) which has
alower affinity for NADH.

Table 3. The effect of initial moisture contents and storage period on specific activity of cytochrome oxidase
(U mg protein) (transformation of X +0,5)"

— - 5
Storage period(month) Initial Moisture content (%o)

8 10 12
0 0.7077 b 0.7082 b 0.8432 a
1 0.7073 b 0.7074 b 0.7099 b
2 0.7073 b 0.7073 b 0.7074 b
3 0.7072 b 0.7072 b 0.7073 b
4 0.7072 b 0.7074 b 0.7072 b
5 0.7071 b 0.7071 b 0.7072 b
6 0.7071 b 0.7071 b 0.7071 b

Note: Numbers followed by the same letter did not differ significantly at 5% of DMRT
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Figure 3. Relationship between initial moisture content and specific activity of cytochrome oxidase
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Figure 4. Relationship between initial moisture content and specific activity of seeds and germination

Cytochrome oxidase is an enzyme of mitochondria inner membrane which transfers
its electrons to oxygen. It uses the reaction of oxygen and water to move molecular
pump. As oxygen is consumed, the energy is stored by pumping hydrogen ions from
one side of the membrane to the other. Later, the energy can be used to build ATP
(Stryer 1994). On the other hand, cytochrome oxidase acts as enzyme to help add the
first electron to oxygen. In general the decrease in succinate dehydrogenase and
cytochrome oxidase specific activity in the seeds decreases its respiratory potential so
that both the energy (ATP) and food supply for the germinating seeds become less
This was shown by deteriorated seeds as presented in Tables 4 and 5. Corn seed
deterioration was caused by the decrease of succinate dehydrogenase and cytochrome
oxidase activities (Paul & Mukherji 1976 ¢ Bewley & Black, 1982). Activities of
succinate dehydrogenase and cytochrome oxidase depend on phospholipids of
mitochondria membrane which effect membrane fluidity. Consequently, they affect
the mobility of membrane proteins of the mitochondria (Crane & Sun 1972). The
decreases in specific activities of succinate dehydrogenase and cytochrome oxidase
cause a decrease in the respiratory rate.

37



BIOTROPIA Vol. 17 No. 1, 2010

Table 1. The effect of initial moisture content, packaging  Table2. The effect of initial moisture content, packaging

materials and storage period on germination (%) materials and storage period on coefficient velocity
of germination (CVG)
— S - — S - -
Irgtlal Storage Packaging materials Iqlnal Storage Packaging materials
moisture - moisture petiod
content Polyethylene ~ Wheat Al foil content Polyethylene  Wheat Al foil
) (month) ? ) (month) 7
0, o

8 100.00 a 100.00a  100.00 a 8
98.50 a-d 98.00 a-f  99.25a-b
97.75 a-f 9750a-g  98.75a-c
97.75 a-f 97.50a-g  97.75 a-f

97.00ag  96.00bi  97.00a-g

100.00 a 100.00 a 100.00 a
98.00 a-c 97.50 a-c 98.75 a-b
97.50 a-c 96.25b-f  97.75a-c
96.75 a-c 96.00 b-g  97.00 a-d
9550b-h 9550 b-h  97.00 a-d

95.75 b-i 9550 c-i  96.75 a-h 95.38 c-h 95.50 b-h  96.00 b-g

95.50 c-i 9450 e-i  96.00 b-i 95.00 c-i 91.50 j-k 95.00 c-i

0 0
1 1
2 2
3 3
4 4
5 5
6 6

10 0 100002  100.00a  100.00 a 10 0 100.00a 100002  100.00a
1 1
2 2
3 3
4 4
5 5
6 6

98.00 a-d 98.00 a-f  98.50 a-d 97.63 a-c 96.25b-f  97.75a-c
97.75 a-f 96.75a-h  98.00 a-f 97.13 a-d 95.63b-h  97.50 a-c
97.75 a-f 96.00 b-i  97.00 a-h 96.88 a-d 95.00 c-i 96.13 c-f
97.75 a-g 9525c¢i  96.50 b-i 96.50 b-e 9550 b-h  95.75 b-h
95.50 c-i 95.00 ci 95.50 c-i 95.50 b-h 95.13 c-i 95.50 b-h

92.50 i-k 92.50i-k 9525 c-i 92.50 h+j 92.50 h-j 9550 b-h
12 0 100.00 a 100.00 a 100.00 a 12 0 100.00 a 100.00 a 100.00 a
1 95.75 b-i 98.00a-e  98.25 a-f 1 95.63 b-h 96.00 b-h  97.25 a-d
2 95.50 c-i 94.75¢ei  9725a-g 2 94.00 d-j 95.25d-j  96.38 d-j
3 94.50 e-i 93.25h-  96.50 a-h 3 93.25 ¢+ 92.75 g-j 95.75 b-h
4 94.25 f-i 92.75 i+ 93.25 h+j 4 93.13 £ 92.75 g-j 93.25 e+
5 94.00gq 9275  92.50ik 5 92750 9200  9325¢
6 89.25 k-1 87.751 90.75 j-1 6 89.00 k-1 87.751 89.13 k-1
Note:  Numbers followed by the same letter did not differ ~ Note:  Numbers followed by the same letter did not differ
significantly at 5% of DMRT significantly at 5% of DMRI
a-h=abcdefgh a-d=abcd

Respiratory rate was thought to depend on continued development of
mitochondria (Nakayama e /. 1980). Decrease in respiratory rate caused lowering of
the energy flow along the respiratory as well as the proton motive force which in turn
will affect the speed of proton conductance. The respiration rate is considered to be
controlled by the kinetic properties of the respiratory chain mainly at the level of
cytochrome oxidase. Respiration is both controlled by the proton leakage across the
inner membrane (Groen ef al. 1982) and the respiratory chain (Brand e# a/. 1988).
Respiration is decreased due to the decrease of ADP supply which controls the
pathway of proton leakage to other reactions such as the adenine nucleotide and
dicarboxylate carrier and cytochrome oxidase (Tager e al. 1983). Respiration within
the mitochondria is a function of “unit membranes” and the decrease of
mitochondria membrane integrity will change the functional relationships of the
membrane-bound components of the respiratory chain. Some scientists reported that
mitochondria of older seeds are progressively uncoupled (Wilson & McDonald 1992).
This was related to the decrease of membrane integrity (especially if the
transmembrane proton gradient or electron motive force is crucial for coupling). Total
CO, production as index of respiration decreased, but not significantly different
(Table 4) indicating that enzymes of the glycolytic pathway and tricarboxylic acid cycle
of embryos are not impaired at these stages of deterioration. This process caused
polymer synthesis related to energy production (ATP) becomes low. Mitochondtia,
the primary site of ATP synthesis in seedlings of aged soybean seeds are less efficient
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in producing ATP than mitochondria from seedlings of new seeds (Abu Shakra &
Ching 1967). This may indicate that ATP does not limit the synthetic processes in
deteriorated seeds at this stage of germination. Consequently, some other processes,
such as decline in activity of specific enzymes, ie. succinate dehydrogenase and
cytochrome oxidase, loss of cofactors, etc may occut.

Seed germination and seedling growth are an energy-requiring process and must
rely on respiratory metabolism to supply this energy. Thus, a decrease in the rate of
respiration of germinating seeds has been shown to precede a decline in the rate of
seedling growth (Wilson & McDonald 1992). Reduced rates of respiration have been
associated with seed deterioration in both naturally and artificially aged soybean seeds.
Wilson and McDonald (1992) concluded that disruption in mitochondria terminal
oxidase, which occurred during artificial ageing of seeds, may lead to an imbalance
between glycolytic and tricarboxylic acid cycle or electron transport chain activities
resulting in a built up of ethanol and acetaldehyde. Respiratory rates and estimates of
mitochondrial functionality were significantly lower in axis tissue of low vigor.
Delayed seedling emergence is among the first noticeable symptoms, followed by a
slower rate of seedling growth and development and decreased germination. These
findings correspond to those reported elsewhere that higher seed moisture content
and worst packaging accelerate seed deterioration, causing seed quality losses and
therein germinability percentage of stored seeds (Al-Yahya 2001). Soybean seeds have
high protein and lipid components (David 1984) and could maintain their
germinability only for 3 months under room temperature. Moisture content and
oxygen were main causes for lipid oxidation in soybean to lead to rapid seed
deterioration and quality decline (Hartman eza/ 1994).

In the experiment, it was found that seed moisture content increased and showed
negative correlation with germination (Fig. 4) and coefficient velocity of germination

(Fig. 5).

100 4 .ﬂ_‘
2 80 1 Y =107.15 1.2136 X

8 =« 604 R*=0.713

° .2

> ® 40

S =

5 £ 207

% (o)) 0 T T 1
3 0 4 8 12

Initial moisture content (%)

Figure 5. Relationship between initial seed water content and coefficient velocity of germination
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Our results indicated that specific activities of succinate dehydrogenase and
cytochrome oxidase decreased, but the viability and vigor as indicated by coefficient
velocity of germination were above 80%. Soybean seeds stored at 12% initial moisture
content using aluminium foil bags could retain viability above 80% for 6 months.
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