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Effect of Water Uptake Rate on Germination Characteristics of Waxy Rice Seeds and

ABSTRACT Germination is controlled by internal factors
of seeds and external factors such as water, temperature
and light. We investigated the relationship between germination
characteristics of four waxy rice cultivars and patterns of
water uptake, antioxidant enzymes and free soluble sugars
during early imbibition. Seed viabilities by tetrazolium test
of four different rice cultivars were higher than 95% and
germination rates of the hulled rice seeds were on 95%
average. However, germination rate of intact rice among
four cultivars showed a big difference depending on temperature.
Water uptake of hulled and intact rice seeds during imbibition
reached a stationary phase at around 30% moisture content.
Although rates of water uptake were faster in hulled rice
and high temperature than intact rice and low temperature
condition, difference of those among cultivars was greater
under low temperature than high temperature. The time
required for rice seeds to uptake 30% water was negatively
correlated with percentage of germination, germination
energy, germination speed and mean germination time. Guaiacol
peroxidase activity at 24h of imbibition was correlated with
germination energy and germination speed but
percentage of germination. Catalase activity, soluble protein
and maltose concentration at 24h of imbibition were not
correlated with characteristics of germination. These results
suggest that a time required for rice seeds to uptake 30%
of water significantly correlated with germination and
guaiacol peroxidase activity during early imbibition plays an

not

important role in initiation of germination.

Keywords : rice, seed germination, early imbibition, peroxidase,
water uptake, seed vigour, waxy
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oH-S- (0.2 um syringe filter(GHP, Acrodisc, Waters co.)&
oji}ste] &I 2ulE 7183 (UPLC, ELS detector,
Waters) 2 7 448 Belelo] 4aa gho2 7 §oi% %
=2 1al9lth AMg3k AHLS Aquity UPLC BEH amide
1.7 um AHo|H, FFA]HE= Sigmaile] D-glucose, D-fructose,
sucrose, maltose S, &1ljl+= triethylamine(Sigma-Aldrich, HPLC
grade)} acetonitrile(J.T Baker co.)& AR&-3t4th

glo]E| o] EAEAL IBM SPSS statistics(Ver. 19)S A}
gstg o, ©A o9 A (Duncan’s multiple range
tes) O &2 5% ool AgEAt o4 Ade o

sheiet.

Zat Y o
St wotg
TICEASH A o3t BulE5e] SAgYe 50
of 975%2 MY EkT MFE, HAGE, AFBE

Table 1. Seed viability by triphenyl tetrazolium chloride(TTC) test and percentage of germination at 25°C of waxy rice cultivars.

Germination at 25C (%)

Cultivar Seed viability (%)

Intact Hulled
Dongjinchal 975 a 97.8 a 93.8 b
Sulhyangchal 945 b 67.6 d 935 b
Bosukheukchal 95.0 ab 955 a 95.6 b
Jeogjinjuchal 95.3 ab 789 b 98.0 a
Mean 95.6 84.9 95.2

The same letters in a column are not significant at P<0.05 by Duncan’s multiple range test.

Table 2. Percentage of germination, germination energy, germination speed, mean germination time and time required for rice
seeds to uptake 30% of water in different rice cutivars.

Cultivar Temp. (C) PG® (%) GE® (%) GS* MGT* IT® (hr)
Dongjinchal Intact 15 97.3ab 0.0c 9.3d 10.2a 38.5a
25 97.8a 97.0a 27.2¢ 3.7b 22.4b

Hulled 15 95.4bc 55.5b 18.5b 5.8¢c 18.8¢

25 93.8¢ 93.8a 39.1a 2.5d 8.6d

Sulhyangchal Intact 15 22.4c 0.0d 1.5d 15.1a 73.4a
25 67.6b 33.0c 12.4¢ 6.0b 35.6b

Hulled 15 98.3a 67.5b 19.6b 5.3¢c 13.8¢c

25 93.5a 92.5a 30.1a 3.2d 8.7d

Bosukheukchal Intact 15 50.4b 0.0d 3.6d 14.7a 27.4a
25 95.5a 49.3b 17.7b 5.5¢ 18.2b

Hulled 15 96.3a 53¢ 11.9¢ 7.9b 14.6¢

25 95.6a 89.5a 28.0a 3.7d 8.9d

Jeogjinjuchal Intact 15 48.4c 0.0d 4.5d 12.0a 49.3a
25 78.9b 69.5b 20.4b 4.1c 27.4b

Hulled 15 98.3a 26.3¢ 15.4¢ 7.6b 23.5¢

25 98.0a 97.8a 30.5a 3.3d 12.2d

PG : percentage of germination, °GE : germination energy defined the germination percentage of seeds in 5 days,
‘GS : germination speed, “MGT : mean germination time, °IT: time required for rice seeds to uptake 30% of water.
The same letters in a column are not significant at P<(0.05 by Duncan’s multiple range test.
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Table 3. Activities of peroxidase and catalase, and soluble protein content at 24 hours after imbibition in rice seeds.

Cultivar Temp. (C) Peroxidase (mU/seed) Catalase (U/seed)  Soluble protein (g/seed)
Dongjinchal Intact 15 56.5 b 532 a 163 a
25 61.5 b 451 b 168 ab
Hulled 15 533 b 2.01 ¢ 162 a
25 154.0 a 4.80 ab 184 b
Sulhyangchal Intact 15 365 b 1.08 a 167 b
25 315 b 0.93 ab 159 b
Hulled 15 335 b 075 b 174 b
25 59.8 a 097 a 194 a
Bosukheukchal  Intact 15 40.5 ¢ 7.14 ab 81 b
25 70.5 b 645 b 99 ab
Hulled 15 43.0 ¢ 8.06 a 109 a
25 180.8 a 572 ¢ 110 a
Jeogjinjuchal Intact 15 163 ¢ 2.77 a 132 a
25 315 b 3.11 a 148 a
Hulled 15 22.8 be 3.05 a 132 a
25 79.0 a 358 a 131 a

The same letters in a column are not significant at P<(0.05 by Duncan’s multiple range test.
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Table 4. Concentrations of free soluble sugars at 24 hours after imbibition in rice seeds.

Cultivar Temp. (T) Fructose Glucose Sucrose Maltose
Dongjinchal Intact 15 0.65 a 0.80 ab 0.71 a 248 a
25 0.66 a 0.88 a 1.19 a 2.36 a

Hulled 15 0.63 b 0.76 b 0.70 a 1.97 a

25 - 0.83 ab 0.60 a 2.17 a

Sulhyangchal Intact 15 0.67 a 0.84 a 0.77 a 1.76 a
25 0.66 a 0.86 a 0.66 b 1.78 a

Hulled 15 0.63 b 0.75 b 0.75 a 1.67 a

25 - 0.72 b 0.61 ¢ 1.12 b

Bosukheukchal Intact 15 0.63 a 093 b 0.48 ¢ 1.54 ¢
25 0.71 a 091 b 0.57 be 0.69 b

Hulled 15 0.66 a 0.88 b 0.84 ab 1.91 ab

25 0.65 a 1.01 a 0.74 a 237 a

Jeogjinjuchal Intact 15 0.68 a 0.86 a 0.74 b 1.71 be
25 0.67 a 0.87 a 0.63 ¢ 1.56 ¢

Hulled 15 0.68 a 0.76 b 0.89 a 2.11 ab

25 0.63 a 0.85 a 0.74 b 238 a

The same letters in a column are not significant at P<0.05 by Duncan’s multiple range test.
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Table 5. Correlation coefficients of germination characteristics and IT, and enzyme activities, protein, maltose content at 24 hours

after imbibition in rice seeds.

PG GE® GS* MGT? IT POX CAT Protein Maltose
PG 1.00 0.58% 0.69%*  -0.78%* -0.84% 0.36 0.22 0.11 0.23
GE 1.00 0.94%%  -0.90%* -0.69%* 0.58* -0.17 0.37 0.12
GS 1.00 -0.91%* -0.77%* 0.68** -0.02 0.37 0.20
MGT 1.00 0.78%** -0.49 0.09 -0.33 -0.10
IT 1.00 -0.50* -0.29 0.06 -0.02
POX 1.00 0.34 -0.01 0.33
CAT 1.00 -0.71%* 0.10
protein 1.00 0.16
maltose 1.00

‘PG : percentage of germination, "GE : germination energy defined the germination percentage of seeds in 5 days,
°GS : germination speed, ‘MGT : mean germination time, IT: time required for rice seeds to uptake 30% of water.
Activities of POX and CAT, and protein and maltose were assayed at 24 hours after imbibition of rice seeds.
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Fig 1. Relationship between characteristics of germination, antioxidant enzymes and the time required for rice seeds to uptake
30% of water (IT). *: significant correlations at 5% level.
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