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Measurement of Free and Bound Water During Radish Seed Germination
— Effect of Water on Germination of Radish Seed ——

Yoshinmi Ishihara, Jiro Takano, Satoru Mashimo and Masaichi Yamamura*
(Received April 21, 1993)

It was found that the water in seeds could be measured as bound and free water, and it was
quantitated here by the TDR method.

When radish seeds were dried for 24 hours at 25°C, the water in the seeds suddenly decreased,
and when the seeds were dried for 10 hours, the free water decreased more than the bound water,
and germination was hardly affected. However if the seeds were dried for over 24 hours, theamount
of bound water decreased more than the free water.

In this case, germination of seeds suddenly decreased. Germination was 20%, when the seeds
were dried for 96 hours at 45C, and it was 50% at 25C.

Therefore both bound and free water are needed for germination, and it is the quantity of bound
water which affects the germination of seeds, this can be called the vital water.
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Fig.1 DTA (ab,c,d) and TG (ef,gh) curve of dried
96hr in
temperatures and a not dried seed.
(a)(e) not dried
(bX(f) dried at 25°C for 96hr
(c)(g) dried at 35°C for 96hr

(d)(h) dried at 45°C for 96hr
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Fig.2 Bound water and free water in seed and

germination
O : bound water
A free water
[ : germination
(a) Temp. 25C
(b) Temp. 35C
(c) Temp. 45C
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Table 1 Decreased weight, germination and bound water and free water in the seed
by the TDR method. The seeds were dried for up to 96hr in a desiccator
at various temperatures.
(a) 25°C (b) 37C (c) 45C
(2)
Decreased
Time / br Decreased | Bound water! Freewater | Total water | bound and Germinaton
weight/ g lg /8 /gl free water ' %
g
0 0 2.43x10°%1 1.19x1073{ 1.43x10°3 0 80
6 5.38x10°4] 1.71x104] 7.48x104{ 9.19x104 | 5. 11x10"* 70
10 4.78x104| 1.59x10% {8 53x10°%1 1.01x103 | 4.20x10™* 72
24 7.96x10% | 1.28x104{ 5.18x10 ! 6.46x10*| 7.84x10* 70
96 9.14x10°%| 9.72x1051 3.94x10%} 4.91x10| 9.39x10 50
(b)
Decreased
Time / lr Decreased | Bound wateri Free water | Total water | bound and Germination
weight / g /g /g /g} free water 1%
‘g
0 0 2.52%x1041 1.42x10°3} 1.67x1073 0 80
6 9 68x10° | 1.63x1041 6.14x10% | 7.77x10°4 | 8.93x10™* 59
10 1.09x1073 ] 1.26x10-4 ] 5.42x10%} 6.68x10°%{ 1.00x10°3 65
24 1.20x10°3 ] 8.59x10°5 | 3.90x104 1 4.80x104| 1.19x10°3 56
36 1.26x103 ] 6.70x10-5] 3.90x10°4{ 4.57x104| 1.21x10°3 42
©
Decreased
Time / hr Decreased | Bound wateri Free water | Total water | bound and Germination
weight / g 'g /g /gt freewater 1%
g
0 0 2.27x107%} 9.56x10°%{ 1.18x1073 0 80
6 5.50x10-4] 9.27x105} 5.18x1041 6.11x10*| 5.69x10™ 58
10 8.60x104 | 4.64x10°5 | 3.02x10"4 | 3.48x10*| 8.32x10"* 40
24 8.96x104 | 4. 13x10512.71x104{ 3.12x10"% | 8. 68x10* 28
96 9.43x10°4|2.36x10°5]2.44x10°%§2.68x10°4} 9.12x10* 20
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Fig.3 Relationship of bound water or free water and
germination
O : bound water
A free water
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