11
111

112
113
114
115
116
117
12
121
122
123
124
13
131
132
133
134
135
136
13.7

modified Hoagland's (Limpinuntana, 1978)
NH#4 600 JM NO'3 3,680 HPO'2660 K+ 2,000 \iM
Ca+1,340 pMMg2340 \IM SO2340 M Na+2,00 a cr 2,000 pM FER2
ppm Mo+30.001 ppm Zn+0.001 ppm Mn220.4 ppm B80.1 ppm Cu+20.01
ppPm
pH
25 . 10

petridish
(EC meter)

LCA4 ADC

Spectrofluorometer  Dyna Quant 200, Hoefer
LK6D Silica gel plate 250 pm Whatman
3000
-40 °c
Desacatank
uv box
Pipette man 200 1000 pi pipette tip



138

139

1.3.10
1311
1312
1113
1114
1.1.15
1.1.16
1117
1.1.18
1119
1.1.20

Eppendorf tube

15m

Put, Spd

vortex mixture

water bath shacker
chloroform AR
triethylamine AR
ethylacetate AR
proline AR

benzene AR

dansyl chloride AR
acetone AR

calcium carbonate AR

perchloric acid AR

(Oryza sativa L.) 4

PTT85180-B-34-5C-2

PTT85180-B-34-5C-2
3 SPRLR77089-281-1/ / R42
6 (IR6)
105
IR 28
(treatment)

Randomized Design (CRD) 3

1

/

(Mutation)

Factorial in Completely

IR 28

14



A W N R

10

pH

4,6, 8 12 24

8.00 .

(
PTT85180-B-34-5C-2 (

I © 2 4,6,8,12 24 )

6 (
IR28 (
3
0
50
100
2
@ 7, 14,
200
48
25 . 10
1
5.8
1,7,14 21

2 )

24
petridish
10

(Limpinuntana, 1978)

15

3

0, 2
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411 Portable photosynthetic system
LCA4 ADC (open system)
(A) (Gs) ® C02 substomata
(vpm)
4.1.2 (Water use efficiency, WUE) Cc02
assimilated 2 transpired (Fischer and Turner, 1978)

4.1.3 Quantum yield of photosynthesis (QY) C02assimilated

C02 substomata (Long and Hallgren, 1993)

4.2
421 , K =
0.725) Yoshida (1976)
= X x «(0.725)
4.2.2 (Relative Growth Rate, RGR)
Beadle(1993)
RGR = — gg'ld'l
t2-ti
1 2= 1 2
t, t, = 1 2
4.2.3 Specific leaf weight (SLW)
(Beadle, 1993) /.2
4.2.4 80°c
48 (Yoshida et al., 1976)
4.3
Dansylation Flores

Galston (1982) 1Smith Davies(1985)



17

431
putrescine (Put), spermidine (Spd)
spermine (Spm) Put, Spd Spm
5 0, 0.184 ,0.368 ,0.552, 0.735 0.920
9 1 Put, Spd
Spm Rf
Dansylation Thin layayer
chromatography (TLC) solvent system chloroform : triethylamine (25:2
VIV) Rf dansylpolyamine band
Spectrofluorometer Put, Spd Spm
fluorescence 100 Put, Spd Spm

fluorescence ,

X y
fluorescence CV(%) ( 1 2
422 (precision) (accuracy)
recovery( %)
(crude extract) Put,
Spd Spm 0.184,0.368, 0.552
0.732 4 Dansylayion
TLC Spectrofluorometer
recovery
CV(%) ( 2)

Intraassay precision
(crude extract) 20 '
Interassay Intraassay precision
Intraassay precision

10 1 TLC plate
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3 0, 0.184, 0.368, 0.552, 0.735

0.920 Dansylation Put, Spd Spm
TLC Spectrofluorometer
Intraassay precision Put, Spd Spm
SD CV(%)
( )
Interassay precision (accuracy)

8 (TLC plate 8 )

TLC plate 1 load 10 lane
Intraassay precision Dansylation
Put, Spd Spm TLC Spectrofluorometer

Put, Spd Spm

TLC plate 8 cv

(%) (accuracy) 4

4.2.3
500 cold 5% HCI04 1
Eppendorf 1.5

1 (centrifuge) 13,000 g

10 dansylation

-40°c

Dansylation
200
(saturated) 200 dansyl chloride

acetone(5 mg/ml) 400
shaking water bath 60°C 1
proline (100 mg/ml) 100 30 proline

dansyl chloride benzene 500
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vortex 30 10 2

aqueous phase organic phase organic phase
-40°c
(standard) Put, Spd Spm
3
Put, Spd Spm 0, 0.184, 0.368, 0.552, 0.735
0.920 (precision)
(accuracy) Interassay precision Intraassay

precision 10 Recovery check

Standard deviation () Coefficient variation (%CV)

Recovery
Thin layer chromatography (TLC)
LK6D Silica gel plate stationary phase
mobile phase Solvent system chloroform : triethylamine
(25 :2viv) load 50 pre-
adsorbent zone chromatogram develop 1
Rf unknown Put,
Spd Spm( K 0.60, 0.80 0.90 )
(255/366) Rf
Rf (Retardation factor) =
dansylpolyamine band ethylacetate
Spectrofluorometer excitation 365 emission 460 nm

Pu, Spd  Spm



(analysis of variance)

Factorial in CRD Least Significant
Difference (LSD) 95
multiple regression model (correlation

coefficients of R2) (Gomez and Gomez, 1984)



Huorescence

Huorescence

«minnvitdijj

51
(0] 02 o4 06 08 1
Putrescine ()
100
80
60
40 -
20
0 T T ) > T T 1
2 3 pat 5 6
Spermidine (nnol)
100 -
80
60 -
40 -
20 -
O T T T T 1
1 2 3 aq 5 6
Spermine (nnol)

Putrescine, Spermidine

Spermmine

21



1 Putrescine, Spermidine Spermine
+ 9
Polyamine Putrescine Spermidine

(nmol) Mean Mean

0.920 100 100

0.735 79 322 78 3.98
0.552 56 3.47 53 311
0.368 36 4.50 33 1.97
0.184 18 2.27 16 2.83

0 0 0

2 Recovery (%)

I+

Putrescine, Spermidine

Spermine

Spermine
Mean
100
78 3.16
51 2.67
33 249
17 2.02
0

crude extract

Spermine
0.262+0.018
0.419+0.017
0.622+0.035
0.751+0.030
0.859+0.021

100 + 0.018
85 +0.017
97 +0.035
89 +0.030
81 +0.021

Sample Polyamine content (nmol)
Putrescine Spermidine
Initial crude extract 0.014+0.011 0.091+0.013
Initial + 0.184 nmol PA mixed 0.173+0.005 0.257+0.011
Initial + 0.368 nmol PA mixed 0.372+0.025 0.431+0.023
Initial + 0.552 nmol PA mixed 0.580+0.031 0.564+0.002
Initial + 0.732 nmol PA mixed 0.775+0.006 0.721+0.003
Recovery (%)
Initial crude extract 100+ 0.011 100 +0.013
Initial + 0.184 nmol PA mixed 86 +0.005 90 +0.011
Initial + 0.368 nmol PA mixed 97 + 0.025 92 +£0.023
Initial + 0.552 nmol PA mixed 102 +0.031 86 +0.002
Initial + 0.732 nmol PA mixed 103 +£0.006 86 +0.003
mean 97 89

88



3 Intraassay precision

crude extract

Sample

N w N R

(3]

10

Mean

CV(%)

+SD
Putrescine
(nmol)
0.020
0.020
0.020
0.020
0.028
0.020
0.020
0.020
0.020
0.020
0.021
0.003
12.05

10

Putrescine, Spermidine

Spermidine
(nmoal)
0.104
0.080
0.104
0.088
0.104
0.104
0.080
0.096
0.104
0.096
0.096
0.010
10.39

Spermine

Spermine
(nmol)
0.296
0.255
0.288
0.255
0.247
0.263
0.239
0.239
0.255
0.263
0.260
0.019

7.28
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4 Interassay precision

crude extract

Sample

o o A~ W N

Mean

CV (%)

+

Putrescine
(nmol)
0.021
0.023
0.018
0.018
0.022
0.015
0.021
0.021
0.020
0.003
12.35

Putrescine, Spermidine

8

Spermidine
(nmol)
0.096
0.108
0.120
0.103
0.118
0.112
0.122
0.103
0.110
0.009

7.92

Spermine

Spermine
(nmol)
0.260
0.262
0.240
0.281
0.262
0.245
0.268
0.236
0.257
0.014

5.53
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