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1-2
14 32-37 . . 2593
37 (IRRI, 2013) :
(Food security)
Indica
(Satake and Yoshida, 1978; Mutsushimaet
ai, 1982)

(Schoffl et at., 1999)

, (photosystem I (light

reaction)

(Howarth,

2005)



(
, 2553)
2 105 (Oryza sativa
indica cv. Khao Dawk Mali 105) 80 (( . sotiva cv. Pathumthani 80)
(Echinochloa crus-gatli L.)
(Abscisic acid: ABA)
(Taiz and Zeiger, 1998; Tradieu and Davies, 1992)
1
2 , 105 80
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30
40 (
2553) 75

(Buckley et at., 2007)
(Fertility)
(Pollen)
(Baker et at., 1992; Rotter and van DeGeijn, 1999)
(Pinnschmidt et at.,1995; Savary et at.,2005)
(Ekanayake et at., 1989)
38

80

(Temperature stress)

' (Baker and Orlandi, 1995; Kanofsky and Sima, 1995)

( , 2553)

( , 2553)



(Pollen)

( , 2553)
( , 2553)
, (Photosystem 1Y) (Light reaction)
(Nucleic acid)
I
( , 2553)
(Abscisic acid) (Chemical signal)
( , 2553)

( , 2553)



(ABSCISIC ACID ABA)
(ABA)

Abscisic acid (ABA) . .1963

Frederick T. Addicott ,

abscisic |
auxins
ethylene ABA ,
ABA ethylene
ABA
auxins, GA cytokinin ABA
ABA
“stress hormone” (Flartung and Davies, 1994)
promotive
hormone GA
GA phytochrome (
, 2549)
1) (stoma)
phloem
xylem
stoma ,
lipids protein
transporter membrane apoplast

membrane water potential gradient



( , 2549) (Saab et al, 1990)

ABA
(water potential NF)
2)
(transcription) (hardens)
(frost damage) (
, 2542)
3)
Warning
( , 2542)
4)

(transcription)

RNA (messenger RNA)

( , 2542)



(Proline)
feedback inhibition
(Gzik, 1996)
( , 2537)
(Hore et
at., 1998) ' Chang and Dandeker (1995)

(Barnett and Naylor, 1966)

(Ain-Lhont et at., 2000)

(Proline Biosynthesis)
811 1”6 (3-8lutamyl kinase
glutamyl-semialdehyde dehydrogenase

. (3-glutamyl-semialdehyde

dehydration - /" Xpyrroline-5-
carboxylate reduction pyrroline-5-carboxylate
reductase

(Hanson and Hitz, 1982)



.............. Proline

ProC

A’-Pyrroline 5-carboxylate
A

Spontaneous

Glutamic acid 5-semialdehyde
A
ProA

y-Glutamyl phosphate

A
------- > ProB
Glutamate
1 ( . Nature Chemical Biology)
proline  oxidation
prolineoxidase pyrroline-5-carboxylate pyrroline-5-
carboxylate pyrroline-5-carboxylate
dehydrogenase glutamate (Boggessef- ., 1976)
proline oxidation (Jone
and Rawson, 1979) pyrroline-5-carboxylate
synthetase (P5CS) feedback inhibition
feedback inhibition
' (Delauney and Verma,
1993)
1 gultamyl -3 - semialdehydet '
glutamatel 2-oxoglutamate?
pyrroline-5-carboxylate (P5C) (Boggess et at., 1976) P5C
2. proline oxidation

glutamate (Boggess et at., 1976)



(2535)
(2537)
(2540)
(2546)
(2548)

Newton et al. (1986)

Andrade et .(1995)

(Panicum maximum)

(Stewart and Hanson, 1980)

Pinustaeda L.

10



gar beets (Beta vulgaris L.)
aspartic glutamic acids
(Gzik, 1996)

Yi-Zhi and Tian (2000)

Hien et al. (2003)

and (2004) g pyrroline-5-
carboxylate synthetase mothbean
~3
Wang et al (2004) q Corispermum
mongolicum
P5CR Arabidopsis

sense, antisense
ense pyrroline-5-carboxylate reductase
antisense
sense proline dehydrogenase
antisense (De Ronde et al., 2004)
Molinari et al. (2004) Carrizo citrange
pyrroline-5-carboxylate synthetase A 1 feedback

inhibition



(Oryza sativa L.)
(Oryza sativa L.)

(Echin

- 100

- 30x 30

105 (KDML 105)
80 (RD 31)

hloa crus-galli L.)

( TOP+

- (Hot air oven)

(Deep Freezer)

KK 1200)

-80

12



- (Waterbath)

- (Vortex mixer)

- (Spectrophotometer)
- Cuvette
WP
- Macroelements
kno3 58 m§
CaS04 50 mg
MgS04.7H20 45 mg
Triple super phosphate 25 mg
(NH4)4S04 10 mg
- Microelements
Na2EDTAa 160 mg
FeS04.7H20 a 120 mg
MnS04.H2 15 mg
H3BO3 5 mg
ZnS04.7H20 15 mg
Kl 1 mg
Na2M 004.2H20 0.1 mg
CuS04.5H2 0.05 mg
CoCl2.6H20 0.05 mg
800  mg

13



14

- (x) Abscisic aid (Sigma); 99% pure; (5-[I-hydroxy-2,6,6-trimethyl-4-
oxo-cyclohex-en-I-yl]-3-methyl-{2Z,4E]-pentadienoic acid);
C15H20 4, MW. 264.3

- Ethanol

- Triton x-100

- Sulfosalicylic acid

- Glacial acetic acid

- Acid ninhydrin

- Proline (Pyrrolidine-2-carboxylic acid)

- Toluene
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15
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7
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35



2.4

2.5

2.6

(DMRT)

3.1
(CRD) '
3.2

3.2.1

3.2.2

15

3.2.3

4
50, 100,
6.30
3 15
)
60
3 15
1300
12
1080 /
9
3.2.2

30
1 RD 31

200
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15

72

16
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12

WP (

50



40
15
3.2.4
3.2.5
(1973)(
3.2.6
SPss

17

RD 31 + 50 M ABA
KDML 105
KDML 105 + 50 [jM ABA

RD 31
RD 31 + 50 |UM aba
KDML 105
KDML 105 + 50 jjM ABA
6.30

0, 3,6 9 12 15

Bates

,0, 3, 6,9, 12, 15

(Analysis  of Variance)

Duncan’s

Multiple Range Test (DMRT)
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KDML 105

30.0000
o 250000 a bl Cbt- ch
_—20.0000 bbl bb' bc| CgJ
15.0000 B 35°
10.0000
5.0000 40°c
0.0000 H45°C
dayO day3 day6 day9 dayl2 dayl5
Days after treatment
105 (35
(40, 45 )
30.0000
25.0000
1200000 Lygh-popd Bud BRE b N2k
15.0000 N P - ; a 35°C
e NS YV T R
5 5.0000 ] m 40°Cc
- 0.0000 m45°c
dayO day3 day6 day9 dayl2 dayl5
Days after treatment
80 (35
(40, 45 )
Barnyardgrass
I 30.0000
25.0000
£ 20.0000
M 15.0000 = 35°C
| 10.0000
g  5.0000 m 40°c
I 0.0000
dayO day3 day6 day9 dayl2 dayl5
Days after treatment
(35
(40, 45 )
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()

B © o w o

()

5'\_\.)@@&)0

w

()

35°
14.2250 + 0.6792b
15.1250 + 0.0853b
17.6500 + 0.2533b
17.7500 * 0.3524c
18.4500 * 0.3594c
19.5000 + 0.4083c

105

(mean * standard error)

( ) + standard error

40°c
13.3500 + 0.5042b
14.0250 + 0.4308b
16.4250 + 0.4110c
20.4000 + 0.7047b
21.4000 + 0.2273b
23.2000 £ 1.26105

80

(mean * standard error)

35°c
12.9500 * 0.0854b
14.3750 + 0.6839b
14.6750 = 0.2533b
14.8000 + 0.4882b
15.1250 + 0.3146b
16.7750 = 0.1548b

45°c
16.0000 + 0.3342a
20.3000 + 1.09773
21.6000 + 0.19583
22.4000 + 0.10809
23.7750 + 0.92233
26.8500 + 0.81503

( ) * standard error

40°c
14.4750 + 1.2304&b
15.0500 £ 1.0020&b
15.2750 £ 0.4608b
15.6750 + 0.6028b
16.3250 + 0.5072b
17.5000 + 0.17503

(mean = standard error)

35°C
13.5250 + 0.37053
13.5750 + 0.6799b
14.4500 £ 0.1323b
14.9250 + 0.5558b
15.9250 + 0.3966b
17.2750 £ 0.3276b

45°c
12.0500 + 0.84513
16.1000 + 0.40903
17.6500 = 0.51803
19.0250 + 0.55153
19.0750 £0.72963
21.5000 + 0.98273

( ) + standard error

40°c
13.0000 = 0.34403
13.0750 = 0.1377
13.1750 + 0.2869c
14.3750 = 0.2562b
16.0250 + 0.2594b
16.8750 + 0.1931b

45°c
13.7500 + 1.10873
16.5000 + 0.18263
19.7000 + 0.25943
19.7750 + 0.25623
21.3000 + 1.28713
24.4000 * 0.54923

20
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KDML105

25.0000
20.0000 g A3
aa
| o000 @ @y gg My g
10.0000 11
5.0000
2 00000
dayO day3 day6 day9 dayl2 dayl5
Days after treatment
105
(40, 45 )
25.0000
20.0000 Ay A% oo~ 1>
ada |
} 15.0000 |J r \g -
100000 ' ? -
so000 VI M w7
0.0000 1,
dayO day3 day6 day9 dayl2 dayl5
Days after treatment
80
(40, 45 )
Barnyardgrass
25.0000  —om e
20.0000
£ 15.0000 a__aEal_ zrra-
| 100000 —P . chma.. A2 A --M -
I 5.0000 g
K  0.0000 ' M
dayO day3 day6 day9 dayl2 dayl5

Days after treatment
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35°c
I'm40°c

«45°c

(35 )

m 35°C
m 40°c

B 45°c
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35°c
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(

(

(

35°c
13.3750 + 0.78573
14.3000 + 0.38519
14.6250 + 0.25623
14.7000 + 0.74053
16.2750 + 0.53603
16.9250 + 0.69813

(mean = standard error)

35°C
12.9500 + 0.10413
14.3750 £ 0.25623
14.6750 * 0.2658b
14.8000 + 0.2658b
15.1250 + 0.5721b
16.7750 £ 0.2428b

105

(mean + standard error)

( ) + standard error

40°c
12.6000 + 0.9336b
12.9750 + 0.9810b
13.8750 + 0.23943
14.0000 = 0.73603
15.9500 + 0.19363
17.2500 + 0.23983

80

45°c
10.4000 = 0.8954b
10.8500 + 0.6305b
10.8750 + 0.3728b
10.9750 * 0.1377b
11.7500 = 0.4787b
11.7750 = 0.0479b

( ) = standard error

40°c
14.4750 + 0.25943
15.0500 + 0.30963
15.2750 + 0.2097b
15.6750 + 0.2097b
16.3250 + 0.3198b
17.5000 = 0.4103b

(mean * standard error)

35°c
4.2250 %= 0.2626b
4.4750 + 0.4366¢C
8.3500 + 0.73313
8.6750 + 0.65373
9.8750 + 0.23233
11.1750 + 0.11093

45°c
12.0500 + 2.06623
16.1000 + 0.93363
17.6500 £+ 0.90233
19.0250 *+ 0.90233
19.0750 + 0.67503
21.5000 £ 0.59023

( ) + standard error

40°c
4.2000 £ 0.0707b
5.8000 + 0.4708b
7.2250 = 0.34253
8.2500 + 0.18483
9.2000 = 0.36973
9.5000 + 0.13233

45°c
5.5250 * 0.30383
7.2750 = 0.27803
7.7500 + 0.22553
9.6000 + 0.3189®
9.7500 + 0.13233
11.1750 + 0.95693

23
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KDML 105

_0.2000
a
0.1500
a .
5> 0.1000 o 99 fib 'm . 350
aa h e
0.0500 allT nm X :H40°C
J ooo00 ! "
. m 45°C
g dayO day3 day6é day9 dayl2 dayl5
Days after treatment
105 (35 )
(40, 45 )
0.2000
£ 0.1500
aa b . 1
|Ip 0.1000 o N 5 X g % = 35°C
0.0500 N\ =B \ I B 40°c
égooooo h MY/ 2Illl o
; = 45°c
dayO day3 day6 day9 dayl2 dayl5
Days after treatment
80 (35 )
(40, 45 )
Barnyardgrass
0.2000
. 0.1500 Vv
. 0.1000 o "B e
5 0.0500 b-b... b“b b a b 2 - m 40°c
00000 - T a.f£ *1| |f E B45°C
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£ Days after treatment
(35 )
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()

©© O LW O

—_ =
1 DO

—_—
HH
Ko ow o

35°
0.0475 £ 0.0030b
0.0511 £ 0.0029b
0.0718 = 0.0051b
0.0702 £ 0.0057b
0.1042 £ 0.0053b
0.1309 £ 0.0142%

35°c
0.0541 + 0.00093
0.0546 = 0.0034b
0.0671 + 0.0043&
0.0806 = 0.0067b
0.1033 £ 0.00403
0.1468 + 0.00603

35°
0.0299 + 0.00523
0.0296 + 0.0034b
0.0234 + 0.0021b
0.0318 + 0.0029b
0.0437 £ 0.00483
0.0592 + 0.01133

105

(mean + standard error)

( ) x standard error

40°
0.0511 £ 0.0031b
0.0519 £ 0.0010b
0.0708 £ 0.0031b
0.0692 £ 0.0058b
0.0834 £ 0.0017°
0.1192 +0.0043b

80

(mean * standard error)

45°C
0.0299 + 0.00503
0.0299 + 0.00953
0.0234 +0.01003
0.0318 + 0.00893
0.0437 +0.00903
0.0592 £ 0.02193

() % standard error

40°c
0.0566 + 0.00163
0.0575 = 0.0007b
0.0563 + 0.0039b
0.0830 + 0.0055b
0.0796 + 0.0024b
0.1069 + 0.0060

(mean x standard error)

45°c
0.0238 + 0.00193
0.0257 + 0.00423
0.0270 + 0.00193
0.0344 + 0.01413
0.0480 + 0.00503
0.0654 + 0.0053b

() = standard error

40°
0.0588 £ 0.00153
0.0725 £ 0.0017a
0.0783 £ 0.0017b
0.1227 £ 0.0024b
0.0967 £ 0.00503
0.0986 £ 0.00773

45°C
0.0343 £ 0.00283
0.0346 % 0.00153
0.0390 £ 0.00233
0.0435 £ 0.00153
0.0578 £ 0.00583
0.0822 £ 0.00393

26
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0.1400
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0.0400

.0.0100

105 (35
(40, 45 )
80 (35
(40, 45 )
Barnyardgrass
m 35°C
aaa bbf .'li)- - T m 40°c
la e 1M1 u 45%c
dayO day3 day6 day9 dayl2 dayl5
Days after treatment
(35

(40, 45 )
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10

()

12

15

11

12

15

12

12

15

35°C
0.0148 + 0.0020s
0.0254 + 0.0021b
0.0428 + 0.00253
0.0410 + 0.00523
0.0691 + 0.00133
0.0740 + 0.00983

35°c
0.0195 + 0.0033b
0.0206 + 0.0039b
0.0344 + 0.00493
0.0462 + 0.00703
0.1286 = 0.00203
0.0450 + 0.00463

35°c
0.0116 + 0.00343
0.0088 + 0.0024b
0.0227 + 0.00333
0.0181 = 0.0025b
0.0228 £ 0 0022
0.0248 + 0.0020s

105

(mean * standard error)

( ) = standard error

40°c
0.0183 + 0.00233
0.0194 + 0.0035b
0.0194 + 0.0010b
0.0339 = 0.00333
0.0305 + 0.0031°
0.0562 + 0.00823

80

45°c
0.0256 + 0.00563
0.0420 + 0.00393
0.0446 + 0.00793
0.0443 £ 0.00573
0.0540 + 0.0046b
0.0306 = 0.0030b

(mean * standard error)

( ) % standard error

40°c
0.0196 = 0.0014
0.0240 = 0.0038a
0.0300 + 0.00553
0.0404 + 0.00383
0.0390 = 0.00443
0.0388 + 0.0032&b

(mean * standard error)

45°c
0.0353 + 0.0022;
0.0333 + 0.00153
0.0366 + 0.00383
0.0621 + 0.01303
0.0488 + 0.00503
0.0262 + 0.0049b

() x standard error

40°c
0.0098 + 0.00253
0.0115 + 0.004b
0.0216 + 0.00263
0.0134 + 0.0014b
0.0358 + 0.00473
0.0230 + 0.00443

45°c
0.0107 + 0.00143
0.0187 + 0.00143
0.0220 * 0.00183
0.0241 + 0.00083
0.0242 % 0.0024b
0.0255 + 0.00313
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O o

13

14

dayO

KDML 105

day3 day6 day9
Days after treatment

80

dayl2

105

dayl5

® Normal

m Heat Stress

31



(

13

)

12

15

14

(

12

15

)

LSD

(mean + standard error)

0.2860 +0.0358a
0.2476 +0.0340a
0.3569 + 0.05883
0.4601 + 0.03443
0.3620 + 0.06033
0.1305 + 0.07363

95

(mean * standard error)

LSD

0.5884 +0.05363
0.2974 £0.01563
0.3263 + 0.03733
0.3541 + 0.0225 s
0.1910 + 0.03253
0.0615 + 0.01973

95

105

) xstandard error

0.4214 + 0.02503
0.2009 +0.05843
0.0584+ 0.01403
0.2442 + 0.00963
0.0907 + 0.11483
0.2046 + 0.02573

80

) £standard error

0.4919 *+ 0.08303
0.2685 +0.01703
0.2950 * 0.0420 s
0.2962 + 0.01233
0.3495 * 0.0465 s
0.0926 + 0.04063

32
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KDML 105

F<=)

= Normal

m &8m

= Normal
+50 |1IM ABA

dayO day3 day6 day9 dayl2 dayl5
Days after treatment

15 105

RD31

dayO day3 day6 day9 dayl2 dayl5
Days after treatment

16 80



15

()

12

15

LSD

16

(

12

15

)

LSD

105

(mean + standard error)

0.2860 +0.03583
0.2476 +0.03403
0.3569 + 0.05883
0.4601 + 0.03443
0.3620 + 0.06033

0.1305 + 0.07363

) £standard error

+.50 jjM aba

0.3213 + 0.04153
0.5118 +0.0237b
0.2455 + 0.02543
0.5060 + 0.11063

0.3005 + 0.16793

+

0.0709 + 0.03603

80

(mean * standard error)

0.5884 +0.05363
0.2974 £0.01563
0.3263 + 0.03733
0.3541 + 0.02253
0.1910 + 0.03253

0.0615 + 0.01973

95

( ) =standard error
+ 50 jjM aba
0.3590 + 0.04633
0.0834 +£0.0217
0.2080 + 0.05553
0.2660 + 0.01973
0.3536 + 0.10225

0.0043 + 0.00433
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18

3 =

m

dayO

KDML 105

day3 day6 day9 dayl2
Days after treatment

105

80

dayl5
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(

17

)

12

15

LSD

18

(

12

15

)

LSD

(mean + standard error)

0.4214 + 0.0250a

105

) xstandard error

+ 50 |UM aba

0.2009 +0.0584a
0.0584+ 0.01403
0.2442 + 0.00963
0.0907 + 0.11483
0.2046 + 0.02573

95

(mean + standard error)

0.4919 + 0.08303
0.2685 +0.01703
0.2950 + 0.04203
0.2962 + 0.01233
0.3495 + 0.04653
0.0926 + 0.04063
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0.2640 + 0.01563
0.3796 = 0.08753
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) +standard error

+ 50 |[IM aba

0.3411+ 0.07353
0.3314 +0.04543
0.4756 = 0.1020s
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0.5220 + 0.01743
0.3151 + 0.0069 b

+
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Microelements
Na2EDTA a 160
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K 1
Na:Mo004.2H20 0.1
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2.2

2.3

31

3.2

3.3

3.4

3.5

3.6

49

(x) Abscisic aid (Sigma); 99% pure; (5-[I-hydroxy-2,6,6-

trimethyl-4-oxo-cyclohex-en-I-yl]-3-methyl-{2Z,4E]-pentadienoic acid);

C13H20 4, MW. 264.3

stock 500, 1000 2,000 pM ABA 20
2.64 ( stock 500 pM ABA)
ethanol 500 pi
100ph Triton x - 100 20
stock 1,000 2,000 pM ABA
5.27 10.57
working concentration ABA solution
stock solution ABA stock ABA :
1:9
Bates (2973)
0.03 3% 99 %)
sulfosalicylic acid (w/v) 5 ml
1 1 ml
0.5 ml glacial acetic acid 0.5 ml acid ninhydrin ( )
100 °< 1
Proline standard
1 10
toluene 2 ml vortex 15.20 1-2
toluene 520
| pectrophotometer toluene blank

(standard curve)
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Proline standard

1
vl
(IMXv)
\Y
4.1
1995
4.2
i
1.25
r 5
r S
2.5 1.25 0.625
0 (Blank) 0.002 0.004

50

115.13
115.13 g/ml

2 V2

(2.5 mM)(2ml)

5M
sulfosalicylic acid
2.5
25
sulfosalicylic acid 1
9
0.312 0.156 0.078
0.009 0.019 0.039
11
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