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FEHIEE » JIEEAL s BBTE - REERE » BNTRIBEHY - RERERSHE 281
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(3) SiEGLI : HETEM RS EBEZHK - (4) HEH © MEnhit et > BRETER T8 RE
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R EEE  BESMENT @V BRRERE Rt » 5IAMBER By ERERN - LEBT

LEEE BRI WARRES 1211 8 ALF(FEERTERERMEZTAGEL) » FHLEH -
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EHERME  BRGKMNER  BEXRBEROARRE -

KBEHEERES > BEBEREZRRRBRETR » METERER » BRATBRETE
EHEIBIL151820 o TG E RS —~RFIFHEBERRERRE - —~RERRBUAREHIBEET
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s PEAERETHAERR ST REZRE - H—RNT0F125 21 A5 » HRNI2A24REE
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HREBARRER 30/25°C ZHMARRET » MELRBERTRETRAN » KA EEIEEEER -
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9K E1 AR BEGERBFZAB IR =FN (F102) » 1 HBERE » 13=5—
BERFAT  ANEHAERMS MAERERREERE (30/25 20/15°C) - EREBRZRE S HIE
EE2A 10 BMERBEKIR > BELSBREMZBIEE - BIMEBBEEM®EK0 3565 9
KRG 4 REH » BREARMESHTION » BHRREFES 2 - 3FI0EFBER > LWEHHE
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Table 1. The growth rate (cm/day) of seedling under different air temperatures.

Times & Pre-treatment at 30/25°C Pre-treatment at 20/15°C

Temperature ool ool

AN pre-treat. | . Post treat. pre-treat. | o Post treat.
Varieties | 30/25°C 10°C 30/25°C | 20/15°C | 20/18°C 10°C 30/25°C | 20/15°C
ACC 1303 0.136 0.054 —* 0.513 0118 0.257 (0.042)
HCW 4 1.386 0.101 0.656 0.648 0.380 0.079 0.551 0.313
IR 30 0.764 0.039 — — 0.164 0.073 (0.097) —
IR 29 0.742 0.126 — — 0.255 0.059 (0.095) —
PI 162319 1157 0.435 0373 0.065 0.443 0.009 0.453 0.199
USSR No. 45 1.653 0.127 0.745 0.391 0.411 0.077 0.813 0.213
TNSY 2414 0.957 0.200 0.249 — 0.154 0.064 0.391 (0.145)
Pratao 1917 0.185 0.034 0.003 0.697 0.116 0172 0.012
Mean 1.235 0.176 0.352 0.277 0.377 0.074 0.439 0.184
*All seedlings died before reading

PE7E3. 5~ 4 BlRHER 10°C  ZIEBER 9 Xtk » £ MEZFHIEE » RREMZRE TR
B (R -BFEEZEAST (R2) B4 EHZZREEE » Mz 8 AREMEZT
EHERPE - MSAEERREFTRET ZPHEEEREMS » UFiE 45 HCW 4 B USSR

Table 2. Effects of air temperatures before and after low temperature treatment on

survival rate (%) of rice seedlings.

Pre treat. at 30/25°C

{

Pre treat. at 20/15°C

f

Treatment |
Post treat. C Posttreat. | deans
30/25°C | 20/15°C 0/15°c | somsec
Varieties . (A) | (B) (Y (D)

ACC | 9790+ 435 69.70=24,79 88.80--15.91 8490-26.70 | 85.33-=10.182P
HCW 4 86.10=24.23 96.90== 639 96.40-= 7.32 9580 694 | 94.0534.59%
IR 30 0.30== 0.90 0.40+4= 0.76 31.50==42.39 3720-=3086 | 173517124
IR 29 0.60= 1.22 0.30== 0.99 17.69--28.50 42504237 | 15.27-=17.229
PI 162319 89.00-=22.54 96.90== 930 61.902-35.67 74502004 | 80.57==13.45P
USSR No. 45 | 100.00= 0.00 93.20== 086 |  78.50==20.60 95.80212.60 | 92.38= 8.22%
TNSY 2414 | 40303078 15.20215.04 } 92.102-17.63 92.50212.20 | 60.02:£33.47°
Pratao ( 42.20--27.88 32302982 ; 52.60-:34.41 79802028 | 53.48::15.98°
Mean 56.002-39.19 |  51.73:-40.41¢ i 64932737 |  75.49:221852

*Means followed by the same letters are not significant difference at the 5% of probability.



148 FREERETTOE & 34 & w2 1985

Table 3. Analysis of variance of the survival rate of rice seedlings under different treatments.

S. 0. V. df. M. S. ; F. | P>F
— | J—

Varieties 7 { 40,765.96 68.225%* 1 0.0000
Error (A) N 597.52 !

Treatments 3| 8,868.08 16914%% | 0.0000
Var, X treat. 21 ‘ 3,309.52 B8.312%% ] 0.0000
Error (B) 216 524.30

Total 319 \ l

No. 45 &H%E » HXBHHEWSE (ACC) % PI 1623195 Ll IR30 ~ 29 ZiisikiEE « BrbkE
HHZXREME  EREENEZEEREHABHEEREGRANTE  BENMSEE 30/25°C
EERNTRIE 20/15°C TEER 2 RIEBHR » MiE 2T O EERER53.85% » #£E/70.21%
cERBEEEZEFRERVEXBHES S RIE » (ARLERRENZETHERE/] » EKEEH
e 30/25°C EHERRTHMF I IERE65.73% » T7e 20[15°C EHE X 58.33% - ffE
éﬂﬁgiﬂiz SRERERE K » ERTRKEREHEREENRRE 2 RETR—3 - BREHEHE
EHEEEHBEFEEZVENS » WERENFNE 45 USSR No. 46 SRBER/ » if%E
Perp S S EMERTIE 2414, PI 162319 FISBERA - —&iTE » SEEENZ&E (30/25°0)
WinEEEHER 2R MEEEZZBR (30/25°C) RIM#BEEEZRERE -
= TRERE o EREEREHREERSHEETEE ZHF - MR ER R ERREE
03526 9XRFHEE FERH) » MEHRBHRZERE2HRENENEER » HEME T
EEEE AR EEE Y HEEk » [ 30/25°CET MY » HEEELEHN 20/15°CTEES
Ko EEZEAFER 30/25°C T (A1) ; RMERERESE 3 RITNEZ MRS K 2 EEE

Table 4. Effects of low temperature on the conductivity (#V/cm) of cell leakage with
pre-treatment of 30/25°C.

Days of low temperature treatment

Varieties \
0 5 3 6 9
S S ‘
ACC ! 33.5546.81 E 24884 6.13 52,444 22.98 90.544= 43.25
HCW 4 ! 34.78+6.24 j 19.17+ 498 2722 8.28 38.02=4 2785
IR 30 34244551 22,95+ 681 146.25-= 32.90 323.85-4= 49,79
IR 29 33.40-5.95 139.61-+4931 346.05- 43.05 420.804% 45.74
PI 162319 31.33%=7.03 17724~ 3.81 23.124= 471 \ 45.26-+ 31.81
USSR No. 45 ' 31.09-4-5.16 26.25+12.15 35.04- 10.80 \ 54114 41.00
TNSY 2414 47212931 34.90-+10.43 152.20=%= 33.66 ‘ 257.104= 34.74
|
Pratao ’ 34.344-0.16 | 37.79-=18.38 121094 5851 | 22981=% 7481
‘ |
Mean | 34.99+4.79 i 40.412=38.06 112.93-4101.93 [ 182.44-=136.57
|
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Table 5. Effects of low temperature on conductivity (#V/cm) of cell leakage with pre—

treatment of 20/15°C.
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Days of low temperature treatment

f
Varieties \ — ‘ — —

‘ 0 3 J 6 9

!
ACC | 24.67-+8.55 11,084=1.91 18.64=4= 3.27 35.48-= 37.03
HCW 4 \ 25.24+716 10.70+1.54 1 12.38+ 2.75 26.61-= 38.20
IR 30 . 24.36--6.43 12.53%2.79 33.98==38.62 137.254=111.34
IR 29 l 25.00+4.78 13.1743.22 75.30-=86.08 197.30-=127.88
PI 162319 ! 23.3548.78 11.524-2.22 22.18-=14.18 102.52-=100.61
USSR No. 45 28.39+4.95 11.3142.51 18.77414.55 58.65-= 75.19
TNSY 2414 fl 28.25:+9,51 14.0142.76 | 19302 2.13 61.90-= 67.46
Pratao ’ 25.34=7.07 12.0342.72 45,06--59.08 147.94=159.05
Mean i 25.20=1.31 12.04=1.06 30321973 95.954 56.70

Bx IR29 % Pratao MMmREHLERER (BB0XK) AEFNEHE 2N » K% MEERE - 2157 6 KBk

o HCW4 E USSR No. 45 ZHEEERE 8 K&

120 .
1acc s (EAHERBGERL 0 F) 4 » Hbh 6 fifE2 88
390 31R 30 BERRIGIN o FUEE O K& AERT NG 2 E B
360 SN WG 5 (EL R N2 0 BE A T — 3 o SR AT
330 6 USSR No.45 3 BLo20/15°C 2F % (El2) ; wEBEEEKES
TTNSY 2atd K B HRIEALEER (0F) BHE » 7658
g 3% T 6 RATIIE 2 SRS 3 RE® » (B2
> 270 ;B IR30~1R29 % Pratao =HEAHGZHE
. 240 ,  BHIEETZI S RSN R 2 HEE -
'_
}%210 m210L | AGC )
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Fig. 1. Effect of low temperature treatment on the Fig. 2. Effect of low temperature treatment on the

conductivity of cell leakage with the pre—

treatment at 30/25°C

treatment at 20/15°C

conductivity of cell leakage with the pre-
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#
FUREHEE 9K » fr HCW4 ZHBE(HE 0 REILSL » Her 7 REZ BBELBHBGIE » Hah
BRZEZRRK -
= B EARBHREEERR AT ARG - BREEE RN R EET ARSI 2GR
RER » HEABE BB iR 2 SR ERFEEZ AN » BREEIL. 30/25°C BEE

Table 6. The correlation coefficients between conductivity and survival rate.

Days of low Treatment®
temperature
treatment A B C D
0 — 0.0673 — 008630 0.1605 0.1568
3 —  0.4989%* —  0.4806%* — 01865 — 01643
6 —  0.7743** —  0.7710%* —  0.5219%* —  0.4604%* v
9 —  0.8677%* — 0.8913** —  0.7869%* —  0.7116%*

¢ : See Table 2. for description of treatments.

» FAABR SR B LL 20/15°C FEE R » ZEEBEERLL 30/25°C FF% » ThRESRZ EERES

30/25°C = 20/15°C» %53 » 6 » IRAMABZHEENRFEREGHE ZAHN » LLUEE
BEIRE 9 RZMEMFERS - EERBERMLL 20/15°C BHE > £H 3 KEMMTEE » £6
RH 9 RZEEERAERY ST AN GREEKE » FRER ERE LK S8 ERGE ISR
#Y) - HEREERERRENREEREREEFHNRENYE - REEERGREETEERS
PEIRER » RE T4 EEEETEARETEERERE  IRE2HEF AR EFEES
RERRER » EERBEEKE  BIRHBRERSE -

A. Y A=88.902-+0.398A,+0.210A;—0.049A,—0.279A, R2A=0.77

B. YB=122.566—0.706B,-+-0.280B; —0.115B;—0.237B, R?B=0.83

C. YC=79.036+0.334C,+0.455C; +0.066C;—0.262C, R?C=0.63

D. YD=72.660+0.689D,+0.448D;+0.006D;—0.274D, R?*D=0.52

YA BERBEMHELL 30/25°C BERE (ARHE) ZHIEHRMEHE -

VB REBEEALL 30/25°C » EEB L 20/15°C EERE (BERE) ZHIEHRMHEH -

YC REREIAHRELL 20/15°C BEBE (CRE) ZFiEkfkE

YD BERBIEFILL 20/15°C » I L) 30/25°C ZEME (DRE) ZHEEMEE o

Ag6eBCoo D FRIBFRIE 2550 > 3> 6 » 9RZHBE o

R*A~B~C-D» 5 RIBHEERIERE -

M- BEEEEELFEEZG  RRER 10°C 2EREEE » &M B HERRBER
MR (Ft-£A) » BEL - ABREREEMM 30/25°C BB T2 IR29 HEREEKE
# 3 RAIZHARE » HErE MBS 6 RUNEZ G HESBERM - HIEEEERBES 9 Kk
FHRR 4K USSR No. 45 WMMES » BEARE - EERENEEEEHREERR BESE
BHE » BRERENBAEEREEFRES 0 KRE 3 Kk » EMETRBRE THEREMFYE
EEREREZEZR  RTEREEVHZEETSMNERRE 2 FE > AEEREERKEE6R
BOK > MIREEEZE 20/15°C B EHMEEERE B - ERRAERETHEMS E
BEFBSTREETINEA » AEABE » MRELL 30/25°C BHE » THEBKZEERES
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Table 7. Effects of low temperature treatment on fresh leaf weight (g/leaf) of rice

varieties with pre-treatment of 30/25°C
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Varieties

ACC

HCW 4

IR 30

IR 29

PI 162319
USSR No. 45
TNSY 2414
Pratao

Mean

Days of low temperature treatment
| I
0 3 6 9
0.165=0.027 0.2072=0.034 0.227-0.019 0.206=0.022
0.076==0.026 0.118-=0.026 0.145==0.015 0.1452=0.012
0.147+0.029 0.189=0.034 0.190=£0.027 0.124==0.018
0.134=4=0.025 0.115+0.030 0.083-+0.017 0.074=0.011
0.167=0.024 0.220-4=0.043 0.2374=0.030 0.232=4=0.026
0.183==0.029 0.219220.037 0.226=0.040 0.247=+0.036
1 0.0523-0,024 0.0860.029 0.103-0.032 0.074-0.019
0.273-=0.025 0.2980.066 0.3084=0.045 0.268-+0.048
0.149==0.063 0.182=0.066 0.190+0.071 0.1712=0.072

Table 8. Effects of low temperature treatment on fresh-leaf weight (g/leaf) of rice

varieties with pre-treatment of 20/15°C.

Days of low temperature treatment
Varieties —
0 3 6 9
ACC 0.163-=0.025 0.192:40.041 0.226==0.018 0.224-0.026
HCW 4 0.091+0.025 0.1424=0.044 0.15640.017 0.15320.026
IR 30 0.158-=0.028 0.174:=0.033 0.2074=0.034 0.167==0.049
IR 29 0.129-0.026 0.1542=0.036 0.172+=0.038 0.1412=0.044
PI 162319 0.1742=0.028 0.195=0.031 0.2322:0.040 0.208-=0.040
USSR No. 45 0.188=0.028 0.213240.035 0.237=40.024 0.226-=0.044
TNSY 2414 0.067-0.021 0.086-=0.032 0.138:=0.014 0.1252=0.019
Pratao 0.276=0.034 0.301-£0.034 0.311==0.052 0.289-=0.082
Mean 0.156==0.060 0.182=0.058 0.210=£0.051 0.191=0.081

30/25°C & 20/15°C » 7E{EBEIEBIIAES 38 RATNZ EHBRF ISR R AIEARM » M 6 KR
HoRZEAREITNEZEEE Z M o AL 20/15°C BEHE » APEREERMEEIX
s HESRAEERY FEEZTAN o RR7EEERER AT e S R SRR 5 R A IR 2 85 »
ERAFEETEE S/ kB
THBEE R R L RS R CEER BRI R » $ERERE K - BURNEER

AR E 2EBRE MRS T RE R EREERRA

HEE -

B
-7
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Table 9. The correlation coefficients between fresh leaf weight and survival rate.

Days of low

Treatment®
temperature I
treat. A B c D
0 0.0141 0.0953 — 01040 — 00912
3 0.2341%* 0.2855% — 01282 — 00351
6 0.3838** 0.4173%* 0.0680 0.0660
9 0.5627%% 0.6615%* 0.4229%* 0.2414*

¢ : See Table 2. for description of treatments.

1. Y A’=27.055—418.158A," —164.666A;" +42.207 Ay’ +660.638A, R2A’=0.62
2. YB’=14.039—360.06230’—122.958B3'~76.615B6’+771.393]39' RZB’=0.68
3. ?C’=47.702—161.170C0’—148.272C3’—95.901C6’+503.204C9’ R*C’=0.40
. ?D’:48.901——509.355D0’+13.938D3'+12.650D5’—I—477.504Dg’ RID’=0.31

YA, B, C, D SEEEZEGER » 555 4 R 2 IREHE

AggeqoB’ - CD - G HIBZEENMERRIEZH 0~ 3 ~ 6 ~ 9OKFTZIEE -

R*A" - B/~ C'~ D BHBEEFRERE -

& B

IERE SRy ER A EERT S B%EE (Chilling) fEE (freezing) =& @ » EEFZHEE
EEFEFTEABEEZ R » MEEAEYEEZBE - REBEEYER BN R EREE
ZERES  HEBEPERNTR » B 225 BWERS FEEDABTESR 2 AR » k%
g O AR > FH D Sachs FRTE » Fin 3 [REHEMFBRQHHE (LS sl » BB RIE i »
IR RS 2 AR ATEIE 5 @ Lyon SREERFERTHREREEEE 2K MR (Liquid)
EIXEREIEES (Solid Gel) » AR MHAYEEEE o R BRRBEOTIZE » R PTEMEE MM
BRREE R YIRS > EEHWEASEZEY » HBEmE e S =g iiEs 5 MR n
FENFNERI TR K B {v.mlE (Plospholipid) AY&E @ o fZA RN » MMEAER Y IME » BEES

s DR B SR IS KR E SR 2 % » SAEMESRERN - At BERIEYREZREE
s A EIFMMEEF®REE  NEMREHYBRVERE » SRR PHhYESE Bl
TEBE ERIIRE -

KBEEHZ MEEEERS - FEATETRME T~ E » BFERB AR B TR N E
BRI B R 2 A8 E » #iin Chung and Vergara ' LIH &8 15/5°C B 3 HE#H 6
En 2 RE1I0K » BHRAFERATNEEREZZREBEEN » 3 EM AN 18 6 ZEHMIBEE
Be o Lee 0 DIH AR 10/5°C 32 ~ 4 ~ 6 FEWMZME 4 —5 K> B 2B 4 B
HEREMEE 2R BREER » 6 ERHIFERS AR LEWESE - KEEHS BT LA KT
PEmEEREBRABL 10°C BABHBEZEERE » VSEHRS - 6 1y K ek 1
o BRAFTLUERMR 3°C BEMRE 2R HRIAHE 3 EMRRIBIKBZMEE &4 « ZX
® PDATRBEEMRITREEHS  BERAS 225 RRAERHZHEE 4°C EBEMNE » HBRAHR
REBENREE - BAFESE © B ERBLL 10°C BB 10K » 53,5~ 4 T FfE
HZWEEEZRER » RITEGENEER

S
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AP DU A R A S BR T R IR B E R - AR E R R R TR RS
AR RS  MUIRBHIEZMEE - B - DRFISEZYE - RBEHREZEREENS > £
BESMAERE (30/25°C) THEEZRE  HAREELERR (20/15°0) THEERN - ILE
SR ISR o FIEEEE % 2 WEN > MEEBERE  RENFAME > EURERT
MEEMER SV - YNG4k USSR No. 45 SMEdEEy Bl EEZ TAREER
R 2 R -

BRI ZEEBE AR SRS SR » (0B 2R R > FNMER RS
BN % AETE SRR B © (SR E 3 KR T IR29 % MAM 2 HEES ARSI -
H RIS E T2 8% » RNENRZEREE - (R EMEBE - BISMRE T BE - KR
PRFRBIE 6 KL » WIRILZ S MR 30/25°C %Rt #esR i HB ANFT /1 4 % ~ P1 162319
824t > EEEBARE L TT » FORMNILE BRI LR TR T 2 R B T BRI B A 20/15°C
%> ZEEBRIHE 6K » & IR0 IR29 B Pratao =72 Mg H s SRER LARSL
) HoR RN B AR T A NS © BURRUME SRR 2 B % » RHERAYRER IR 2 %

FRLRE R R 2 M ST - TSR RN 2T RS S RRER - PMEREE
BIAEEES 6 K - R IR29 251 » MBS FBUR N » RN ERIZIEBAAHKES 6
K B IEHER SR Z A RS EEEREE o ERETEREES 0 Kik - R E
MEHTIE 43R USSR No. 45 WRBEEuML » KW SRR M2 8% » FoRREK9
RUGEEBR I » WEBOEREERRENE > 9 K2R E R LB 4 Ff2 stk -

R B T 2 — B SO
HRETEENEE (B
3) » LIFATIR A B 100f 1= RV
USSR No. 45 &BE ’ ° TNSY 2414
AREEHRR R E R
semnEzyeghe 80

90

° ACC
PRATAO

K 162319
RISt S REMEE 70 Pie
M43~ Pratao Z£MF © 50

2414 B PI 162319 =¥ &

EREETEZTRES 50

©
TRERZRE ¥ Pl S 40 -:zgg
162319 TEWMEEES o 30

B AREFEREL
ERERR > MmEs 20
BIRERFREE » HRAR 10
REHIER R - HF
MRS » R Y
MEFREZYERILR
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Cold Tolerance of Rice at Sceding Stage.
I1. Effects of Air Temperatures Before and After Chilling Treatment on

Cold Tolerance'

T. H. Tseng and Y. C. Teng?

Summary

Eight rice varieties were used as experimental materials to study the effects of air
temperatures (30/25°C or 20/15°C) before and after low temperature treatment (10/10°C)
on the cold tolerance of rice seedlings. The duration for pre- and post-low temperature
treatment was 1 and 2 weeks, respectively. Seedlings at 3.5—4 leaf age were subjected
to 10°C of low temperature treatment for 9 days. The light intensity was 2704Em™%s™
for 12 hrs per day in the growth chabmers.

The air temperatures before and after the low temperature treatment did affect the
growth rate of rice seedlings in terms of seedling height. In general, seedlings under
higher temperature at pre-treatment stage showed higher growth rate and the rate was
maintained throughout the low temperature treatment period. Seedlings under lower
temperature at pre-treatment stage, however, tended to have higher growth rate at the
post treatment stage.

Results also showed that the treatment of 10°C for 9 days was adequate to reveal
the varietal differences in conductivity of cell leakage, especially for pre- 30/25°C trea-
tment to show a higher and wider range of conductivity. A similar result was also obt-
ained on fresh leaf weight,

Based on the data of survival rate, which were read two weeks after low tempera-
ture treatment, rice seedlings under high temperature (30{/25°C) at the pre-treatment



156 IR B 34 & B2l 1985

stage tended to have lower survival rate for semi-cold tolerant and cold sensitive vari-
eties, especially with the low temperature (20/15°C) at post-treatment stage. However,
rice seedlings under pre-30/25°C and post-20/15°C treatment showed the highest survival
rate among the 4 treatments. In addition, the result from variance analysis revealed
that the variety Xtreatment interaction reached the 1% significant level. Cold tolerant
varieties such as HCW 4 and USSR No. 45 had little variation under different treatme-
nts. The semi-cold-tolerant varieties and cold sensitive varieties, however, had a relati-
vely low survival rate if the air temperature at the pre-treatment satage was high, but
the survival rate was higher if the air temperature at the pre-treatment stage was low.

Regression analysis between conductivity of cell leakge and survival rate, and fresh
leaf weight and survival rate indicated that both conductivity of cell leakage and fresh
leaf weight, measured at the 9th day of low temperature treatment, can be used as in-
dicators for screening the cold tolerant rice varieties at seedling stage.

1. Contrilution No. 1211 from the Taiwan Agricultural Research Institute.
2. Assistent plant breeder and former plant breeder, respectivety, Department of Agronomy, TARI,

Wu-~feng, Taichung, Taiwan 431, Republic of China.
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