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Table 1 Days of seeding to heading and filling and ripening stage of different sowing date treatments d
N p O P N
A 1 St Nt et Zedls Lo 1975
Growth stage Sowing date -
2011 2012 2011 2012 2011 2012 2011 2012 2011 2012

&6 13 I 111 103 111 112 111 112 100 98 98 96
Seeding to heading stage I 106 100 106 108 108 107 98 94 99 93
m 103 98 103 104 104 104 99 92 99 91
v 98 96 102 102 103 102 96 89 96 91
v 96 93 99 98 100 98 93 86 94 88
Vi 93 89 95 96 95 96 88 84 89 87
VI 89 87 92 98 92 94 84 85 87 87
Vil 88 86 91 93 91 91 83 81 88 85
IX 85 82 90 89 89 88 80 77 85 84
X 84 83 88 88 89 87 80 79 84 83
AR CV (%) 9.6 8.0 7.9 7.9 8.2 8.5 8.9 7.8 6.5 4.7

ARSI 2V (%) 8.8 7.9 8.4 8.4 5.6

CV average of two years

TEIR B I 41 42 46 38 48 38 48 46 44 48
Filling and ripening stage I} 43 43 49 39 47 40 50 47 46 48
m 43 47 47 43 51 43 48 50 51 51
v 47 46 49 42 52 42 46 54 53 51
A% 48 47 50 42 52 42 47 55 61 51
VI 53 47 51 41 55 42 51 53 72 52
VI 58 46 58 40 59 41 54 55 77 53
Vi 60 44 61 45 64 42 56 54 77 53
X 67 47 65 48 67 47 59 57 82 54
X 70 48 71 48 69 48 67 58 83 56
A SR CV (%) 19.5 44 15.6 8.2 14.0 7.0 12.5 7.6 23.7 438

LS ARB2 AT (%) 12.0 11.9 10.5 10.1 14.3

CV average of two years
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AN, HUCHTRE 35 il 44, BEE 1875 R R
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Table 2 Variance analysis results of varieties, sowing dates and years

#5713 Seeding to heading stage

HEH Y] Filling and ripening stage

iN=A Y i
o TR . A

Anova SS  Mean square  F'value P value AnovaSS  Mean square  Fvalue P value

4E0Y Year 1 96.04 96.04 59.06  0.0000 2 106.80 2 106.80 178.48  0.0000

ShAD Cultivar 4 1621.34 405.34 24927  0.0000  1251.80 312.94 26.51  0.0000

FE ] Sowing date 9 472524 525.03 322.87  0.0000 3 194.00 354.80 30.06  0.0000

Ay x WA Year x Cultivar 4 97.86 24.47 15.05  0.0000 690.24 172.56 14.62  0.0000

AR5y x & Year x Sowing date 9 55.56 6.17 379 00019 117250 130.28 11.04  0.0000

i BE 3 Cultivar x Sowing date 36 163.86 455 2.80  0.0013 315.84 8.77 0.74 08113

%2 Error 36 58.54 1.63 424.96 11.80

S Total 99 6 818.44 9 156.10

XF 2 AR R Dy AR R S (B A R
RN, FERMREIX, M4 7 25 HIFGR,
ZHANY 5 A A UG D A B R b AR 5 AR
IRERSA, IVESR A I B 1 R A
e, XA [R] et A s o SR R A 5 A A A
PALEPERIT (3R 3), MCRECIMEE, FAHE
R—H (5d), WG4 1.6~2.7d, VEIK B
FEF 1.5~2.9d, Horbd% 46 DT AL 1875 4 i/,
91 418 Al e 2, MEIK B LR 18 HEK fx

AN, BEDL 1875 SERK IR 2, 5 HRTR g I AR B B
SOR P, G A bR, SRR 5 1 20 H
AR, LS 20 HORRE, THE AR R0
(7% 301 52 - AR 1d 0 A 7 00 S Il A R ) K
o, MR, EEREAX, HBUKs A20H
fR R 1d BHEIR 1d, S A I s 1 S el
0.24~0.42d, FER NI SIE | 0.4~0.6d. FEIL
1875 F& i L i, ES SR LR . KB
A 18 Ft Dy S AFE I I AR A A N

R 3 BRHETERBAEER TGS

Table 3 The trend of the stages from seeding to heading and filling and ripening stage with the change of sowing date

2 A5 2 Linear regression equation R IR 2B Sowing date effect coefficient
An 146 D I R LG DA I A 16 D I A
Cultivar Seeding to Filling and Seeding to Filling and Seeding to Filling and

heading stage ripening stage heading stage  ripening stage heading stage ripening stage
91t 418 9 you 418 y==2.703x+108.3  y=1.875x+39.0 -0.9910" 0.9859" 0.4156 0.4456
F5 K 44 Nanjing 44 y=—2.518x+112.1  y=1.790x+38.8 -0.9910" 0.9365™ 0.3391 0.5095
THE 3 %5 Ningjing 3 y==2.675x+112.7  y=1.663x+40.3 -0.9920" 0.9061" 0.4059 0.4535
FBAE 18 Zhengdao 18 y=—2.381x+101.4  y=1.518x+44.4 -0.9900" 0.9581" 0.3656 0.3891
B&ff: 1875 Longyou 1875 y=—1.618x+99.1 y=2.869x+42.4 -0.9894™ 0.9849™ 0.2383 0.5702

T FoR A R FOA R B K
Note: ** The regression coefficient reaches the extremely significant level
22 £HHABFHRENEL
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AL I B BN 22— RWF5E, &40
H V-2 b #E A R TS, H PR
25.0°C~28.0°C, 2012 AF4&-H% W a) 5 & T 2011 4E,
HARE KT 2011 4F, AL D7 B3R
BOMIEEL, TR M T AR AR s i IR
JE, AR RGE IR (R 4), BN
HAP5 AR SR G DT AR I, AERPRIRI2ZE SRR,
2011 AFFES B H PR R A5G, #6022
SABEK, 5 AR 10 ANMEFES BRI HE2
SIRH 19.97°C, H 2012 441K 2.81°C. MWIERWIRE,
2011 4F25 T WIS B8 H P40 22.46°C

TS A B PR SR R R A R T TR, 2]
FXBITRER] 17.04°C, B 1875 55 X K Bl
B A0 R 16.4°C, T 2012 4EHEH U
H S-SR I7E 20°C VI B WS REORE, 2011
AR AN H RS 5 R EE 6.9%~12.9%,
A4k 8.89%, HidRELL 1875 A S R AR K, H
12.9%, HUCHTHE 3 SRR 44, KRG 18 AL F R
B/ 2012 AERES I H AP S0RAS S R B0
XN, TE 4.3%~5.9%, V10 4.85%, L2011 4F
I 4.04 DNE TR PIAERER U HFA0R
AL S HES A R A A — 3

x4 BRHPMERMAETHKEEN

Table 4 The daily average temperature changes at the seeding to heading stage and filling and ripening stage  C

9ft 418

FIHE 44

THE3 5 FiFe 18 REfR 1875

R . }ﬁﬁﬁ 9 you 418 Nanjing 44 Ningjing 3 Zhengdao 18 Longyou 1875 T
Growth stage Sowing date Average
2011 2012 2011 2012 2011 2012 2011 2012 2011 2012

E el I 252 259 252 260 252 260 250 259 250 258 255
Seeding to heading stage I 26.1 26.2 26.1 26.2 26.2 26.4 25.9 26.1 25.9 26.1 26.1
m 25.6 26.5 25.6 26.4 25.6 26.4 254 26.4 254 26.4 26.0

v 25.7 26.6 25.6 26.6 25.6 26.6 26.2 26.6 26.2 26.6 26.2

v 25.9 26.8 26.2 26.8 25.7 26.8 25.9 26.9 25.9 26.9 26.4

Vi 25.8 27.0 25.7 26.8 25.7 26.8 25.9 27.1 25.9 27.0 26.4

VI 26.3 274 26.2 27.0 26.2 27.0 26.5 274 26.4 27.4 26.8

Vil 26.3 274 26.2 27.3 26.2 27.2 26.5 27.7 26.3 27.5 26.9

IX 26.3 27.7 26.3 27.6 26.3 27.6 26.5 28.0 26.3 27.6 27.0

X 26.3 27.6 26.2 27.5 26.1 27.5 26.3 27.7 26.3 27.6 26.9

-3 Average 26.0 26.9 25.9
WRAKCV (%) 15 23 1.4
21.8 24.4 21.7
21.8 242 214
21.3 23.7 20.9
20.9 234 20.4
20.4 23.0 19.5
20.2 23.2 20.2
20.0 22.4 19.6
19.2 22.2 21.5
18.4 22.0 17.6
17.3 21.3 16.5

-3 Average 20.1 23.0 19.9
LRFCV (%) 73 43 8.6

TS A
Filling and ripening stage

X RE==S<=2E=—-

26.8 25.9 26.8 26.0 27.0 26.0 26.9 26.4

2.0 14 1.9 1.9 2.7 1.7 24 1.9
23.7 21.5 23.7 23.2 24.8 24.1 25.0 234
23.5 20.9 23.0 22.8 24.6 22.9 24.7 23.0
23.2 20.5 23.2 22.0 24.3 21.7 243 22.5
22.6 18.2 22.6 20.3 23.7 20.9 23.6 21.7
22.5 20.1 22.5 20.9 233 20.2 233 21.6
224 20.0 224 20.7 23.0 19.4 23.0 21.5
21.5 17.6 22.2 20.6 22.6 17.7 222 20.6
21.2 18.3 22.0 20.1 23.2 17.9 22.1 20.8
20.8 17.6 21.0 19.8 222 17.2 21.8 19.8
20.4 16.6 20.5 18.4 21.5 16.4 20.8 19.0
22.2 19.1 223 20.9 233 19.8 23.1 21.4

5.2 8.7 4.3 6.9 4.6 12.9 59 6.9

23 BRHBAMERBAPSEENXER

231 B HABEGR R KEFRERE
WY, JKAEAE A IRAIRLRE AR A AR ey 7 R
PR 1994 474 H A 2ot 9 7K R A 7 it BE R0
AR A (1) ™, SEEUS A
SR AR -

— — i
R= i = RO . r Tb 7TE r (1)
f I, =T, \T. - T,

a

Hor 1, Ty, T3 EREW R, i, -
BRI, Ry Fl o RHEHESE AR SCERIGE, 7K
i = B IR AR L 10°C . 30°C, 40°C! 0
(1) @ifkh:

R==Vf¥=ka005T—05X4O—OJTy5r 2

IO EL, X (2) o gy, i
LTRSS R, M o, KITHES KB E T HE
FEXHIREERI BN o I8 AFBRIA] F AR A1 T REA



B 190 9

BOAs « T4 000 B TS B e MR s 1 SRR I s ST A 2 103

MR AF NN, R 2 AR g R
HIATHT (R 5), HTEER o ERT 10, %
AN R —RE MR, (SRS A—, TR

3 SRR, HOR N 9 1 418, BEML 1875 B4R
P55, THAAEREAHE ba 3015 T2 FRdk i D
RUMRII 722 (RMSE ) /T 1.974~3.313, H#IAFH
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Table 5 Model parameter values and RMSE test results

FRERIFEAL 25 5 Model simulation results

AR )7 56 45 5 RMSE test results

SR Cultivar

R, a R, R P RMSE r
9 )i 418 9 you 418 0.01476 7.114 0.920 0.959™ 0.000 2.302 0.956"
RIFE 44 Nanjing 44 0.01394 6.814 0.877 0.936" 0.000 2.577 0.936"
THE 3 5 Ningjing 3 0.01435 7.320 0.828 0.910" 0.000 3.313 0.904™
FBFE 18 Zhengdao 18 0.01438 5.412 0.893 0.945" 0.000 2.301 0.943™
) 1875 Longyou 1875 0.01315 3.772 0.828 0.910" 0.000 1.974 0.908"

T RN R LA B L F KT

Note: ** indicates the correlation coefficient reaches the extremely significant level

W54 A R BGRB8 Ko

232 ERRIMEIREGIERE  ERNAIIEK
FSIREECR T, WS fh 2 AR i
WIS PR Fem S BRI SR 22
R AT, S5R U 6. BRARAE 18 4, Higx

APPSR LA 5T R SR R A R AR
AR B OROE, RA 18 K A K S S
PSIRE BE NG, SRIVIREM S E R,
5 B e A MR 2, (5 25 5 AT
KB EIKF

R 6 EEMFHSSBEHNHEXSH

Table 6 Correlation analysis of filling and ripening stage and temperature C
FF Cultivar SRR _ B R N B iz ‘
Average temperature Maximum temperature Minimum temperature Temperature difference
9 )i 418 9 you 418 -0.842" -0.691" -0.836" 0.002
RIRE 44 Nanjing 44 -0.874" -0.763" -0.840" -0.248
TH 3 5 Ningjing 3 -0.947" -0.884" -0.948" -0.135
FBAE 18 Zhengdao 18 -0.535" —-0.264 -0.615" 0.534"
48 1875 Longyou 1875 -0.927" -0.858" -0.919” -0.034

e e FORMUEAE, * FORRENR

Note: ** indicates extremely significant correlation, * indicates significant correlation
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Effects of the Temperature Change Based on Sowing
Date on the Period from Seeding to Heading and
the Filling and Ripening Stage of Japonica
Rice in Southern Henan Province

Duan Bin', Fang Ling', He Shijie’, Li Huilong',
Peng Bo?, Song Xiaohua', Hu Yang'

("Xinyang Academy of Agricultural Sciences, Xinyang 464000, Henan, China;
*Xinyang Normal University, Xinyang 464000, Henan, China)

Abstract To explore the effects of temperature change on growth characteristics for japonica rice in southern Henan
Province, five cultivars were introduced and applied as experimental materials to conduct a stage sowing test in 2011-
2012. The effects of sowing date and temperature change on the growth characteristics of the tested varieties were
investigated. Results showed that with the temperature from seeding to heading period increased, which was close
to the biological optimum temperature of rice, the temperature of filling and ripening stage decreased significantly.
With the delay of sowing date, the period from seeding to heading was shortened and filling and ripening stage was
prolonged. The non-linear model of temperature effect of rice development modified by Yin Xinyou was used to
simulate the period from seeding to heading, all the tested varieties showed different degrees of temperature-sensitivity.
Temperature-sensitivity of varieties Ningjing 3>9 You 418>Nanjing44>Zhengdao 18>Longyou 1875. The filling and
ripening stage of 9 You 418, Nanjing 44, Ningjing 3 and Longyou 1875 was significantly negatively correlated with
average temperature, maximum temperature and minimum temperature. There was significant negative correlation
between the filling and ripening stage of Zhengdao 18 and the average temperature and significant positively correlated
with temperature difference. The filling and ripening stage of Longyou 1875 was sensitive to low temperature, when
the filling and ripening stage significantly extend below 21°C, the speed for grain filling of Zhengdao 18 was fast,
but insensitive to low temperature. Taking into the consideration of the effects of temperature on the number of days
from seeding to heading and filling and ripening stage comprehensively, the seeding date of Longyou 1875 should be
arranged before May 10, Zhengdao 18 could be postponed to the end of May, while Ningjing 3, Nanjing 44 and 9 You
418 may be planted around May 15.

Key words Sowing date; Temperature change; Growth characteristics; Japonica rice



