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Abstract: Ascertaining the change rules of safe production dates and heat-light resources of rice is an important basis for
high use efficiency of heat-light resources, and high and stable production. In this study, the daily mean temperatures
and sunshine hours during the past 30 years (1984-—2013) provided by 15 meteorological stations in different ecological
regions in Jiangxi Province (Northern Jiangxi, Central Jiangxi and Southern Jiangxi) were analyzed. According to the
critical temperature indices for rice safe production dates, the change rules of safe production dates and heat-light
resources of double rice with 50% and 80 % guarantee rates were provided. The results showed that the safe production
dates and heat-light resources changed obviously between the first 15 years (1984—1998) and the second 15 years
(1999-—2013) , and there were certain differences among different regions. Compared with the first 15-year period, the
safe sowing dates of early rice seedlings with film-mulching in the second 15-year period were ten-day ahead of time
(with the tendency of —4.16 d 10a ', the same as below), and those of direct seedling shifted to four days earlier
(—3.17 d 10a ') ; the safe transplanting dates were two-day ahead of time(—2.21 d 10a '). For late rice, the safe
maturity dates were delayed by eight days (3.56 d 10a '), while those of full heading delayed unobviously. The safe
production season for the early rice with film-mulching and direct seedling extended by eighteen (7.72 d 10a ') and
eleven (6.73 d 10a ') days, respectively. During the safe production season, daily mean temperature increased
obviously, accumulated temperature added remarkably, and sunshine hours changed unobviously. Monitoring data
showed that, practical production dates were different from the safe production dates, though the practical production
dates were adjusted correspondingly in recent years. So the safe production dates under 80% guarantee rate over the
past 30 years were obtained by each meteorological stations, which can be referred in production arrangement, planting
patterns and varieties collocation for double rice in the regions nearby. Finally, according to the trends of climate
changes, the possible adaptive strategies of agronomic measures were discussed.
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Table 1. Geographic locations of meteorological stations in Jiangxi

Province.
Hb X 231 o g
Region Latitude/® Longitude/*
#%Jt Northern Jiangxi
JULIT. Jivjiang 116.00 29.70
K Xiushui 114.57 29.03
#PH Poyang 116.67 29.00
E i Yushan 118.25 28.68
i & Nanchang 115.85 28.68
#h Central Jiangxi
I )1l Linchuan 116.29 27.95
BT Xingan 115.40 27.77
® 3% Nancheng 116.63 27.55
A4 Jilan 114.98 27.12
7K3H Yongxin 114.23 26.95
¥ Southern Jiangxi
X[ Xingguo 115.35 26.33
i#% H Ganxian 114.02 25.87
4% Y Chongyi 114.30 25.70
4x B Huichang 115.78 25.60
{5+ Xinfeng 114.93 25.38
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Table 2. Trends in yearly changes of safe production date for double rice in Jiangxi Province.

%30 &5 3 W (2016 4E 5 A

B A ) i 1X LA R *Haé%?&z p
Correlation Tendency
Safe production date Region Linear equation
coefficient /(d e+ 10a ")

FLR B A B2 2R R i SSDF L NJ y = —0.4301x + 930.3 —0.3389 —4.30
g CJ y = —0.3935x + 855.7 —0.3001 —3.94

i SJ y = —0.4241x + 909.9 —0.2764 —4.24

-4 Mean y = —0.4159x + 898.5 —0.3339 —4.16

AL 42 HI%W SSDD AL NJ y = —0.2624x + 614.3 —0.2751 —2.62
b CJ y = —0.2643zx + 616.1 —0.2885 —2.64

e SJ y = —0.4238x + 930.1 —0.3303 —4.24

-1 Mean y = —0.3168x + 720.1 —0.2978 —3.17

B2 2 8 STDER gL NJ y = —0.2398x + 583.2 —0.2532 —2.40
o CJ y = —0.2259x + 522.9 —0.2526 —2.26

i SI y = —0.1964x + 487.5 —0.2224 —1.97

F-1 Mean y = —0.2207x + 541.2 —0.2802 —2.21

W i ‘24 4= 57 SFHLR AL NJ y = 0.2937x — 321.0 0.3632" 2.94
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NJ, Northern Jiangxi; CJ, Central Jiangxi; SJ, Southern Jiangxi. SSDF, Safe sowing date of early rice seedling covered with film; SSDD,

Safe sowing date of early rice under direct seedling; STDER, Safe transplanting date of early rice; SFHLR, Safe full heading date of late rice;

SMDLR, Safe maturity date of late rice. * and ™~

2.1.3 BASR A F AR
T 30 AF B A 22 4 5 R ] S A 2 SRR Y A AR
fefii e ok 1.61 d/10a, Horpg At 28 38 s 3 g 3, A8
A ) 23K 2.94 d/10a, BEEF IR Z (1.59 d/10a, %
/N A2 0.83 d/10a(F 2) . MR TREMRIER B H 4k H
WA (3 3) , Ma s 22 4 57 A0 il AU 1) B 22 7 )5 %
SOV PRIER ML 2 - IE ¥4 9 H 23 H.J5 15
AEEERT 15 AR HER 1 d A4 #rP HERT T 2 d580%
AFRR 225N 9 A 15 B 15 15 Ik
AR Ak, Heh g L IR 3 d, T gk e 0 ) 4R
T2dM1d,
2.1.4  BRAGR AR

30 A (] W R 22 4 B AN 5 b 3 R A, AR 4k
16 [i] R 2.95~3.88 d/10a, i1 b ] H5 1% W i ek, “F 1
4 3.56 d/10a,F¥ K 10 FHER 3~4 d(FE 2),
A PRAEZ B 42 4 H WISE R (3R 3), M RE % 4 LA
Wi R b 1) B 2 HE R L H AR Ak K B0 W D s 1

significantly correlated at 0.05 and 0.01 levels, respectively. The same as below.

50 % F1 80 Y6 R IE T, B A % 4 Al I 4 il 7 11
A3 HMI10 A 25 HAL WG4 AER T2y 5 d
8 do AHEL A2 42 AR 7= H O, B A 22 4 i AR
bk #5035, 3 AT BB 5 30T A R H B B A B4
X,
22 WEBRELFEHTRETW

30 AF ke, R T LR A A % B OR T B AT
O 4 4 A B 35 e R KRR % e e e
EATE 3 T E S TSR I <E A I DI Ry =
I Tl B A 45 20 B 28 4 A 7 R B0 7 Ak
3R AE 6.49~7.19 d/10a Z 0], HrhErm k. &4
344 6.73 d/10a, BISF3 4 10 AR EK 6~7 d; 7
FLURE R A 7 T AR ] B AE 7.19~8. 18
d/10a Z [i] , B 4t 2 B AR K 08, -3 R 7.72 d/10a,
T EE 10 AFRER 24 8 d,

HERAFAL.EREREERE IR REE
T A ) PR AIE 8 1 2 4 AR 7 2745 349 ol b 1) g 3% 3 4



EARAESE . T 30 AR VL VY XU RRE 4 2 A4 7 0 BR O W IR AR Ak 327
®3 IANEBAARIERREAFAHERETK
Table 3. Safe production dates with different guarantee rate and change of double rice in Jiangxi Province.
50 AR IER 50% guarantee rate 80 U RIEZ 80% guarantee rate
LARET X 30 4F Wi 15 4F G 15 4F ALRH 30 4 Wi 15 4F B 15 4E AR
Safe production date and region 30 years 1st 15 years 2nd 15 years Changed 30 years 1st 15 years 2nd 15 years Changed
/(M-D) /(M-D) /(M-D) days/d /(M-D) /(M-D) /(M-D) days/d
R E B 2 A SSDF
g NJ 03-10 03-14 03-06 —8 03-23 03-27 03-17 —10
o CJ 03-09 03-13 03-05 -8 03-21 03-25 03-15 —10
Hr SI 03-01 03-07 02-25 —11 03-16 03-21 03-10 —11
¥ Mean 03-07 03-11 03-02 —9 03-20 03-24 03-14 —10
R 4 B W SSDD
AL NJ 03-29 04-01 03-27 -5 04-06 04-09 04-04 -5
i CJ 03-27 03-30 03-25 -5 4-5 04-07 04-03 —4
i SI 03-23 03-27 03-20 —7 04-03 04-04 03-31 —4
-1 Mean 03-26 03-30 03-24 —6 04-05 04-06 04-02 —4
AL 2B STDER
b NJ 04-13 04-14 04-11 —3 04-20 04-22 04-20 —2
g Cl 04-10 04-11 04-09 —2 04-16 04-17 04-16 —1
H45FG S) 04-03 04-05 04-02 —3 04-13 04-13 04-13 0
¥ Mean 04-09 04-10 04-07 -3 04-16 04-17 04-16 —1
W5 7 42 42 5 B ] SFHLR
b NJ 09-22 09-19 09-23 44 09-14 09-11 09-14 +3
] 09-22 09-23 09-21 —2 09-15 09-16 09-14 —2
g SJ 09-27 09-26 09-27 +1 09-18 09-18 09-17 —1
-4 Mean 09-23 09-23 09-24 +1 09-15 09-15 09-15 0
5 7 22 42 LAY SMDLR
#AL NJ 10-31 10-29 11-02 +4 10-22 10-16 10-25 +9
gl 10-31 10-29 11-03 +5 10-23 10-20 10-29 +9
i SI 11-08 11-06 11-10 +5 10-31 10-29 11-03 +5
15 Mean 11-03 11-01 11-05 +5 10-25 10-21 10-29 +38
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“+7” or “—” mean delaying or advancing, and the number means changed days.
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SF, Early rice seedling covered with film; DS, Direct seeding of early rice; SJ, Southern Jiangxi. The same as below.
Bl TANEHEREEFSFRENERTHES
Fig. 1. Yearly changing trends of safe growth season for double cropping rice in Jiangxi Province.
x4 IEAVNEBIRRIERREEFTRBRETH
Table 4. Days of safe growth season with different guarantee rate and its changes for double cropping rice in Jiangxi Province. d

50 U RIE# 50% guarantee rate

80 YR IE® 80% guarantee rate

HHI7 XS H X W15 4F  J5 154F AR W15 4E J5 154F AR R
Seedling method and region S0%F 1st 15 2nd 15 Changed 0% 1st 15 2nd 15 Changed
30 years 30 years
years years days years years days
REEKE# SF
#b NJ 235 228 240 +12 213 205 224 +19
g CJ 237 230 243 +13 216 209 228 +19
W SJ 252 245 260 +15 229 221 238 +17
-3 Mean 241 235 248 +13 219 212 230 +18
R B DS
#AL NJ 215 211 220 +9 199 191 205 +14
wrh CJ 218 213 224 +11 200 196 209 +13
¥R SJ 230 224 235 +11 211 208 218 +10
SE-45 Mean 221 216 226 +10 203 198 210 +12

“ T FRIR RBOE K BT R IE K B AR R

“+” means delaying, and the number means changed days.
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Table 5. Heat resources and its changes during safe growth season of double cropping rice in Jiangxi Province.
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ERSNEY; S =10CiH s R iR
Daily mean temperature Active accumulated temperature =10°C
i 04 WIS IS Bl BIRE 304 W1 RISE Bk BEE
Ttem 30 years  lst 15 2nd 15  Change Tendency 30 years  lst 15 2nd 15  Change Tendency
/°C years/°C  years/C /°C o /CC «10a ) /C years/C  years/C /°C o /CC «10a )
B E B SF
#&4L NJ 23.83 23.42 24.24 +0.82 0.51"" 5085.98  4998.67 5173.30 +174.63 109.74"
i CJ 24.20 23.83 24.56 +0.73 0.47"" 5221.79 5143.28 5300.30 +157.02 100.62" "
i S) 24.19 23.82 24.57  +0.75  0.45°°  5535.26  5449.84 5620.69 +170.85 103.79" "
F14 Mean 24.07 23.69 24.46 +0.76 0.48"" 5281.01 5197.26 5364.76 +167.50 104.72""
R H#F DS
e NJ 24.59 24.25 24.94 +0.69 0.46" " 4893.82  4825.43 4962.21 +136.77 90.59""
g CJ 25.01 24.72 25.30 +0.58 0.39"" 5012.71  4954.67 5070.75 +116.08 78.46" "
#ird SJ 24.95 24.67 25.23 +0.56 0.35"" 5264.21 5205.58 5322.84 +117.26 73.87""
F-#] Mean 24.85 24.55 25.16 +0.61 0.40"" 5056.91  4995.23 5118.60 +123.37 84.52""
RN A
“+” means increasing, and the number means changed quantity.
Ko ITANFEBREEFFETARRERETL
Table 6. Light resources and its changes during safe growth season of double cropping rice in Jiangxi Province.
H ¥ H BEE} %0 Mean daily sunshine hours BH BB Total sunshine hours
A S04 154 R 154F Rfk il 304 HI154F JF154E ARfk BlAE
Item 30 years  1st 15 2nd 15 Change Tendency 30 years  1st 15 2nd 15 Change Tendency
/h years/h  years/h /h /(he10a™") /h years/h  years/h /h /(he10a™")
RREEBEH B SF
b NJ 5.60 5.45 5.75 +0.30 0.14 1194.39 1162.77 1226.01 +63.23 29.04
i CJ 5.16 5.17 5.15 —0.02  —0.02 1114.08 1116.28 1111.88  —4.40 —3.69
#m SJ 5.03 5.04 5.02 —0.02 —0.02 1151.61 1154.25 1148.98 —5.27  —5.04
V-4 Mean 5.26 5.22 5.31 +0.09 0.03 1153.36 1144.43 1162.29 +17.86 6.77
FLAEE#E DS
AL NJ 5.76 5.67 5.85 +0.18 0.07 1146.62  1128.78 1164.46 +35.68  13.12
i CJ 5.39 5.45 5.33 —0.12 —0.10 1080.09 1091.73 1068.46 —23.27 —19.85
i S] 5.29 5.33 5.25 —0.08 —0.08 1115.64  1124.54 1106.75 —17.79 —16.26
1) Mean 5.48 5.48 5.47 —0.01 —0.04 1114.12 1115.02  1113.22 —1.79 —7.67
SR O R N D BT R R I SR D R
“+7” and “—” mean increasing and decreasing, respectively, and the number means changed quantity.

A6 2R, b ER R WA e (R 6) . R
BWE AT H Y H RSO A 58 i I b 1)
#0.03 h/10a, H1 b 2 p R Ui W, -4 5.26 h,
T 15 4F K 5.31 h, HUAT 15 4E3S N T 0.09 h; 52 H ]
85 22 4 A 7 ORI LR B ), B H B 0
I AL > > b, P ¥ 1153.36 h, )G
15 4E745 4k 17.86 h, 2 kMl % 6.77 h/10a, HFH
FHIrF L H Y H R o s TREBEEE RN
5.48 h, BV S FEAR G A (B AL 517 %6 —0.04 h/10a,
UL 15 4EK 5.47 h, AR 15 4R 25 0.01 hy B H IR
AP 1114.12 h A E B> 29 40 bl S

15 AR5 46 1,79 h, 22k [0 28 — 7.67 h/10a; ) i ¥
TR AE M IX (R 1 A8 b 22 S S R B A — 3,
24 WEBEHREFHE

SEBR s Sy R T A 7R T e TP 45 Ml T AR
7 3K B T2 B AR 7 B A BT OAE R Y R R (R
7). 20 28 80— 90 AR A Hh I R Fh Ay 23 %
S FAT AL, 2000 4 LK 28 97 4 40 B BUAR 30T 4F ok ML
16 A0 LR AR R U, U H AR AL I, SEBR AR
77 H WA B ] AR L 5 R e 4 e AR Ak R AL
AR—, R AR IR R —, R4 Fh I 5 8 4k )
Y 42 HIT , 85 R HL DX 20004F DLk TR € 7 fl 0 2
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R E K FERL% (Chin ] Rice Sci) 45 30 %45 3 W (2016 4E 5 H)

Table 7. Main planting patterns and production dates of double rice in Jiangxi Province.

F Ay 5 _ o ot . o
) . RREFHMAY REEEE RREBRE RS s
b, X AR Main planting patterns
— — SDER DSDER TDER FHDLR MDLR
Region Periods LR A
. . . (Month-Day) (Month-Day) (Month-Day) (Month-Day) (Month-Day)
Early rice Late rice
b NJ 1980s Fif FHh 03-25—30 04-25—30  09-13—18  10-13—23
1990s Fid Fi 03-23—28 04-23—28  09-15—20 10-15—25
2000s T4 Fi 03-20—25 04-20—25  09-15—20  10-15—25
H7E Nowdays PR AL T4 A 03-20—25  04-01—05  04-15—20  09-15—20  10-15—25
b CJ 1980s Fif F i 03-23—28 04-23—28  09-15—20  10-15—25
1990s FIh Fif 03-20—25 04-20—25  09-15—20  10-15—25
2000s T4 B T4 03-18—23 04-18—23  09-15—20  10-15—25
HAE Nowdays R HLAE i e 03-17—22 04-15—20  09-12—17  10-12—22
W SI 1980s Fif F i 03-25—30 04-25—30  09-15—22  10-15—25
1990s FIH F4f 03-20—25 04-20—25  09-15—20  10-15—25
2000s Fif A EREREIE 03-20—25 04-15—20  09-15—20  10-15—25
B 7E Nowdays i e EilLR 03-20—25 04-15—20  09-10—15  10-10—20

SDER— g #51]; DSDER— R F8 B 4% ] ; TDER— AR MM s FHDLR— R ARESF# s MDLR — B AR U8 . T,
SDER, Sowing date of early rice; DSDER, Direct seeding date of early rice; TDER, Transplanting date of early rice; FHDLR, Full

heading date of late rice; MDLR, Maturity date of late rice. The same as below.

FEAR A 25~ 30 d; B RE 55 B 5 s b g b
M IX 20 4 80— 90 AFEAUHE A HEIR L 2 J5 To W W AF
b B EE 20 fhD 80 4EARE 21 {22 WA X A2
SE 5 A SR A T B8 T 5 5% AR A BBV LA T 35
d. A AE 7 4 5 0 00 T BEUE
25 WEBRELETHY

UT AR VA 4% A 7 H IR T AR R A R L H
HRAA T H WAL — W 25 (AN m S5 Be A 7 2
AR L L RS R R A, A B 32
SEOHE R Dy U AR R S FEm S AR A T B
SR AR B SR B U, SRR A H O R
I R A B VR . LA AR KRG @ 77
YR IAVE N 2 % bR e HR 2R IER AN 50% 4%
AR P A = 2 Ay 1l A L X TE AR AR
FORARTTER A RIE R R (90 20) I 2l AE R
205 W 4 R R SR A ARG BE R . Rk, K
e 22 4 Ak 7 5 TG 9 R = A5OF I B S R
AHFFE LA 80 Yo PRAE F S A5 o, 115 IR 30 AR VLY
KM W R A= HI (R 8) . 7E 80 YR IIE R
T KRB LEEMNELLBEIMAE 25 d £
MR T 2 2 el ik 35 d DL, HWL
TR REROEE IR T (5.8 6) 55 W
R e EoR . TESEBR R L X 15 S g Z AN
Hiy DX, ] 4 R 3 B U R AT 255, LU 5 Y MRS A 2
5 HE PR 7 2R SRR R A T

3 it
30 SBETAMNEBREEFTEYRIEXRETE
SEA

SRR L 30 4 ok B & 2 R Rl AR
BRIV PRI, A 22 4 SRR RN BT AR AT 4
AL 7R AT SE A R A A 7R AR R T R R
IR & W T A (AN S S a7 AR O
KT W ZE ARG XL 50 4F (1960-—2009) 1Y BF 7% 28
IR A BARAR IR A 25 7. e S A
L, AR 1961 —2004 4F FLFRE ARG RO 5 A
A5 R 24 B R HI A, R AR SR T I AR A
AR S HT IG5 AR TE YIS 25 S, e &k
77 H B OG BER B AR i R R A 4 S AR N AR Ak
AE K AT R 59T RBE AE B ) RN 2 ) B 25 R A
Ko R XA Fb I 25 5 TR, Gy o REA 20 1
22 80 AR AR LIk 4 4 TR AR A A A 3 B
FEIR XA A S R Al 0 Bl P A e
TR 22 4 A 77 20 SOl O B IR A8 Ak iy DX Sl Ak B 5 T
HATEXHE B4R S 8 X

[F] Bf A B 538 K B A5 A8 AR T VI 78 48 K Fef 2
A 7 3 R O B R % 7 A EL A ] R S [ 1) S
P, —BaLed ™ HWEMBREAR -3, mE
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Table 8. Safe production dates with 80% guarantee rate of double cropping rice in Jiangxi Province.

RREEREH LN R AR A M T % 4 HRL R 2 4
X LAAE R HiEW AW Fr i %]
Region SSDF SSDD STDER SFHLR SMDLR
(Month-Day) (Month-Day) (Month-Day) (Month-Day) (Month-Day)
b NJ
JUIT. Jivjiang 03-24 04-05 04-24 09-14 10-19
&K Xiushui 03-21 04-05 04-23 09-12 10-18
#BBH Poyang 03-23 04-05 04-18 09-16 10-25
E 1l Yushan 03-24 04-10 04-22 09-13 10-25
™ B Nanchang 03-23 04-07 04-17 09-15 10-25
-2 Mean 03-23 04-06 04-20 09-14 10-22
B CJ
I N1l Linchuan 03-21 04-07 04-17 09-16 10-25
#Hr T Xingan 03-23 04-07 04-17 09-16 10-24
B Nancheng 03-21 04-04 04-16 09-14 10-24
7 %2 Ji'an 03-23 04-05 04-17 09-15 10-27
JK ¥ Yongxin 03-21 04-06 04-17 09-14 10-25
-4 Mean 03-21 04-05 04-16 09-15 10-25
i S)
[ Xingguo 03-19 04-04 04-16 09-15 10-27
¥ . Ganxian 03-15 04-03 04-14 09-18 11-02
4 ¥ Chongyi 03-17 04-03 04-15 09-18 10-28
£: 5 Huichang 03-15 04-03 04-13 09-19 10-31
5+ Xinfeng 03-16 04-04 04-11 09-20 11-06
S Mean 03-16 04-03 04-13 09-18 10-31

AR B R AR R AR A G AT i SRR
SE T8 33 25 I I BE () e FO AR PR 25 S OK A
A TR A SR R IAE R Horh 4 5
B AR QI AS B B T 222 4 3 B0 Ul 2 35 AR, L
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BB LA K . BRORE & X 1
DR 7 IS 7 2 4 R U0 R G e £ 4 ol A A A e
K Ja 15 4550 BB 42 0 7 10d FMIEER T 8d.
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W 5, R 15 AE 400 Th s 1 9.82 %6 F1 5,66 %0,
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