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Changes of China agricultural climate resources under the background of climate change.
VII. Change characteristics of heat resources during the growth period of double cropping
rice in Jiangxi Province. YE Qing'”, YANG Xiao-guang' , LI Yong'”, DAI Shu-wei', XIAO Jin-
xiang” (' College of Resources and Environmental Sciences, China Agricultural University, Beijing
100193, China; *College of Landscape Architecture and Art, Jiangxi Agricultural University, Nan-
chang 330045, China; *Division of Technology and Disaster Reduction, Guizhou Meteorological
Bureau, Guiyang 550002, China). -Chin. J. Appl. Ecol. ,2011,22(8) . 2021-2030.

Abstract: Based on the observation data from the meteorological stations and agricultural experi-
mental stations in Jiangxi Province, this paper studied the change trend of the growth period of
double cropping rice in the province, and, by using the indices growing degree-days (GDD) , cool
degree-days (CDD), and heat degree-days ( HDD), the change trends of the heat resources at
each growth stage of the double cropping rice in 1981-2007 were analyzed. Under the background
of climate warming, the mean air temperature, mean minimum air temperature, mean maximum air
temperature during the growth period of the double cropping rice all had an increasing trend, lead-
ing to the shortening of double cropping rice growth season, with the most obvious decrease of vege-
tative growth phase and the prolonged reproductive growth phase. In the vegetative growth phase,
the GDD and HDD increased, while the CDD decreased. In 1981 -2007, the effective heat re-
sources of double cropping rice in Jiangxi Province increased, low temperature risk reduced, while
high temperature risk increased. The increment of the effective heat resources for double cropping
rice was higher in northeast Jiangxi than in southwest Jiangxi, low temperature risk was higher in
south Jiangxi than that in north Jiangxi, and high temperature risk was the highest in middle Jian-

gxl.

Key words: climate change; growing degree-days; cool degree-days; heat degree-days; double
cropping rice; spatiotemporal characteristics.
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Fig.2 Schematic diagram of degree-days of rice under different situations.

I: 7>, T5T s 1. 1,27, 5T M. T, 5T, T, =215 V. T ST, ST Ve T,ST s VI 1T,

T, . bR EE Up-

max

IS Re= W=

per limit temperature; T, ; T BRIEEE Lower limit temperature; T, : H

AR Daily maximum air temperature; T, : H RS Daily minimum air

temperature; GDD . A=K EH Growing degree-days; CDD . IR H Cool degree-days; HDD EIEE H Heat degree-days. .

CDD =0 (7)
V(T, <T,.):

GDD =0

HDD =a - T,

CDD =0 (8)
VI(T, > T, :

GDD =0

CDD =T, -«

HDD =0 (9)

A H .6, = arcsin[ (T, - «)/B]; 6, = arcsin[ (T, -
a)/Bls a= (T +1,,)/2; B= (T, —T..)72.
12,3 Affmim A X, RARFEARE N 0 B —
S s ¢ s X, FERE RG] S X, 5
Z A ) — TR [m I e

x;=a+bt, (i=1,2,--+.n) (10)
o A HEGH NI REL o F1b W] /)
TP LA b 10 FAE RS SR E R NR
i A2 AR SR AR 5387 1961—2007
SEVLVE A /KRS A P 2 0 s Al L el
T AR R AR B AE R B AR g
1.3 Hdeiba

FF Microsoft Excel #1 DPS % #E 4b B R 45, 2%
FRRSC 7 %) iR Tebr AT Ge it o0 i, OF AT
RS SR AreGIS B 1 S R B AU (B 5
2 (IDW) X TR B SEAT AR (R, B E 1Y cell size Z
I8 0,002, Az S AL HIAR Hidl | 9K 5 AR 4R 4 hr 2
KA 23 18] 20 A1 7 35 TP Y Contour T H 48 HRURH [
SEEZR , feJm U s B S 2 A

2 ZEREHH

2.1 LV KRR KBRS
MIE 3\ LA H, 1961—2007 4F, 1175 4 A

AR T BRSO P B AR R
figefit 1) 2843 I AE 0. 05 ~0.32 °C + (10 a) ™" .0.02 ~
0.36 C - (10 a)™".0.07~0.30 °C - (10 a) ", ¥y &
ek H RN B w1 b3 3 ) 43 A e #, Horp
V-2 e SR HE R K. AR AR KRR
¥ s R AP s AR A AR e FEOR I . H
2 DLl S I A A K 2 B R R R AR
e R A b XA - 1 g v AR S BRI A (Y 1
ANl SR ) R B AR 2
B, BB RARAR A 0. 10 C - (10 a) 'K
TR IRAIFEIE[0.08 °C - (10 a) ™' ].

2.2 VLVAKFE T34 B ) Mo a5 A B W2 H 4L
AR AL R B

HRAE 1981—2006 FVLVEE 14 MRS 5
DAY SNY P URIIEAS SY ST Ny RS2 e =l e
AR H (3R 1) A& BI4REE H 5 ™ i 45
RS (% 2).

MFE 2 AT LI 1, 1981—2006 4F, IT.75 4 545
FRRE 1) 24 F W1 H BCSAR Y S s b e s FHor i
e % G P 00 KT P A 5 e R R 1) R A K
H H5 s A 35 52 /D e A, b L ARG A 40 ol AT

*1 ITHANEBEELEEMERNESEILLAE

Table 1 Average beginning and ending dates of different
growth and developmental stages for double cropping rice in
Jiangxi Province

KBt FLF WA
Phase Early rice Late rice
HIRER 03-29—06-08 06-22—08-28
Vegetative growth phase

Ff A Vegetative and re- 06-09—06-21 08-29—09-17
productive growth phase

A FE A 06-22—08-28 09-18—10-17

Reproductive growth phase
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Fig.3 Spatial distribution of climatic trend rates of mean air temperature (a), mean maximum air temperature (b) and mean mini-

mum air temperature (c¢) during the growth period of early rice (A) and late rice (B) in Jiangxi Province.
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Table 2 Variation of days of growth period, stem mass and yield for rice during 1981 and 2006 in Jiangxi Province

bryEy L FF Early rice i & Late rice
Station SAEN CEFRER IR ARAK ZMEE FPRE SAEFEH O EFAEK JRED AERUER AR HRTR
HEC B H 4k LUNER SM GM H 4k LUNER H 4k LUNER SM GM
DWGP DVGP  DVRGP  DRGP DWGP  DVGP  DVRGP  DRGP
B Zhangshu  1.18*  1.36 0.32%" -0.50  -13.85 9.86 %" -0.10 -4.35 .89  2.36**  -6.56*% 4.27**
AT Yugan 1.69 0.15  -0.89 2.44*  -11.06 5.30 3.63 2.43  -0.06 1.26 -5.71 3.10
o Yifeng -2.56  -3.577%  0.49 0.52  -16.73** 10.25** -4.48 -2.56 -0.93  -0.99  -13.80** 9.06**
Z&A0 Taihe 1,93 -4.11** -0.38 2.57* 2.0l 7.89 %" -9.68"* -8.83** 0.44 -1.29 -2.38 0.29
ZJH Wuyuan 138 -3.58"  1.69** 3.27%% -16.37*" 7.76* -4.83"  -6.56"* -0.23 1.96  -10.04 4.03
H#E Ruichang  1.97 0.68  -0.30 1.59  -24.38** -0.36 -0.40 0.05 -1.08 0.63 -11.56 8.97
FiF Nanfeng  -2.18  -1.42  -0.50 -0.26  -17.12** 2.83 -2.08 148 -0.99"* 0.39  -15.61*° 0.9
FiHE Nankang  —4.47**  -5.81**  0.46 0.87 -4.86"" 11.14 S11L65%  -9.36** -0.99* -1.30 -4.13 7.84%*
TH Ningdu ~ -0.09  -1.44 0.32 1.03 -9.65"*  2.65 -6.16"" -5.03** -0.11  -1.02 -2.39 6.39 "
FE4E Lianhua 1.95 1.89  -0.33 0.39  -17.52** 0.69 -5.03%  -3.04* 0.68 -2.68 -17.05"*  5.48
JéRi Longnan  1.66  -0.34  -0.11 2.11%% -15.65** -0.53 -2.19 -5.047F 0,50 2.36%% -11.19*F  4.44
FIE Nanchang -1.46  -1.16  -0.08 -0.22  -19.55 -1.34 -4.31 -3.39  -1.08* 0.15  -27.81** 3.75
W0 Hukou — -1.87  -2.43* -0.48 1.04% -22.81"* 8.22% -4.93"  —4.88** -0.32  0.27  -14.68* -0.54
J"F Guangfeng -2.30  -1.64  -0.56 -0.10  -13.34** 0.26 S11.68%* -8.93** -0.73  -2.02  -10.11** 2.32
P-4 Mean -0.50  -1.53  -0.03 1.5  -14.64 4.62 -4.56 -4.36  -0.22  0.01  -10.93 4.31

DWGP; Days of whole growth period [d + (10 a) ™']; DVGP:Days of vegetative growth phase [d + (10 a) ') ]; DVRGP:
[d- (10 )']; DRGP:Days of reproductive growth phase [d » (10 a)™']; SM:Stem mass (g +m™ - a™'); GM:Grain mass (g - m™2-a™').

0.01. F[A] The same below.
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Table 3  Correlation coefficients of sustained days, stem
mass and grain mass during each growth phase of rice in
Jiangxi Province

DV DVR DR DA WS WG
DV 1 0.12" 0. 06 0.85** 0.15"" -0.21""
DVR  -0.04 1 -0.15*" 0.23""  0.08 -0.15*"
DR -0.38 " -0.08 1 0.52**  0.13" 0.12°
DA 0.81"%  0.20™" 0.17** 1 0.21""  -0.14"
WS -0.02 0.03 -0.11* -0.08 1 0.21""
WG -0.15*" 0.05 0.20 " -0.02 0.11" 1

DV . & 374 K H 2L Days of vegetative growth phase; DVR: ¥ H
$U Days of vegetative and reproductive growth phase; DR AEFH A4 K4 H
4 Days of reproductive growth phase; DA ;24 & ] H %X Days of whole
growth phase; WS ZEFTJite Stem mass; WG ¥R i Grain mass.
ZE TR ar Ay AR A K A R, A BB IR AR 2L K LR The
lower left-down part were the data during the growth phase of early rice,
and the upper right-part were the data during the growth phase of late

rice.
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50 100150 km
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e IEES

o Climatic trend rate
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I 7 A

Fig.4 Spatial distribution of the climatic trend rates of GDD at whole growth phase (a) , vegetative growth phase (b) , vegetative and

reproductive growth phase (¢) and reproductive growth phase (d) of early rice (A) and late rice (B) in Jiangxi Province during 1961

and 2007.
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Fig.5 Spatial distribution of CDD (a) and its climatic trend rate (b) at vegetative growth phase, CDD (c¢) and its climatic trend

rate (d) at vegetative and reproductive growth phase of early rice during 1961 and 2007 in Jiangxi Province.
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Fig. 6 Spatial distribution of CDD (a) and its climatic trend rate (b) at vegetative and reproductive growth phase, CDD (c¢) and its

climatic trend rate (d) at reproductive growth phase of late rice during 1961 and 2007 in Jiangxi Province.
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Fig.7 Spatial distribution of HDD (a) and its climatic trend rate (b) during reproductive growth phase of early rice, HDD (¢) and

its climate tendency rate (d) during vegetative growth phase of late rice during 1961 and 2007 in Jiangxi Province.
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