Spatial and temporal characteristics of rice potential productivity in main growing regions of China

INTRODUCTION

Steady increase of rice production 1s very important for China’s food secu-
rity, while the impact of spatial and temporal differences in climatic factors
on rice productivity in China is highly uncertain because of its vast area and
marked variation. The main objectives of the present study were: (1) to pre-
dict the rice productivities of photosynthetic (PPS), photo-thermal (PPT) and
climatic (PC) based on the model, (2) to analyze the spatial and temporal dis-
tribution characteristics of rice potential productivity in main rice produc-
tion regions of China between two decades (1960s and 2000s), (3) to predict

the yield increasing potential based on high yield target and actual yield of

rice 1n 2000s 1n main rice production regions of China.

MATERIALS AND METHODS

Firstly, based on the software of ANUSPLIN and ARCGIS, the daily meteo-
rological data from 1961 to 1970 (the 1960s) and from 1996 to 2005 (the
2000s) provided by 333 weather stations in main rice growing regions of
China (Fig.1) were processed to obtain the daily meteorological surface data.
Secondly, 41 types (Fig.1) of high yield targets, suitable sowing and harvest
dates, and the dates of main growth and development stages were collected
from the Rice High Yield Technical Specifications for the main rice growing
regions of China, reported by the Department of Crop Farming Administra-
tion, Ministry of Agriculture, P.R. China (2009). In addition, the actual
yields of rice 1n 2000s 1n main rice production regions of China were collect-
ed from the Agriculture Statistics Yearbook of China. Then, based on the
model and the daily meteorological surface data, the annual PPS, PPT and
PC were calculated, and the spatial and temporal distribution characteristics
of above three potential productivities between two decades (1960s and
2000s) were analyzed based on the grid cell. Finally, the analysis was carried
out on spatial distribution characteristics of yield increasing potential and
percentage from high yield target to PPT, yield increasing potential from
actual yield of 2000s to high yield target, and differences between PPT and
PC of 2000s.

The algorithms for PPS (Y,), PPT (Y,,) and PC (Y,) were calculated by

Formula 1-3, respectively:

Y =l[easc, *(1-p)g(1-w)HI+(1-x) "*H'(1-S)"] T Q (1)
Yy, = Yoo £(T) 2)
Yy = Yy f(W) 3)

where ¢ i1s the physiological radiation index; a is the absorption rate of PAR;

p is the ineffective absorption rate; ¢, is the correction index of daily LAI in
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rice growing period; ¢ is the light-energy conversion efficiency; o is the res-
piration rate; y is the water content of organic compounds; S is the mineral
content of rice; H i1s the mass-energy conversion factor; HI is the harvest
index; Q is the daily solar radiation on the ground (J-m=-d?).
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Fig.1 Distribution map of rice management plan type (a), annual accumulated temperature above
10°C (b), and elevation and weather station (c) in main rice growing area of China.

RESULTS

The spatial distribution characteristics of rice PPS 1in both single- and dou-
ble-cropping rice growing regions had the trend that rose gradually from
north to south in different historical stages (Fig.2a & b). As compared with
1960s, the PPS of 2000s decreases by 5.40%, and the decreasing rates in
Northeast and Southwest China were lower than those in Central and South
China. Decreases in the PPS over the single- and double-cropping rice grow-
ing regions were 4.65% and 6.96%, respectively (Fig.2c).
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Fig.2 Spatial and temporal distribution of rice potential photosynthetic productivity in main rice
growing regions of China (a. 1960s, b. 2000s, c. Change percentage between 1960s and 2000s).

In different historical stages, the spatial patterns of rice PPT 1n single-crop-
ping rice growing region had the trend that increased gradually from north to
south and from west to east, but in double-cropping rice growing region had
the trend that increased gradually from north to south (Fig.3a & b). From
1960s to 2000s, the PPT increased in Northeast and Southwest China, while
decreased 1n most areas of Middle and South China, with average decreases
of 2.56% 1n main rice growing regions of China, and with average decreases
of 1.17% and 5.46% over the single- and double-cropping rice growing re-
gions, respectively (Fig.3c¢).

The spatial distributions of PC in both single- and double-cropping rice
growing region had the trend that went up gradually from north to south in
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Fig.3 Spatial and temporal distribution of rice potential photo-thermal productivity in main rice
growing regions of China (a. 1960s, b. 2000s, c. Change percentage between 1960s and 2000s).

two historical stages (Fig.4a & b). As compared with 1960s, the PC of 2000s
decreased 1n most areas of China, while increased in part of Central and
South China, with average decrease of 7.44% 1n main rice growing regions
of China, and with average decreases of 8.13% and 6.04% over the single-
and double-cropping rice growing regions, respectively (Fig.4c).
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Fig.4 Spatial and temporal distribution of rice potential climatic productivity in main rice grow-
ing regions of China (a. 1960s, b. 2000s, c. Change percentage between 1960s and 2000s).

The yield increasing potential from the actual yield (2000s) to the high yield
target ranged from 2x10° kg ha™' to 6x10° kg ha' in most of the single-crop-
ping rice growing region, and from 6x10° kg ha' to 12x10° kg ha™ in the
double-cropping rice growing region (Fi1g.5b). The yield increasing poten-
tial from the high yield target to the PPT (2000s) was less than 10x10° kg
ha' in most areas of the single-cropping rice growing region, ranging from
10x10° kg ha to 30x10° kg ha' in most areas of the double-cropping rice
growing region, and from 30x10° kg ha' to 40x10° kg ha'! in most areas of
South China, such as Guangxi, Guangdong and Hai’nan Provinces (Fig.5c).

In addition, the differences from the PC to PPT 1n 2000s 1llustrated that the
increasing potential contributed by irrigation were between 5x10° kg ha'!
and 20x10° kg ha! in the single-cropping rice growing region, and between
20x10° kg ha! and 40x10° kg ha' in the double-cropping rice growing
region (Fig.5d). The differences from PC to PPT in 2000s indicated that
making full use of rainfall and reasonable irrigation plan was favorable to
exploring the rice potential productivity and ensuring the steady and high
yield in rice. These results were helpful for further exploration of technical
approaches to enhancing rice yields, and for quantitative decision support
for guiding national rice production and food security in China.
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Fig.5 Spatial distribution of high yield target (a) and yield increasing potentials from actual
yield of 2000s to high yield target (b), from high yield target to PPT of 2000s (c¢) and from PC
to PPT of 2000s (d) in main rice growing regions of China.

ACKNOWLEDGEMENT

We acknowledge the financial support of the New Century Exceptional
Talent Program of China (NCET-08-0797), National Natural Science Foun-
dation of China (30871448) and National Hi-tech Research and Develop-
ment Plan of China (2006AA10Z219, 2007AA 10Z225).

TIT TLT T =T

& [ 1] m
1 1 ae L x| o= 2w 1]
- . Lo ] == = e = - el i
| - l .-.-. I . i
L
2

s R =~ SR == . EBH
B B o P

TR
-_-‘ o EE = [ 1]

we ki H® BT EE NN EE ®
| !n R EE EE Bl BN mE Ey 1
L LERT T LT TIT Tl HE
L ¥ ] i
- o .-: B -I.l-E .-= !l-l. l-.. | B 1 L
-~ = ﬂ I.: -- ' = s e i 1L BEE T
- LT - i -
o 8 T uﬁﬁ R e
. 9 f‘I - [ o B= - "
Li i
. il il . VTR
- & - o
-.-- q-u a 3 - __"'\-T e I. - 0] ¢ Bl L1 -
- i T V= - * . ¥ - S - - -
“ & b ek 1.. 3 s n g u'.

d e i g 'y 1 ] F ¥ ik VTR - ¥ il
L& f . ¢ i | A L T - i w " . L %o o
. g b oy y Shkaludday o 1 b bl g B Ry TR RE T DA e PR e
# s LT i i F .1 '-:, L ! v ‘_k: v * r - FT'F ‘ :" ¥ .‘ﬁ"i'*vq o r."rﬂll.’- L e [ -‘ o ll-l..-":?' E 1y iff'l 1 -‘L:" '_ ! Hr: Ay ‘Fil 1“‘ - .h Y 1: oy '-L L :

Nanjing Agricultural University



