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Im pact of High Tanperature at F lowering on M idseason Rice Y ield

SHIKuan-yuL 2, CUIYongweiL 2, HU Rurtfa

(1. Institute of Geographic Sciences and NatralResources Rescarch Chiese A cadany of Sciences Beijing 10010%
2 G raduated School of Chinese Acadeny of Sciences Be ijing 100039, China)

Abstract Theman taget of the paper is exp biting the change of the maxmum tem perature during m dseason rice
flow erng perbd and its mpact on the yield ofm dseason rice Based on the statstical data on w eather n 7 provinces
during 15 years the m dseason rice functon modek are built up with ten perature variables nclided Our result
show s that the m aximum tan peratures during midseason rice flov ering periods have increasing trend with a substantial
flictuatbn with great differences anong regbns When he maxmum tenperature is beween 35C 1 39C, the
average yell of midseason rice will not change significantly but if he maxinum tanperature & above 39C, the
average yeld of m i-season rice will decrease by 13 percent
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Climate change has receved an increasing The inpact on rice yel of high temperature
: : [1-6] . : . . ) i
attentbn since the past cenury ., in which during rice flowering season is one of the most

7~ 10] 2

have

S : ' . . . 1
global wam ng is the issue concemed most concemed issues in China Zhao et al. '

A lthough policymakers are actively seeking for arzued that high lenperatire i Yangtze R iver Basin

feasble solutions m any evidences ndicate that the C ) ) ) .
has signifcant mpact on m dseason rice yield but

condition is not change as expected A long w ith the . ) ) ) L
the mpact on earl-rice yiell is not sinificant

based on their collected data on 48 early-rice and 30

m idseason-rice in 6 provinces of Yangtze River

average teamperature rismg extrame high temper
11
ature events have occurred more frequently[ .

Clmate change has created significant mpacts on

many aspects anong which the effects on Basin As the hih tenperature durng fbwering

agricu lure have dravn many atientions across the season canm ake the pollen bse vitality the yield of
13]

. . . . [
world m idseason rice will decreases Li etal . prove
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hat when temperature & above 35C, hum dity is
between 65~ 70% and thew ind speed is above level
4 rice pollen will lose vitalty m 0.5 h. By
controllng the temperature durihg m idseason rice

fow ering Zhang et al . e

get the same conclusion
hat rice pollen vitality dwops significantly after a
40C treament and then recovers graduall. They
also enphasize that he most serbus dan age to rice
pollen happens at the treament day or the next day

M eanwh ile

pollen has a relatbn with the seed selting ratig

they also find that he actwvity of rice

enply gran ratip immalurily gran ratip which is
mportant for yeld contrbution

Through the reviev of literatures it$ found that
agrreultural scentist effectvely evaliate the mpact
on rice under high temperature at m idseason rice
fbwering by analzng the data about rice pollen
vilality collected fran observation spots or controlled
experinental fiell However there are very little
stud ies which analyze directly he relaton between
high temperature and rice yield Because famers
have leamed to m ake adaptve ad psiment to high
temperature at rre flowerng the effect will be also
h his
paper we atlempt to quantitatively analyze the

ncluded and assessed in these studes

mpact of high temperature at rice flbwering on
m idseason rice by adopting econametric methods
based on the detail data at provincal level

1 Materials and M ethods

1 1 Materials
The provinces inclided n this study are Anhuj
Shanghaj H enan, Hubej

Zhejiang M idseason rice grows generally fran M ay

Jiangsu, Sichuan and
to October and flowers alnost in August which is
one of the hottest months n these regions In
add ition,
0 13: 00 durng the day. Therefor¢ m idseason rice

rice alvays flowers in general fran 12: 00

often encounters high tenperaure durng iis

fowering In orer to exanne the mpact of high
its  yield the

tanperature, at rice fbwerng. on

maxmum tenperature during rice flowerng period
was chosen as a teamperature variable It values the
maxinum temperaire durng August n the capital of
each province and was collected from “ China
Yearbook ”. Data about

m idseason rice yield were collected fran “ China

Agriculural  Statistical

Statistical Yearbook”, and he productbn inputs data
were collected fran “ National Agriculural Cost-
benefit Yearbook”.

1 2 Methods

Statistic analysis and multiple regression
analyss were used in this study so as to measure
the mpact of high temperature at flowerng on
m idseason rice yiell Statist analysis was used to
measure the change of maximun temperature at
fbwering between perbds and provinces and the
relevance bew een maximun teanperature at fbw ering
and m dseason rice yield

Because sane factors —— production nputs

natural disasters et al . could not be controlled

under statistic analysis its result does not exactly
reflect the mpact of maxinum temperature at
fowering multiple regressbn analysis was used

W e establish a poducton function model Tn this
mode] the varmbles

technobgical advance variab les

of poducton  nputs

naural disasters
and regbnalvariab les are nclueded the variables of
maxmum temperature are carefully considered and

also incoporated The model is expressed as

fbow ng

h(yeld) = f( the maxinun temperaturg
productbn nputs naural disasters technological
advance regon) (1)

Sane study has clarified that the actwity of rice
pollen will decrease when the temperature is above
35C"™ and study on pollen-kill also argues that
danaged when the
temperature is between 43C 0 45C n 5 o 10
min''”. It seems hat there is possbly a critical

above whih the
sgnificantly

he rice pollen will be

temperatureg rice yields will

decrease However  the critical

temperature abave which he rice yield will decrease
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sknificantly n productbn is still not clarified So n
his sudy 35C, 36C, 37C, 38C, 39Cwere set
as critical temperaure n 5 models respectively, to
distnguish the different effect of the maxmum
temperature on the yied of m idseason rice
M oreover in order to clarify whether there exists a
Inear or no-lnear relatbnship between rice yield
and the maxmum tem perature durng rice fbwering
period, a Inearmodel and a no- linearm ode l( square
of the maxmum temperature was ncluded i the
model) were set up separately

The inputs n rice production considered n this
study mnclude labor fertilizer and machinery and

heothermaterial nputs labor usage ncluding

family labor mput and empbymeni fertilizer and
machnery are standardized by beng divided into
pesticiles and fertilizer price ndex and machinery
prce index respectively the other m aterial nputs

are standardized by dwided

productbn nputs price index

nto agriculural
Naural disaster is
reflected by the variabk of the poportion of rice
arabk land destoyed by flood or drought The
m pact of technobgical advance on m idseason rice is
measured by time seres t Regbnal variables are
measured by dunmy variable Anhui is the control

prov nce

2 Results

2 1 Change of the maxinum temperature at
m idseason rice flowering

Fy 1 shows the change of he maxinum

tanperature during m dseason rice fbwering fran

1991 1o 2005 In the early 1990s

tamperature durng m idseason rice flowerng is about

the maxmum

34C averagely and suitabk for rce gowth During

1994 to 2001, the maximum temperature is stable
345 and 36 0C.

temperature fluctuate violentl fran 2002 to 2003

betw een H ow ever the
As shown n Fig 1 themaximum temperature rises
to36 7C n 2003 fran 34. 3’C n 2002, drops to
34. 3C n 2004 and then recover to 36 7C agan

n_ 2005 - Although the maxinum temperature

flictates dran atically n the latest 15 years there

exists a rishg trend n general

39.0
5 380
3370+
£ 360 ¢ o

[
[=9
£ 35.0 . PR
= 3404 4 .
*
33.0 1 1 1 1 L 1
1991 1993 1995 1997 1999 2001 2003 2005

Year

T
L 4

Fig 1 Change of themaximum tan perature during
m dseason rice flovering perbd in
the Y angtze R ver Basin
Note Themaxmum temperature of each year & weighted by the

sovn area n each province

The change of hem axmum tenperature during
m idseason rice varies significantly across different
As showvn in Fig 2 the

maxmum temperature

province ( Fig 2).
during m dseason rice
ncreases remarkably in each province except
Sichuan Jiangsu is the povince where the average
ten perature which
ncreases fran 33 7C in average n 1990s to
36. 8C n the first 6 years of he 21 century. As for
Anhui Shanghaj
maxmum temperature
ncreases ncrease fim 36 0C, 35 0C, 36 6C,
37 0C, 34 8C 1w 37 6C, 36 1C, 37 7C,
37.7C and 35 4C respectvely A lthough the

temperature rise n Anhuj Hubej Zhejang are less

m axmum ncreases most

Hubej Zhejiang Hunan the

during m dseason rice

than that in Jangsy but theirmaxmum tem perature
are also quitthigh 1 the first 6 years The average

39.0 -
38.0
37.0
36.0
35.0
34.0
33.0
32.0
31.0
30.0

Anhui He’'nan Hubei Jiangsu Shanghai Sichuan Zhejiang

Area

@ 1990s

m 2000-2005

Temperature('C)

Fig 2 Change of themaxinun ten perature
atm dseason rice flov ering

Note Themaxinum tenperature & the average of each year
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maxmum temperature during m dseason rice

fbow ering is over 37 0C n each povinces

2 2 Rice yied and the maxinum temperature

Fig 3 shows the relatbnship between the
m ax in um flowerng  and
to 20058 The

average yield of m dseason rice is 7 3 t/hm” as the

tanperature at rice

midseason rice yield fran 1991

maximum temperature 5 bebw 33 0C. When the
maximum tenperature rises o 33 0~ 36 0C and
36. 0~ 37 0C, the average yield will also increase
07. 5 t/m* and 7. 6 t/hm’ respectively H owever
hem dseason rice yied drops to 7 2 t/hm’, when

the maxinum temperature continuously increase to
38. 0~ 39 0C. Furthemorg the yield will drop
remarkably to less than 6 5 t/lm” when the
maximum temperature is above 39C. A ccordng to
he results the maxmum temperature during
m idseason rice flowerng perbd is generally fran
35C o 37C n 1990s which is good for rice

growth but the rishg maxmum tenperauire n the

beginning of this century is bad for rre yield

8.0

(
~
T

6.0 1 1 ! 1 1 ]

<357 35~36C 35~36C 37~38°C 38~39°C =39TC
Temperature('C)

Fig 3 The relationsh p betw een midseason rice yiel and

themaximun ten perature during its flov ering period

Table 1

productbn

shows the estin ated
model There are high
explanable powers of our regression equations as
R® is beween Q 57 and 0. 64 Meanwhile the F
and Chi

senificant In additon we can find that amost all

results of

function

statistical tests statistical test also
coefficients have the sign as expected and many of
hem are statistically sgnificant As for the region
dunmy variables Hubej Jangsu and Sichuan are

statistically sien ificant at Q 05 level which ind icates

that here are sam e other

The coefficents of the maxmum tem perature
are negative in model I and positive n model II.
The square of the maxmum tem perature is negate
n model II,

expeclaton

which is consistent with our

However is coefficients are not

Fran model III to model VI the

coefficient of the maxmum

senificant
ten perature dummy

varibles are negatve and not statistically

In model VI the coefficient of the
maxinum temperature dummy variable is — Q 13Q

senificant

and B sinificant atP< Q 0L The estmaton result
ndicates that the mpacts of the maxmum
temperature on m idseason rice yield are canp letely
different as the temperawre n different ranges
W hen themaxmum tem perature is beween 35C 1o
39C, the average yel of m dseason rice will not
if the
temperature is above 39C, the average yeHd of

change significantly  but m ax in um
m idseason ricew ill decrease by 13 percent

In all models the coefficients of technological
progress variable ( tme ¢ n Table 1) are statstical
senificanf which mplies that technology plays an
mportant role n pranoting m dseason rie yield n
he latest 15 years As for the other production
nputs variabks the coefficients of fertilizer labor
and othermaterhk nputs are not slatistically
senificanf except the mput of machinery. The
coefficients of machinery nputs are all statically
sgnificant at Q@ 05 kvel This means that the
ncreasng nput of machmnery will signifantly
contribute to the yield of m idseason rice The
coefficient of fbod disaster is sinificantly negatve
n all regression models which shows flood disaster
is one of the key factors adversely affecting the yield
drought  the

nsgnificant coefficient ndicates that it & not so

of midseason rice As 1o the
serbus i the selected regions and period

3 Conclusions and discussion

The maximum tenperauire durng fbwering

period of m dseason ;rre has a risng, trend n
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Table1l Regression result of midseason rice production model

h(yiel)
Exp hnatory variab les
M odell M odell M ode LIII Model IV M odel V ModelVI  ModelVI
Constant 1. 852 1173 1. 639 1. 646 1692 1. 689 1. 794
(6 74)" (L 46) (6 97)™ (701" (7087 (7067 (8 16)"
Technical progress
Tine series Q0 008 0 008 0 008 0 008 0 008 0 008 0 008
(L8 (200~ (L83 (L 89) (191)° (197)° (213)"
Producton inputs
In( fertilizer) - 007 -0 075 - 0 066 -0 07 -0 082 -0 07 - 0092
(-1 11) (-1 18 (-1 04) (=109 (-126) (-L11) (- 1 56)
Ih(machnery) Q0 090 0 086 0 085 0 084 0085 0 084 0 070
(302) 7" (2857 (28)7 (283" (2887 (287 (255"
In( otherm aterial inputs) 0 074 Qa 07 0 067 Q0 067 0 07 0 068 0 06
(L 54) (L 47) (14 (1 4) (L 46) (L 43) (L 34)
In( hbon) Q0 086 0 078 0 096 0 093 0082 0 078 0 054
(L 27) (L 14) (139) (L 36) (L 18) (L 11) (0 84)
Nautural d saster
F bod rato - 0003 -0 003 - 0 003 -0 003 -0 003 -0 003 - 0003
(=28D)" (=275 (=277 (=267 (=265 (=269 (-29)"
Dwught ratb 0 001 0 001 0 001 Q0 001 0 001 0 001 0. 000
(0 74) (0 72) (0 76) (Q 71) (0 78) (0 64) (0 17)
Tan perature variables
The maxm un temperature - 0006 0 036
(-1 42) Q77
The square of ten perature -0 001
(-0 90
T an perature dunm y varnbles
35C (1= 235C, 0= < 35C) - 0 008
(-0 43)
36C (1= 236C, 0= < 36C ) -0 007
(-0 39
37C (1= 237C, 0= < 37C) -0 017
(-0Q95)
38C (1= 238C, 0= < 38C) -0 0
(-0 90)
39C (1= 239C, 0= < 39C) - 0130
(=397
San ple Size 105 105 105 105 105 105 105
R? 0 58 Q0 59 057 0 57 0 58 Q0 58 0 64
Note The figures in parentheses are ¢ values of estinates ™", ™ and*  denote significant difference at 1%, 5% and 10% level respectively

The province dummy variables are omitted

the

maximum temperature ncrease n generalw ith great

our exploited periods In the national leve]
fuctuatbn At provincial leve] the risng trend is

more sinificant in our explored provinces
A lhough  there

teanperature beween Indica and Japon ica, varieties

is difference n  critical

it is canmonly consilered that hot temperature
abover 35C has a negative effect on rice yied
fomaton by killng rice pollenm’ “I n this study
hem aximum temperature at rice flowerng was used

as a tenperature variable n production mode] our

results | show  hat  only when  the  maxmum
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temperature is above 39C, the yied of m idseason
rice w ill drop sgnificantly. The difference may be
caused by wo possble reason (D 35C is a critical
tanperature observed n expermenji under which
pollen will be hurt @ Rice flowerng may be
contnual for several days even pollen was killed
under high temperature insem nation coul carry on
if the tenperauire is suitabk n oher tine

In this study,
not ncluded in the producton model for lack of

hum idity and w nd speed were

data Those wo factors will also nterfere with rice
nsen nation under h igh ternperahlre[l3].

The goal of ths work manly focused on the
mpact of high temperature at flowerng on rice
yed It is ckar that when the maxmum
temperature is above 39C, the average yied of
m idseason rice w ill drop by 13 percent sign ificantly
Obviousely Chna is confronting a great challenge
by rishg maximum temperature in production of
m idseason rice So it is quite necessary for Chnese
govemment to pay more attention to the changing
trend and possble effects on China's agriculure
and to figure out good ways to avod the damage by

the extran e tanperature n the fiure
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