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ABSTRACT

Weather conditions are essential for peanut growth. To understand the
effect of weather on peanut yield, this paper uses 31 years (1981-2011)
meteorological data (sunshine duration, rainfall and temperature) and
peanut yield of ten provincesfrom China. Simplelinear stepwiseregression
estimation was used to determine the relationship between peanut yield
and weather as well as tendency during the life cycle. Except for trend
yield, the weather factors’ impact on peanut yield is significantly though
some monthly weather variables are insignificant. We could forecast the
yield according to meteorological yield coefficients, and we also use
irrigation or film-covering to change weather condition to increase the
peanut yield. Thiswill give atheoretical basisfor crop yield forecasting
and the way to increase yield. In summary, this study could be used inthe
earlier warning for peanut yield. Theseresults providean important guiding
and predicting bases for peanut yield.
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INTRODUCTION

Thereisacl oserelationship between climatic con-
ditionsand agricultural productiont®. The changes of
climaticfactorssuch assunshine, temperatureandrain-
fall led directly to the changes of light, heat and water
which aredesired by crop growth, whichfurther led to
the adjustment of the production areas, changesinthe
level of production and crop yield variation™*4. With
in-depth research of climate change, extensive atten-
tion was paid to agro-meteorol ogical resources, agri-
cultural cropyield changes and other related i ssues®.

Peanut is one of theimportant oil seed crops, not

only full of nutritious, but morethan 50% oil content. It
isusedinfood, oil processing, study, printing and dye-
ing industry!®. Planting range spanned 47° and 18° of
north latitude, distributing from the northerntemperate
zonetotropica Hainan Idand, from thewestern semi-
arid areasto the east coast!?

In this study, the parameters of the trend and
westher to peanut yield would beresolvedin provincid
groups. Theobjectivesof thisstudy areto estimatethe
above parameters, which affect thecropsyield in dif-
ferent growth stages. From theresults, the peanut yield
of thedifferent provinces could beforecasted d so suit-
ablesupervisonto meet higher yiedd could beprovided
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according tothewegther condition.

The separation of trend yield fromactua yield has

been acommon method in estimating agricultura crop
yield®. used asimple Linear model to estimatetrend
and meteorol ogical parametersin asinglecounty of
China; Mused aNon-linear model to estimatefor na-
tiond leve butinthisstudy, weusesmplelinear model
to estimatethe peanut yield indifferent provincia re-
gion.
Thesgtructureof thisstudy isin thefollowing: part 1
isintroduction, part 2 isdataand itsdescription, part 3
isthemethodology, part 4istheresult and analysis, and
thelastisdiscussionand conclusion.

DATAAND ITSDESCRIPTION

Peanut production dataduring 1980-2011 wascol -
lected from the Nationa Bureau of Statisticsof China
(http:/Amww.gtats.gov.crv). Thisstudy selected themain
peanut producing provincesfrom Chinaregiona rep-
resentativesincluding the North, East, Central, and
South. Top 10 Peanut main-producing provinceswere
selected from Chinese Bureau of Statisticsaccording
to peanut average-acreagein thelast 10 years (2002-
2011), and the studied area accounts for more than
85% of the nationwide peanut production. Theacre-

arethetop two provincesin peanut-acreage and pro-
duction, accounting for more than 50% of total pro-
ductionin 2011 and ensuring Eastern and Central re-
gion high productionpositionin China

Thedataof daly sunshine, rainfdl and air tempera:
turewereobtained from the ChinaMeteorol ogical Data
Sharing Service Center (http://cdc.cma.gov.cn). Pro-
vincid meteorol ogicd factors(sunshineduration, rain-
fdl, temperature) meanfromApril to September (1980
2012) isshownbelow inTABLE 2.

Sources. arranging each sage’s meteorological data
accordingto Meteorological DataSharing Service Cen-
terinChina
Yidd

Thetrend yield was estimated from actual yield
(Figure1 & Figure?2). Thetrendyiddisthe additional
changesinyiddfrom agricultura technologica progress
i.e. thenon natural factord® such asimproved or hy-
brid seed, better management system, extension ser-
vicesetc. According to the positive d ope, technol ogi-
cal impact to theyield isdifferent to each province.
Anhui, Shandong, Henan and Hubel have higher trend
yield, for they have steeper slope.

Meteorologica yieldistheresidual of actud yield
andtrendyidd. Thefluctuation ggp between actud yied

TABLE 1: Peanut acreageand output in China (2002-2011)

. acreage Production Yield
Province -
(1000 ha) Rank (10' t) Rank (kg/ha) Rank

Hebei 413. 4 3 136.3 3 3297 5
Northeast o

Liaoning 223.3 6 55.7 8 2494 8

Anhui 212.9 7 79.4 5 3729 3
East Jiangxi 146. 6 10 36.7 11 2503 7

Shandong 847. 1 2 345.2 2 4075 1

Henan 970. 1 1 363. 2 3744 2
Central .

Hubei 177. 1 9 61.3 6 3461 4

Guangdong 317.0 4 80.9 4 2552 6
South Guangxi 194. 1 8 45. 6 10 2349 9

Sichuan 258. 4 5 58.1 7 2248 10

Total 3760. 1 - 1225.7 - 3260 -

age, output andyield arelistedin TABLE 1.
Sources

National bureau of statistics
Inthe selected provinces, Henan and Shandong
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and trend yield demonstratestheinfluencing degreeto
theyield caused by the weather. Liaoning, Anhui,

Shandong, Henan and Hubel haveendured larger in-
fluencein peanut yield from the weather (Figure 1 &
Figure?2).
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TABLE 2: Themeteorological mean in selected provincesfromApril to September during 1980-2011

code North East Central South
Hebel Liaoning Anhui Jiangxi Shandong Henan Hubei Guangdong Guangxi Sichuan
sunshine Apr 80 7.6 5.6 38 7.7 6.3 4.8 33 33 55
(h) May 85 8.0 6.1 4.8 8.1 6.6 5.3 4.6 4.8 55
Jun 81 75 55 4.8 7.7 6.5 52 53 51 4.8
Jul 7.0 6.2 6.1 7.3 6.3 5.7 5.9 7.0 6.1 5.0
Aug 7.0 6.8 5.9 6.6 6.6 5.6 6.2 6.4 6.2 5.3
Sep 75 7.7 53 55 7.1 5.2 5.0 6.0 6.0 4.1
rainfall Apr 11 14 3.6 7.6 14 18 3.9 6.7 4.5 20
(mm) May 1.9 2.2 4.3 7.7 24 36 5.1 8.9 7.7 34
Jun 31 3.7 7.1 99 34 3.8 6.5 10.7 10.5 5.3
Jul 5.3 6.2 7.7 59 6.1 6.2 7.4 8.3 9.6 6.6
Aug 44 5.8 5.7 5.6 5.6 5.0 55 85 8.0 5.9
Sep 22 25 34 3.7 2.8 3.3 3.6 6.4 5.1 4.6
temperature Apr 12.3 9.9 15.2 17.3 12.6 152 161 215 21.3 125
(°C) May 185 16.4 20.4 21.8 18.1 203 20.8 24.7 24.6 16.1
Jun 228 20.7 240 249 224 246 242 26.8 26.5 18.4
Jul 24.6 234 26.7 28.0 24.7 260 26.7 279 274 19.8
Aug 232 229 259 27.2 24.3 248 26.0 271.7 27.2 194
Sep 183 17.6 21.8 237 20.3 204 220 26.3 25.6 16.4
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Figurel: Theactual and trendyield, coefficient of variancesof sunshine, rainfall and temperaturein Hebei, Liaoning,
Anhui, Jiangxi, Shandong of China(——trend; —4#—actual; ——variancecoefficient).
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Figure 2 : Theactual and trend yield, coefficient of variances of sunshine, rainfall and temperaturein Henan, Hubei,
Guangdong, Guangxi, Sichuan of China(——trend; —€—actual; —— variance coefficient).

Weather

Sunshine

Thereisno much difference comparatively inthe
variation of sunshine hoursthroughout the 6-months of
the past 31 yearsin the study areas. From the Mean of
sunshineduration, the North hasthelongest sunshine
duration, followed by the Central region, Inthe East
with exception to Shandong sunshineduration (Similar
totheNorth) hassimilar sunshineduration asthe South.
InHebe (North of China), Liaoning (Northeast) and
Shandong (East), therange of average sunshinedura-
tionis6.2t0 8.5 hours per day; the sunshineduration
of Anhui, Hubei, Guangxi, Sichuanis3.3t0 6.2 hours;
Henan; Jiangxi and Guangdong range 3.3-7.3 hours.
Accordingtothecoefficient of variance(CV), inApril,
Jiangxi, Guangdong and Guangxi have higher CV, and
inMay, Hubel hashigher CV with 0.21; most selected
provinceshavehigher CV in JunetoAugust.

Rainfall
In comparisonto the other two meteorol ogical fac-

BioTechnologqy —

tors, rainfal variesgreatly in different years. Generdly,
thereislessrainfall in sowing and harvesting season,
and theNorth haslessrainfall than other regions. The
Northhasmorerainfal in July and August withtherange
of 5.3t0 6.2 mm. TheNorthincluding Shandong and
Henanhashigher CV for rainfal. Henan’s rainfall is most
unstable and Sichuanisrdatively stablethan other re-
gions.

Temperature

Averagdly, the South has stable mean temperature
than other regions. Thetemperaturein sowing season
(April) islower, higher in May toAugust, andtendsa
dight decreasingin September. The CV of temperature
iscomparatively lower than other two wegther factors.
In peanut lifecycle, only Liaoning hashighest CV in
April withvaueof 0.14.

METHODOLOGY

TheTrendyield from thevariousprovincesin Fig-
ure 1 and Figure 2 are obvious, and the weather fac-
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torsinfluencing peanut yield are possibly existing, so
the equation to estimate the peanut yield isinthefol-
lowing (Equation 1).

Y; = f(T.Eex) )

In the above equation, Y denotes peanut yield; t
denotes selected year; parameter “T” explains the ac-
cumul ated devel opment of technol ogy from improved
seeds, farming management system, reflectingonthe
gradud increment onyieldintime. Thusyiedisthefunc-
tion of trend (T) and thewezather factors X.

Based on above, Chinanationd peanut yield model
isinthefollowing (Equation 2).

Y, nTI Z . 55, | Zﬁ,.rft Z V.. tm, | cons. | E (2)
[ L 1

Therefore, sunshineduration, rainfall and tempera-
tureare denoted as ss, rf and tm respectively. Andn,
o, B and y are the estimating parameters, measuring
the degree of responseto peanut yield with error term
() . Inaddition, this study uses a6-month peanit life
cycleto explain theeffect of the meteorol ogical factors
onyied.

RESULTSANDANALYSIS

Figures1 and Figure 2 show variousresultsfor the
actua peanut yiedin the selected provinces.

Thecoefficient of T istheparametersof trendyield,
reflecting technological progressinannual trendyield
(TABLE 3). Henan, Anhui, Hubei and Shandong have
higher trend yield, ranging from 70 to 108 kg/haannu-
dly.

Inpeanut life cycle, therearefive stages. sowing,
seedling, flowering, peg, podsand nut. Theduration of
onecycleisabout 140-150 days. Thestagesinthelife
cyclerequiredifferent weather conditionsto meet pea-
nut growth, but the changing weather condition often
influencethepeanut yield.

North and northeast region

Hebe peanut output formsabout 93%-95% of the
total output in the Northern region during 2000-
2011(NBSC, 2013). The estimated stepwiseregres-
son equation of Hebel explains 98% of thevariationin
peanut yields. Whiletheaverage 3.1 mmrainfal in June
and 2.2 mmrainfal in September showsnegativeinflu-
ence. Thelesser rainfall (1.1mm) at the early peanut

sageinApril andrelaively more3.8mmranfadl inAu-
gust have positiveinfluence on peanut yie d.

Liaoning on the other hand, constitutes 48-74% of
thetota peanut productioninthe Northeastern region
of Chinaduaring 2000-2011(NBSC, 2013).. Theesti-
mate of theregression model of thisprovinceshowsa
lower explanatory power of 76% compared to other
provincia modd. FormtheLiaoning modd, only sun-
shineandrainfdl sgnificantly affect yiddwith 7.7h sun-
shine depicting the strongest positively rel ated impact
onyield but the prolong sunshine(May; 8.0hand July;
6.2h) withthelow rainfall in May (2.2mm) isnot so
good for yied increment.

East of China

The selected provinces from the eastern region,
Anhui, Jiangxi and Shandong accounted for 81%-87%
of total production of the region during 2000-
2011(NBSC, 2013). The estimated stepwiseregres-
sion equation from the abovetableexplains 94%, 98%
and 91% for the peanut yield of the aforementioned
provincesrespectively. Anhui experiencesher highest
impact onsunshinedurationinApril and July; postively
relatingtoyiedinApril but otherwisein July with aver-
age sunshine hour of 5.6 and 6.1 respectively, another
meteorological factor that rel atesnegatively istherain-
fdl in July and September. Thetemperatureindl thesix
monthsof Jangxi provincesgnificantly affect yied. July
and August exhibitsthestrongest impact on Jiangxi pea
nut yield; theaverage 28.0°Cin July not favoringyield
but the27.2°C inAugust positively influenceyield.

Ontheother hand, Shandong’s highest impact is
seenonsunshineinApril and ontemperaturein August.
Shandongissecond (7.7 h) intermsof sunshinedura
tioninApril after Hebei province (8.0 h) and inthese
two areastheweather factor indicated ahighly nega-
tiveeffecttoyied.

Central region

Peanut productionin Henan and Hube of the Cen-
tral region of Chinaaccounted for 91%-95% of total
production in the region during 2000-2011(NBSC,
2013). Thetemperaturein May hasthe strongest nega
tiveimpact on peanut yieldin Henan. Higher tempera-
ture shows positivesignsin August to almost all the
provincesincluding Henanwhich havean averagetem-
perature of 24.8°C during the month. Another nega-
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TABLE 3: Chinanational peanut yield model, using trend and M eteor ological factors

Hebel Liaoning Anhui Jiangxi Shandong Henan Hubei Guangdong Guangxi Sichuan
T 70.19 36.17 94.68  54.42 69.85 107.57 53.48 46.01 53.72 34.74
4.7 (5.39) (5.87) (2.53) (5.38) (6.6) (6.91) (1.33) (1.9 (2.59)

ss Apr _ _ 103.69 -137.7 100.16 -214.28 52.84 i B
- (63.63) (71.28) (63.31) (81.26) (18.52)

ss May _ -149.79 -73.16 B B 159.8 -95.61 B B B
- (70.61) (47.13) (95.53) (47.01)

< Jun 113.87 _ B B B B B -15.88 -86.79 B
- (35.49) (10.47) (21.96)

< -89.12  -123.09 -182.58 B B -118.16  -80.33 -32.7 414 -100.3
- (48.61) (55.12) (57.7) (48.34) (417 00) (20.22) (22.31) (26.8)

ss Aug _ _ 91.72 B B B B -09.93 B B
= (56.58) (20.3)

ss Sep _ 303.13 B 63.65 B B 85.45 76.63 B B
— (103.34) (24.5) (54.32) (19.08)

(f_Apr 21297  148.01 B -13.95 B B -95.94 9.88 27.57 B
- (63.84) (88.95) (9.26) (45.56) (5.92) (11.51)

(f_May _ -183.14 B B B B B B B 224.12
- (79.87) (48.97)

ff 3un -76.71 _ B 31.38 103.43 B B B B 90.35
- (33.51) (7.16) (36.15) (32.46)

i 3l _ _ -112.37 -52.21 53.56 B B -14.07 B B
- (27.65) (17.79) (25.74) (6.53)

f_Aug 55.83 63.63 B B B B B B 26.68 B
- (17.42) (22.61) (9.91)

f_Sep -77.74 _ -73.51 B B -54.58 B 24.47 B 55.4
— (31.05) (42.32) (29.31) (5.92) (30.52)

tm_Apr _ _ B -70.44  -109.06 B 210.84 B B -74.79
= (19.78)  (55.17) (56.66) (30.67)

tm_May _ _ B 57.62 B -226.75 B -36.06 -53.06 71.44
- (22.77) (84.06) (15.97) (22.62) (34.64)

tm Jun 68.67 _ B 103.86 B B B B 174.85 B
- (43.88) (33.61) (53.71)

tm Jul 80 ) B -255.23 B B B B -98.95 B
— (45.9) (49.35) (48.07)

tm_Aug _ _ B 130.72 231.71 24348  123.05 138.12 B -115.3
= (34.77)  (79.94) (66.72) (54.33) (38.42) (25.46)

tm_Sep -65.29 B -47.56 B B B -53.2 B B
— (39.57) (23.35) (24.16)

_cons -1029.67 859.09 2735.84 301529 -979.44 -1369.21 -2868.76 2.2 23279 2578.79

R? 0.98 0.76 0.94 0.98 0.91 0.95 0.92 0.99 0.98 0.92

Estimation period 1981-2011

tively meteorol ogical impact on Henan peanut yiedin-
cludeshigher millimeter of rainfal during September.

Theearly stage of peanut growth provesasone of
themostimportant period in determiningyieldin Hubel
provinceasindicated by thestrongest positiveand nega:
tiveimpactinApril; lower temperaturefavoringtheearly
plant but theless hours of sunshine (4.8h) intheprov-
incerelated negatively toyield.

South and southwestern region

From the South, Guangdong and Guangxi ac-
counted for 93%-94% of total productionintheregion
during 2000-2011(NBSC, 2013). A much larger por-
tion compared to the share of thethreeprovincesinthe
East. Guangdong peanut model explainsahigh per-
centage (99%) of thevariationin peanut yield while
Guangxi’s explains 98%. Temperature and sunshine have
thestrongest impact onyieldin thesetwo provincesbut
at different months. InAugust, higher temperatureim-
provesyield and Guangdong experiencesthe highest

BioTechnologqy —
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temperature (27.7°C) among these provinces..

The strongest meteorol ogica impact experienced
in Guangxi istemperature. Thetemperaturein June
(27.3°C) and July (28.1° C) are both thehighest among
other provincesbut the estimated regress on coefficient
for July hasnegativeinfluence on peanut yield.

Sichuan produces about 70%-76% of the South-
western peanut production during 2000-2011(NBSC,
2013, http://www.stats.gov.cn/). Giventhe advantage
of higher temperatureto peanut yieldinAugust asex-
hibited by other provinces, only Sichuan provincesex-
periences|ower temperaturethat islessthan 20°Cthus
the meteorol ogical impact related adversely toyield.
Whiletheaverage 3.4mmrainfal inMay and rdatively
morerainfal 5.3mmin Juneand 4.6mmin September
with theaveragetemperatureof 16.1°CinMay related
positivey toyield, theaverage sunshineof 5.0hin July
showsan oppositerdationshiptoyield.

DISCUSSIONAND CONCLUSION

Thissection discussesthekey reasonsto theresult
of theinterrelationship between peanut yield and the
weather factors.

Westher conditionsareessentid for peanut growth.
In recent years, climate change had acertain impact on
theyield of peanut. Thispaper identifiestheinfluenceof
meteorologica conditionson thegrowth of peanutin
different provincesin China, which hasacertain guid-
ing significanceto the reasonabl e prediction of peanut
yidd.

Theweather coefficientstoyield listedin TABLE
3. Wefound that some monthly wesather factorsarenot
significant; thefeasiblereasonisthat thefluctuation of
wegther could meet the requirement of peanut growth,
andwould not influencetheyied Sgnificantly. Fromthe
authors’ opinion, even though their coefficients are not
significant, the variables are considered important to
cropyield, for examplethetemperature parameter in
Liaoning provincewasnot Sgnificant but thetempera-
tureisimportant to peanut growth.

In someprovincesthereare cond stent westher con-
ditionsand it was expected that there should be com-
parable estimated result but wefound otherwise. The
author’s opined that these differences could be caused
by number of factors such asthe variety of seed, soil

qudity etc. Anexampleof thissituationisfoundin July
inthe Guangxi (south) and Anhui (east) wherethey both
show relatively ssimilar hours of sunshinebut exhibits
different Sgns. Similar feature shared by the provinces
and showing similar result isthehigh temperaturein
August (peanut pod-stage) which favorspeanut growth.
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