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ABSTRACT

Through the website of International Water Manageimestitute, the referenced evapotranspiration JEWas
found which was calculated by the meteorologicahd#uring 1961-1999 from 147 stations in Sichuanwirce.
Further, according to the crop coefficients of ricraize, wheat, rape, the water requirements (EThain crops
were estimated by using Food and Agriculture Orgation (FAO) Penman-Monteith equation. The spatial
distribution characteristics of Bwere drawn by Spatial Interpolation method by meainGeographic Information
System (GIS). Results showed that: (1) the maxiandrminimum of Ejfwere at summer and winter respectively,
and the maximum of BTin three climatic sub-zones occurred at differéntes; (2) the crop growth stage was
different, so ET of different crop was significgndifferent, and ET of crops at the same regiomnfitaigh to low
were: rice> maize> wheat> rape; (3) spatial disttition of crop water requirements changed largehd ¢he high-
value zone of crop water requirement was mainlyritisted in the southwest mountain areas, and tbhstrareas of
Aba belonged to low-value zone.
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INTRODUCTION

Using the historical climatic data to analyze tlaeiation characteristics of water requirement wdhtribute to have
a deep and good understanding of water requiretoetite drought and flood regularity of occurrenceler the
circumstances of Global Warming. In terms of theiateon of water requirements for main crops, Taetg
al[1]calculated the potential evapotranspiration {Eih every month by using the Penman-Monteith eiquat
according to the monitoring data of 10 meteorolafystations during the years 1951-2009 in the Nfig hui
Autonomous region, and Kriging interpolation showleat ET, decreased from north to south in the study area. G
et al[2] analyzed the temporal and spatial distributtbaracteristics and the variation tendency ofpibiential ET

in the main ten watersheds of China, and discugsechain climatic factors which causing the vaoatof potential
ETo. Yanget al [3] analyzed the temporal and spatial variatiorwafter requirements for main corns in growth
period and irrigation period at spring and summethe Yellow-Huaihe-Haihe region, and discussedctireelation
between the water requirements for crops and dlinfattors. Wanget al [4] probed into the spatial distribution
characteristics of water requirement for wheat ilddie Reaches of the Heihe River by using the nwihfoGIS,
and the results showed that the water requiren@nigheat presented an increasing tendency fromhsmuborth.

Li et al [5] analyzed the information of water requiremefus single-cropping and double-cropping rice i th
Middle and Lower Reaches of the Yangtze River, gnedwater requirements of single-cropping rice dased in
growth period.

Nowadays, there is a lot of researches about therwequirement of crops in Sichuan Province.
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For example, Zhangt al [6] analyzed the relationship between the vanmaid field water budget and climate
change for three crops in the growth period in Gchdifferent climatic zones over nearly 40 yedi®uet al [7]
analyzed the variation and the period charactesistif the atmospheric precipitation in Sichuan. rCaeal [8]
investigated the variation characteristics of, B main crops and the principal climatic factorss basin stations
and 5 plateau stations in Sichuan Province froml11@62009. But the studies by using the method I8 r
allocating the water requirement of crops do natehbeen much applied in Sichuan Province. So thisl@was
based on historical climatic data and data of énofhe growth period, through the analysis and uatton of the
water requirement to the four main crops: rice,z@awheat and rape for 147 meteorological stationthe ground.
According to the climatic and geographical diffeves of different areas, a detailed study was madthe main
crops water requirements in Sichuan, which can igeowa scientific basis for monitoring the soil naig,
evaluating regional water resources, planing asigdéng the farmland and water conservancy engingemaking
the field irrigation plan and adjusting the plagtiof crops.

EXPERIMENTAL SECTION

Sudy Area: Sichuan is located in the Upper Reaches of thgtYanRiver in the southwest of China. The longitude
is between 97°21'E and 108°31’ E and the latitiwledtween 26°03'N and 34°19'N. It is over 1075 konf east to
west, 921 km from north to south with an area &,880 kn, including 181 counties (city, district). Sichuisrthe
fifth largest province in China. The landscape ich8an is complicated, which is mainly mountaindaAs a whole,
the east is the Sichuan basin and the westerngpaldteau and mountain region. Thus, Sichuan dedufour types
of landscape: mountain, hill, plain and plateauchithave the proportion of 74.2%, 10.3%, 8.2%, 7t8%pectively.
According to the geographical climatic charactasstand the national standard of the Chinese Melegical
Geographic Distribution, Sichuan Province can hvidéid into three climatic zones: (1) the EastersiBancluding
Guangyuan, Mianyang, Deyang, Chengdu, Bazhong, @gzNanchong, Guang’an, Sui'ning, Ziyang, Neijiang,
Zigong, Meishan, Leshan, Ybin, Luzhou and the Yimgj Tianquan, Lushan, Baoxing, Mingshan of Ya'aity.C
This area belongs to the subtropical moist climaégion and it is warm and humid with hot rainy season
throughout the year. The annual average temperatinges from 1€ to 19C, the annual average precipitation
ranges from 900 mm to 1200 mm, and annual suntigte throughout is about 1000 h to 1600 h whicbris of the
less sunshine area in China. (2) the Western Riaiaaluding Ganzi and Aba. This area belongs w® dlpine
climate zone without summer season throughout #a gnd with a long winter. It has an obvious dng aainy
season. The annual average temperature is grbateBE, the annual average precipitation mostly rangas 800
mm to 700 mm, and the annual sunlight time is abl®@0 h to 2700 h. (3) the Southwest Mountains Area
including Panzhihua, Liangshan and the Hanyuarm@ihi in Ya’'an City. This area belongs to the subitral semi-
humid climate zones, and it is not distinct in ther seasons. The annual average temperature ig 45€¢ to 20C

in the valley and ®to 15C in the mountains. It has great difference of giation in every region and is clear by
drought and wet season .The annual average preg@pitranges from 800 mm to 1200 mm, but precipitedf the
valley of the Jinsha River is less than 400 mm. ditmeual sunlight time is about 2000 h to 2500hcWiis twice the
eastern basin.

Data of ET,: The values of EJwere taken from the website of International Walenagement Institute(IWMI)
which based on the data from meteorological statiom the ground of the 147 counties in Sichuan iRcevand
were calculated by the method of Penman-Monteithaggn that was recommended by Food and Agriculture
Organization (FAO). The distribution of meteorologji stations is shown iRig.1.

* Station 0 75 150 300 KM
= City I R

Fig.1 Distribution of meteorological stationsin the study area, Sichuan Province
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Water Requirements. Crop water requirement (ET) refer to the amountvafer required to compensate forgT
losses from a cropped field, on the condition thatcrops have a high yield in the specified pemddch have a
proper soil moisture and fertility without injurisuinsects. Crop water requirement includeg Biid the water
requirement of photosynthesis which is negligibieh[9]. So, in the production practice, the 3 similar to the
crop water requirement under normal growth condg@0]. In the whole growth periedcrop water requirement
will vary with the growth stage, especially theatigus growth stage needs the maximum water.

Thus, theoretical crop water requirement can béacep by EF. By using the method of crop coefficients to
calculate the crop water requirement in some petluel calculation of the water requirement ET iis tirticle is as
following:

ET=KcxET,

In the formula, ET: water requirement in the cadtinlg period, ET. evapotranspiration in the corresponding time,
Kc: the crop coefficient which reflects the cropeiacteristics of itself that have an effect oneva¢quirement, for
example, the type and variety of crop, growth ptaad the population of leaf areas, and others.

Crop Coefficient: The main crops in Sichuan province are wheat, maize and rape throughout the year.
According to the data ofgricultural meteorological Resourcés China the value of Kc was not the same for
different crops in different growth stages. FAO fioned a lot of crops’ Kc on the basis of the maxperiments all
over the world. In terms of the practical situationSichuan Province, crop coefficients in thecetiwere gained
from the FAO-56[11]and’he Main Crop Coefficient Kc Table in Sichuan Pneg Table 1 are listed for the main
crops. The values of Kc in the initial, mid-stageveell as the late stage were corresponding wighitig, blooming
and ripe stage. At first, Kc would be very low hetgerminating stage, but gradually with the groweftlecrops, the
Kc would increase to the maximum when the cropsewvierthe vigorous growth period. And with the méuof
crops, Kc would decrease slowly.

Tablel Crop Coefficient in different growth stages

crop Kcinitial Kcmid Kc late

rice 0.6 1.2 0.6
maize 0.5 1.15 0.6
wheat 0.3 1.15 0.25
rape 0.4 1.15 0.35

The Distribution of Water Requirement Based on GIS: The limited number of climatic monitoring stations
caused restricted data of the crop water requiréimenalculating from the Penman-Monteith equat®ecause the
different crop water requirements were changingpiace, water requirement can be regarded as thial spalysis
object, which has the characteristics of presergeggraphic position in GIS. Thus, data of therergtudy area can
be obtained by using the Spatial Interpolation metiThat is to say, making full use of the cropavatquirement
in the known climatic stations can inquire by meah$5IS into the data in undiscovered climatic istad in the
study area. In order to reveal the spatial distidlburules of main crops in Sichuan Province, saleaed data base
was established by using the coordinates of 14Watic stations on the ground and the four main £ropter
requirements. Next, the data were led into ArcGiScessed through the Inverse Distance-weighedplok&tion
(IDW), and then spatial diagrams of the crop wadguirements were produced.

RESULTSAND ANALYSIS

Dynamic changes of ETO characteristics: Fig.2 displays the annual average FEh dynamic changing curves,
month by month in different regions and shows thay firstly increased, then decreased on the wholee Th
maximum and minimum of Blwere at summer and winter respectively, and idga#ly rose in spring and declined
rapidly in autumn. Furthermore, the period from Bmaber to January in next year was at the minimuwel lef ET,

in the whole year. On the other hand, the maximdifeTy occurred at different times. The maxima ofyET the
southwest mountains area, the eastern basin andetstern plateau were at April-May, July-Augusty &tay-July
respectively. Seeing from the different areas,aherage EJ in the southwest mountains area was mainly higher
than in the eastern basin and in the western plateal the average gin the eastern basin was slightly lower than
the western plateau, except in the April-Septenpleeiod.
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Fig.2 The changing curves of annual average ET,

The Spatial Distribution Characteristics of Crop Water Requirement: Fig. 3 shows the spatial distributions of
water requirements for four main crops during theagh period in Sichuan Province.

Rice: Rice is one of the main crops in Sichuan Provimtgch is mostly planted in the eastern basin arel th
southwest mountain area, and it has a little pathé western plateau. Fig. 3a shows that theavezage annual
water requirement was between 471.15 mm and 64#4rG5n the whole province, but it had a great diitgrs
different space. The high-value zone of rice wadguirement is mainly distributed in the southwestuntain areas
and the eastern basin’s Chengdu, Deyang and paWiaiyang and the value ranged there from 590 mm to
644.55mm. Most area of the western plateau beldagthe lower-value zone for rice average annualewat
requirement, which was between 471.15 mm and 530khoneover, the value of the eastern and southernipa
the eastern basin was in the middle level, whicigea from 530 mm to590 mm.

Maize: Maize is mainly planted in the eastern basin amdsthuthwest mountain areas. From Fig. 3b, the maize
average annual water requirement was between 39%and 551.61mm in the whole province, but it hagteat
diversity in different space. The high-value zofiehe maize water requirement is mainly distribute@r most of

the southwest mountain area. The value ranged #89nmm t0o551.61 mm. The southeast of the westextegul,

the north of Ya'an, the south of Leshan and thetsotiLuzhou belong to the lower-value zone, whigds between
292.57 mm and 443.36mm. Moreover, the value of ¥a'@&shan, Luzhou and the central, south of thez{3arthe
eastern basin were in the middle level, which rdrfgem 443.36mm to 499mm.

Wheat: Wheat is one of the main crops which all have hg@anted in Sichuan Province. From Fig. 3c, theathe
average annual water requirement was between 2&64#nd 521.15mm in the whole province, but it hapteat
diversity in different space. The water requiremienthe study area decreased from south to ndmtt, was, the
southwest mountain area was the high-value zomeheht water requirement which was between 400.72amdn
521.15mm. The east and north of the basin, théwweitern part of Ganzi and the most area of Abhedting to the
low-value zone, which was between 266.46 mm and1®h8m.

Rape: Rape is one of the main crops in Sichuan Prowvitieh has a great cultivated areas in the plainthachill
area, and in some southwest mountain areas andvelstern plateau. From Fig. 3d, the rape averagerwat
requirement over the years was between 248.19 nim@8.34mm, and it also had a great diversity ffedint
space. The rape water requirement decreased framm $0 north, but it had an increasing trend towatide
northeast. The southwest mountain area and the passtareas of the Leshan, Luzhou are the highevatine
which was between 400.6 mm and 492.34mm. The Iduevaone was mainly distributed in the most pagaarof
Aba, Chengdu, Deyang, Mianyang and the northwe$afzi. The value ranged from 248.19 mm to 293.33mm
The most area of the Ganzi, some part of the Ziyalgjiang, Guangyuan, Dazhou and Bazhong in tlsteea
basin were in the middle level, which ranged frd®3.33 mm to 400.6mm.
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Fig.3 Spatial distribution of water requirementsfor main crops (a. rice, b. maize, c. wheat, d. rape)

In generally: (1) at space, the spatial distributtd water requirement had a great diversity foeriwheat, maize
and rape. Maybe the largely different climate wotddise the spatial distribution in the easternrhdise southwest
mountain area and the western plateau; (2) for, ndeeat, maize and rape, there were different craper

requirement, because the difference of the cropvifirgperiod and the crop coefficients would conttéoto the

different crop water requirement; (3) the differendps in growth period were at different seasomsteover, the
water requirement of different crops in the sangiore were different. The relation was: rice > nealz wheat >
rape, and it was the same as the research reduili {if2].

CONCLUSION

By analyzing retrospectively the main crops watsguirements for rice, maize, wheat and rape dutB@fl-1999
(40 a) in Sichuan Province, the conclusions arfel&sys:

(1)The maximum and minimum of ETvere in summer and winter respectivelsgnd December-January of next
year were the lower-value of g TMoreover, the maxima of Ein different areas occurred at different times.
(2)The spatial distribution of the water requiretsefor four main crops presented a great differefidee water
requirement in the southwest mountain area wasehigitan that of the eastern basin and the westatequ. At the
same time, the most part of Aba belongs to thevaiue zone.

Acknowledgement
The study was supported by the International Sidiersnd Technological Cooperation Project (20123620),
and Innovative Research of Sichuan Provincial Diepamt of Science and Technology (2012Z7045).

REFERENCES

[1]YY Tang ; LG Xu; L Du ; and XJ Longl. Irrat. Drain., 2011,30(6),20.

[2]G Gao; DL Chen; GY Ren; Y Chen; and YM Ligdeo. Res2006, 25(3),378.

[3]XL Yang; J Huang; H Chen; and QQ ZhLiChina Agr.Uniy2011, 16(5),26.

[4]Y Wang; CY Zhao; FX Tian; and C WanBe. Heihe Rive?011, 31(9),2374.

[5]Y Li; XG Yang; Q Ye; and XH Huandlrans. Chinese Soc. Agr. Eng011,27(9),175.

541



DENG Yuetal J. Chem. Pharm. Res,, 2013, 5(12):537-542

[6]HQ Zhang; and ZF Mal. Nat. Res2011,26(11),1918.

[7]ICY Zhou; SX Cen; YQ Li; GZ Peng; SQ Yang; anBeng J Geo. Scj2011,66(5), 619.

[8]C Chen; YM Pang; XB Pan; and CY Wardg Agrometeq2011, 32(1),35.

[9]RP Ji; YH Zhang; PS Chen; and XX Bdes. Env. Drou.Re@Q04, 18(1),64.

[10]Q Hou; YP Li; and JG SheAgri. Reg. In. Mongolid999, 10(1),72.

[11]RG Allen; LS Pereira; D Raes; and M Smith. Cempotranspiration-Guidelines for Computing Cropt&y
Requirements FAO Irrigation and Drainage Paper3%$aElectric Publication). Rome, Italy: FAC998.

[12]HB Liu; Q Wang; JH Gan; HX Wang; and HG @GQu.Guizhou Meteoj2011,35(3),31.

542



