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ABSTRACT

In order to increase efficiency of irrigation water use and alleviate conflict
between water demand and supply, this paper studies the composition of
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management level, analyzesthe rel ationship among crop water requirements,
irrigated quota and irrigated water quota, and its corresponding influence

Agricultural water
management.

factors, then puts forward some agricultural water management ideas and
measures that based on the irrigated water quota management and ET
control management. The case study in the end shows that water-saving
irrigation scheme based on ET monitoring control has obvious utility to

agricultural water production efficiency.
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INTRODUCTION

Water shortage has become a major obstacle re-
sourcesand environment problemsthat restrictstheeco-
nomic devel opment of our country, itsnegative effects
onirrigated water and agriculture devel opment directly
threat to China’sfood security, it becomesanew subject
inagricultural water management to speed up to solve
theproblemsof agriculturd irrigationwater shortageand
unressonabl esituation of regiond water distribution now.
Inorder toimprovetheefficiency of agriculturd irrigation
water, relievethe contradiction between supply and de-
mand of water resources, Department of Rural Water
Resourcesin Ministry of Water Resourcesconducted a
compilingwork onirrigated water quotathroughout the
country in 2003. Inrecent years, “naturd - artificia” bi-
nary water cycle pattern and gradually matured theory

on“ET management” that academicianWang Hao™¥ pro-
posad havegreat Significanceon how toimprovetheutility
of agricultura water management. Thispaper anayzes
theinfluencefactorsof crop water requirement andirri-
gation water, the concept and connotation of irrigated
water quota, etc. Put forward preliminary irrigated water
useindex system, irrigated water quotamanagement and
agricultural water management based on ET contral, fi-
ndly andyzetheinstanceswhether thereisany effect on
water saving through agricultural water management
based on ET control.

COMPOSITION OF IRRIGATED WATER
INDEX SYSTEM

Irrigated water index analysisand irrigated water
quotaarethefoundations of agricultural water man-



BTAIJ, 8(1) 2013

Wei Huaibin and Zhang Ruimei

103

————, FyuLL PAPER

agement, ingenera, agricultural water index analysis
mainly refersto determining thewater usequotaof fied
crops. Crop water requirements, irrigated quota, irri-
gated water quota are the connotationsof agricultura
water, they together congtitutetheindex systemof irri-
gated water.

Crop water requirement

Water that cropsneed to consumein order to grow
isthe crop water requirement. It isthe sum of crop
transpiration water, evaporation of soil or water sur-
face between crops and moisture of crop composition
during the growing season. Infact, dueto few moisture
of crop composition (usually lessthan 1% of thetotal
water consumption)and theinfluencefactorsof thesmall
fraction influenced by complex factorsare unableto
accurately cdculae, so negligible. Weregard crop water
requirement asthe sum of crop transpiration and evapo-
ration between plants, hereinafter referred to asET
(Evaportranspiration)3,

Cropwater requirement ET ismain part of agricul-
tura water consumption, reflectstherea crop water
requirement and water requirement rule, isthebasis of
formulating heirrigation system, but isnot good &t op-
erating directly in practice. At present, with the devel -
opment of remote sensing technology and distributed
hydrological model, research on therulesof the crop
water requirement nolonger stay inthefieldtria stage,
ET quantity has been ableto be accurately cal cul ated
and smulated that providesanew platformfor agricul-
tural water management. In addition, the crop water
requirement isal so thetypical basisof irrigation project
for planning, design, management and implementation,
it hasdirect influence on the devel opment of water-
saving agriculture®4, Becausethecrop transpiration and
evaporation between plantsdirectlyinvolveinthetrans-
formation of four water, we apply crop water require-
ment directly to themanagement, inlinewith thebasic
requirement “‘comparable” of theirrigated quotaman-
agement, meanwhilerea crop water requirement data
canreflect therationdity of theregiona distribution of
water and scientificalnessof irrigation water manage-
ment.

Irrigated quota
Asoneof foundationsfor planningand design, irri-

gated quotaisan important part of irrigation technol -
ogy, itisal thesum of irrigation water per unit areain
pre-planting and thewhol e growth period. Irrigation
guota, according to crop water requirement, effective
rainfall and groundwater utilization, determine the
supplementary water of soil moistureto satisfy crop
need, it isdivided into net irrigated quota and gross
irrigated quota. Net irrigated quotaisthe sum of net
fiedirrigated requirement and additional water (bubble
fieddand sdt leaching, etc.) inthewholegrowth period;
Grossirrigated quotaisbased onthenet irrigated quota,
alowingfor water conveyancelossandthefiddirriga
tion water loss, convertsto irrigation requirement per
acreof cand head; Theratio of thenet irrigated quota
and grossirrigated quotaisirrigation water use coeffi-
cient, itisaindicator that can measurewater use effi-
ciency and water-saving level 9.,

Net irrigated quotaismost closely related to crop
water requirement, it keepstheregularity that crop wa-
ter requirement isinfluenced by regiond natura geogra:
phy, climate conditionsand the status of theunderlying
surface, it can effectively separatedifferentirrigated quota
between regionscaused by different objectiveconditions;
Irrigated quotaconsidersthelossesof irrigation water
occurringintheprocessof transmissonand didtribution,
consdersthewhole processof theirrigationwhichis
reflected by irrigation water usecoefficient. During plan-
ning and designing irrigation system, when consider
whether to meet thedemand of crop water requirement,
weusethenet irrigated quota, and when design cand
head and pumping station we usegrossirrigated quota
Infact, irrigated quota, asaplanning and design param-
eter, objectively inherited scientifica nessand regul arity
of the crop water requirement,which could beused asa
guidefor itsirrigation practicework. But dueto difficulty
of direct measurement of net irrigation quota, and gross
irrigated quotacannot be used for water management in
agngleirrigation event, irrigated quotamanagement has
aweek operability fromthefunction of agricultura weter
management.

Irrigated water quota

Irrigated water quotaisanew concept that put for-
ward by agriculturd water management for thefact that
it should meet the demand of strengtheningtheirriga:
tionwater management whose background isindustry,
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tertiary industry and domestic water quota, should be
based on crop water requirement and irrigated quota,
and draw lessons from the successful experience of
water management in other industries, thebasicrequire-
ment of irrigated water quotaisadirect determination
and objectiveappraisd, itsmainfunctionisdirectly ap-
plied for agricultura water management. Inessenceir-
rigated water quota belongsto the category of gross
irrigated quota.

Irrigated water quotaand irrigation quotaboth con-
nection and difference, irrigated quotaismainly asa
bas sfor planning and design of the project, whileirri-
gated water quotaare mainly used for assessing agri-
culturd irrigation water management whichismicro-
cosmicindex and basic principle used to measureand
compare scientificalness, rationality and sophistication
of irrigation water. Irrigated water quotaconsider the
influencefactorsof irrigation water, such asdifferent
crop water requirements, water transportation forms
and consumption, and diversion channel features, etc.
It emphasi zesthe objective demand that irrigation wa-
ter must satisfy, and ismore operable and manageable
compared withtheirrigated quota. irrigated water quota
isauniversal and objectivestandard of comparisonthat
issmilar to other industry water quota, andisthedirect
basis and assessment standard of agricultural water
guotamanagement(®.

Crop water requirement, net irrigated quota, irri-
gated quota, irrigated water quotarespectively reflect
the condtitution of agricultura water index systemfrom
mechanism, design, application and management leve,
agriculturd water management can beexamined through
conducting the organic combination of remote sensing
and distributed hydrological mode™. Agricultural wa-
ter useindex system composition and mutua relations
areshowninfigure 1.

INFLUENCING FACTORSOFIRRIGATED
WATER INDEX

Withmany influencefactors, Irrigated water index,
ingenerd, canbedividedinto threecategories. (1) ba
scfactors: meanstheinherent influencefactorsthat ba-
sicaly haveno choice, such ascrop species, meteoro-
logicd conditions, soil conditions, etc; (2) hard influ-
encefactors. meanstheinfluencefactorsthat can be

changed by investing largely, such aswater resource
conditions, irrigation project types, irrigation areascae,
etc; (3) softinfluencefactors: meanstheinfluencefac-
torsgenerally without input or with acertain but could
be conducted by usersthemselves, such asagronomic
measures, field managementsand water use customs,
etc. Theinfluencefactorsof irrigated water index can
beseeninfigure2.
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Crop evapotranspiration consumptionisacontinu-
oustransmission processthrough the soil-plant-atmo-
sphere system, and the atmosphere, soil and crop of
thethree componentsof any part of therelevant factors
could affect theamount of the crop water requirement,
at thesametime, soft factorsa so haveimportant influ-
ence on crops evapotranspiration, for example, with
water-savingirrigation modeand under the sufficient
irrigation crop evapotranspiration will changegrestly.
Soil evaporation capacity between plantswill begresatly
reduced if weuse plastic covering and straw mulching,
etc. Net irrigated quotaisnumeric equivaent of netir-
rigation water requirement and additiona water in crop
wholegrowth period. Grossirrigated quotaconsider
irrigation water use coefficient onthe basisof the net
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irrigated quota, irrigation water use coefficientisre-
lated toirrigation area, canal bed soil, seepage control
measures, channel length, field project and irrigation
technology level or other hard factorsor soft influence
factors. Different frominfluencefactorsof crop evapo-
trangpiration consumption, irrigated water quotaisa so
affected by hard factors, water resource conditionsin
different river basin or region isboth unableto select
and abletoimproved, for example, improvewater re-
sourcescarrying capacity by water-savingirrigation, and
could uselower irrigation water quotain theregion of
water shortages but with better economic conditions,
facilitateto transfer agricultural water appropriately to
the high-efficiency water industry.

AGRICULTURAL WATERANAGEMENT

Based on theirrigated water quota management

Water guotamanagement isanimportant part of
thewater resources management, water quotadeter-
mination can not only regul ate water use, but moreim-
portant isto guidethewhole society toimprove water
useefficiency andthentoredizethesustainable utiliza-
tion of water resources. Different areasor river basin
have different water resources condition and water use
efficiency, water quota, asaguidelinefor water useina
certainregion or basin, determinesthe quotastandards
accordingto regional or basin economic and techno-
logical conditions, precipitation level, degreesof water
resource utilization and other factorsinfluencing water
uselevel. Water quotacan not ssmply base on theoreti-
cal calculation and experimenta data, and must con-
sider theregion or river basin difference, influencefac-
tor difference of water use, etc. Thereareno univer-
sally applicablewater quotaand itsmeasure method.

Irrigated water quotaisessentiadly grossquota, itis
not awater standard of oneagriculturd productionlinks,
but concludeswater standard of every part. When es-
tablishirrigated water quota, in order to meet the cur-
rent executable scale of irrigation water, we use the
method of field sampling to survey directly crops per
acrewater useof thetypical irrigation unit asthefunda-
mental dataof irrigated water quotato determine, at
thesametimeto useexistingirrigation test detafor check-
ing. Irrigated water quota, asthebasisof scientificdis-
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tribution of agricultura water, should be positioned as
“average’ of many yearsfrom management point of view.
But from the perspective of theactual irrigation water
requirement, irrigation water useismoreobvioudy dif-
ferent fromitsaf inawet year, whichrequirestheirri-
gated water quotashould bedynamically adjustablein
practical gpplication. Toimplement quotamanagement
a0 need corresponding engineering and non-engineer-
ingmeasures, toformulaterelated lawsand regul ations
and expand coveragefor irrigation channelsand cand
system, at the sametimeto improvethefield matched
water-savingfacilities. Through the execution of irri-
gated water quota, scientificirrigation, dynamic man-
agement, rationalizeand maximizethevaueof agricul-
tural water.

Based on ET control management

Under the background of seriouswater shortages,
only to pay attention to seeking for sources, namely, to
increasesland water systeminput and water-saving pro-
cess, hasbeenunabletofully improveeffectiveutility of
water resourcesin the process of the dynamic conver-
sion. Evapotranspiration, asthe main consumption of
water circulation system, hasgreat influenceon effec-
tiveutility of water resource. ET management isthe
water resources management based onwater consump-
tion control and aconcrete implementation that trans-
form “water-offering management”” into “‘water demand
management”, On the basis of theaccurate estimation
of regiona or basin evaporation quantity, parang evapo-
ration composition, it reasonably evaluates|ow-efficient
and high-efficient componentsin the processof water
consumption, whichistheoretical basisand technical
support of application of ET water resource manage-
ment. ET involveswater cycle process,energy cycle
process and material cycle processaongwith physi-
cal, chemical and biologica reactions, therelated role
processisshowninfigure 3. ET, asthe main compo-
nentsof theregiona water balanceand energy balance,
play animportant rolein the process of water and en-
ergy circulation, and also istheimportant link of eco-
logical and hydrological process.

Irrigated quotaisadirect applicationin agriculture
production, irrigated water quotaemerges at there-
quest of agricultura water management. Whenuseirri-
gated water quota, we often adopt adjustment coeffi-
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cient to caculatetheirrigation water useexistinginthe
actud irrigation under different combination of irriga
tion, improper adjustment coefficient selection oftencan
causelarger error for estimating. ET reflect therulesof
crop water requirement from mechanism, through ad-
vanced technol ogy such asremote sensing monitoring,
invert for different crops ET ondifferent land types,
further take reasonabl eirrigation measures. Theactua
water consumptionisregarded asanimportant index
tomeasureagricultural water-saving effect, increaseag-
ricultura output meanwhilereduce ET, namely reduce
water consumptionfromfarmlandirrigation, especidly
reduce groundwater explorationin order toredizethe
sustainabl e utilization of water resources, so astored-
izeregiona ET management!”®. ET control appliedin
the management of water resources provides anew
ideafor agricultural water management. Agricultural
water management corebased on ET control istore-
ducetheinvalid ET and reduceinefficient ET, mainly
redlizethe measuresthrough thefollowing two aspects:
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Fig 3 Interaction of water -cycle and enerey-cvele inremion of iver basine

Intheregion level, we can select water-saving and
highyield varieties according to theregiond develop-
ment planning and thelocal water resources condition,
adjust reasonableagriculturd planting structuretoredize
water and drought ssmultaneoudy, explorethree-dimen-
sond plantingmode, givefull play tothefarmland useof
precipitation, improvecrop farming system, usephysicd
methodsto retainwater for preserving soil moisture, such
astectorid cultivation, planting alongtheplasticfilms,
straw mulching, straw returning and so on, and reduce
evaporation between crops?; Research to promotethe
advanced irrigation system, givefull play tothecrop’s
ownregulating function and the ability to adapt, accord-

ingtotheneed of different cropsin different growth pe-
riod onthewater sengitivity, timely and gppropriate sup-
ply water scientificaly, makeit maintaininboth acertain
leve of trangpiration and cooling effect and acertain level
of ssomata activity statethrough photosynthesisto ad-
just crop physiologica and ecologica status, andinhibit
plant ineffectivetillersand theinvaid of transpiration.In
theprocessof energy cycle: Rn,H,A\E and G arerespec-
tively region/river basinaveragenet radiation, sensible
heet flux, latent heet flux and soil heet flux; Intheprocess
of hydrologiccyde: P, E, Rand ASarerespectively re-
gion/watershed averageannual precipitation, evapora
tionandtranspiration, averagerunoff andriver basnwater
resourcesstoragevariation.

Inthetechnical level, after reduction of water use,
we should formul ate corresponding water-saving mea-
suresand improve water-saving technology to ensure
agricultural production (or without reduction of outpurt)
and increasing farmers’ income. For example, apply
model of soil moistureto calculatethetypical crop ET
quotaof differentirrigation modes, and withthehelp of
adistributed hydrologica modd andysis, count plant-
ing areasof all kindsof crop and ET quotaunder re-
Spectiveoptimized water-savingirrigation conditionsto
cdculaeirrigationfarmland ET, findly determinewater
schemethat meet ET dlocation of regional target. Irri-
gation water should ensurethat it can both control wa
ter useand dso minimizetheinvaid eveporaiontoim-
proveagricultura water productivity and reduceregiond
ET, andthenfactudly redize management god sof wa:
ter-saving and maximizing water utility.

CASE STUDY BASED ON ET IRRIGATION
MANAGEMENT

Irrigation based on ET isto dlocatefield consum-
able ET accordingto theregional ET goals, to make
full useof soil water storagefunction, and toimprove
theeffectiveutilization of irrigation water asfar aspos-
sible. Its specific method isto determine reasonably
control index of irrigated soil moisture content, accord-
ing to the soil moistureto decidewhether need towa-
ter, consider about the level of water requirement in
crop variousgrowth stages and storagefunction of soil
water to determineirrigated quotaand irrigation fre-
guency. Based on the composition and mechanism of
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farmland evaporation, we canreducefield ET forirri-
gation management can beimplemented from thefol-
lowing threeaspects: (1) select scientific methods of
irrigation and irrigation mechanism, control water use
and water consumption fromtimeandwater; (2) imple-
ment farming methods, such asno-fallow, no-tillageand
mul ching cultivation, etc; (3) use measures, for instance,
change planting structure, improve crop seedsand so
onl19,

Totakechoos ng scientificirrigation mechanismas
an example, high-efficiency water-savingirrigation
mechanismisaET management method which reduce
thelower limit of suitable soil water content and the
field capacity from 65% ~ 70% to 55%~60% to en-
surethenorma growth of cropsfor acquiring theided
production. Suitablesoil moisturecondition of dl kinds
of cropsin each stage of growth periodin different re-
gionisdightly different, specific datacan beseenin
Chinese ecosystem research network. In GEF
projecti®®inTianjin, it set uptwo scenariosconcluding
thebagicirrigation schemesand water-savingirrigation
scheme based on lower field capacity, use distributed
hydrologica model tosmulate ET for cropirrigationin
the study area, analysisand study theimpact on water
requirement for high-efficiency irrigation mechanism
based on ET. Under two kinds of solution, datacon-
cluding surface evaporation of different crops, plant
transpiration, canopy interception, total evaporation,
each sub-evaporation and integrated ET of crop and
thewholeregionand soonisshownin TABLE 1.

Tablz1 Influence of lrrigation syst=m-on varsous grep ET-and s component.
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Datainthetableshowsthat paddy fiedd ET through-
out theyear could dropfrom origind 651mmto 621mm,
was reduced by 30mm and decreased by 4.6%; Com-
positedry field ET dropped from original 673mmto
615mm, was reduced by 58mm and decreased by
8.6%; Integrated crop dropped from original 669mm
to 616mm, was reduced by 53mm and decreased by

7.9%; Integrated ET in thewhol e study areadropped
fromorigind 622mm to 590mm, total amount of evgpo-
ration inthestudy areadropped from 6.635 billion m3
t0 6.293 billion m3, wasreduced by 5.2%. Field evapo-
ration between crops dropped from 341mmto 296mm,
while evaporation between crops in the whole area
dropped from the original 2.196 billionm3to 1.906
billion m3, was reduced by 290 million m3 and de-
creased by 13.2%; Agricultura ET inthewhole study
areaaccounted for the proportion of integrated ET with
reduction of 63.0%from 65.0%; High-€fficiency evapo-
ration rate increase from 66.9% to 69.7% and low-
efficiency evaporation rate reduced to 30.3% from
33.1%.

From the perspectiveof influence of water-saving
schemeabout field capacity reduction ontota ET, cot-
ton ET hasgreat potentialsfor reduction with drop of
18.0%, sunflower comes second with declineof 14.2%,
followed by subsequent wheat, vegetables, rice, soy-
beansand corn with lower reduction amplitudeof ET.
itismainly becausethistwo kindsof crop in growth
periods have high temperature, strong sunshine and
abundant rainfall to givebirth to the higher soil mois-
ture, fromthisleve, ahigh-efficiency water-savingirri-
gation mechanism havelittleimpact ontotal ET of corn
and soybeans, but still hasacertain significanceinen-
hancing ET efficiency; Intermsof improving the effi-
ciency of ET through efficient water-saving irrigation
mechanism, sunflower isfirg withadoubling of improve-
ment, then soybean hasincreased by half, the propor-
tionof total ET of cotton and vegetablestranspiration
also havevary degreesto increase which are 16.4%
and 7.0% respectively. However, by theway of water-
saving scheme, high-efficiency utilizationsof rice, whesat
and corn havelittle change, thusitillustratesthat re-
searchon high-efficiency water-saving irrigation mecha-
nism of the economic cropsplaysanimportant rolefor
improving theutilizationsefficiency of ET.

CONCLUSION

Irrigated water quota system implements ytotal
amount control and quotamanagementiof irrigation
water, raisethefoundation of agricultural water man-
agement level, istheimportant basisof scientific distri-
bution and effective management of water resources.

s LBioTechnology

An Tudian Yourual



108 Irrigated water use index system and its application in agricultural water management

BTAIJ, 8(1) 2013

FULL PAPER o

Use ET monitoring valuesto establish reasonablere-
giond irrigated water quotaand improve surface water
and groundwater monitoring and management leve, we
can makeredistic assessment of agricultura water use
efficiency, irrigation management, water-saving effect
for reasonableadjustment of crop planting structureand
providing ascientific basisfor water-saving irrigation.
Atthetimeof theincreasingly serious* bottleneck™ con-
straints of water resources, index system of irrigation
water and agriculturd water management concept based
onirrigated water quotamanagement and ET control
management constructed inthis paper haveimportant
practica sgnificance on reasonabled locationand utili-
zation of water resources, improvement of irrigation wa-
ter useefficiency, promoting agriculturd water manage-
ment level and implementing the most stringent water
resource management system.

REFERENCES

[1] WangHao, Wang Jianhua, Qin Dayong; Theory and
methodol ogy of water resources assessment based
on dualistic water cycle model[J]. Journal of Hy-
draulic Engineering, 37(12), 1496-1502 (2006).

[2] Kang Shaozhong, Cai Huanjie; Agricultural water
management[M]. Beijing: ChinaAgriculture Press,
(1996).

[3] WangJian, Cai Huanjie, Chen Feng; Experimental
study on evapotranspiration and soil evaporationin
summer maize field[J]. Journal of Hydraulic Engi-
neering, (11), 108-113 (2004).

[4] Du Xiuwen, Guo Huibin; Technical issuesrelated
defining national quota of irrigated-water use[J].
China Water Resources, (9), 48-50 (2007).

[5] WangLin, GanHong, ChenYiming; Study illustrated
by the case of Songliao Basin on the authorized
methodol ogy of irrigation water norms at river ba-
sin level[J]. China Water Resources, (3), 19-22
(2006).

[6] Yan Hongjun, Gou Tong, Yuan Fenggiu; Study on
irrigated water quota[ J]. TheApplication and Popu-
larization of Agricultural Mechanization and Elec-
trification, (3), 36-37 (2005).

[7] SunMinzhang, LiuZuoxin, Wu Bingfang; Monitor-
ing method of evapotranspiration by remote sens-
ing and its application in water resource
management[J]. Advances In Water Science, 16(3),
468-474 (2005).

[8] HuMinggang, Pang Zhiguo, Li Qianxiang; Realiza-
tion of sustainable management of agricultural wa-
ter supply in Beijing with ET technigue of remote
sensing monitoring[J]. Water Resources and Hy-
dropower Engineering, 37(5), 103-106 (2006).

[9] FanYingin; Sudy on crop evaporationtranspiration
measurement and crop water requirement calcula-
tion methods[D].Northwest A&F University,
(2001).

[10] Global Environment Facility (GEF) project. Water
resources and water environment integrated plan-
ning study in Tianjin city

BioTechnology —

Hn Tudian Jounual



