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Zhi zhang YANG**オ and Ji ping ZHANG・
41*

Stlmmary   As part of theioint research conducted by Japan and China

ol]the agricultural development of thc Mu Us Shamo Desert,surveys On soil
physical pЮ perties moisture consumpt1/Jn,and the irrigation effect have been

carried out on several plants in the fields ofthe Mu Us Shamo Research Center

since 1985  Using these rsults,schedules were established fOr the irrigation

of a pibtfarm、vhich、 vas constructed at thc Resea‐ch Centerin 1991

The irrigation schedules were mainly based on the deslgn guidelines of the

Ministry of Agriculture, Forestry and Fisheries of Japan  As a result, the

dinlensiOns for the irrigation interval and、 vater quantity per irrigation unit

、vett estimated under the various plants in the pilot farm  Fron these design

dimenslons and the daily rainfa1l measured during the past 27 years,the net

、vttter requirement、vas estimated considering the eftctive rainfall  Also,the

characteristics Of the irrigation and rainfall cOuld be explained by discussing

the ratio of the total net、 vater rquiК ment to the total eval otranspiration,

which subsequently indicates the factors in the pilot farm's futule water

management
Finany,in order tO prevent the salinization of soils andすound、vater and to

select suitablc irrigation methods,sone recoinmendations are given for better

use of techn。10gy in conservation management br the pilot farm

I  IntroductiOn

lrrigation agriculture,which was called``a chanenge and a defeat of the envirOn

ment''in the ancient Mesopotamian plains,miraculously increases the agricultu

ral production Of attd land areas  On the othtlr hand,irrigation agriculture can

cause soil and、 vatcr salinization to the extent that nothing can be釘 oヽvn,as、ven

as soil erosion by、 vind and rainfall in the irrigation field l

ln the Mu Us Shamo Desert,there are plentiful groundwater resourccs、 vhiCh

can be econOmica1ly developed for use as irrigation、 vater,because thc depth ofthc

grOund、vatcr is 2 to 3 m from the soil surfacc and the salinity conccntration is

bet、vccn 500 and 6Cll ppm 23  Thc irrigation agriculture which farmers have
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IRRICAT10N SCHEDUWS AND CONSERVATIN MAMヽ GEMENT 5

carried out in thcse areas is mainly dependcnt upOn grOund、 vater,rather than on

the rain which fallsfrom June un■ l septembcr

ln thヽ paper,the fundamental dimensiclns ofirrlgation schedules and consewa

tion management ale discussed for the pilot farm、 vhich、 vas cOnstructcd in 1991

at the experimental fields of the Mu Us Shamo Rescarch Ccnter situated in the

central part of the Mu Us Shamo Desert●

II  Experiment Facility and Method

l  lrrigation Field and Method

Thc irrigatiOn fleld was ncwly rcclaimed on theleeward of the wood shelter on the
″

″

|

″

Figtlre l Pilotfarm in Mu Us Shamo Desert
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6 1 YAMAMOTO M NARI;OKA S ITO Z YANG&J ZHANG

pilot farm, as shown in Figure l  lrrigation water was pumped up from

undelground using wells  Some plants、vere cultivated in the No l field using

thc surface and drip irrigation methods,and in the No 2 field using surface and

sprinkler irrigation methods,as shclwn in Flgure 2

in the surfacc irrigation p10ts,、vhere small irrigation channels、 verc built into

the blocks and cach plot、 vas divided into scluares of 18 m by 15 m,in order to

prevent deep pcrc01ation loss under thc root zone in sandy soils  The surface

method applicd、vas basin irrigation  The plants cultivated were grass,vegeta

bles,and young trees for lcvegetation

2  Survey of Moisture ConsumptiOn

The purpose of a survey on moisture consumption is to estimate the evapOtranspi

ration,cffective soil layer,and soil moisturc cxtraction patterns of plants  Eva

potranspiration、 vas estinated by the pan cvaporation method measured at the

meteorological station, and from the lysimeter experimcnts constructed in the

Research Centerin 1987  The effective soillayer and thc soil moisturc extraction

pattern were measured in the nursery p10ts of young trees and in the orchard

reclaimed in 1983

3  Survey on Physical PrOperties or Soil

l he fields of the Research Center arc mainly classified into drifting sandy lands

vuinerable to wind force, fixed sandy tands covered by plants, and loヽ Vlands

No[ a“ a:3 84 ha(2201m× 152m)No 2 ,,ea13 24 ha(216n,× 150m)
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Figure 3  Soil moisture characteristies of Mu

Us ShamO Desert

located between sand dunes  The meteorological station and the lysimctcr plot

、vcrc reclaimed from the fixed sandy land  The orchard and thc young tree p10ts

、vcre reclaimed from the lowland,where soil textures ranged frOm sandy to clay

loam and the depth of groundwater fluctuated from O t。  l m,depending upon
season

The irrigation field of the pilot farm was covcrcd with l m of sand  Figure 3

shows the pF soil moisture curves measurcd at thc mcteorological station, the

orchard,and the young trce plot

III  Results and Discussion

l  Flo、v Chart oflrrigation Schedllles

Figure 4 sho、 vs thc flo、 v chart for estimating irrigation、 vater rcquircmcnts and

irrigation intcrvals on the upland field,which was designed bascd on the guide

hncs for land improvement prolects Of the Ministry of Agriculture,Forcstry and

Fisherics ofJapan 5

Fina1ly,Flgurc 4 indicates that total amounts of irrigation、 vatcr rcSOurces

arc determined based upon the grOss water requirement and that thc capacities of

the irrigation system are estimated,om the maximum amount of irrigation

water and the irrigation interval

2 Total Ready Available Moisture(TRAM)and lrrigatiOn lnterval

The total ready avanable mOisturc TR4ν (mm)iS ShOWn below,based on the
guidelines:

T國〃=(κ―On× D×一
静  ……
 …… …… …… …… …… 0)

where FC(vol%)=field Capacity,Oll(Vo1/F)=mOisture content ofirrigation starting

point,and D(mm)and Cρ (%)=thiCkness and soil moisture extraction pattern Of
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Figure 4  Flow chart fOr estimating irrigation interval and amOunt Of

irrigation water per tine

impOrtant soil layer for growth Of an effective sOil layer, respectively  The

irrigation interval rl(day)uSing Eq(1)is shown below:

′ヽ

ヘ

ヽ

η%41/
″ = 2)Max of daily ET  

……………………………………………

wherc daily Fr is the averaged value of the total amount of crOp evapotranspira

tion in each month As a result,the water quantity per irrigation l19(mm)is

arrived at as follows:

'7=iX(dany Fr in each month)…
 … … … … … … … … … (3)

Using the results of thc pan evaporation methOd in the previous paper,2'the

daily ET was estimated for tOmatoes,alfalfa,and grapcs,as shown in Table l

TaЫc l Esimat10nddavewot∬
:II“
n d a tw crops

inthe Mu UsI

Apr   May  Jun   Jul   Aug   Sep TET
MOnthly evapOration frOm
a small pan(φ 20 cm) 2682 3717 3720 3095 2395  1721  1,7330 mm
(Mean Value,Or 20 years)

TOmatO

Dany Fr(mmん a,Cra● s

Alfara

252  446

324   744

429   612   670

599  408

599  464  344

569   440   293

524 12 mm

75622 mm

919 90 mm
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iRRICAT10N SCHEDUIES AND CONSERVATIN MANACEMENT 9

Table 2  Effective soillayer and soil moisture extraction pattern

Plant E:fective soil layer
Soil moisture extraction pattern of
important soinayerぉr growthの

Watermelon

襦 |

425%
(Depth Of O to 10 cm)

225'ハ

(Depth of O to 10 cm)

40 cm

60 cm

″

″

″

′

Plant
T&4f17
(mm)

″

(day)

助
(mm)

Table 3 rRA几
`,irrigation interval i and water quantity N、

Vegetables
Crass
Young trecs

８

４

９

ヽ
１

う
０

０
‘

６^

５

４

９

５

Ｄ́

ｌ

３

３

Avanable moisture content(FC-0″ )=7 9 vollる

It was assumed thatthc daily E■、for tomatoes,alfalfa,and grapes correspOnded

to thc daily rrs for vcgetables,grass and young trces in the irrigation field of the

pilot farm

Also,using the soil moisture depletion method,the effective soil layer and thc

soil moisture extraction Pattern were estimated for watermelon,perennial gl ass

(As″

“
″′
“
sα沐
“
黎 ″s),and young wilow trees,as shown in Table 2 1t was

assumed that D and O for watermclon,perennial grass,and willow correspondcd

to,and o for Vegctables,grass,and young trccs in the irrigation field of the pilot

farm
The TR4』Z,thc irrigation interval′ ,,and thc water quantity perirrigation unit

″7 are estimated using Eqs(1)(2),and(3)and Tables l and 2,focusing On the
irrigation fields of the pi10t farm 41  TheSe rcsults are shoヽ vnin Table 3

3  Effective rRnfall and Net Water Requirement

Net watcr requirement 771(mm/day)ヽ g市en as follows

ltll=Iη―RO  ……… … … … … ………… … … …… …… (4)

where RO(mm)iS da‖ y effectlve rainfan Using the numerical modcl in the
previous report6)and employing the data in Table 3 and the daily rainfall from

1959 unti1 1985 measured at the Uxin Ju meteOrological Station situatcd 16 km

northr、vest of the Research Center,the cffective rainfall and net water require

ment can be cstimated

Here,sincc i and llc were the maximum values of thc irrigation intcrval and

the water quantity per irrigation unit in designing the irrigation schedules of the

pilot farm,Ntt and RO wcre also discussa forthe cases ofsmanerthan maximum

values of r and lle As a result,thc relationships amOng the effective rainfall,

レ 懃 ′れ εな ″
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l ol,daly ral、 l■11(mm)

Relationship between the tOtal effective rainfall i‐ O and the
total daily rainfaH TR(The numbers indicate thelast twO digits

of histOrical years)

Figurc 5
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Figure 6  Relationship bet、 veen the total effective rainfall TRO and the

total daily rainfa1l TR(The nunbers indicate the lastt、vO digits
Of histOrical years)

the daily rainfall,and the net irrigatiOn、 vater、vcre establishcd under thc various
cases of rRAA/f,/1,and 717

Figure 5 indicates the relatiOnship between the total effectivc rainfall ,R0

(mm)and the tOtaldany rainfan rR(mm)during the irrigation periOd frOm May to
August, under the conditions that vegetables were cultivated in the pllot farm

which shOwed TR 1ヽイ=19 mm and″=l t0 3 days Figure 6 indicates the
conditions Of TR4A// 35 mm and i=l t0 5 days in the gmss plot during the period

from April tO Scptember Since the relatiOnship between TRO(mm)and ηマ
(mm)is hnear,nマ O is assumcd to have a spccified irrlgatiOn interval fl as f01ows:

T/10=α ×TP+ι   … ……… …… ……… …… ……  ……… (5)
、vhcre α,わ are coefflcients Of the empirical equatiOn:α  is the slopc llf rRO tO■ R,
and b is an intercept,and assumed to be the soil mOisturtl holding capacity bcfOre

thc irrigation periOd and tO be smaller than TR471f  Tables 4 and 5 show the
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IRRICAT10N SCHEDULES AND CONSERVATIN MANAGEMENT ll

Table 4 1rrigation interval and′ ,0(TRAA′-19 mm of vegetables)

Irrigation interval

l day
2 day
3 day

0510
04つ
0451

185
185
185

Table 5 1rrigation interval and α,0(■‐ 1ヽ′=35 mm Ofgrass)

Irrigation interval

貯
―
よ
，‐
Ｉ
Ｉ

l day

2 day
3 day
4 day

5 day

0643
0625
0608
0569
0532

220
238
265
314
350

nunbersfOr α and b where TRAЛ′‐19 mm in

mm in the grass plot,respectively

Next,the water balance equation is given in

the vegetablc p10t and 乃%4スイ=35

the effective r00t zone as follows:

……………………………  … (6)

where aり T(mm),7/(mm)and?り (mm)are thC total amounts of the dany E■
the water quantity per irrigation is lq,and thc percolation loss is D during thc

irrigat,on periOd iイ 1(mm)and■/2(mm)arC SOil moisture content on the flrst
and the last day of the irrigation period, respectively  Eq (C■ l implies that

(1/1-4//2)=O when the irrigation period becomes longer  lf there is nOt decp
perc01ation loss, 77 bccomcs total amount of nct water requirement during thc

trrigation periOd 7″ ″(mm)indiCating rRO=TR― T, As a lesult,Eq(6)is
given as fo1lo、 vs:

7降

[艦ギ
‐
|………………⑦

Using the numerical model,6 the relationship between the TNtand iRare

sho、vn in Flgure 7 under TRAA/f 35 mrrt in the glass plot  Comparing the
results of the modcland Eq(7)with thC data for α and b ofthe f′ =l and 5 daysin

Table 5,it、vas found,as shown in Figure 7,that the calculated results of Eq

(7)agreed relativcly well wlth the rcsults of the model as ll became smaner

(Figure 7)
Ncxt,7N、 arc shown in Table 6 under the rl=l t0 5 days based on ttturn
periods of 2 ycars and 10 years、 vith thc probability of a nOn‐ excecdance of rainfall:

thesc arc stated as``1/2 and 1/10 years"in this paper,respcctively  The rW■

sho、v703 724 mm and 789´ -795 mm at1/2 and 1/10 years,rcspectively  At 1/2

year,7″″decreased to 2 9%whcn ft was reduced from 5 days to l day At 1/10
year, however, the decrease ratio of TMにィ was lo、 vcr than that of ,,  These

factors indicate that thc dccrcase ratio is smaller than in the upland fields of

″/懃′″″r″ど″
`′

″″F`″″R“″′″α″″あg″b2,199θ

rrr=π +仰?― η
'十
(Ml-12)
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T●ta d,ly■1,(● 11(mm)

Figure 7  Relationship between the total net、 vater requirement r177 and
the total daily rainfall TR(The numbers indicate the last twO

digits of historical ycars)

Table 6 Total anount of net water requirment rllrl・ in the return

"n°“」『船骰鵡 慶,鵬鵠
bam"

Irrigation interval

(day)

rr″ (mm)
2 year 10 year

ヽ
１
一
Ｏ
Ｚ
一
〇
０
　
′
，
　
●
０

7033
7070
7094
7163

7889
7902
7903
7921
つ477239

Japan,because there is ntue rainfaH in these alcas

4  Ratios Of Effectivo Rainfall and Net Water Requirement

From Eq(7),thc following relationship is given:

#-1+… … … … … … … 0

wherc r″屁/ητa rRO/7Er are the ratios Of the total net water requirement
and the tOtal effective rainfall tO the total evapotranspiration,respcctively  From

the result esumated by Eq(8)when TP41イ =35 mm in the grass p10t,7″ ″/TFr
and,RO/1Er shOwed 0 76～ 079,021～ 0 24 and 0 86,0 14at1 2and 1/10 years,
respectively  ln Other words,the amotlnts Of water needed for plant grO、 ving are
furnished 78%by irrigation and 22%by rainfan during a normal ycar in these

areas,rlr7/1Er increased from 36%to 54%over thc Japan upland field,、vhich
had sho、vn 0 22‐-0 50 in the previous report 6) At the pi10t farm,in Other words,

water managcment wnl becomc important ror irrlgation practice,as well as
utilization of rainfall

′″な ′あ″Eな″′
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IV  Conservation Managements

l  Saline Water and Soil Salinization

As described above,although the irrigation、 vater is nOt sO saline,the salinization

of drainage water flrum lysimeter is clearly observed in experiments On grass

culti、 ation 3, the Salinization of grOundwateris bccoming a more scriOus problcm

due to the repetitious irrigatiOn

Soil salinization of the fields in the Research Center is summarized as fol10、 vs'

(i)In the case of fixed sand lands like the lysimeter plots,thclF WaS little soil

salt accumulation in the main root zone during crOp cultivatiOn periOds Over 5

ycars

(ii)In thc case oflowlands like thc nursery p10ts,、 vhcre the ground、 vater levels

、vere kept at dtlpths of 1 5 to 2 m belo、 v the sOil surface,、 vith an increases in the

number Of cOntinuous non rainfall days,the soil moisture contents decreased and

salt cOncentration increased in the main root zone

(iii)In the case of thc stOck farm close to the fishpOnds shOwn in ngure l,
、vhere the ground、 vater levels were kept at depths of 40 1o 50 cm belo、 v the soil
surfacc, the sOil moisturc contents were higher in the tOtal root zOne and salt

concentration increased in thc surface laver regardlcss of the rainぬ H conditions

2  1 eaching and Drainage System

Leaching eliminates thc salts in the crol〕 root zonc and drains thc salts from thc

field to the drainage canals  ltis necessary to estimate the requirements both fOr

leaching and fOr evapOtranspiration Of crops in the saline fields

Lcaching requircment is dcpendent uPon the irrigation method,the salinity of

irrigation、 vatcr,soil moisture,and crop yield pOtential  ln order tO control the

soil salinity in the lrnt zOnc and to increase the crop yield over the dcsigned yield,

the FAO recOmmends leaching m

Aftcr irrigatiOn,leaching,Or rainfan,the access、 vater belo、 v the crop r00t 70ne

causes an increase in the grOund、 vater lcvel vヽhich leads to serious salt accumula

tion in the soil surface layer Of the fields  As a result,the grOund、 vater must be

draincd by a drainage systcm,、vhich mav be composed of a tile drain,drainage

canal, river, sca, or even a saline lake  The drainage systcm, as well as the

irrigation system, plays an important role in the saline fields of arid lands

Thcre are several saline lakes distributed throughOut the Mu Us ShamO Desert

l hese lakes are considcred to be a part of the natural drainage system

3  1ntroduction ofll■ igation MethOd

The main irrigation methOd in the Mu Us Shamo Desert is the surface method,

which is subdivided into furro、 v,border,contour ditch,and basin methods  The
furrOw irrigation method is suitable for ro、 v crOps  Farm ditches need to bc
modcrately readlusted according to the bed slope CrOps consume the irrigation

water which is infiltrated into the root zone from thc farm ditch  ln the case of

′″′

『

′あ″E″g"`′″″′″″″々 ″″′′υ′″″′
"F″
し251,,θ



14 T YAMAMOTO M NARUOKA S ITO Z YANG&J ZHANC

border irrigation,、 vater flo、 vs oVer the field and infiltratcs the root zone where the

bed slope is moderate and the FOur sides are surrounded by a lo、 v ridgc  The

border irrigation method is suitable for grass  ln contour ditch irrigation,irriga

tion water flows dovn at a right angle to the secondary canal which is arranged

along the contour linc  ln basin irrigation,irrigation water f10、 vs and is stored in

the smaH Plot surrounding the lo、 v ridgc,as in the case of paddy ficld irrigation

Basin irrigation is suitable for orchards, 、vhcrc 、vater is usually applied to

between one and four trcs per p10t

Experiments on the effects of irrigation methods have been carricd out on

watermelons,vegetablcs,orchards,and young trees in the fields of the Research

Center since 1985  Flom the irrigation results obtained through 1991, it 、vas

found that the ratios of total amOunts of irrigation water applied by the surface

and sprinkler mcthods relativc to that applied by the drip mcthod were 4 to 6

tines and 2 to 3 times,respectively

The follo、 ving advantages of the drip mcthod over the sprinkler and surface

methods were idcntlfled: o)Evaporatlon losses were low because the wetted

areas were sman  (ii)water application efficiency increased greatly bccausc the

watcr applied was distributed uniformly (i五 )Water losses caused by the strong

wind in thcse areas were minimized

ln thc pilot farm,the surface,drip,and sprinklcr irrigation methods were used

in 1991 for the cultivations of vegetablcs,grass,and willo、 v trecs  Since irriga

tion methods influcnced the scale of ir五 gation prolects which were contained in

the totalirrigation area,the、 vater resources,and thc economic evaluation,it、 vas

necessary to select the most suitable irngatiOn mcthods by discussing syntheti

cally the following conditions in the oblect field (1)TOpographic conditions:soil

texturc, soil salini● , field bed slope, field contour line, water rtlsources, and

quaHty of groundwater rcsources 60 MeteOrological conditions:l ela“ve humid

ity,wind velocity,pan evapOration (iii)CrOp COndition:clop type,crOp spacing

(iV)ECOnOmic conditions:irrigation facility cost,maintenance and management

costs

V  Conclusion

Based on survcys in the Rescarch Center of Mu Us Shamo Desert, irrigation

schedules、vcre established focusing on the irrigation ficld of the pilot farm  ln

accordan∝ with thsc schedules,total ready available moistulc(■ RArlr,irriga

tion interval,and、 vater quantity per irrigation were estimated for the p10ts of

vegetablcs,grass,and young trecS for revegetation in thc pilot farm,based on thc

prcvious experiment

(1) The relationship between total cffective rainfall and total rainfall was

empiricany Obtained in the pilot farm during the irrigation period  As a result,

the ratios of effective rainfa1l to rainfall shored 0 45～ 051 and 053 064、vhen

TRA』イ=19 mnl in the vegetable p10t and TR44ι =35 mm in the grass p10t,
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(2)The relationship bctween total net water requirement and total rainfa11
was derived frOm the empirical equatiOn  As a result,thc net water requiremcnt

sho、vcd 703～724 mm and 789～ 795 mm at1/2 and 1/10 years,respectively

(3) Based on the ratios of the total net water rcquirement and the tOtal
effectivc rainfall lo evapOtranspiration,the、 vater necdcd for plant grOwing、 vas
seen to be furnished 78% by irrigation and 22% by rainfall  AlsO, goOd water

managemcnt for irrigation practices and rainfall utilizatiOn shOuld be strongly

stressed

Finally, conservation management is rccOmmended fOr the pilot farm in the

future, to prevent the salinizatiOns Of soils and groundwater and tO intrOducc

suitable irrigation methOds
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