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Concern for man and his fate must always form the 
chief interest of all technical cndeavors. Never forget 
this in the midst of yowr diagtl.ren and equations. 
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The work continued harmoniouasly, inter- tions, Careful. if narrow, planning has been 
rupted only for wheatp$antian;. Contractors coupled with technical competence and large
agreed to a time-payrtnt plan for building expenditures of money to increase yields. Al­
some of the needed watercourse structures, 	 though the gross yield has improved, the per 

capita yild has often remained the same or" 
even declined in the face of rapid population 

We 	 Improving. it IsImproving so slowly that 

{ 	 The construction of new irrigation struc, 
~ 	 tures, fore M e,frequently has not been the 

ock~on that produced2 the mo,,, rapid benefits. 
Perhaps the emiphasis should be more profit­
ably turned to improved water mapnagement"' 
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Crop Water Requirements
 

I n 1975. an A ID advisory teamli col-


ducted ,tiurxys to probe farmers' 


knom ledge of plant-wtil-%,ater 


relationship', i1order to help them 


inlpro%e it h i nCrop production %% 4ti, 

s+ ter I thi finding, c i ,,ppk to arm% nation. 

"Wher; %%aer1,.t!alahie. he%&,ked, 

"ho% . s%litch crop neld'd,do \.IIdecidv Irrig,-

tion? I o 4(1 perCent oi the itilrer lie t 

appearance of the ,oil %ka, the"mo.,t important 

factor indeciding, hich .cro) neeed %ater the 

most: 31 percent replicd that lhe last dte of 

irrigation sas the lost iili+ortntr:Ill: 26 percent 

-,,
said the appearan e of the plan', %% para-

iount; aiid a ft-%% -,aid the\ had no iaIe. or left 

it to the %%illof God. 

The farmers %erc then asked tio% tlheias 

determined -%hen to irrigatc. Se cn -nilnc per-

cent replied that thtc\ timed it h\ tie appeal-

alice of the Crop. and 16 percent haed th'eir 

decision upon hok the uppcr ,oil m-tface 

looked. Not one of the farmers sur- ewd indi­

cated that ie\kould :heck the subsoil for 

nloislut content. Moreo cr, there %%aslittle 
" 
eidence that the fz vr:kiie% the effvCci,,c 

w ater-holdinn capacit. of tle 'oil profile or 

the depth xater woulid pelltnate irom nor mal 

irrigation. \ hen a+k ]d tho. tlr do i+!he ,oii 

vould be setled if 12 luillit t erc 

notided on their field-, the atl, er, ranged 

from 12 to -,q millilmieters. e . t,,!s sio ed 

that most ,oi, illthe area i,ould %cl do'nII to 

"50 millimeter %kith ,I12'-imillimeter irriga­

tion. the farmercr %kereceen farther Irom the 

mark illgtues,ing the depth of itLe root s%stems 

for their aritoiu , Crops. 

Dutring Certain "easct1. , laritier, %%cre 

obser%cd to be o erirrigat iI crops b\ t factor 

of 2 to 3 ines aCttia] , atcr requlirenents. This 

to be expc,.ted, gi,,cen teli lack ot informa­

tio iaa lable to the tar ieers on ,olimoist orc 

or the plant,* abhi lit to C\tiract ,ater I oln this 

moisture recrs %%oil ilh their long and extell­

si e root s\ .ein. 
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Evapotranspiration Methods termination of :nt. apotranspiration estimale 

to Aithin ± i(I percent of the acitial ieed is ac-

The m nni|ollil[ of %%ai cr takcn tip arid iran- curate ctough io( s ­(lhe faim e.'ted,, iald Sm 

spired h% Lro%%ing egetatiol, p Ihat kil- pie methods arc aa a,ilable to tchilllcrlils 

tunre to arr ticr .a,oldable e%apofa lion ot mo s Irom the ' c ih I tat ci ima 

soil surfae's, IteicOtlimlplwc uc of hi Naritii flcor s c t Lponi rop e%apo­
crol), descri bed ,s potranspi ratrii he them ire %arilatIioCNs IIIn Ilie tfanspralion. A!ir 

esapotrillspiratioll i" i: esi;aw.- itlld, id solar litilnportant; I: temperitnrc, raiatlion. 

lishes the raril 4mt irrliliI , +.+'lcmlitc .- le niaitrc oI lhe%hich an11 io ' of t ficlds arid ,tur-

ILst t'ic able it)sippl+ %%a'crto the ficild o cin- rouni wg,--altitudc. ,,oil x%,a icr a ailabili iv, 

,,urehcah plaiN nd bountliu har' c,,t,, salulit, irrigratltli methods, iertiltur,, illsect 

Fhe ,tt pollllf I f m l.ci cflt iction arid discasc ultet.uauti, id lo,+al u itiods of 

INkito Illi 1i0%% to c,;iliiC ,l ti t !oll lo r i %iryitg de-X cul -- i' imporiat 

ltic . II" unh reasoii ble i a'l 1-\trein. aIurac\ erecs. In the ol lh.,s" arid i the %ariables. 

.e-,t h tito)% toInot1 possi ceupt t (1"1c c t'lll'[1" farmr.rs licd It appro \ ia tl> l 

,
onditioi,. ind tilt, I, wi c c'sxr ' hec.,t", ia ' miliiielcr, ol %itr per da\ itpartictilar 

e'Cxi Ultider the bcst o)I .rnlnta!L,. larilerl %trop%%illusc and hio much %%atcr ;honld be 

i.aniolt .onlroi tie x,atrc r cac:hmin :tioir eld, applied at cach irrigtatiol. 

%kitti the . Irionthat c\iLct c' potr.nira­

ilon f1tire- %%otlddictae. Iortllnal tht: dc­i , 

lIriiic, *ii~i ~ 'ah C s c . ,rhawig a'~ 
%wra'.ndila ',0!of z:I,,tlhf ;+.jrr} 1J,~ ,'' ii.,I t~t Iii pelnl 
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obO oeea xgS tcncan bih~cvd oig o W *4 

know threptdw; u f~ordra hatm th v~a *Wndt 00& we 

To_ a vpRlsvuigth 

solar raon p low*abouMosrtba w 
srwatrdring d ous, ps#prial-tvn of t b!t w her4. is~ qh etri pan cqI­

Threu~o imedatepa 0durime t ha~s, the~r~~yIe t oa whsuroudn ~ papan. 6 

direct bearing upon the rate of evaporation. art common but cam a~ilrowof0.A
 
but coeficlents have been work outi that bpOS
085for eww~a,
 
txk ino'-sdro motVaibes n Tb. g dkted daily cr~ eporanspira­

ipl tale ind ecv tion, ET(crop), is determine
a f-.ua 

tbewe WtprprsWn,4nd regu- pte equation U!"ne a Cro f t m 

,1sr iitc~ace, Class Apans ;g ill 
reommeted for pjjdktngcrpwt,,e (crp)1) - k 
quihements for periods of 10.days or longer. 

Ohk t is a crop coefficlent, ht 
"vPONwwPkrsimnCUcuspn b crop and its stago of growth, hi\ 

rypksaliy, kc values are snl o ed 
w'*t~.vcrnetIng statecuet0 the Crop,e'.g., 0.35, increasing 

evaptroaklatontherareclaentscom- reweis maxmumdurina the cii 

th sdard reference value of polettii . 
Sevao Asiton has bieen determined, it 
mu m ltipdpb copffcintto et f 
6i'actual ttp evapotranspiration~ ritur; This 
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Ti~ro diata garedi~ by the WoirldnMe t or l onti­

t s een roved th aa, los t­

vegetation along canals can be reduced by de­
stroying unwanted phreatophyrtes, plants
 
whose transpiraton index is high. The wide
 

spraddestruction of these phretophytes
 
remains controverial, however, becstse of
 
possible disruption of the environment. Ti n­
spiratlon can aho be reduced by building
 
windbreaks to cut down air moveynent over
 
crops and biy enclosing crops within structures
 
so that transpired water can be colleced and 
reused. Rtsearch has shown that spraying cert. 
tain crops with reflective mnaterials reduces the 
absorption of solar energy, thus lowering letf 
temperatures and subsequently slowing the 
transpiration rate. Chemical antitranspirants 
are highly effective in closing plant lcaf 
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once the field is graded. Whre border or some 
kind of flooding are the ceiosen irigation 
methods, the flo" of %%i+cr mlust be enough to 
spread act o., he field so that proper lateral 

surface ditrihut ion i, obtained , ath a mini. 

mum of deep percolaiion. 

\%,hi..rc r or Iturro,, irrigaw/i&i I,, used. 

there 0hou1ld tic enotigh %kater a%ailable to ,el 

number of furromNs ,imuIancousl. If onl, t 

small amount of ,, ater i,, asailable, the ,,ater 

pro%ided by an o'ernight storage reservoir can 
be combined s. ith the daytime supply to meet 
the farmer's total %saterneeds. Other, ise, land 

grading %Nili no, et practic.al,.and technicians 

might decidc to rcomnmend trickkc or sprinkler 

irrigation. it leasibl. 

ILand gradlng for rie,datN back to pre­

1i historic :Ime,. sien carls ctj1iaitors built loe 
dike,,around their plots and then u-,ed m'ater 

leehltng to remno, c ,ur fa,:c jrri. tlariie,,. lhis 

%%.isaccomiiplished h\ looening the surface 

soil. filling the plot \%ith %%ater, and dragging 

off the high spots, Ihc Nsstem is still llr, use 

toda%, althouth "puddling" is gcencrall% 

thought of a, a preparation for a sced bed 

instead of proper land grading; hossccr, in 
some ney ly irrigated areas, three puddling 

16 
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dlt;I C.' Lthif[lH *;,h,)t' IflCi €. . .tIfl ,.; ;. ,i XjICrn "; , ,l' . 1, 

onera ion, ,,ill a cl a field. \\,.rld- e cluiplent. I fie bet Mile to 

oide. more irmeatlon ater i,i-ed (or rice carr\ outj prelimlar. tijrC --arid certainlk 

olher c;op. andriiilon of hectare tihe best trine io e\ecu hgrading operations 

uallN le and e\pern ,::i 

hlie
than nill 

of land ha c been licated illltis manner to ihei e' -In during the dr season. It is 

grim .- ,(lapic tie Puddling ha, deftnite potentiall\ inuiirious to -,oil ioo,eiate hiea . 

liniitatino. it dc.,tro%, tie soil srictlirc, arid it earth-mo\ ig equipmient durng el \vather 

lintii-,i, the I!ro kIIIor plant [lt adapted to or across mudd v ground. 

e ei\ roilirn. A.ltough the farmer iin in f :an attack the 

\%hen le'eling dr% land, thc proct'durcs surface irregularities of hii- lanid using am-ail­

are fairl\ straightfor%%aid. Nat' c ,egerarior able hand took. such Inethods are ineff iient 

and the residuie froi past crops. .kich inrtzr- and seldorn effectl%e. Such manuail eradication 

fere %itil grading operations. are .\tr,.ted of smaller humps and hillocks i,eisier %hen 

from the carth %ith nachines or hv hand. 1lie 

field i,,ureycd. staked. arid topographicall. 

mapped b%technciaii, from public agencies or 

b\ pri%ate engtineer, and land sur'ceor who 

pro% Id ic nccesar\ calculatiliw, for cii-aid­

fill datai. I tie oll I,ihen loosened a, the final 

step beforc grading operation begin. 

(Grading can be carried out in a %ariet\ of 

\&av.. Not all of them require sopli'sricated 
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-sing man or animal power. maorearh 

movin operationsmust be done by specialized 

mehnia equipment, atwhich tim cot be-
coma;i:a sroscnieation. Most land 
tading in temain irrigated valeysof the 

world requires movemen t of 1, 00 cubic me-
• ters of ert per hectare, or less. If a survey in-

]. , :, 

..... .,used 
t ' " .; 

' .i! 'i ? i, .... ' ;...... "; " ;...... 

m lr'sfo4rctI' 
as 35 hospwr hhcnefctvlee 

dicames shifting of 2,000 cubic eters per ]hec.­

tar is requie to level-the ivi, trding is, 

usuallynot economicly adviable; sprinkler 
irrgain might be an economic alternative. 

.. 1It is practically impossible to level land 

precisely without a machine. !Theproper i ,: 
' machne is called a soil scraper, which is cap­

able of picking up small slices of surface soil 

and depositing; them in similar layers in the low 

tors, but animal-drawn-scrapers have been 
succsfully. Rubber-tired tractorsare be-. 

(oming more popallar than crawler tractors for. 

tercapers are ava 
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00 bet su"W~ku" I towhic teftnew 

plyo f, X !44 moiturem 9P, f 
aw bein xrw 

wb~yoppiiurlw 11 

4wum yPwaterR 

( Op hy. asnd other physical condi-
#lowi 

SAbility to provid1e a stsfactory net 
retur to th. frmer 

Surhmkr~dn 

Surfac4rrigltion includes many variants, 
busniathey al pilde for apic~gpn 

of water directly onto the srface of the land, 
either to flow across a graded~ field or to be ap-
pieId to spcii pons W#ore seetn whc 
method best suits the farmer's needs, variables 
must be taken ino account that influence the 
unfriyo itiuin hwvralsi-

cueinfltrationi rae topography, soil texture 
and sttue,werhong pr te$ 
of movemnent within thesol. and culivation 

reqireens o 	te copbeinggrwnp. 
Ou ftesmls maeiast o 

create abasin Into which water i impounded 
and4 allowed to percolate Into the soil.The 

III 

- - -section 

4~h 

fam~elctsloo~s"Sffo~hi 

WVa ors~ .T w o uvcaportant soil 
i WSo rrgaio amp~~otmltnbIkI$IO0 

ifltanlate sonsfp " Iuttn 

simiR4 inuatwillolply soa he tunihtand 

stem) are 5@sitlve to wet soils or for annual$ 
grownin soil that crusts badly when flooded.' 

IDepit h4 e aWttraction offered bybsln' 
Irrigation's sipiiyo osrcin thate 
are drawbacks Inheret in this method of Irri­
gaion: dikes nainterfere with moving farm 
machinery. and ponded water "I become 
stgatin low areas, reducing soilaerstlpn 
and pivdia bredinsgon o 
mosquitoes. 

Graded border irrigation requires tihe for-, 
maton of paralel earth ridges 3 to 50 meters 
san.t Betwem~ extch ridge the farmer lcbcatei'm 
graded strip where croi aeanted. 7'4ml 
srp ayi eghfo lODto 1000 meters. 

Border irrigaion requires. large water 
flowsacss Ind, wiha nfrm odete' 
slope inthedirection of the flow, and the 
bodr should be as level as possible cross­
soc eimtxuede emal ol 
are ideally suited. for border irrigation ofboth 
deep and shallow-rooted crops. The water 

ifigation than with basin irriiiation, and the 
velocity with whk the water moves down the 
strips must be regulated by the size of the irr­
ation stream so that the water covers each,­

for the time required to penetrate to 
righ depth,. 	 I 

4 
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Tabls are avial o'ugvtelnt 
and width of border stips, a~vea desired 
water depth. unit flow ofi~iii~~i~ !water!~ii!iii,i ipee meter,i! ,~iiiii!i~~i~iiii
, ii ~i!! 


4" 1 aj..

wi~dth of border strips, and percenit slope on 
different soil textures. Graded b~rder irriga. 

tioitnot suited forsandy soils with~ lowwater 

riion is MW t"focropsSrown in r s but
 
rwa tot et osvd m wfr
 

slowintakeraesan~d high water holding 
chiaracteristics. 

Furrow irriganion isbest suited for c6 s~ii, i 27ii
!! ! i 2- > ,'' ,,i~ , ,i~ , ',
!i!i iii!!i!!!'' !iii!!, iiii i ! ii
,/i~ ~~~ i~~ 

grown in rows, such as coton, maize, and 
vegetables, or for crops that can be damaged 
whenwtrcvi h seso rwso 

hodn aaiy but it issuited for loant soilswae OI$tetesocrnso 
withmoderate inake rates and averagewater 

hligcapacities, aswellas lysoils with 

i 27, 



Fhe %waer fgu:: 

fire p niuch hiher to 
,:()irw '011S (le I 

thin in tne' 
l¢evurcd '4111, 

plants. This method mn oh e runlinl;w ater 

do 4n small channel, betvcen crop rot,, to ckC[ 

the bottom, and %Ide,of the turrmm, ( artfIII 

gradmr igor uniform i I 1, c-e'',n.:Al. I tirroN 

spaci1g CpeIJ, Upon ,h ccrop. [he kilrl of 

tillage eq uipmc n at hand, and tie rat, at 

"hich %katCr\ ill u' c latcrall\ from the ftur-

ro06,Into the ed, 'son r'cop' gro, in sinlc 

roA troilrm 1ito IMNI cm tcr apart, and 

other, are vro, i r. Jou:hl ro. , on bed, ith 

the f urrom -,,par-ted t', at lcast one meter. 

[ur roi' h 01011u1d ht! a :u jut m. anld IfpSIIC 

steep land, a're" to be ir: icatcd, thh fariro s 

should he Installed on the cotour ', that the 

slope is leened ito awoid eroion. plant sub-

mersion, and soil deposition on flat spots. 

Complete %,iatercontrol miust he ~cxrclsed; 
,ater spillage lateraill frotm one furro" to 

anot her %ill caue eriou erosion that %%ill 

accelerate In im" ilng dot t llopc. 
Water losses at field ends can be mni­

i11ted h,, co tiructtig a return Him -%--steln to 

collc.-i water a the end of the field. carruing it 

!o a ,mall reser%,,r % rcrc it I' uLImpcd through 

a pipeline back to the head of the field, and 

then fed Info-a ditch or atist hcr pipliCe \%ith 

the original irrigation % ater. 

Cor rugat ion ir rijiftion IN'imiar to fu rro,. 

irrigation. except the corrugation, are smaller. 

usuall%about 101 centimeter, deep and spaced 

41) to '5 cenitiri.er, apart. It is usuall\ used 

ss ithin border,. ( orrugation I, preterred for 

soils 't crust casil, after flooding arid for 

area, that has e not been . radcd for effic:ient 

irrigatton. (orru iation irrigat ion should he 

considered oil t, all C\XpeCdLenl aid not a per­

manent solutiou for a rion-graded field. I able-, 
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are aiaflathfe ijvvw~~ f~r~ iengthW. dI I':hC, '111 .1 ed a;thi thedegrcc OI .ilnctcr aii 
of Slope. illd a'craycamomit tit %.lici 1jt, e Affu 1IhI it. ttuII:C d ~ h 

t e ld a t uOrw lh onfI j o ut iletnc tti ( Jii L arecapplied lo %a r iou , o d , 

\' tee; *m al* d 111e 1111tor s12,jb\%nlh~ i 11~ 

tii tI~'~rrr e\~en id.' ot 0W0J,;: t~ti trils mia\an nca Irri c.Ile 'ecr11% 

dt1-kc. Vero~l1 roe plilc; mieI'lupine t'C l1LCLd 10'drrui ae e~aepr 
lu.\\aler 1, lCk.I dr'.C .t etitl'% riaJed ,ikore 01c 0100Mr 111,1 iuiter~eptol ditdle" So 

conltour xuppk driti ie.lul lieu ".ththe edee- ail b"e s-Cad nure. kiliitoliIk %%Itout 

IhCthfi \\ here- 1t ICend' 10~cnerrr. ~ iifeC.' 

itutereeptil ktiAe ' timildi hede trte'l 

k" 11r'! l tr hnC t e'a er mr S u bsurface I rrigationo I t o d 

vraidc' I'. it)b.4 erient. id mierePlor uh1tirrirainon i pruacd b% 
dthehul h i t L-mtr rtsa1urpi atrr (te tatile. rdhitIL it o~er'~e 3 f( inter of' tic val 

akofaitfield ci trr kd! rrCe~l, of 2 To I the riatural irahle or :rcatierivmc kicr ia­
meiter, I ti-O Ia *I~t ti~cek oiltuould Ca e:rakde ha 7l~ larve rrnpermcahbl tratimiu It i' heNt 
Owu fil.% ix frow thL. 10 ;'oiri Ihn !tcHld adapted ito lirive area, vuttr thecoprte 

fVi1 Uiuwetted., I itiioult arc ii'iallk pro ided 

C'er%2 or! tujeter 'aklne the tmljrr~p 
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h ae 

lomstheplants,~~~~~ wilb4etmitbtntst 
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- rprinilcrirrigaionoffrs 
idsantagei in uncten. 

~ / ~ Sonic sprinkler sterns. arc per­
* K~ / inrth in--tlikJand require 

ftn nDm-nn- fo 

- I'erh'rared pipec pro­

iAicr remi for ui v on 
*~~t)/*n V-4Iiith ")Iigh intfil­
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cmiivy'WWf0w~C"fuqfcd by twr~e InwOtWair. The width mvered in ' 

1 g. Ths PWrO.
 
per hmaro Ow ap$Ikatim ofwa*W is ratimd plpcmdtbod ca only be'used on b~b­

takraeeced nmtoos cm itevatpm' 

"Smfor m' whresds~b- ave.va 19aIPp erser wand higher.
 
sudeps k4sdW not be practiced. Hig Evwit &dquatflluidon, the orifices twd
 
wndswil distan Owl sprinkle pattern, with a to clot from debrh pikd'u hL unf.
 

nmlWdcro InIntati fficIUcy. ring thepip seto~s ftA-o ato0h fjgj 
4; osits around th 

t~ a of sprinkler Iffil2 to another, froms 
caphe ine.lclude hole, and from corrosion inside the pipes. Aus 

090,as f~w prmlocaftecotolusal e auatue xjy. 
lpgini; p4 ,p. thatprovide MMaUTCto the~ R~ainx en.driven by thercac. 

jet thm Wen the water kai4 thespinklemayrieo unaccepabl leels. ti1 ofthek b 

Tbm arenumeros ts of pnIklr norzle or by.an im dfie,aredsirable for
 

ocnrtdIoe or two directions, rather
 
roated spriaklens1 and Impact-rotato, sprin- than being dispersed 360 degrees alarger
 

Ikns, AD offer soe advantages "11ufe circeiswettedwth - -ipn~car
 

spr~~~~~~b~~~d$~i odppln.rwo-

-71 imest l pressum sprif*kler ithe 
staionryspry ead whchhasnomoving 4 

MaUPAI eable andy o nThe dis
 
indvants of ths W'eof sprinkIer~iebtat,i
 
We tbiboes he head. 
 .weonlyasaman"pam, 

Sclo eadY-and kthe o atraplicatonis 
relsivl )V 

TIo=rsMvae system usesprforated
 
pipe to SPraY water 'from sall boles (abot
 

,1. lInlat i meer)drillAlong the 
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SSalinity advetiey affects plants byl reduw- The Sodham (flUkM) FNobjlv 
Ing5hWeteborptionl rt.T i lcas 

M re a plantriaisa~e 
killed, an lo$se can be as high as Q t ons uch a 
or more while the crop is still growing.climadmseim-a av ils 

Leachif i thd ypracticalwayt An unfaorable sodium-calcium rai cases 
remow sats but isefcieolywe hmi si ols t $ uae etri. trvgi 

isa to a ca teIS 
ipemneobllyer bemmtkts oo zoe, whichS neither air nor water can freely move. In 

adequate dvanwe espeially where there is an icis nPy through1 

Merely It ushins water over the surfac* isnot practieth problem has beeni overome by, 
enough. LeachriSis best carried out by pod appling a sulfur compound, SpPS~M*to 
inswatcrink'b.T waterwustpvss 

thrug th silto dissolvesalts, carrying thm oimtorne 

M 

dh 
i"'., ' ' eacable.below thp root zone in the leaching proces-

9 1 

(alkalinty).is seldom economically ebe 
but it beoeprcia whn33mu 
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Workins 
'With fW=Prs to Improve *14tev 

cat prictim in,the lield; 

bear,h mInd,that 'nonewM, systemshouldbeinausurated with-,. 
ft dralaw problew am 

WMiably arhe. In h Id where
UM areasrl _ or water,table Isc6oates water,logged the

the IJACW
surfw, or drainage is ...... 


Tho need for drainage of 
1WIds; in arid rezion&_-ev n in baffen 

pparent, yet drainage in these 
to ve agrio 

iiij..insw,amplafids 

When irriXitlol Water brini salt to the 
that salt must eventually be removed lest 

Ulate to,the point of,destroying the life 
_6r the 'fields: tlie0 ymeansbywhichthesait 

removed Isin d dnage water that,has na ned 
the eX

the joil-profilei.r pkldng up m7cm 
mp robt ione.'Miz lcichlrW, 

com from 'piriodk hea 
a__fi6rtj,6ften'.W- ore,the crop'Is planted,'br 

frM OoWffimost 

i- P! 

ari". Bu ft.WSW must pan through the soll, 
to away the afts, and It mait be dralnW 

jrom diminaie Is 

t there ust promvidc It. 
At flat slance" it sa= paradoxical a 

idile::5,ift y any water sho u ld require a, 
subjurf&= drainage when,irrigation

tan
sormo'

In ney w= 
.Inve"edIn a ptogmal,dexisned to brins new 
land ti6cler cWtivation through a sou"y engi-,. 
neered Umpintsystem using water from a 
m*jorrivcr.T hewatcr.app lication was efri
 
cientiand the-cotton crops seemed to flourish.
 
The'sim lel-orm-dhannel rainasesystem,
 

W to bedisastrous, Salts
 
mulated jn r Iu crops could no longer
the soj n'til
 
be produced on the d The system failed
 
because drainage was inadequate.
 

Faulty drainage causes a series or huwds 
and adamities to the farmer. Crops become 

45
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scalded fromi summer poning, the same app!it h f1ids, the soil will absorb at~~ 
podingta allows mosquitoes to'breeS and le'st 12.5 mpetric tons of salt per hectare each 
flouisih.Soil becomes compacted an~d chokes year. At least cenitimeters ofwater must be 
of atepentrtion. Salt accumiulate, and leaichdtrough the soil to mnaintain a satisfac­
th rpro niomn eeirts Plants tory salt balane.If natural drainage does not 
are attacked by thrivingfungi. Weed. anpd prvdti ecig te a-aedang 

' grssprofeiite and eventually take' trotznmust. If nothingit done, the field will soon'die 
of poorlydrained areas. 

Co~ amltoiusre th~nsider * 
pob~lm I i water~cnnwheat is-$ dwt 

taining 250 ppnv salt, the crop will receive 25 
mcuizc tons of salt per hiecare th eacli meter 
of applied water~ f 50 centimeters of water are 

/1ability 
* 

~ ;:y 
Sreused 

~because 

~ ~ .*.Salt 

asa rductve gricutua21unt. 
,Localdrainage problems can,occur near 

the waterzours4)i thbe wteosursae. Sucks, 
forcing the water al ote ufc.Sc 
water removed bydrainage cnhave the sm 
qualityas the water in the canal and can be, 
pumped back to irrigate the 'fields. Th'eccpt­

of t ipractice istotally dependent 
uPOn the quality of the water. As water moves, 
through the irrigation system, to be used and 

thequa itywllt constantly lesened 
partof the water isevaporated aznd the 

it once carried in solution are left w'l~ttewater hat rmains 
46ii*~ :i
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kW~Ais the i eMnination of thesource, dim-~ propetsholbbma* oVthe Surrounding 

water. ftinfafl ad moff tftvt1s bews igran about to 10 cenmetes ra 1 
stu"~~ to maslnt h amoutn the intern- used to expe'usufa oamwitkM~ aaw&i 
ittyfwuribtinto theroior#aorkbkMbo 
laPOS 40 Wthavria duarts-hod be used enteatJew .5dmtheeXP6ted depth 

channl k*domns d an ubjwtto pond- mopetnt fralnwilbgthed 
insand to Indicate suiabl SiteSL for dra41in &Auger-tole provde nformadlonwuSoil t6[ 
oue'd kop reveal local geolgy an eaiv iity, anid­

dtrfKthe of artesiant water. as, depl~th wfbh ab These holes can be 
%tfsubsoil staiktmit lijainWells by Wakit 
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or soil.: co:r to pln e ar ol 

of the canal length. or 14 percent of the flow 

for a I(}OE-rer ,..tcuour,,c. 

ofterourstructur sed thiles 
WatecoureStuctues 

In the design of an irrigation, drainage 

or soil conser aeion anntel. planners are 
fronted ' ith the probiem of controlling flos 
,,elocities so that erosion x ill be imlri/ed. 

Often. ene2rg. dissipation to control such 

er ; sion can be ac:complished s ith a hsdraulic 

pump~usually in conjulnction ,,ith ,ome kind 

of structural check used to mnaintain} or in)-
crease the flo . lesel-i.e.. \ ater surface vie-

ration in an open channel. These checks are 

58 
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heck, oprt uc \"lik"-pboAis rfie.o 

c t 

o ai- J- i,, i .,,oiint 

designed so that the flow level needed down­

stream can pas,,o .er or throu~gh the structure 

maintaining a conant depth up,,tream. 
hecks operate lch like \ eirs. orifices, or a 

combination of the l e,. 

aon- Feor eartlhe-lined ," eaa,, it is ilion to 
ernplo~v some k : cd of portable ch.eck damn 
prefabricated out of plastic., can' a, ,teel. 

cinder block,,, or concrete slabs. W\here there is 

erosis.e soil, it ill bc ,ieccs,,ar.y to pro' ide the 

downstream ,,ides ith an] apron. ' .ng-' all cUt­

off, or riprap. Wthen dcaline ' ith concrete­

lined cana,., precast groo\ e,can be used a,, 
gate gulide,,. Portable ,,eei cate, held in place 

by hydrostatic pressure also make highly effec­

tive checks. 
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should be 4ne a*uah so that tWfelocitY Of 
the *ater Is reduced to no mom" 'One-half 
nonWchawI velocity. When the flo* slows. 
Wiment Is deposited at this one location, 

whe e if can be removed. Sediment "ns 

should bie located near the upper end o 

watercourse, a location convenient for sedl-
ment removal, 

Unde , the guidance of AID adviwrs, 

famers buIlt one such sediment trap with 

C"Vilent msults. The buin. constructed in the 

AM-4S me(M of the watercourse, mmxured I 
x 2 meeA provided a crou-section of 1.7 

:.Ww W. At& flow rate, cubic metm 
second, the avera el ty in th basin 

Wr was 0.01 nmers per second* in the'rest of 

...........
 

the watercourw. the velocity of flow was at 
lew 1.5 meters per second; thus, most of the 
sediment was forced to fall iato the trap. In 
this partJ-vlar watercourse, between 140 and 

200 cubil -mcicrs of sediment were d *tcd 

each year, and the Tap had to be cleaned from 

six to ciSht times annually. 

Before watercourm rehabilitation is 

started, water losses should 6e determined 

through z=rete measurementsor ww'now, 
This is bat carried out by instalf2don of Par­

shall or cutthroat flumes placed,5W to 2600 
meten apart, taking,measurements after the 

water has beentipwing in the channel for 

srverC bours. The percent deli f(iclency 
is the dischaqc of Ow downs= nCume 
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Th1ie a ecntrce ihsi xa GudWt.1m* ~ 

Vateuch froarthork th basn.aretea 

sibl ifnottodinscal. mbiiou AD-sppored eserchhas how th i 

Small~~~~~~~~~~~~~~~~~~~-a eue reevisosfasbet hstpxli rudwtrstain 

jace ifiA.fnEnuhwtrcnb cuu f ae.Ti ituto sms fe 

late om--hinI mos cae o iie on nIlnsbtcnocrn da el 

amount of~- rfc iffga n Metod - hav bee deveope to "tract 

4 
AI the fresh~ wae frm the uppe sufc t ug 

IeIse o skimmWW ig Jwells insuha a ta 

'm xn of~ frs an aln atr i h 

''10.IIl ~ - -j 

~Th ~ ~~--~#~51~ ~ogh~a~pituU ~ J 
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OP*.M 

hzdwae slloedto ixwit feshwaer heape
A 

o the cone wirie to a poin i4rety 
unn&th pmpingprces the waterpro0- beneath the well.Une steady-state -tt'i 

ofte Fisttie sesof kimiw ells repuole w a lfonfhn c ertaieiht, th height dend t upn -h 

drainghig-qafiwte, wterqulit exees acriicl vlue te cne il rs,- an 

to~~~~~~~~~~~~-an rp ei deeioae itn h elwl upsl aedsietefc 

from ~ ~ ~ ~ ~ ~exes sta ~~As~n.Teuul"lnto h rs ae ae sfrfo 
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This 700-$_cg1t)[ Of J ,Aurnnng %4ell 8hO14 
how fresh i er ."n c1 o. cr (it , + ...... 

ne'er he allo'.cd to rie abo'e half the distance upcoin of saline . aler. 
bet'.%een the original Initerface position and the Al 1)-supported field '.%ork on a small 
bottom (if the %%'ell. If this distance ismon- farm highlights procedures, that can be used ioi 

itored and c-ontrolled %.% %(11'. Ing skiming %%'ell problemic.: asmall tube­ithin proper limits, the 
daniger of up:oning %.IIl be minimi/ed. %-ell,drilled to a depth of 35 meters, began 

Whr.. ells ha'. ebeen drilled so deep that ith the unac:ceptable salinity'pumnping '.'ater %% 
the% begin pumiping salt %.'ater.the problem Content oif 23MX ppmn. forcing it, ,hutdom-n1 as. 
can somnetitne, be Corrected by plugging the an irgation source. 'Iechnicians measured the 
%%'ell bottom %%':oncrectc. In effect, this %%~ill 'alt coIntent of the '.'.ater flo%%' ing Into the %%~ellith 
rais~e the bottom of the s'.eli abo'.e the ione at each Iec'.c in the acquifer. The% found a sud­
%%'.hereupconing occ:urs. InI other case,,, di,.- den increase in the salt content bet.'.cen the 28­
charge from skimmring %%'ell- :an be reduced, mneter depth and the bottom oif the %%'ell. going 
".'hich inI turn %%'ill reduce the upconing rate to a from I12(M ppm tnIo 3. 50. 
safe le'.el. Thxis i, explained by the fact that On the basis of these field in'.esrivzatIons. 
decteases in the pumping rate reduce the, technicians blocked off the bottom ISq meters 
dra.%do'.'.n of fresh \%'ater. thus decreasing the of the \k'ell '..ith ,and and akconcrete plugv. The 

pumping rate v.'a, reduced from about 2; liters 

per second to S.5. but the (luait%(iof the m.ater 

pumped sho'.. d an imme11diate im1proC'. em I t) 
770 ppm, permitting the v.'.ll '.'ater to be used 
once again to nourish crops 
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* Propir management increas produc-

tion of land being irrigated, bui more 

impor randN, it pro%idc, moi1 ater 

fo r a&d t tonl land, 

* If prtpr tlditaItJi:, %,tt otllma o t 
small taiam- atlhe dcC ph,'ut -dh 

tarfa r- %orkitL,oimrhm. It icre" 

,t c 0%Tcra!L: a iloil-here alloneioll-

tail;.sthnskesan etrer tauti1 

CI, Ol i-anlcarnerWtrl 


ttllilt he , ii
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su~cstn~r~c.ir' cji i~lerte ~h: 
diiUN01 01r ~' ccnl~ to lari,,er 

op,tatt Idt 1dir',toll is \ uall 

t t 

tJInt ,.Icll]t litl'ppropr 

-li, t I ' I.li.hi o. 'I-


Note 

This guide ia', beci preparcd in order ;o 

bring attention to oio: o the findingk, that 
ha .eemcrgedfromrt,clah -pionkoie'J by tht: 

]nilted 'ltatc', A-cncs to r r;iar tlloial I)cs l­

opm e;- aind collductCd il iae.11it Uiira ",ciCn­

tiNt, %ho hase %ori.:elalone \%ii farmers mid 

\cltision imevli n the ifr ,ilion dtch, and 

field, oi maUllfarm,.. Ie in-,T in tIheCf 10ioi1 

guide i-, far from onplct;. a ituiih:r of im. 

portan! cor1 ernl. telitcd to irr taJ avr icul­

turc are nol addr'-..d. stuch a the control or 

prv'~ention oi %%ater-boriiedie~ethe eco­
nornic feasibility of irrigation programs. or the 

nstitution-building and training needs associ­
ated v ith the efficient planning and supermi­

sion of Lrrigatioi ,s,,tems. I he -.tLbJe t of rain­

fed agr icult:rc has purpo-el ' t omittedeen' 

from the gn id.becaii r u a tna lem oile m, t n 

rNmall farm', 'indcr the,," ondlit ion, properl.% 

rcqunel, fuller tr.etment than possile ,,ithln 

the kit thi, publictiol 

[hle ekiiri"s and :ontiutor, to ttte (ltinde 

Cei~ kill pro%Crlo't s Aluabh 4%lien it I,it 

-C Ill ,I JI. %It ,llets t%Cs 0 fC%-ta'iIw. t1he i I ll 

Irrliv tiol elrt'rne r'. ,ieric h~llal -Iri­

t'Ol rd Mthe0 :Iti 'Aawk Lfiretl\%sitti 

farmers, to help themi idcrnzt thecir ke\ prob­

1cm. and deo p imteolut ions. Sote 

of 1,e olutons aire , d ill Ohis cuide. 
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