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n 1975, an AlD advisory «cam con-
ducted survess 1o probe farmers’
knowledge of plant-scil-water
relattonstups inorder to help them
improve crop prodaction with saviags in
water. The findings can apply to any natton.

“Whern water i~ avatlabice, " they ashed,
“how do vou dearde which crop needs irnga-
ton?” To <0 perceni ol the farmers, the
appearance of the sorth was the most miportant
factor in deaiding which crep needed water the
most; 31 percent rephied that the last date of
irnigation was the most important: 26 percent
sard the appearance of the plants was para-
mount; and a few said they had noadea or left
it to the will of God.

The farmers were then ashed how they
determined when ro irnigate. Sevents-nme per-
cent rephied that they timedat by the apnear-
ance of the crop, and 16 percent based their
deciston upon how the upper soil survface
looked. Not one of the farmers surveyed indi-

cated that he would check the subsoil for

Grop Water Requirements

moisiure content. Moreover, there was hitte
evidence that the farmers knew the effective
water-holding capacity of the soil profile or
the depth water wouild penctrate from normal
irrigation. When asked iow tar down the soil
would be wetted of 125 milluneters were
nonded on their fields, the answers ranged
from 12 to 7S milhimeters. Yet, tests showed
that most soils in the arca would wet down to
780 mithmeters with a 125-millimeter irnga-
tnon. The farmers were even farther trom the
mark in guessing the depth of the root systems
for their various crops.

Dusing certam seasons, tarmers were
observed to be overnirrigating crops by a factor
of 2 to 3 umes gctual water regquirements. This
was to beexpected, given the lack of informa-
non avatlable to the far ners on soill moistere
or the plant~" abihity to extract water trom this
maoisture reaeivolr with their long and exten-

SIVE TOOL SV Stem.



Studics ol irnzation water requiements
have been carnied out 1 more than o hundred
vedrs, butim the last rew aesades these ~tudies
have been mitensitied and g o Beoome more
satentiine N wealth O RO T o 5 Do
dvatiabic T heir e walor T gailrainents
torcrtops Drasontormatiod bositad Tor tedhn
s chnavad i Beipimye tarmerss achiese real
CCONOIITS Wl Uharc walhoinen s .n
towsd vt

Insrneated aoriculiure, water supply v
he the hmiting tactor, ar avalabilioy of and

can control how much tood can be produced

Cropaliae e waler roquiremaenio o healthy vroswh

MW here Water is scarae or expensine, irreation
<hould be ~scheduled tor mavimum crop pro-
Juction porumit of water Converseds, where
vood Land ssmaore scarce than water, irnigation
should be schediied tor manunum crop pro-
Juction poorant of planted area T aither case,
tarmess seed cundance on how best o use the

water avatlabic to them.




Evapotranspiration Methods

The amount of water taken up and iran-
spired by growang vegetation, plus that un-
avordable evaporation ot monsture trom the
sotl surtace, w the consumptive use ot the
crop, described as evapotranspiration. The
CVAPOLFANSPIALION 1aLe I~ Hporant; i estiab-
hishies the rate at which anarnization system
must be able to supphy warer to the Dields 1o en-
sure heatthy plants and bountitul harvests.

Phe statting poimnt tor eftcient st psition
s knowing how to estimate evapotranspiration
witn reasonable accuracy  batremc accuracy s
not possible except under tie best ~enttie
conditions, and this s ot necessary becase
evenunder the best o! crrcumistiances, Larmer-s
cannot control the water reaching tharr Lields
with the precision thatexact exapotranspira-

tnon frpures would dictate. Fortunaiely, the de-

termination of an evapotranspiration estimate
to within =i0 percent of the actual need 1s ac-
curate enough tor the farmer’s needs, and sim-
ple methods are now asvailable to techmeans
toarrive at the necessary estimates.

Alany faciors bear upon crop evapo-
transpiration. Among them are varnations in
wind, temperature, and solar radiatnon. The
size of the fields and the nature of the sur-
roundings—alutude, sotl water avattabiliy,
salimtyarngatnon methods, fertulizers, insect
and discase intestation, and local methods of
cultinanion-— also are imporiant i varving de-
vrees. Inthe tace of these and other variables,
farmers need to hnow approvimately how
many nullimeters ot water per dav a partscular
crop will use and how much water should be

apphed at cacharrigation.

Farmers soad io undersaandg edtectn e water-holdiinge capac-
mes OF ot and wwarn how deeprcation water wali pen-
Clrate Mo e roor 20
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once the field is graded. Where border or some
kind of flooding are the chsen isrigation
methods, the flow of water must be enough 1o
spread across the field so that proper lateral
surface distritation 1~ obtamed with &4 nam-
mum of deep percolation,

Wihere row o furrow irngation i used,
there should be enough water avatlable to set a
number of furrows simuliancousty. If only u
small amount of water 1s avallable, the water

provided by an overnight storage reservoir can
be combined with the daytume suppiy to meet
the farmer’s total water needs. Otherwise, land
grading will not be practical, and technicians
might decide to recommend trickle or sprinkler
irnigation, if teasibice.

Land gradime tor nee dates back to pre-
tistorie aimes, when carly cultivators built low
dikes around their plots and then used water
leveling to remose surface irregulanties. This
was accomplished by loosemng the surface
soil, tilhng the plotwith water, and dragging
off the high spots. The svstem s stilhin use
today, although ““puddhng’” s generally
thought of as a preparation for a seed bed
instead of proper land grading; however, in
some newly irrigated areas, three puddling
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Preciscon land feveline bogins wirh ausvey of the Licld to provede g contour map

showine elevanion ditterences withuna lasiner s plotoriand

oncrations will asually level a field. World-
wide, more trrigation water i~ ised tor rice
than any other crop, and nitiions of hectares
of land have been treated i this manner to
vrow Asm's staple dier Paddhng has definite
hmitations; 1t destrovs the sotl structure, and it
imnhitats the growth ot plants not adapted to
wer environments.

When levehng dry land, the procedures
are fairhy stranchtfornward. Native vegetauon
and the residue from past crops, whichanrer-
fere with grading operanons, are extracted
from the carth with machines or by hand. The
field s surnveved, staked, and topographically
mapped by techmicians from public agencies or
by private engineers and land sursevors who
provide the necessary calcutavons Tor cat-and-
fill data. The sail s ithen loosened as the final
step betore grading operations begin.

Grading can be carnied outin a variety of
wavs. Notall of them require sophisticated

and expen:inve equipment. The best time to
carry out prehminary survevs-—and certamnly
the best time to execute the grading operations
themseives—is during the dry season. s
potentially injurious to ~soil to operate heavy
carth-moving cquinment during wet weather
or across muddy ground.

Altough the farmer himseltf can attack the
surface irregularities of his and using avail-
able hand tools, such methods are inefficient
and seldom effective. Such manual eradication
of smaller humps and hillocks 1+ casier when
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The water infiltrazion
rale iy much higher 1o
codrse souds (letfti
than i fineiv

tevtured sovis

plants. This method mvolves runmpy water
down small channels betsween crop rows to wet
the bottoms and sides o1 the turrows Careful
grading ior unitorm ~lopes s essential. Furrow
spacing Jepends upon the crop. the hind of
ullage cqupment at hand, and the rate at
which water wallimove Laterally from the tur-
rows mto the beds Sonie crops grow in single
rows from "0 o 100 ceptimeters apart, and
othersare grown i doublo row s on beds with
the furrows separated by at least one meter.
Farrow slopes should be unorm, and
steep lands are to berngated, the farrows
should beinstatled on the contour ~o that the
slope 18 lessened 1o avoid erosion, plant sub-
mersion, and soil deposition on flat spots.

Complete water control must be exercised;
water spillage laterally from one furrow to
another will cause serious erosion that will
accelerate in moving downslope.

Water losses at field ends can be num-
mized by constractinyg a return flow syvstem to
collectwater at the enid of the ficld, carrving it
to a small reservorr where it s pumped through
a pipeline back te the head of the field, and
then fed into a dutch or anather pipehine with
the onginabirnigation water.,

Corrugaton irrigation iy sumilar to furrow
irrigation, except the corrugations are smaller,
usually about 10 cenumeters deep and spaced
40 to 7S centimeters apart. [tis usually used
within borders. Corrugation is preterred for
sotls fhat crust casthy after flooding and for
areas that have naot been eraded tor etficient
irngaton. Corrugatienarrgation should be
considered only as an expedient and not a per-

manent solution tor a non-praded ficld. Tables
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are avatlable 1o suggest turrow fengths, depree
of slope. and average amounts ot water to be
apphed to varous sonds

W here water s abundant and the unitor
mity ot distnibution o oot a mayor tadtor, con-
tour Hoodim s atnoapensnve medys of i
paling close-wrowinye crops planted on ~slopang
land. Water s released down a venthy praded
contour supphy ditch dawe along the hieh edece
ol the treld Whereattends to concentrate,
mterveptorn ditches should be due atimteryals
downslope to distnibate the sater more evenh

Contour ditches should beon ventie
grades ot 0. 21004 percent, and interceptor
ditches shrould be vited ar 30 1o et meter inter
valbvor gt hicld cicvation ditterences ot 2103
meters They should have o crade that feads
the thow away trom the fow poants i the tield

to the hnehpornos winch would otherwiee

.

-
nuun unwetted. Turnouts are usually provided

cvery 2or Fmeters alony the mterceptor

ditches - the samceantery ads used along the
contour supphy aitch at the upper side of the
trewd. O farge tiekds more than oune contour

IR 4
[

sappidich wail be necded

Comsadorable expeniena e s necded to use
contour Hoodime ctthicientiv Several tials may
hencodad to determine water release poimnts
atony the contour and mtercepton ditches so
water can be spread more unitormiy without

Caustin crosonaddamare

Subsurface Irrigation

Subsurtace irngation s practiced by
manipulation of the water table, rartsing i over
the natural table or creating anc over areta-
el larve impermeable sond stratum 1 best

adapted to Larye arcas with the cooperative









Spnnbklerrrigation offers
advantages in uneven,
sandy soils.

Some sprinkler sy stems are per-
manently installed and require
comtant mantenandce for contin-
ued efficienay.

Perforated pipe pro-
vides a simple sprin-

hler svatem for use on
souls with ueh infil-
TN Tairs.,
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Workable auphons can be created from abandoned tire caungs
and scrap paris at little cost 1o the individual farmer.
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of the canal length, or 14 percent of the flow
for a 1000-meter watercourse.

Woatercourse Structures

In the design of any irnigation, dramage
or soil conservauon svstem, planners are con-
fronted with the problem of controlling flow
velocitics so that eroston will be mmmmized.
Often, encrgy dissipation to control such
eraysion can be accomplished with a hvdraulic
pump.usually in conjunction with some kind
of structural check used to mamztain or in-
crease the flow level—t.c.. water surface ele-
vation in an open channel. These checks are

58

designed so that the fiow level needed down-
stream can pass over or through the structure
while maintaining a consiant depth upstream.
Checks operate much like weirs, orifices, ora
combination of the twe.

For carth-hined -~ .nalsitis common to
employ some kiad of portable check dam
prefabricated out of plastce. canvas, steel,
cinder biocks, or concrete slabs. Where there 1s
erosive soil, 1t will be gecessary to provide the
downstream side with an apron, wing-wall cut-
off. or nprap. When deahing wath concrete-
lined canals, precast grooves can be used as
gate guides. Portable steel evates held in place
by hydrostatic pressure also make highly effec-

tive checks.
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Salt Water

This cross-section of a shimmung well shows
how fresh water can be eviracted over a2 laver of
saline warer.

never be allowed to rise aboyve half the distance
between the onginal interface position and the
bottom of the well. If this distance s mon-
nored and controlled within proper limits, the
danger of upconmg will be mimimized.

Where wells have been drilled so deep that
they begin pumping salt water, the problem
can sometimes be corrected by plugging the
well bottom wath concrete. Ineffect, this will
raise the bottom of the well above the zone
where upconing occurs. In other cases, dis-
charge from skimming wells can be reduced,
whichin turn will reduce the upcomng rate toa
safe level. This i explamed by the fact that
decreases in the pumping rate reduce the
dranwdown of fresh waier, thus decreasing the

upconing of saline water.

AlLD-supported field work on a small
farm lnghhights procedures that can be used in
solving skimming well probleme: a small tube-
well, dritled to a depth of 38 meters, began
pumping water with the unacceptable sahinity
content of 2300 ppm, forcing its shutdown as
aniarr,gaton source. Technicians measured the
salt content of the water flowing into the well
atcach level in the acquifer. They found a sud-
den increase in the salt content between the 28-
meter depth and the bottom of the well, going
from 1200 ppm to 3750,

On the basis of these field investigations,
technicians blocked off the bottom 15 meters
of the well with sand and a concrete plug. The
pumping rate was reduced from about 25 fiters
per second to 8.5, but the qualhity of the water
pumped showed an immediate improvement to
770 ppm, permitting the well water to be used
once again to nourish crops.
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*  Proper management increases produc-
tion of land bemg wngated, but more
importantiy, i provides more water
for addiional fand.

o proper manavement o water on
smalt tarms can be accomphshed by
tarmers working tagether, it wiliore
e a covperatn e atmosphore amony
tarnoers themsehves and between farm.
crs and ther covernmersss This can
benefit orther arcas whoess cimilar wo
opcration ard coordinction s vital, A
sUdCo U pregram can adoelerate the
dittusion e pew technologies to larger
tarny ~sasfers,

o Laptabic divinibnnion of rrnvanion
water can be acoompiehed, assurme
that cach tarner vers i share of the

rosouloe.

Note

This gurde has been prepared in order o
bring attention to some 0! the findings that
have emerged from rescarch sponsored by the
United States Agenoy tor international Devel-
opmentand conducted by aenicultural scien-
tsts who have worsed along with farmers and
extension agentsin the newatton ditches and
ficldv of smadl tarms. The infosmation in the
gutde s far from complete; 4 number of im-
portant concerns relaied tornigated avnicul-
ture are not addressed, such as the control or
presention of water-borne diseases, the cco-

nomic feasibility of irrigation programs. or the

{astitutton-building and training needs associ-
ated with the efficient planning and supervi-
stion of irrigatioit svstems. The subject of rain-
fed agriculture has purposely been omitied
from the gurde because water management on
szl farms under these conditions properly
regquites fuller treatment than posable within
the foous of this pubhication

Lhe editors and contnibutorns to the Guide
behieve it will prove mosryaluabh when it
u-ed i conpunction with the services of profes-
sonal rngation engineers, agricuinanad sowen-
Usts, and ethers who caa swaork directls with
farmers to nielp them idenuidy therr ey prob.
lems and deveiop approprate solutions. Some

of those solutions are supgested i this cnide,
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