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This report is Q, reraul't of Il.n otticill.l roquEl£l't from thu lJeruv1,an

Govarnment through ttt1AID/Peru and AID/Wo.chington (~tank Order N(),27-11-l10-060,

:Basic Agreement NOAID/os<1-3703) 'bo Ut.J1 Sttth Un:Lv(Jrdty for 'J;lschn:Lcal

AssistanoQ. ~he following statement of work was defineu:

"The AI 1.0. Mission in Peru has ,agreed.. in acoordance with Project

Ag..'eement 21. to provide tor technical assistance to the Miniot.~r of

AgI'iculture (MOA) in the I.\olution of specific problem areas oonsidered

to be of high priority to the Government of Peru.

"One of these priority areas pertain to the development of a Pilot
•

Overhead Sprinkler Irrigation Project in the valley of La Joya with an

investment of thirty million dollars to provide water to some 1400 hectares

of land. The first stage of this project is to leach the salt deposits

from the soil profiles of this arid region, utilizing the sprinkler

irrigation system.

"In pursuit of this obJective t.he Contractor (Utah state Universi ty)

agrees to provide one Advisor, at the Ph.D. level, to serve as a specialist

in Agricultural Engineering and Irrigation, to assist the Irrigation

System Division of the MOA in a series of studies related to the leaching

of salt deposits in soils.

"Specifically the Advisor will review soil maps, topographic

information and the results of laboratory and site research particularly

related to the San Camdlo Project. As a result of this evaluation the

Advisor will prepare a pr~gram for salinity control using the sprinkler

irrigation method. The program will be designed to remove deposits



iv

trom deep goil zonu w~,thCJut affeoting tht1 growth of '~h!i! :roots in the

pla.nta be:l.,ne; oultivated. using the lsagt MOun-t of wator pootJil)lo in

'the lOCLohing prooess. Tho Advisor will Q100 provida suoh additional

'tsohnionl Qnd pro£suiono.l Msistanoo M may ba ngroou -to, lI.rl nMeSl':H1ry,

batwoan the Contraotor and the Ministr,v of Agl'icultul'o and/orthu A. 1..1) I

Mhs!on in Peru."

Term of PElr1'ormanca

liThe Contraotor sha.ll perform the technioal services desaribed aboVe

during the period April 8 through July 7, 1974, approxima.tely."
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Apr:l.1 16-1'(

April 18-20

April 22-25

April 26•.May 2

May 3-7

May 8-11

vB

Arriv~l at Dr. alnen in Peru.

Studied informatIon M d.la.ble on tho La.

Joya. PI'ojedt in Lilria..

Vi~ited the La Joya Projedt in Arequipa to

~ee first hand what the si t uatiem 'NaS like.

Also, journeyed to gee the La Boya Project

in eama.n'.

Sta.y'Jd in Lima 14eviewing da.ta and studies

pertinent to the leaching problem in La

Joya. Formulated preliminary leaching plan.

Traveled to the North of Peru with t.he

ihspection tour arranged for the students

attending the IV Curso de DrenaJe de Tierras

Agr!colas-Latinoomericano. Projects were

visited in the Chiclayo, Piura and San

Lorenzo areas.

Began organizing the background material for

final report in Lima.

Traveled to Arequipa to set up sprinkler

leaching experiment. Selected aite and

explained the work plan to personnel in
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May 13-17

Ms.y la-June 10

vii:!,

the sprinklers WM f'16t ready, f:l6 a PUIIl!l WM

Pressuri~od water supply wa~ Lo be toady

in teb days time.

TrBveledLo GhiGlayo a.nd Plura. to observe

and discuss problems arising in the ChBcupe

and Curv~n pilot drainage studies.

Prepared report containing the leaching

program for the Mora-Mora soils in the La

Joya Project, Arequipa. The English version

was completed and the Spanish translation

was begun.

Several communications were made with

the project personnel in Arequipa, but the

water supply was still not ready. It waG,

therefore, not yet possible to set up a

leaching field trial using the sprinkler

irrigation system.

Consumptive use requirements were

estimated for the pilot study area in

Chacupe. It seemed from the visit there on

May 13 that the fi~ld personnel were under-

irrigating their sorghum field test. The

consumptive use estimates confirmed this.
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June 11-12

June 13-30

July 1-3

ix

A program of' irrigation Wa~ deva10ped whi~h

would apply adequate water to mest both the

Gbf1E1umptive Uee arid laMhing requireMGnts

for sdrghum in the dhMUpe l'Lrea.

Visited the experimental stl'Ltion Which

BEH'VeS the central mOilll Ln,LtI are~1 of Pelt!

at HuanaayG. The director reported thnt

little uSe is mnde of the irt'igation system

in the M~ntaro Valley beaause of contamination

from the mines in the hendwatera of the nro

Mantnro. ~e Director was anxious to inve6ti~

gate this problem in order to promote the

planting of wheat during the winter months

of low rainfall.

Finished the Spanish Yersion of the

leaching program for Arequipa. An oral

presentation was made to the personnel of

DIPRECO on June 20.

The planned leaching program was

also presented at the first national

Convention of Agricultural Engineers in

Lima, June 25-28.

Visited some coastal irrigated valleys to

the north of Lima as far as Chimbote with



the AID F06d ~fid Agrldultur~ Officer to

dete:t'Jllifie What deVQloplTlefit problems are

baing ~ndountered 1n lhaSa ~ra~sl

r1nali~ed the r~pol~ oh the dalt problem in

La Joya and distributed i~ to the appropriate

agencies I
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f1'he La Joya prGJecit area. :lS lodated Inthe beparttn8tlt:. of Atequipa itl

the SGuthern pa.rt of PerU at about 16tJ South Latitude, "til'" West Longitude.

dOntleating Litria to the noi'th with tt'e.otHt in the south nea.r the GhHea.h

border, paelEleS through the proJedt area. at about 1000 Km from tifM.. '1'he

city of Arequipa is about 60 rom to the east of the project area on a

brandh of the Pan American Uighway.

Bacltgroun<\.

Irrigation began in the yenr 1939 in the Pampa de La Joya on about

3800 ha in an area that is nt;>w referred to as "La Joya Antigua". Water

was diverted from the R!o Chili and distributed by a system of canals and

ditches.

The construction of two storage reservoirs in the high mo~ntain area

of the Department of Arequipa permitted the expansion of the irrigated

area in La Joya in what is referred to as the San Isidro sector. 9an

Isj G..co is composed of two settlements. Settlement NOl comprising 1041

ha was initiated in 1966 and settlement N0 2 having 643 ha in 1969. In

the San Isidro sector as well as in La Joya Antigua, surface irrigation

was practiced with a resulting high water use because of the extremely

sandy Boils found in the area.

The construction of a third storage reservoir in 1971 makes

available sufficient water for about a total of 7600 ha to be irrigated
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ifi the pampa de La jeya. About 2iQQ h~ of new land will be developeu in

e:t~ht additionsi sef.tleffiefits. Qne sett1ement wiJl he inaugurated in

the gafi Isidro seater; one in nan jes~; and six settlements are planned

in Q bloek whieh wiil eompl'iSethe San Ge.milo seeLor.

BecHi,Yse of the eXllessive use of water whi6h result fi'om sUl'face

methods of irrigatiQtl ofi sandY soils; \'he eight new settlements have

beefi plafified afid designed for sprinkler irrigation. There is sufficient

dirferefi(ie itl eleifatiQfi between the main dive:rsion aanal and tbe la.nds

to be irrigated to obt~ifi ade~ua.te p:resBu:re in a p:ressurized network of

pipes fot' the sprinklers to operate without pumping. The pipe distribution

system for some of the settlement areas in the San Caroilo sector is nearly

:ready to deliver water. As of the day of this w:riting, no water has been

applied to the lands in the new settlement areas.

Clima.te

A meteorological station was established in San Isidro sector in

1965. Temperature and relative humidity are available from October 1965

and evaporation from a Class A Pan from February 1970. The station (M.A.P.

804) is located at Lat. 16° 44' S and Long. 710 52' Wat an elevation of

1255 meters above mean sea level.

The mean annual temperature is reported to be 18.90 C with a mean

annual maximum of 27.3°0 and a mean annual minimum of 10.5°0. The

hottest month is February and the coldest is June.

The mean annual relative humidity is 53 percent varying from a

mean maximum of 66 percent in February and March to a mean minimum of

43 percent in July.
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Pan evaporation totals about 2000 rom annually. It varies from a

mean monthly low of about 114 rom in June to almost 200 rom in October

and November.

No rainfall has been recorded in the project area.

The mean monthly data as reported by Pinto (1972) :or the period

ending in May 1972 are given in Table 1.

Topography

The terrain has an inclination of a uniform slope of about 2.5

percent in the East-West direction. The difference in level between

the highest and lowest part of the area is about 175 meters (1355 m as

a maximum and 1180 m above mean sea level as a minimum).

Soils

The soils throughout the project area are extremely sandy. The

average composition of the top 1.5 meters is about 82 percent sand, 15

percent silt, and 3 percent clay. The texture is classified as loamy

sand to sand. The surface layer generally has more ailt than is found

deeper in the profile. Five soil series have been described in the

area: San Caroilo, San Jose, Moro-Moro, La Joya and Flavio. The first

two series, San Camilo and San Jose, are of alluvial origin. Representa

tive profiles of each soil series are given in Figure 1.

The series San Caroilo and San Jose generally are non-saline,

non-sodic soils. From the salt-sodium viewpoint they present no problem.

The Moro-Moro series is very saline i~ general, and has discontinuous

small lenses of cemented layers or crusts at varying depths in the
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Table 1. - Mean Monthly Climatological Data for the San Isidro Station through May 1972.+

(Latitude: 160 44' S, Longitude: 710 52' W, Elevation: 1255 meters)

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Ave

Temperature, °c 19.9 20.1 19.6 18.6 17.7 15.7 16.4 16.4 17.4 18.2 18.3 19.0 18.1

Re1ative Humidity, % 63 66 66 60 50 50 43 45 47 44 49 56 53

Precipitation, mm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0 0.0 0.0 0.0 0.0

Evaporation, mm 186.0 165.2 170.5 150.0 148.8 114.0 148.8 155.0 159.0 195.3 198.0 182.9 1973.5
.:=

+* Temperature and relative humidity measurements were begun in October 1965 and evaporation

in February 1970.
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211 BAND TO SANDY LOAM

LOOIE GRAVELLY llANO

GRAVELLY SAND

COARSE SAND

"

3•• MORa MORa

r

(

2,. SAN JOSE

SAND TO LOAMY SAND

COARSE SAND

ROCKY GRAVEL .:11.."., ......
',':t;,; ~::""'!':I'::"~:
····:·,~·i

SAND TO SANDY LOAM

GRAVELLY SAND, MASSIVE
STRUCTURE. HARD WHEN DRY
CEMENTED WITH SALT

GRAVELLY SAND

['

r

4•• LA JOVA

o , ._. LOAMY SAND TO GRAVELLY SAND
.,iL.-:_~_. '"_

GYPSIFEROUS SAND OR SILT
FIRMLY CEMENTED BLOCKS
AND CRUST

GRAVELLY AND GYSIFEROUS
LOAMY SAND

5•• FLAVia

o SANDY LOAM

VERY HARD CALICHE CEMENTED
BY SULPHATES, CHLORIDE~ AND
CARBONATES

Flg'._ REPRESENTATIVE PROFILES OF THE SOIL SERIES IN THE

LA JOVA PROJECT

.._-------_-..._---------------------_..
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profile. 'l'hoFJO orusts aro gonerally founclbotween 20 em and 00 ern depth,

and 'vary in thiclmouu from lena than 1 om to .LU crn or moro. '.LIllo thJ.c.dw!'

cru~l'trJ arel extremoly hard and huvt' 'the appearance: of lJutHlwtorlO. 'I'ho

cementing o.gent o:f' thirJ mf~terial ill CJxtremely f.Ja.Ll.rw, and cornpoutHl

mostly of sodium chloride. When water is appliud t() tIl' (~r'uutlJ, thoy

soften and dissolve rapicUy. 'l'ho electrical conductivity of.' thooe BOi1B

is variable, but it is always greater than 100 rnmhos/cm at 25°C in the

sa·turation extract with a maximum of 1100 mmhos/cm. fl:t the same time the

exchangeable sodium percentage on the soil complex is generally low,

permitting the Moro-Moro Soil Series to be classified as saline-non Bodie.

The La Joya series is similar to the Mora-Mora in that it has

saline lenses and crusts, but it usually has lower electrical conductivities.

It cont~ins more gypsum than the Mora-Mora series and much of the crusting

is composed of hard gypsum layers. Tne gypsum dissolves more slowly than

the sodium chloride layers in the Mora-Mora soil series, but no problem

is foreseen in the conversion of the La Joya soils into good agricultural

soils.

The Flavia soil series has a very thin layer of topsoil underlain

by a very hard sub-soil formed of conglomerate cemented by sulphates

and chlorides. These soils ,are not considered to be arable and are not

included within the area to be developed in the project.

tne Mora-Mora soil series will be the objective of this evaluation.

Water

The CENDRET (Centro de Drenaje y Recuperaci6n de Tierras) laboratory

made the analyses given in Table 2 for the San Isidro Canal in the La Joya

project in 1972.
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rJ.1ABLID 2.- Wa..tor Ana.lyaCHJ •. Sun :[a~.dro CUrial

La. Joya. Projoct - 1972

§.E..rnplE: J. i3o.m1210 ? Sample 3 Averago

rt./C/ rrunhoo/cm 0.8h 0.80 0.80 0.8l

(
pH 7.8 "( .5 7.9 "( .7

+... 1 I" 1.6 1. 'r 1.6Cu. meq/l • :>

++
1.~ 2.11 2.3 2.0Me; meq/l

." 3.3 3.8 3.7 3.6Na meq/l
... o.l~ 0.3 0.3 0.3K meq/l

'rOTAL CATW.NS 6.4 8.1 8.0 7.5

(

Cl- meq/l 2.1 2.3 2.4 2.3

S04
-- meq/l 0.8 2.6 2.5 2.0

C0
3
-- meq/l 1.2 1.4 1.4 1.3(

HC0
3
- meq/l 2.2 1.9 2.0 2.0

TOTAL ANIONS 6.3 8.2 7.9 7.6

According to the U.S. Salinity Laboratory classi~ication (1954), this

(

(

f

(

water is a C
3
Sl water. Using the classification presented by Christiansen

and Olsen (1973), the water would be Class 1 on the basis of SAR, RSC and

chlorides; and Class 2 on the basis of Electrical Conductivity, Sodium

Percentage and the Effective Salinity. (No data were available on the

boron content). Overall, Christiansen and Olsen would give a classifi-

cation of 2 to the water. No degrading effects should arise from good

use and management of this water.
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Irrisation System

'!'hEl new arcf.l.O under devolopment in thCJ Lu. Joyn. ProJoct will ut.Lll~{)

sprinkler irriga.tion. Wa'ter wl.ll be available ut; (Jucb farm uui't from I).

buried mainline prerwurized by gravity from tho hig!l(Jr upr:n ca.nu.1. 'J~w

initj,:..l design req,uired a 12 m x 12 In oprinklcr npe.cl rw twine: ) mm

diameter nozzles operating at 2.5 a.tmospheres pressure. 'llhis combination

gave an average application ~~tc of 10 mm per hour. The design has been

changed to an 18 m x 12 m spacing with the other factors remaining as

initially planned. This in effect reduces the average application rate

to 6.6 mm per hour. One 3 in aluminum sprinkler lateral will be available

to irrig~te each 200 m x 250 m (5 ha) plot. (Oficina de Apoyo Tecnico

Proyecto La Joya - 1973).

Previous Studies

According to Zavaleta (1969), most soils of the Peruvian coastal

valleys have a 1igh gypsum content and though some "have a high

exchangeable sodium percentage in the soil complex, (15-60%),

morphologically and physically they are not sodic soils. There is no

sodium carbonate salinity." He concludes that leaching and drainage

operations are sufficient for soil reclamation.

Velazco (1971) made a study of the leaching req,uirement for soils

in the Majes Pampa, an area very near to and similar to the La Joya

Project Area. He found, using intermittent ponding o~ successive 10 cm

depths of water, that a depth of leaching water about equal to the depth

of soil to be leached was necessary to reduce the electrical conductivity

from initial values of 15 to 100 mmhos/cm to a final value of about 4.0

mmhos/cm.
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Mo.rtrique (19711) mU,<'!ll u. IlIl~thf1nl/.l.t;L,wJ /l/lu.J 'yILt fJ oJ' ~11O :lof1(Jhin~

r£1qu:!.romantll for tho Mora-Moru tJoLl.lI\ in ttHi Jilt Joyu 111'O~r·'.Jli. llt) u£1Od

·two hypothetical soil pro£i.lou, onQ having It tlu1:Lne - (It'ust. utt,ho 30-110

CJm uop·th and ths other having two aalins - crusta at 25-30 om and 3~-40 em

dOl~thfJ. On eO-eh profilo ho assumod 'cwo di :Cl'oren'L combiJl/1Lions or ldl1ching

of'fidency. IHa computations i.nrlico.t;o 'that by applying water .I.n dully

10 cm incromenta, a. depth of leaching water aquuJ. to the soil depth to

be leached :1.0 sufficient regardless of the loaching efficiency asuumed

and regardless of the numbar of saline crusts assumed. lIe concluded that

600 rom of leaching water would be sufficient to reclaim adequately the

saline soils encountered in La Joya if no saline crusts were present. For

soils having two or more crusts in addition to having an overall salinity,

1000 mm would be adequate to leach the soil to a depth of one meter.

Manrique, Guzman, and Fome (1974) conducted a leaching experiment

on the Moro-Moro soil in La Joya. An area was selected having hard

saline crusts in the soil profile. They used a block of 18 basins each

3m x 3m in size and having borders of 40 cm height. Water was a.pplied

by flooding·to each basin in daily depths of 10, 20, and 30 em with six

replications for each depth. Preliminary results indicate that the

conclusions obtained by Manrique from his mathematical model are

reasonable.

Keller and Alfaro (1965) found that the leaching efficiency is

improved as the application rate under continuous sprinkling decreases.

The slower movement of water at the lower levels of saturation achieved

by sprinkling resulted in significantly higher leaching efficiencies than

could be attained by continuous ponding. Even at the highest rates used

in their study, they found that 90 percent of the chlorides had been



:Los.ahed from thE) fJoil whan 0. ddpth of wator oquu.l to n.houL O. t! dtlIJLh a.('

aoil to be leached hud p~esed through thc,DQil.

Lo~chins Procedure

A sHe will be selected in un aro£.l. huving thu Mo!'o- ·1r:J!'o Boil c10.00

and to which sUfficient wator will bo a.vailo.blu to opornto the sprinl<.lo:r.

system at design capacity. A plot having the c1irnenaionEl of '(2 m x 200 m

will be staKed out as shown in Figure 2. 'l'his Si~0 allows fo:£' six

positions of the sprinkler line.

Fourteen pits are to be dug to a depth of two meters in the locations

shown in Figure 2. A soil profile description will be made for the full

depth of each pit to verify that the test is located in the soil series

Moro-Moro. Soil samples will be taken from each pit at 20 em increments

to a depth of one meter. The electrical conductivities of the saturation

extract and a 1:1 extract are to be determined for each individual soil

sample. The saturation percentage will also be determined on each sample.

These analyses will establish the degree of initial salinity, and permit a

correlation between the two extract dilutions. After each 25 cm of

leaching water has been applied, additional soil samples will be taken

from the same approximate positions and at the same depth increments.

The electrical conductivities of only the 1:1 extract will be determined

on these subsequent samples.
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1. 8-J), .0 cm/hr

Bulk Danf:JHy, As

Fiold Capacity, Pwl

Wilting Point, Pw2

Available Water, Pw

Infiltr£l:tion Rate, i

11.8% "

II

Pre-Irrisation.- An initial pro-irtlgation will be applied to the plot

to bring the soil in the top meter of the profile up to field capacity.

Using the average physical properties of these soils given in Table

3 and assuming that prior to the first irrigation the soil is clbsolutely

dry, this will require 15.64 cm of water as shown by the following

computation:

d = P lA D =0.092 (1.7) (100) = 15.64 cmw s
100

where:

d = the depth of water required, cm

D = the depth of soil, cm

The sprinkler system will operate under the design characteristics

shown in Table 4.

The time required to fill one meter depth of soil, T , will be:
p

T =15.64 cm / 0.66 cm/hr = 23.7 hr
p

If one lateral is used it will require about 6 days of continuous

operation to pre-irrigate the entire plot. However, wind could be a

factor which could interfere with the operation.
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'.LIable 4. - Das,:l.sn Oharo.oterbt:l.c of tho Bprinklor Syatam
(

Opsratips PrOSDurs 2.5 Atm (36.75 pEli)

Nozzle siz~ 5.0 mm (12.5/611 in)

( Sprinkler spacing 18 m (59 rt)

La.teral spacing 12 m (39 ft)

Lateral length 198 m

Lateral diameter 3 in

Sprinklers per lateral 12

Sprinkler discharge 0.3785 l/sec (6.0 gpm)

( Lateral discharge 4. 51~ llsec (72.0 gpm)

Application rate 0.66 cm/hr (0.26 in/hr)

Lateral friction loss 0.13 Atm (1.9 psi)

{

(

(

(

(

The experiment will not be conducted during the hours of strong

wind. This will probably limit the time of irrigation to only 15 hours

per day. In this case about 10 days will be required to pre-irrigate

the plot. Night irrigation may be useful in increasing the possible

hours of daily operation. If two laterals are used, all of the above

times will be reduced by one half.

Soaking. - After the pre-irrigation is complete, the soil in each lateral

position will be allowed to soak for at least seven days to permit a maximum

amount of dissolving of the salt encrustations to occur prior to the

leaching operation.



lJao.ch:l.nPi ... 'rhe loa.ch:l.ng op~ro.t:l.on will apply uddiHonnl wr.l.tior in 2~ em

incremon'ts in each poaH:l.on. '!'hc time rtlquircu :£'or ouch ~!5 elll

a.pplication, Tl , will bo:

T1 • 25.0 em / 0.66 em/hr = 38 hro

Again, :l.f one lateral is used for a continuous 211 I'rf:l pGr day

period, 9.5 days will be required to apply to the test plot each 25 cm

of leaching water. If wind is a factor and the time of application

is reduced to 15 hrs per day, 15.2 days \-Till be needed to cover the test

plot with 25 em of water. Two laterals will reduce this time by one

half.

It is anticipated that a total of 50 em of leaching water (in

addition to the 15.64 cm of pre-irrigation) will be sufficient to reduce

the salinity in the top 50 em of soil to an acceptable level for alfalfa,

about 6-8 mmhos/cm in the saturation extract. If the soil sampling at the

end of this step shows that the salinity is still too high, additional

25 em applications of leaching water will be made until the salts have

been reduced to the desired level.

Physiological Evaluation

To evaluate physiologically the effect of the water application on

salt removal, one 5 m by 100 m strip of alfalfa will be planted along a

centerline of the sprinkler positions after the pre-irrigation and after

each successive 25 cm leuching application. The pre-irrigation should

cause sufficient leaching of salts from the top soil layer to permit

germina,tion and growth of a young plant. The subsequent leaching periods

should continue the downward salt movement ahead of the root expansion
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to permi+', growth of the plant. '.rhe first atrip 0;(' al1'alfa should be

planted just prior to the firat, 25 cm leaching period. Car", ohould be

taken that the top Boil layer is not permUted to dry out and cause the

new Eleedlinga to die while the sprinkler line is positioned for leaching

in other locations in the test plot. In this respect it will be necessary

to irrigate the small alfalfa plants for an hour or so ~n between the

leaching intervals for the other positions of the sprinkler lateral.

Thio will entail moving the sprinkler line back to the alfalfa position

prior to moving it to the next scheduled leaching position. The time

sequence of pre-irrigation, leaching, alfalfa planting, and irrigation

of the alfalfa is given in Figure 3 for one sprinkler line functioning

and in Figure 4 for two sprinkler lines in operation simultaneously. The

time of operation given in the figures is based on the assumption that

the psinklers will be functioning only 15 hours per day. If conditions

permit a longer period of daily operation, the total time will be

shorter. What is important is that the lateral remain in each position

long enough to have the required hours of operation to give the desired

depth of applied water.

If the young alfalfa plants and evaporation are permitted to use 60

percent of the water available in the upper 15 em soil layer, the depth

of water that will need to be replaced is 0.75 em. According to Hargreaves

(1973) the monthly potential evapotranspiration during June and July will

be about 9.0 em in the test area (Table 5). This is equivalent to about

0.3 em per day. At this rate the 0.75 em of available water will last

2.5 days. An irr,igation of 1 hour and 8 minutes will be required every

2.5 days to maintain the topsoil with sufficient moisture for the
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seedling alfalfa. These short irrigations are indicated in Figures 3

and 4. (During other periods of the year these short irrigations will

have different times of application because of varying consum~tive use

requirements).

Normal Irrigation Period

After the leaching period has been terminated, alfalfa may be planted

to the entire plot and the planned cycle of irrigation adhered to. The

design of the sprinkler system and the planned time of irrigation per

setting, 5 hours, will apply a depth of water of 33 rom to the soil during

each irrigation. This will wet the soil to a depth of about 40 em. It

is planned to irrigate in three settings per day which will cover the area

to be irrigated (80 percent of the 5 ha plot held by each farmer) in six

days.

Table 5 shows the monthly evapotranspiration (ET) for alfalfa

as estimated using Hargreaves' Method (1973). Also given is the

proportional amount of evapotranspiration for six day and seven day

intervals during each month of the year. It is apparent that the planned

depth of application of 33 rom will not meet the evapotranspiration

requirements during January, November and December with a six day

irrigation frequency, and it will not be sufficient in January,

February, March, October, November, and December if a seven day

frequency of irrigation is used (this would be the frequency if no

irrigation was done on Sunday).

These observations do not consider the necessity of applying an

amount of water in excess of the consumptive use of the crop to maintain

a downward movement of salts through the soil profile.
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Table 5. Evapotranspiration* and Irrigation Requireaent in the La Joy. ~roject. Peru

Latitude: 16 °44' S

Jan Feb Mar Apr Uay June July Aug Sep Oct Nov Dee Total

Temperature. °C 19.9 20.1 19.6 18.6 11.7 15.7 16.4 16.4 11.4 18.2 18.3 19.0

THF. of 68 68 67 65 64 60 62 62 63 65 65 66
Relative Humidity.: 63 66 66 60 50 50 43 45 47 44 49 56

F 2.760 2.349 2.319 1.891 1.632 1.421 1.540 1.809 2.103 2.504 2.631 2.799

ca 1.0 0.968 0.968 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 .......

ETP ••• 18R ISS 150 123 104 86 95 112 132 163 171 185 1664 \0

--
ET .lfa1f••.•• 188 155 150 123 104 86 95 112 132 163 171 185 Vi 64

ET a1£.(6 d.ya> ••• )b 33 29 25 20 17 18 22 26 32 34 36
ET .If.(7 days) ••• U 39 34 29 23 20 21 25 31 37 40 42

~iv(6 day frequency)
40 37 32 28 22 19 20 24 29 36 38 40 1848••

Div(7 day frequency)
47 43 38 32 26 22 23 28 34 41 44 47 1845mm--

Tiv (6 d.y £req)ht:.io 6:04 5:36 4:51 4:15 3:20 2 :5:t. 3:02- 3:38 4:24 5:27 5:45 6:04

T iv(7 day freq)br:ain 7:07 6:31 5:45 4:51 3:56 3:20 3:29 4:15 5:09 6:13 6:40 7:07

* Based 00 Hargreaves' Equation: ETP - l' (THF) (ca) LR - 0.1
Where: Appl. Rate - 6.6 aa/hr

ETP ~ Potential Evapotra~apiratioD••• Tiw (plo:.toned) .. 5 hr
F - FEctor based ~n lati~ude••B Diw (planned) • 33 a.
TMP r Mean acntbly ~e~perature. 0p

CD - 0.166 (100 - RH}1/2
RH ~ Mean monthly _?13ti~~ humidity, ...
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Lvachins Reguirement

In order to ma.intain l.L ['I/orablc Elalt brd,wwu :tn the I.lcd.l. ut'Lul' the

initial leaching haa been accompli r3hetl , nn mnowrL 0 f.' WULl',tO in l:xet.'I.1[J oJ.'

the consumptive use re'luirement of' the: crop mue L punt:' d lWllwurd tlll~ougiJ

the soil. This excess amount of water is ref'crrl!cl \'0 11:J (;lw .L(~I.Lcld.ne

re'luirement.

It is determined by the following rcla:tionuhip:

LR =Dd /D. =EC. !ECd:w lW lW W

where

and

LR = Leaching requirement

Ddw = Depth of drainage water to pass through soil

D. = Depth of irrigation water
lW

D = Depth of consumptive usecw

EC. = Electrical conductivity of the irrigation water
lW

ECdw =Electrical conductivity of the drainage water

Using the following values the leaching re'luirement can be

determined:

LR =EC. /ECd =0.8/8.0 =0.10
lW w

Therefore,

Dd = LR (D., ) = LR (Dd +D ) = 0.1 (Ddw+ 1664):w lW :w cw

Ddw = 184 rom

D. =1664 + 184 = 1848 rom
lW

The total depth of irrigation water re'luired to achieve the necessary

additional leaching to maintain a level of salinity acceptable for alfalfa

•
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in lal~8 mrn per year. ~'hC!l lllnnned depth of irriga.tion oj' 33 mrn on a. six

day frequency will provide 20013 mm annuoJ.ly which ia more than required.

As noted above, however, there will be monthly evapotranspiration

deficiencioa. A seven day i.rrigaUon i'.l:'equcncy will apply only r(16 mm

annually at 33 rom per application. In addition to incurring 0vapo-'

transpiration deficiencies during six months of the year, the total depth

applied on the seven day frequency will not meet the annua.l leaching

requirement.

Table 5 also shows the depth of irriga.tion water, D. , required\ ~w

for both a six day and a seven day irrigation frequency to provide both

the evapotranspiration and the leaching requirements (LR = 0.1). If a

33 mm application depth is adhered to, Table 5 indicates that there will

be a 5 month combined (evapotranspiration and leaching) deficiency for

a six day irrigation frequency and a 6 month deficiency for a seven day

frequency.

Time of Irrigation

The times required to apply the necessary depths of irrigation

water, T. , are also tabulated in Table 5 for each irrigation frequency.
~w

The maximum time for the six day interval is 6 hr 4 min in January

and December. At three settings per day this would require 18 hr 12 min

instead of the planned 15 hr to apply the necessary amount of water. Less

than the 15 hr would be adequate for several months of the year (8 hr 39

min in June).

Using a seven day irrigation frequency would require 21 hr 21 min

to irrigate three settings per day in January and December. This longer
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'time of irriga'tion during 0. day would probr..l.bly be unucc~J:,',LLble bccl.l.U1w

H would ex'tond t.he irrigation into the hours 0:(' Clxtreme wind.

From the standpoint of evapotranspiration requiremc.mto, leaching

requirements, and wind, a six day frequency of' ir.t'igutiull for apl,Hcatior!

'times as tabulat/ed in r.t'able 5 are reconuncnded. If a. f;:wven duy frequency

is used there will be the additional disadvantage that the flow of water

in the river during the one day of non-irrigation will be wasted.

It is also suggested that during the first year of operation, a

minimum of 5 hr per irrigation setting be practiced. This will apply

an excess of water during the months of March through September which

will continue the initial leaching process. During the second and

succeeding years, the times of application tabulated in Table 5 should

be adhered to. These times can be exceeded on occasion, but they should

not be diminished if a favorable salt balance is to be maintained.
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SUMMARY AND RECOMMENDATIONS

A program of leaohing the Mora-Mora soil series by the use of

sprinkler irrigation has been presented. The leaching process is to be

evaluated by taking sufficient soil samples to monitor '~,he effect of the

applied water in reducing the electrical conductivity of the 1:1 extract

of the Boil solution. Also a strip of alfalfa will be planted prior to

the leaching and after every 25 em of applied water to determine at what

stage of the program a crop may be planted.

A schedule of irrigation has also been presented which will maintain

a favorable salt balance in 'ci::e root zone after the soils have been

initially leached.

It is recommended that:

{

(

(

1.

2.

3.

Prior to leaching, the soils are irrigated to field capacity

to allow the salt crusts to dissolve. This will require

about 16 em of water.

An initial leaching of 50 em be applied, and the salt status

of the soil determined. If necessary, additional 25 em

increments may be applied until the desir~d level of salinity

is obtained.

It be determined at which stage of the leaching process a crop

of alfalfa may be planted by planting a test strip of alfalfa

after the pre-irrigation and after each successive 25 em

increment of leaching water. Care must be taken that these



teet strip nre maintained with sufficient ooil moiuhura and

nutri.ento while tho leaching procolJlJ ilJ J,n proe;roas I.l.t othol'

sprinkler positiona,

4. 111ollowing the leaching process ·the ali'ulfn w;11 be irrigated

according to the evapotranspiration and leaching requirements

of' the crop.

5. A six day frequency of irrigation be followed using a variable

time of' irrigation. The time of' irrigation will vary from a

maximum of' 6 hr 4 nun per setting in January to a minimum of 2 hr

33 min. per Betting in June.

6. During the first year of operation a minimum of 5 hr per setting

be utilized to provide additional deep leaching.
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