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I I. RECOMMENDATIONS-
1. Investigate growld water ~otential of both deep

and shallow wells.

2. Rehabilitate the small scale irrigation systems
for improving water control throughout the com
plete system.

3. Introduce improved crop husbandry based on crop
water use efficiencies and water management prac
tices on the farm.

4. Initiate land improvement work, including on-~arm

infrastructure, to improve on-farm water mana9~-1ent.

5. Begin water and related land resource inventories
to provide data for planning and designing irriga
tion projects.

ii



m. INTRODUCTION TO THE REPORT

A. ~ and Authorization

This Study, implemented jointly by a team of engineering and agri

cultural specialists from Experience, Inoorporated (the Contractor), and

a group of t6chnical specialists froln the Agency for International Devel

opment's Mission t<. Afghanistan (USAID/Afghani~ltan), has comprised an

intensive review, during a two- month period, of past and present develop

ments in irrigated agriculture within the Democratic Republic of Afghanis

tan (DRA).. The Study has measurably benefited from review by, discussions

with, and contributions from DRA officials of :Mtnistries and Departments

conoerned with such irrigated agricultural developments. DRA officials

also joined members of the Contractor's team and USAID technicians in

visiting and inspecting irrigation systems in m,ally parts of Afghanistan.

The participation of the Contractor's team was authorized by Contract

No. AID/afr-C-1130, dated 29 September 1~'!8. (Work Order No. 94)

B. ~ective of the study

The objective of the Study, us stated in Article n of the Work Order

is to identify and recommend for further investil~ation new procedures and

technologies that could lead to 3L increase in thiB availability and the ef

ficient use of water for agricultur:al production in ways appropriate to the
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poorer f~lrmer8.

c . Purpose?f the Report

Th1~1 Report summarizes the findings o,f the reviews and investi

gations made during the Study.. It has been divided into the following

Sections:

Determlnd.ion of pl"oblems and C()DSuaints currently ham

pering or capable of imposing future limitations on the development of

irrigated agriculture;

Description of possible alternativ1e solutions responsive to

the aforementioned problems and constraints;

Formulation of ''technical packages" through the selective

combination of possible solutions;

- Identification for ftlture reference of certain unevaluated con-

straints which were outside the purview of the present Report.

D. ~tiethodolOV

Details of the methodolo,gy employed ill this assessment of irrigated

agriculture in Afghanistan are presented iL Annex 4.

E. Aclmowledgements

The Contractor's efforts in the implenlentation of this Study and the

preparation of the Report were substantially helped and benefited by the

considerable assistance, SUpplt)):t, and factu~L1 inputs from USAID, specifl-
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cally from the offices of the Deputy Director. Agl"1culture, and Program.

Further help, of very slgDlflcaut value, was provided by DBA of-

ftcta1s and staff of M1D1stries and other departoumts and agencies COD-

eerned with irrigated agriculture in Afghanistan., The gratitude of the

Contractor is particularly extended to the follOVirfng for their contributions

to this &-ldy:

Ministry of Planning
Mr. Fateh l\lohamad Tarin
D:". Us man Akram

Mr. Jafar Kazem

Ministry of Agriculture and Land Refo~

Mr. Abdul Abad Sarsam
Mr. Mohamed Hasan Paima:..t
Mr. Jan Mohamed

Mr. Feda Mohamed Hashimi

Ministry of Water and Power
Mr. Nsssim Azimi
Mr. Mohamed Ali
Mr. Farouq

Rural DevelopmEmt Department
Mr. Sulema~ai

Mr. Hekmatullah
M'r. Sayed Akbar

AgriCtalture Development Bank
Mr. Abdul Tawab Aseft
Mr. Sayed Abdul Rahman Hashimi
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- President, Planning
- Staff Member, Planning
- staff Member, Planning

- President
- Vice President
- General Director, Irrigation
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A. Introduction

. IV. PROBLEMS I...ND CONSTRAINTS

.....

The identification of major problems and constraints inhibiting the

development of irrigated 8gTlculture was achie'ved through three stages:

A farm model irrigation supply syst.~m was synthesized in a

step-by-step process from the individual farmc~r's plot. through the sev-

era! components of the system, to the ultimate source of the irrigation

water supply. From this the k4:lY variables were identified, and through

•consideration of these dependent v'ariables and the respective causal re-

lationships involved, problem areas and constraints within the basic sup-

ply system were hlgb1ighted.

An effective demand structure with corresponding dependent

variables to complement the above supply system was then established.

This in turn led to a preliminary listing of problem areas and constraints

for each of the key variables in the effective demand structure.

Through re-examination of the various problems and constraints.

cross-critiquing. and extensive discussion among the Contractor-USAu.>-

DBA participants, the major variables surfaced and were placed in order

at priority, lesser variables wlere relegated to minor positions or elim-

inated. and the principal problem areas and constraints were established

around which poosible solutions and "technical packages" were later

- 4-



developed.

A more detaUed descripUon of the devEtlopment of the three stages

follows.

1. Elements of a Repre!sentative IrrIg,!l1ed Agricultural (suPEIy)
System.

The diagram in Figure 1··1 comprehens:lvely lists in matI'lx form

the principal components of a representative inigated agricultural system.

The catchment area is the source from which irrigation wat~r is

derived. Human intervention in the form of diversions, either from sur-

face or from groundwater so~:.rces, captures a supply of water from the

resource area. This in turn :t1ows through a network or partial network

of conveyance facilities to farmers' fields. Optimal withdrawals from

the resource area together with the performance characteristics of the

conveyance system are major determinants in supplying adequate deliveries

of water to farmers' fields.

A favorable environment for growing plants usually required, in

addition to appropriate water or moisture availability, some kind of drain-

age relief system for the disposal of excess water. This obviates soil
,

8aturation and thus ensures the accessibility of aerobic bacteria and plant

roots to sufficient amounts of o~gen.

Appropriate farm infrastructure, including well-graded fields per-

mitting a uniform application af water~ efficient inter-field distribution

- 5 -
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systelD!J; well-developed sull profUes; and p8I'hap"i some mecha.aJzatioD

to permit more timely farming practices to be appUed, requf't"es fIlvest

mem by the farmer. To effoot this, intermediate or long-term credit

is usually needed.

The farmer alBo needs technical asnistancC;:! in establishing approp

riate infrastructure OD the farm. This frequently takes the form of ad

vice and counsel on more modern agricultural practices, t!specially

water management, in order to obtain improved yield level: Certain

institut1(J~al needs, which are normally supplied at government cost, are

concerned with his access b credit, agricul.tural schools, and research

stationa, as well as other r(overnmental service orgaoiZatiolJZ.

Farmers are also fr",,;OO with costs which are annual, recurring, or

which vary according to the cropping cycle. T~?se compri.·e good quali't!:'

seeds; fertllizer and other agrtC'Jltural chemicals; tools; maintenance of

power, whether machine fuel or feed for wmals; aid in most countries,

water charges. Small-scale farmer.s usually require short-term produc

tion credit for amortizing these costs.

Finally, local supporting enterprises are needed to handle the har

vested crop. Basic eiements of the crop-handling support system are

shown an transport, storage, processing (where required), and marketmg.

2 • Analysis of User-demand RelatioDiJhips.
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The starting point fOl" this analysis was arbitrarUy taken as the

lDdivlduRl farmer's plot, 9.ad tb" key variables, as '/e11 as the respectiv&

factors which contribut~ to them, were then developed: fii:st for the

suplJly systei4, and thon for the com;llemerro.L.-y effective demsnd. Fol-

lowing interfacing and disc~'.9Siou with DRA officials, the ~llpply and de-

mand systems were refined and the mest sign1f1cant vari~lbles arr~ed

in order of imponWlce. Table !-1 shows the component~ of these two

on-farm irrigation systems and mdlc2tes the causal rvlatioDflh1ps that are

considered to exist and to affect irrigated agricultural practices in AfghRu-

istan. These conditions are descdhed in the following paragraphs of tide

Section, each k.~yed. to the respective key variable.

J. ~UPPLYSYSTEM PROBLEMS

1. Resources

tI There is illsuf:Lcient Imowledge concerning the extent and quality of

the country's water resources. In the case of streamflow, for example.
~ .

the number of gaging stations is abOl.n 80 peroent of the total recommended

by the U.S. Geological Survey about 12 years ago; data qual'iY,however, is

not commensu?a+.e. as there are considerable dflta that are classified as

only fa~- to poor; 8!ld the!'e have apparently been a number of casel:;

wher~ shifting ccIJtroles have affected rating curves. Moreover. reduced

budget allocations hav3 oeen responsible for shortfalls i~ actual departmen-

- 7 -



m VARIABLrs

-tnur. to Iot&"CleClC

--1:JlIIloltall'la

I ~
lfaJUCemeat---- .Uwre to Optlra1M

KEYURCES ranatory CODlen"alloa
!.ecb1lt010lJ

RIIIIt of Wa)
lalld Co~.':m
Stu. of T~haoIOlY

.... ORAUUC Laclt of HydrolOV Data
DESIGN CooY.,.aace S11tem

Bucllet
.:aerv

~UPPLT

I
SYSTE ~~!::,,~,

CONSTRUCTION vaUablllty .,f Materl".
..dabUlty of EquJplDltZlt

~
W.altoa

Eaerg' ~~ledp
.... ..e1mo10lY'-- ---:

vaUabUlty

~
dmlfttatrlttVe Competeaee

oraau1Zatloa-~--_~ TeobDlaal ComJ)'tt8l1Ce
Hydraulic OHtgD Lack of Qoyen:m.aat nplatlOll£
571t8m Control

OPERATION AND Flood ProteettoD
MAINTENANCE ---"'Materlals. EquipmelU.

Budret
DemlDd
Seuoaallty
Water R19bta/AllOOll1toD

ON-FARM
IRRIGATIO

8eepap
~ DestgD

LOSSES ------IEYlpotrlDaptrattol!.
Aquatto Growth
Flood Pl'oteatWll

NON-FARM

~EMAND8

E
d Structure

RECOVERY ~

SYSTEM -----_i SOU, C"aaractert!lttol
MallJlgemat

fLAND CONFIGUBATIO~bDlaal AlIlIt8ZICe·'Ii;;' ForlDiDg

~
u Cbuaete1'tS'1c1

EFFECTIVE 50IL/WATER/PLANT ClImllhr
DEMAND RELATIONSHIP CroppiDg PI'....etlIrI1 80mJII "tate

Fert'.l~jr

~
K!IowI.edge Seed p.m

AGRICULTURAL W.. ;>d CoDtroI
PRACTICES, Ezpec:A lricGme Peat CoDtrol

wer Re1attOl18b1pe
8ol:Ial structure --~--4lD@m.e Level, CultDnl Value.

Teaare
State of the Art

KDowtedp-------fFarmft'S
Attttudes!Valueo about water AppllcllttClft R:ue
L'IId CODftguratt01l TtmiDg

WATER -tQrgllll1zntoll

MANAGEMENI' Agrtcaltaral Practtces
System Cc>atrol
Methods of In1gattou
trrfIlttOD Practtc..



)I

1

~

I
I
I

tal t'equirement.

SlmUarly. groundwater inventory has been scanty, localized and

generally inadequate for purposes af complete resource evaluation. No

long-term records are avaUabla, drawdown-recovery data exist for only

a few areas, and no evidence was furnished of a regular program for

hydrogeological study. Exploitation of these water resources has been

permitted to proceed without cl(!equate planning,l retlectinJt further lack of

knowledge of the resouroe itself. No significant attempt at conservation

has yet been undertaken, although an interest has been expressed in

grounUwater recharge. The technology to optimiZe the usage of surface

and groundwaters exists outside Afghan!stan, and is probably lmoWD to a

limited extent at Ministry level or equivalent, but research and investiga

tion leading to practical applications appear to be at a rudimentary stage,

at best.

Adequate sou productivity investigations, including determinations of

soil fertility, have probably never been made in Afghanistan, at least to

any area-wide extent, and consequently land capability classification does

not exist. A limited and very generalized soU reconnaissance survey was

made by a UN group in 1963. Soils laboratories visited were deficient in

experienced staff and modern equipment, and appeared to be more con

cerned with water analys:hs than soils. There was no evidence of a

national soUs policy or of any country-wide soUs ~estigation programs.

- 8 -
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Records appeared to be incomplete and unreliable, due again, perhaps,

to t.nadequate or inexperienced staff.

2 • Hydraulic Design

As related to on-farm irrigation supply systems in Afghanistan,

hydraulic design suffers inttially from a lack of relevant hydrologic data,

of which farmers' groups have only an empirical awareness. Addltion-

ally, conveyance systems are less subject to acceptable h~draullc design

than they are to land configurations and right-of-way limitations. The

degree of technology resorted to is often primitive, for assistance to

farmer groups in remote areas from such government agencIes as have

sl1fflcient technical ability is limited and often non-existent.

Additional constraints on the design of the supply system are pre-

sented by limited energy and budgetary resources: a s mall pumping sta-

tlon that would obviate an overly-long conveyance system could well be

precluded because of lack of pl')wer and fuel, as well as by the meager

funds available for the purchasE.~ of the equipment itself.

3 • Construction

particularly where the building of a sizable river diversion structure,

dam, or weir is concerned, construction operations of supply systems are

subject to the magnitude of stl.°eamfl.ow that must be diverted duriI\g such

- :9~ -



construction. Such now patterns are season In nature. The normally

small budget at the disposition of tte average farm group. and the lim

Ited availability of sldlled labor (such as carpenters and masons). con

struction msterials (often under the control of the Government). and

needed equipment. provide further constraints to construction work.

Generally the organization at the community level in Afghanistan is

limited insofar as construction experiencl';! and the requisite technological

knowledge is concerned. Such expertise may well be avaUable at pro

vincial or state capital headquarters. but it is frequently difficult to have

this Imowledge disseminated to remote areas. Energy limitations. if not

their outright lack, are additional constraints because they limit the use

of power equipment that might facilitate and improve COnstructiOn.

4 • Operation and Maintenance

At present there is no DRA organization for the operation and main

tenance of the small-scale tr:rigatlon systems. The Ministry of Water

and Power has indicated that it plans to have a section in their new or

ganization for this purpose. However, it expects that a country-wide op

eration and maintenance program for the private, small irrigation systems

Ues ten years in the future. RDD does havEl a maintenance section but it

is greatly understaffed and there is no budget for implementation operations.

Local organizations for system operation and maintenance exist at

- 10' -



the community level. The stnlcture of such organizations depends mainly

on the size of the Individual system. Organizational operations Are bam

p~red by lack of administrative competence and technical shortcomlDgs.

With proper hydraulic de8~, small-scale irrigation systems would

be much easier to operate and maintain. There is virtually no contru}

of the amount of water entering these systems (except for a few systems

that have btinefited from RDD-assisted hydraulic design). Protection

from flood damage is minimal. The amount of water bears little relation

ship to crop requirements. The comments made under "Construction"

concerning materials, equipment, labor, and budget are equally applicable

to the operation and maintenance of small-scale irrigation systems. The

lack of government regulations is conducive to permitting inequities in

the use of water.

5. Losses

An on-farm irrigation supply system is subject to many losses which

c:.n materially reduce the flow originally diverted from the river. These

losses, which have been estimated for Afghanistan to average about 65

percent of the total supply (or, indeed, all of the supply in the case of a

major structure destroyed through uncontrolled flood flows) are caused by

the following:

• Seepage through pervious soUs through which the conveyance

- It -
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system is excavated.

• Inadequate hydraulic design. In this instance It could contrl-

bute, through oversized 1J0nveyance channels, to increased seeprsge 2nd

excessive canal excavation.

• Evapotranspiration from large plants, shrubs and bushes con

tiguous to the conveyance system.

• Aquatic growth within the conveyance system imped1ng normal

irrtgation flows, and also contributing to evapotranspiration losses.

• Inadequatf! nood protection of principal structures which could

expose such structures to damage during floods, with a consequent loss

of irrigation now as has been noted above.

6. Recovery Systems

Recovery (drainage) systems are usually needed to prevent water

logging, or to improve waterlogged soils wIth attendant high salinity.

In Afghanistall there is a tendency for water users at the head of a sup

ply system to appropriate more than their fair share of irrigation water,

a practice which if unchecked and uncorrected usually eventually leads to

water logging. This state of affairs is a reflLe'1tlon of the established

social structure which unintentionally encourages lax and inefficient water

management, and in so doing certain water users, because of their social

position, to exceed their water allotments.

- It-



Unfavorable land conffgtlrattons which have not 'been ameUorated

through levellfng or terracing can also lead to waterlogging problems.

as c. the prevalence of hfgh water tables am unfavorable (I. e. low-

permeabUity) soUs. This last Is not too widespread a constraint. as

man:l of the sons in Afghanistan are more pervious than otherwise..

Wator recovered through the operation of drainage systems may be re-

turn!9d to th6 river, or used to replenish groundwater aquifers; in gome

case!s, water recovered from a drainage system can be further utilized

for augmenting' an irrigation supply.

C. EFFECT1VE DEMAND PROBLEMS
~ -~

1. Land Configurati0!l

The natural terrain features generally found in indigenous commun-

ity Irrigation systems (which, in Afghanistan, deliver water to approxi-

mately three- fourths of all irrigated land) require substantim modification

before efficient surface irrigation methods can be applied" Farmers have

managed to effect a measure of land levelling by their own devices over

the years, but mostly on a field-by-field basis. This has resulted in

odd-shaped and uneven-sized fields with no precision grading, which has

complicated the internal farm distribution system and obviated uniformity

of water application to the fields. To compound the farmer's problem

further, there is virtually no source of techmcal expertise available to

- 13, -



survey aDd design an efficient on-farm Irrigation system, not' are land

Improvement contractors and appropriate equipment avaUable.

2 • SoU, Water, and Plant Rclat!2DSbi,es

Knowledge In Afghanistan concerning the interaction of soU, water,

plants, and fertilizer Is mostly conceutl"at~ at centrally-located research

and educational lnstltutlolW. Disseminating this information to rural suh-

cen'cers, and through them to farmers or farmer groups, has not been

adequately implemented. Extension work is carried out by the Ministry

of Agriculture, but its responsibility in this area does not include the ed-

ucation of the farmers on soil and water matters relevant to irrigation

practice. This is administratively the responsibility of t~e Ministry of

Water and Power, but circulation of such information to rural areas has

not yet been implemented.

3 • Agricultural Practices

Farming procedures for crop production in Afghanistan appear to

be fundamentally tradition-bound. Modernization of these antiquated

practices is hampered: first by an inadequate informatiOil eaystem to ed-

ncate the farmer, and then by a fallure to provide sufficient encouragement,

incentives, or means for the farmer to effect many such improvements.

Existing practices where improvements could bo made are tD.cluded

- 1t·--



in, but not necesss.rUy limited to, the following listing:

Land preparation Methods of irr~~ation

High yielding varieties of seeds Control of weeds, Insects, and dlse&.Je

Df'slrable dates for seeding Fertilizer usage

Sowing rates Use of proper tools and equipment

Additional constraints originate in the existing social structure.

Local power relationships impose conditions that are beyoL the farmer's

means to overcome. Such a relationship is apparent within the community

irrigation systems, where mirabs are selected by the jirga, or council of

elders, and where consequent favoritism appears to be the norm rather

than the exception.

The lack of a crop-reporting service and a minimum-price-support

program, announced in advance, affects the farmer's planning. In prac

tice, it confirms his preference for adhering to traditional cropping patt-

ems.

4. Water Management

The first phase of water management in irrigated agriculture is con

cerned with the delivery of water from the conveyance system to the farm.

The second phase is concerned with water management on the farm itself.

Water should be distributed among the canals and latl\~ra1s in pro

'portion to the area of land to be irrigated on a rotation period basis.

- 15 -



However. in Most of the supply systems in Afghanistan there are liO

gated intake or turnout structures, and as a consequence water delIver

Ies cannot be fixed in terms of predetermined quantity per unit of tr-

rfgatsd area.

Water management on the farmer's land is essentially the control

of the amount of water needed by crops at a particular growth stage, and

the time and frequency of application as dictated by climate and soU char

acteristics. These concepts are neither understood nor practi~8'I by

farmel's !!l Afghanistan except in a rudimentary, empirical way. strongly

iDfluenced by tradition. The problem in disseminating modern water man

';~ement principles is similar to that preViously described for soU, water.

and plant 1."elatlo!18hipa.

A further aggravation concerning current water mismanagement is

the fairly common practice of farmers at the head of a distribution system

acquiring, through traditional use patterns, an almost incontestable right to

the use of a greater volume of water than those located lower down in the

system.

5. Non-Farm Demands

In many of the community irrigation systems in Afghanistan, partic

ularly those in more remote locations, requirements for domestic use of
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water. viz.. potable water. laundering, food cleaning, and llvestock

w9.tering, are met from irrigation water supplies in the irrigation can

als (Juis) which are made to pass through or near to the village. With

respect to farm Irrigation, the probiem may not be significant consider

ing only withdrawals for conm:!!1ptive use. However, the pollution factor

arising from the introduction of deleterious substances such as household

sewage wastes including night soU, detergents, soaps, or other chemi

cally non-biodegradable substances Into the irrigation stream could

affect water quality. The highest non-farm consumptive use comes from

growing trees planted along the jul.

D. IDENTIFICATION OF PRINCIPAL PROBLEM AREAS AND CONSTRAINTS

Further intensive studies and discussions of causal effects, inter-

related impacts, and the relative importance of the key variables just

described were made. As a consequence, problom areas began to emerge,

areas that embraced many of those elements which influenced the variables

themselves. The final analysis in this Section of the Study concluded

with an identification of what appeared to be principal problem areas

and the most important constraints affecting those areas.

These main problem areas were found to be:

• Resources
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•

•

Conveyance systems

UtUtzation

The following paragraphs deJcribe the major cOll8trafnts that were

cODsidered to lnO.uence these problem areas.

1. Resources: The analysis of this problem area led to the conclus

Ion that a failure to optimize constituted the major constraint hamperiIlg

the development of Mghanistan's soU and water resources for irrigated

agricultural applications.

Insofar as water resources with irrigation potential are concerned,

there is a lack of knowledge concerning locations of sources, water

quality, and water quantities avatlable, including a categorized evaluation

of prior claims on surface and groundwater supplies, as well as seasonal

variations over a substantial number of years.

2 • Conveyance Systems: Five key constraints were apparent during

the course of the analysis of this subject:

a • Diversion structures are inadequate and ill some cases may

not be the most suitable means of diverting water for irri

gation use;

b. Seepage from the system impairs efficiency and is the chief

cause of water loss;

c. Inadequate flood protection is responsible for substantial
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water losses tmttll repairs C8ll. he effected;

d. Conveyance control structures are lacking or Inadequate;

e. The social organization affecting water c'- -trol and distri

bution is not tully responsive to farmers' needs.

3 • Utilization: Three key constraints were found to be hampering ef ~

fictent utiliZation of irrigatton water on tlte fa:rmer's land:

a ., A lack of knowledge by both technician and farmer of ef-

~~~~-__ ._~ .-__-----f.(cient water-use practices;

b. On-farm infrastructure related to efficient water use is

either lacking or inadequate;

c. Current farming practices and the lack of a soU improve

ment program are hllidering the efficient use of on-farm

irrigation water.
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V. POSSIULE ALTERNATIVE SOLUTIONS

Introduction

This Section desc"r.ibes possible solutions which have 'neen consid

ered as being responsive to the three major problem areas as defined

in Section I, C.

A. PROBLEM ARF~: RZSOjJKCES_

Basic constraints: Lack of knowledge of quantity and quality of

resout':::es; measure~ required for effective utilization; need for exploi

tation and conservation regulatioilS.

Possible Solutions:

1. Establish'nent of a National Water ResO'.ll'ces Commission.

A National Water Hesources Commission would oe an autonomous coor-

diDattng and poUcy-mak:ing group for the purJlO8e of reviewing and ap

proving all major water resources projects before operating funds were

made available. The orgzll';..zmion character, staffing and responsibili

ties of such a Co:n.m.ission are &iven in Appendix 3. Its authority,

however, would enable it to implement the following actions; these

activities themselves constitute possible solutions within tbe Resom:ces

problem area.

a. Inventory of all significant surface waters and groumwaters;
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b. Upgradtug of the hydromet60rologtcal net9~~rk ~o Improve

the caliber of the data obtained and Y. equ1red for water

resource project planning;

c. Investigation of principal grolDld'Water sources through

dr1l11ng and pumpmJ (drawdown and recovery) test explor

ation programs;

d. Investigation of more effective and efficient means and

measures of water resource utilization such as, but not

limited to, the artificial I acharge (see definition below)

of developed groundwater sources; consideration of nmoff

irrigation (from a water availability standpoint only).

2. Implementation of an immediate S!0ur,dwater development pro-

gram for selected areas.

(The implementation of such a program would not be dependent upon the

establishment of the aforementioned Commissionc but would require a

prior groundwater inventory to be made of ~y designated areas for such

development. )

This program would comprise the following elements which would be

implemented in selected areas of Afghanistan to improve and increase ex

tstfi1g and new sources of irrigation water:

ac A well-drilling program limited to relatively shallow wells

(not exceeding 2.'3 In. in depth where small-bore rigs are
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av~nable);

b. The onhancement of developed groundwater resources by

p.rtiftcial recharge. (Artificial r.echarge is the term used

for introducing water t either through percolation through

the soil using any of various arrangements of surface ap

plication, or by injection into a water-bearing soU stratum,

known as an aquifer.)

3. A comprehensive goU inventory and description.

A soU inventory would describe the soUs of different areas and the des

cription would be coded and incorporated on soU maps. SoU maps are a

basic tool for selecting a system of soU management. The maps show

the kinds of soU in a field and farm -- essential knowledge for selecting

from the various available soil-management practices the combination of

practices that is best suited to the soU and to the resources, skills, and

:lesires of the farmer and rancher.

Interpretations of soU maps are physical and economic analyses of

the alternative opporhm{~ies available to the users of the land. They in

dicate capabilities of th~ P"Us for agricultural use, adapted crops, estim

ated yields of crops under defined systems of management, presence of

specific soU-management problems, opportunities and limitations for

various management practices, and problems in nonagricultural use.
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4. A soU and water conservation program for irrigated catch-

ment areas.

SoU and water conservation within an irrigation basin concerns the pro

tection of soU resources agab1S'i: erosion and the improvement of the water

control system. Conservation measures to effect this would include:

a. The imposition of controls affecting grazing, the felling

of. trees and the harvesting of other plaut life, and burn

ing;

b. Vegetative activities such as afforestation, and the seeding

of selected grasses, forbs, herbs and shrubs; and

c. Construction operations such as terracing, and the instal

lation of dikes, levees, divers{on and contour ditches, and

other water-detention facil1tt C3S.

5. Construction of surface water stor~e reservoirs.

These storage reservoirs would store water for future irrigation use.

They could be formed by sizable structures across rivers; the resulting

reservoir could have considerable capacity, with carry-over storage from

one season to the next. Smaller reservoirs, or ponds, could be' formed

from embankments or dikesll' and could store water temporarily from var

ious sources, such as irrigation t10ws on certain farm al'eas, overland

runoff ~ing high-intensity rainfall, or t10w received from subsurface

sources.
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B. ffiOf!l,EM AREA: CONVID:ANCE SYSTE~

Basic constraint m::u. Current diversion structures need to be

improved and other means of capturing water need to be investigated.

Possible Solutions:

1. River Diversion stnlctures.

Permanent structures. Where rivers can be spanned economically by

a wetr, a permanent structure diverting the river now to the convey

ance system could be considered; this would either upgrade or replace

an existing installation. The structure should be designed to withst1\D.d

a flood having an estimated peak frequen~' of one in 50 years. The

elements of the structure should include sluiceways for sUt control, con

ttClI gates at the canal Intakes, and an overflow weir to function as a

spillway.

Semi-permanent structures. For other wider river locations where

the above-described would be obviously uneconomical, a semi;"'permanent

structure employing gabions (wire mesh prisms filled with rocks and laid

in place like riprap) could be considered. Such a structure should be

designed to withstand a flood havmg an estimated flood frequency of once

in 10 years. The structure should" however, include a permanent head

gate and sluiceway, nobltthstanding the knowledge that because of river

aggradation, or degradation, or course change, madtflcatton to or even
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relocation of the intake might be required in the future.

Relocation of existing diversion structures. Where additional bene-

fits would be possible such as:

a. Improved canal characteristics (non-silting or non-scouring

velocities);

b. Ability to irrigate more or better lands; and

c. Greater protection from river action afforded to the

struc.;ture;

then relocation of the diversion structure could be considered.
~

Consolidatioll of existing diversion structures. Where separate ir-

rigation systems are contiguous or in close proximity, and where the

topography is conducive, economies in maintenance and operation may often

be realized by consolidating the separate diversion stru~tures into one. A

few connecting canals would be required to interconnect the existing sys-

tems, and adjustments would also have to be made in the carrying capa-

city of certain main canals. Reductions should thereupon be realized in

overall canal maintenance needs, seepage losses, and other losses that

might be attributable to the poor hydraulic design of the original systems

before consolidation.

2. Other Irrigation SUpply Schemes..

Pumped water from surface runoff sources. Pumps could be utilized to

provide irrigation water from rivers. Unnecossarily long canals could
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thus be eliminated, and with them attendant losses. Pump diversion

would also obviate the need for run-of-river diversion structures, but

would require skl11ed operators with a knowledge of maintenance pro

cedures as well as an energy source. Alternative energy sources to

fuel and electricity (In long-t~rm considerations) could include wind and

solar power.

Pumped water from karezes. Dflpendent upon the capacity of the

aquifer tapped at the uppermost karez well, the suitability of arable land

In its vicinity, and the assurance of a favorable B/C analysis, consid

eration could be given to replacing the karez system with pumps at the

uppermost well and at the outlet of the system (tapping the aquifer itself

at that point). If feasible, this would enable more land to be irrigated

and would obviate the periodic and hazardous maintenance of the karez

now required.

Controlled flow from karezesa Instead of permitting the karez to

flow continuously, the karez flow could be collected in a pipe, thus pro

viding a means of transmission paralleling the karez tunnel. If equipped

with a valve, the pipe system could be closed when irrigation flows are

not required, thus allowing unneeded flows to be stored in the main supply

aqaifer. Alternatively, karez flow could be stored in a small reservoir,

to be used when needed.

Basic constraints (n...;·2.) ~lI3epage within the system is the chief
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oause of water loss and lowered efficiency; and poor m.afntenance Is a

lurther source of 108s.

Possible SC'lutlons:

1. .J.lning of canals.

The lining of canals 011 a selective basis would minim.ize seepagtt for

those sytnems where suci. ~osses are considerable and critical. Linings

are usually relatively permanent (clay linings have cOlnsiderable short

comings and for several reasons would n.?t be recommended) and are of

three distinct types:

a. Rigid - using cement or asphaltic concrete paving cast in

place or formed from precast slabs;

b. Membrane - linings prefabricated from plastic, butyl rub

ber, or compounds of asphalt combined with jute, paper,

or fiberglass. Such linings are either exposed or covered

with a layer of soU and sand; and

c. Sealing compounds - liquids sprayed on ditch faces to re

duce seepage either by dispersing clay materials, or by

filling soU pores to form a membrane.

2. Shortening of lead canals.

This possible solution has been referred to in the previous discussion of

Solution A, 1.
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3. Improved Maintenanco.:

During fiood seasons many of the primitive irrigation systems are subject

to fiows for which they were not designed. In addition to carrying and

deposittng a heavy sUt load in the canal, these flows are ~onducive to

over-topping )f banks with consequent cave-ina, and the general impairment

of the conveyance system.

During other periods aquatic growth and weeds have been allowed

to grow in the canals.

Improved maintenance would provide for a regularly scheduled exca

vation of sUt, the clearing of aquatic growth, the removal of obstacles,

and the repair of damaged canal sections. These deficiencies impede flow

and also contribute to excessive losses.

Basic constraints (B-3) Inadequate flood protection causes major

water losses.

Possible Solutions:

1. Headgate control structures.

There are almost no permanent intake or headgate structures for divert

ing water from the rivers into the main canals of the irrigation systems.

The main canal is consequently subject to damaging flows during high

river stages; this causes erosion and over-topping of canal banks, inun

dation of croplands, and siltation of the canals.
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A permanent or semi-permanent diversion structure with headgate

coDtrols to canal and sluiceway would prevent this recurring damage.

The permanent weir section could be masonry or concrete, with gabion

construction for the semi-permanent diversion structure. The headgate

or regulating structure could be masonry.

2. Siphons

Inverted siphons could be used where irrigation ditches cross roads,

canals or stream channels. The conveyance system is thus protected

against damage from uncontrolled flows in the channels and impedance

of flow from other sources is obviated. Siphons may consist of a con

crete box structure or a pipe (either concrete or steel). Their design

must be based on adequate hydraulic analysis.

3. Flumes

Flumes could also be used to carry irrigation water across s mall water

ways. Their cost is usually less than an inverted siphon, but they may

require more maintenance or earlier replacement, and the necessary

supporting sub-structure might not be practical in some locations.

F1ames could be made of pre-cast concrete, sheet metal or wood.

4. "Cut-and-cover" canal sections

These sections could be used to convey water where canals cross water

ways, or traverse steep slopes where debris deposition or slides are a
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problem trom the slope above the canals. Such a conveyance has a

rectangular cross-section, and fs so excavated that the structure wl1l

be below ground surface. The sides and bottom are usually rubble

masonry with a pre-fabricated concrete slab placed on top of the ma·

sonry walls. The stru(,~e is then COVel'ad over with fill material as

necessary.

4. [ijversion [ijkes

Diversion dikes, or guide levees, could be constructed for channeling

rainfall runoff which collects in waterways above fUIs and canal banks.

These usually originate above the canals and continue for short distances

below, thus confining such nmoff and preventing it from destroying long

sections of canals. Such diversions or dikes could also keep nmoff from

inundating irrigated land. Construction could be effected with earth fill

materials, loose rock!, concrete, or masonry walls.

6.. Sluiceways

Sluiceways could help prevent canal sntation by removing sUt or other

matter from the bottom of the intake channel before it has a chance to

get iDto the canal system. Sluiceways are frequently incorporated with

the headgate structure.

Basic constraints {B-4) liTigation water control structures are

lacking or in need of improvement.
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Possible Solutions:

1. Division boxes.

These structures could be used to divert irrigation water from laterals to

secondary canals t from or.a field ditch to another, or divide a stream be

tween two or more laterals or ditches. The d1vi~ion boxes are generally

box-like structures, built of r.lbble ~ masonry or concrete with two or more

outlets (commonly called turnoutS) used for the delivery of water. The

size of each outlet would be proportional to the amount of water delivered.

Gates would be required for closing or regulating the flow into each sep

arate outlet. The outlets of many division boxes are metered so that mea

surements can be made of the quantity of water.

2. Checks.

Checks could be placed across canals, lateralla, and field ditches to raise

the water level to the elevation that would enable the required amount of

water to be released to a field. The water level should be kept at nearly

the same height above the ground surface for the width of the field being

irrigated, so that flow into each of the basins ,l contour borders, or fur

rows will be equal. Permanent gates could be used in checks, or they

could be equipped with flash boards or undershot sliding gates to control

the water level.

3. OUtlets or turnouts.
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These devices could be used for releas lug tho irrigation water from a

canal or ditch to a field. ~hey would control the amount of water be

Ing diverted into each basin, contour border, or furrow. The chof

of outlet would depend on metbod of irrlgatiOll being used.

4. Drops

Drop structures could be installed in ditches on laud with considerable

slope. These would pe":"mit tht= ditch to be constrUcted as a series of

relatively flat channels, each at different elevation, at non-erosive grades.

They should be generally spaced so that the difference in elevation at

each drop does not exceed 50 cm. Drops dissipate the energy of the

falling water using a stilling basin with a concrete or rock apron, so

that it does not erode the ditch.

5. Metered gate structures

An accurate determination of how efficiently irrigation water is being

used is dependent upon the measurement of that water. Sufficient m.etered

gates for this purpose could be installed in GJrops, checks, or turnouts.

A metered gate is a fixed dimension opening calibrated for measuring the

streamflow over or through which irrigation flows pass. Such measur

ing devices measure the rate at which water is being delivered. They

may consist of weirs, orifices, Parshall fluDles (generally employed by

technicians making water-use studies), and commercial gates calibrated

by the manufacsturer.
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6. Closed Pip.! Distribution Slstem

Pipelines could provide a number of advantagel~ over open ditches for

the distribution of irrigation water. In reduciJ:lg seepage losses, they

would be comparable to concrete-lined ditches. Evaporation losses would

be eUminated and weed control unnecessary. The area that would other

wise be occupied by open ditches could be plazlted to crops. Generally,

maiDtenance coats would be less t~an for open ditches. (Increased use

Is being made of pipelines in areas where water savings, costs, or the

full use of all irrigable land are important consideration~.• ) Pre-cast,

non-reinforced concrete pipe is the most widely used type for irrigation

pipelines of low pressure.

Basic constraints (8- 5) The social organization of water control and

distribution is not fully responsive to farmers' needs.

Poesible Solutions:

1. Training Program for Mirabs and Cbakhbashis.

Mlrabs and chakhbashi assistants are currently responsible for managing

the community irrigation system. They overs,ae the distribution of water

from the main canals to the numerous later91s along those canals; they

settle disputes involving the use of water; and they organize the water

users for both periodic and emergency maintenance and system repair.

Despite their unfamlliarity with hydraulic concepts, mirabs and chakhba

shis do a fair job of distributiug water throughout the systems.
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To Improve overall efficiency :...., water use, the mirab and chakh

bashl could be given some basic training In both rtit'dern RgrIcu1ttU"al

practices and elementary hydraulic prtnclples. Following these instruc

tions in the proper distribution of water within. their systems, monitoring

ot the degre"'t of assimUation and the effectivellesd of this training ~ould

be administered by the same agency rt!sponsiblA for the initial teaching

program.

2. Operation and Maintenance Standards:.

There is at present no governmental agency that is effectively concerned

with the operation and maintenance of small-scale irrigation syst6ms in

Afghanistan. Such \',1' -.ok is currently implemented through communal ac

ttons headed by the mirab, usu:J.g simple tools and primitive techniques

practiced over many years.

The establishment of standards for the operation and maintenauce

of small-scale conveyance systems would incrleas8 the efficiency of these

systems, assuming that the agency responsible would assist in providing

material, equipment, ana a ~ource of financial assistance for this work.

as well as concomitant training and supervision.

3. Water Rights

Water rights in Afghanistan are based upon Islamic Law, which in effect

states that water is a free, natural resource wblch is to be shared equally

by all and not to be sold. Accord!ngly, land owners in each region have
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devised a system whereby the irrigation water is allocated proportionately,

b.tsed upon the size of land holdings. Althowth this system of water allo

cation is somewhat crude, it could theoretl<"aliy work. In practice, how

ever, traditional rights are sometimes ignored by powerful large landown

ers, by landowners at the heuds of irrigation systems, and by other un

scrupulous water users. Consequently, those at the lower end of the system

often receive less water than they have a right to.

The enactment of wP.ter rights legislation could contribute to the eq

uitable and efficient use of water in Afghanistan. Such legisJ r' :on would

be concerned with nation-wide standardization of water use for each region

and for each crop, as well as enforcement of the newly legislated rights to

irrigation water•

. ''-: 'j

c. PROBLEM AREA: UTILIZATION

Basic constraints (C-I} There is a lac't of knowledge by- technician

and farmer of effici~nt water-use practices.

Possible Solution:

Initiate. research; develop irrigation pdes; and give technician and

farmer training courses.

Research could produce data on proper rates of water application

based on local soil/warer/plant relationslnps.

Irrigation guides, developed for each locality, could indicate the
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proper method of irrigation for each crop, rate of application of irri

gation now, duration of time required to irrigate a given area, and

the frequency of irrigation according to type of plant, son texture, and

depth.

In-service training courses could be given to technicians and sub

professionals that would teach thQiIl current developments as well as es

tablished, approved practices related to irrigation agriculture. Informa

tion learned from these courses could then be disseminated to farmers

on a broad basis. Farmer training could fw.other be carried out through

field demonstrations, informal classwork exercises, and through the use

of media facUities avaUable.

Field agents could be supplemented by looal village workers recruited

from among the more progressive farmers. They would receive some on

the-job training, and be required to assist in promoting production cam

paigns within the village. They would receive a small salary, but continue

with their farming operations.

Basic constraints (C-~) On-farm infrastructure related to water-use

efficiency is either lacking or in~dequate.

Possible Solutions:

1~ Improvement of on-farm distribution Elystem.

Ma~ ~f the possible solutions for Conveyance Systems previously described
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(see Section V Basic Constraints B-2 and 8-4) would be applicable to

on-farm distribution systems but at a much reduced scale. Additional

control devices to regulate water onto farmern' fields are somewhat

different, however. For this f1D1ction, siph\>n tubes formed of plastic

pipe or hose could be used; lath boxes (apUes) could be made, inserted

through embankments, and plugged with sod when not being used; or

tUe pipe could also be considered for Installation in embankments or

levees that could be uncapped when water is required.

Concrete blocks, fired brick, and rubble masonry could be used

for the small structures suggested; other than cement, and materials

for making these structures would be avaUable locally.

2. Le~elling of the land.

1\11 surface methods of irrigation require a smooth land surface for uni

form distribution of water. Good land preparation to obtain this [:Imooth

ness is the first step in installing any surface irrigation system. Such

preparation could be conducive to more efficient control of water; im

proved surface drainage; reduced soU erosion and fertUity loss; and pos

sible irrig&tion of a larger acreage with a li.mited water supply due to a

more efficient use of water.

Several degrees of iand preparation could be considered, depending

upon the nature and extent of the specific problem:
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a. Land smoothing is the removal of minor irregularities of

the surface without altering the general topograph1l~ pattern.

The practice is applicable to nearly level land. or land

with slight or irregular slopes;

b. Rough grading is the removal of knolls or ridges. and the

fllling of gullies and other low areas. These represent

greater irregularities than those described under land smooth

ing. Cuts and ftlls are relatively heavy.

c. Land levelling is the reshaping of the land surface to a

planned grade, and usually consists of levelling the surface

of each field to a single plane or series of planes. These

planes could slope both in the dtrection of irrigation and at

right angles to this direction (as in furrow irrigation); or

could slope in the direction of irrigation only (as in border

irrigation); or cOl1ld be level in both directions (as in basin

irrigation).

3. Improvement of on-farm drain~e.

Effective drainage, both surface and internal, is essential to successful

agriculture. There is little point in irrigating a crop during the early

part of its growing season only to have it damaged before reaching maturity

by poer drainage.

Where land is not naturally well-drained, artificial drainage could



be provided before the irrigation system is installed. Natural water-

courses could be used to carry away flood runoff, thus preventing inun-

dation and erosion. Artificial dra1n8<$e works could eliminate wet spots

occurtng in fields because of seepage from hillsides or from irrigation

canals or laterals, and could be used to remove standing water from de-

pressions where an accumulation of white salts on the surface of the soU

is sometimes noticed.

4. .,Augmented water supply during droughts.
----.J

Where an adequate and conveniently-located aquifer has been identified ll

consideration could be given to the construction of a shallow well which

would provide an irrigation supply for one or more farmers' fields.

Basic constratnts(C-31 A soU improvement program related to

water use is urgently needed.

Possible Solutions:

1. Increas!Jlg of fertUity levels.

The need for expanding the productivity of Afghanistan solls is apparent.

Fertility levels could be raised through fertilization and soU amendments,

which would provide a replenishment and enrichment of major nutrient

elements in the soU for optimum plant growth. The extent of such re-

plenishment could be determined from a soU fertUity analysis which would

indicate inherent fertUity levels ..

2. Reclamation of the soU
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Reclamation is needed in many areas of Afghanistan to remove deleterious

or excessive salts from the plant root zone of the soU profUe. Chemical

treatment of the salts (where indicated by soU tests) together with drainage

and leaching could provide the basis for the development of a more favor

able environment for soU/water/nutrient interaction and consequent plant

growth.

3. SUbsoUing

Some areas of Afghanistan have soUs with limiting or barrier layers;

these comprize zones of more compacted soU materials, or concretion

layers within the soU profUe. These conditions limit plant root develop

ment and restrict internal soU drainage.

This problem could be corrected by subsoiling to break up or shatter

the impervious or semi-impervious layer in the subsoil. This would en

hance water infiltration rates; would afford the plant root more of the soU

profile zone for its development, and respiration; and would improve in

ternal drainage.

Basic constraints (C-4) Current farming practices are not conducive

to efficient water use.

Possible Solutions:

1. Land preparation, proper seeding, fertilizer application, and

weeding.

Land preparation includes plowing; h~Tawing; smoothing the soU;
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the forming of ridges to separate border strips or basins for closegrow

ing crops; and the forming of furrows for other crops, particularly root

crops.

Proper seeding using quality seeds in a more organized fashion

would contribute to better plant distribution, whereby plants in a row are

systematically spaced to encourage equal soU moisture zones from which

moisture and nutrients can be withdrawn.

Fertilizer application at the recommended times and rates would

facilitate the g:w:oowth of more vigorous plants with well-developed root

dystems; these would penetrate further into the soU, tapping moisture

from a larger soU- moisture zone.

Control of weeds would eliminate competition for available soU fnoiS

ture and plant nutrients and would accordingly encourage plant growth and

development.

2. Cropping systems, including rotation and interoropping.

Rotation means growing a warm and a cool-season crop, leaving the land

fallow; or growing a perennial crop in systemized sequence to maximize

land use. Either procedure would stimulate increased production. Many

rotations could be developed.

Inte.rcropping refers to the growiDg of two or more crops simultan

eously on the same plot which do not interfere with each other at harvest.

Possible examples would be the over-seeding of wheat with clover; a
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mlxture of clover and wheat in an orchard; cl1mblng ~eans in maize

(corn); or the intermtx1Dg of two vegetables.

Basic constraint.~ Runoff irrigation Is not being considered In

many areas of Afghanistan.

1. Possible Solution:

The basic objective of runoff irrigation is the interception of the maximum

amount of rainfall runoff through impoundment and subsequent percolation

to and retention within ~e plant root zone. Its practice is applicable to

seml-ar-id areas with an mmual rainfall of at least 100 Mm.

Natural runoff from rainfall is intercepted and diverted to either mi

crocatchment areas or to terraces; the areas are bounded by low earthen

or rock-IDled walls. Openings in th,e walls function as spillways, allowing

excess water to be released.

The practice is simple in concept but somewhat sophisticated in im

plementation. It could be considered for some extensive areas of arable

lands in the country now uncultivated, and it has a potential for materially

increasing agricultural production. However, climatic and soU conditions

must be well Imam and conducive to the practice. Moreover, considerable

technician and farmer training, as well', as continuous supervision during

the initial years of implementation, shcmld be provided to ensure success.
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VI. POTENTIAL IMPACT OF TECHNICAL PACKAGES

A. Introduction

Following extensive study and discussion of the possible solutions,

it was concluded that no single solution could be assigned to any specifla

subsector problem. Accordingly, !!!.Chnical package solutions were de

veloped.

This Section deE. cribes these technical packages, identifies the in

puts (technical assistance, commodities, equipment, training, and type

of financing) that would be required for their implementation, and dis

cusses their potential impact on irrigated agriculture in Afghanistan in

general, and upon the individual Afghan farmer in particular.

B. Technical Packages

1. Inventory. This package represents a long-term program in

volving the Ministries of Water and Power, and of Agriculture, plus the

Rural Development Department. As the Air Authority has the responsi

bility for operation and maintenance of meteorological stations and the

dissemination of data therefrom, it would also participate in the program.

The inventory package is concerned with the inventory of the natural

resources of soUs, surface water, and grolUldwater. It would include the

upgrading of soUs laboratories; the expansion to first-class standards of
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the hydrometeorological network and ancUlary support services; and

Improving the capabUity for groundwater explorations to be made.

This effort would require some Inputs of commodities and equip

ment. Technical assistance has baen provided in the past, and a

Judgment assessment Is that more should not be required for initial

~ package implementation. Similarly t foreign tratntng should not be

considered untU the project were well underway and specific training

needs could be more precisely delineated.

Such an inventory would ultimately enable the na :on to knew the

extent of these resources so essential to irrigated agriculture, as well

as provtding the means for obtaining basic soUs and hydrologic data;

these data are needed for improving planning and design operations, and

could also be useful in determining the actuall value of irr1g2tion water"

The individual farmer would eventually benefit as the value of these

resources was finally understood and appreciated, as a more efficient

use of soUs and water would lead to increased production and, ultimatoly,

as his income would consequently increase.

2.. System Infrastructur1!.. This package is concerned with the ap

plication of technology to improve and upgrade the irrigation system:

diverting water trom its source and conveying it to the farms within the

service area being irrigai:~~.. It covers the utilization of techniques af

fecting diversion and water control for open ditch distribution systems.
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It assumes an adequate supply of water is available, and in this res

pect is relevant to Package I, Inventory.

Diversion structures could be permanent or semi-permanent.

Sound hydraulic principles should govern the design of distribution

systems, including terminal facUities, with special emphasis on: (1)

upgrading of diversion structures; (2) flood protection; (3) water control

structures; and (4) seepage losses (canal ltnin;g}.

Equipment and commodities would be needed as well as in-service

trainfng programs for professional, sub-professional, and technical

staff. On-the-job training could be provided by consultants and expat

riates. Grant and credit funding would be needed for the implementation

of the technical package.

In addition to the rehabilitation of irrigation systems and a conse

quent augmentation of the irrigation water supply, the package would

provide an additional factor favorably affecting increased yields and im

proved quality of crops grown, with the ultimate end of increas~ and

stabilizing the farmers' economy.

3. On-Farm Infrastructure. On-farm infrastructure is concerned

with the physical characteristics of an individual farmer's land holding or

farm.. The elements of on-farm infrastructure included for improvement

in this package are land levelling, field drainage, on-farm distribution

Bystems, and on-farm wells. The improvement of these elements would
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permit the farmer to apply water and other inputs with greater effic

iency. The maximIzation of these inputs could result in greatly in

creased yields with considerably less labor requir.ement.

The implementation of a farm infrastructure improvement program

would require technical assistance, training, commodities, equipment,

funding for demonstrations and for intermediate-term credit. The Agri

cultural Bank would be the agency res90nsible for providing assistance as

well as for implementing this program.

In addition to the rehabilitation of irrigation system~ and a conse

quent augmentation of the irrigation water supply, the package would pro

vide an additional factor favorably affecting increased yields and improved

quality of crops grown, with the ultimate end of increasing and stabilizing

the farmers t economy.

4. Soil Imerovement Program. A soil improvement program

would be ba6ed on soil management principles, and would promote the

reclamation of £..:'lline or alkaline soils, and the improvement of soil fer

tUity. Such a program could benefit farmers by increasing crop yields

and by improving soil tilth; the latter would enhance water-use efficiency

on the farm.

This program would be closely allied to programs for System and

On-farm Infrastructures. It would also be related to both Research and
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Extension and TrainiDg Programs.

Inputs for program implEtmel'ltatton would include technical assist

ance; training; commodities; equipment; 2nd 1illJldlng for demonstration

plots and for credit resources.

DRA MInistries and agencies which would be involved in the im

plementation of the program would be the MiJrlstries of Water and Powe):",

Agriculture; and the Agricultw:al Bank.

5. Research. A strong research program for developing and

testing varietal response to sQU/water/plant and nutrient interactions as

well as cultural practices would significantly benefit Afghanistan's agri

cultural programs. All farmers could potentially benefit by adopting

more modern farming practices as developed and released by the nine

research institutes in the country.

This program is a vital necessity for upgrading the quality of ex

tension information to be disseminated to farmers, for developing irri

gation and drainage guides, and for testing new technology such as run-off

irrigatiO"l. The program would serve as the font of information used in

the Extension and Training Program.

Financial implications are indicated for technical assistance, for

eign training, commodities,. equipment, and some funding for demonstra

tions. The Ministry of Agriculture is the DRA agency responsible for
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research.

6. .!x1enslon and TralniJo....I. The Extension and Trainlng Program

Is structured to upgrade the quality of techrlcal advice being given to

farmers on farming practlcesln Afghanistan.

Both the individual Afghan farmer and the country's farming com

munity as a whole could benefit from the introduction dIld adaptation of

more modern farming practices that would haVE: as thair objective in

creased yields and product"~on levels.

This package should begin with a progressive schedule of upgrading

the sld.1ls and knowledge of present cadre and staff through in-Rervice

tratnmg. Further sophistication could be achieved through tachnical 8e

sistance and foreign training. The program would need support for ac

quiring commodities, equipment, and some funding for sponsoring demon

strations.

Implementation would be effected through the Mmistry of Agr"1cw.-

ture.

7. Groundwater Development.. This package is concerned with

the necessary exploration and development of wells, springs, karezes

and galleries; a program for the introduction of artificial re-3harge; and

an extensive groundwater testing program.

The impact of Sl!ch a program that woulc accrue to the nation
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would be the increased knowledge of the groundwater resource potential

throughout Afghanistan. knowledge that would be of considerable value

In the more efficient utUization of present groundwater systems; the con-

trol of pumping and drawdown; and the planning of future irrigated agri-

cultural developments that would be dependent upon groundwater resources

either as a prime or supplementary source of irrigation water.

The farmar would benefit from a groundwater program where ade-

qllate supplies of groundwater were discovered through investigation. or

where present inadequate supplies could be increased through artificial

recharge. The Increased water supplies could improve crop yields and

hence farmers' incomes.

Inputs required would be small amounts oi technical assistance;

tra.l....Jng; and laboratory and testing equipment. Some additional drill rigs

would be needed to augment present inventories.

The Ministry of Water and Power would be involved in the program's,..
implementation. as well as the Rural Development Department and the Ag-

riculturaI Bank.
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VTII. ADDITIONAL UNEVALUATED CONSTRAINTS

Although the Team's development of the technical and policy pack

ages was influenced by the constraints that have been described in detaU

in SectionIV of this Report, there are other possible constraints or limi

tations, some of a socio, cultural nature, whi~h although beyond the

purview of this Study, should be borne in milld for future reference.

These unevaluated constraints (insofar as their impact upon the desig

nated respective packages is concerned) are outlined below. Some of

them could significantly influence any decision concerning the future im

plementation of the packages.

'. Traditional agricultural production methods: The insistence of

farmers in adhering to traditional but outmoded methods of ag

ricultural production limits and frequently negates many recom

mended inputs. This has been one of the root causes of dis

appointing returns on some major irrigation projects.. Irrigation

water is simply one input affecting production: fertilizer, qual

ity seed, and good cultural practices are equally necessary, for

regardless of its application, irrigati()n water applied to sterile

sand will nat produce a gram of wheat, a boll of cotton, or an

ear of maize.
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Afghanistan desperately needs a program acceptable to its

farmers that wUl induce them to acce ..It progressive agricultural

practices.

Water law/water r1ghts/wa1;er charges: The Team has been

shown a translation of a decree setting forth water rights.

Field trips to several projects, and the reading of reports

touching on the subject, have been unconvincing tJ:lat a national

water law exists, or that water rights are being equitably ad

ministered or enforced. There was no indication throughout Af

ghanistan that water charges are eitller being made or are con

templated. The absence of these elements, so essential to the

success of many of tile solutions contemplated, constitutes a

sarious limitation to future irrigated agricultural development.

SoU conservation: The effectiveness of vegetative and mechanical

measures for protecting water catchment areas against further

erosion and other deleterious effects of surface runoff would be

dependent upon concomitant regulatory controls such as restrict

ions limiting grazing, wood harvesting, or burning. Such re

strictions could engender adverse impaet13 where the controls

conflicted with traditional practices. Because the program was

not considered as significant as other possible solutions studied,

- 51 -



o

•

further investigation of a soU conservation program was aband

oned.

Land Tenure: Land reform legislation was passed during the

drafting of this Report. Its full import, and the extent and

timing of its implementation, were not available to the Team.

National energy and mat"d1l1 resources: The relaxation of

present restrictions on energy and material resources, even

tually permitting the farmer access to these elements, could

significantly contribute to his increased production, bLd conse

quently could influence the possible impact of the packages.

The technical and policy packages have also not been subjected to

possible limitatias that could be imposed by their relevance to the USAm

Country Plan for Program Development, its priority committments, and

its timing.
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mnIGATED SUB-SECTon ASSEss~mNT

Use of Ground \Vatet: and necharg~

to Increase Agricultural Productio!!

SUMltf..ARY AND CONCLUSIONS

There are a large number of wells, both shallow cl:'\d deep, in Afghanls
tar. to augment surface runoff suppl1/es of WJter for tl'~lgatfon. In times
of low runoff wells become an even more important water resource for
agricultural production. In some areas ground water is the only source
of water (such as the use of karezes). l\Iore wells are going in, the
tendency is to place emphasis on the shallow hand-dug well to help the
roral poor. Generally the rural pClor are not on the upper end of dis
tribution systems and thus suffer from insufficient water.

Ground water levels are declining In a number of areas and there is fear,
particularly as more wells go in, that declines will continue. Declines
are expected in a number of areas that are being planned for development.

Mr. Astmi, President of PIanning 'I Water _and Power, in programs involv
ing wells, suggests consideration of artificial recharge (not practiced in
Afghanistan as yet). Mr. Asifl, President of the AgBank stresses the use
of wells and is concerned about the l:ack of knowledge to select appropriate
locations, type and optimum depth of wells, and to predict approximate
yields. Dr. Raouf, President, \Vater and Power Engineering Company, has
also expressed concern over the possibility of declining water tables in
three areas for which plans are being developed. ... M'r. Said of the AgBank
stated "that a number of farmers want to return their pumps to the Bank
because their wells have gone dljr".

Consequently, it appears that there fs an immediate need to arrest the de
cline and raise ground water levf31s, starting in areas where there are a
relatively large number of farmers, particularly nlral poor. To do this
an exploratory program is needed, using portable ~lmal1-bore drill rigs,
to obtain the following inventory to provide information enabling: (l) De
termination of depth, extent and characteristics of sub-strata; (2) Delinea
tion of the depth and extent of aquifers (water-bearing formations); (3)
Determination of depths to water, available supplies, and quality; and
(4) Estimation of the capacity of ground-water basins and safe yields.

Such investigations enable selection of the best site!s, types and optimum



depth of wells. yields anticipated, and safe yields (to insure some water
supply during periods of low runoff and droughts). Additional equipment
needed Is a test kit to determine water quality (as salinity and alkalinity).
Sites and depth of test drilUng are based on existing data available, or
from the exploratory program.

Sources of ground water In a ground water development program Include
wells, springs. karezes. Inffltration galleries or intercepting ditches.
Each Is discussed herein including methods to increase water yields andlor
conserve water, looking toward increasing agricultural production. Ground
water Is used basically to augmeut surface supplies of runoff water. how
ever during years of low surface supplies, ground water can become the
m.ajor supply and minimize the effect of droughts.

To date ground water has been augmented by seepage from rivers and their
sub-systems. diversions and conveyance systems, and over-irrigation.
However, seepage is failing short of maintaining glL"ound water levels 9 Con
sequently artificial recharge (not practiced as yet in Afghanistan) is neces
sary now, not only to maintain appropriate levels but increase them where
necessary. The water supply for artificial recharge becomes available dur
Ing years of excess runoff. Such water now wastes to deserts or swamps.

Recharge includes surface methods as grassed basins and injection methods
as pits, shafts. trenches. ditches, meandering canals or combinations of
these. Over-irrigation, for example, of alfalfa-cropped 1:)asins, each basin
with a pit (exposing aquifer material) can fulfill a two-fold purposeJ re
charge and a cash return (as food for livestock). In addition to the infor
mation gathered under the inventory, it is necessary to obtain information
on water movements in the surface soil of potential recharge sites. Such
info~mation is obtained with manometer-equipped iI1filtrometers and a soil
moisture device, all descr~bed herein and references to publications noted
(copes left with AIDIA~ • Ret.!'arge with good quality surface runoff also
dilutes salinity of the ground watel-, an additional benefit.

The programs summarized above are needed now to increase agricultural
production in Afghanistan and to help all farmers, particularly the rural
poor.

b.



AFGHANISTAN

mRIGATED SUB-SECTOR ASSESSl\IENT

Annex 1

Use of Ground \Vater and Recharge
to Increase Agricultural Production

~y

Leonard Schiff, P. E~

..
INTRODUCTION

The team leader of consultants from ExperIence, Inc. suggested that the
section on ground water t because of its somewhat. distinct nature, be at
tached as Annex 1 to the'irrigated Sub-Sector Assessment". The wrUer
was in Afghanistan from 10/16 - 12/7/78. This section follows portions
of the "Key Variables" pertaining to ground water as developed by USAm/
Afghanistan, Afghan representatlves lt and the consultants. Recommenda
tions are considered under "Evaluation of Alternative Technical Interven
tions" as developed by AID/A. This approach developed a closer working
and personal relationship with the Afghans that enhanced the work to in
crease, among other things, the water supplies for agricultural production,
especially for the rural poor.

Precipitation varies from about 1000 mm. in the higher altitudes to as
little as 20 mm. annually in deserts of the southwest. Most precipitation
in the form of snow in the mountaulS is released through the summer and
is the prilnary source of the nation I s rivers and augments ground water
supplies largely by seepage.

The hydrologic system is composed of ten river systems or major sub
systems flowing into four basins (Oxus, Helmand, Kabul and Hari Rud).
Only the Kabul outlets into the sea. Some outlet into desert wastes or
swampy areas. (Using artificial recharge, some of the water wasted
could be used to augment ground water supplies, particularly since addi
tional wells, primarily shallow, are recommended in a number of areas
by the Ministry of Water and Power and the AgBank)~

About 80-85 percent of the population depends directly upon soil and water
for their livelihood. The yearly increase in population is about 2. 3%. It



ta a country that O~ proudly clahn its IfUercel;y independent" t hard
working people. About 12 percent of tho land (of a total of 250,000
square miles or 6,444,000 squarel l'JIometers) is cultivated at prescnt.
Increases In this porcent3ge can be foreseen tnrough proper mana~emcnt

of surface and ground waters and the use of arllficlal recharge.

Ground water has existed historic,ally and is augmented by seepage fTom
rivers, subsystems, distribution systems and unintentional over-irrigation
by some farmers. As the number of wells increase" the additional ex
traction of ground water will nece'ssitate U'C~ use of artificial recharge
methods and systems in some areas as discussed herein.

It appears that from historical Umes to the prc~sent" g'round water varied
from mostly low or mildly to hilhly saline (frorr. various reports and "y
electrical conductivity measuremQ,r.ts made by the writer in a field trip,
pH measurements show no alkalinIty problems). Unfortunately there iJ
the likelihood that saliniLy of the soil may increase under present practices.
Excessive irrigation on farms, oarUcularly near upstream diversions or
near Lhe head of irrigation systems, actually leached salts from the top
soil, thus ensuring a better environment for agricultural production. Farms
lower down have not been as flJrhmate, partlcwarly from the standpoints
of lack of sufficient waLer .and insufClcient leaching. (For the technically
InclineJ, the leacning requirement, LR, is the electrical conductivity of
the irrigation water divided by the electrical conductivity of the drainage
water. )

Needs Based on Ground Water Problems

Needs related to ground water problems ba,sed on field trips, discussions
with fi*e Afghan :Minister.s and their staffs, and the Pres ident of the \Vater
and PO!.:elr. Engineering Company and some of his staff, and a review of
Uteratu~\are: .

1. r Strategic locations and optimum depth of wells, prediction of
yields (not only for best yields but assurance to farmers).

2. IncrE~~ ~rield of kare",.els and possibly springs and consider
use of Infiltration Galleribs to collect ground water.

3. Artificial recharge to augment ground water and thus surface
supplies to maintain and probably inClrease agricultural produc
tion.

4. Management to maintain ground water at "safe elevations" for
supply to wells and to minimize effect of low, surface-runoff
periods and droughts (includes trainin;g of farmers, technicians,..
rnd extension workers).
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£!,oblema - Use of Gl~ound \Vater

Thore Is insufficient knowledge as to the quantity and quality of the ground
water and how to effectively use this resource. It will be helpful to cite
Ministers and members of their staffS (Department of \Vater and Power,
and AgBank) concerned directly and financially with potentials for maintain
ing and/or increasing agricultural production in Afghanistan: "(l) Increase
the supply of water by using more ground water (particularly shallow wells),
(2) Increase yield of existing karezes (underground tunnels that tap ground
water supplies}, (3) Improve distribution and managemdnt of water. "

Excerpts from a report by Azimi (President of Planning of the Ministry of
\Vater and Power) and 1\'1c i\'1illan (Water. Resources Engineer) 1977, follow:
"(1) Agricultural production depends largely upon i.rrigation, (2) Karezes
waste much ground w::lter, (3) Most surface water supplies are unreli3ble
due to recurrent droughts and insufficient storage capacity, hence the im
portance of ti~el~ ground water de!,elopment, (4) Origins of subsurface
water are mostly from rainfall and snowmelt (proportion sinking into the
soil often higher in arid regions), also in arid re~~ions ground water storage
is often the most reliable source of irrigation w&tor, (5) Where conditions
are favorable, the use of one or more aquifers as reservoirs can contribute
to the improvement of agricultural productivity and can eliminate evapora
tion losses~ can provide a low-cost distribution system and result in cost
savings when compared to surface reservoirs, the development of g-.round
water supplies must not be neglected, (6) Artificial recharge is recommended
(not p:~acticed at present), and (7) The M. I. S. subsectio.1 (Minor Irrigation
Section) concluded that a potential for ground water development exists and
that farmers are interested in ground water development." If I recall cor
rectly, l\>1r. Asefi, President of the Agricuitural Bank, indicated at a meet
ing that additional shallow wells had important potential.

On a subsequent visit to the AgBank, Mr. Mohammed Said stated "that a
number of farmers want to return their pumps because their wells have gone
~It Dr. R. Raouf, President of the \Vater and Power Engineering Co.,
discussed the ground water situation and two members of his staff stated
that in the three areas for which tbey are developing plans, similar problems
may occur, (artificial recharge should be considered as discussed later in
this section). ~

Water movements through soil and substrata generally have not been related
to the physical and chemical characteristics of the soil and substrata. Little
information exists on water movements through soil and substrata and later
ally from the ground-water tables. Information could be obtained enabling
better selection of sites for wells, determination of the optimum depth of
wells and management of the amount extracted, whether wells are shallow
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band-dug, shallow or deep bored.

Tho Mlnlstl'y of \Vater and Power Is well experienced In constructing
hand-dug wells., relatively shallow and deep bored wells, and CORtS. In
development of wells, pump tests, and pumpsets required, consultants
have also contributed to this background. This Ministry also stated
energy Is not a problem.

Mora Information Is needed on tbe capacity of subsurface basins now used
(at lenst that supplying axisttng wells or those that may be added). Such
Information will be vital. particularly as more wells go in and guides
are needed as to the type and number of wells installed. 'rhe amount of
water that can be safely extractE.1(J to increase agricultural production is
not available, nor is the amount of water that should remain in storage
to be used only when It Is necessary to minimize the effect of droughts
on agricultural production.

Recommendations -- Ground Water

1. E~lore. inventory, classify ground water (for use of wellsl.

First. it is desirable to determine the physical and chemical characteris
tics of existing ground water basins that are being used and may be used.
If sufficient logs of existing wells are available it may be unnecessary to
drUI small-bore test holes to augmen~ existing information. These made
on existing wells are and will bEt helpful in determining important ground
water flow characteristics of a ~"Ubsurface basin (axeas through which water
flows, slopes of water tables and ability of substrata to transmit water).
Small-bore holes should be drilled to a depth based on the characteristics
of the surface and sub-surface material c; found (usually about 30 meters will...
be sufficient, as stress is placed on shat~ow wells. although deep wells are
not ruled out). Emphasis is placed on helping the rural poor.

It is understood that relatively light, portable drill rigs that may be towed
are available (about $12,000 has been "cited as the cost of such equipment,
however, additional rigs may be necessary). Holes are drilled usually on
a grid system as far apart as possible, (based partially on existing infor
mation such as logs of wells, profiles of hand·-dug wells, seepage from
rivers and the hydraulic gradients or slopes of the ground water table).
If there is an abrupt change between test holes, a hole(s) "may be <Jrilled
between to establish continuity of the different substrata.

The ground water hydrologist Deled be on a sit,e only long enough to sel~ct

locations of test holes and to inspect test samples of materials collected
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and to test water samples (or quality. I'n this maDner the hydrologist
may cover a Dumber of areas In a relatively short time.

F1gure 1. next poge. shows a helpful method of plotting st~nUgraphfc

characteristics or the texturo of soil and substrata found (Isometric pro
jection). Also water lovols and permeability designations are noted on
the figure. Such information fs JleCessary to determine the capacity of
the basin. at least in the area te,sted. and substrata that may perch water..
Data on such a figure permtt determination of the hydraulic gradients or
slope of the groundwater table. (hydraulic gradients along with the hydrau
lic conductivity or permeability of Lhe substrata and the area through which
watex- nows are key factors in tbe determination of: amounts of flowing
grmmd water. use of ground water, rise and fall of the ground-water table,
recharge, "safe" yield, and manaigement).

Nothing as elaborate as Figure 1 need be draWl). This figure is a copy
of a detailed study made by the writer in one area in South America.
(Such information is also needed for selecting sites for artificial ground
water recharge.)

Figure 2, in Appendix 1, has been included to indicate a technical approach
to estimating the rise 3.Ild fall of a ground water table. Performance tests
and monitoring of selected wells ;are also important indicators of the
aquifer characteristics.

An electric logger can be used to determine information on substr:\ta char
acteristics and permeability, although this approach is not recommended for
Afghanistan, at least at the present time4

Information obtained above will indicate the feasibility of not only using
shallow and other wells, but also ~ing relatively shallow infiltration gal
leries (coliector drains) or interceptor ditches. It will guide the locations
and types of wells used, including hand-dug wells (particularly for small
farms and the rural poor). Figure 3, Appendix 1, shows a typical design
of a hand-dug well. The approach given -above is an economical one that
may be us~:J in many agricultural or potential agricultural areas to obtain
essential data for the conjunctive use of surface and grolUd waters.

2. Karezes.

Figur~ 4,· page 7, shows a cross section of a karez. In specific regard
to the use of karezes (additional karezes have not been recommended by
Afghans), it is suggested that consideration be given to enlarging the tunnel
where it contacts ffrO\md water, at A in Figure 4, or use a relatively small
iDterceptor there across the tunnEll, only if the additional water could be
lSed effectively for farming.
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The movement of groundwater Into a tunnel Is directly proportional to
the contact area. However, before attempting to Increase the flow of
a karez it should be determined if this will reduce the flow In a neigh
boring knrez.

Water from karezes, outlets at B, Figure 4, water wasted at D, should
be considered for artificial recharge. Recharge generally could be prac
ticed slightly downstream and around or near a shallow well (usually
hand-dug), C. Figure 4. \Vhetber or not the recommendations concerning
karezes are feasible at a given location depends on the characteristics of .
the site. This approach may permit farming more land.

3. Infiltration Galleries

An infiltration gallery is a horizontal permeable conduit or ditch for in
tercepting and collecting ground water by gravity flow and is quite widely
used (not used in Afghanistan). To be successful it must be located in a
permeable aquif'1r with a high water table and fed by an adequate nearby
water source of suitable chemical quality (parallel to rivers, sub-systems,
conveyances where depths of 3 to 7 meters are common, greater depths
usually are not economical). Water entering a gallery or ditch flows to
a collection sump where it is pumped for use. Based on a field trip,
suitable sites appear available in Afghanistan.

For economy, an interceptor ditch sloping downward into a distribution
system providing water for irrigation can be visualized ~f conditions are
right. Small check dams (such as wire-and-rock dams) may be needed
to reduce velocities in the ditch.

Yields vary widely, but rates up to 300 liters/sec/300 meters of gallery
length are not unusual. Further field investigations of potential use are
necessary.

4. Springs - to increase flow from springs (as enlarging exit) re
quires investigation.
ARTIFICIAL RECHARGE OF GROUND 'VATER AND DEVELOPMENT

Interest in artificial recharge has been expressed by Mr. Asimi, President,
Planning, Department of Water and Power; Dr. Asefi t President, AgBank;
and Dr. Raouf, President, Water and Power Engineering Co. Artificial
recharge is not practiced in Afghanistan.

Artificial recharge means spreading water on land surface such as
basins (formed by ridges around land surfaces) or small check dams
(such as wire-and-rock) in wide, shallow river or sub-system with perm-

- 8 -



oable beds. Injection methods of recharge includes the use of pits, shafts, .
and ditches or meandering canals In permeable soU.

To use additional groWld water by installation of wells where there is not
enough natural recharge can be hazardous. The ground \Vater table will
decline, wells will have to be deepened, lift costs increased. This had
happened in the area where the writer lives (the highly productive San
Jcaquln Valley of California, USA). More and more artificial recharge is
practiced, particularly during wet years when more surface water is avail
able or where there is sufficient stream .~ow or now is wasted or goes to
less desirable places.

A quote from Mr. M. Said of the AgBfll,nk s.taff at a meeting held Nov.
27. 1978 follows: "A number of farmers want t.o return their pumps to
the bank because their wells no longer produce water."

Devices Used to Evaluate Potential Recharge S!~

The evaluation of potential recharge sites and the selectioll of methods or
systems of recharge depends upon relating characteristics of surface soil
and substr:lta to water movements in soU. Schiff, 1964. Figure 5, page
7, shows devices already established for testing the surface soil for the

. best locations for recharge, Schiff, 1964. Clues are first obtained by
using a soU auger to determine where surface soil and shallow substrata
are permeable.

The first step in selecting sites for artificial recharge in areas where re
charge is needed is to bore holes with a soU auger in likely locations.
This determines whether or not the soU and shallow substrata have the
moderate to high permeability required, particularly for surface recharge.
Site(s) need not necessarily be on the land being farmed but can be above
where the slope of the ground water table is toward ",e farming area.

After possiblE' sites have been determined, the next step is to use about
three manometer-equipped infUtrometers and a soil-moisture device des
cribed by Schiff, 1964. These devices (marked 1, 2, and 3, supplied
with water from a metal drum) are shown in Figure 5. The covered
metal cylinder, marked "A" in Figure 5, is the soil-moisture device.
The devices are simple and inexpensive and are used to determine the
infiltration curve with time (entry rate of water into the soil). transmission
rate (actual velocity of water, primarily in the graVity or non-capillary
soU pores) hydraulic conductivity of the soil (ability of soil to transmit
water), soil field capacity (amount of water held in the capillary or small
poreS), and soil saturation (total water held by soil when both capillary

- 9 -



and non-capUlary pores are essentially full of water). A copy of the
publtcatlon referred to above has been left with AID/Afghanistan.

The devices described above are used to test water movements in soil
with n minimum disturbance of the soil, so that the I.amral force3 ex
isting, primarily capillarity and gravity t are operative. Figure 6, page
7, shows a permeameter, designed by Schiff, 1964, for obtaining infor
mation on water movements in soil as described above. The device uses
soU cores obtained in the field by using a lever device to force thin
walled metal tubes into the soil. There is some disturbance of the soil
but it is recommended over the "disturbed" type soil sample.

Methods of Artificial Recharge Include:

Surface spreading methods utilize basins, furrows, ditches, "wild flood
ing" and streams, check dams (example, wire-and-rock dams) in streams
that are wide and shallow and the soil is highly permeable. Injection
methods are also used employing gravel-filled shafts (with sand filters),
pits and trenches. Wells are used sometimes, but this approach is not
applicable to Afghanistan.

The basin method is illustrated in Figure 7, page 11. It consists of a
series of interconnected basins formed by low earth ridges or dikes (can
readily be done by farmers). Grasses may be grown on spraading basins
to increase the infiltration rate or entry rate of water into soil. One of
the best used in California is Bermuda Grass (appears applicable here).
The grass cover maintains an open friable surface soU of good structure
and infiltration rates of 1.2 meters per day were obtained even with con
siderable sediment in suspension in the water boing spread. The infiltra
tion rate, using similar water on a nearby basin with no vegetation, was
about O. 4 meters per day. Figure 8 shows a rise of about 2 meters in
the ground water elevation in. 12 days of basin recharge (neutron probe).

Another possibHity, although recharge is not as great, is to use a crop
like alfalfa on spreading areas (called replenished irrigation in the United
States). Alfalfa can take a lot of water and also prOVide a cash return
by yielding several cuts as a food for livestock. However, this method
(as does Bermuda Grass to a lesser extent) permits recharge plus a cash
return. An injection method of recharge, such as a pit dug to expose
aquifer material, may be used in basins where conditions are feasible.

As water infiltrates into soil the infiltration rate curve will decline as
shown in Figure 9, page 11. The initial decline is largely due to swelling

- 10 -
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of soil particles and some movement of 130U particles; the recovery Is
due to the elimination of entrapped air; the final decline is due to clog
ging and microbial activity if a food substance Is available in the soll
for bacterial activity. Drying causes a recovery in infiltration rate,
hence the wetting of some basins while others are being dried for recov
ery in in+'ntration rate.

InjecticLl methods such as pits, shafts and trenches may be used where the
topsoil, the subsoil and/or upper strata limit infiltration rates into aquifer
material. Results from an experimental pit, Figure 10, page 10, were
reported by Schiff, 1956. The sand exposed is two meters below the soil
surface. The overall area of the pit: is 0.405 hectares and the sand
aquifer is 0.014 hectares. Rates up to 17.7 meters per day were achieved,
(compared to 1.2 meters for the topsoil) or about 2.48 hectare meters per
day. For the technically inclined, cl>mputations for velocity and hydraulic
conductivity are given in Figure 14, Appendix 1.

Gravel back-filled shafts placed in channels may be used if characteristics
so dictate, Schiff, 1956. A square wooden frame with a screen is placed
over each shaft. Sand is placed in each frame or box. The sand filters
out sediments that would normall? go into the shaft. OCcasionally when
.water is not in the channel the ceposits on the top of the sand filter are
scraped and removed. Figure] 1, page 10, shows an experimental shaft
with sand filter. Another apprCJach is to back-fill the shaft with small
gravel to about 15 em from the t.oP and. then fill to the surface with sand.

Other methods of recharge include a canal that meanders in permeable
soil or a ser-ies of ditches, Figure 12, page 10. Figure 13, same {lage,
shows small "ire-and-rock cJ!eck dams used in a Wide, shallow stream
with a permeable bed.

The recharge method or sy~.tem used will depend on information obtained
using approaches described in discussing key Figures 1 and 5.

With the information now ;wailable to the writer, the grassed, intercon
necting, basin method appdars to offer the most potential for recharge in
Afghanistan. Perhaps pits or shafts back-filled with sand at the end of
each· or some of the basfns, may be a desirable addition. The method(s)
or systems selected deprmd on the soil and substrata characteristics.
Bermuda grass has increased rates in basins from 0.4 to 1.2 meters per
day and assimilated "rf:asonable" sediment loads. Recharge irrigation
using alfalfa on basins would provide less recharge, but a food for live
stock. Here the combination with pits or shafts at the end of each or
some basins may be a good approach to increase recharge.

- 12 -



Water Used for Rechar~

It is usually desirable to avoid spreading water from initial high runoff
flows of rivers or streams as such flows contain considerable sediment
in suspension. However, diversions or pumping (includes floating pumps)
from the upper part of the flow avoids badlaads and thus much of the
sediment.

Since excess surface runoff, generally of good quality is used for recharge,
there is a dilution of salinity of the ground water. This is an important
benefit of recharge.

Work by Farmers

Farmers could do the work required for shallow wells and construction
of recharge methods and systems with little supervision after sites and
approaches are selected. The interest of farmers in the use of ground water
has been attested ~o, work suggested herein provides more assurance of
success in using ground water.

Ground water is usually a supplementary supply to surface water in conjunc
tive use, although f.n the highly productive San Joaquin Valley of California
about 60 % of the irrigation water coml;S from wells (more and more artificial
recharge is practiced there). There r~:e many locations in the United States
where ground water is the main supply of water for irrigation.

Management

It is necessary that farmers maintain wells and equipment and recharge
facUities. Extension service agents and extension workers could provide
necessary information. Management is necessary to maintain ground water
at "safe elevations" through proper use and recharge. This will minimize
the negative effects of years of low surface runoff and droughts (includes
training of farmers, technicians, and extension workers).

- 13 -
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A RECOMl\IlENDATION

At one time the writer was Research Leader of an Agriculture Research
Service project, u. S. Department of Agriculture, concerned with research
both theoretical and applied, in determining the effect of the physical,
chemical and biological characteristics of water and soil on water move
ment in soil and substrata, particularly as related to artificial recharge,
but also applicable to irrigation and drainage. Three men formed a
starting llucleus, a hydrologist (surface and ground water); a soil scientist
(physics and chemistry) and a soil microbiologist (microbiology and soil).
In Ume a few other scientists were added. Cooperators were the Califor
nia State Department of Water Resources and the University of California
at Davis.

Such a starting nucleus (possibly adding an irrigationist) of Afghans to
study water and soil resourc,es, and relationships mentioned above is recom
mended for Afghanistan. It could be a cooperative effort of some of the
Ministries. This will produce information on natural resources and irri
gation invaluable to incrl}asing agricultural production in Afghanistan. At
the start, such an At:ort could be aided by trained scientists in these
fields from another country.
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mRIGATED SUB-SECTOR ASSESSMEN1'

Annex 1

Use of Grmwd \Vater and Recharge
to Increase Agricultural Production

APPENDIX 1
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FIgure ,1. Appendix 1

The velocilY of flow Ihrough the !lurfal."C of Ihe pit is

V = Qlu (2)

where a is the ar~a of Ihe pit Ihrough which ,he measured rale of flow, Q, is mo\'ing. Using
the initial ratc of 2 acre f«t per day, Ihc u\erage velocity

V = Qla =~j,OJ44 .= S8 feel per day.

wEST

Fill. 7
Schenutlc diagram of PII showlnl dimensions alonl: E;lSI·W~1 3lti~ and datum (lOinls.

From Figure 7 Ihe \;Ilue of K for lhe \2nd becomes

Vl SSW
K ~ _. --_... -- o - 64 n. per doll'

(ll-It,) (10.8 - 9.0)

""bere h: is Ibe he:1.h: .,f ".Iler In (<<I In the plcromel.:r ... hlcb bollom-5 iust .lbo"e lhe sand
It, " the hel,ht of ..... kr In (<<t In lhe pie/omeler ...hleh toollOJllS below Ihe lOp of tll1: 'i1nd
Ind l n the kneth o( the: und caluml\ !xl"«n lhe toouom\ o( tl.eromelen II"! .and Ill' The
d.alum IS lhe bollom o( Ihe lltClomcur rn.:.HUllnl h, .J\ .holllon In Figure 7.

WnhlR. \hun per.O<.! "f lunc.•1l1cr h.td \prc.1d OUI btel-I'ly In lhe un&! I.lyer beneath
lhe pll o\er the Ins-r<'f\ 1••Hn \O.! b~cr underl) In: the undo ""hen cqulhhrlUm (or tl:e sysum
wu lprro4(hcd. thl' Lucul 'l"rc.a,J ~,( .....tcr o;o\crC\! .In .re.. '<II'I cqu.li to I.IS acres. The
I\.r:a~ \ck>l.Itl' of :lQ", '0,. thIO'.:,r)l tM ini·pc:r\lQUi 1.I)c:r. p. below the ~nd of area
", - I.' KIn -u

V, - Q.'''" - 1'1.1 ... I II f«t p« .uy (4)

From the [hre.,. law. K,.. the ~trnclb"'l) of p can be lp~roum.ttro by equation (I) loS

rolJo-,

vp ... K"tA,. • ',Ii'r* (5)

.-be,. ., I! the a~r.1'C ptcuure !W'.ad .:In ,.. u Iktcrmu'Cd b) p'UUmc1en -Ithin Ind outside
the Pll . .anJ ., Ii the ,,>cure lcneth .,{ the UluUltd {olumn ~'1,hln p. ,n Jpprol,m3lN (rom
wor' 01 ~Ctflff (I'·HI. S...~tihll,n, thoc 'Jluc IJ( V, (rom (·",n f'qu.Jllon IS)

1.11 ~ ..
K,. - ~-. - -- 0.•' 100-1 pet <Sa)

(7.6 - 1.2)':':

11'11. K qluc " cO,"I\t~nt *lIh tNC C1re"I(lUlJy .how" (or l,!ntrc"l~ soil.
Tbt d<dl.... In tnnltuh.,n nrc foX tN pd brt-«n the fint and StCond rur.s. mllrked

I and ~ on ftJUrc 61 At INV I'\a'c bot'm uu\otd by the JiUUIl,ion 0.; 61t«ed nUh:riai ,.ithin
the pu ,r.,,,,1 .nd Of' lOt' of the wn~t The: \;h4np In pruiUft d\K to r.ari;ation\o in ~d may
b&~ QUtcd thlt'tlltj 0( ftltcred malC1nal and mof'e~ dogtJ\l o( the sand iuri~_ It
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ANNEX la

THE POTENTIAL IMPACT OF -TECHNICAL PACKAGES- IN GROUND WATER
EXPLORATION. AND INVENTORY. DEVELOPMENT. AND RECHARGEl1

BY

Leonerd Schiff, P.E.

Consulting Hydrologist and Agric. Engr.

Before discussing ground water technical packages it will be
helpful to consider what is happening in Afghanistan. Some
statements made by Afghans follow and are revealing: "there
is insuffcient water (yet runoff is wasted to deserts and .
swamps), i~crease the supply of water by using more ground
water (particularly shallow wells), increase yield o~ exist
ing karezes and use their waste flows. improve distribution
and management o~ wate~" Quotes from 8 fe~ Afghans from Min
istries follow: Mr. Said, Ag Bank, "a number af farmers'.JWsn't
to return their pumps (to Ag Bank) because their wells have
gone dry"; Mr. Asifi, President of the Ag. Bank indicated at
a meeting that more well& are needed but should be based on
a sound development program (it seemed he stresses shallow
wells, although did not rule out deep wells, largely to help
the rural poor); Mr. Azimi, President of Planning •• Dept. of
Water and Power mentions in a report "the importance of time
ly ground water development, points to ground water as often
being the most reliable source of irrigation water, aquifers
as reservoirs to improve agricultural production and cos~

savings when compared to surface reservoirs, ground water
supplies must not be neglected he states, and recommends arti
ficial recharge"; (Artificial recharge is not yet practiced in
Afghanistan).

The M.I.S. concluded that a potential for ground water devel
opment-exists and that farmers are interested, (but want more
assurance of success). Dr. Raouf, President Water and Power
Engineering Co. along with two members of his staff stated
that they are developing plans for three areas and are concern
ed about the possible decline in ground water tables as pumps
go in.

Pote~tial Impact of "Technical PackagesW in Ground Watar--with
the foregoing in mind the technic£l packages involving ground
~ater may be divided into three parts, namely: (1) Exploration
and Inventory; (2) Developmentr and (3) Artificial Recharge.
A description of items (1), (2), and (3) fol~ows: (~) Explor
ation and inventory: Ground water levels are declining in a
number of farm~ng areas as attested to by the statements given
abova and the call Tor artif'icial recha;-ge. It is ~ impera
tive to determine the physical and cL..Jmical characteristics of
existing grounci wat"r basins that are being used, on a priority
basis, stressing areas ~ith a 1arg8 number of farmers and rural

~/ Accompunies "Irrigated Sub-sector Assessment" Annex ~ enti
tled "Use of Ground Water and Recharge to Increase Agricult
ural Production by Leonard Schi~f, Kabul. A~ghanistan Decem
ber. 1978
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poor (80-85 ~ of the people make their livelihood offth. land).
To augment informatior, that now exists an 10g8, profiles and well
test., portable, amell-bore, tast, drill rigs should be used in
atrategic locations. From this information stratigraphic char-
acterisica may be plotted (texture of sub-strata, particularly
aquifer material, its depth and extent), depth and extent of
ground water, quali~y of ground water noted, present use rela
ted to the amount that can be extracted "a_fely", and the effect
of ground water recharge estimated (using surface runoff during
pariods of excess).

Technical Assistancel test hale sites should be selected by a
ground water hydrOIOgist based on existing data and inspection
of selected farming areas. Technically-trained Afghans should
accompany th&hydrologist as part of a training course; commodit
ies needed- are containers to co1leat soil and water samples a~

significant changes in substrata, a small kit for testing water
quality, such as salinity and alkalinity, and some sieves. Equie
ment includes small-bore. test, drill rigs. A rig with tow car
costs about 112,000 (a t~ree-man crew is needed for each rig, how
ever.one rig can cover ae appreciable area in a relatively short
time),financ~ could come from credit and/or reimbursement.

The potential impact would be far reaching: proper location of
wells, types and optimum depths and spacing of wells, Approxima
ticns could be made of yields to be expected, effect on water table
estimated and amounts of recharge needed.

(2) Development: At present there are numerous wells, karezes, and
springs being used in Afghanistan that have additional potential
for development of ground water. The writer also recommends con
sideration of Infiltration Galleries and ditch interceptors, and
has stressed the need for artificial recharge. The potential im
p~ct mentioned above applies here. Also karezes w.ste a great
deal of water particularly during non-irrigation periods p this wa
ter could be used for recnarge in many areas as a supply for shal
low welles). Springs may be developed to yie~d more water where
conditions warrant. A fieid tr1p revealed goOd possibilities for
considering Infiltration Gaileries or -interceptor ditches. A ground
water hydrologist wsing a soil auger could determine potential af
ter establihing the gradient (slope of water table) and hydraulic
conductivity (ability of soil to transmit water). Consideration
could be given to putting an interceptor ac~os~he head o~ a kar-
ez (at the bottom of the Mother Well) to increase ~low for addi
tional farming if it is found desirable and feasible in a given
location. This would be based on existing da~a and on minor tests.
Technically one or two Afghan technicians cou1d work with the hy
drologist for training. Equipment ~ould be small, portable, and
inexpensive. Financing, although relatively little would be re
quired, could be by credit of reimbursement.

(3) Artificial recharge is a must in the writer's opinion, as pre
sent natural seepage or unintentianal over-irrigation are no~ ar
resting the decline of ground water tables in many areas (or the
decline that will occur as more ~ells go in). Artificial recharge
.imply means putting excess runoff water underground, now much of
it wastes to deserts, swamps or less desirable places. Recha~ge
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i. eccoMpli••d by aurface methods (such a8 gr.8sed baa!n_. farmed
by simply building rid~8. around land .U~'8C.8) and by injection
.ethod. (pit., gravel backfilled shafta with Bend filters, 4itchea)
a; combinction~ of surface and injection methods. Another approach
i8 ever-irrigation of a crop like alfalfa grown on basins (with or
without a p~t or some injectiol' method. based on characteristics
of th0 .it~). This provides a two-fold benefit--recharge and a
cash return gr food ~ar livestock. Eguipmen! used includes (a)
equipment or results under (1) above • exploratory and inventory
and a few manometer-equipped infiltrometers and a small mot8~D:e

measuring device (all simple, quickly used equipment of low coat), ~

and pos.ibl~ta save laboratory work. a sma~ portable oven. (b)
Th~ equipment and approaches could readily be used by technicians
who would accompany the ground water hydrologis~ at the start.
Here again sites should be selected by a ground water hyd~logist

at least at the start o~ such a program. (e) The sma11 8mount o~

.financing that would be required could be by credit or reimburse
ment. The writer considers the use of ground water and recharge
e must for Afghanistan to increase agricultural production in the
short and long term. Details of much of the foregoing is discuss
ed in Annex 1, attached to the oyerall section on Irrigated Sub
Sector Assess~ent.

Dec. 5, 1978
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I. INTRODUCTION

As a result of technical meetings, review of available
data and field trips, this Annex, lithe Role of Soils
in Land Development to Increase Agr.ic:ultural Production"
wa'3 prepared.

A,~;ghanistun depends mainly upon agri.culture for its econ
O'.ny. While there is more than one Z,·Unistry to deal with
\(!ater, soils has been left as an "orphan" with very low
'!oice wi thin both the Ministry of Agriculture and the
fotinistry of l'later and Power. Consequently, Iitt.le atten
tion has been given to soils since FAO has completed the
land survey in 1963. Since then soil activities have been
confined to a very few localized surveys for project devel
opment. The lack of reco<gnition and the understanding of
the fertility aspects of ,the soil in Afghanistan has re
sulted in the deterioration (),f th€! productivity of the land,
spread of salinity and alkalinity, and decrease in fertility
due to poor management, in all aspects.

Therefore this annex focuses on t:he role of soils in land
development to increase production in Afghanistan, and
mentionsat least these main areas in the methodology of
this presentation:

• The general description of i::he soils in Afghani
stan - so that their potential in natural re
sources can be recognized, and their relative
quantitative effect can be evaluated in project
development.

• The second main area deals ,qith the management
and the fertility aspects of soil to increase
agricultural production. The decrease of fer
tility levels and increase of salinity and alka
linity and fertilization are among the subjects
treated in this context~

• The thili:d area deals with the role of soils with
in the farm infrastructure, and farm practices.
Soil-plant-water relationships are also covered.

• The fourth area described is the soil laboratories
which are the only tools left to look into that
subject. They poi.nt out production capabilities
of the soil, diagnose the defects and prescribe
the remedial measures. Establishment of a
salinity laboratory is considered vital.
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• Finally, the report suggests certain corrective
measures related to each of the above areas
and suggests projects or progrc!ims to remedy the
situations as solution interventions. Research
training and extension are also included.
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II .. SOILS

A. General Physiographic Features

The streams of the ·country rWl in long or short narrow or
wide valleys separated by hills and ranges. These valley
soils are of alluvial, colluvial or mixture origin and
are calcareous and non-calcareous. The texture varies
from coarse, medium and. loamy and have varying depth, a
few have heavy texture. In mo~;t of the cases the internal
and ext,ernal drainage is good,. In general, there is a
distinction of three terraces, i.e., terraces, foothill
areas and. plains f, This type of formation leads to diff
erent soils. Consequently their 'ffianagernent should also
differ. Soil properties are different and their suita
bility for different types of development is likewise
di.fferent. !of,any soils sho\>f distinct deg'rees of salinity
especially those in the 10\1/ lying areas.

In all areas, there is a variable portion of the valley
land that \IIould benefit by additional irrigation should
the water be available. There are also a great many
irrigable soils that are badly managed or have deterior-
a ted and in which high water 'tables and patches of
salinity are '",idespread., Itl\.<fas observed that if soils
upstream are added to the irrigated landt, the lOTl1er reaches
of other valleys might turn saline or if they are now in
tensely cultivated they may de'teriorate unless proper
management and drainage are considered.

In some cases a qravelly layer can be seen in areas right
on the foot-hills \I/hereas in o,ther cases gravel forms the
valley bottoms. Soils '>lith these characteristics are not
suitable for irrigation.. Possible alternate use as
pastures should be considered. There are also areas which
shO\Jl certain limitations 'itlhich if corrected \<lould put the
soils in a higher class of pr10ductivity or make them suit
able for irrigation.

In other instances 'Yihere the elevation i.s high and coupled
with fairly logical gradient: the valley is physic,ally
divided into 2 or 3 soil varieties~ ThE~ upper land is
cultivable for intensive agriculture, and the midd.le land
is probably cultivable also; however, tt~ lower portions
will be at the mercy of the intensity of the flo'w. Con
sequentlythe cul,tivation and production patterns are varied
among the three soil identities, and each one also varies \~~ith

respect to time.
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One encounters soils that are saline to a preventative
degree to cultivation, and others in which salinity is
somewhat tolerable and yet others in which only patches
near s~ttlements could be cultivated.

Some valleys are characterized by very recent immature
soils and in order to irrigate these soils, especially
in narrow portions, infiltration galleries (karez) and
wells are used. Erosion has decreased the irrigability
of these soils. Their suitability for cultivation is
thus limited to low water requirement and salt tolerant
crops.

Some saline soils being a part of a tectonic basin have
internal ~rainage. These can be added to agricultural
development if an underground water scheme can be launched
to irrigate them and reduce their salinity.

Some fans like the Farah River alluvial merge into the
saline and gravelly desert north of the Helmand Depression.
There are indications that cultivation formerly extended
over large areas that are now saline. Better water manage
ment and soil reclamation practices are needed to increase
the cultivable area.

Some basins can be cultivated with more profitable crops,
but are used only for pasture at present, while others can
be more profitable if only restricted to pastures.

In some large valleys, cultivation is found to be-confined to
its terraces as the surrounding slopes are composed of
stony material or outwash fans. Deep valley soils derived
from alluvium~ colluv;um and loess can be very well cul
tivated. Sometimes the quality of water is the limiting
factor unless the soils have good internal drainage. In
these cases, if an intensive program of cultivation is
adopted, improved drainage and land management programs
must be followed.

B. Land Classification

Certain wadies or valleys werF surveyed in Afghanistan by
an FAO reconnaissance team in 1963. The soil classifications
were based on relevant soil characteristics.including
the morphological features of the soil profile, the
thickness and texture, the nature of the underlying
materials, rate of percolation and water holding capacity,
degree of salinity, erosion, slope and susceptibility to
floods.

The following soil classes of the surveyed areas are as
given in Tables A2-1 and A2-2:
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I. Very suitable for irrigation
II. Moderately suitable for irrigation
III. Marginally irrigable land
IV. Non-arable, not suitable for irrigation

except under special conditions, for
irrigated pasture

v. Non-arable, under~mined suitability for
irrigation

VI. Non-irrigable land.

The above six classes are subdivided to include these
subclasses as limitations:

Limitation due to salinity
Limitations due tC) texture, depth, permeability
and/or inherent fertility
Topographic limitations such as steepness or
irregular slope and erosion
Wetness, drainage or flooding problems and a
high groundwater table.

C. Inventory and Classifying Soils

In agriculture, water and soils par_icipate in plant growth
and crop production. Water can be ~dentified and measured
or approximated in Afghanistan, while soils are not well
described and identified as a natural resource. 'Soils as
a medi~ for plant growth are the limiting factor for water
usage and crop production. .

The quantitative and qualitative chemical and physical
properties of the soil determine its productive potential.
The determination of these properties is required to
program nutrient requirements for different plants, orchards
and trees with plant feedin~ material. The lack of these
nutrients will cause plant deficiencies, however they can
be replenished by fertilizers. The physical properties
of the soi.l play a determined role in water regimes in
land use.

The evaluation of the relief, topography, stratification,.
texture and structure is esse~tia1 for land and soil uti1iz
ati::>n before investment in development can be made. They
may be limiting or prohibiting factors in the development
of the land when it is put under cultivation.

There is a difference between land use and suitability of
the land. The lmld can be used for a given crop, but may
probably suit the production of better cash crops( fruit
trees or orchards. This has never been determined in the
country.
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Properties of the land are needed for hydrology groundwater
study - roads, construction, cities, farming, factories.
The magnitude and extent of its properties decide its future
usage. Soil surveys are meant to identify soils of same
properties togethEr. Surveys have different degrees to
identify soils of same properties together. Surveys have
different degrees of refining and detailing. They are
reconnaissance as those made by the FAO in 1963; semi
detailed for project identification and feasibility studies, .
or detailed for project execution. Specific surveys are tailor
to specific objectives such as reclamation surveys, and
suitability to specific crop surveys, etc. Table A2-2
illustrates the basic triangle used in soils classification.

After soil survey comes the capability classification 
criteria for soil capability classieication is different
from location to location •. Following the capclbility
classification is the soil evaluation or value.

In Afghanistan only a broad reconnaissance soil survey
that is not adequate for judging soil potential is made
for certain localities or wadies. It is too general for
definite conclusions or agricultural development. As a
result, the inventory of the main and only critical com
ponent in the national wealth of the country has not been
determined. Consequently, any planning is not judged
properly. The fact that some ocassional localized surveys
are made with certain depth does not substitute the need
for at least the capability soil survey, nor does it
quantify the wealth of the soil as a natural resource. and
as a limiting component in agricultural production in
Afghanistan. If time does not allow the execution of a
detailed survey, the least tha~ needs to b~ done under
the circumstances is a short term soil capability _
classificat£on-to-determine with a cons~derable

degree, the most suitable land for agricultural projects
and to insure our sucoess in, agricultural development.
This quick capability survey can be carried out in less
than a year. It is ~3ant to evaluate the main parameters
of potential among the different soil bodies.

D. Some Soil Physical prope~tie~ and their Determination

The following are three main points related to soil water
properties:

1. Infiltration rates for the mai.n soils in Afghanistan
lie within these categories:

a. Loamy tex~ured, light medium soils, reflect
good permeability, easily and rapidly absorb
the water applied on the surface during irri
gation period. They conserve water if there.
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is an adequate supply for the normal
growth of the crop.

b. Heavy textured ~oils which are low in
organic matter i1: the upper horizon,
have low permeabi~ity. In contrast,
light sandy loams ~r sandy soils will
let the moisture move quickly through
the soil mass below the root zone into
lower horizons. This is one of the
main physical points to consider. Ex
amples of this are the soils of the
northern parts of Chazni and Jilga
Valleys.

The infiltration rate for 5 hours w~s measured at
.37-.38 rom/minute, then falls to .29 and remains
steady. Loamy non-saline soils in this region have
more organic matter than many other parts of the
country. This can indicate the suitability of these
~ands for development. Some higher filtration rates
can reach .45 rom/minute.

Infiltration rate for salty soils differs from the
non-salty soils for the given class texture they
belong to.

2. Field capacity of the main:-.soils are also expected
to vary within the country. The heavy textured
loams with low organic matter content and non-saline
soils will show l~w field capacity.

Th~ field capacity for loamy soils in Afghanistan is
in the range of 21-23% (on dry weight basis). Light
textured and non-saline soils have lower field capacity
ranging from 16-18%, while salty soils and fine tex
tures show it generally high. Loamy soils are ~haracter

ized by higher field capacities 23-32% (due to salt
hygros capacity of NaS04,MgC12, CaCo2, etc.).

3. Voll~e weight: N~rmal soils show volume weight to be
1.34 - 1.35 gm/cm. This degree of compactness allows
for air and water permeability as well as for a microbial
process. If the volume weigh~ values increase with
depth the soil will have an unfavorable effect, say
if it goes to 1.40. This results in a re,duction of pore
space, and consequently does not allow the moisture
to move properly through the soil mass. This can
result frOD repeated plowing to the same depth and from
irrigation.

Volume weight in the soils of Afghanistan can vary from
1.25 - 1.6 or sometimes 1.7 gm/cm3 • This high compac
tion reflects clay content in the soils and a high
mineral content. Volnme weight is lower in the salty
horizon than in the 4CSt of the profile.
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Volume weight in the soils of Afghanistan can vary from
1.25 - 1.6 or sometimes 1.7 gm.cm:3. This high compac
tion reflects clay content in the soils and a high
mineral content. Volume weight is lower in the salty
horizon than in the re,st of the profile.

Water storage

Farah Rud
Bari Rud

4. Determination

capacity eu rn/hec.:
0-50 em. deQth
(1428-1628)
1485-1702

0-100cm.·· depth
2868-:3168
2939-3537

a. Soil permeability determination to be performed in
sites mdintaining C3. constant head of water within
t\'IO cylinders concentrically placed on the surface
of the soil.

b. Field capacity should be determined on a flat plot
of soil 2m x 2m, aoolv water at the rate of 2000.... .
cu m per hectare. The plot surface is protected
frorr. evaporation - within 2 to 4 days depending
on the soil texture, soil.samples are taken for
moisture determination for successive layers 20 cm.
each to a depth of 1 to 1.5 m.made by standard methods.

c. Volume weight pref.arred to be determined on un
disturbed soil sample by usinq a small metal
cylinder of 100 em·) capacity ..
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III. SOIL PRODUC'rIVITY CAPACITY

A. Quality of Soil and Water

In most of the lands in Afghanistan the quality of
either the soil or the water or sometimes hoth, is
not. good enough to produce an optimum :rield without
the adoption of reclamation measures .:>r special
management practices. Salinity and alkalinity are
am0ng these unfavorable land characteristics responsible
for this r~quirement. In addition the deterioration
of agric\~ltural production on previously productive
lands is main:y "lttributed to the development of
salinity and alkalinity.

The lack of awarene8S of the problems of salt affected
soils ',~here conditions permit their formation and of nec
essary' ree:~?tjon measures is one of the main factors
for the failure of irrigations projects; howeve~ early
predic~ion of these hazards helps the timely settin~

up of land p~vtection programs~

Successful programs must be based on ;~410wledge of th.e
factors involved in the formation and development of
salt affected soils and on the adoption of a good
methodology.

These factors are natural and ~an-maac. Tl~y are
dependent on man to improve or worsen the situation
in the land. They ore functionally interrelated and
thus ~;hould be treated in an integrated approach.
These are;

Land Levelling

Land levelling is important for efficient water dis
tribution by surface mpthods.. Improper land. levelling
can create a micro relief; variation in depth and
~Jl')mogeneity of soil profile, and pulverization of the
fine sandy material and changes in the soil structure.

Changes of the micro relief in the order of less than
one foot o~ soil (30 em.) will result in an increase
of salt content in the raised spots and better leaching
in the dips. The spotted salinity patches in poorly
levelled soils are a result of that. WitI' __~'eated
land shaping before. cropping and as the development
of the land proceeds, tne micro relief variation dis
appears. The changes in d~pth and homogeneity of the
soil profile as a r.esult of land levelling depend on
t~pography, original soil depth, and nature of strati
fication and size of earth moving. Where Rhallow pro
files or relatively less penneable layers ar~ exposed
close to the surface, the chances for davelopment
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of salt ai=ected soils become Jnl'ch greater than in
the case of deep and homogenous soils. Variations
in soil dep~h are not easy to correct. Therefore
improper land levelling operations associated with
shallow profile formation should be given more con
sideration in seil ~g~t. Calcareous soils and
fine textured profiles (high in silt content) are
affected by land levelling. Pulverization of the
soil material, breaking of aggregates and compaction
alter the pore size distribution and decrease soil
permeability. Such alterations would sloy/ down:",
water movement, reduce leaching of salts, encourage
water logging, and consequently buildup salinity.
Costly ameliorative measures have to be taken to
correct these undesirable effects if improvement
of aggregation and per!aeabilit7 cannot be achieved
by normal cro~?ing operaLion practices.

Tillage

This operation is carried out for numerous reasons in
cluding seed bed preparation and improvement of soil
permeability. Tillage can increase salinity through
its relationship :h vertical distribution of salts,
depth of tillage and soil stratification, soil moisture
at time of plowing, tillage machinery and implements
and timing of tillage.

Planting

Planti~a techniques and positions vary with type of
crop and can be modified to overcome unfavorable con
ditions for germination and seedling growth. It might
be most useful for Afghanistan to follow or test these
following practices which indicate a decreasing order
of harmful effects of salinity on plant stands:

Plant on top of a single row bed
Plant near edges of a double row bed
Plant on side of a sloping bed
Plant in irrigation furrows
Broadcasting or drilling of seeds on
flat fields followed by haavy irrigation

Soils of high alkalinity and salinity are characterized
by low permeability and susceptibility to water logging.
Row crops should be planted on high beds to reduce the
harmful effect of water logging. The amount of seeds
required for planting a given crop in a salt affected
soil is hiqher than on a normal one. Also, a decrease
in the percentage of ~erging seedlings and a delay
in emergence are to be expected.
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Observations of the above relations would be helpful
in the iden~ification of the advancement of salinity
an~ alkalinity problems. It would be valuable to
keep records of the amount of seeds, percentage of
emerging seedlings and time of emergence.

Mulching

This practice helps to reduce water lost through
evaporation by disrupting capillary continuity on
the soil surface. Ganerally, the eff~ctiveness

of mulching depends on t:he depth to water table,
pore size distribution, climatic conditions and
crop cover.

E:,allowing

Under conditiors where \slater is a limiti-lg factor for
crop production the land may be left fallow for
some time; which is done to increase the soil water
reservoir to benefit subsequent crops (as in dry
farming), or until an adequate water supply is
available (in irrigated farming). ¥~asures should
be taken during fallowing to reduce evaporation and
consequently, sal~nization.

The effectiveness of fallowing depends on other factors
including the depth of the water table, quality of
groundwater, soil properties, climatic conditions, and
length and ~requency of fallowing. Evaporation from a
dry surface of fine sandy loam, like ~any soils in
Afg~anistan, wo~ld proceed at a rate of about 8.3, if the
wat~r table is kept at 90 cm. and I mm/day when at
18C em. This indicates the importance of thf water
table depth factor and the danger of fallo\/ing where
a shallow water table exists~

.
Fallowing should be considered for reducing water loss
by evaporation, reducing salinity, as well as increasing
salinity. In the latter case the depth and quality of- -- 1;,'

ground water are the most important parameters.

Application of Manures, Fertilizers, and Amendments

Manure and fertilizer 'al:e added to soil to increase its
productive capacity. Amendments are applied to correct
the harmful effect of the physical and chemical properti.~s

of the soil.

Manuring improves the physical condition of the soil
and enhances leaohing of salts and drainage of wet
soils. It also has a high nutritional value. In
certain soils green manuring is very much recommended.
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Fertilization is an important factor in crop productit>n.
The chemical compostion of fertilizers, solubility,
rate of release and the methods of placement, eSgecially
in the early stages of plant growth are factors to be
well understood in this connection, especially with
regard to increase of salinity.

Crop Rof:.ations

Factors governing crop rotation are mainly the
availability and adequacy of soil and water resources,
suitability of the crop to the prevailing climatic
conditions and assurance of an economic return. In
a reclamation rotation, the suitability of the crop to
the soil and \'later qualities are ver1' impo::-tant. Under
conditions that encourage salinizat:.lon, crops should be
selected on the basis 01: their salt tolerance and their
effect on the salt balance in the soil. For alkali soils,
these should be selected on their tolerance to the sodium
ion and to the adverse physice.l conditions. Plants differ
also in their water need,:::; in quantity and frequency.
Therefore, it is to be expected t:-tat salinity of the soil
will be affected differently under different crop
rotation and vice versa.. For exa.u~ple, the salinity
will be higher after a rotati~n of cotton - cotton,
than after berseem-cotton-beans, or cotton-berseem-rice.
Crops with ::l long duration of evap()transpiration will
cause, in the absence of proper. lelachinq practices, ac
cumulation of salts in 1:he root zone I while crops
such as berseem, rice and others requiring frequent
irrigation reduce salinity effectively, especially where
there is adequate drainage.

Therefore, the knowledge- 'of the salt balance under various
crop rotations is very important in order to curb the
ir.crease in salinity or alkalinity. Continuous monitoring
of salinity and alkalinity after each crop or at least
a rotation not only creates awareness of a potential
problem but also helps to re-evaluate the management
practices associated with the cropping system. Crop
perfor~ance and yield are good indices of the improvement
or deterioration of the production inputs including soil
conditions.
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IV. SALIl1E AND ALKALINE SOILS

These sequential guidelines are bases for diagnosis
and remedial measures in salt affected soils in
Afghanistan.

A. ~riyin and nature of saline and alkaline soils

1. Sources of soluable s~lts

2. Salinization of soils
3. Alkalinization (accumulation of ex

changeable sodium in soils)
4. Characteristics of saline and alkaline

soils; saline soils; saline alkaline soils.

B. Determination of the properties of s~line and
alkaline soils.

1. Sampling
2. Est~mation of soluable salts by electrical

conductivity
3. Chemical determinations; ph, soluable cations

and anions; soluble boron; exchangeable cations,
gypsum, alkaline-earth carbonates

4. Physical determinations: infiltration rate;
permeability and hydraulic conductivity; den
sity and porosity.

5. Ch0ice of determinations and interpratation of
data; equilibrium between soluble and exchange
able cations; factors that modify the effect of
exchangeable sodium on soils.

C. Soil management in relation to salinity and Alkalinity

1. Irrigation and leaching in relation to salinity
controL:: irrigation; leaching requirement; leaching
methods; leaching in the field and trials;
special practices for irri.gation tc prevent in
crease of salinity.

2. Drainage of irrigated lands in relation to salinity~

control: Drainage requirements; water-trans~issione

properties of soils; boundary conditions; lay
out and placement of drains; techniques needed
for drainage investigations such as measurements
of hydraulic head, determination of subsoil
stratigraphy, determination of water-trans
mitting properties of soils.

3. Chemical amendments;:: for replacement of ex
changeable sodium: Solubility of various
areendments under different soil conditions;
soils containing alkaline-earth carbonates;
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soils containing no alkaline earth carbonates
with ph 7.5 or higher and with ph lower than
7.5. Estimation of amounts ~f various amend
ments needed for exchangeable sodium replace
ment; speed of reac:tion of amendments and eco
nomic considerations; ap9lication of amendments.

4. Laboratory and greenhouse tests as aid to
diagnosis.

5. Reclamation test in the field.
6. IDENTIFICATION OF RECLAMATION PROJECTS IN

AFGHANISTAN

D. Plant response and crop selection for saline and
alkaline soils in Afghanistan

1. Significance of indicator plants for saline
soils

2. Crop response on saline soils; salinity and water
availability; specific ion effects esp. Na, Cl,
Bo, bi-carbonates.

3. Crop selection for saline soils: germination;
relative salt tolerance of crop plants; relative
boron tolerance of crop plants.

E. Quality of Irrigation ~ater

1. Characteristics that determine quality: electrical
conductivity; sodium absorption ratio; boron;
bic~rbonate.

2. Typical waters
3. Classification of irrigation waters; salinity; al

kalinity; diagrams for classifying irrigation waters
on conductivity and sodium; effect of boron con
centration on quality; effect of bicarbonate ion
concentration on quality.

4. Additional water for leaching: It is the extra
amount of water that must be applied and percolate
through the active root zone to prevent excessive
accumulation of salts. It is calculated through
the equation: LR = ~g~w x 100

where ECw is the electrical conductivity of irriga
tion water and ECdw is the electrical conductivity
of drainage water. LR is the leaching requirements.
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V". WATER 9UALIT~

A. Introducti(')n

Apart from the quantity of watsr and its effect upon the
agricultural development in Afghanistan, the quality of
water plays a very decisive role. Water quality has
an effect upon soils and crops, and on the management
that may be necessary to control or compensate for the
water quality related problems.

In Afghanintan,aownstream water from the different
rivers, or ";hat" which is pumped out of wells from under
the ground is never pure and always contains measurable
quantities o~ soluble salts. In some cases these ex
cessive salts il~·."~ proven harm£ul.

Soils and crops are affected in different ways by the
different kinds of salts in the water. A periodic wa~er

analysis is needed to determine what types of salts are
present. Then these must be evaluated in terms of their
expected impact upon the soils and crops.

Water analysis should include measurements of total
soluble salts by means of electrical conductivity, sodium,
calcium and magnesium, chloride, sulphate, carbonate and
bicarbonates, and other specific constituents such as
boron, nitrates, iron and ammonia.

B. Evaluation of Water Quality

The interpretation of the water analysis can be made
to cover these problem areas.

1. Total Salinity: This is caused by the total soluble
salts and is measured by electrical conductivity.
Total salts have a direct effect upon crops.

2. Permeability effect: This is me~sured by comparing
the relative quantity of the sodium present in
the water to the calcium and magnesium.
Poor permeability makes it more difficult to supply
crops with the water needee for good cropping. It
also adds to the waterlogging, salinity, weed and
nutrition problems. It snould be remembered that
carbonates and bicarbonates play a role in permea
bility status.

3. Toxicity of Specific Ions: Boron, chloride and
sodium are the most common ions known to have
direct toxic effects on crop growth.
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4. Other Problems: These include the increase of
acidity or alkalinity of the water, and vigorous
9rowth due to excessive nitrogen, etc.

c. Guideline for Quality Interpretation for Irrigation Water

In this guideline, three areas are recognized, no
problem, increasing problem and severe problem areas.

SALlNIT'.l
EX: of irrigation water

PElH'.ABILrl'Y
OC of Lmgation water

ad..j SAR*

SPECIFIC ION 'IDXICITY
Fran R::lot Abso~ion
Sodiun (adj SAR)
Chloride neq/I.

mg/L or Pr.lJl
Boron mg/L or ppn

0.75

0.5
6.0

3.0
4.0
142
0.5

0.75 - 3.0

0.5
6.0 - 9.0

3.0 - 9.0
4.0 - 10.0
142 - 355
0.5 - 2.0

3.0

0.2
9.0

9.0
10.0

355
2.0 ... 10.0

PH Na
~*adj SAR = er + M;J

2
D. Salinity Problems

MIS('ET,TJ)REDUS

NH4 - N mg/L or ppn 5.0
003 - N for sensitive crops
HOJ3 meq/L 1.5

mg/L or PIE 90
nomal

[ 1 + (8.4 • pHC)

5.0 - 30.0 30.0

1.5 - 8.5 8.5
90 - 520 520

6.5 - 8.4

] analysis should l:e in neq/L

There are two types. The fi~st deals with the salinity
of the applied irrigation water and its rapid and direct
effect upon crops. The second concerns the salinity
that may develop in the root zone over a longer period
of time due to accumulation of salts, and its effect
~pon the crop.

The salinity accumulating in the root zone can be
controlled within limits by the application of extra
water described as the leaching requirement. However,
if the salinity of the applied water is excessive and
exceeds the tolerance of the crop, a full potential
yield is not to be expected.

High water tables complicate salinity problems. Extra
water is used for leaching the excessive salts and good
drainage is needed to assure that leaching is effective.
Changing a crop to another with a higher degree of toler
ance may sometimes prove necessary.
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E. Crops Role in Controllin9 Salinity

Crops have different der.lCees of tolerance to salts in
both water and soils. One of the mlttnagernent alterJ'}at.ives
to reduce salinity is to choose a tolerant crop. A
given degree of salinity in water may be detrimental to
sensitive crops while it may not be so for semi-sensitive,
or tolerant crops.

There are tables available \llhich classify crops and their
degrees of tolerance to the soil salinity and water
salinity to which they can be exposed. Similar tables
are made for veg'ctable I forage andfrui t crops.

Tables R-l, R-2 and schematics 51 anc 53 are relevant
in this connection.

F. Additional \'later for Leaching

It is sometimes necessary to apply more water for leaching
in order to control salinity. The minimum amount of
this extra water that must percolate through the active
root zone to prevent excessive accumulation of salts is
known as the leaching requirement (LR). This fraction
of water is an extra addition to the water supplied
to meet the crop water requirements. Leaching requirement
can be calculated from the eql'ation:

ECW x 100
ECdW

t~ere ECW is the specific salinity of irrigation water and
ECdW is the specific salinity of the drainage water at<
the root zone.

Laboratory results of complete leaching of highly saline 
alkali soils is qiven in Table R3 as an exmnple.

High water tables can cause a recurrence of salinity at
a given soil depth; therefore, deep ones are recommended.
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VI • LAND DEVET..OPMENT

A. Scope and Sequence

The need for adequate and reliable information regar.ding
the soils and water resources of each potential irrigation
project is an initial step in Land Development. This
requires preliminary soil, water, and drainage surveys
which accumulate the necessary information for long
range planning of valley development. Sufficient studies
in detail are required as a basis for ~arget estimates.

The basic survey needed usually covers:

1. Soil surveys, reconnaissance or detailed
2. Ground water surveys
3. Drainage studies
4. Hydrologic surveys

Note: Usually detailed surveys follow for the potential
projects developed which are from the primary investigation
and surveys. For example, detailed soil surveys and
soil investigations of certain specific land blocks.

B. The purpose of Surveys and the Reports

These surveys, especially soils, water hydrology, and 
drainage are presented in maps and tables based on com
pilation of detailed observations, measurements, and
analyses of the land and its associated features;
furthermore, they are made and interpreted by the skilled
technician in the field for the primary purpose of
describing and evaluating the potential use and pro
ductivity of a parcel of land and the problems inherent
with its development and use.

The conclusions of these broad parameters are to lead-
to the specific studies related to the development of
blocks of lands which are to be developed following
their sequence of priority, as stages of cevelopment.

This second stage covers:

1. The relative suitability for present or:-potential
irrigation of each soil and soil condition mapped
(Land classed as presently irrigable: irrigable when
put under cultivation or reclaimed; not suitable: or
not re~vuu~ended for irrigation: and the potential low
capabilityelassification).

2. The kinds of limitations and relative degrees of
intensity of problems to be overcome in developing and
using the land sa~.ts, alkali, wetness, levelling,;
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erodibility, flood hazard, soil behavior under
irr~gation.

3. The best suited crops and sequences of crops for
each majur group of soils and soil conditions.

4. The crop and soil water requirements (soil prop
erties affectin~ ~rrigation) lay out crop use affecting
delivery of moisture and nutrients requirements.

5. The relative economics of development and use
(estimated development costs, gross and net returns
and benefit/cost ratios).

c. Presentation and Reporting

Usually this information is presented in a summary
volume and other specific Subject matter volumes and
appendices to cover the loge for pits, laboratory data,
etc. There might be specific and supplementa~ reports
to cover the use of the working data available to a
specific area. These supplemental reports also have
appendices to them to cover the specific legends, soil
profile and pit loge, deep or shallow, laboratory
analyses, infiltration or leaching trials (in case of
salinity) and previous preliminary or interim reports.
Map follows containing the soils and drainage surveys
and interpetaticn or classification maps for the use
in project development are included. Sometimes the
general and supplemental reports are only m~de for
distribution and the rest are kept for the use by the
specialized agency.

D. Land Development Classification Usually Covers the
following features as a minimum:

1. Physiography:
Climate
Native vegetation
Land use and agriculture
Topography and drainage

2. Water Resources:
Surface water sources and their quantities
The hydraulic micro systems and the micro .

systems within each
Quality of waters used f~r irrigation fro~

the different sources (surface or-under
ground)

Any relevant data such as degree of efficient
use, losses, distribution, etc.

3. Soil Resour~es:



Soil surveys - degrees, how they are
made, their use and interpretations

M.:'! iT~ characteristics of the land, origin
and developn~nt of the soils, principal
physical and chemical characteristics.

Main factorR affecting development.

E. Specific Features and/or treatments relevant to
development potential:

1. Land clearing and levelling
2. Drainage
3. Reclamation treatments
4. Manaqement of different soils (good,

soils needing special treatment, etc.)
5., Wind control
6. Erosion, its severity and control.
7. Flood, its severity and contral

F. Relative requirements for the development of Land:

1. Crops
2. Water

Requirements for different crops
Plant growth habits affecting water use
Crop rotations and practices to affect

water l.'\se
Water requirements of crops to be grown
in the area

3. Fertilizer requirements

G. Relative requirements affecting future development
of land:

1. Tillage and general farming practice
2. Water management, its present use and

remediaa.~;measures and ada!-,tation of
different soils

H. Poten~ial Agricultural Development and project selection
criteria:

1. Estimates of past and present and expected
-- pr6duci:ion

2. Summary of presently irrigated and potentially
irrigable lands.

3. Their costs of development
4. Cost/benefit ratio,o'and the potential of develop

ment p development stages, production
potential aild crop values

5. Overall development cost and production potential$;
'-;o:?
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I. Summary and Recownendations

1. Over all
2. Specific stages and sub-projects
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VII SOIL CAPAB"(!:~ITY CLASSIFICATION------ ~,,-.. ....

This project is needed for the Cowltry since this basic
in formation does not exist ~rith res~'\ect t..:> land at! fa
resource identit7. It will answer the rela~ive value of
th~ land when either considE~re" or put uJ,:der cultiva~ion.

It will also clarify the 3uitaLility of the rlifferent
lands \rJhen put wIder cu] tivation. No meaningful surface
irriga-.:ion or underground e:-tploration, hyd:J:aulogic
deve lopment \Jli thotlt the undE~rstanding of the soils. aspects,
their capability and suitability, can be had.

Requirements:

Tools I equipment, supplies I technical <assistance, instit.u-·
tional development, landsats, labor~tor1 glassware, eql.1ip
mer~t and chemicals.

r.l' present number of personnel is not adequate foy. a.n
ex ~.nded program of sol 1 surv~y.

Establishmer~t of a cartograpM~ic unit. a1lld photo interpretati.:>n
ur. it.

Training abroad for short course in soil survey aspects
and photo ir:te.cpretation and cartography. (Dry desertic
and mour..t.:.ainous localities •. institutions)
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A. Soil Laboratories

Two soil laboratories were visi~~d. One belongs to
the Ministry of Agriculture and the other belongs to
the Ministry of \'later and Power. 'l'hey were once one
laboratory, establishnd by FAO in 1960, but were later
split into two small ineffective ones 0' The portion that
went to the Mini~try of Agriculturedeals with a few
analyses and is more oriented to fertility determination
and pla~t food analys~s, while the other which is
left with the Ministry of Water and Power deals mainly
with such water analyses as soluble salts, etc. Both
labs need stre~gthening with respect to chemicals,
glassware and apparatices in order to make a complete
soil analysis, tests for water, fertility, nutrient
difficiences or plant feeding tests. The work is
paralyzed by the lack of a centrifuge, soil shakers,
suction f ilt£". ing units I hydrometers, bo~on free glass
ware, salinity meters, chemicals and indicators. Kjeldahl
flasks for nitrogen determinations are finger counted.

The laboratory personnel have adequate capaoilities for
their present activities, but future plans for com
plete analyses and quality data would necessitate
training of the presentstaff and an adequate inter
pretation of the data has not been done. Irrigation
projects a~e therefore reliant on empir~cal COh~umptive

use data and not on infiltration rates, permeability of
subsurface, soil texture and soil response to irrigation.
Undergl:::. ...:.:1d water investigation and digging wells are
done without any soil analyses. The- only laboratory
effective data is the partial analyses related to
the quality of water and it total salts.

Neithe~ one of the laboratories is oriented toward
salinity or alkalinity problems and its interpretation.
The results of any analyses are listed as requested on
a common sheet without any interpretation. In th~s respect
a new salinty laboratory is highly recommended. ~bre

than ~alf of the cultivated land has this problem and
no governmental division, laboratory, or personnel
deals t~ith that serious subject at present.. A highly
quali£~,ed expert to assist, train and organize the
persol1nel 't/ould 1:-2 of great value ~

B. Requirements

With re3pect to the laboratory of 'the Ministry of
Agriculture, c.t least the following should be covered:



24

1. The stress has to be oriented to physico
chemical aspects of soil properties of Afghanistan
with minor localized surveys including the fertility
status of the soils.

2.1 Projects related to soil wat,er and soil fertility
in relation to crop production:

a. To study the effects of different sources
of phosphate fertilizers on through up
take of phosphorous

b. The fixation and release of phosphate in the
d~fferent soils when ap?lied from different
sources

c. The study of the residual effect of fertili
zation, and the study of the effect of t~e

addition of organic matter on the rate of
phosphate release from the soils, and its
avC'ilability.

d. The study of water use patterns by crops nu
trient uptake by crops, growth and yield of
crops, water and fertilizer uses by crops

e. The study of tillage in relation to crop
productivity and the effect of tillage on
water storage in soils.

3. Surveys and status of macro nutrients and certain
micro nutrients from specific soils and orchards, and
the amelioration of the micronutrient deficiency in
fruit crops.

4. Soil test crop responce correlation s~udies in
cluding the ~orrelation between different soil tests
with respect to N & P & K and the yield of the crop
and the recommendation of fertilizer rates based on
soil test values.

5. Exp~riments to establish the most suited crops to
the different soils and regions of Afghanistan and the
most suitable crop rotation in relation to nutrient
requirements and irrigation.

6. A final soil productivity index for different zones
should be achieved.

The lab should establish guidelines and give recommendations'
in soil/water and plant analyses and issue the required cer- ~

tificates. R{'ports on special forms for all requests should c '

be issued witr the qualified interpretations and the suitablem
recommendations.';:

-.?:;
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ANNEX 3

NATIONAL WATER RESOURCES COMMISSION

The Commission ccnJ.d comprise a Coordinating Board responsible

for water pollcy and water law; its Chairman would be the Mlnister of

Planning or his designated representative. The members of the Board

could be representatives of the MInistries of Agriculture and Water 2nd

Power; the Rural Development Department; and the Agricultural Bank.

A Directorate-General would be responsible for the implementation of

policy, and under him would be three Assistant Directorates, each headed

by an Assistant Director as follows:

Investigations and Planning: This branch would be responsible

for the inveDi:ory· and classification of surface waters and ground

waters; the investigation of surface water.s through an upgraded

hydrometeorological network; and comparable investigations for

groundwater sources, including karezes and springs, through

dr1lltng and pumping exploration programs.

Attached to the Investigations and Planning branch would be

a National nvdrologtc Institute, which would be an operational

organization responsible for hydrologic research, surveys, and

data collection, and for making such information readUy avaUable



to agencies concerned with water development and management.

• Water Resources DevelQPment: This branch would be respon

sible for Investigating more efficient means of developing water

resources and preparing programs for implementation, such as

the artificial recharge of developed groundwater resources, en

largement of water intercept areas such as inftltration galleries.

or the feasibllity of runoff irrigation insofar as water resources

were concerned.

.. Conservation and Management: Attached to this branch would be

a National Water Resources Control Agency which would be res

ponsible for overseeing the apportionment of all water In "de

clared" groundwater basins, the allocation of surface water sup

pUes, the adjudication of water disputes, the licensing of well

drillers and the issuance of permits for well construction, aDd

other conservation and management functions as deemed desirable

by the Coordinating Board.



ANNEX 4" DETAILS OF METHODOLOGY USED IN REPORT

INTRODUCTION

The methodology used in this assess meDt of h"rigated agriculture

in Afghanistan maY' be separated into the following five stages, which are

described in detaU in subsequent paragraphs.

• Data""gather1ng

•

•

•

•

System analysis

Problem identification

Problem-solving

Identification of potential programs

1. Data-gathering

The team reviewed the literat1.~e, was briefed by USAID and DRA

officials and outside experts, and then made field trips to selected loca

tions in Afghanistan to study different types of irrigation systems. The

objective was to learn as much as possible about the various facets and

complexities of all r-elevam detaUs of irrigated agriculture in Afghanistan.

2. System analysis

The system was then separated into sub-systems and key variables.

The major concern (and the dependent variable for further study) was the

1



utilization of irrigation water. A supply s}'stem and a demmld system,

for a representative on-farm irrigation system was then developed, each

consisting of a number of Independent variables which a..'fected the utlli-

zatl0D of Irrigation water. Some eleven key variables (six for the sup-

ply system and five for the demand) were Identified, each with numerous

sub·variables. These were plotted on the diagram shown on Table 1-1.

Suhsequent analysis led to the determination of interrelationships between

two or more key variables and other sub-variables - or other key varia-

bles. These linkages were sketcbed in the form of a diagram of inter-

related ovals, which is shown on -rab1e A4.1 ,,'

The joint USAID-Experience, Incorporated Team then met with rep-

resentatlves of irrigation-related DRA ministries to discuss current pro-

gresB and findings; solicit suggestions and criticism.s; and in general

obtain a consensus that the Study was proceeding correctly. _~~RA 1

-=--_R~ation'wit.sof aS81St~am-~ some priorIty to the key
-.- -.-------'---------'-----

varlablas. e. g. l' the conclusion that the major problem affecting convey-

ance systems was seepage 10sseB.

3. Problem Identification-
The nan step in tha methodolO'6}' was the refinement of problem

identification. Following a number of di3c~sions9 three discrete problem

areas were abstracted from the aforementioned eleven variables, as

2



follows:

a. Resources (basically a faUure t<) optimize);

b. Convey8DCe systems; and

c · UtUization.

---_._.-.._.._.. _.._---.---,
- -._.- ---1

4. Problem Solving

The fourth phase of the assessment was the development of possible

solutiODs that would be responsive to the problem areas identified durtDg

the third stage. In subsequent group discussiolls a number of alternative

solutions were proposed to ameliorate or correct these problems. No

evaluation of the particular merits or feastbllity of any partic 'J1a. lution

was attempted at tbat time: the intent was to minimiZe any extended dis-

cussion which might have hindered the free flow of ideas. A smaller

sub-group then met to discuss the various SQlutions in more detaU. At

this time, less-reasonable solutions were deleted, related ones were com-

biDed, and certain others were el~orated upon and refined. The result

of this discussion was the !\-oblem-Solution Matrix presented ill 'I'able A

4.2. This matrix constituted the agenda for the team's second gEmeral

meeting with DRA officials; at this meeting the solutions devGloped by the

team were presented to the DRA for their comments and criticism. An

attempt was also made to assign priority and weight to the solutions of-

fered. Whlle this tactic did not prove too successful, given ~ i'aryiDg.

3



Interests of the DRA offlcia1s pi'esent, the geueral agreement expressed

was that the majority of the solutions offered by the Team were respon

sive to the identified problem areas.

5. Identification of potential pr9STams (''packa~

In this last stage of the assessment each possible solution was

first evaluated against several feASibility critelia whit}h reflected USAID

project soundness concerns (See Table A- 4 • 3) •

However, these criteria Vlere found to be ineffect1v~ in fully screen

ing some of these solutions, a situation which might be accounted for as

reflecting certain prior (albeit unintentional) screening to which the solu

tiOD3 had been subjected in the process of formulatka during the grl)Up

discussion sessions. Injeed, the majority of the solutions were not af

fected by the feasibility criteria screening.

It was then decided to proceed to an indexing exercise to identify

and label those ~ 'Jlution elements which aitect9d

a. The farmer dtre(.-t!y through his land; his irrigation supply;

his farlIliDg practices; and any other activity relevant to on

farm irrigated agriculture;

b. The common interests of the farming community;

c. The nationwide fnte~~sts of the Government in supporting the

4



development of irrigated agriculture; and

d. The financial implications with respect to foreseen needs Cor

technical assistance, trat.nl.ng, cOalimodlttes, equipment, and

program funding.

I.

Tl.d indexing exercise culmin~lted in l.~ recombination of solution

ai, ernattves Into seven technical packages and on~:t policy package. This

packaging was then discussed with DRA officials, during the course of

which their opinions were solicited and received ,concerning the nature

of the required inputs of tecbnJcal :assistance, commodities, equipment

and the types of funding. Their views on the ~Un1stries nnd departments

who might be involved if any of these packages were to be implem'Jnted,

were also obtainEd. Additionally, the following views were given by the

DRA officials:

1. As most of the packages would require more than one agency

for bnlJlementation, there should be closer coordination and linkage be-

tween them. Tltis can be effected through an inter-agency protocol.

2. Implementation of systems could be allocated atIlong interested

agencies in accordance with project size as follows:

Large scale systems: Mlnfstry of Water and Power

-
Average or small sy8tt "".lS: Rural Developmc3nt Dept.

Individual structures: Farmer himself throUi:b credit

5



from the Agricultural Bank and by acquiring the tech..

mcal s1dll from the Rural Developm.ent Departn:t~at.

Agricultural Bank Is prepnred to finance tecbnically sound

projects by receiving advice from tile Rural Development Department

300 the Ministry of Water and Power.

As Afghanistan Is a progressive country, foreign training would

be required for practically all of the packages.

Demonstration projects would be very useful and should be given

Important consideration in the relevant packages.

•

6



J

J

)

J

1,

J

J

I
J

J ~

1
'· .a.~ s

:::a .::c:

I · ~~!l
1 ....~

! .=: I-f
...

' ..

~--,- ---- -._~- -~- -- --'" ---~ ~'- - - ~



Table A-4.2

•
IRRIGATION SUB-SECTOR ASSESSMENT: Alternative Solut10~

Introduction.
Problems. Problems can be grouped under 3 headings: Problems
lnvolving the Failure to Optimize Water Resources, Probl~ms with
the Conveyance System, and Problems regarding the Utilization of
Irrigation water on the Farmer's Field.

--- Snlutfons. Solutions to these problems are outlined below. It should 
be emphasized that the solutions are but .possible alternative
solutions. Before an actual project may Ee developed, each of
~e alternative solutions will have to be subjected to technical,
economic~ and social analysis to determine their fea.sibility.

PROBLEM

1. Resources

A. Lack of knowledge of
quantity and quality of
resources and how to
effectively utilize them.

B. Underground water is an
unknown entity; what is
now being used is in
danger of depletion; and
the traditional systems
of exploitation need up
grading.

c. Surface water Needs to be
monitored, conserved,· and
augmented if possible.

POSSIBLE ALTERNATIVE SOLUTIONS

10 Inventory and classify soils, surface
water, and ground water.

2. Bepin immediate ground water
exploration.

3. Establish Water Resources Commission,
responsiblt~ for water policy, water- 
law, allocation, etc.

1. Begin Underground Water development
program ..

2. Undertake artificial recharge of-- .,
developed ground water resources.-

3. Undertake investigation for further - . 
development ofkarez, particularly on:-.
a. StOl'age of wastewater underground
b. Enlargement of water intercept

ar(~as.

4. Undertake investigdtion for further
development and utilization of springs.

5. Construct Infiltration Galleries.

1. Up-Grade Hydro-Meteorologicai Networks
2. Construct Surface Storage Reservoirs

a. on both perennial and non-perennial
streams

b" off-stream
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PROBLEM

1. Resources, cont'd.

2. Conveyance Systems

A. Current diversion structures
need to be improved and
other means of capturing
water need t~ be investi
gated.

B. Seepage within the con
veyance sysem is th~ chief
cause of loss a~d ineffi
ciency.

POSSIBLE ALTERNATIVE SOLUTIONS

3. Undertake a Soil and Water Conservation
Program a. Impose control on Resource are
b. Vegetative Practice~

e. Mechanical Practices
4. Investigate possibilities of implement

ing a cloud.seeding program.
5. Utflize wells to augment surface supply

where feasible.
a. Battery of shallow wells
b. Deep wells

1. Up-Grade current diversion structures
a. Make indigenous structures semi

permanent (gabion~)

b. Make indi~~enous structures pennanent
2. Utilize alternative lift methods (for

example, pumps &motors).
3. Relocate diversions
4. Impose contrc)15 on fl ow of water' ~ n

karez system~) •
5. Store karez water at exit.
6. Utilize run-off irrigation.
7. Combine diversion structures.

1. line canals at selective points in the
conveyance system.

2. Over-design canals to off-set seepages.
3. View seepage as a re-charge to ground-

water t and dig well s to 1ap that .
groundwater.

4. Shorten lead canals
a. Design &construct more permanent

diversions.
b. Pump water from river directly into

canal.
5. Lmprove maintenance on irrigation system:

a. Aquatic con~rol

b. Weed control
c. SUt Removal
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PROBLEM.
2. Conveyance Systems. cont'd.

C. Flood protection is
genei ...lly inadequate, and
this results in major
losses in the conveyance
systen.

D. Physical structures for
controlling water-flow in
the conveyance system are
lacking or in need of im
provement.

POSSIBLE ALTERNATIVE SOLUTIONS- .

1. Construct He,adga te control structures.
2. Install siphons (where irrigation

canal goes under wash-crossings).
3. Construct flumes (where Irrigation

canal goes over a wash..crossing).
4. Build IIcut and cover II structures

where canal passes across a wash
crossing or where it passes along the
sides of hillS and c11f7s and is
subjected to rock or land slides.

5. Construct diversion channel~, guide
lev~es, or dikes.

6. Build sluiceways.
1. Buttress or support canal banks.

1. Install division boxes.
2. Construct checks.
3. Install turnouts.
4. Construct drop-structures.
5. In9a!l metered gate structures.
6. Utilize concrete pipe and close the

system.

E. The social organization of
water control and distribu
tion needs improvement.

3. Utilization.
~-

A. lack of Knowledge by farmer
&technician of efficient
water-use practices.

1. Establish a training program for Mirabs
and their assistants (chakhbashi). -

2. Institute inspection and supervision
of mirab/chakhbashi operations.

3. Establish standards for operation- and
maintenance of irrigation systems.

4. Formulate water laws •.

1. Begin research on proper water appli
cation rates, based upon local soil/
t~ter/plant relationships.

2. Develop and disseminate Irrigation
Guidelines.

3~ Institute on-farm training courses in
water management and water-use
principles t utilizing:
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PROBLEM

3. Utilization. cont1d.

8. On-Fann Infrastructure
related to water-use effi
ci.ency is lacking or in
need of improvement.

c. A soil improvement program
related to water-use is
urgently needed.

D. Current farming practices
are not conducive to effi
cient water-use.

E. Runoff I:rigation

POSSIBLE AlTERNATIVE SOLUTIONS
\

a. Demonstration plots
b. Class instruction

4. Establish an in-service training
pl"cgram for sub-profess iona1s •
technicians and especially extension
workers.

1~ Improve on-fann distribution systems,
by 1d'lmJfne: _0"-:

a. Spilesp siphon tubes
b. Tile channe'ls and drains
c. Brick/concrete turnouts (pre-fab turnotlt'

2. Undertake u program for leveling farmers
f'lelds.

3. Improve on-fann dra i nage
4. 0'19 on-farm we'll s to augment water

supply during droughts.

1. Undertake Land/Soil Improvement Program
a. IncreaSE fertility levels .

1) fertilization
2} soil amendments

b. Reclamation of soil
c. Sub-soiling

1. Improve Cropp; ng System -
a.-Crop rotation (includinqfa]Jowin9) o_"~

b. Inter-cropping
2. Introduce agricultural practices which

will result in greater water-use effi
ciency.
a. Weeding
b. Proper seeding
c. Proper fertilizer application
d.. " L~.nd preparation
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Table A-4.3

trriqat:ion Sub-Sector Assessment:
P".,~~ IV: Evaluation of Alternative Technical Interventions.

Inlrf\,htction: The numerous alternative solutions deriVed from our
-h,.d n·:-itormi n9 sess i on and subsequently re fi ned in meeti ngs cunon!}

(1l,r-:01 v~s and in conjunction wi th our ORr, counterparts have nO\'1 to be
f'\';,II/·,trrl. Onp. objective method for doinq this is to set forth a
1l 11l1l"Cr of criteria against which each of the alternative solutions can
h,~ 1I\,~tl$u.·ed. Those solutions which cannot meet all the criteria ar(~

oiv~n tl lower priorlty 1n the final recomnendation phase, while those
,,!lieh do pass muster against the criteria will likely evolve into full-
flp,IrJ~rI projects later on: .

Tn IJ:'i\IO project Paper Documentation, ea~h p,"o3ect must be ilnttlyzed in
'''rill_ of its technical, economic/f;nal1ciill~ ilnd social soundne5s. Fot·
di,r:t1":'iinn purposes fortoday's meetinq, \1m have decided to sei\rch for
df,tinr:t criteria within that USAIO Project Paper Format. I\ftcr discus!'i;ofl.
or cnurse, \'Ie may refine this framework or indeed decide upon other, more
rr~t~Vitntt criteria. Pr~sented below, then, is a tentative evaluation
C;C/JI;IIIil for discussion •.

Mll\l'(SES FEASIBILITY CRITERIA:.::.-------_......._--------~-=.;:..;.:;..;~.=..:.~..:..:..~:::..;.:....~--_ ..-..

•
I

1\. Technical.

\

1•. Ins ti tuti ona1 capabil ~ ty to imp1('Illrn ,.
the project is avail«bl~ or rp.tldily
dev-P.loped thru budget i'ml techni cill
assisl:nnce(this includes both. ~(,v("-t1
nu~ntil1 and local capabilities).

2. The technical intervention itself i~
is technically sound.

3. The solution offered ctln util ize il[lpt" I i

technology (i,e., local expertize, III;-I!, i
1abO\") •.

•

o. Economic/Financial.

4. Loc~l t gove,"nmental, and foreiQn crlllU-ihl!
tions can be expected.

1. Villagers' ha.ve capacity 'to contribllt,·.
financially to project~

)
2. Benef,it-Cost: Ratios are favorable (p--,

3.
I

,
ORA \.,1111ng to COllin; t f'mds, mater i (\ 1. '''M,M

personnel tc, effect project success.
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B. 4. Marketing infrastructure is sufficiently

"
in-place that increased production, thru 1

irrigation improvement will lead to:
. increased farmer income.

"
C. Social. 1. The project will benefit rural. poor.

The project has the potential to spread
to other, non-primary, beneficiaries. _.. -.: '

The project is compat1blew1th the loc~l

social structue and cultural valucs,i.e.,
there witl be no adverse socio-cultural
impact. ),
VilJagc;",s are likely-to participate in desi!1n,
plan, implementation, and maintenancp. of
project.

2.,

3.
.;

..... .,I
./

4.

D. Poli tical.

. '

1. DRI\ willing to make needed policy Chilllf/(I~

to insure project success.

I, 2. Irrigati.on-related m'lnistries and (l~I~n(ip~;

wi 11 i f19 to cooperate in des i gn, p1(lnll i WI,
and iml)lementation of the project~ .

. ,

. .
3. The proposed 'project is compatible \'/i th

ORA current 5-year Plan.

4•. The project's design package and funrliJl!1 i"
acceptable to ORA.

5.

E. Environmental
,

1. No adverse envi ronmenta1 impact ; s fore~(~~f1.

r
!

t
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J\ddendum. One can of course view all of the alternative solutions as
~QIji\lly important, opting then for a number of different but simultancousl~'
t\pnlted development packages. or sub-projects within a larger design. "
For example, one component could be the soil and wa'ter inventory. another'
enuld be the investigations of further development 'of springs and karez~s;,
nl the same time an inmediate program of groundwater explorntion could begin;
.1I1d a third package could consist of imp..overr'~nts to CIS structures
(diversions, conveyance structures, etc.), m1rab training, and on-farm,~.:,,·

't'iltcr management ~raining programs (\'/orking mainly ti'"'· Jugh demonstrations).,
, ~

E.lr.h of thesQ components could be expanded and sketched in greater detail.
Th~y nre offp.red here as an alternative to choosing among various but eqllnlly
t11~sit'ab1e alternatives. A further advaf! tag~ of the component or pnCk1l9f!
ilppt'oilch is that it regroups the variables)ihto a system, recognizing that "
W~ are dealing with a system and that all the parts are inter-related; thus,
the best solution is one which deals effectively with sub-systems within
that larger system. .

",

. '.. .

'.
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