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FORMWORD

The pressing need for increased agricultural production in ihe years ahead can onl ¥
be met by more efficient use of our land and water resources including more widespread and
better irrigation in these regions where rainfall is inadequoin, If has been estimated
that some 02 million hectares of land are irrirated in the developing countries, of which
half urgently need improvement, and that irrigation of an additiOn 22 million hectares is
projected by 15990, Fro‘uction pains will be shertlived unless the attendant hazards of
salinization, waterlogeging and lewered fertility are kept in cheok by effective planning
anid management based on a thorough understandiry of the se1l conditions,

Soil survey and land classification are generally zcrep+pd cesential preliminaries
to imvestment in irrigation development. The classical technigues developed in temperate
regions for rainfed apriculture may be less suitable for uﬂ?&%ﬁlﬂﬁ the potential for
irrigaticn in tropical and arid regions. This publication 2ims to describe the specizl
requirements of soill survey for irrigation develepment, and assumes that the reader is
famwiliar with basic soil science and soil survey itechniques. It dees not deal with other
aspects of soil studies suck as so1l conservation or soil fertility maintenance on iTrie
fated lands,

Yo heook can substitute for experience gained in the field but this one attempts to
highlizht scil characterisiics which are simificant under irrisatien and to SUTEERY ways

of recornizing and mepping thom. The openir; chapter emphasizes the brez.ith of consider—
ations for evaluatir: land for irripgstion and the rele of the soil surveyor in the reguir-
ed tesm of sSpecialists. The nexi two chapters discuss the simmificant characteristics

of soils and toposraphy. Chapter Four describes the assessment of drainage and reclamation
and Cha **Er Five water guality and climnte. Chapter 3ix describes field metheds of zoil
survey ant Chapter Seven interpretaticn of the data and land evalustion for different
conditiona. The appendices give sxamples of lamd clossification and specifications for
various environments and procedures for measurement of permsabilizy and infiltration rates.

soknowledsment i3 due to the Bureaun of Heclopation of the 1.5, Department of the
Interior for its genmerous help in the preparation of this document.

fppreciation is a2lso expressed for the contributionz made by several authors.
?relimlnATy drafts were prepared by Or, Olaude L. Ply and Ir. 4.F. van Beers snd consolie

dated by Dr. i,H. Filler. ithin the Bureau of leclamation the principal contributors
were ¥r. Hareld Parkinmson and Mr. Willirm B. Peters, under the leadership of the late
« John T. Faletic.,  Within 750, the decument has been the resoonsihility of the Soil

Hesources lJevelopmeni and Conservation Serviee of the Land and Water Development ’1"1"1Gn,
and in particular of Mr. AJJ. Smyth who largely contributed 1h0“E sections for which I

wis responsible and edited the draft edition issued in 1074, foknowledgment ia due to
those who sent valuable comments on that draft, which have been utilized by Mr. M., Purnell
and Mr. A, Ashby when ediling the pressnt issue,

In preparing this document the aim has been to present suidance that is as factual
and unambilguous as possible. Other recent FAC publications dealing with erop water
requirements, water gquality, Jrainage testing, salinity and alkalinity and land evaluation,
have obviated the need for much detailsd consideraticon in this document. Nevertheless,
there are sections in which the advice is less clear cut than the anthors would wish and
FAD would welcome comments and sugmestions which may serve to improve future publications
on this aubject.

R. Tmdal
Lirector
Land and Water Neveleopment Division
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1.2

1.2.1

CHAFTER 1
GENERAL CONSIDERATIONS

INTRODUCTICN

Survey investigations to determine the suitability of land for irrigation
are beyond the ability of one individual and require the cooperative effort of a
team of specialists. Thisa Chapter examines the purpose and nature of the soil
gurveycr's contribution to the work of such & team and considers certein aspects
peculiar to soil surveys.

HOLE OF THE S0IL SURVEY IN IRRICATION INVESTICATIONS

The Need for Soil Surveys

knowledga of the soils within a potential irrigation area is essential for
aconomic and technical reasons. The high cost of development of irrigated
agriculture reguires justification by assessment of the risks and benefite, and
the design of the irrigation scheme 1tself i1s dependent on detailed knowledges of
goile lying within the irrigable area.

Storie {1984) listed the fellowing principal uses and reagone for eoil
studies in irrigation investigetione:

i. to ensure seleaction of soils for irrigaticon that are productive;
ii. to aid in the location of canale and other irrigation works;

iii. to determine irrigation needs of specific soil types;

iv. to determine drainage needs of specific scil types;
Va to determine alkali reclamation needs;

Vi, to determine overall land levelling needs;

vii. to determine eroéion control neede;

viii. to help in determining the size of farms;

ix. to aid in appraising land value in crder to allocate the coets of develop-
ment on the basis of ability to pay;

X to aid in determining crops suitable for particular soils;
xi. ag an aid in devising individuzl farm management needs, such as use of
fertilizers, use of soil amendments, subseiling, safe land levelling, type

of irrigation and/or drainage, etc.

Data from Soil surveys are valuable, but usually insufficient alone, for
meeting the foregoing reguirements.

The c¢lassificetion of land suitability for irrigation can be approached inm
one of two ways: :



a. by carrying out & systematic soil survey, the Tindings of which
are interpreted in the light of other physical, sccial and economic

factors;

b. by mapping the interpretative land units directly without preliminary
s01) survey, but having considered all pertinent environmental
factors.

The second approach can save time and money, but is acceptable only when
enough is known of the nature of the plarned development, the crops and management
practices, and of the scil characteristics to permit the selection of soil diagnestie
criteria, The applicability of the data is, however, strictly limited to the
specific purpose and ceonditione in mind.

The first approach, that of conducting a2 systematic soil survey, leads to
the mapping of individual soil bodies which cen be used in the planning of many
different forms of land use and management practices., Basic data of this nature
are of particular value in developing countries where it is not always pessible to
make an early prediction of the most desirable form of land use. They are also of
great service in selecting representative areas for pilet projects from which
guantitative s ronwiile &nd econonic data can be cbtained for purposes of assess—
ment and planning.

Cther advantapes scoruing from 2 separate Boll survey include:

1) the development of a working legend which limites subjective decisions,
ensures unifermity, and can be used again in adjacent arezs;

2) the provision of suitable so0il data for correlating =oil conditions
within the project area with soils elsewhere whose potential is
known §

i) recognition of the menner in which impertant soil properties change
across the survey area in relaticn to other environmentel factors,
including perhaps performance of existing creps, sc permitting the
logical siting of epecial investigations;

4} identificetion of areas of seil likely to present management problems.

FAC therefore strongly recommends that s systematic seil survey to distinguish
and characterize scils in terms of all important surface and subsurface character—-
istics should form part of irrigation investigations.

The Congcepts of 'Seil'_and 'Land’

In order to clarify the contribution of the Boil surveyor in evaluating land
for irrigation, the conceptual differences between soil and land should be under—
stood,

No single definition of soil will satisfy everyone (Simonson 1968; US 30il
Survey Staff 1951, 1260), btut the following is offered so that the soil surveyor
can identify those properties of the environment which it is his duty to distinguish,
characterize, interpret and map.

"A ao0il is a three-dimensicnal body eccupying the uppermost part
of the sarth's crust and having properties differing from the under—
lying rock material as a result of interactions betwsen climate, living
organisms, parent material and rel:ief and wh ¢ is distinguished from
other 'scils' in terms of differences in internal characteristics and/
or in terms of the gradient, slope-complexity, microtopography, etoni-
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ness and rockiness of its surface” {Smyth 1972, adapted =nd develcped
from U.5. Soil Survey Staff, 1960. "30il Classification: 7th
Approximat ion", USDA Hashington].

'Lend' is a broader concept, even more difficult to define
briefly yet precisely. The following definition, &lso drafted
from the surveyor's viewpointi, is offered to clerify discussien:

"A tract of land is defined geographically as & specific area
of ihe earth's surface; 1its characterisiics embrace all reasonably
stavle, or predictably cyclic, atiribuies of the biosphere vertically
above and below this area including those of the stmosphere, the soil
and the underlying zecleogy, the hydrology, the plant and animal
populations and the results of past and present human activity, Lo
the exteéent Luat these al.ributes exert 2 eiguificant influence on
present and future uses of the land by man" (Smyth 1072, adapted from
Ghristian (1963) guoted in Christian and Stewart 1G68).

Soil is of special importance to the land classifier. For mapping purposes
it is among the most steble attributes of land and yet flexible in its response

to man and offering the possibility of improvement, so giving purpose to land

classification (Vink 1?60}. Although the concept of scil embraces meny surfoce
and subsurface characteristics, a soil survey normelly includes study of additional
criteria used to define the concept of land. Interpretation of the data in terms

of potential land use must be related to specific socic—economic conditions:
fore cooperaiion with other specizlists is reguired.

The Goil durveyor's Coniribuiions to a Team Approach

thers—

From the outset, the seil swrveyor musi at all times work closely with

numerous oiher epecialists of whom not 2ll are pernmanent members of the team.
Their advice will be needed as indeed will his.

Geographical distribution of physical constrainis

The surveyor's {irst responsibility is to identify significant
differences within the soil body so as to enable him to deparcate those
areas which for all practical purposes are uniform. In deciding which
differences are significant for ihe purpose of the survey, he may find that
some factors affecting the best choice of soil mapping criteria may be
beyond his Bcope Lo assess and reguire consultation, e.g. water guality,
hydrology, drainage possibilities or scil requirements of chosen crops.

Surface and subsurface differences in the so0ils require to be
identified and mapped as these may often affect differences in land
development costs to be taken into consideration at the la2nd classification
stage. Bvidence of erosion or deposition and knowledge of the freguency
of flooding are additional factors which influence soil potentiel and shall
therefore he recorded on scil maps. In deciding whether a certain surface
characteristic should be mapped and if so what ranges of its expression
should be distinguished at a given intensity of survey, it is impossible
to aveoid an element of interpretation, and in detailed maps the phases
should be those which distinguish lands on which differeni management
practices or even different uses will be required.

General lend form (tepography) as distinct from minor sUrface irre—
gularities (microtepography) is not a soil characteristic although it may
be used in low intensity mapping feor distinguishing areas heving broadly
different kinds of seoil. In the detailed studies, significani changes in
land form sare often s2ssociate) wilh changes in Jrainsge or surfece slope,



ii.

ard these should be indicated by seil or slope phase houndaries on the soil
maps. Land forms require careful study since they exert a controlling
influence on the shape and size of nreas with uniform possibilities for
development,

Changes in vegetation chould be noted but would only be included in
soil maps if they had ¢learly induced changes in the internal character-
astics ¢of the soila. They would be mapped separately if they were of
practical importance in land classification, as they would be in relation to
the cost of clearing. Local variations in climate 1ikely to influence
productivity or management, o.g. alr drainage, would alse need recording
for land classificetion purposes.

inevitably there is some overlapping of activities of the soil
surveyor, drainage enginner, hydrolegist and geoloriet in the matter of
establishing and evalunting distineticons in the drainfge characteristics of
different lands, as an integrated prediction of moisture regimes and move-
ments after irrigalion is required. hile it is not possible to define the
depth below the surface to which the soil curveyor's observations should
extend, the level would certainly be deeper where irripation rather than
rainfed agriculture is foreseen. The throughness of subscil investigations
must not be sacrified to cost and availability of time or drilling equipment,
since failure to detect the presence of impermeable layers or a rising water
table would have very costly consequences.

The main soil vnits shown on the map indicete areas of uniformity
Wwith respect to the diagnostic criteria chosen for the internal character—
istics of the s0il which, in turn reflect important differences in the
underlaying geology and water regime. Phases of these main soil units are

also mapped to diastinguish features of practical importance in using the
s0ils, e.g. surface charascteristics,

Since the size and distribution of lend units corresponds closely to
their physical characteristics, their boundaries usually coincide with
boundaries on the soil mep. Kot all the latter, however, appear on the
land classification map because some soil units with similar productive
cepacities in relation to development cost may be combined. Sometimes at
the land classification stage edditional boundaries may have to be inseried,
e.g. land that is too high to be irrigable or with different clearing costs.

It is important that the data in maps and reports should provide
answers to foreseeable questions relating to the scils and other observed
features of the project arca.

Interpretation of physical constraints

‘the second méin responsibility of the seil surveyor is to interpreti
the sirmificance of ihe constrain.s he has mapped in terms of different
conbinations of irrigaticn methods, kinde of crop and methods of management
which seem to be physically, socially and economically relevant. This
first gualitative interpretation of the survey data enables the most
promising kinds of land use to be identified and which will become the
subject of quantitative land classification leading to invesiment and actual
development.

In this essentially cooperative multidisciplinary task, the services
of the s0il surveyor will be required, for example, in connection with the
variation to be expected within areas mapped of necessity as homogeneous,
and in connection with estimating costs of moving cafe amounts of soil in
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land levelling operations. Similarly when cost and yield estimates ire being
prepared, data may have to be drawn from disiant places, and the soil surveyor
rust assist by ensuring that the environmentis are truly similar,

SPECIAL FUATURES OF 30IL SURVEY FOR IRRICABILITY ASSESSMENT
General

The assessment of soil capability usually invelves prediction of their
properties and behaviour under some fulure system of management. The changes as-
seciated with the intreduction of irrigation are generzlly much greater than those
under rainfed agriculture, and accurate prediction requires & correspendingly wider
and sounder knewledge of the soils and substrata. The eriteria used teo differen—
tiate sell mapping wnit® zand the emphasis placed on each therefore differ in the
two cases.

Changes Associated with the Introducticn of Irrigation

Changes in the cnvironment and in soils are brought about by changes in the
s0il/weter regime, vegetation and by land forming and other management practices
associated with e¢fficient irrigation. Although it is difficult to predict them
even quilitatively, the general trend of the changes should be assessed,

. Land forming

Immediate and profound changes follow land clearing, land condition-
ing, iand levelling and the construction of facilities for irrizaticon,
drainsge and soil conservation, Prior to interpretative land classificaticn,
the soil surveyor in consultation with other specialisis should decide what
operationa are desirable and safe for each soil unit. Predicted hehavicour
and productivity should be based on their expecied subseguent characteristics.

ii. Alteration of physical/chemical processes

Orainage must be provided whenecver there is 2 risk of induced water—
logzing and it may be required with eny irrigation scheme. Coupled with the
periodic addilicn of water, il usually resulis in a substantial net increase
in the volume, rate and freguency of downward woter movement in ihe soil
which is one of the most potent seil forming foctors.

Chanzges in the water regime bring about numercus changzes in the
physical and chemicel characteristics of the soil, the distribution of salts,
the biolegical population and the ease of water movement in the soil (Faletic
1567).  Their effect upon plant growth may be favourable or zdverse, depend-
ing on the quantity and quality of the irrigation water, efficiency of the
drainage system and the balance betwcen water entering the soil from all
sources and that leaving by evapotranspiration and drainage. Salinity is
closely related to quantity of irrigation water, efficiency of drainage and
height of water table, and the seil surveyor and his colleasues must seek to
predict the selt balance or salt distribution under irrigationm.

With the introduction ef irrigetion the =soil assumes the status of a
parent naterial subjected to new, more active soil ferming processes which,
in time, will produce a very different soil., The potential impact of these
chanzes on crop productivity must be recognized,



iii. Alteration of microclimate

Dry scils become cooler with irrvigation and wet soils become warner
with drainage, while the moist atmosphere surrounding an irrigoated crop
serves as a protection from extremes of temperature.

iv. Alteration of biological processes

Increased plant growth resuliing from the introduction of irrigation,
and usually new inputs and improved technigues, leads to an increased supply
of residues, particularly reots, to the secil. The very rapid increase in
the biglogical and microbioleogical organisms and concurrent breakdown and
incorporation of organic matter have a marked effect on topacil estructure
and soil fertility.

1.3.3 Epecial Investipations Reguired for Irrigition Planning

i. Characteristics of the soil surface
Characteristics of the soil surface which reguire special study

include general land form, slope, microtopography, 2ir drainage, fleoding,
evidence of erosion/deposition and surface rockiness or stoninesa., Their
expression has an important Learing on the feasibkility of irrigation, the
nature and size of problems associated with bringing and distributing water,
methods of irrigation and desipn of irrigation worka, Assesament of the
hazards of erocsion after irrigation has been introduced, and necessary safe—
guarda, iz also regquired,

ii Cheracteristics of the solum [ihe s0il proper)

In contraast to surveys of rainfed areas, the capacity of the soil to
accept, transmit or retain relatively large amounts of water in 2 relatively
snort time should be measured for each sell mapping unit of sigmificant area,
The surface infiltretion rates and the ease of water movement through un—
saturated and through saturated soil layers [hydraulic cenductivity} nead
to be measured gquantitatively. Such measurements should be replicated in
the field using water of the same gquality as will be available for irrigation
to ensure that they are representative. Laberatory determinations serve to
confirm the field data and are valuable in predicting the effect of changing
conditions on soil preoperties.

The amount, kind and distributicn of clay minernls are specizlly
important in relation to water movement, retention and availability of plants,
and hence the required freguency and volume of irrigations. In addition to
laboratory determinatione of soil meisture content and meisture release at
different tension wvalues, field tests are required to determine the amount
of water held 48-72 hours after a thorough wetting. Studies of cracking
and structural changes wnder differing moisture conditions may reveal a
need for special management practice. to reduce surface sealing or a need
for pre-wetting (pre—irrigation) of deeply eracking elays. The nature of
the clay-sized particles may also have an important bearing on the gquality
of the irrigation water that can be safely used. Jpecial attention should
be given to the nature and distribution of scluble salts and to the content
of adsorbed scdium in addition to the normal investigations on the exchange
complex.



iii. Characteristics of the soil and substrata

The escape of excess water and cthe pessibility of lacking soluble
galis are dependent on the permeability of layers below the seil., For
sound evaluation of the drainage characteristics, investipations are
recommended to & minimum depth of 3 m and cccasionally more. #Within these
depths, impermeable and alowly permeable layers or tranaitions between
layers of contrasting grain size which will impede vertical water movement
must be identified. Salinity of these layers must be investigated because
of the risk of water rising through capillarity or a rising groundwater
table, and aleo to provide a basis for predicting the influence of drainape
flows on downstream water gquality.

iv. Characteristics for paddy rice

If it is proposed that the use of the land to be irrigated is for
rice, the sapecial requirements of thie crop must be considered. Chief
among the physical requirements is the capacity to gziniain water on Lthe
surface, The infiltration rate and permeability must be determined and,
where rice is already prown, the extent to which puddling and the develeop—
ment of a subsurface impermenble layer, not only helps to maintain surface
water but alz2e, in some cases, provides a firm base permitting tillage and
weeding. Degtruction of such impermeable layers by levelling and construct-—
ion of bunds can be harmful, though in some cases it is desirable to break
them up in order to deepen the surface rooting layers. The chenistry of
paddy soils is also different from that of well drained crops. The pH
commenly varies seasonally, solubility of some elementis is affected Some—
times giving rise to toxicities and imbalances, and changes develop in
texture, structure and opineral nutrient status (see section 2.3.4 iv).

The literature on paddy scils should be consulted for details (e.g. Brinkman
1977; Matsuo et al. 1976). If dryland crops are to be grown in rotation
with the rice, the likely rise and fall of the water table, the water hold-
ing capacity and the drying period of the soil are particularly important.

1.3.4 Shertcomings to Avoid in Seil Surveys

The most usual causee of failure to provide the information needed for land
classification for irrigation can be summarized from the preceding sections as
follows:

- an unwise decision on the required intensity of the survey and/for an
unsuitable selection of differentiating criteria for soil mepping
units, so making adequate interpretation impossible;

- inadequate recognition of the changes that will result from irrigation
or drainage;

- inadegquate attention to specific soil characteristics, particularly
those associated with soil/moisture relationships or related to
differences in potential c¢ost of land development;

- sampling to inadequate depths;

- feilure to esteblish the required parameters of the survey in con—
sultation with other specialists;

~ failure to interpret the soil survey findings in terms casily under-
8tood by other specialists.
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They emphasize the need for the careful orgsnization of ihe survey and its integra-
tion with the work of oiher members of the devélopment team.

FLANNING AND ORGANIZING SURVEYS

Planning the General Approsch

surveys of high intensity as reguired for final development plamning are
costly in time and money and should be resiricted to areas of proven high potential.
As much of the cost may be incurred in the assembly of staff and equipment at the
zite, it may be desirable to anticipeie a later extension of the irrigsiion project
arcs, i elevablica and ether criteria so permit, by leking inte the survey addition—
al neighveuring lamd.

Jetailed study should be given to aress with specific development possi-
wilities identified by preliminary surveys which mey be undertzken in two or more
stages. The first, reconnaissance survey, at a scale smeller than 1:100 000
identilies areas showing development promise which in the seceond, medium intensity,
detziled reconnaissance, pre-investment survey, 2re mapped at scales of 1;50 Q00
to 10100 GO0 so identifying specific areas with development possibilities. Tor
investment feasibility studies of large projects {over 10 000 ha) medium to high
intensity survers ([1:25 000 or 1:20 000) mey be sconomic, while actual irrigation
develepment usuzlly requires high to very high intensity (map scales from 1:20 000
to 1:5 COO). Tor smaller areags itime and money can be saved by proceeding dirsct-
ly from medium to high intensity.

The inter-depsendence of the soil surveyor and cther specialists of the team
requires that the survey should start early, but with provision Tor the appoint—
ment of consultants fto assist the surveyor as the need arises pending the arrival
of other team members. He should remain with the team at least until the physical
and economic basis of land classification has been firmly established and all
mZ jor relevant problems have been solved.

The team leader must be a strong and competent administrator, and an able
scientist in his owm field with & sound lnowledge of the other disciplines invelved,

in integrated survey raises the problem of oblaining agreement on the find-
ings snd especizlly on the emphasis of recommendations. These difficulties can
be reduced by frequent team meetings for report and discussion before final con-
clusions are drawn.

The staged approach in which soil c¢lassification is developed by successive
approximations in surveys of increasing intensity makes progressively greater
demands for specialists covering a wider range of disciplines. The speed and
timing of the work of each is dependent on that of his colleagues and, preferably,
they should werk at their most efficient pace as individuals, or in small proups
in ¢losely related fields,

dtmges Leading to Lend Classification

Hequired scil survey procedures are described in some detail in Chapter
Six. Here, enly =& summory is given of the main lines of work invelwved at each
stage of a systematically ecrganized soil survey.

i Advance plamming

The overall aims of proposed irrigation investigations involving
soil survey must be defined in advance as precisely as pessible. The
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nature of these aims will decide the probably minimum ares of plenning
inlerest (see discussion of survey intensity in Chapter Six, Section 5_2}
and thus the required scale of s0il and land classification maps. A
decision on mapping scale, viewed in the light of experience in comparable
surveys and the available knowledge of =01l and geological conditions,
provides the only basis for estimating soil survey requirements in terms of
staff, time and budget. In making these estimates it must be recognized
that the intensity of survey needed te produce accurate maps of the reguired
soale can only be determined on the basis of actual experience on the
project site,

As far as possible, necessary administrative and technical support
must be arranged and transport and basic eguipment, including base mops and
serial photography, provided in advance of the arrival of the soil survey
team.

Freliminary investigstions

Through a study of existing literature, preliminary air photo inter—
pretation and a rapid field reconmnaissance of the entire survey ares, the
soil zurveyors should:

— evaluate the proposed developmeni scheme and consider whether
ather developmen! peossibilities exist for which interpreted
s0il data could be provided conveniently;

— identify the seoil and environmental criteriz which will determine
seil capability for each differing development posaibility and
which will be used, therefore, as & basis for distinguishing
soil mapping units (see also Seation 6.5);

- determine the distribution of these diagnostic criteria and
the extent toc which is reflected in =zir photo patterns, there—
by obtaining a prelininary assesement of the density and
nature of 50il cbservations and sampling likely to be reguired,

Decisicons reasched al this stage must be flexible, permitting chenge
in the light of more detailed studies .

Preperation of the scil survey work plan

On the basis of ihe preliminary investigations a soil asurvey work
plan is drawn up, defining:

— the required intensity of survey; inecluding the nature of
s0il mapping vnits and the nature and density of field observa—
tions, field tests, and sampling for laberatory determinaticon;

= timing of all phases of survey, including air photo interpretation,
field work, cartography and reporting;

— preliminary annotated soil mapping legend (based on landform, geolo—
gy and the diagnostic criteria identified in preliminary field
investigations);

=~ preliminary outline of final soil survey and land classification re—
port (to underline the range and nature of the information which
must be gathered during the course of the survey);

= list of ecuipment recuired for all stages of work.
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Survey operations

Systematic survey of the character and distribution of the soils,
which involves:

— detailed air photo interpretation and systematic field checking of
the nature and homogeneity of the so0il units identified;

- continual refinement of the scil mapping legend; establishing,
through seil correlation, the range of diagnostic criteria permitted
in each mapped unit;

- initiation of specialized field investigations (deep boring, infil-
tration tesie etc.) on identified wnits;

- 80il sampling for laboratory analysis and physical characterization.

The cellection of information en land use, crop yields and other
socic—economic factors required for interpreting the potential of grouped
so0il and land mapping units must commence as early in +he survey as possible.
4z scon as sufficient data are available, the grouping of seil units for
interpretative purposes should be attempted on a trizl basis to ensure that
the intensity of survey and laboratory investigation is sufficient, and not
excessive, for plannsd interpretation purposes.

201l survey interpretation

When the map of basic soil units is complete, it is necessary to provide
interpretation in language understandatle tc people who are not soil
scientists but who need information on soil conditions and the significance
of the diverse characteristics for irrigated agriculture, engineering or
other purposes. The scil unite may be grouped for interpretative purposes
in various ways related to the requirements of different land uses (e.p.
specific crops requirements under variocus kinds of management), provided
that the criteria selected for separating the basic soil units distinguish
between these reguirements. Such groupings may also be used for land
classification, but the z0il surveyor should not merely classify the land
without providing explenations of the reasons why certain scil character—
istics are interpreted as influencing seil suitability for specific uses.

Land classificetion

Cnce physically feasible lines of development and management practices
have been identified by soil survey interpretation, land classificatiom
relating to specific development possibilities can be undertaken. With
respect to land classification for irrigation suitability the work will
entail (see USBR (1953) Vol. V chapter 2.2):

= & study of land resources and experiences in a fully developed area
having physical and climétic conditionse similar to the area wnder
investigation;

- analysis of the probable influence of specific physical factors on
the economics of production and costs of land development in the
area under investigation;

- development of an appropriate set of land classification specifica-
ticne which clearly set forth the criteria which will be used for



1!4..“:

grouping or subdividing soil mappins uwnits in accordance with economic
concepts invelving scil productivity, coesis of production, land
development costs, and allowable internzal drainage characteristics:

- field studies leading {0 interpretation of the soil mapping units in
accordance with land c¢lase apecificaticna and the insertion of
additional boundaries a8 needed to preduce an arable clagsification
of the land. {The term 'arable' is used in the commotation of
suitable for irrigation developmenl rather than suitable for farming
alone. See alse USBR (1951}, Vel. 5, Chapter 2.1):

- review of the arable land classification in terms of water service,
drainage, water supplies and associated economic constraints toe
produce land classification for irrigation in terms of the project
plan of development.

vii. ReEcrtigg

fizmembly of a final report must clearly awailt completion of the land
claseification and mutual agreement between specialists on the nature ang
emphasis of recommendations. Verbal and interim reporis with supporting
maps may be required, however, at warious atages in the study and the infor-
mation needed for 2 final report must be actively considered at the outset,
and during all stages of the work. Otherwise, when the survey is completed
preparation of a final report may be delayed and grps in mowledge which
can no longer be filled may be recomnized for the first time,

Hetwerk Analysiz in Plamming Surveys

The aim of network analyeis is to ensure thoughtful planning and completion
of" all necessary work at the appropriate time, It begins with identification of
the major obhjectives and estimation of the time to complete each, and in its finzl
form includes all supporting zctivities, It sets out work programmes brieflly and
logically to ihe mutual benefit of team members. An allowance of slack time must
be made for unforeseen prcblems that commenly arise in connectien with seil and
drainage investigations. The estimated completion dates for each phase of the
work show whether staffing is adequate thiroughout to meet the completion date for
the whole project.

The most basic form of network analysis is 2 single line entry showing each
major phase of the work and its estimated completion date, Fost work programmes
include supporting activities to be performed concurrently and whose completicn i=s
necessary before work can begin on the next major phase,  Thus, field survey
agtivities can only start after completion of the pre-survey work phase which in
turn reguires execution of supporiing activities such as supply of wvehicles, maps,
apades ete. Figure 1 b illustrates certain pre-survey supporting activities which,
being performed concurrently, are shown as parallel lines in the network analysis.
The earliest date on which a new activity can commence is determined by the time
taken to complete the slowest activity on which the new activity depends. The
longeat path through the network determines the esarliest possible completion date
for the whole programme, Firure 1 a gives an example of 2 network analysis
prepared by the USER for an irrigation investigation in Korea (1o in tho Figure
denotes land classification).
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2.2.2

CHAPTER 2

S0IL CHARACT=RISTICS

THTRCDUCTION

This chapter discusses in grester detail the soil characteristics summarized
in section 1.2.2 and emphaeizes theose of importance to irrigated agriculture,
altheugh 1% is also essential to record those, such as nutrient status, surface
t1ilth, etc., which are more significant to spricultural uses that do not invelve
such drasiic modificaticn of the soils. Full deocumentation of all the soil
characteristics is necessary WBecsuse 1t 15 uselful to other .isciplines concerned
with plamning, and may be necded {o consider sliermative development possikbilities
if irrigaticn is shown to be unfeasibls. The record of pre-irrigation condiiions
is also wsalul for determining changes resulting from water application and predicie
ing whether they will ke favourable or wunfaveourshble,

FHYSICAL CHARACTERIZTICS

wifective Seoil Depth

The depth of so0il that can be effectively expleited by plant rcots is an
important criterien in selegiing land for irrigation, Hoot penstration, however,
is often inhibited by mechanical factors [hard or impenetrable horizens), chemical
facters (zones of high lime or gypsum conient] or poor drainage.

while a depth of 150 cm is ideal in a well drained friable scil, experience
has shown that meny irrigated annual and perennial erops produce excellent yields
with 2 well drained effective root zone depth of %0 cm. when close attention is
given tec irrigation and crop management, most crops pgive good to excellent yields
with effective scil depths of only 45 cm, while well managed grass and rice yisld
well with seil depths of 30 cm.

f s0il depth of 90 cm is often chosen as the minimum for Class 1 (highest
level) production under average menagement. Lesser depths are commonly assigned
& lower rating because of a smaller range of suitable crops or lower net income.
Seil depth must 2lsc be assessed relative te waterholding cepacity; when both are
low and infiliratien is nigh, sprinkler irrigation may be the best methed of water
application.

Organic Matter Content

Orgenic matter in a soil affords a clue to soil genesis and therefore helps
to distinguish escils that may behave differently, but is rarely useful in predici-
ing yields of irrigated crops. It i very seldom a proper criterion for grouping
goile in categories of varying suitability for irrigation.

In areas where irrigation i3 contemplated, the organic matter content is
likely to be low and confined to a shallow surfece horizon which will be much
disturbed by land grading opersiions. The introduction of irrigation and asscciated
new crop mBanagement methods preatly affects the egquilibrium level of topseil organic
matter.

4 high organic matter content mey be of indirect importance in evaluating
the nature and influence of other scil characteristics, e.g. texture, waterholding
capacity, cetion exchange capacity end clay mineralogy.



3oils with very high organic matter content (peat soils, Histosols) present
great problems for irrigation because of their instebility, and require special
management technigues, such as sub—irrigation.

30il Stiructure and Porosity

3oil structure refers to the nature and degree of agzrepation of soil
serticles and poresity refers to the nature and ameunt of voids between anl witihin
'ﬁeﬂn perticles. t osoundance ¢f iorge air filled pores is associnted with stable

_orsgetes and 2 productive soil,

Under nonirrigated conditions a well aerated soil is readily identified
vizually by texture, structure, colour, poresity and root behaviour. The addition
of water could, however, induce adverse chemical or physical conditions and so
affect aeration. Thus, a dense horizon at 60 cm posing no problem under light
rainfall might result ln a perched water table under irrigstion, so reducing aeration.
Careful judgement of these profile characteristics is reguired as there are no
absolute definitive eriteria. Other guides to aeration are given by measurements
of bulk density and pore space and of infiliration and permeability rates (see
sections 2.5.1 and 2.5.2).

i. Bulk density
* Bulk density (or volume weight) is defined as the dry weight of & unit
volume of soil and is usually expressed in gfémj. Because bulk densities
may vary with moisture content, the volume of the sample is preferably
measured at about field capaecity, but for swelling clays it should be deter—
mined at several moisture contents. Bulk densities of highly productive
s0ils usually range from 1.0-1.5 (medium to fine texture) and 1.1-1.£5 {coarse
texture)., Excessive bulk densities inhibit root penetration and prolifer—
ation (Zimmerman and Kardes 1961) and may impede drainage. Infiltrstion and
permeability rates are usually low in medium or fine textured soils with
bulk densities exceeding 1.65,

Since bulk densities are generally favourable, they are seldom used
a6 2 criterion for irrigation suitability, but high densities at any depth
in the z¢lum may justify a lower suitability rating.

ii. Pore space distribution

Pore space and bulk density are closely and inversely related. Soils
with low porosity generally contain little air space at field capacity - a
feature claimed by some to be an important criterion for evaluating product-
ivity (Vomocil 1957). Vomocil cited optimum values of 8% for sugarbeet,
127 for potatoes, (-10% for Sudan grass and 10-157 for wheat and oats.

Assuming an absolute density of 2.61 for soil without pore space, total
porosities associated with bulk densities of 1.1-1.6 would be from 58-30%.
In well drained soil the pores are filled with air or water. At field
capacity the pores filled with air are considered to be noncapillary and those
filled with water are capillary pores. The former can be estimated from a
comparison of molsture content at field capacity with total porosity calculat-
ed from bulk density.

The distribution of wvisible porea can be indicated from field examin—
ation, Non capillary poroaities should be high in the upper 10 cm and
ideally 50% of total porosity (Baver et al, 1972). This value is frequently
atteined in the plough zone but not at greater depths. In highly productive
medium to fine textured sepils it is usually 1G~39%p but in very slowly perme—
able subsoils it can be as low as 2%.



Porosity end bulk density dotas should be considered jeintly in
relation 1¢ irrigatien suilability.

iii. soil tilth

Joil tilth is a product of crgomic metter ontent, texture, consistencs,
ete, which, wnder good menagsnent, combine o form & surface or near surface
raysical condition of the soil favourehle to plant srowth, Being depsndent
on mEnagensnt, 1t 18 not A sueitizbhle criteriom for = :eszing soil, bul may be
regarded as an indicator of general physical and chimical properties, Faoor
tilth may be indicative of sodicity.

Particle Zize Distribution [Texture)

Texture 18 cne of the most basic soil characteristics for conziders*ien in
scil appraisal. It influencea such complex soil gqualitics =a infiliration, mois—
ture ard nutrient retention, drainege, tilth and susceptibilily to crosion. Tig

effect on these qualities may be modified vy soil structure, nature of ke olay
minerals, and organic matter and lime contento.

Lecause of the necd to relate the textural classification to soil rhy=ical
properties, including soil-woter relstiomships, the method used fap pariicle gize
distribution analysis is importans. Ewperience in the 1,3, Bureau of Reclomation
nasz shown that organic matter and lime should not be repoved prigr to anelysis:
the texture as modifisd by these substances is the heitser criterion aof irrigebility.

Soils of all textural classes, except porhops cosrse sand, are irrigable by
an appropriate methed when there is an economic incentive and no iopedance to rogt
growth. Those at the oxiremes of the textural ranre require rfood management and
perhaps additiona® inputs, The extremss of texture acceptable within a spacific
preject require conziderable judgement backed by the performance of similer soils
{local ar elsewhere ) under comparahbls conditions, taking inte account climate,
water quality, method of irrigation, cropping pottern and ercsion haozard.,

salisfactory textural dizmeostic eriteria for the seperate suitability
classes of an irrigability classification are difficult 4o eEtablish, bearing in
mind the economic significance implied, and only ar enpirical approsch iz likely
te yield reliasble guidelines, which should be tested by field trials in esch now
ared.

GICAL CHARACTERISTICS

Soil Heaction (pH)

The degree of acidity or alkalinity of o soil is usually expressed as a pl
value which is defined as the negotive logarithm of the hydrogen iom activity.
This Zefinition can be represcented by the equet ion:

In whic! a_+ 1s the activity or effec’ive concentrotion of hydroson ions iﬁﬁ} in
the s0il sUspension., Since single-ion sotivity coefficisnts cornet be messured
(Black 1968, Peech 1955), the practical measure of soil reaciion refers to a seale
of pH corresponding to standard buffer soluiions,

In the laboratery, the electromeiric method is most commonly used to measure
the potential of = glass slectrode against 2 calomel reference cell. In the field
colorimeiric methods using dyes whose colour changes in responee to hrdrogen icn



activity are convenlent and reasonably aceurate. Black (1268}, Jackson (1058%,
Feech {1965) and White {1969) have presented information on so0il pH measurements
useful in se0il analysis.

“he best method of measuring soil pH, especially the choice of suspension
medium and the so0il:liguid retio, is controversizl. The significance of & liguid
Juncticn potential has been 2 sowrce of disagreement (Jenny =t al, 1250, Coleman
et al. 1251, Peech and HeDevit 1951, Peech et 3l. 15953, Farshall 1953, 19640, Ta
avold large errors se introduced, the pH can be measured in 11 HC1  (Clark 19660 ar
Z.0100 CaCLl, (Coleman =md Thomas 1367), in addition to in water. The significance
of a pH velue may therefore differ according to the methed of determination, but
comparison of values obinined by different methods may ryield additional interyre—
tative guidance, “xamples of such comparisons follow,

The pH of so0il measured in 13 K01 is generally lower than values obtoined
in witer of the same soil-solution retio. dxceptions are certain hiphly weather-
2d s0ils with 2 mineraleopy dominated by oxide clays (Acrox suborder of the 1.3, Seil
Toxonomy ) and certain extremely saline soils. In suspension, the highly westhered
oxide eleys have a positive electrical charge or are electrically neutral and their
pil in 151 KC1 is higher or equal to their pH in water (U.3, 3Seoil Survey Staff 108a).
In the case of exiremely saline seils, the pH in water may net differ from that in
170 KCl, irrespective of the type of clay mineralosy. Jalts in 2 solution of neutral
or alkaline scil tend to decrease pH. Jalte nlso influence pH measurements made
2t varying seil-water raiio suspensiconz,  The seil-water retio affects the
2olubility of salts and their concentrstion which in turn affects the equilibrium
bBetween oatilons in solution and those on the exchange complex, Zalt—-affacted
soil charactieristics that influence the results of pH measurements include: iho
composiltion of the exchangesble cations, the nature of the catiar-exchanse moterials,
the composition and concentraticn of soluble szlts, and the presence or mbsence of
crpsum and alkaline—earth carbonates {Richards et 2l. 195410, Whitney cnd Gardaer
11943} fowni that the p¥ o valeareous soils is o tunction of tie corbon dioxide
pressure and that the pH chonge resulding from &n incrense in the sgil-uoter rotie
wos largely due to the dilution of carben disxide previcusly abscrbed by the zoil.

Ihe inereasse in soil pd as the moisture iz increased from neap safuration to
2 1:5 or 1:10 dilution, or the dilution pH as compared to the salt concentration of
the saturation extract and other scil—water retio extracts, is useful in classifying
seltealfected soils asecciated with caleareous and sodic conditions of some aprid
Arens., This tendency of certoin salt-affected scils to sxhibit chznges in pH unon
modifying the soil-water retioc is sometimes used 2s o fpuide in the indireect charccter—
igation for exchanreable sodium versus residual mpesun status. S0il exhibiting
Lhigh values of pH in watér (1:5) especially in the rance above 9.3 are usually low
in gypsum content. They may or may not contain appreciskle amounts of exchangeable
sodium, Tzetors which affect the relationship between pH measured in water
suspensicns at various ratios and the exchangeable sodium level include the particle
size distribution, the presence of magnesium carbenate, the concontrotion and core
pesitien of soluble salts, and the content of sypsum. Juch relationships should
not be applied in soil evaluation until their reliability has been established for
local conditions,

In recent years, many investigations have been conducted on the measurement
of s0il pH in dilute selutions of Call.. These meapurements especially in 0,017
CaCl. have been shown by Schofield (19%5} to offer soveral advantages from both
theoretical and practical strndpoints, Of importance is that soil pH in 0,011
LaCl, is independent of the soil solutien ratiec, in contrast to in 1M 01 {Poech
1?65%, and the errors resulting from the junction potential are essentially
eliminated. Black (1968) states that this method appears "o be the best now
available for measuring soil pl on & practicsl basis if the chjective is to obtain
an estimate of the pH of the soil solution where the water content of the soil
corresponds to field conditions.!



Am e opaneral guide tho Tellowing stole:mts can be modo:

i. through much of the seil pH ronge velues of 0.011 CaCl, are about C.5 pd
units lower then in a 1:2 soil-water suspension; =

ii. values of soil pll in CLO01M Call, less thon 4.8 indicete neutral sali ou—

change activity; (this is thet“portion of the soil acidity that can be
extracted with a neuwiral, uwnbuffered szlt suech ag 1,00 &1, In wany aoils,
the neutral szlt exchange acidity is comprised almost entircly of monometric
Al ieons. Several workers report finding substontizl amounts of sxchangenhle
bydrogen in neutral salt extracts, however, and some have reported neutrel
sali exchange acidity due to irorm and menganese.  In releting a pll of 4.5
to the presence of neutral salt exchange acidity mention of the gquantity of
exchenge acidity invelwved is deliberately avoided. TFor the same value of
coil pH below 4.8, exchange acidily may range from less than 1 Mqu1QG g of
more than 14 meqf1ﬂﬁ #. This fact emphasizes the nesd for further testine
ef selected somples to measure the gquantity of exchange acidity and of

exchangeable aluminiwn);

BT chlearaous non-s5odic coils hewe pH oin 0,010 Call, of chout 7.5 uhile sodig
soils are usunlly sbove 7.5 (this relationship dSes not hold for the pH in
water, which is strongly influenced by the salt comtent);

iv. pH values of water saturated scil paste above 7.5 uwsually indicate the
presence of alkaline—earth carbonates, but o non—calezreous non-sodic seil

may have a pH =23 high as T.4;

V. soils with pl value less than 7.5 almoat alweys conisin no slkaline—earth
carbonates and those lesa than 7.0 contain significant amounts of frohan Te—
2ble Iyrdrozen or aluminium;

Vi pH {paste) values above 8.5 commonly indieste an exchangesble sodiuwn per—
centage above 15; with values below 8.5 the exchangeable sodiwum percentaze
may or may not excoeed 15;

vii. an inecresse of 1.0 or more in pH between the paste and 1:5 soil-weter
suspenslon may indicate significant gquantities of scluble or exchangeable
sedium but should be verified for local conditions;

viii. the relationship betwsen pH and exchangsable sodium percentage depends on
the salinity. Tor fine—texiured soila approximate estimates of I5F cen We
conveniently made by correlating pH and eleotrical conductivity (L0} with
the E3F for lecal conditions (Dieleman et al. 1943%; Nachtergaele 1976,

It must be noted that soil pH measurements performed in the lzborotory are
net necessarily relevant to the evaluation of soile for rice production since soil
pll is likely io change under fleoded conditions inm response teo reduction processes,
According o Pommamperums. (1904), the changes in pH are determined by (2) the
initial pll of the seil, (b) the nature and control of oxidized soil components,
and (c) the kind and content of orprnic matler. suils with b lowesd pil before
fleoding wsually have the greatest increase in pH after flocding for prolonged
pericds of time, since the pll increases to near neutrality,

In summary, it may be =aid that seil pH measurements chiefly serve the
purpeses of irrigation suitability surveys by providing a general indieation of
soil reaction; i.e., whether scil acidity, =oil alkelinity or soil sodivity, might
prevail, In certain cases where empirical relatieonships can be established, soil
pH measurements arc used to appraise correctable soil deficiencies relating to
economic correlation, such ae feeds for scil amendments {lime for acid seils and



iii.

#ble hydrogen or aluminium ions rather then by nutirient bases. Such soils
tend to be wnproductive, IT the exchenge complex ihecludes no wichangeakle
fSydrogen or zluminium, the seil is sadid to be 'base saturated'.,  Fi-hly
nroductive scils arc usually ~l least 5070 bese salurcicd with - rrepondorrnes
ol enleium.

The exchonge complex; through equilibvrium with the soil solution, is
generally regerded as the wain source of nuirients for the support of nlrmt
crowth snd essential microbiclepicsl proccsses in tho zeil, A balrnee
between different nutrient beses in the exchanpe complex is no less importont
than the lovel of individesl nutrients but present kmowledme nermits vary
few goneral steotements to be mode remording desirelble levels or rotics of
plant nuirienits ir the cxchanre complex, f3 most irrizetion suitsbility
surveys foreses tho introduciicn of recular additions of reguired mincrol
Tertilisers, conly cxtremes of cotion imbolonce are likelr to be immoriond
criterir. In wery acid soils, for excempleo, the levels of cxchonseshlc
ecoleium end aluminium mey Lo simificant, Terrly 2ll crons receirs -
minirur level of exchonenble esxledum and nre injuredl by on oxoess of ou—
cnongenkble oluminiwn.  If other frctors are favewrchle, ~ level of 7 meq/
100 ¢ oef sell of exchirngochle coleoiwn is Ssoerolly sulTicient to ewaurs crof
nrocuction, fr ti2 other hend, seils wili more tirn 2 meg/100¢ - of scil of
vi.ehonzeshlo zluminium are enepcll: loxic. Jrecoings of lime o gorrecs
colelun deficiency or sluminium Loxicity should be recommenled uit™ erubiom
on mevercly lecclhsd solls (Dillar 1055°, Thelir cost is o fogtor in ovalue
otingg suitelility for irri-wntion.

Getion imbalence may alse howve dedrimental coffecois on s0il structurs
chid thus upen inTiltrolion capecity, permecbilits, seil $ilih and cuscepti-
bility to grosion. Zxcessively hizh emownts of exchongesble zodium or of
sodium plus mognesium, are so importent in irrigation suitcbility cosessment
vhat the "exehengesble sodium percoentase" is discusserd separctely in the
Su=saction which follows.

“xehencerble sodium percentage [ 5P

The exchenzeabls sodium percentaze is the degree of saturction of
lie seil exelhange complex with sedium and mey be enlewlated by the formulo:

zop _ xchengeable sodiwn (meq/100 - seil) x 107
=" = Talion exchaonge cepecity (meg/100 ¢ soil)

<ither Z57 or the milliequivalents of axchanzesble sodiuvm ore usvallsr
geod indicetors of the siructurnl stability of o soil and of the phrsical
responze that mey be anticipated when woter is applied. Tost so0ils cobe
teining expanding type cloy minerals exkibit unfavouroble phyeical proper-—
ties 2t levels of L3P greater than 157 or of exchongecbhle sodium ;reater
than © meq/100 ¢ of soil. In pemeral, physical properties become increasing—
Iy wnfavourable with incressing levels of exchansoshle sodium but, ot o
given level of 5P, physieal propertics ore usunlly poorer in soils with
mrxpanding 2:1 clay minerals than in soils with elay minerale of the non-
swelling or mixed types.

Laboratory studies com be used to determine critical limits for the
influenee of exchangesble sodium on the physieal charscter of individual
sgils.

In addition to the possible deleterious effects that high ISP levels
mey have on the physical proverties of 2 soil, some crops have o low
telerance for exchangeable sodium.  Bower (1959) has developed the data
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Cetion imbalance may nlso Gove detripental offeots an 2eil
th snd cuscepli-

tnd thus wporn infiltretion caprcity, permecbiliiy, neil tilt
wilily teo erosion. CHeessivoly hish emounts of oxcheon ium ar of
sedium plus megnesium, 2re So importont in irrirstion LEReoEment
st tne Mexchangesble sodium percentage” is discussed scporotsly in the
cub—zeotion which follows.

“xchimecoble sodivm perconiags

The exchengeable sodiwn percentaze is bhe desree of saturction of
Ci (=]
she soll exchange ecomplex with sodium nnd mey be snleulated by the formals:
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wap . sxchensenkle sodiwm (meq/100 o seill x 107
Gotion exchenge capecity (meq/100 ¢ sail)

Sither J5F or the milliegquivelents aof cxchan-eshlco zodium cre uzually
goos lndicoters of the struectural otability of o soil and of the phrsical
responze thal moy be anticipaied when wator is npplied, est zseils cone-
toining expanding type cloy minersls exhibii unfevourchle phygical Proner—
ties ot levels of ILP greater then 157 or of exchonposhle sedium reator
then © meg/100 7 of soil. In general, physical propertics become incressing—
1y wnfavourable with increasing levels of exchanpoeble sodiunm but, -t o
given level of IZP, physical properties ore usually poorer in soils with
sxpanding 2:1 elay minerals thon in soils with elay minernls of thc non—
swelling or mixed types.

aboratory sludies coan be used to determing crilical limits for the
influence of exchangesble sedium on the physical character of individual
soils,

In addition to the possible deleterious elfescts thot hizh 3P levels
may have on the physical properties of & soil, some crops have n low
tolerznee for exchanpoable soadium, Hower '1ﬁ39} hins developed the data



cshovn in Toble 1 to reflect these differences and Lunt (19632) hes prepered
the summery literature on crop reduction due te 5T shown in Toble 2.

Table 1

TOLIRANCGE OF VARIOUS CROPS TO ESP

Telerance to D37
and ronge at which
affected

Orowth resnonsos
under field comditions

wxbrenely sensitive
(5P = 2 - 10)

wonsitive

iﬁ:r = 10 = Eﬂ}

e derntaly solorond
i Lt # -
(11 = 20 — 4¢)
Tolerend
(-39 = 40 - 60)

Ilost tolerant

SY more than G0)

(

Deciduous fruit
Ihits, avoends,

CoGIMVD

e

ot

Clovor, oris,
Teseue, rice, Jrllis
STTES

a4
N
| ped

Whert, cotton, olfalfa,
barley, tomcfoos,
beats

Crested aad fairway
whestmraas, tall
wheatprass, rhodes

A an
oSTaEs

Godium toxicity somptoms
even at low ESP values

Hamted sroth ot lov
ST wrluen oven though
the plosicsl condtition
of tle =26il mey be cowd

Jtuntar, -rowtk due to
hoth nmuiritions)

Treotors and advorse
5011 conditions

Stunted srowth usunlly
due te cdverse physical
conditions of zoil

stunted rrewth ususlly
due to ndverse physiesl
conditiong of secil

Teble 2

DIPLUENCE O ISP O CROF RCDUCTION

50" Crop reduction at

Z3F of 15 or lesas

5¢% Crop reduction
at ISP of 15-25

5¢7% Crop reduction
ot ESP 35

(Sensitive)

Avocado
Green beans
Corn

Tall fescue
Feach

Sweat orange

{Intermediate)

Dwarf kidney bean
Red clover
Cotton

Lemon

Lettuce

Dats

{Tolerant)

Alfalfa
Barley

Beets
Carrots=
Dellis grass
(nion

It ie emphasiged that the relationships shown in Tables 1 and 2

should only be used for general pguidance,
crops may respond differently to ESP.

Inder local conditione individual
On certain strongly cracking clays

(Vertisols) in the Sudan, for example, Hobinson (1971) found that a range
of &Z5F between 6 and 25 was optimum for cotton and that satisfactory yields
of long staple cotton were obtained on seils with an ESP of 15 er more in

the upper &0 cm.

This is because the water-holding capacity increases with



ESF and the effect on permeability, though measureble, ia of little
importance @inees the hydraulic conductivity is in any case very low as a
result of the pressure of the overburiden on the plastic wet =01l (Lbedine
et al. 196G).

In develeoping interpretatione of irrigstion asuitability it is
important to bear in mind that the value of ESP that will develop in the
seil in egquilibrium with the irrigetion water has greater significance
than the o3F of the soil priosr to irrigation,

If the soil drainage is good and the sodium adsorption ratio of the
irrigation water is kiown the approximate equilibrium level of I3F can be

sredicted, Mhis is discusszed later in lhe context of waler guality
DrRtieiBty _ _ ter quality
vsectiion 5.2). Here infeormation is alsc given by FAC (1970) and FAG)
s ]

Unesao (15737,

Jalinity
————

Jalinity - an sxcess cf seluble szalts - is probably the most widespread
aoil gquality adverse Lo crop growih in arid irrigeted areas. It is fertunate
tast cwing to their selubility, such salis ere rmobile and can be removed by lesch-
ing wihere drainege conditions are satisfactory. Aecordingly, their prescnce at

the time of a so01l survey may not be very significant te irrigaticon develcpment if
lzeching ccnditions are favourable,

anoexcess of soluble salts in the scil is often aescociated with &n excess
of exchanpgeable sodium in the exchange complex (high B3P, see previous section].
fHecopniving the existence of seoils having either or bolh of these defects Fichard
et zl. i1§ﬁ4) defined a simple three—-class claesification of salt affected =oils:
saline scils, ssline-sodic seils, and scdic seils.  Their definition ef these
sgils was:

"ialine scil — A nonsedic so0il containing soluble salts in such guantities
that they interfere with the growth of most crop plants. The electrical
condustivity of the saturaticn extract is grester than 4 mmhos per
centimeter |at 259 G} and the exchangeable aodium percentage is less than

5.  The pH reading of the saturated soil is usuzlly less than 5.5

Seline-sedic Geil — A so0il containing sufficient exchangeable sodium to
inter{fere with the growth of most crop plants and containing appreciable
guantities of acluble saltis. The exchangeable sodium percentzpe is
greater than 15, and the slectricsl ccnducgivity of the saturaticn exiraci
is greater than 4 mmhos per centimeter (25 C). Tne pH reading of the
saturated is uswally less than 8.5,

Scdic scil = A so0il containing sufficient exchapgeable sodium to interfere
with the prowth of moel crop plante, without appreciable gquentities of
scluble salts.”

The primary deletericus effect of excessive ealiniiy is ic raise
the concentration of the soil solution, In consequence, the flow of water inte
the plant by osmosis is reduced or reversed and the plent is starved of weter even
though the s01l 15 moist. Jome icns, particularly sodium, chloride and sulphetie,
have specific toxicity for certain crops.

The variaticon among plants in their tclerance to salinity (Table 3) affects
the chelce of cropping patiern when evaluating the possible effects of salinity.



Table 3 RELATIVE TOLERANCE OF VARIOUS CROPS TO SOIL SALINITY

Fruit Crops

High salt

Medium salt

Low salt

Gantaloup

tolerance tolerance tolerance
i k s oo
;bnxic =8 nGEKTL a
Dzte Falm Poperanate Perr
Fig Apple
Olive Dronge
Crape Grapafruit

Frune

Flum
Almon”
wiricot
Faaci:
Surawberry
Lemo:

ivocado

%]

N ox1DT =

Tegetable Crops

Jcﬁx1ﬂi = 12

Garden beets
Kale
hAsparagus
Spinach

':-_:(}91103 = 10

26 %107 = 10
[ =]

Tomato
Brocaoli
Cabbage
Bell pepper
GCauliflower
Lettuce
Sweet corn (maize)
Potatoes
Carrot
Cmion

Feas

Sgquash
Cucumber

1
:Eex10 = 4

=
Eﬂcx1DJ = 4

Radish
Celery
Green beans

2 x10° = 3
a

Field Crops

EC-EK103 = 15
Barley (grain)
Sugar beet
Rape

Cotten

1
ﬂtex10 = 10

e x103 =10
&

Rye (grain)
Wneat (grain)
Oats (grain)
Rice

Sorghum (grain)
Maize

Flax

Sunflower
Castorbeans
Soybeans

EC 1193I =6
g

F
Y om 4
DCQI1C b

Field beans
Sugar cane
Cassava




Table 4 cont.

Forage Crops

EC x10” = 18

e
Alkali sacaton
Jaltgrass
Tutial alkali graas
Bermuda grass
Hhades rrass

1
HC x107 = 12
)

White sweetcleover
Yellow swectclover
Peremnial ryerrass
Hountain brome
Strawberry clover

B
533110” = 4

White Duteh cleover
FHeadow foxtail
Llsike clover

Hed clover

Ladine clover

Dnllis gsrass Burnet
Sudan grass

Hubam clover

Rifalfa (Calif,common)
Tall fescue

Rye (hay)

dheat (hay)

Oats (hay)

Orchard rass

Blue grama

leadow fescue

Heed canary

Big trefeil

Smooth brome

Tall meadow oat rass |
Cicer Milkveteh |
Gourclover
Sickle milkvetch

. A : T
uLGx1D = 12 LCEx1O = 4 | .Eex1C = Z

Fescues prass
Canada wildrye
destern wheatlpraas
Barley [hay)
Jirdsfoet trefoil

Source: Richards et al. (1954)

]
ote: The numbers following A0 x10° are the elegtrical qonguﬂtivity values of the
saturation extraci in millimhos per centimeter at 25° C associasted with
505 decrease in yield,

Inadeguate drainage and 2 rising water table afler = few years of irrigation
may lead io the entry of saline water into the root zone. The salinity level and
sodic conditions at the time of the survey are not stable characteristics of the
g0il and both can be changed with irrigation, salinity being cenerally the easiest
and chespest to correct. Importent considerastions in the wvaluatien ol s2line or
suile soils inelude: witer quality to be used for irrigation; infiltration and
permeability rate of the soil; levellings required to provide o suitable surface
for leaching; ability of substrata to transmit the necessary leaching woter;
the level of salinity or sodic conditions; availability or absence of sypsum to
replace sodium in sedic soils and the expected cropping syatem,

Improved drainage is likely to be regquired for scils with salinity problems
and mey be needed for sodic problems. Reclamation cests associated with drainege
improvement, land levelling and necessary scil amendments should be estimated when
determining the land class for soils which are saline or sodic at the time of the
survey. “uch lands should not be downgraded if ne special extra drainapge works
or irrigation applications are required. Thus, a saline eoll that can be leached
in a shert time by ordinary irrigation application could be assipmed a Class 1



rating if 211 other factors were favourable, test sodic soils would not guelify
for » Class 1 reting beceuse of the cost of soil amendments or profile modification,

tionzl informaticn en the reclamaticn of szline and sodic seils is given

A

in Chapter 4.

Toxic Substonces

bz
hoerm plants. Some, such as boren, occur noturally in irriration water while

2 ¥ L o =
others (arsenic and copper) are introduced by the sproaying of herbicides and
insecticides, or by indusiricl air peollution (fluorine).

Different plants vary in their tolerance to toxic substonces, and toxicity
véries accoriing to amounts of othor zubstances in the zeil. It is often un~

L

certain whether toxicity symptoms are caused by an elemont present in excess or by
it hewving replaced some element assential to plant growth, Furthermere, changes
in iexicity moy accompany changes in =oil pl or redeox petential. TFor exanple the
solubility at low pH of Al, I'n, Cu, Fi, IZn and other metcls may raise their comn
centration in the soil solution to toxic levels. (n the other hand, an increase
in pH assccisted with on increase in exchangesble sodium ean affect bislorieal
proceszes and lead to production of ftoxic concentrations of nitrite iowm {Chopman
1966).  Few zeneral guidelines can be given to likely toxiec levels of individunl
substances.

The s0il surveyor should be alert to siyms of possible toxiecity in the

natural vegetation. Plants may be pbsent, restricted to a2 particulsr renge of
species, stunted or showing symptoms of toxieily or nutrient daficiency. Geo—

logical formations moy suscest aress likely to he offected, Ultrabasic rocks,

in particulny serpentine, orc lirble to give rise ‘o soils with high, possivly
toxic levels of Cr, Ni, Mz and Mn {Bear 1257, Frait 1986, Vansolow 1956, S0ils
in the vieinity of 3 ef ores, notatly In, are 2lso suspect, while peats
often show very morked nuirient imbalance or toxic aoccwmlaticons, Yhere toxicity
is suspscted, the scil swveyor should request specinl trace olement onalyses,

1% Arsenic

frsenic oceurs naturally in meny soils but rarely in texie quantities,
Toxicity is wusually attributed to the accumulation of arsenical insecticides,

The tclerance of individual ecrops veries with the fexbtural closs of
the seil.  Among the most tolerant (Bear 1957, Liebig 1956) 2re: Fotato
(Selanum tuberosum), tomato (lLycopersicon esculentum), carrot (Deucus carota)
and tobacce (Nicotiana tabacum), while among the feirly tolerant planis are
mzize (Zea mays), beet (Beta vulraris) snd sguesh (Cucurbita maxima).,  The
least telerant include beans | Phaseolus vulgaris and P, lunatus ), onimm
(Alliwm ep.), pea (Pisum sativum), cucumber (Cucumis sotivus), alfalfa
{Medicaga sativa), wheat (Triticum spp.), barley [lordeum vruleare ) and Sudan

prags (Sorpghum sudanense).

ii. Boron
e,

Boron in the scil sclution is very toxic to plants even at low con—
centrations; some indications of crop tolerance (from Bradford 1966) are:

boron—-sensitive plants: lemon {Citrus limon), strawberry (Pragaria
spp), lupin (Lupinus hartwegi), grape (Vitis vinifera), kidney been
{Phaseolus vulgaris), cowpea (Vigma wnguiculata); boror—semitolerant:
barley (Hordeum vulpgare), pea (Fisum sativam), sweet potato (Ipomea
patatas), onion (Allium cepa), red pepper(Capsicum frutescens), corn




iii.

iv.

(Zen meys), sorghum (Sorghum wuwlgare), slfalfa (lledicare sative),
i

tobacco (Nicotiana tabacum), tomato (Lycopersicon esculentum); horer—
tolerant: turnip (Drassica rapa), be 4 [Betz vulgaris), muskmelon
{Cucumis melo), suger beat [Bein saccharifers), and cetton {(Gossypium
AT LR L i I

hirsutum).
———

It iz ¢ widesprood source of trouble ond noy be inherent in soil-walor
systems or cceumulate llrough irrigatica or land menegement, wxceus horon
is compon among arid soils where naturel drainsge and leaching ore inadeguate
and ameng soils derived from recent depoaits of volcanic origin, marine
sediments and parent materisls rich in boren (Dradford 1940, Nitehell 19330,
The main scurce of excessive boron affecting crops is irrigaiion water from
wells and thearmal springs, but boron may accoumulate froem the use of potassium
fertilizers with boron impurities. The assessment of boron equilibreiwn
levels is discussed in section 5.2.0 iii.

Mickel znd chromium

Texicity of nickel and chromium is inherent in soils derived Trom
serpentine, Hickel is toxiec at very low concentratioms and the degree of
toxicity appesars to be related to the exchongechle form, Howsver, on
serpentine soila toxicity is closely assccisted with chromium and a high
retio of exchangeable meymesium to caleciwm (Vanselow 1956).  Low product-
ivity on cerpentine soils moy flso be attributed to excess manpsnese sand a
deficiency of molybdenun (Bear 1957). such teoxicities can ofton be identi-
fied from the stete of the natural wvepgetation.

Toxic substonces (sulphides and iron) o ffecting wetlond rice

Wetlond rice fﬂryzﬂ sotiva) is gromm in 2 flooded waterlopred soil
in which the root zone is relatively devoid of oxyren. The zzzociated
reduction processes usually benefit the rice by moedifying soil reaction and
nutrient availability, but sometimes they result in the production of toxic
hydrozen sulphide mmd iron compounds. The hermful effects on the rice plant
have been termed "physiclogical diseases" (Tancks and Yoshide 1570).

Hydrogen sulphide (H.3) is harmful even at very low concentrations.
It affects the rice plant tﬁrough seseral physiological mechanisms and can
cause Akiochi disease, Toxicity develops in the presence of sulphate and
ie usually limited to soils high in organic matter and low in easily
reducible iron, particularly muck soils or soils of low cation exchange
capacity and low base saturation (Tanaka and Yeshida 1970, Williams and
Joseph 1970, Ponnamperuma 1%65).  Sulphide toxicity may be counteracted
by applying materials containing iron (Villegas and Fener 1970). It may
be noted that deficiency of sulphur alse occurs in wetland rice, for
example in the lower Amazon.

Hany rice seils centain large amounts of iron compounds that are
easily reduced and become acluble under flooded conditions. According to
Pormamperuma (1965) iron reduction and sclubility are controlled by Boil
reaction, organic mattor content, cation =xchange capacity and duration of
submer sonce., deduction is faciliteted by low i and high orsenic motter
content.

Iren in solution is beneficial to rice except in certsmin acid soils,
especially acid sulphate soils high in active iron, or soils with low
cation exchange capacity and active manganese, in which iron toxicity ean
develop.



Fhysiolegical uiscrders caused by excessive iron have baen termed
bronzing and Akagore Tyve I (Jabe et al. 1965). Some investizntors consider
these to be different diunrdeies; Tenaks ond Yoshida (1970) believed them ta
have similar causes but with gymptoms modified 2% least partly by varieted
differences.

Cther substances, including orgenic acids and carben dioxide coan beo
toxic to rice but seldom cccur in harmful concentrations. fluminium and
manganese are rarely toxic, in fact the latter plays a koy role in the
chemical kinetics of rice seils.

o NINERALCGICAL CHARACTERISTICS

2.4.1 Uineralesy of the Send and 5ilt Frections

“inerals present in the sand and silt frections of & seil rre primarily
indicotive of the seil nrrent paterizl and of the degree of wenthoring, anrto
is often the dominsnt minerazl. The presence of feldspars, or micas, or other
ferromssmesian minerals, all of which are relatively 2asily weathered, may
indicate o relatively youns zoil, or layer. flternatively, it cen reflect a lzel
of active soil forming processes due, perhaps to lock of moisture. £ owide
vaeriety of so-called 'heavy minerals' such ag zircem, grrnet, tourmaline omd
na netite, tend to cceuwmulete in the sand froction =5 o =0il ares and, by their
relative abundance, mey provide useful clues o tho genegtic relationships betweon
soil horizons. Carbonates end ypsum have a specizl significance and are dizscuss—
ed in sections 2.4.2 and 2.4.4.

The presence of easily weathered minerals is indicative of o reserve of
fertility. llevertheless, in itself, the mineralosy of the sand and silt fractions
is not normally an  importont eriterion in Judizing the suitebility of secils for
irrigation. Its importance lies in the clues it can sometimes provide to soil
penesis, These may be of sreat sssistance in soil clossification ond mopping,
especizlly in complex alluvizsl areas which ars so Trequently concidered for
irrigetion development.

2.4%2 llineraleosy of Cloy Fraction

The kinds of clay mineral present determine many of the physical and chemieal
chorsctoristics of 2 scil ond thus exert » most impertent influence on its suitne
bility for irripotion. The neture of- the clay in itself in net, howevor, & con-
veniwont eriteric Tor judgii, irrigation suitability. This is portly begousc the
cley froetion of a soil iz usually composed of a mixture of clay minerzls, rethor
then 2 single mineral, ond partly because the influence of clay type is very
closely integrated with other soil characteristies, These considerations greatly
complicate the precise msscessment and interpretation of the nature of the clay
cnil make it almest impossible to establish required ranges of clay type for dif-
ferent classes of soil suitability. Meny of the factors which are closely related
te elay type, such as hydroulic conductivity and eation exchango caprcity, can be
measured independently more conveniently,

Genersl understanding of the neture of the clay is nonetholess essential
for irrigation suitability evaluations for it provides some of the most important

clues to predicting the behaviour of soila after irrigation is imiredneed. . Foms oo oae

i PhIS. PUrEosey knowlétze-of $hd exept propertiens of¥lsy minerals.-pred

I 25 less: Tiﬂﬁoﬁiﬂﬁfaihﬂhjaﬁfﬁhﬁefﬁign&iﬂgrﬁf*thé{géﬂérélrnﬂfﬁrﬁfd¥31h§=51&33 b
ficient observations should be mede to indieste whether cley minerals of the 7
21 layer (kaolinite) or 2:1 layer {montomorillenite, illite, vermiculite) types

rredominate.
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In the absence of X-ray and differential thermal analysis equipment for
the precise determination of clay minerals, inferential evaluations should be
made. It is well kmown that 1:1 layer clay minerals have only slight stickiness,
a small amount of shrinkage on drying, a small surface area, and low cation ex—
change capacity. Mest 2:1 type clay minerals, such as montmorillenite, have
cpposite properties. A further clue to the type of clay mineral is given by
knowledge of the cuantity of permanent charge CEC and of pH dependent CEC (see
gection 2.3.2 1i).

Rich and Thomes (1960) also state that the sorption of anions by the clay
fraction is ancther means of differentiating scils high in kaglinite, gibbsite,
and iron oxides, Zoils with these clay minerals often have anion exchange
capaciiies greater than their cation exchange capacities, Clays of the 2:1 layer
type have little or no sorption of chloride or sulphate ions.

In general, seils in which 1:1 layer clay minerals together with iron and
aluminium oxides predominate have excellent soil-water relationships and easy
workability aseociated with their high degree of aggregation and non—swelling
nature.  Swirdale and El-Gwaify (1968) have demonstrated that such soils are
usually permeable at higher exchangeable sodium levels than soils dominated by
2:1 layer clay minerzls and so may be safely irrigated using water with & higher
sodium adsorption ratio (see sections 5.2.3 and 5.2.4). On the other hend, the
1:1 lrper elays heve low cation exchange capacity and 2 low capoacity for moisture
retention. The moisture and nutrient reguirements of crops on these soils can
be met under modern irrigated agriculture but not without additional cost,
Difficulties of tillage and drainage are the principal problems associated with
the 2:1 lattice clays, due to their swelling nature and aticky consistence
(Dudal 1965).

Content ¢f Carbonates

Caleium carbonate commonly accumulates in soils developed under arid and
seml-arid climates and may be present in soils developed from limesione in a1l
climatic zones, The accwnulations may be diffused throughout the soil mrofile,
or may itake the form of soft concretions, or nodules, or may be concentrated in
& continuous horizon ('caliche' or ‘crofite calcaire') of varying hardness and at
varying depth below the surface, The amcunt of carbonate present, the form of
its distribution in <he profile and the depth to the lime-rich horizons are all
important factors in judging the suitability of a calcarecus soil for irrigated
agriculture,

The presence of Caf0, affects both the physical and the chemical character—
istices of a asoil. Continutus horizons of carbonate accumulation may not restrict
waier movement severely but may prevent root penetration. Discrete particles of
carbonate also affect moisture characteristics and tend to create a less fertile
environment for plant roots, The finer the particle size of the carbonates the
more active are these effects, Carbonate concretions or nodules are less active
than similar concentrations in diffused form. Thiz is reflected in field tests
Witk acid which yield much more viclent effervescence from finely divided carbon—
ates than from soils with an equal content of carbonate in larger and harder
particles, Especially important is the amount of carbonate present in particle
sizes less than 0.02 nm. In general, if the texture of the non-carbonate material
iz coarse, nearly all the carbonate can be assumed to be of sand size or coarser.
In fine textured soils, however, much of the carbonate content m2y be in the silt
and clay fractions.

In discussing particle size distridbution (section 2.2.4) it was suggested
that mechanical analysis of the whole scil, without pricr removal of lime, gave
more significant values for zssessing the suitability of soils for irrigation.
For highly calcareous scils this is particularly true but for these soils it is



alse desirable to obtain a measure of the sisve distiribution of the carbonate
particles alone (by difference after dissolving the cerbonates in acid). This
information is needed tc make a confident prediction of the behavicur of such
soils. Knowledge of the presence of a high content of very fine CaC0, particles,
for example, gives werning of a risk that lime—induced chlorosis will dffect many
crops on the soils in gquestion (mee Yaalon 1957).

The presence of cerbonates reduces the ability of calcarecus soils to retain
moisture especially at high tensions. The moisture characteristic curves
(moisture content percent plotted against scil moisture temsion) of highly caleareous
soils, regardless of texture, are similar to those of coarse textured non-calcareous
soils; most of the retained water being lost at low tensions. Avout 50% of the
available moisture will be depleted at tensions of 1 and 5 aim respectively,
regardless of the soil texture, These characteristics imply a need for more
frequent irrigation at relatively low moisture teneions (less tham 1 atm) on highly
calcareocus scile (Massoud 1973).

Calcium carbonate can have the effect of increasing moisture diffusivity in
soil, ceausing water movement to be faster than in non-calcareous soils of similar
particle size distribution. Again this effect ies a function of the amount of CaCo
present aznd ithe particle size. Up to 10 or 15% CaCO, may assist formation of
stable aggregates assccisted with relatively large po;es and repid water movement.
With an increased content of CaC0, vp to 20 or 25%, precipitation of carbonate
within capillary {tubes tends to igcreaﬂe the proportion of very small pores and
reduce diffusivity. At still larger carbonate contents the effects depend on the
gize of the carbonate particles themselves; the coarser the size the higher will
be the diffusivity (Massoud 1973).

3

Surface crusting can be a serious problem in newly-irrigated calcareous
soils, especially those of low organic matter content. Crusts not only affect
infiltration and seil aeration but also impede or prevent the emergence of seed-
lings. Heavy applications of water on soils with a high content of fine-grained
carbonate encouragee the formation of thick crusts on drying., Therefore, soils
which have a tendency to crust will require a frequency of irrigation sufficient
to prevent drying and hardening of the surface {Massoud 1971). Characterization
ef such soils in the course of a soil survey should include separate determination
and description of the thickness, bulk density, strength, mechanical composition
and carbonate content of the surface crust. The seriousmness of & crusting problem
will depend upon & combination of these factors but bulk density values of 1.5 or
higher, in 2ll but very sandy soils, should be viewed with suspicion. Whether,
in fact, lime will be deposited or removed from the soil by irrigation water
depends upon water quality and is discussed in some detail in Chapter 5 (secticn

5.2.3).

The phyeical characteristics of calcareous soils often change when they
are irrigated. From a favourable virgin condition the soils become more coherent
and resistant to root penetration especially in the part of the profile subjected
to wetting and drying. The effect is likely to be more marked if the orgeniec
matter content of the soil is low. Careful timing of tillage operations and
careful seedbed preparation must be foreseen. The optimum moisture range for
ploughing calcareous soils is very narrow and occurs within 4 to 5 days after
irrigation, whereas 7 to 8 days after irrigation the ploughing cperation is often
rather difficult., The assessment of required erosion control measures on highly
calcareous soils should take account of the fact that soil aggregates which 2re
stable and consolidated by carbonates in the dry state tend to disintegrate when
wat,

Calcareoue soils usually have a pH of the saturated paste in the range of
7.6-8.4. In instances where magnesium carbonate is an important constituent, the
pH may reach 9.0 or higher. Despite their high pH, scile rich in magmesium
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carbonate are often very fertile. [TNutrient deficiencies of Phosphorue, iron and
microe—nutrients are common in planis grown on calcarsous scils. High lime content
usually results in a need for later inputs of fertilizers, and is a dilutant
factor for roots seeking nutrition. Accordingly, a highly calecareocus soil can

be expected to be less productive than slighly calcareocus soila if all other
factors are equal,

Indurated horizons of lime anrichment commenly oceur in arid regions and
may vary in thickness from 1 to 300 cm or more. It is the experience of the U.S.
Bureau of Heclamation in 'caliche' areas of the Western United States that these
rock-like materials are generally pervious to water but highly restrictive to
roots, They fregquently rest on impermeable bed rocks. Coets of drainage con-
struction in caliche are similar to those incurred in excavation of bed rock,

From the foregoing discussion it is apparent that knowledge of the depth
to lime-rich horizons, whether or not they are indurated, is of the greatest
importance in planning land-shaping operations prior to irrigatien, Redistribution
of the relatively more fertile surfare layers lending to exposure of lime-rich
horiuzcns below can create serious problems of soil management,

Crops which perform particularly well on calcareous soils inelude olives,
grape vines, almends and most legumes.

Content of Gypsum

Soile containing gypsum {CaS0,2H.0) are widespread in arid and semi-arid
Aareas. A small amount of gypsum is faVourable to crop growith in that it serves
as a relatively scluble socurce of calecium to replace sodium in the exchange
complex and thus acts to preserve soil atructure, dedic soils containing gypsum
are relatively easy and inexpensive to reclaim. High percentages of gypsum in
the soil, however, can cause serious problems especially in irrigated agriculture
and, in soma areas, the content of gypsum must be regarded as an important criterion
in judging the suitability of soils for irrigation.

Van Alphen and Romero (1971) in a valuable publication on the characteristics
and behavicur of these soils concluded that up to 29 gypeum in the scil favours
crop growth, that between 2 and 25% has little or no adverse =ffect if in powdery
form, but more than about 25% can ca se substantial reductions in crop yield.

They attributed these yield reductions in part to imbalanced ion ratios with
particular reference to K/Ca and Mg/Ca ratios. They also noted that gypeum is
readily redistributed in the soil and freguently forms cemented and indurated
layeras. With gypsum percentage between 14 and 80% these layers form a mechanical
impediment t¢ root growth and have adverse properties of water retentionm and
tranamission.,

Van Alphen and Romero (loc. cit.) also drew attention to thae dangers of
subsidence which accompany injudicious irrigation of highly gypsiferous soils,
Excess water percolating beyond the root zone may dissolve gypsum in the subsoil
leading to subsidence. Since the subsidence pattern is very irregular the land
ma2y need to be re-levelled every year with associated problems of maintaining an
adequate rooting depth. The hazards of subsidence may be especially critical
in relation to hydraulic structures. A localized leak leading to the gypsum
disselving and subsidence of the ground may cause serious damage to structures
that have not been designed with this hazard in mind. The engineering problems
on gypeifercus soils are further complicated by the corrosive effects on concrete
of sulphates released from gypsum,

At the same time it needs to be emphasized that substantial areas of highly
gypeiferous scils are being successfully irrigated. In the Carlsbad, New Mexico,
area of the United S5States, for example, where the gypsum content is particularly
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high, irrigation has been successfully practised for over 50 years., In this aren
alfalfa and cotton are the primcipal crops. It has been observed thet roots

seldom penetrate zones having more than about T0% gypeum. However, successful
alfalfa production cccurs with as little as 45 em of s0il over a deep horizon corn—
taining 909 gypsum (no root penetration). Crop yielde are sbeout halfl those usually
obtained with geood guality ecil and waier in a similar climate, but some of the less
of yield in the Carlsbad area must be atiributed to the presence of other salts.
bxperience in the Ebro Valley in Spain showed that the cost of fertilizer and proper
s0il and water management on gypsiferous soil was sbout 207, higher than on deep,
non-gypeiferous soils elsewhere in the Valley (ven Alphen and Romero 1971).

SOIL-WATER RELATIONSHIFS

Infiltration Hate

The infiltration or intake rate ism important for selection of suitable methods
and designs for irrigation systems and management techniques, The initial intake
rate rapidly decreases as the soil is wetted and intake reaches a steady state after
some hours, which ie lnown 28 the basic or equilibrium rate. Seile with high basic
infiltration rates may be unsuitable for flood or furrow irrigation and drip irri-
g£ation or sprinkler irrigation may be preferable.

The maximum rate at which water emters a soil, or infiltration capacity
(Richards 1952), is & dmamic properiy varying with season and management, The
main factors affecting it are permeability of the profile, condition of the soil
surface and scil-moisture content.

The least perviocus layer at shallow depth regulates the vertical permeability,
and so the infiltration rate. Stiructure, sodicity and bulk density influence the
infiltration rate by their relation to pore size and cleavage planes., The in-
filtration rate is decreased by higher bulk denaity caused by pressure from tractors
or cattle. Dry weather increases the initial infiltration capacity because of the
cracking and higher moisture tension in the soil, In general, the higher the
moisture content the lower the infiltration rate,

The methed . of determining infiltration using & double eylinder infiltrameter
is described by the USDA/ARS and S8CS5 (19%5) and outlined in Appendix B.2. The
method is not well suited to strongly eracking soils which should be studied in
basins or furrows . During soil surveys tests mov have to be moie at different
meistnre contents though the soil must not be saturated, of ccurse. Both the
initial intake rate on dry soil and the initial and basic rates on seil, at a
moisture level near te that at which an irrigation would be given, are useful for
irrigation design purposes.

Infiltration  rates vary seasonally and from place to place and many tests
are needed to obtain a reliable average figure. However, carefully chosen Bites,
each with -5 replicates, provide sufficiently reliable data for use in egtimating
irrigation efficiency, application rates and the length of time water must be
applied, together with cther factors such as depth of wetting, root zone, etc.

If the infiltration rate after six hours remains in excess of 12.5 em/h,
gravity irrigation may not be practicable except in small basins because of
difficulties with water distribution and excessive percolation losses. With rates
from 0.1 to 0.2 em/h, surface waste may be excessive or ponding may reduce yields,
crops may be damaged by scalding in hot weather, and leaching may be difficult,
Below 0.1 cm/h the soils are generally considered non—arable (except for rice).
Optimum infiltration rates for gravity irrigation are between 0.7 and 3.5 cm/h, On
cracking clays the infiltration rate is very rapid at first but scon decreases to
about zere. Such soils are more favourable than impermeable non-cracking clays but
irrigation may be hazardous with poor quality water,



Infiltration studies should be regarded as an essential part of soil investi-
gations for irrigation development. They provide information for estimating
irrigation efficiencies, required farm turnout capacities and deep percolation
lopees, and as & guide to desirable irrigation practices. They may zlso he usead
as a help in distinguishing land suitability classes, though often high or low
infiltration rates will be aesociated with other wndesireble properties that ceuse
lower productivity or higher irrigation labour requirements.

Permeability (Hydraulic Conductivity)

Fermeability has been defined qualitatively by Parr and Bertrand (1960) as
"the quality or state of a2 porous mediuwm relating to the readiness with which such
a medium cenducts or transmits fluids."  When defined quantitatively the term
hydraulic conductivity is used. This has been defined by Commission I ({Soil
Physics) of the IS53 (1976} as the constant of proportionality between the flux and
the total driving force in Uarey's law (expressed as m” per Pa per @ or m° per mbar
per s),or as the flux caused by a unit driving force,

The average hydraulic conductivity of a soil profile is used to determine
subsurface drainage and to evaluate the possibility of perch  woter table cenditicns
developiny which mar injure crop reots. Ho universally zcceptable minimm values
for hydraulic conductivity can be established. dJuch values depend on the depth at
which the slowly permeable zone occurs, on the fregquency of heavy rainfall during
the cropping season, and on the crops io be grown. To obtain high yields, the
upper reooting zone should not be saturated more than 48 hours during most of the
crop growsh pericd (less with a susceptible crop like sesame and rather longer with
a tolerant crop, such as sorghum, after the seedling stage). Thue the minimum
hydraulic conductivity should be adequate to ensure Lhat 2 saturated condition,
whether from rainfall, irrigation, or both, is unlikely to ccour for more than 48
hours in the upper root zone.

For drainage design, the unsaturated z& well as saturated flow may need to
be taken into consideraition, but this information is not usually available and is
not collected during soil survey work though it may be studied by national soil
institutes.

There are many factors that affect permeability: they include temperature,
water quality and other factors, such as land use and standard of management, which
strongly influence soil characteriatics but are not inherent to the soil itself.,
Some factors, such as the presemce of soil cracks or holes created by roots, worms
or larger animals can exert a very important and sometimes extremely localized
influence on permeability. Consegquently, it is net a2lways easy to obtain truly
representative values of hydraulic conductivity thatl can be used with confidence in
evaluating soils for irrigation, perticularly when measurements mist be made in
dry scil rather than in saturated seil below the water table. In view of the
critical nature of these values, it is especially desirable that descriptions of
soil and unconsolidated strata should plsce special emphasis on morphological
features that influence or reflect permeability. These include texture, structure
and structure stability, consistency, colour and mottling, layering, the presence
or absence of insoluble carbonates, cleavage planes, visible pores, and depth {o
impermeable strata such as bedrock or a hardpan. Good soil descripiiens provide
a check upon actual measurements of hydraulic conductivity — a basis for deciding
wheilher or not such measurements are likely to be representative,

The measurement of hydraulic conductivity is discussed further in the context
of soil drainability and intermal drainage in sections 4.2.2 and 4.2.3. Table 4
includes average values for permeability for various grades of soil texture and
substratum materials. Treatment of the data is described in Annex & of the publi-
cation on drainage testing (FAD 1976b).



Table a_i._

REFRESENTATIV

i PHYSICAL PROPERTIES OF SOILS

| Total Available Moisture 2/
Infiltration 1f Total Apparent —
and Fore Specific Mield Permanent
Permeability Space Gravity Capacity Wilting Height Volume
So0il a
Texture cm&h i % " % % Pcmfm
F N A FC PP P =FC—PW F =F A d="w
f ] W v W 8 TEEAED
Sand 5 38 1.55 9 4 5 8 B
(2.5-25) (32-42) | (1.55-1.80} (6-12) (2-6) (4-6) (6=10) (6~10)
Sandy 2.5 43 1.50 14 [ 8 12 12
Loam (1.3-7.6) (40-47) | (1.40-1.60) (10-18) (4-8) (6-10) (9-15) (9-15)
Loanm 163 47 1.40 22 10 12 17 17
(0.8-2.0) (43-49) | (1.35-1.50) (18-26) (8-12) {10-14) (14-20) {14-20)
Clay 0.8 44 1.35 271 13 14 19 19
Loam (0.25-1.5) (47=51) (1.30-1.40) (23-31) {(11-15) (12-18) {(16-22) (17-22)
Silty 0.25% a1 1.30 £ | 15 16 21 21
Clay (0.030.5) {49-53) (1.30-1.40) (27-35) {1317) (14-18) (18-23) {18-223)
Glay 0.05 53 1.25 35 17 18 23 213
(0.01-1.0) (51-55) | {1.20-1.30) (31-39) (15-19) (16-20) (20-25) (20-25)
Note: Normzl ranges are shown in parentheses,
1f Intake rates vary greatly with scil structure and structural stability, even beyond the normal ranges
shown above.
2_f Readily available moisture is approximately 75% of the total available moisture.

The infermatien in this Table is taken from Israclson and Hanson (1962) with the permission of the
publishers J, Wiley and Sons, Yew York.




2.5.3

Soil-Water Availability

The capacity of a g¢il to retain water available to plants has a direct bear—
ing on required depth and fregquency of irrigation and is important therefore, in
Julging the suitability of a soil for irrigation.

Readily available water is that portion of the water in the scil that can be
readily absorbed by plant roots (about 50-75% of the 4otal available moisture). The
"total available moisture” has customarily been regarded asz the difference between
the so0il moisture contents at "field capacity" and "wiliing point'.

The earlier concept of field capacity as a specific amount for & given soil
is not ceorrect but in spite of ite lack of precision the term is useful in practice
to indicate in a gqualitative way the wetter limit of water availability to plants.
A measurement can be made by sampling the soil one or more days afier saturation.
In well-drained secils, water in excess of field capacity drains away more or less
rapidly whereas in slowly drained soils lack of cuygen may limit water uptake, For
many =tudies of soil-water, repreoducible measurements of moisture content at specific
pressures or tensions are preferable, though determinations, commonly ecarried ocut on
disturboed samples, moy deviate considerably from values under field conditions. The
permanent wilting peint can be sotisfactorily representerd by the moisture contont at
15 bar: + nsion for most placis,

Ther- hove becn wi'e differenccs of opinior as ko the availability of water
between Tield enpacity (FC) ~nd 4he permanent wilting percentago {FIF). Vichmeyer
(1972% and his colleagues presented experimental evidence supporting the "equal
availability" theory which states that plamts can obtain water with equal
facility between I'C and BiP. Other workers mzintained that plant growth diminishes
progressively as the neisture content falls, Neitlier theory has much support now.
The third theory, originally presented by Wodleigh {1955 ) and others, that plani
growth is a function of soil meisture stress is now generslly favoured, although the
application of this concept is difficult.

This difference in thinking has 2ffected recommendations for irrigation
practice. Those in favour of the equal availability theory recommend delaying
irrigation till mosi of the available water has been consumed and the moisture
content has dropped very close to the FiFP, which implies infreguent irrigation with
heavy applications. The 'more water, more growih' idea requires fregquent irrigation
to keep the moisture content close to field capacity. The concept reloting plant
growth to soil moisture stress means scheduling irrigation whenever the moisturs
tension increases to the level that affects plant prowth {Hagen 1655).

Considerable experimental support can be found for the application of sach of
these concepts, and Hagan (1955) suggests that overgeneralization has been the major
factor creating the controversy. In practice, irrigation is applied well before
wilting point is reached and the different practices are related to different crops,
soils and water control. Depletion levels at which irrigation is best applied have
been determined for most crops (see for example Table 30.1 in Soime and Hagan 1967,
and Table 39 in FAD 1977).

These consideratiocns point the need for wnderstanding the patterm of water
availability in the seoil throughout the range from near-saturation to wilting point.
Laboratory methods have heen developed for determining soll water holding capacity
in weight percentage at specific tensicns covering this range, possibly at 0.1, 0.2,
0a33, 0.5, 2.5 and 16 bvars. Usually, in fact, the water content is determined at
equilibrium under pressures in the pressure plate {up to 1 bar) and preseure membrane
apparatus (above 1 bar it is commenly related to pF which is the logarithm of the
nunerical value of the negative pressure of the zoil moisture expressed in centimetres
of water). The walues obtained are converted to volume percentages by multiplying
by the measured bulk demsity of the =oil and can be plotted against the corresponding



tensjions to obtain 2 soil meisture characteristic curve, Representative values for
field capacity, permanent wilting percentage and available soil water for soils of
different texture are given in Table 4.

The depth and the contrast in textures of separate horizeons alse affect
meisture holding capacity in the field, For example, an horizon of fine teztured
soil overlying a coarse goil horizon will include a zone immediately above the
coarser horizon having a higher capacity than if the soil were uniform throughout.

A shallow ®oil profile of less than (0 cm depth will hold more water per unit depth
at field capacity than a deeper soil of the same nature, Jeil=-water charecteristic
curves based on laboratory measurements cannot allow for these effects and may be
unreliable for this reason. Wherever possible, determinations of field capacity
should be carried out in situ. A tensiometer can be used in the field to measure
increasing tension (up to about 0.85 bar) as a eoil dries out following heavy irri-
gation.  Corresponding measuremenis of moisture centent can be made with & neutron—
probe. Alternatively samples can be taken from several depths for moisture de-
terminations against time.  Levelling out of the moisture content curve indicates
the field capacity. It may be convenient to start carrying out field investigation
of moisture reteniion immediately aftler measurements of infiltration rate.

Data on soil water holding characteristics are interpreted, in particular, to
determine the depth and frequency of irrigation required, The level of depletion
appropriate for plamned crops must be taken inte account, together with other soil
moisture characteristics such as infiltration rates, hydraulic conductivity and
groundwater levels. In the case of saline zeils, sdjustiments need teo be made to
account Tor the osmotic pressure of the saline soil solution. Additional conside=-
rations include the specific seil water requirements during the different stages of
crop growth and the rather higher soil-water levels to be maintained during very hot
dry pericds.

The depth of soil which must be examined to determine available soil-water
depends on the nature of the crops to be ~rown but, z= = general rvle, it is demirable
thot data be collected on all horizons to 2 depth of sbout 120 em (deeper if tree
crops are envisaged). The total available moisture is determined by summing %he
contributions of the separate horizons within the total depth considered,

The following examples, illuetirate the way in which data on available water
can be set out and developed:

3, for & single horizon:
texture : loamy sand
horizon depth (0-30 cm) s 30 em
field capacity : 8.8 £ by weight
water content at wilting point (15 bar) : 3,2 % by yeight
bulk density 1 1.55% g.om™
available water : (B8.85-3,2)x30%1.55=2.6 oo

100

b. for a soil comprising four horizons:
Depth Texture Available water (ecm)
0= 30 Loamy sand 2.6
30=55 Loamy sand 2.2
55=50 Loamy fine sand 3.1
90-120 Medium sand 1.1

Total aveilable water 9.0 em



Ca to determine irrigatien freguency:

To provide a simple example a crop, possibly potato, with a rooting
depth of 5% cm is assumed to reguire irrigation when soil water
tension reaches 0.5 bar under an evapotranspiration rate of § mmfday.
From the following additional data the depth and fregquency of irrige-
tion can be calculated:

Depth of Field 0.% bar Bulk Depth of
Horizon Capecity percentage | density water to be
Horizon {a) (b} {e) (d) applied
(b—o) x d x &
100
Horizon 1 30 em B.8 d 5.8 4 1455 gfcmj 1.4 cm
lliorizm‘: 2 25 em 85 5% | 5.5 & 1.50 g{cmE' 1.1 cm
ke
Depth of water to be applied 2.5 cm
irrigation interval in days = CHpLh of Irrlgation = E': = § days.

evepotranspiretion rate

-t

In this simplified example the depih caleculated relates only to consumptive
use, In practice the total depth of irrigation will have to take account of such
factors as irrigation efficiency and leaching regquirement. Moreover the evapo—
transpiration rate will have to be adjusted, using crop coefficients which indicate
the crop water reguirements at Cifferent stages of growth (see FAD 1977).

The required depth and frequency of irrigation has an obvious bearing on the
suitabilily of a given soil for ijirigation. In very sanl, 2oils the soil -=ter
holdin- capacity may be too small for irrigation by normal surface methods to be
practical. In general, profiles with less ithan 50 mm of total available water per
100 em 8oil depth are difficult to irrigatie successfully. Most class 1 =oils
contain at leasti 120 mm of total aveilable water per 100 cm of scil depth, with a
minimum of about 30 mm in the first 30 cm. These values are given merely to
provide a general indication of requirements, for it must be stressed that minimam
acceptable levels of soil water retention depend very much on local circumstances
and, in particular, on the method of irrigation to be employed.



CHAFPTER 3

TOPOGRAFHY AND LAND DEVELOPMENT CONSIDERATICNS

INTRODUCTION

This chapter mainly concerns the slope, shape and cover of the soil surface
and their relationship to the cost and feasibility of irrigation development.

A moderate amount of training is reguired to develep proficiency in distinguish-
ing and assessing lands of varying degrees of suitability for irrigation. For the
purpose of land classification, considerable experience is needed to estimate adaguate—
ly the cesis of levelling and other development work from field cbservations. In
this, an experienced agriculiural engineer engaged in detailed layout studies for
costing on various types of topography can be of help to the soil scientist.

fme of the main purposes of surveys of low and medium intensity is teo cutline
areas of high development potemtial for cleser study later, and it is gpecially
important to establish sound criteria for distinguishing wnsuitable land, In draw-
ing the broad econclusions required, considerations of topography are likely to be
more important than those of scils, and serious mistakes can cocur when estimates of
development cost are unreliable, for instance because accurate topographic maps are
unavailable, Such maps are essential for detailed appraisal of areas for surface
irrigation and desirable, but less essential, when sprinkler irrigation i= contemplat-
aid. They may not be sufficient by themselves, however, sinca they rarely indicate
microtcpography.

TOFOGRAFHICAL CONSIDERATIONS

Topography is extremely important in irrigated agriculture for it influences
choice of irrigation method, the labour reguirements, irrigation efficiency, drainage,
sresion, ran-= of possible erops, cos's of land developmen ~nd size =+ shape of
fi-lds, In the secticnsz whiclh follew, topography is discussed in terms of four of
its aspects which have 2 special bearing on irrigation suitebility: slope, micro-
relief, macro-rclief and peosition.

Slopn

The acceptable degree of slope depends on factors such 2s: intended method
of irrigation, rainfall intensity, risk of erosion and planned cropping patiern,

It is the experience of the U.3, Bureau of Reclamation ithat gravity irrigation
iz rarely suited to slopes excesding 1749, Sprinkler irrigation of arable crope ise
accaptable in wesiern U.5.A. on slopes not exceeding 20:i, but tree crops are common-
ly grown on slopes of 25 and cccasiomally 45%. Lleewhere, allowance must be made
for the erosive effect of heavy resinstorms of short duration by reducing the permis—
sible slope (te 8 or even 2%) or growing more erosion resistant crops, e.g. grass.

Ubservation of cultivated slopes early in the soil survey should indicate the
limit of slope for rainfed crops which is the same for sprinkler irrigation, the
latter being adaptable to the infiltration capacity of the soil. The safe limi{ for
gravity irrigation is usually about half that for rainfed farming; in some regions
erosion by rainfall may dictate the limit of slope. In general, erosion is less
under irrigation than it is under reinfed farming because land smoothing and prading
minimizes local coentributory csuses of erosion, but poor water management can cause
needless erosion. The maximm &llowable stream flow is related to slope. In
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furrew irrigation, for example, Criddle ([1950) suggested that this value (3 __ ) can
be roughly estimated in galleons per minute by dividing 10 by the percentage £lope.

Thus : 10
i = m gallona PET minute

- o~
Dafad s
ey litres per second

or alternativa iy ——e s
Ly Slaope %

] =
itk

Thie formula applies to scil of average ercdibility., Actual field teste should give
more accurate estimates, even 1f wvariable because of the degree of soil compaction
and type of land use at the time of the teast.

Irrigation of extremely gentle slopes (0-0,5%), where the scil is slowly
permeable and heavy rain is frequent, may lead to scalding by ponded water and
witerlogring, particularly in a het climate. However, if infiltration rates are
moderately good and large flows of water are available to push the water across the
field, such slopes are conducive to high irrigation cfficiency. Tha uniform
distribution of water on almest (lat land reguires very precise levelling, and pro—
ductivity is often lower ihan on genily sleoping,laond, I'c create 2 slope of C.1%
on flat land reguires the movement of 280-330 m” of soil per hectarc. With wvery
permeable soils, sprinkler irrigetion moy sive the most wniform woter distribusion
ovir flat land.

Smooth slores of 0.1 to & are usualls rezarded 2o ideal for sroviiy irrigatien
under average iopoprephic conditions. In contras. to steeper land, such slopes
redune costs for ditches, torremt structures and labour to & minimus and do not
resirict ihe choice of climatically adapied crops.  Frogressively lower crop yields
on gravity irrigated land of inereasing steepness (range 2 to 7%) have beon attri-
buted to poorer wster penetration, partizlly remediable by the use of low yield
nezzles in sprinkler irrigation systems.,

Contour bench iterraces can be used for slope modification and ercsion control.
They are excellent for slopes up %o % bub less useful on steeper slopes because of
losz of productive land to herms, Flpure 2 zlhiows & cross section of & bench terrace
and associated dike acrea, It also shows, for slopes of up to &%, the requircd ex-
cavation for bench construction and the relationship between productive and none
productive areas, Zyeavation regquirements apply to a unilorm smooth slops only.,

Table 5 relates topography to the most appropriste irrigation methad, type
of orop and other features.

Table 5 GUID: MOR SHLLCTING A METHOD OF IRRIGATICH
Irrigaticn
metheod Topopgraphy Crops Remarks

Widely spaced
worders

Lend =slopes
capable of being
graded to less
thom 1% slope
and preferably
0,2%

£

B

Alfalfa ond other
desp rooted
aloge—growing
orops and
archards

The most desirable surface method
for irrigating close~growing crops
whers {opographical conditions
are favourable. fven grade in
the direeticon of irrigation is
required on flat land and is
dosirable bul net essentinl on
szlopes of more than 0.5£. Grade
changes should be slight and
reverse grades mist be avelded.
Crogs slope is permissikble when
confined to differences in
glaevation beiween border strips
of 6-9 om.




Table 5 (cont.)

Irrigation
method Topography Crops Hemarks
Closely spaced Lemd slopes Pogtures Espeeially adapted to shallow

horiders

Clicelk back and
crogs furrous

Sorryrations

Graded contour
furrows

Rectangular
checks

capeble of being
praded to 49
slope or less
and preferably
lags than 1%

Land slopes
capable of being
gradec to 0.2%
slope or less

Land slopes
capable of being
graded o slopes
between 0.5 and
1%

Variable land
slopes of 2-254%
but preferably
leas

Land slopes
capable of being
graded so single
or miltiple tree
bagina will be
level within

& cm

Fruit

Alfalfa pasture
and grein

Row crops and
fruit

Orchards

s0ils underlain by clay pon or
goils thot have a low water
intale rate, ven prade in the
direction of irrijation is
desirable but not esnential.
Sheo rrade chrnpges and revorse
gradrs shouwld be anoothed out.
Cross slene is permisgible when
confined to differsnces in
clevation batween borders of

6=9 em. Sinee the border strips
may have less width, 2 greater
total cross slope is permissible

than for border irrigated alfalfla.

This method is especiolly designed)
to obtain adeguate distribution
and penetration of molsture in
spils with low walter inteke rates,

This method is especizlly sdapted
to sbeep land and small irrigation
streams. fn even grade in the
direction of irrigation is
desirable but nol essential.
Sharp grade changes and reverse
grades should at least be smeothed
out. Ine to the tendency of
corruzations to clog and overflow
ond pcause serious erosion, ¢ross
slopes should be avoided as much
ag possible.

ospecially adapted to row crops on
steep land, though hazardous due
to possible erosion from heavy
rainfall. Unsuitable for rodent—
infested fields cr scile that
crack excessively. fotual grade
in the direction of irrigation
0.5=1.5%. Heo grading reguired
beyond filling gullies and

removal of abrupt ridges.

Especially adapted to seils that
have either & relatively high or
low water intake rate. May
reguire considerably grading.




Table 5 (cont.)

Irrigation i
hthed Topography Cropse Hemarks
Countour checks Slightly Fruit, rice, Reduces the need to grade land.

Contour ditches

Portaeble pipes

Subirrigation

Sprinkler

Contour bench
terraces

Subirrigation
(installed pipes)

Irip

irregular land
glopes of less
then 1%

Irregular slopes
up to 12%

Irregular land
surface

Smooth—flat

Undulating
1- > 35% slope

Sloping land -
best for slopes
under 3% but
useful to 6%

Flat to wniform
slopes up to 1%
surface should

be smeooth

Any topeographic
condition

suitable for row
crop farming

grain and forage
crops

Hay, pasture
and grain

Hay, pasture on
emall scale

Shallow rooted
crops such as
potatces or

ETRBEB
All cropse

Any crop, but
particularly
well suited to
cultivated crops

Any crop, row
crope or high
yvalue crops

usually used

Row crops or
fruit

Frequently employed to avoid
altogether the necessity of
grading. Adapted best to soils
that have either a high or low
water intake rate.

Eepecially adapted to foothill
conditions. Requiree little or
no surface grading.

Minimum preparation of land
surface required.

Requires a water table, very
permeable subsoil conditions
and precise levelling. Very fow
areas adapted to this method.

High operation and maintemance
coBLE, Good for rough or very
sandy lands in areas of high
production and geood markets.

Good method where power costs are
low. May be the only practical
method in areas of steep or rough
topography. Good for high
rainfall areas where only a small
supplezental water supply is
needed.

Considerable loss of productive
land due to berms. Regquire
expensive drop structures for
water erosion comtrol.

Requires installation of
perforated plastic pipe in root
zone at narrow spaciags. Some
difficulties in roote plugging
the perforations. Aleo a
problem as to correct epacing.
Field trials on different scils
ara meaded, This is still in
the development stage.

Perforated pipe on the soil
surface drips water at base of
individual vegetable plants or
around fruit trees. Has been
successfully used im Jsrael with
galine irrigation water. S5till
in development stage.
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Micro—relief

The term micro-relief applies to minor surface wndulations and irregularities
of the surface, with differences in height tetween crest and trough of 4-5 cm in
flat lake plain areas or 4-5 m in areas of windblown sand.

avalustion of irrigation suitability requires an estimate of levelling
requirements, Gravity and subsurface irrigation methods are the meost, and sprinkler
the least, sensitive to micro—relief. The amount of levelling and total cost eof
land development justified for areas of each lan! class is usu~lly based om economic
analysis of the antiripated net values rttribuled to irrigation for crops expected
te be Srown. 4 rourh fuide is thnt the cosl of undeveloped land plus lend develop—
ment cosls should not exceed the cost of fully developed irrigated land in the area.
In schemes wholly Tinanced by government, prior agreement to maximum land develop—
ment costs should be obtained, and if possible the land with mest expensive costs
should be aveided,

The meximum land development costs, as calculated or agreed, may be expressed
in terms of amount of work (e.g. cubic metres of soil to be moved} that could be
done for the agreed sum, assuming it to be the sole item for development. Clearly,
however, it is the cost of correcting all deficiencies that is the criterion for land
classification.

Land grading is the mosi common development requirement. It is often ex-—
pressed in terms of cut and fill, assuming that an average half the area is cut and
half is fill. The total volume of earth so moved is not the sole determinant of
cost., Other factors include depth of cut, distence of land, seil conditions,
desired precision of the final grading and type of eguipment available.

Table & shows the amount of earth to be moved at variocus depths of cut and
fill which together with local unit cost3 can be used to caleulate grading costs.

Table & CGRADING iSTIMATES INM TERIG OF CUT AND FILL
Type of prading Light Medium Heavy
Mrerapge cut and £ill (em) 7.5 15 30
3
Zarth moving (m”/ha) LY i) T50 1500
sarth moving (yd”/ac) 200 400 800

Note: 100 yd~/ac equivalent to 189 msjha.

Subsoil quelity must always be evaluated by the soil surveyor since it may
limit the amount of grading advisable or greatly increase the cost if it is
possible to conserve and later respread the topsoil. Although most subsoils are
unproductive when first exposed, they gradually recover with the addition of
fertilizers and organic matter, In contrast, coarse sands, gravele or layers rich
in lime or gypsum or exchangeable aluminiuwm may never respond to irrigation after
severe cutting.

Where levelling for grafity irrigation is likely to be a permanent threat to
productivity on shallow soils, sprinkler irrigation should be considered. Alterna-
tively, very short runs and small fields may have to be accepted.
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Additional information on the estimation of land levelling costs from topo—

graphic data wWas given by Marr (1957) and USDA Soil Conservation Service (qas2).

Maoro=ralief and Field Size

In contrast to the correctable deficiencies of land with & smooth, uniform
elope are the noncorrectable deficlencies of complex topography where slopes change
frequently in gradient and direction. The more complex the topography the leas
desirable ias gravity irrigation. Sprinkler irrigation is better suited to this
type of terrain, but suffers from relatively high annual operation, maintenance and
replacement reguirements.

For meximum production with & minimum labour requirement, irrigated fields
should be large and the irrigation runs long and siraight. When topographic or
man-made features prevent development of large, smooth, rectangular fields, the
land is lesa suitable for irrigation. Disadvantages inherent to small, irregularly
shaped fields include a diaproportionate amount of land taken up by head ditches,
drains and headlands for turning machinery, & possibly reduced range of economically
possible crops and increased labour coste for all operations including irrigation.
Land grading costs per cubic metre are also higher.

Field size and shape need to be considered as criteria in evaluating land
for gravity irrigastion. Sprinkler irrigation is less exacting in its regquirements
tut large fields are generally still needed for efficiency and economy. For
additional information on this topic see Vader (1967), Haldeman and Frost (1965),
Maletic (1968) and Langley (1949).

Table T shows a2n evaluation of field size and shape in relation to suitability
for mechanized farming. Field size and shape are less important when machinery is
net used.

Table T FVALUATION COF IRRIGATED FIELD SIZ®
Very Hoderately l
favourable Favourahle favourable Unfavourable

Field size,

minimum (ha 8.0 3.6 2 1
Length of run,

minimun (m) 1/ 190 120 100 501
Dimensions (m) 390 x 200 120 = 300 100 x 200 5C x 200
lf Coneidercticn musi be given to intake rates when assessing the length

appropriate for a given soil.

Position and Accessibility

small iracts of land, regardless of quality, are frequently found uneconomic
to include in an irrigation scheme if they are remote from the scurce of water or
Buitable drainage ocutlet. They are usvally excluded after completion of the
initial land c¢lassification.
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3.3.2

Areas of land rising several metres above adjacent land should be delineated
on the map for ease of identification and location. Any decision to exclude them
from the project would be made by the engineers and economists in consultation with
the acil surveyor. Normally, areas under 0.5 ha would be disregarded.

Any very low land likely to present drainage problems or to become too wet for
certain crops should be assessed with the help of the drainage enginecer. In pump-

ing schemes, well drained lands at a lower level than the water source can some-
times be served advantageously by a gravity diversion.

CONSIDERATIONS OF LAND COVER

Unfarmed land has some vegetative cover and possibly also stones scattered
on the surface. Clearing costs must enter into the evaluation of land.

Removal of Vegetation

Removal coots depend on size and type of vegetation, local labour costs,
equipment available and area involwved, Costs rise steeply as the size of individual
bushes and trees and density of stand increases. Using modern equipment and in
comparison with clearing costs of light brush (sage), a thick stand of pine 30-45 cm
in trunk diameter could cost 40 times as much and dense jungle 120 times as much.

For large tracts of land (over 2000 ha) very heavy machirery now available could

halve the cost of jungle clearing by conventional methode (large bulldozers).

Sandy soils tend to cost less to clear than fine textured soils. Clesaring
large trees with bulldozers tends to leave large holes where the tree stood, and
soil clinging to the roots is carried to the windrows in preparation for burning.
Land grading is therefore usually necessary. Ground cover that is salable reduces
the net clearing costs.

Hemoval of Hocks and Stones

Rock outcrops are difficult and expensive to remove and blasting is the
usual method if their removal is essential. They are, however, seldom troublesome
in irrigable areas since land with bedrock near or at the surfzce would not meet
the conditions for arable land. When scil and drainage conditions are favourable
occasional ocutcrops may be disregarded unless they restrict the productive area or
field size and shape. In the latter event, the land suitability class should b-
downgraded,

Stories (20-40 cm in diameter) and cobbles (7-20 cm in diameter) are usually
renmoved from the tillage zone although some c¢rops, e.g. pasture and orchard, suffer
little loss of production. ‘Removal costs should be a consideration in agsigning
land classes.

A method of estimating the cost of stone removal used by the U.S. Bureau of
Reclamation is to remove and pile all stones or cobbles from the surface and upper
8 inch (20 cm) depth from 2 21 ft x 21 ft area (0.01 acre) and then to measure or
estimate the volume of the ston§ heap, Thus, each 10 inch diameter stone from
this area is equivalent to 1 yd”/ac in the area as a whole. A metric equivalent
of this method might wuse an area of 10 m x 10 m (0,01 ha) for excavation. Each
26.7 qm stone found within this area would then be approximately equivalent to
1.0 =" of etones per hectare.

Mechanical equipment will pick up superficial stones and cobbles at a cost
of about 3%6.50 and $2.25 per cubic metre respectively. Special equipment or
manual labour is required for larger stones. Some 2-3 manhours per cubic metre
are required for manual picking of stones, plus the cost of stone transport.
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OTHER LAND DEVELOFMENT CONSIDERATIONS

'UTgual' Land Development Costs

'Usual’ land development costs include expenditure on farm ditches, lining of
ditches, headgates, water control structures, farm waste water ditches, erceion
control structures, etc. These 'usual' costs vary litile between farms,
particularly between farms siied on lands of the same subclasa designation. Be—
cause of their small variability within aress of similar terrain, such costs ars
rarely taken into account in determining land suitability class, but must be gquoted
in estimates of total land development costs,

50il Profile Modification

With the advent of deep ploughing equipment capable of modifying soil profile
characteristics to a depth of 120 em or more at reascnable cost, profile modification
becomes & practical means of improving the production capacity of some types of soil,
For example, in the State of Idaho, Usd, deep ploughing to a depth of about 100 cm
is bein; extensivily used on solonetz soilc as & means of increasing productivity.

In these soils tlic deep ploughing completely obliterates the normal denge v horizon,
and mixe2 this horizon throughout the 100 cn depth. Froduction increases of 500%

or greater are commonly associated with deep Ploughing solonets soils in this area,
This level of increase leads to preduction equal to the best lands in the area.
Infiltratien rates are increzsed from lese then G.15 cm per hour to about 2.0 em

per hour, and become stable at the latter value. Ivaluation of irrigation potential
based on the premise of deep ploughing is being used by the U.3, Buresu of Reclamation
in some areas, Deep ploughing costs under the conditions cited above range from

386 - 111 per hectare. .

fpart from its success in alleviating the problems of solonetz seils, profile
modification appears to be & potential means of improving several other kinds of
unfavourable soil morphology including seils with very sandy topseil overlying medium
textured material or scils with clayey surface layers overlying coarser subsoil.
Local field trials should be made to verify that productivity can be improved by
this technique before it is used for land classification rurposes.,

Flood Protection

Uverflow hazards from rivers or drainage ways often influence the use,
management, and development costs of affected portions of am irrigation project.
hny lends located in areas susceptible to such demage should be evaluated for
possible fleod problems and possible protective measures. syidence of freguent
flooding is often provided by surface debris and chservable injuries to trees.
Important information to collect in flood hazard areas include (1) loeation and
extent of flooding; (2] frequency of flaoding; (1) depth and duration of flooding;
(4) the time of year of flooding in relation to crop planting dates and prowing
season; (5) type of flood damage (i.e.: erosion, sediment, other); (&) local
evidence of the influence of the flood hazard on irrigation farming cperations, and
(7) on the choice and yield of crops.

Very often flood damage observabla at the time of soil survey will not recur
because of upstream dam construction for the irrigetion project. Reduction or
elimination of flooding is frequently a benefit of large - scale projects. Thus,
before conclusions are drawn relating to land suitability clasgification, the
flooding evidence should be discussed with the project hydrologist and engineer who
will be able to estimate the effect of proposed project works on future flooding.
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Lands subject to severe and frequent, damaging floods should usually be
excluded from an irrigation project. Care should be taken, however, in assessing
damage caused by flooding. vor example, winter flooding of lowlying pasture
1enda in the State of Oregon, USA, has been observed to do very little damage
because the flood water has low velocity, no sediment, and rises slowly. In parts
of the Far Zast a floating rice crop is grown during the flood season. Although
not ae productive or =& comnvenient as the normal wet.rice crop, floating rice affords
some income and is a means of making the most of a bad situation.

Sound evaluation of flood hazards and the asscciated effecis on irrigation
suitability is difficult because no two situstions are exacily alike. In some
places small protective dikes or channel cleaning may be an adegquate preventive
MEeABUTe ., ilaewhere a change of crops or of crop segquence is the best golution.

In other instances the flocds are so infreguent that the average anmual
production is adeguate to make farming worthwhile. In this last situation the
Buitability classification should reflect the sverage anticipated productivity.

Runoff from adjacent hillsides is a common problem on lands lying at the base
of hills. The problem is particularly serious in erosive areas subject to tor-
rential and damaging rainfall during parts of the year. Imder such conditions
soil, stones, and vegetative debris from the hillside may overflow crop land
located at the base. The potentizl runoff and flood damage in these areas needs
to be zssessed. Stones and cobble on the surface of the soil and cbeervable severe
erosion on the hillside will be indications of existing or potential flood problems.
Londs subject to such damage are less suitable for irrigation development than lands
otherwise similar. If the condition is very severe, lands subject to this type
af runoff should be excluded from the irrigable area.

Farm Drainage

Farm drainage is that drainage -mdertaken by the water user on his own farm
at his own expense (USER 1953). Policies vary considerably in different parts
of the world regarding responsibility for drainage construction associnted with
irrigation development. In some sreas, including projects wmdertaken by the U.d.
Wederal Covermment in  the western United States, subsurface drainage requirements
mry be considered a povs of the fetul project cosis. In othzr areas, responsibili.y
for on—-.crm draiucge is laft to the individuzl farmer, only the outlet facilities
boing ingluded in the project development plans. The lattier zpproach is usually
less desirable for, if some farmers fail to construct their portion of the plammed
drainage, their neighbours will be adversely affected.

If the individual farmer is to be responsible for subsurface drainage, the
costs invelved must be regarded as land development costs and added to other
development cost estimates in evaluating arability. As a2 consequence, lands are
frequently roted as unsuitable for irrigation development on the grounds of high
drainage costs.

In irrigation develepment, throughout the world, it is usual to regard
provision of surface drainage for farm wastes as a ferm cost. Inless expensive
erosion control structures or outlets for very lowlying areas are required, guch
coste are usually nominal and are considered as part of the 'usual' land develop—
ment costs (see 3.4.1).

The assessment of drainage requirements is discussed in the next chapter.



CHAFTER !¢
DRATNAGE AND RECLAMATION

INTRCDUCTION

The control of water table levels must bhe economically poseible for success—
ful irrigated farming. This chapter describes the criteria used for asgsesaing the
gquality of scil drainage and planning & system to m2intain or improve it. The
closely related problems of reclaiming saline and sodic soils are also considered.

Symptoms of rising groundwater and salinization may not become apparent for
several years. It is essential from the beginning to recognize the need for
drainege works in almost every irrigation scheme and commonly of Bome subsurface
drainage., Secendly it is necessary to predict drainage reguirements accurately,
deapite the difficulties caused by variability in underground strate, for without
thie the economic success of the project i8 in jeopardy.

The soil eurveyor should assume initial responeibility for the preliminary
appraisal of seil drainability and record dain on observable water tables, variaticna
in geomorphic units, areas with markedly different texture, structure, bulk density,
salinity etc. for discussion with the drainage engineer. The =soil surveyor will
also be working with the agronomist and economist when deciding what combination of
crope and irrigation practices would best suit the anticipated internal drainege
conditions. The importance of surface and subsurface drainage is such that the
s0il surveyor must clearly understand the basic principles and procedures used in
eatimating drainage regquirements.

Some conventional drainage terms used in this bulletin are defined as followa:

Surfece drainage is the removal of water from the surface of the land.

Subsurface drainage is the removal or control of gromdwater to maintain
it at desired depth for succersful crop production.

Draingﬁa ig the removal of excess surface and subsurface water.

Soil drainage refers to the flow of water Through the soil, and the
frequency and duratien of pericds when the solum ie free of saturation
under natural conditions.

Soil drainability refers to the ability of seil and substirata to respond
to subsurface draine. It is a useful term since it enables predictions
tc be made of soil drainage under projected irrigetion conditions.

Internal soil drainage is defined in the U.5. Soil Survey Manuasl (1951)
as "that quality of & soil that permite the downward flow of excess water
through it." It is determined by the texture, structure, and other
characteristics of the soil profile and underlying layers and by the
height of the water table, either permanent or perched, in relation to
water added to the scil.
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4.2.1

SOIL DRAINAGE STUDIES

Critical Depth to Groundwater

Crop production is limited by an inadequate rooting system and increasing
salinity resulting from shallow groundwater. The water table may rise very
rapidly if natural drainage is slow. For example, a deep percolation of 10 cm
per year, & not unusual amount, can cause & rise of 150450 c¢m under wnfavourable
conditions.

The following may provide clues to the likely magmitude of the rise in the
water table that might result from irrigation:

~ present fluctuations in the level of the water table due to rainfall:

— the elevaticn of the land surface with respect to possitle drainage outlets:
- the distance to natural drainage outlets;

— the depth to any drainage barrier;

- the infiltration rate;

- groundwater pumping data;

- factors relating to the plamned irrigation project including the anticipated
irrigation efficiency, the anticipated distribution losses in the canal and
lateral system, the comsumptive use of the plamned cropping system, and
finally but not least, the anticipated level of irrigation management.

The highest level tc which the water table should be permitted to rise during
an irrigation season is an important factor in developing cost estimates for a
subsurface drainage system. The permissible depth depends on such factors as the
capillary conductivity characteristics of the soil; the prevailing evaporative
conditions; the depth of rooting needed for optimal production; soil aeration:
the intensity, smount, and frequency of rainfall; the quality of irrigation water;
the quality of groundwater; crop water table tolerances; orop salt tolerance;
the capability of the draineage system to provide the desired rooting environment.
Tovey (1969) hag shown in lysimeter studies that a high water table is not necessa-
rily detrimental provided it is relatively stable.

A8 a general rule, & higher level of water table is tolerable in a cool area
than in a hot, dry area, particularly if the water in the hot area is saline.

Although it may be deasirable to meintain a water table at depthe below 300 cm
(10 feet),practical considerations of cost may make this goal unrealietic., How-
ever, axcept in very wnusual circumstances, the water table for crops other than
paddy rice should seldom be closer to the surface than 90 — 120 cm (36 - 48 inches)
for over 24 hourse. The decision on the design depth for water table control
facilities, which has an important bearing upon drainage costs, should be jointly
shared by the soil scientist, the drainage engineer, the economist and the agrono-
misat.

Where an agquifer is sufficiently permeable as to produce large volumes of
water from shallow welle, drainage costs by pumping are usually less than with open
or tile draine., With pumped drainage it is usually advieable to hold the water
table below a depth of 300 to 400 cm (10 or 12 feet Jas a safety precaution in the
event of a well failure. The quality of groundwater (see Chapter 5) tends to
deteriorate over time. S¢ it should be monitored if the pumped water is used for
irrigation,
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m peat s2o0ils it is usually necessary to maintain & high water table to
prevant oxidation and subsidence. Roe (1934) found that maximum yields on peat
soils were agsociated with a water table depth of 75 cm. If salinity problems are
likely to develop, peat soile should be avoided for irrigation. However, mmder
most conditions favouring the formation of peat, the water guality is excellent
and soils with high water tables can be succesafully irrigated — particularly for
vegetable productiom.

Subirrigation is a epecial irrigation method requiring specific conditioms.

t involves large flows of water into the soil from surface ditches or blecked
drainage channols which rapidly raise the water table enough to wet the surface by
capillarity. Between main irrigations the water table is held at 4560 em depth
by flows from widely spaced ditches. Surface irrigations may be needed for salt
leaching where the rainfall is low. The Beil should have a perfectly level surface
and very permeable coarse textured or peaty subscil for preciee control of the
water table depth. The water quality must be axcellent. Irrigation efficiency
is low because of deep percolation lespes oncoarse textured scil though losases may
be amall on peat, Shallow rooted crops do best, such as onions, carrots, potatoes
melons and grasses, but even alfalfa, a deep rocted plant, produces moderately well
if the water table is precisely controlled.

30il Irainability and Internal Irainage

Soil permesbility and depth to & drainage harrier stratum are important in
pradicting drainability. A parrier zene i8 a slowly permeable stratum such as
impermeable clay layers, indurated or cemented hardpans, shale, rock or similar
material. By definition (U.3., Bureau of Reclamation 1964) the drainage barrier
has a permeability value less than one fifth the average of the horizons above it.

4 drainage barrier usually causes a saturated zone to develop above it and
gete 2 limit to the depth of permeable material through which water can move
laterally to a natural or mban-made outlet. In umiform permeable material most
of the flow may be below the drains 8o a barrier stratum means that the drains
mist be more closely spaced,

Construction costs for open ditch or tile drainage become very high when the
barrier stratum is lese than 275 cm from the surface. Therefore an accurate
knowledge regarding depth to barrier is important to drainage cost estimates. The
soil scientist should expect to help in leocating drainage barriers within 3 metres
{1O faat} of the surface while the drainage engineer will be mainly responsible
for studying deeper materiale and in characterizing the barriers for design purposes.

Thus, in studying soil profile characteristics the soil scientist should
give particular attention to such factors as soil structure, observable pore size
digtribution, cemented or indurated horizons, and evidence of burrowing by insects,
worms and larger animals, 211 of which have a2 direct bearing on drainfge characfer—
isticsa. Further clues to drainage conditions in different horizone are provided
by soil colour (presence or absence of gley colours or mottling) and by the degree
of development and distribution of the root system. Llaboratory data, in particular
information relating teo the type of elay minerals, the bulk deneity and the content
of exchangeable sodium, will assist reliable appraisal.

In drainage investigations the goil secientiet has a supporting role to the
drainape specialists who decide the need and design of drainege works. Soil surwvey
does not normally provide sufficiently precise information on substrata conditions
for a drainability map, which requires detailed siudies by a network of cbservation
wells and numerous permeability tests. The soil drainage characterisetics obeerved
by the soil surveyor are not necessarily definitive, since conditione may.change



whan large amounts of water are applied, particularly in arid lands, though poor
internal drainage is likely to remain poeor unless it is remedied.

Satisfactory intermal drainage implies a soil and substratum able to transmit
water before eaturation harms plants. Problems are wnlikely with homogensous
soils, even clays unless they have high bulk density or exchangeable sodium, or
with clay over sand, since the downward movement of water is only slightly retarded
by the differing moisture tensione. Underlying clay or danse or indurated layers
are warning signals.

Infiltration and percolation measurements help to assess the possibility of
dreining away the leaching requirement (see section 4.2.2) and of ponding or &
perched water table cccurring for leonger than about 48 heours which is normal.
Infiltration rates of 0.15 cm/hr may be excessive for a good rice soil, but are
about the minimum for most other crops.

Table 8 lists some permeability values for commeon soil and substratum
materials as developed by Halph M. Farscna Company. They do not represent all
s0il conditions end local asite—gpecific measurements are alwaye needed. Some
well aggregated clays in the western USA have permeabilities up to 25 cm/hr,
whereas medium sands cccur with very low permeability due to their high exchange-
able sodium 2nd & little monmtmeorillonitic clay, and cemented gravels often have
poor drainability.

Some Principles Guiding Drainage Investigations

Drainage investigations are directed toward determining the prevailing
depths, slopes and fluctuationa in level of the groundwater surface; the presence
or absence of confined water tahles {i.&. water under pressure below a slowly
permeable strata); and the thickness and permeability of soil and subsirata
layers which may act to retard or transmit water. Theee invesiigetions and the
subsegquent preparation of drainage recommendations are usually undertaken by
drainage specialiets and only the general approach to such work is described here.

Soundly conducted drainage investigations require a network of cased
cbeervation wells of lmown elevation; piezometer installations to detect confined
water tables; pumercus deep borings to detlermine the variability of substrata
materials; and field tests for permeability. Three methods for chiaining
in—-place horizontal permeability data are commonly used. These are the auger-
hole [or shallow well pump—out) test, the piezometer test, and the shallow well
pump—in test. The 'permeameter' test is used to determine the vertical permeabi-
lity of a narrow zone. Since soil scientists assist in conducting these testis,
they are outlined in the following paragraphs and are described in more detail in
the Appendix of this document.

The auger—hole test (Mzasland and Haskew 1957; Van Beers 1963, Winger 1965)
ig 2 zimple but reliable method for determining in-place permeability below & water
table. A large auger hole (about 10 cm diameter) is bailed out and the rate at
which the water returns towards the static level provides a basis for caleculating
the permeability. The test measures the average horizontal permeability from the
static water table to the bottom of the hole when an impermeable layer is at the
bottom of the hole, or a few inches below the bottom of the hole when the imperme—
2ble layer is some distance below the bottom of the hole. I+ hes the advantage
of similating conditions ina drainsge ditch (see Appendix B.1.1).

The piezometer test (Luthin and Kirkham 1949; Winger 1965) is similar but
employes & narrow impermeable tube which is driven into the ground to & selected
depth below the water table. DBailing or pumping followed by reccrding of the rise
of water within the tube provides a measure of permeability within a thin layer
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adjacent to the bottom of the piezometer tube. The primary application of the test
is t¢ compare permeablility in different layers and so detect the effective barrier
layer (see Appendix B.1.2).

Winger (1965) described the shallow well pump-in test (see Appendix B.1.3).
Thig procedure is also called the well permeameter teat and is used when the water
table ie below the zZone to be tested. Essentially, the test consisis of measuring
the volume of water fTlowing laterelly from a well in which a conatant head of water
ie maintained, The permeability rate is a composite rate for the full depth of
hole being tested, but reflecte primarily the permeability of the more permeable
layersa,

In most dreinage studies lmowledge of the horizontal permeability obiained
by one of these three methods is considered to be sufficient, it being assumed
that vertical permesbility will be adeguate for water to reach the saturazted zone
from which it will be drained horizontally. If there is ceuse to suapect the
presence of slewly permeable layers above the saturated zone, the 'ring—permeameter'
test described by Winger (1965) provides a method of determining the vertical
permeability of these layers, which, although complex and rather slow, gives
uniformly dependable reasultie st & reasonable cost, It consiets of weasuring the
rate at which water permeates through the test layer from a carefully positioned
cylinder maintained at & constant head. Pairs of tensiometers and of piezometers
are used to confirm the absence of & perched water takle, the attainment of
saturated conditions and fulfillment cf the requirements of Darcy's law for the
movenent, nf limyide thnovegh =atypated materisl | | roowhich tha subeeoyanh .. ~eloulzdHon

of permeability is baged [see Appendix B.1.4).

The varicus forces acting upon groundwater are intricately invelved and
thelr separate influence may vary markedly within shert distances. Several
formulae have been developed to estimate required drain spacings from data on
permeability and depth to barrier. Here it must suffice tc sey that the method
uged by the U.3. Bureau of Heclam2tion and widely elsewhere througheut the world
(Thume 1558) takes account of crop water requirements, irrigation efficiency,
leaching reguirements, desired water table depth, razinfzll characteristics and
gpacific yield.

Irain spacings have sometimes been determined by empirical methods based
on depth to barrier and average perm abilities zsscciated with varicus materials,
Because of the ipportance of drainage to the success of an irrigation project,
short cut methods for estimation of drainage reguirements should be aveided unless
their validity in the particular ares has been proved.

A developed surface drainage system is necessary before irrigation can start
and must include a surface drainage outlet to each farm. The soil scientist
during the 8o0il survey should locate 2ll existing drainageways and asreas which will
reguire outlet surface draines for the drainage engineer to ensure thsat necessary
facilities are made 2 part of the development plan.

Drainability Surveys — Field Operations

Some steps in drainability survey have been described already but the
following paragraphs summarise the overall procedure. It 18 assumed that the soil
survey will have alresdy identified the major soils and their broad distribution in
the landecape and it is highly desirable that the soil scientists responsible should
digcuss their findings with the drainage specialists.

i. The mrea is first covered in a reconnaissance manner for the purpose
of noting the character of the vegetation, the presence of =salts or
sodic conditions, indicatione of water iable problems, and in general



COMPARISON AND CLASSIFICAT

ION OF PREMEABILITY FOR DIFFERENT SOII

CAND SUBSTHATING

T

FATERIALS

{Table prepared by Ralph M. Parsons Co.) (Fermesbilities expressed in cm/em”/h)

Textural Grades and/or _1..-"’ Classification of Nommel retes 2/
Substratum Materials {Indices and ITescriptive EEE‘-SSEB-F/
Jeill Survey Key Ireinability Survey Key
Moximum| Minimum| Normal| Index No. Class Index No. Class

Heavy claya 2.00 | <0.005 0.03% 1 Very slow 1 Very poor
dedium clays 2.50 L1 0. 10 1 e n 1 L
Silty clay 2.50 | 0.0 0.15 2 Slow 2 Toor
Sandy clay 2.50 0,03 0.2 2 n 2 L
3ilty clay loan 3,00 0,02 0.50 2 f 3 Fair
Clay loam 5.00 .10 0.60 2 i 3 "
Silts 2450 0.02 0.40 2 ! 3 i
5ilt loam 12.70 0,05 1.27 3 ¥od., slow 3 "
Sandy clay loam 12,70 010 1.90 3 Ll 3 H
Loam 15,00 0.25 2.50 3 i 4 Cood
Fine sandy loam 15.25 .50 3.75 4 Mod, rapid i "
Sandy loam 16.00 Q.50 4.50 i iz A 4 "
Coarse sandy loam 20,00 1.25 T.60 5 Rapid 5 Very good
Loamy fine =and 16.00 1.25 T.60 5 L ] nen
Loamy sand 20.50 1.50 10,20 ) L 5 LU
Loamy coarse egand 25.40 7.60 | 12,70 5 " 5 L
Fine sand and very fine sand | 50.00 .50 T.60 5 i 5 non
Medium sand 250.0 T.60 | 15.25 & Very rapid 5 o
Coarse sand 500.0 | 25.40 | 50.80 7 ixcesBlve 5 non
Gravelly clays to gravelly

clay loams 5.0 10,005 0.5 2 Slow 3 Fair
Gravelly silts to loams 15.0 0.02 375 4 Mod. rapid 4 Good
Gravelly fine sandy loams to

fine sands 250 7 .50 25.4 & Very rapid 5 Very good
Very gravelly clays to very

gravelly sandy loams 50.8 5.10 12.7 5 Rapid 5 nom
Very gravelly s=ilts to loams 250 12.7 25.4 A Very rapid 5 Sl
Very gravelly fine sandy

loame to fine sands 500 25.4 0.8 T ixcessive 5 wom
Mized pea gravels and sands 250 b.4 50.8 i " 5 e A
Fea gravels clean 1000 | 100 200.0 7 i 5 e M)

_1_/" 1?_/ gee notes on page




Textural Grades and/or 1/
substratun Materials

Classification of Normal rates 2
(Indices and Descriptive Classes

301l Survey Kay Drainability Survey Key
Maximum (Minimum |Normal | Index Wo. Class Index No. Class

Gravel, cobble and sands

(mixed) 500 T.70 | 150.0 7 Excessive 5 Very good
Clean gravels 5000 150 120.0 T " 5 LA
Cobble and gravel 7500 (300 S00.0 T L 5 r u
Cobble 000G |500 1000.0 T r ] LI
"5" locse gravelly, “Gypsy"

o w0 255 50.0 T " 5 .
"S" marly or limey, soft

to semi-hard 15 0.25 1.29 Fit Moderate 3 Fair
"3" marly or limey, semi-

hard to hard 0.25 | ¢n.02 0,13 2 Slow 2 Poor
"3" clayey to limey, compact

to very hard .15 | «0.02 0.09 1 Very slow 1 Very poor
Lightly cemented gravels 320 0.5 50.0 T Excezsive 5 Very good
Any creviced or fractured

rock 320 .02 25,4 & Very rapid 5 H o
Porous rocks including semi-

hard and hard caliche 120 0.02 25 .4 & LI 5 I gt
Iniform bedrock few or no

fractures or crevices 0.02 |€0.001 |»0.002 1 Very alcw 1 Very poor
Gypsunm beds 5000 100 200 T Excessive 5 Very good

1/ Textural grades are classified on the basis of normal structures
containing exceas exchangeable sodium iona.

water intake and storage capacity of seoils.

3/ Includes a wide variety of commonly unconsolidated substratum and s
and gravels) with various degrees of

and do not include highly dispersed soils
Data are freom all lnown scurces.
2/ These indices compare rates of water transmittal only.,

Drainability of am area is influenced alsc by
depth to impervious layers, stratification, thickness an

d position of aguifers, slope and the rate of

ubseoil materials (sand, silts, clays
weathering, illuviation and cementation.




ii.

iii.

iv.

W

vi.

areas regquiring drainage relief before irrigation can begin.
The acil a2cientists should be able to give great assisilance
to the drainage apecialists in this preliminary stage of their
etudies and should accompany them in the field.

Unce the general location of project lands 13 esteblished a grid
of drainage cbeervation pits is laid out, In general the rows aof
pits will be located along lines normal to the land contour, flow
of the river, or mojor ocutlet. For the initial study of largs
project areas, deep pits at one to two kilometre intervals in lines
two to five kilemeirea apart will suffice. If the wariaiion in
scil and substrata characteristics is considerable, additional
pits will probably be needed, Drainage observetion pits should
be excavated to depthe of ! to 5 metres, if poasible, and logged
carefully by experienced soil scientists. These pit descriptions
will doubtless contribute to characierizing the soils of the area.
In relation %o drainability, the profile logs should include
information on the following for each herizeon:

— textural character of each horizon and state of weathering;

- drainability, or permeability, a8 judged from structure,
pore size characteristics, bulk denaity, root channels,
root distribution, depth of lime, type and extent of mottling,
and stratification:

= evidence of any differences between vertical or lateral
permeability fromw Boil structure characteristics;

- degree of hardness or cementation;
- indications of & drainsge barrier layer.

Additional observations should be made for general scil characterization
purposes and samples taken from each horizon for appropriate laboratory
gtudies,

Field tests of horizontal permeability are made by approved methods
(eee 4.2,3) at representative sites as needed,

Following the logging of the pits appropriate soil boringe are
made between the line of pits to evaluate wniformity of materials
and to estimate the areal extent of soil and substrata materials
obaerved in the pits.

Observation wells should be installed in areas where soil or other
Burveys indicate shallow groundwater, and in & Tew other representative
areas regardless of these indications. Wells may be hand dug, bored
by hand augers, or drilled with well drilling equipment. Village and
farm wells may be useful sources of data, but are not as reliable as
caged observation wells. Approximately one third of the observation
wells should be drilled to a depth of at least 9 metres unless an
impenetrable barrier is encountered.

Initially, where water table problems are apparent, observation wells
should be sited in about the same locations and freguency as the
cbeervation pits; less where no drainage problems are foreseen.

Once sonme information on groundwater fluctuation is available the need
to site additional wells to fill obviocus gaps in the data may become

apparent.



wii. If artesian pressure is suspected it may be necessary to install
piezometers, using hand augers or a jetty rig, to measure the
hydrestatic pressure at the bottom of the pipe. Their use is
to study groundwater flow patterne and to define areas having
water under hydrostatic pressure in permeable zones under
impervious strata. Details of techniquee for piezometer
installation are shown in the USBER Drainage Manual (1964).

viii. The precise elevations and locatione of wells and piezometers
ghould be obtained by engineering surveys.

ix. Over a pericd of 1 year, or preferably longer, readings of
groundwater elevationa should be made at intervales freguent
enough to estahlish the complete range of fluctuations. Feriods
of heavy rainfall should be followed by especially freguent
groundwater readings.

X, If substrata conditions are fairly miform, flow messurements
should be made on exiesting drains and springs to determine rate
of movement of underground water. If the lands on which existing
drainage facilities are located are not representative of the main
areas of interest, flow measurements are unlikely to be worthwhile.

Xi. Laboratory analyses should be made of the water gquality in
cbhservation wells, springs, community welle, and in any natursl
or constructed drains.

xii. Appropriate drawings should be made showing water table contours,
depth to water, water—table profiles, piezometer profilea,
hydrographs, and depth to barrier.

xiii., Depth to barrier, amticipated deep perceolation, desired contrel
of water table, behaviour of present water table, subseil lateral
permeability, and other data collected are used to design the
project drainage system.

It is obvicus from this description of activities that the primary
responeibility for collecting relevant data and for appraising the need, nature
and location of draing rests with the drainage specialists. S0il Beientists
materially assist the drainage engineers by helping to log cbservation pits, and
by drawing attention to such ohservations as differences in soil drainage
characteristics, areas shallow to barrier, with different infiltration rates or
having shallow tables.

RECLAMATION OF SALINE AND S0DIC S0ILS

The development of the wnfavourable properties of saline and sodic seils,
outlined in Chapter 2, is a continuing hezerd in irrigation which can be prevented
by adeguate drainage and good irrigation and gcil management practices. These
practices include (1) adequate irrigetion to leach soluble salts below the root
zone combined with (2) efficient distribution of water to prevent excessive deep
percolation; (3) construction of a good surface drainage system to remove runoff
water from each field; and (4) addition of gypsum where necessary to prevent or
correct wnfavourable sodic conditions.

fxcessive ealinity or scdic conditions encountered during soil survey should
be coneidered as correctable when evaluating lande for irrigation development.
In difficult circumstances the costs for reclamation may exceed the anticipated
benefite Bo they must be estimated before including affected land within the



projected irrigation area. Some of the factors which need to be considered are
briefly described in the following sections. For a more comprshensive summary of
the subject the reader is referred to FAQ/Unesco (1973), FAD (1973) and FAC (1976c).

Reclamation of Saline Scils

Reclamation of saline soile regquires leaching and is rarely pogsible unless
conditions of intemmal drainage are satiefactory. Leaching without drainage
requires exceptional circumetances (FAQ/Unesco 1971}, and normelly proves futile
pecausze the salts leached downwards return to the surface by saturated or unsaiurated
flow depending on the level of the water table. For sustained irrigation the excess
salts mast bhe leached below the root zone and underdrainage must convey the leachate
out of the irrigated area.

411 irrigation waters contain some scluble salts and many contain an appreciable
quantity. If irrigation applications could be limited to the amount required for
comsumptive use, salts would accum:late unless leached by rainfall, In fact, the
efficiency of irrigation by gravity methods rarely exceeds 75% with present techno—
logy and is usually less than 50% because of deep percolation losses. Hven with
sprinkler irrigation, deep perceolation losses normally exceed 15-20%. Consequently,
in practice, few farmers salinize their soils by applying too little water, although
the risk of doing so is greater on slowly permeable, fine textured seile and in
areas where the irrigation water is saline. in soils with moderate to low salinity
levels, on which some crop production is possible, a systematic leaching programme
may not be necessary because normal irrigation practices, with provision for a
larger than normal deep percolation loss, will generally reclaim the soils in a few
years with little additiomal expense Tor leaching,

Where the salinity problem is more severe leaching is an essential prelude
to successful irrigation. Land levelling to create basins in which water can be
impounded to egual depth is a customary means for preparing lands for leaching.
However, Biggar (1964) has shown that sprinkler irrigation is more effective for
leaching than impoundment of surface water. In fact, any type of leaching which
is intermittent like sprinkling, and which permits more time for water to move
through the small pores, will be more efficient than peonding in terms of water use
although it will reguire more time. Where salinity levels are very high, leaching
of salt deposits may result in uneven settlement of land which necessitates
additional subsequent land grading.

The total guantity of water required for leaching depends on the methed of
leaching, pore size distribution, degree and type of salinity, and the desired
level of salinity after leaching. Reeve and Fireman (1967) state that, in
general, about 50% of the salt is removed from the soil when the ratie of the depth
of water applied per wmit depth of seil equals 0.5 and about 80% when this ratio
equals 1.,0. That is, 30 cm of leaching water would be expected to remove approxi-
mately 80% of the soluble salt from the surface 30 om of soil or 50% of the soluble
salt from the surface &80 cm of spil, TFor sandy scile the required guantity of
water for this amount of leaching is generally somewhat less, and for fine textured
soils, somewhat more.

The minimum deep percolation needed to prevent an increase in the desired
s0il salinity level has been called the "leaching requirement". The term is
defined by the following equation:

LR m”‘"x 100
dw

where LR = leaching requirement or the percent of applied water which must
pass the root zone;




iﬂiw = electrical conductivity of the irrigation water:

EGG = the projected or tolerable slectrical conductivity at boltom
of the root zong.

The value for the conductivity of the irrigation water (EC. ) which is used
in calculating leaching requirements should take account of the d&futing influence
of effective rainfall. In these calculations the projected value of the electrical
conductivity of the drainage water {L-cd”j ie commonly equated with the electrical
conductivity tolerance of the crop, or crops, which will be grown (see Table 3,
gection 2.3.3),

Care must be taken in leaching programmes to prevent soil diapersion and
agsociated reduction of infiltration and permeability rates. McNeal (1963) and
Muhammad et al. (1959} have shown that improved permeability is obtained by the use
of saline rather +than low salinity water for leaching. Thus drainage water or
other saline waters can often be used successfully. 4 gradual reduction of the
salinity level in the leaching water by dilution may be needed in the transition
period. Field leaching studies to explore the use of saline water for leaching
should also explore the best means for preventing soil dispersion in shifting from
the saline water to the ultimate irrigation water., Scils containing significant
amounts of gypsum are unlikely to cause dispersion problems.

Figure } shows a typical sal leaching curve and, at the same time, illustra-
tes a useful way to plot the results of field leaching studies,

Reclamation invelves expenditure and in order to plan and estimate the eost
of 2 realistic and useful reclamation programme a variety of data are reguired,
The date required to deal with a salinity problem of any significant magnitude
include:

- extent, iype and distribution of salinity;

= quantity and distribution of gypsum in the soil;

= water table depth and fluctuations;

= tuality of irrigation water;

= quality of pground water;

- possible source of saline water for initiasl leaching:

= @anticipated cropping system and salinity tclerances;

- anticipated crop production level after leaching;

- infiltraticn and permeability rates with saline water source;

- infiltration and permeability rates with irrigation water;

= raesults of field leaching tesis;

= & comparison of impoundment and intermittent leaching water requirements
1f water supply is short;

- an eftimate of posBsible soil subaidence with reclamation.

4.3.2 HReclamation of Saline-Sodic and Sodic Soils

Various chemical, physical and biological approaches to the reclamation of
saline-sedic and sodic scils need to be considered, While the optimum appreach
depends on local circumstances, a combination of methods will often prove most
rapid and effective, Any treatment, whether chemical, physical or biclogieal which
provides soluble calcium to replace scdium in the exchange complex, will help.
Leaching and drainage are essential once the exchange reactions have begun and amy
improvement in permeability by physical and biclogical means will assist the
reclamation process (FAQ/Unesco 147.).
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Fhyeical aide to reclamation include:

- deep ploughing, especially on stratifield soils with permesble and
impermeable layers, or on soile with gypsum layere within reach of
the plough;

- Bubsoiling, especially to break an indurated B-horizom or lime layer;

- profile inversicn, where the upper subscil has undesirable properties
(lower and upper subsoils are inverted and then the top =oil is
replaced);

- ﬂanding, involving the spreading and mixing of sand inte the upper
horizons of fine textured soils (not effective on heavy clay soils).

Both living and dead organic matter affect biological amelioration principally
by improving scil permeability and by releasing carbon dioxide. Thus large
dressings of manure serve to improve surface structure and to increase carbon
dicxide evolution, the latter effect being of greatest bemefit in gtimulating the
solution of calcium in calcareous alkaline soils.

Chemical amendmente are very often necessary in the reclamation of saline-
sodic and sodic soils to neutralize free sodium and to supply a cation that will
replace sodium in the exchange complex. Gypeum is, by far, the mosi commonly used
amendment . Table 9 shows other amendments which are used locally. Those which
de not supply caleium directly work by acidifying the scil, thus releasing calcium
from lime and other compounds.

Table 9 CHEMICAL AMENDMENTS FOR SALINE-SODIC AND SODIC SOILS
(FAD /Unesce 1973)

Asainsats Effective 3qu1valen? to one ton of
pure gypsum (in tons)

Cypeum icaaoq - EHEG:l 1.0
Caleium Chloride {{jaﬂlz - 2H,0) 0.85
Limestone (Caco3} 0.58
Sulphur 0.19
Sulphuric hﬁid 057
Iron Sulphate [F‘ESG4 i ?HEG) 1.62
Aluminium Sulphate[ﬁlE(SE}d}s - 10H,0) 1.29
Calcium polysulphide (Ga35] 24% sulphur C.7T

The amount of amendment regquired is related to the quantity of sodium to be
removed. Thus, in theory:

Gypsun requirement = C.E.C, (initial ESP ~ final ESF)
(in meq/100 g of soil) 100




'Initiel ESP' is the measured value before reclamation. '"Pinal ESP' ia the
desired value which is often taken as 10, a level of exchangeable sodium

at which no noticeable peptization results. For example, if initial

ESF = 30; final ESP = 10 and C.E.C. = 24:-

= 10
Gypsum requirement (meq/100 g soil) = 24 x (jgﬁagl'j = 4.8

Since 1 meq of gypsum/100 g of soil is equivalent to 860 ppm of gypsum, and
since one hectare of soil to a depth of 20 cm may be taken to weigh 3 100 CO0 kg,
the amount of gypsum theoretically reguired to treat this depth of moil will be:

- &
Gypeum requirement/ha/20 e¢m = 860 x 10 é x 310 x 4.8 = 12 400 kg

In practice, the gypsum is likely tc be impure and a correction factor for
percentage purity must be used. Furthermore, the afficiency of replacement of
sodium by calcium is not 1007, partly because of the presence of free sodium in
the goil., Therefore, it is recommended that the amount of gypsum to be applied
be increased in accordance with the egquivalents of free sodium carbonate and
bicarbonate (FAOQ/Unesco 1973). U.S5. Bureau of Reclamation studies in Idaho
(unpublished) have shown that, in general, gypsum is only 60-75% efficient in
replacing exchangeable sodium; a finding which can be used to adjust the calculated
requirement. Table 9 shows the amournt of other amendments that would be as
effective as one ton of pure ;ypsum, if they were leocally more economic.

Saline-sodic Boils are generally flocculated and permeable at the start of
reclamation whereas sodic soils are not. The problem is to improve and maintain
permeability which is usually more difficult on sodic seils., Although physical
treatments and additions of gypsum are useful, reclamation can usually be accele-
rated under adverse conditions by increasing the electrolyte content of the leaching
water (McNeal 1968: Muhammed et al, 1969),

In additien to increasing the electrolyte content, care mist be taken to
maintain the sodium adsorption ratio (SAR, see Table 12) of the applied water
below a certain limit depending on the type of clay minerals. Thia valus will
generally be less than 10 for 2:1 type minerals and somewhai higher for 1:1 type
minerals. Saline water (8 Q0O = 12 Q0O ppm) with additions of gypsum or ecaleium
chloride to lower the 5AR below the approoriate limiting value would usually be
appropriate for the initial leaching of saline-sodic or sodic soils, A depth of
two or more metres of the saline water following by & metre of good quality water
may be required for successful leaching of these soila.

Apart from identifying and mapping the saline and scdic seile, the soil
scientist must assess the way in which they will respend to reclamation measures.
In doing so he will need to take particular account of the content of gypsum and
of the exact nature, severity and distribution within the profile of salinity,
sodicity and permeability problema. He must alsc nole the gquality of available
irrigation and leaching waters (notably their sodium adsorption ratio) and the
availability of chemical amendments. In co-operation with the drainage specialist
be should undertake measurements of infiltration and permeability rates using
leaching water at various levels of salinity.

These problems should be throughly investigated before any conclusions are
formed on the reclamation measures required or the suitability of the land for
irrigation development. Some quick tests exist which can serve as useful
diagnoetic aids. For example, a pH measurement in a 1=5 noilfﬁatar gugpengion that
is 1.1 or more wnits greater than that in the saturated paste is indicative of &
sodic soil in some areas. Schroo (1967) showed that for soils in Pakistan several
valuable conclusions could be drawn from a study of the concentration of caleium
and magnesium ions in the saturation extract. Values greater than 15 maqfl
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of ca'™ 4 Mg++ indicated the presence of gypsum. In these soile, pH was typically
over 9.5 if the concentration of these divalent cations was less than § meqfl and
over 8.8 if their concentration was below 1.5 meg/l. These useful indicators in
Pakistan mey not be valid elsewhere. In general, no great reliance should be placed
on quick tests until sufficient laboratory data have been obtained to prove their
validity.

TEAM RESPONSIBILITIES IN DRAINAGE/RECLAMATION INVESTIGATIONS
In a team which is siudying irrigation development, the usual responsibilities
of the scil scientist, the drainage engineer and the economist in relation to

drainage and reclamation investigationa are as follows:

Heopongibilities of the Scil Scientist

i. Locate and delineste areas with high water table and associated selinity
and godic problems;

ii. log obeervation pits and observation well borings for drainage engineer;

b i ch B obtain soil samples and arrange for appropriate laboratory analyses;

iv, evaluate need for gypsum additions;
V. run field infiltration permeability and leaching tests;
vi. evaluate gquality of irrigation water and determine if saline leaching

water required;

wii. identify any significant geomorphological distinctions within the
project area and advise on the physical differences of the zreas
concerned ;

viii. evaluate present internal drainage characteristics of all soils;

ix. provide an estimate of maximmm water table level which should be
permitted for each soil and projected cropping programme;

o provide the drainage engineer with profile deseriptions of the upper
270 cm of &8ll soils likely to be irrigsted with appraisal of possible
drainage barriers.

Hesponsibilities of the Drainare Ingineer

i Select eites for cbservation pits and arrange for excavation;

ii. gelect sites for cobservation wells and piezometers and arrange for
their installation:

iii. evaluate available substrata data and determine depth to barrier in
various parts of the project;

iv. determine horizontal permeability at drainage depths by in-place methods;
Ve measure observation wells and eveluate data;
vi. prepare maps showWwing water table contours, depth to water, depth to

barrier, water table profiles, piezometer profiles, and hydrographs
showing elevation of water +table over time for single cbservation
holess



vii.  estimate drainage requirements and costas,

Hesponsibilities of the Agricultural Heonomist

iz Datermine meximum acceptable expenditure for drainage and reclsmation
in relation to anticipated cropping systems and crop yields;

ii. determine cropping system consistent with seils, =alinity, climate,

farmer's asbilities, and marketing opportunities (in consultation with
other team members),



CHAPTER 5
WATER QUALITY AND CLIMATH

INTROLUCT ION

The gquality of aveilable water or the rigours of the climate may be more
significant than 201l characteriatics in determining the suitability of some lands
for irrigaticon. Excellent seils may be unusable, for example if water available
would guickly render them saline or toxic or if the frost-free pericd is too short,
Less exireme deficiencies require careful appraisal, and this must commonly be made
by the =0il scientist, who because eof his background knowledge will be czllea upon
to predict the effects of the water gqualiiy on =e0il physical and chemical properties
and erop production.

Although good water quality has always been assumed to be necessary for the
success of an irrigation project, examples can be cited where poor guality irrigation
waters have been successfully used for many years. Thus the successful long-ierm
use of any irrigation water depends on & anumber of factors including water guality
and it must be duly coneidered — neither over—emphaszized nor under—emphasized.

WATER QUALITY

Water guality Evaluation

Schemes cof water quality evaluation and claseification have been deviased by
geveral investigators. These are reviewed in the FﬂGfUneaco International Source
Book on Irrigation and Drainage of Arid Land (1973). None of these schemes can
be coneidered applicable over all ranges of conditions but the most widely used
system of claesification was published by the U.5., 3alinity labvoratory (15547.

These schemes have classified the water within certain limits but the
response cbtained from water having a given set of characteristice may vary widely
depending on the soils, tolerance of variocus crops, rainfall patterns, drainage
conditiona, irrigation methods, availability of walter, and climate, Each of these
factora may affect the utility of a given water supply for irrigation. Therefore
it is desirable to review the characteristice of the available water supply and
determine its usefulness for irrigation purposes in relation to the locelized
conditiona of the project by determining the problems this water may cause and the
management level necessary to overcome these problems.

The problems created by irrigation water quality are farm manegement problems
and must be solved at that level; therefore water gquality evalustion must be in
terme of its apecific use and potential hazard to crop production. L farm manage—
ment approach is taken here to evaluate the usefulness of a water supply for irri-
gation, The factors that must be considered are:

- the type and severity of the problem that can be expected following
an extended periocd of use;

—= the constituents and quantity of each in the water that are expected
to cause the problem; and

-~ the management alternatives that may be svailable to prevent, correct
or delay the onset of the problem.



Management problems of water gquality are of four kinds: salinity, permeability,
texicity and miscellanecus.  Even though these generally occcur in combination, the
evaluation end sclution is more easily understood and treated if they are considered
one at & time. This approach is presented in FAQ Irrigation and Drainage Paper
¥o. 29 {1976) and will be used here.

f.fe2d Leboratory Determinations Needed
To evaluate a water for agricultural use, certain laberatory determinations
are needed. Analytical procedures for these determinations are discussed in USDA
Hendbook 60 (1954), FAD Secils Bulletin 10 {1970) and Standard Methods of the American
Water Worke Association (1971). These mnd other recognized procedurea should be
consulted. The determineticna of importance to irrigation water quality are given
in Table 10.
Table 10 LABORATCRY DETERMINATIONS NEEDED TO EVALUATE WATER QUALITY
Laboratory lDetermination Rgﬁ;i;ing Heﬁgi:ing Eqa;;;;:nt
Electrical conductivity Elw mmhos,/cm -
Caleium Ca meq /1 20
Magnesium Mg meq,/ 1 12,2
Sodium Ha meqf1 23
varbonate Cco, meg,/1 3o
Bicarbenate HCS 3 meq/ 1 61
Chloride (o1 meq,/1 5.4
3ulphate 50, meq,/1 48
Boron B mgf1 s
Nitrate-Nitrogen NO,-H mg,/ 1 14
Acidity-Alkalinity pH pH -
hd justed Sodium Adsorption Ratic adj. SAR lf - =
Potagsium 2 K meq /1 _ 39.1
Lithium 2 Li g,/ 1 1| T
T Fe mg,/ 1 : -
Ammonium-Nitrogen 2/ NH N mg/ 1 ! 14
Fhoaphate Fhosphorous 2 .Fﬂﬂ—F mg,1 : 3
lf Calculation procedures given in Table 12,
2/ Special situations only.
5.2.3 Guidelines for Interpretation of Water fuality for Irrigation

Guidelines to evaluate water guality for irrigation are presented in
Table 11. Emphasis in the guidelines is on the long term dominating influence of
the water's gquality on the scil-water—plant relatienships that affect production
and management . They are practical and usable in general irrigated agriculture
for evaluation of the usual constituents in all waters. They are not intended,
however, to evaluate the more unusual or special constituents found in wastewaters
ineluding such things as pesticides and trace elementa.



Table 11 GUIDELTWES FOR EVALUATING IRRICGATION WATER QUALITY

WATER QUALITY GUIDELINES

TYPE OF FROELEM Units Nea Increasing Severe
Froblem Yroblem Problem

SALINITY {(affects crop water availability)

ECw mmhos/cm  £0.7 0.7 = 3.0 $3.0
FERMEAEILITY (affects infiltration rate into soil)
EC 1 mmhos/em 5 0.5 0.5 = 0.2 (0.2
adj SAR ~
Montmorillonite — Smectites 2/
(2:1 erystal lattice) Fy £ -9 >0
I1lite — Vermiculite 5
{2:1 crystal lattice) ¢ 8 B -1 16
Kaolinite — sesquicxides 2/
{1:1 erystal lattice) (‘15 16 = 24 »24
SFECIFIC ION TOXICITY (affects sensitive craps)—j/
Sodium (Na)
Surface Irrigation adj SAT L3 e G >4
Sprinkler Irrigation meq,1 <3 »3
Chloride (C1)
Surface Irrigation meq /1 £4d 4 - 10 10
Sprinkler Irrigation meq/1 &3 3
Baron {B) mg,/ 1 < 0.7 0.7 - 2.0 2.0
MISCELLANEQUS EFFECTS (affect susceptible crops)
Nitrogen I:HO}—I‘E or HE{ﬁ—?T}i'f mg/ 1 <5 o o 230
Bicarbonate [HC{J}:I with sprinklers meg/1 o 1.5 - 8.5 »8.5

pH Hormal range &.5 = 5.4

S

For calculation procedure see Table 12. Evaluation should be based on the dominant
type of clay mineral in the soil (Rallings 19568, and Rhoades 1975).

Use the lower range if ECW<0.4 mmhos/cm; the intermediate range if
HCw = 0.4 — 1.6 mmhos/cm; the upper range if HCw > 1.6 mmhos/cm.

Most tree crops and other woody plante ere sensitive to sodium and chloride (use
values shown). Most annual crops are not sensitive (use the crop tolerance
tables, Table 14).

NO,-N means nitrogen in the form of NC'_!. while I‘TH¢—K means nitrogen in the form

of H4. Both reported a2z N in mgl,.r‘rl.




Table 12 CALCULATION OF adj. SAR

The adjusted Sodium Adsorption Ratieo (adj. SAR) im ealculated from the following
equation 1/:
adj. SAR = L {T + (B4 - pHc}]

Ca + Mg

[

where Na, Ca and Mg ere in meqg/l from the water analysis and pHoc 1s calculated using the
tables given below which relate to the concentrstiion values fron the water analyais, The
table values are then substituted in the phlec equation:

pHe = fpl-:,;—p:{t;‘} + p (Ca+Mg) + p (Alk)

- = = =Tables for ealculating pHo = = = = = = = = = - — — e m e e e o = — = —
(pKZ-pKe) is obtained from using the sum of Ca+Mg+lia in meq/l Obtained
p(Ch+Mg) is obtained from using the sum of Ca+lg in meg/l from water
p{Alk) is obtained from using the sum of GD?+Hcoﬁin meg,/ 1 analysis
Sum of - B i H
Komossivation (et pK, — pKe pi{Ca + ¥g) plalk)
-D5 2-':' 4-6 -I‘;..:_-.
0 2.0 4.3 4.0
15 2.0 4.1 3.8
20 2,0 4.0 31
.25 2.0 1.9 3.6
. 30 2l 3.8 3.5
-40 ErU _le :*:4
.50 2.1 .6 Nl
i o 2.1 4 .d 3.1
1.00 241 L3 3.0
1.25 2.1 3a2 2.9 I
1.5 2.1 ¥l 2.8 |
2.0 2.2 3.0 2.7
2.5 2.2 2.9 2.6
3.0 2.2 2.8 ' 2.5 .
4.0 2.2 2.7 : 2.4 |
5.0 2.2 2.8 ( 2.3 |
8.0 2.2 2.5 2.2 i
2.0 23 2adi 2.1 |
10.0 2.3 2.3 2.0 I
12.5 2.3 2.2 1.9
15.0 2.3 2.1 | 1.8 |
20.0 2.4 2.0 | 1.3 i
0.0 2.4 1.8 1.5 i
50.0 2.5 1.6 | 143 !
80.0 2.5 1.4 . i3
ixample pHe ealculation:
Given: Ca = 2.32 meg/1 €O, = 0.42 meq/l
Mg = 1.44 Hc&f 3.66 meq/1
Ha = 7.73 " ;
Sum - 11.49 meq/l Sum = 4.08 meq/l

From Tables and using the equation for phHe:
Pké — pkc = 2.3
p(CatMg) = 2.7
p(4lk) = 2.4
pHG L] ?04




i

a2ad

Substituting

adj. SAR = Le13 [1 + (P.4 - ?.4)J
3.7
2

adj. SAR = 5.6 (2.0) = 11.3

Hote: Values of pHe above B.4 indicate a tendency to disgolve lime from the
seil through which the water moves; wvalues below 8.4 indicate a
tendency to precipitate lime from the water applied,

(Ref, L.V. Wilcox, U.S. Salinity laboratory, Mimeo Dec. 30, 19663 and
Rhoades 1972).

i suggested teble of maximum concentrations of the trace elements for
irrigation waters is shown in Table 13, These are believed to be the best listing
now available (National Academy of Sciemces 1972, and Pratt 1972}. Again these
suggested maximum concentrations are based on the protection of soils for plant
production under leng continued use of the water, Criteria for short term use are
alse sugpested for eoils that have high capacities to insctivate these trace slements,.
The criteria should be adjusted when more reliable estimates become available.

In the preceding general discussion and Cuidelines of Tablies 11 and 13 the
bapic information needed for an evaluation has been presented. This should allow
the seoil scientist to conclude that water "A" having constituents "X, ¥ and 2" in
concantrations shown by laboratory analysis does or does not have an important
poetential for causing 2 management problem. The use and interpretation of these
CGuidelines will be discussed here in more detail by considering each of the four
managemaeni problems presented in Table 1.

Salinity Problem

4 salinity problem related to water quality occurs if the total guantity of
galts in the irrigetion water is high enough to affect yields or if these salis
accumulate in the crop root zone to the extent that yields are affected. In either
case the salts originate from the irrigetion water used,

The electrical conductivity in millimhos/cm (EC x 1G3} i commonly used as
a means of indicating the salt content or salinity of a water (ECw). The ECw is
taken from the water analysis and this ECw by iteelf is usually an adegquate measure
of the total salinity of the water. However, there are certain unusual situations
for which the ZCw walue as reported may need to be modified such as with waters
containing slightly scluble lime and gypsum,

SJince ICw ie a single value, a heavy relience is placed on its accuracy.
There are several useful relationehips to cross check the accuracy of the chemical
analyeis data which should be routinely done:

— For waters having 2 conductivity in the range of 0.1 to 5.0 mmhos/cm the
electrical conductivity in mmhoﬂfcm miltiplied by 540 is approximately equal
to the Total Dissolved Solids (TD3) in milligrems per litre {(or ppm).

- The total soluble znion concentration and the total soluble cation concentra—
tion expressed in meq/l are nearly egual.

—~ The ECw expressed in mmhos/em multiplied by 10 is approximately equal to the
toetal soluble cation concentration in mqu{ when the ECw is in the range
of 0.1 to 5.0 mmhos/cm,



Table 13 RECOMMENDED MAXIMUM CONCENTRATIONS OF TRACE ELEMENTS TN
IRRICATION WATERS

Tor waterse used For use up to 20 years

Fismy ol TaTeh T T

mg/1 mg/1
Aluminium (A1) 5.0 20.0
Arsenic (As) 0u1 2.0
Beryllium {Be) 0.1 0.5
Boron (B) 1 2.0
Cadmium (Cd) 0.01 0.05
Chromium (Cr) 0.1 1.0
Cobalt (Co) 0.05 5.0
topper (Cu) 0.2 5.0
Fluoride () 1.0 15.0
Iron (Fe) 5.0 20.0
Lead (Fb) 5.0 10.0
Lithium (Li) 2/ 2.5 2.5
langanese (Mn) 0.2 10,0
Mo lybdenum (Mo 0.01 0.05 Y
Hickel (Ni) 0.2 2,0
Selenium (Se) .02 .02
Vanadium (V) 0.1 1.0
Zinc (2n) 2.0 10.0

These levels will normally not adversely affect plante or scila. No data available

for Mercury (Hg), Silver (Ag), Tin (5n), Titanium (Ti), Tungsten (W).

1/ See Table 11.

2/ Recommended maximum concentration for irrigating citrus is 0.075 mg/l.

__i/ For only acid fine textured soils or acid soils with relatively high iron
oxide contents.

Source: Environmental Studies Board, Nat. Acad, of Sci., Nat. Acad. of
Ehgineering, Water Quality Criteria 1972.




The following laboratory analysis of a typical river water illustrates this
relationship:

IO Milliegquivalents per litre
caleium (Ca™') 4.16
Magnesiun (lg') 1.42
Sedium {Ha+} 5 .06
Fotaseaium [K+} L
(1) Sum of Cations 11.54
Carbonate [cog' =) 0.5
! icarbonate [HCﬂB_j 1,59
sulphate (504‘ = 5.00
Chleoride {C1 -} 3.10
[2) Sum of Anions 12.1% compare with (1)
above
(3) TDS 750 me/l
adj. 5AR 7.92
BC_ at 25°C 1,16 mmhos/cm
(4) (2C_) . 10 11.6 compare with (1)
above
(5) {ECw3 « 640 742 mg/l compare with
(3} above

If the ECw is less than 0.75 mmhosfcm, the water user should experience ne
problem with salinity for any crop provided adequate leaching takes place, The use
of elecirical cenductivity values in determining the leaching requirements associated
with 2 given scurce of water has beem described in Chapter 4 (Section 4.3.1).

Waters with an bCw greater than 3 mmhos/cm will cause rather severe salinity
problems with some crops. Certain salt sensitive crops cannot be grown successfully
at all but this need not cause alarm., Certain salt sensitive crops such as beans,
tree crope and some vegetable crops are not adapted while many forage and field
crops are very well suited to irrigation water of poor gquality. When using poorer
quality water, care must be taken to select crops that are tolerant and in addition,
waier management that contrels salt becomes more imperntiwve.

Urop tolerance tables for representative crops are given in Table 14, which
also indicates approximate yield potentialas, these being limited either by soil
salinity (ECe) or equivalent irrigation water salinity (ECw). The tables show that
a decrease in yield is directly proporticnal tc the mean salinity of the soil
saturation extract (ECe) or the salinity of the irrigation water (ECw). It is
recognized though, that many factors other than water guality can affect production
and must be considered. Crop tolerance is also not a fixed valus as shown in the
tables, but changes with stage of growth, rootstocks, varieties and climate; there-
fore conditions of local ume should be considered.



Table 14

CHOP TOLERANCE TABLE
Yield Fotentiele expected when
Commen Surface Irrigation Methods are Used

FIZLD CROPS

r HOE [ 1004 pla 753 50% Ko Yield
e pw?/ | see  sow | pce  sow |me  zow Sl
Barley = 3. 5 (L8 6.7 |1 8.7 18 17 28
VHordeum wvulgare
Cotton 7 5 9.6 Gadt |13 d.4 117 17 27
| Sossypium hirsutum) |
Jugarbeet — 3 a7 G.7 5.8 |11 T.s |15 10 24
Hetgy vulgaris)
dheat = & 5.0 A0 7.4 4.9 | 9.5 £.4 |13 8.7 20
(Triticum aestivum)
Gafflewer 5.3 ie5 6.2 4.1 i 5.0 | 9.9 G.6 14.5
[Cartnamus tmctoriuﬂl
spybean [ 5.0 LI 5+5 3.7 f B2 4.2 (.5 5.0 10
{Glycine max)
Joprghum 4.0 Bl t =l i it 4.8 |41 T.2 18
{Sorghum bicoler) i
Groundnut 3u2 2.1 ’ 3.5 2.4 | 4.1 2.7 | 4.9 3.3 £.5
LAracnis hypogaea)
ftice |paddy | 3.0 2.0 ‘ 1.8 ° 2.6 | 5.7 Yog | T2 4.8 11.5
(Oryza sativa) H
Seshania 2.3 1.5 3,7 e L 1.9 135 7.4 “Bad 16.5
[Sesbania exaltata)
Corn 1.7 1.1 2.5 1.7 3.8 2.5 | 5.9 1.9 10
LSea MAYS
Plax 1.7 1.1 2.5 1.7 3.8 2.5 5.9 3.9 10
i Linwn usitatissimuam)
Breadbean 1.6 1.1 2.6 1.8 | 4.2 2.0 | 5.8 4.5 12
(¥icia fabe)
Cowpea 1.1 0.9 2.0 1.3 | 3 2.1 | 4.5 Fi2 8.5
(Vigna unguiculata)
Heans 1.0 0.7 1.5 1.0 | 2.3 1.5 | 3.6 2.4 £.5
[Fhaseolus vulgaris) ]
FRUIT CROFS
Uate palm 4.0 2.7 6.8 4.5 10,9 T.3 117.9 12 32
{Phoenix dactylifera)
Fig (Ficus carica)
Olive (0lea europaea) 2.7 1.8 3.8 2.6 | 5.5 3.7 8.4 5.6 14
Fomegranate (Punica
granatum)
Crapefruit 1.8 1.2 2.4 1.6 | 3.4 2.2 | 4.9 3.3 8
(Citrus paradisi)
Orange 1.7 1.1 2.3 1.6 | 3.2 2,2 ) 4.8 i.2 &
{Citrus sinensis)




Table 14 (cont.)

(Sclanum tuberosum)

CHOF 100% 905 5% 505 Ne Yield
He  Bow | e  Eow [ECe  Eow | He  EOw
Lemon 1.7 19 2.3 1.6 | 3.3 2.2 | 4.8 3.2 B i
fClt?ua limeon) i
4pple (lMalus sylvestris] g 2 i ; - |
Fear 'fFﬁrruH CCmJﬂunj.S:' 1.7 1.0 2.3 1-'6 Jc?l 2.2 ! *-rn.i-' 3.2 B !
Walnut 1.7 1.1 2.3 1.6 [ 43 2.2 | 4.8 3.2 8 |
{Jugzlans regia) i
Feach [ 1 2.2 1.4 | 2.9 1.9 | 4.1 Py £.5 i
{ Prunus persica) |
Lpricot 1.6 1.1 2.0 1.3 | 2.6 1.8 | 3.7 2.5 & !
{ Trunus armeniaca) l
Grape 1aS 1.0 2.5 i 4.1 2.7 | &.7 4.5 12 j
{(Vvitis spp.)
Almond 1.5 1.0 20 14 [ o g =g 7 E
(Prunus dulcis) |
Plum 1.5 1.0 | 1.4 | 2.9 1.9 | 4.3 2.8 7 {
{Prunus domestica) '
Blackberry 1.5 1.0 2.0 T3 | 2.6 1.8 | 3.8 5 &
(Hubus spp.)
Boysenberry 1.5 1.0 2.0 1.3 | 2.6 1.8 | 3.8 2.5 &
(Hubus ursinua)
Avocado 1.3 0.9 1.5 1.2 | 2.5 1.7 | 3.7 2.4 &
{Persea americana)
Haspberry 1.0 0.7 1.4 1.0 2.1 1.4 3.2 2.1 hab
(Hubue idaeus)
Strawberry 10 Q.7 1.3 0.9 | 1.8 1.2 | 2.5 1.7 4
(Fragarla EDP. | ]
VEGETABLE CROPS
Beets 4/ 4.0 2.7 Bl 3.4 | 6.8 4.5 | 9.6 Gad 15
(Beta vulgaris)
Broceoli 2.4 1.9 3.9 2.6 | 5.5 Wy 0 e i 13.5
(Brassica oleracea
italica)
Tomato 2.5 1.7 3.5 2.3 | 5.0 34| 7.6 5.0 12.5
(Lycopersicon
esculentum)
Cucumber 2.5 1.7 3.3 2.2 | 4.4 2.9 | 6.3 4.2 10
{Cucumis sativus)
tantaloupe 2.2 1.5 1.6 2.4 | 5.7 3.8 | 9.1 Ba1 14
(Cucumis melo) F
Spinach 2.0 1.3 3.3 2.2 | 5.3 3.5 | 8.6 2.7 15
(Spinacia oleracea) |
Cabbage i 1.8 1.2 2.8 1.9 4.4 2.9 Tl 4.4 12
(Brassice oleracea |
capitata) i
Fotato 1aT 1.1 2.5 1.7 3.8 2.5 | 5.9 3.9 10




Table 14 {cont.)

CROP 100% S0 50% No Yield
e  ECw ECe  ECw | ECe  ECw | ECe  Ecw ECe
Sweel corn 1.7 Yt 2.5 1.7 3.8 2.5 | 5.9 3.9 10
| Zen mays)
Sweet potato 1.5 1.0 2.4 1.6 | 1.8 2.5 | 6.0 4.0 10.5
| Ilpomea batatas)
FPepper 1.5 1.0 2.2 1.5 | 3.3 2.2 | 5a1 3.4 8.5
(Capsicum anmwum)
Laettuce 1.3 0.9 2.1 1.4 3.2 2.1 P 3.4 3
({Lactuca sativa)
Hadish 1.2 0.8 2.0 13 | 3.1 2.1 | 5.0 1.4 9
{Raphanus satiwvuas)
(mion 1.2 0.8 1.8 1.2 | 2.8 1.8 | 4.3 2.9 7.5
(Allium cepa}
Carrot 1.0 0.7 1.7 1.1 ]| 2.8 1.9 | 4.6 3.1 8
(Daucus carota)
Beana 1.0 0.7 1.5 1.0 | 2.3 1.5 3.6 2.4 6.5
(Phaseolus wvulgaris)
FORAGE CROPZ
Tall wheat grass 745 5.0 9.9 G.6 |13.3 9.0 [19.4 13 1.5
{Agropyron elonzatum)
Wheat grase (fairway) 7.5 5.0 9.0 6.0 |11 7.4 |15 9.8 22
(Agropyron cristatum)
Bermuda grass &/ 6.9 dobs 8.5 5.7 |10.8 T2 |[14.7 9.8 22.5
(Cynodon dactylen)
Barley (hay) 3/ 6.0 4.0 Ted 4.9 | 9.5 6.3 [13.0 . 8.7 20
{Hordeum vulgare)
Perennial rye grass 5.6 3.7 6.9 4.6 | 8.9 5.9 |12.2 8.1 19
{Lolium perenne)
Trefoil, birdsfoot 5.0 Je3 6.0 4.0 T5 5.0 (10 6.7 15
narrow leaf 8/ (L.
corniculatus
tenuifolium)
Harding grass 4.6 3.1 5.9 3.9 | 7.9 5.3 111.1 T 18
(Fhalaris tuberosa)
Tall fescue 1.9 2.6 5.8 3.9 | 8.6 5.7 [13.3 d.9 23
{Festuca elatior)
Crested Wheat grase 3.5 2.3 6.0 4.0 | 9.8 8.5 16 11 28.5
(Agropyron desertorum)
eteh 3.0 2.0 3.9 2.6 | 5.3 3.5 | 7.6 5.0 12
(Vieia sativa)
Sudan grass 2.8 1.9 5.1 3.4 | 8.6 5.7 |14.4 9.6 26
{Sorghum sudanense)
Wildrye, beardless 2.7 1.8 Fi . 2.9 | 6.9 4.6 [11.0 7.4 19.5
(Elymus triticoides)
Trefoil, big 2.3 1.5 2.8 1.9 3.6 2.4 | 4.9 3.3 15
(Lotus uliginosus)
hlfalfa 2.0 1.3 3.4 2.2 54 3.6 8.8 5.9 15.5
(Medicago sativa)
Lovegrass 2.0 1.3 3.2 2.1 | 5.0 3.3 | 8.0 5.3 14

(Eragrostis app.)




Table 14 (cont.)

CROF 100% 90% T5% 50% Ne Yield
Hee  Eow | sCe  HOw | Bce  EOw | ECe  EOw BCe

Corn {forage) 1.8 1.2 a2 2gx lomud 3:5 1 8.8 5.7 15.5
| Zea maya) _ !

Clover, beraeem 1:5 1.0 1.2 2.1 5.9 3.9 1043 .8 1%
(Trifolium f 1
alexandrinum’ l

Crchard grass 1.5 1.0 1.1 2.1 | 5.5 .7 | 9.6 6.1 17.5
(Dactylis glomerata)

Meadow foxtail 1.5 1.0 2.5 1.7 | 4.1 2.7 | 6.7 4.5 12
(Alopecurus pratensis

Clover, alsike, ladino,
red, strawberry 1.5 10 2.3 1.6 | 1,6 Sl LR 3.8 10
{(Trifolium spp.)

Notes:

Y
2/

SR

Sl

il

ECe means alec%rical conductivity of the saturation extract of the soil reported in
mmhos/cm at 25°C.

ECw means electrical conductivity of the irrigation water in mmhos,'cm &t 2500.

This assumes about a 15-20% leaching fraction and an average salinity of soil water
taken up by the crop about three times that of the irrigation water applied

(EGsWw= 3 ECw) and about twice that of the soil saturation extract (ECew = 2kCe),
From the above, ECe = 3/2 iCw. New crop tolerance tables for ECw can be prepared
for conditions which differ greatly from those assumed. The following are estima-
ted relationships between ECe and ECw for various leaching fractions :

LF = 10% (ECe = 2 ECw), LF = 30% (ECe » 1.1 ECw), and LF = 40% (ECe = .9 ECw).
Barley and wheat are less tolerant during germination and seedling stage. ECe
should not exceed 4 or 5 mmhos/cm,

Sensitive during germination.  ECe should not exceed : mmhos/cm for garden beets
and sugar beets.

[olerance data may not apply tc new semi—dwarf varieties of wheat.

fin average for Bermuda grass varieties., Suwannee and Coasiz] are about 204 more
tolerant; Common and OGreenfield are about 207 less tolerant.

Average for Boer, Wilman, Sand, and Weeping varieties, Lehman appears about 507
more tolerant,

Brood-leaf birdsfoot trefovil appears to be less tolerant than narrow—leaf.

Source! lata as reported by Maas and Hoffman (1977); Bernatein (1964) and

University of California Committee of CUonsultante (1974).
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Choosing & crop which is tolerant to the existing of potential salinity
probleme ie only one of the management steps that can be applied to overcome water
quality related problems., There are still other mansagement steps which can further
aid in contrel of a salinity problem. These include:

B. irrigating more frequently to maintain a high soil moisture,
b. routinely using extra water to satisfy a leaching requirement,
Ca changing irrigation methods, and

da changing cultural practices,

These and other more drastic practicesa are discussed in FAQ Irrigation and
Irainage Paper No. 29 (1576).

Fermeability Problem

A permeability problem related to water guality ocours when the rate of
infiltration of water into and through the soil is reduced by certain salts or lack
of salte in the water, It is evaluated from two points: first from total salte,
gince low 28lt water can result in poor secil permeability and, secondly, from &
compariscn of the ratic of scodium to calcium and magnesium in the water. Carbonates
and bicarbonates can alsc affect soil permeability and must be evalusted.

Low salinity waters are corrosive and tend to deplete surface soils of readily
soluble minerals. Very low salinity waters (ECw < 0.2 mmhos/cm) often result in
g80il permeabiliiy problems whereas higher salinity waters (ECw 5 0.5 mmhosfcm} galdom
do, provided there is a good ratio of sodium to calecium. Since the permeability
problem acts to reduce the volume of water placed into storage for recovery and use
by the crop, there seems little need to take corrective action until either the crop
water demand or the leaching requirement can no longer be satisfied, The permeabi-
lityproblem due to low salt water usually ocoure in the upper few centimetres of =eil
and managing this zone can be helpful in overcoming the problem. High sodium
bicarbonate and carbonate in the irrigation water can cause soil permeability problems.
The adjusted SAR wvalue in the Guidelines of Table 11 evaluates the sodium fto calcium
and magnesium ratio, the effect of concentration, the tendency of the water to
dissclve lime from the soil which mey sdd calcium and reduce the sodium effect and
the tendency of lime to precipitate from the water which reduces the calecium and
incresses the sodium effect.

This permeability problem must be evaluated in relation to the type of olay
mineralogy and soil type since, as stated in Chapter 2 (Section 2.4.2), the type of
clay mineralogy strongly influences soil dispersion and structural degradation.
Swindale and El-Swaify (1968} in studies of water guality effects on tropical soils
have found that ususl irrigation water gquality stendards cean be exceeded on low humic
latosole and tropical andosols. They atiribute the high resistance of these soils
to the virtual absence of swelling clay minerals, the abundance of free iron oxides,
and their highly developed structural characterisiics.

There are physical and chemical practices that can be used to increase the
infiltration rate of the seil or allow more time for infiltration. These include:
(a) irrigation more freguently; (b) cultivation and deep tillage; (c) increasing
the time allotted (duration) for an irrigation; (d) changinz the direction of
irrigation to reduce slope; (e) collecting and recirculating rm-off water;

(f; with sprinklers, matching water application rate of soil infiltration rate;
(g) using organic residues; (h) using soil or water amendments (gypsum, etc.); and
(i) blending or changing irrigation water supply.



Teo high a reliance is often placed on chemical amendments which can be costly
or unavailable. Use of amendments is only recommended when the demonstrated results
justify their use and other cultural practic.s have proved ineffective; they should
not be used just in the hope that they will do scme good.

The use of amendments and various culturel practices to overcome & permeabi-
lity problem are discussed in detail in FAQ Irrigation and Drainage Paper No. 29 (1975},

5.2.6 Toxicity Problem

A toxicity problem oceurs when the uptake and accumulation within the plant
of certein salte results in a reduced yield. This is usually related to one or
more specific ions of certain salts. The toxic constituents that are commonly of
concern are sodium, chloride and boren.

Not all crops are equally sensitive to foxic constituents buil most tree crors

and woody perennial plants are sensitive. Sprinkler irrigation offers special
problems with toxicity.

i. Sod 1um

Most annual crops are not sensitive at low concentrations but may be
affected by much higher concentrations, while most tree crops and woody-type
perennial erop2 are sengitive at low concentrations. The symptoms of sodium
toxicity occur first on the oldest leaves since a period of time is reguired
before accumulation reaches toxic levels. Symptoms are leaf burn or dying

of tissue at the outer edges, progressing towards the leaf centre as the
peverity increases,

Uptake of sodium depends greatly on the amount of calcium present
relative to the sodium. Sodium toxicity is reduced or eliminated by the
presence of adegquate calecium.  Often, however, the reduction in yield found
with certain high sodium waters is the result of a deterioration in soil
physical condition rather than from direct toxicity. This is reflected in
Table 15 which shows the tolerance of certain crops to Exchangeable Sodium.

Table 15 TOLERANCE OF VARIOUS CROPS TO EXCHANGEABLE SODIUM (E5F)
UNDER NON-SALINE C_NDITIONS (Pearson 1960

Growth response
under
field conditions

Tolerance to ESP and Crop
range at which affected

Extremely sensitive Deciduous {ruits Sodium toxicity
(ESP = 2-10) Nuts symptoms even
Citrus (Citrus spp.) at low ESP values
Avocado (Persea americana Mill, )
Sensitive Peans (Fhaseclus vulgaris L.) Stunted growth at these
(ESP = 10-20) “5F values even though

the physical condition
of the soil may be good

Noderately tolerant Clover (Trifolium spp.) Stunted growth due
(BSP = 20-40) Dats [Avena sativa L.) to both nutritional
Tall fescue (Festuca arundinacea factors and adverse

Schreo. ) goil conditions

Rice {Oryza sativa L.)
Dallisgrass (Paspalum dilatum Poir.)




Table 15 {cont.)

Growth response

Telerance to ESP and Crop under
range at which affected field conditions
Tolerant Wheat (Triticum aestivum L.) 37 Stunted growth usually
(ESP = 40-60) Cotton (Gossypium birsutum L.) due to adverse phyeical
Alfalfa (Medicago sativa L,) conditions of soil

Most tolerant Crested and Fairway wheatgrass ) Stunted growth usually
(ESP = more than &0) (Agropyron spp. ) due to adverse physical
Tall wheatgrasa (Agropyron b conditiona of seil

Barley (Hordeum vulgare L.) -
Tomatoes (lycopersicon esc. Mill.)
Beets (Beta wvulgaris L.)

elongatum (Host] Beau.)
Rhodes grass (Chloris gayana Kunth)

Note:

Eptimates of the equilibrium ESP can be made from the irrigation water or more
preferably from the SAH of the soil saturation extract using the nomogram in
Appendix B te FAO 1576 d. This estimation method is not applicable where soil
£Ypeum is present. Effectiveness of any planned corrective action should be
field tested before being applied on a large acale. Soile at ESP = 20-40 and
above will usually have too poor physical structure for goed crop production.
The research resulte given above were obtained with scils whose structure was
stabilized with Krilium.

ii. Chleride

Ag with sodium, most tree crops and woody perennial plants are
sensitive, and most annual crops are not, at low concentrations of chloride.
Damage may also be more severe with sprinklers. Harding and Mahler (1966)
have shown that chloride damage is worse under conditions of high tempera-
ture and rapid evaporation than in cool, moist climates. Table 16 shows
the tolerance of various crope to chloride concentration in the soil ase
listed by Bernstein (1965) and telerances to chloride in the irrigation
water, It should be noted that the values in Table 16 can be greatly
affected by scil moisture conditions, varieties and climate. This is
shown in Table 17 from data by Hlgabaly and Madkour (1965) and also in data
from Nir (1965), who showed that crop reductione became evident when the
chloride concentration of the saturation extract exceeded 10 meg/l. Nir
found that, in order to maintain the chloride concentration below 10 maqfl.
the product of the ppm of the chloride ion in the irrigation water times
the saturation percentage of the soil divided by the annual rainfall in
millimetres should be less than 50.

With sprinkler irrigation under high evaporative conditions, water
containing as low ae 3 meq/l has been known to cause tip burn and with
higher concentrations, plant defoliation can take place. Crops known to
be sensitive to damage by leaf absorption are most of the stone fruits,
almonds, citrus, welnuts, and some woody ornamentala (Doneen 1975 ).

iii. Boron
Although small amounts of boron are essential for plant growth, the

element is extremely toxioc to many plante if present in the soil solution
in concentration above a few parts per million (see Section 2.3.4 i),



Tahle 16 CHLORIDE TOLERANCES IN THE SATURATION EXTHACT OF 30IL FOR
FRUIT CROF RCOTSTOCKS AfNe" ¢ARATETIES Tu' AiOTw" LARr TIHJDN1
{Bernetein 1965)

| Limit of
tolerance
Macx 1 mmam to C1 in
Crop Rootatock or variety permissible (1 irrigation
in saturation extract water
meg/'1 mag, 1 l/
Hootetocks
Citrus Hangpur lime, Clecpatra mandarin 25 16.0 '
{Citrus spp.) Rowzh lemon, tangelo, sour orange 15 10.0
Sweet orange, citrange 10 £.5
Stone fruit Marianns 25 16.0
| { Prunue spp.) lovell, Shalil 10 6.6
Yunnen 1 4.6 |
Avocado West Indian 8 S
{Perses americana Mill,) Mexican Bl
Grape Salt Creek, 1613} 40
{(Vitie spp.) Dog Ridge 0
| Varieties
| Grape Thompson Seedleas, Ferietie 25 16.0
| (Vitis spp.) Cardinal, BElack rose 10 6.6
‘ Berries g,-'" Boysenberry 10 B
| {Rubus spp. Clallie blackberry 10 G
| Indian Summer raspberry & 3.3
| Strawberry Lassen 8 5.3
| (Fregaria spp.) Shasta 5 3e3
1 Tolerance limiie in irrigation water assume e = 1.5 EUw as used in the CGuidelines
of Table 11 and Crop Tolerance Table 14.
gj Data available for single variety of each crop only.
Table 17 INFLUENCE OF CHLORIDE ION CONCENTRATION ON

YIELDS OF MAIZE AND COTTON IN UAR
{Elgabaly and Madkour 1365)

Chloride in saturation extract
Crop Yield {(meq/1)
Maize 2 471 kg/ha 12.3
1 730 kg/ha 19.7
233 kg/ha 47.0
Cotton 1 297 kg/ha 1143
793 kg/ha 38.7
465 kh/ha 92.7




The content of boron is thus an important consideration in Judging the
guitability of water for irrigation. Boron problems seem tc he more preva-
lent in well waters and springs from thermal areas and earthguake faults.
Pew gtreams have boron problems.

#aton (1935) states that plants have a tendency to concentirate boron
in their leaves, end that these organs are firat to exhibit injurious effects.
Usually the apical margins of the leaves turn yellow, and the yellowing then
extends between the lateral veins toward the midveins, Leaf aymptoms, how-
ever, differ on different species. A pummosis or exudate ia also scmetimes
very noticeable on sericusly affected trees, especially almends. Hanscon
{1958) found high concentrations of boron weakened many fruit trees and little
or no fruit was produced.

Heeves et al. (1955) has found that boron can be leached from & soil
but requires considerably more water ithan ordinary salt{ removal. He found
that under conditions in which B0% of the initially high salts were leached
by an application of one foot of water for each foot depth of soil, egual
leaching of boronm required three times as much water. Coarse—textured soils
are normally more readily leached of excess boron than fine-textured scils.
However, Eaton (1935) states that some soils have remarkable boron-fixing
POWET . He ecites an example of a soil near Hellister, California, where
cropa have not shown coneplcuous injury even when irrigsted with waters
containing up to 10 ppm of boron for a number of years, while drill row
applications of only 10 pounds of anhydrous beorax per acre greatly reduced
cotton yields on light scils in the southeastern states, The effect of
boron is lese severe where rainfall occurs in sufficient gquantity to dilute
the soil scluticn.

In Table 18 erops are listed in descending order of their tolerance
to boron in irrigation watere. The boron content shown at the top of each
column may be expected to cause some injury to the mere tolerant crops and
serious injury te the more sensitive crops in the group. In most circum—
stances 21l of the crops listed in the first column could be irrigated with
water conteining 2.0 ppm of boron without risk of sericus injury.

The valuess in Table 18 reflect the best awvailable informaticn on the
tolerance of certain crops to boron in irrigation waters, This tolerance
can change appreciably under adverse soil conditions such as poor drainage.
The existing boron content of the scil must also be taken into account since
the values in this table reflect the equilibrium irrigation conditions after
residual soil boron has been leached.

Should the potential water source contain boron and the appraisal
gtudies indicate eguilibrium boron levels exceeding the tolerance of the
anticipated crops, there are several planning alternatives, They involve
considerations for (2) modifying the composition of the water supply;

{b) ensuring that the arable lands have adeguate drainage and leaching
characteristics and providing for the essential drainage facilities;

{c) predicating the project on a high level of soil and water management.
Consideration should be given to reservoir and system design and operations
that would provide water of suitable guality for the lande at hand.  When
the egquilibrium levels wunder normal irrigation are only e=lightly in excess
of the crop tolerance, the leaching reguirements, with reepect to boren,
might be met by scheduling additional irrigation water.



Aabigns RELATIVE TOLERANCE OF CROFS AND ORNAMENTALS TO BORoN
Tolerance Decreases in [Descending Crder in each Ceolumn
(Wilcox 196uL)
Tolerant Semitoelerant Seneitive
4.0 mg/l of boron 2,0 mg/1 of boron 1.0 mgfl of boron
Athel Sunfleower, native Fecan
(Tamarixz aphylla) (Helianthus annuus L. (Carya illinoensis [Wang.)
Asparagus Potato K. Koch)
(Asparagus officinalis L.) (Solanum tuberosum L.} Walnut, black and Persian or
Palm Cotton, Acala and Fima Inglish
(FPhosnix canariensis) {Cosaypium Sp. {Juslans spp. )
Date palm Tomato Jerusalem artichoke
{F. dactylifera L.) {(Lycopersicon esculentum Mill.){Helianthus tuberosus L.)
Jugarbeat Sweeipes Navy bean
(Beta vulgaris L. (Lathyrus odoratua L. {Phassolus vulgaris L,
Mangel Radish imerican elm
(Beta wvulgaris L. {Rapharue sativus L.) {Ulmus americana L.)
Garden beet Mield pea Flum
(Beta wvulgaris L.) {Fisum sativum L.} {Prunus domestica L.)
flfalfa faggal-robin rose Pear
i Medicago =ativa L.) (Rosa sp.) (Pyrus communis L.
Gladiolus Clive Apple
(Gladiclus sp.) {0lea europaea L. (Malus sylvestris Mill.)
Froadbean Barley Grape (Sultanina and Malaga)
(Vieia faba L.) {Hordeum vulgare L. ) {(Vitis sp.)
Crion wheat Eadota fig
(411lium cepa L.) (Triticum mestivum L.) [ficus ecariea L.)
Turnip Corn Fersimmon
(Brassica rapa L.) (Yea mays L.) (Dioepyros virginiana L.
Cabbage Milo Cherryr
{Brassica oleracea (Sorghum bicolor (L.)Moench) (Prunus sp.)
var. capitata L.) Oat Peach
Lettuce (Avena sativa L.) (Prunus persica (L. )Batsch)
(Lactuca sativa L. Zinmia Apricot
Carrot (Zimmia elegans Jacg.) (Prunus armeniaca L.)
{ Dawcus carcta L. ) Pumpkin Thornleas black berry
{Cucurbita =pp.) (Rubus sp.)
Bell pepper Orange
{Capsicum armuum L.) (Citrus sinensis (L.)
Sweetpotato Usbeck)
(Ipomoea batatas (L.) Lam.)  Avocado
Lima Hean (Persez americana Mill.)
{ Phaseclus lunatus L.) Grapefruit
{Citrus paradisi Macfad.)}
Lemon
{Citrus limom (L.} Burm.f.}
2.0 mg/l of boren 1.0 mg/1 of boron 0.3 mg/l of boron

Relative tolerance is based on boron in irrigation woter at which beoron toxicity
aymploms were cohserved when plants were grown in sand culture. Doee not
necessarily indicate a2 reduction in yield.




Miscellaneous Problems

In most cases, the three previouszly discussed subjects encompass the majority
of problems associated with water quality. However, occasionally certain other
problems do affect crop production in special ways and will be discussed here,. These
are problems due to nitrogen, bicarbonate, pH and lithiuws.,  Guideline valuea are
given Tor all these except lithium which will be discussed although it is felt that
additional research data are needed on other plant species prior to establishing
general Guideline values; however, tolerance limits are suggested in Table 13,

i. Nitrogen

Nitrogen problems concern nitrate and ammeniz nitrogen (NO =N and NH
which are nutrients and stigulate crop growth. At nitrogen conc trationsd
above 5 ppm (5 kg N/1 000 m” of water) from either nitrate or ammonia, product-—
ior: of certain nitrogen sensitive crops may be affected, but other crops not
sensitive may find the nitrogen to be beneficial., However, this level of
nitroger may reeult in excessive algae growth which plugs pipelines, emitters,
sprinklers and valves to the point that either mechanical controls (screens
and filters) or chemical controls (copper sulphate] may be necesaary,

i)

Jome of the nitrogen sensitive crops are sugar beets, sugar cane,
apricets, citrus and cotton. At certain periocds of their growth, nitrogen
in the environmeni may cause excessive vegetative growth and low or delayed
fruit production. In the case of sugar beets, it may cause low sugar content.

Management alternatives to counteract thie problem are blending or
alternate water supplies during critical growth periods and growing of crope
that can effectively utilize the nitrogen in the water.

ii. Bicarbonate

The permeability problem due to bicarbonate has been previously
mentioned and here the problem of white deposits on fruit will be discussed.
During periods of high evaporation and the use of aprinklers, a white deposit
of CaCl. is formed on the leaves and fruit which is not washed off by later
irrigat%on. Although toxicity is mot involved, it may reduce the market-—
ability of the fruit or plant parts.

There are various management alternatives to correct this problem when
sprinklers are planned, such as: (a) irrigate at night during critical periocds;
(b) increase the speed of the sprinklers; (c) do not use sprinklers which
break the droplets into finer particles; (d) aveid sprinkling during low
humidity periods; (e) change irrigation methods; and (f) use sprinklers only
during the cocler part of the year,

iii. pH

The normal renge for use is pH 6.5-B.4. A pH value above or below
thiz is a warning that an abnormal situation exists and needs further evalua—
tion. A problem from the pH alone on crop production would only exist under
extreme conditions since the soil is such a sirong buffer, However, long—
term use of this type of water may cause soil or cropping problems as a
result of the constituent that is affecting the pH.

iv. Lithium

Bradford (1963) detected lithium in some Californis irrigation waters
in concentrations ranging from 0.05 to 0.5 ppm. .On the basis that these



Table 19

concentrations could result in lithium accumulations in the soil, Bingham
et al. (1964} studied the lithium tolerance of 11 plant species.
made in the greenhouse by addition of lithium sulphate to soil.
of their results is shown in Table 19,

A summary

TOLERANCE OF PLANTS TO S0IL ADDITIONS OF Li.30

Tests were

§i (Bingham et al, 1964 ) <
Lithium rates (ppm lithium) producing:
Flant. tosted 2549 zrowth Leal injury _
depreesion symptom l
avocado (Persea americana Mill.) & 3 i
soybean (Glycine max, T 7
Jour orange (Citrus aurantium L, ) 8 4.5 I
Grape (Vitia sp. | 12 17
Temato {Lycopersicon esculentum Mill,) 17 30
fed kidney bean (Fheseclus wulgaris L. 12 L
Cotton (Cossypium sp.) 25 30
Dallis grase |Paspalum dilatatum Foin) 25 30
flec beet {Beta vulgaris L.} 35 20
Eneodes grass (Chleris gavana kunth) £5 £5
i Sweet corn | Jea maias) T0 120
|
i

Additiecnal research data will be needed to test other plant species
and to evaluate lithium properly as ap undersirable ion in the water,
However, observations in Czlifornia show thet lithium at concentrations of
enly 0.1 ppm in irrigation water can cause tip and marginal burn and de—
foliation of citrus leaves {FAQ/Tnesco 1971].

- i R 2t
CLIMAT: ANGD

KICHOCLIMATE

General Climatic Considerations

The definition of 'land' given in Chapter 1 embraces characteristics of the
atmosphere above the soil surface, including the more stable, or cyclic, aspects
of climate. These then are factors which must be considered in determining the
suitability of land for irrigation,

Several climatic factors exert an influencs on crop performance which is
virtually independent of so0il or other factors, Common observation certifies the
existence of climates that are too cold, too hot or teo dry for certain crops.

For many crops there is fairly precise lmowledge of the ranges and fluctuations of
temperature and meoisture that are acceptable or optimum. Other climatic factors,
or other effects of the same factors mey be less direei in their influence on crop
production, but have to be taken into account in assessing the significance of
different aspecis of soil/moisture relations or of salinity, for exampla,

Maletic and Bartholomew (1967) studied the relationship between selected
climatiz factors and crop production under conditions prevailing in the irrigated
land of western USA, They recognized that the influence of weathar factors on
crop distribution and yield was highly complex and not well understood but believed
that more rapid progress towards wnmderstanding could be achieved by developing
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hypotheses and then testing the variables inveolved in a selected mathematical model,
In & part of their study they used gross crop value as an index of the range of
crop adaptation and yield level as conditioned by the market and social environment,
They assumed that under optimum land conditions (i.e.: Class 1 lands) and with good
management, the gross crop value from an appropriate agricultural programme would be
functionally related to climate. The grose crop value, on lands meeting these
requirements, was usged, therefore, as the dependent variable in 2 mathemstical model
and various climatic elements were teated as independent variables. Three of the
readily available climatic measures showed the highest correlation with the prose
crop value index in these studies, pnamely:

- length of the growing season | frost free days];

I

- nuwber of days with greater than 507 F {}jo &) temperature;
— amount of suwmer rainfall (June, July, Augusti in the study area),

In the study area these three factors were shown to explain 807 of the
variation in gross crop value. These eriteria have not been tested in the samos
fashion in other parts of the world but it seems likely that they would have similar
importance in other temperate zones, A leng growing season permits multiple cropping
and & wide ranpge of high value crops. The influence of high temperaiure is complex
and varies from one crop to another but the form of the eguation developed by Maletic
and Barthelemew {loc, cit.) serves to average the combined effects of this factor.
Summer rainfall has been found to be detrimental to irrigation for several reasons:
{1) it mey ccme at an incpportune time and prevent or delay harveats; (2) cloudy
days reduce radiation needed for vigorous growth; {3) wet, rainy periods reduce
soil aeration; (4) rainy pericods prevent cultivation and weed control may be ineffeci-
ive; and (5) with certain crops rain at specific stages of growth can reduce total
production and guality.

Other climatic factors that may be imporiant in forecasting adaptable crops
and possible yield levels include annual temperature minima, average and maximum wind
velecities, total rainfall, hail hazard, and intensity of rainfall, Minimum
temperatures may place important limitations on the range of crops which can safely
be grown. Many fruit and nut crops are particularly susceptible. Low temperatures
that euch trees will survive when young and healthy may prove fatal when the trees
are clder or diseased. Low temperatures in late spring or autum when the trees
are not dormant are particularly risky.

Data on average and maximum wind velocities may be important in appraising
wind erosion hazards, problems in harvesting crops, consumptive use reguirements
and selection of irrigation methods. They may also indicate the need for shelter
belts,

The tetal annual rainfall ies important when appraising existing water table
conditions, soil pH, depth of lime, and the weter reguirements, However, distribution
of rainfall may be more important than the total amount. Intensity of rainfall is
an important criteria in determining meximum water ercsion hazards end szcceptable
Blopes. Surface drainage requirements for relief from heavy rainfall are often
greater than those required for irrigaticon wastes,

Where it exists, the hazard of hail, even at infreguent intervals, can be
very detirimental to farm operaiions, sand frequent damaging heilstorms could necessi-
tate major changes in cropping pattern projectione.

Microclimate

Variations in climatic conditioms within a project area can influence the
choice of cropping pattern and the yield. Air drainage is one of the more critical



variants, particularly in areas having apprecishble relief. Cold air tends to settle
in low areas such as valleys, or depressed upland locations and will ceuse frost damage
although surrounding areas are frost—free. The effects can be particularly severe

in the early spring when fruit trees are in bleom. In winter the differences in
temperature may be sufficient tc cause selective killing of trees in the areas of
unfaveourable air drainage. Considerable differences exiat in the air drainage

between low gradient and steeply sleoping velleys and hetween valleys with and withous
treee and brush to inhibit e2ir flow. For general cropping purposes differences in

air drainage may not be significant, bui for areas which ere otherwise considered
suitable for fruit or nut preductien, air drainage is extremely imporiant.

Angther difference in micreclimate significant to irrigation occurs in projects
encompaaging long valleys having substantial gradient. For example, ithe extreme
ends of a valley and adjscent terrace uplands 50 to 100 km long may have substential-
ly different climatic conditions of economic significance. If so, an evaluation of
irrigation suitability in the walley would require eitiher two sets of apecifications
or a single sat of specifications which reflected climatic wvaristions, Examples of
specificaticng which reflect differences in climate are given in fSppendix A.1).
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CHAPTER &

30IL SURVEY METHCDS

INTRODUCT ICN

fin outline of the variocus steges of & systematic soil survey leading to land

clagsification for irrigation has been given in Chepter 1, This chapter is con-
cerned with specific aspects of method which are advocated for the actual conduct

of survey operations. The choice of survey intensity is first considered before
discuseing basic survey operaztions and the nature of the soil observations which
have to be made. Finally, consideration is given to methods of seil classificatien
and to the preparztion of 2 soil mapping legend. DMscussion is largely confined
to metheds of high and very high intensity soil survey undertaken for the purpose
of estimating the economic feasibility of and/or implementing irrigated agriculture.

SOIL SURVEY INTENSITY AND MAFPING SCALE

The paragraphs which follow are concerned with the choice of survey intensity
and mapping scale for basic soil survey, It is assumed, however, that the mapping
scale employed for mest interpretative maps, including land classification maps,

Will be the same a2& that of the basic soil maps from which they are derived.

Terminelogy of S0il Survey Intensity

Terms such as 'reconnaissance','semi-detailsd' and 'detailed', which are
widely used to describe soil survey intensity elsewhere, have been aveided in this
publicaticn. These terms convey very different meanings to soil surveyors working
for different organizations and in different countries. In many countries they
carry strong, yet differing implications of mapping scale which could be misleading
in the discussion on required survey intensity which follows,. The terms employed,
"high intensity', 'low intensity' etc., are no more meaningful in themselves, but
they carry fewer established connotations. Misunderstanding of terminology of
suwrvey intensity can have serious consequences, especially when it arises between
the planners of a project and the surveyors who carry out the work.

Yable 20 defines the termincleogy of survey intensity used in this publication
in terms of the nature of mapping units recognized and of final mapping scala,
Table 21 provides additional information on the characteristics of surveys at each
level of intensity. Study of both tebles is required to obtain a true impreasion
of the intended meaning of the intemsity terminology, although it must-be recognized
that the exact density of obaervation reguired and the rate of progress at each
intensity of survey will wvary from one environment to another. Wherever the
intensity terms are used in the publication they are intended to embrace the concepts
expressed in both Tables 20 and 21,

Advance Eetimates of Hequired Survey Scale

fn advance estimate of survey scale is usually required for budgeting
purpeses and as a guide for the surveyors who will carry out the work. It is
especially necessary when a contract has to be prepared for the work to be carried
out by a commercial firm. Minimum requirements for the density of =eil observations
can be stipulated on the basie of existing experience once a desirable scale of
mapping has been established, although the exact density of observation regquired
can only be decided on the basis of experience on the site itself,

The desirability of & staged approach to soil rescurce evaluation, in which
succeasive soil surveys of increasing intemnsity serve to focus attention on areas



Table 20

TERIINOLOGY OF

SOIL SURVEY INTINSIPY IH BRLATION TO

FINAL MAPPING SCALE AMD KIMD GF NAFFPING iDNLT

Kind of Survey

Range

of

Jeales

Eind of Mapping Unit

Very High Intensity

Larger than

Fhases of secil series; so1l series; occasionally

(Detailed) 1 10 GO0 so0il complexes
i £ 1 10 O
High Intensity W S T . . 1
(Detailed) io Fhaces of zoil series: roi1l complexes
1 : 25 000
e s . 1 : 25 OGO . . i .
ﬁ?dlum Intensity i .00 Associations of soil series; physiosraphic units
" i ( Va e § S i T i L]
(Reconnaissance) 1 100 000 lencleosing identified soil series)
2 1 & O fsgocia s of G 3 G 3 :
Low Intensity 100 000 °*ov} tion o xr?§1 qufl Groups or Subgroups;
: to ogcasionally individual Great Groups; phases of Oreat
(Reconnaissance) ” ; . : . ;
1 250 000 Groups. alternatively, land unite of various kinis
enclosing identified Great 3oil Groups
1 : 250 000 : , . ¢
Lxploratory t05 Land unite of various kinde (preferably enclosing
1 :1 000 00O identified Great So0il Groups)
Syntheses Smaller than

1

1 000

o0

Greai Solil Groups and phases of Greal Groups (having
essentially taxcnomic significance)




Table 21

GENERAL INDICATIONS OF SAMPLING DENSITY AND HATE OF PROGRESS ASSOCTATHD WITH
DIFFERINT INTENSITIES OF SOIL SURVEY

{Systematic Soil Survey — with some use of Air-photo Interpretation)

Area Density of 1/ Approx.Average 2/
. ; Represented Observation Rate of Progress hecuracy of
Iy
Kinds of Survey Scale Eby (0.5 obs/cm Dy Nt i s
1 cm” of map of map) 20~day month)
1: 5 000 0.25 ha 1/0.5 ha 500 ha Fosition of all
Very High boundaries checked
Intensity throughout length
1: 10 000 1.0 ha 1/2 ha 800 ha on the ground
1: 20 Q00 4.0 ha 158 ha 1 250 ha Fogition of almost
. X all boundaries
High Intensity checked throughout
1: 25 000 6.25 ha 1/12.5 ha 1 500 ha length on the ground
5 Some boundary
Medium Intensity 1: B 000D 25.0 ha 1f5ﬁ ha T5 km checking — most
inferred
?" 1
Low Intensity 1: 100 00O 1 ke /2 km 200 kn® Alpost all hownds~
ries inferred
l/ Density of observations: figures represent the demsity of all soil observations averagea over the entire

area of the map;
this basis).

2/  Rate of Progress:

experienced in actual surveys.

(acceptable density usually ranges between 0.25 and 1.0 observation/cm” of map on

figures given represent an approximate average from the wide range of progress rates




of promise for particular development purposes, has been stressed in Chapter 1.
fecommendations on the areas deserving further investigation and on the intensity
of survey work reguired should appear in the reporis prepared at each successive
ptage. If this is done, a substantial volume of envircmmental data will be
availaple when the need arises to plen high intensity survey for irrigation
development.

Further guidance in the advance selection of soil survey mapping scale must
come from the planned availability of topographical meps, aerial photography and
the scale of mapping reguired for general irrigation and drainage deaign purposes.
New photography and specially prepared base maps are usually required for the
planning of irrigation implementation. 411 the purposes for which ihese materiels
will be used mst be considered in selecting suitable scales. Topographical maps,
soil maps and engineering designs need not be at identicael scales but they must be
compatible, for they will be used jointly in overall planning.

4 survey in excessive detail is not only needlessly expensive but may lead
to the accumulation of an embarassing velume of data within which the essential
elementa are obscured by information of little interpretative value. Thue the
first considerations in making an advance choice of scale for scil maps are:

£ the relisbility of existing envircnmental data;
b the apparent feasibility of irrigation in the area.

1f these considerations lead to unfavourable conclusions it would obviously
be unWwise to proceed immediately to very high intensity soll survey. Less intensze
survey leading to maps at a scale of about 1:25 000 or possibly 1:50 000 will serve
to check existing data or tc provide information which justifies abandoning the
project. If the early findings are favourable the intensity of survey can be
increased without significant loss of time eor effort, provided this decision 1s
taken before the survey teams leave the area,

If high or very high intensity survey appears justified, sn advance choice
of final mapping scale reguires consideration of:
(i) the nature of the scil problems likely to be encountered in the area
and thue the required precisicn of boundary placement ;

{11}  the likely minimum area of planning interest.

The recognition of subtle differences in soil by very high intensity survey
i5 emly justified to the extent that these differences will have practical
significance in planning the layout of irrigation end drainage systems and in
rlanning management practices and cropping patterns within the irrigation network.
The desirability of a large s¢il mapping scale in irrigation studies is more closely
related to the need for precision in boundary placement than to a need to recognize
very subtle distinctions in the nature of soila. The design of canals and drains,
in which factors other than soil have to be considered, places limitatioms on the
extent to whnich it is feasible to adapt management practices to miner so0il differences.
teveriheless, marked contraste in the hydraulic characteristics of soils, or the
presence of saline, alkali or poorly drained goile, have an imporiant bearing on
irrigation practice and design. Boundaries between such soils must be precisely
located in relation to topographic detail on large scale soil mapa.

The minimum area of planning interest is, in effect, the area within which
rraciical considerations of management dictate that farming practice must be uniform.
In general, this is the smallest area of land that can be ugefully differentiated
orn & 30il map,



It is obvigus that precise information con many of the factors which determine
the minimum area of planning interest will not be available in advance of the survey.
in estimate can be made, however, by conside: ng the overall development aime of the
project. This entails joint consideration not only of environmental facters such as
landform, the general nature of the soils and the availability of water of a given
gquality, which determine the kind of irrigation to be employed, but alsec of faciors
which determine the kind of land holding and the sophistication of management practica,
The latter include the farmer training schemes, supervision and extension assistance
anvisaged; the proposed syetem of land tenure; and the general level of capital
inveatment foreseen with particular reference to the use to be made of mechanizaticn
in land shaping, cultivation and harvesting, In general, the greater the level of
sophistication or the level of skilled supervizion foresesen the greater the extent tc
which management can be adapted to soil differences and, therefore, the smaller is
the minimum area likely to be of interest to planners.

If the map is to be used conveniently, the minimum area of planning interest
sehould occupy not lese than 1 to 2 sguare centimetres of the map ic.f. Table 219,
Smeller unite of very special significance, such as rock outcrops, can still be
shown, but 1f there are likely to be many such unite, a larger scale of final mapping
should be chosen.

If very little environmental information 18 available, a need for preliminary
survey of low or medium intensity is indicated and & different approach to the
advence choice of survey intenaity is unaveidable, Development possibilities and
environmental problems will be largely unknown and the scale of presentation of most
value to planners must be determined during the course of the survey. Within the
limitations imposed by available base maps and/or suitable air rhotography, existing
experience of gurvey work in comparable environments provides the only guide to an
advance degcision on regquired survey intensity.

In relation to the planning of irrigated agriculture the general applications
of soil survey of differing intensity are 28 follows:

ie Low intensity soil survey (final mapping scale 1:250 000 te 1:100 000

To identify the forms of development, including irrigation, that are
physically possible within large regions of & country,. The level and nature
of national effort reguired 1¢ implement such development are sssessed in
general terms, providing a basis for establishing priorities and a timetable
for the use of limited specialiszed staff and facilities in development,

ii. Medium intensity soil survey (final mapping scale often 1:50 000 )

To identify specific areas apparently suited 1o specific forms of
agricultural developnent. A relisble interpretation is obiz2ined of the
overall proportion and general distribution of soils (and related physical
characleristics of the land) of differing potential for the development
purpose (s in view, Such information may be sufficient to assess the economic
feasibility, and even permit implementation, of the less intense forms of
agricultural development In relation to irrigation however, these surveys
usually serve only & 'pre-investmeni' purpose - to identify 'project areas’
within which expenditure on meore intense studies for investment feasibility
agsesement and implementation appears to be justified.

iii. High intensity soil survey (final mapping scale 1:25 000 to 1:10 000}

Te contribute to investment feasibility studies of fairly large irriga-
tion prejects (15 000 te 50 000 he) and to plan the implementation of simple
irrigation schemes. The accuracy of economic studies required toc attract



capital from intermational invesiment agencies necessitates fairly detailed
kmowledge of the distribution of different kinds of scil in all parts of the
project but does net require the degree of precision in boundary placement
needed for sophisticated irrigation planning.

S21l1 maps at about 1:20 GO0 may provide an adequate basis for planning
irrigation implementation in certain circumstances, These circumgtances
include:

a. large areas of very uniform slope within which the nature of the
soil differences and the nature of the planned irrigated farm-
ing practices deo not demand very precise location of soil
boundaries;

b, areas in which, for topegraphical or other reasons, only eprinkler
irrigntion and very simple drainage measures are foreseen;

C. areas in which irrigation improvement is reguired but in which
the presence of existing structures (main canals and drains,
bunded paddy fields, terraces etc.) places severe limitations
onn the possibilities of layocut changes in the light of scil
information,

1. Very high intensity soil survey (final mapping scale larger than 1:10 000)

Te plan the implementation of irrigated agriculture in a sophisticated,
or closely supervised, community and in areas where complex sBoil problems
regquire precise definition, It may be economic in small projects (up to
about 15 OOC ha), where prospects of irrigation are promising, to proceed
directly teo very high intensity soil survey for both feasibility assessment
and implementation purposes.

6.2.3 The Choice of Working Scale and Observation Density

Choice of a working scale for field sheets which is larger than that intended
for final soil mapping is often desirable for two reasons:

i to ensure that the positioning of seil boundaries in relation to topographical
detail hae a high standard of reliability on the final maps at reduced scale;

ii. to ensure that adequate apace is available on the working sheets for field
data to be clearly recorded, bearing in mind that such data will be hand-
written - often in difficult circumsiances. Errore in the interpretation
and feir copying of field data are inevitable if the symbols recorded are
cramped, distorted or displaced from their point of reference.

Ideally, working sheets should be at about twice the scale iniended for final
wape. This is not always poesible since the preparation of separate base maps, or
the enlargement of air photographs to provide a working base may not be economically
Justified, If working maps are prepared by photographic or mechanical enlargement
of existing maps, it is generally undesirable to present final maps at scales larger
than the original base,

A general indication of the density of soil observations required to justify
publication of soil maps at various scales is given in Table 21. I4 should be noted
that the figures given relate to soil observations of all kinds, including soil pits,
deep borings and rapid auger inspections. It will also be noted that the required
deneity of observations per unit area of map remains about the same at all scales of
mapping.  This implies, however, that ihe number of cbservations per unit area on
the ground increases according to the sguare of the ratic between final mapping scales
fi.e. if the scale is five times larger, about twenty five times as many observations
per unit area are required),



The exact density of obeervations of different kinds reguired can only be
determined by field inspection and will clearly depend on the complexity of the soil
pattern thet has to be mapped. This in turn depends not only on the naturcl varia—
bility of the scils but also on the nature of the eriteria chosen to distinguish scil
units. Therefore, the scil surveyor, in consultation with specialists in other fields,
magt first decide what soil characteristics are significant in relation to the different
interpretative problems and then, by field inspection, determine what significant
expressions, or levels, of each of these characteristies provide practical criteria
for distinguishing ﬁu%&Ru4uufhﬂhﬁﬁntiQuLEEAHp&djctu=u9En. T madl rafditerware” tub nute

interpretative value their nature must be determined in this way.

Once the required distinguishing criteria have been decided, the number of
obeervations needed to characterize and map the varicues 30il units depends only on
ithe natural variability of the soils, barly field work will provide an indication
of the density of cbservations required sufficient to prepare 2 Work Flan and &
reasonably reliable time schedule Tor the whole survey. Gf course, AS work procesds,
a need to recognize further diagnostic criteria and to modify the density of obser—
vationa may arise. f8 acon as poseible, preliminary attempis to group the seil urnits
for the various interpretetive purpeses should be made, to check that the density of
observations 18 neither insufficient nor excessive.,

6.2.4 The Choice of a Reporting Scale for Soil Maps

As & scil aurvey nears completion careful consideration must be riven to the

scale of mapping which will most effectively illustrate the data gatherad, The
soale estimated in advance for survey planning purposes is the mos likely choice Tut
it should not be assumed that thir will be meat suitable, [fues hes heen jearnt shout

the project area in the meanwhile,

‘e expense of printing and publiziing basic soil maps ia often justiified
since they have a continuing value as s basis for a variety of interpretations, ir
publication is intended, the possibilities of photographic reduction provide greater
latitude in the choilce of final mapping scale, which otherwise mey be severely
restricted by the avairlability of suiiable base maps.

he  stated in the previous section, a reducticn in scale Trem the field sheets
is usually foreseen and iz desirable. In modern s¢il surveys, however, in which
the use of air photographe permits very accurate locetion of cbservations in relazicr
to surface features, reporting at the scale of the field sheets is coften acceptahie.

Farticularly in irrigation projects a need for scil maps 2t scales larger than
the field sheets may arise; for example, as 2 base on which to illusireie details
of irrigation or drainage desimm. If this iz unavoidable, the danger of misinter—
preting the precision of the soil data can be minimized by clearly indicating the
scale of.the criginal soil mapping on the enlarged map and, where possible, by
enlarging ithe soils dats together with its original topographic base {thereby pre-
gerving the relationship of scil boundaries with topographic detaill, This practice
should only be permitted whan the precisiom of soil boundaries is not critieal for
the purpese in view and when the expense or time needed for 2 more intensive aail
survey io produce maps of the required scale is not justified.

In considering an optimum publication scale, all the factors relating to the
aims of the project which were considered in plamning the survey need to be reviewed
again in the light of the information obtained by the soil surveyor and other
specialiats, In particular, the minimum area of plamning intereet has to be
reasscased .

Uther censideraiions include the aesthetic appesarance of the map and convenience
both in use and publication. The importance of aesthetic considerations should not
be underestimated, for an atiractive, easily readable map is more likely to draw and
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hold attention. # large publication scale should not be chosen merely to accommodate
very complex mapping symbols, particularly if such a scale is not justified by the
precision of the survey. Instead the sywmbols should be simplified,

Considerations of convenience in use and publication usually favour choice of
a small mapping acale. large meps, or large nunbers of smaller maps, are expensive
to publish and inconvenient to fold or use in the field. The minimun scale is
dictated by the nature of the information which has to be shown; the required
precision of boundary placement and the minimum area of planning interest.

BAZIC SURVEY PHOCEDURES

3oil surveys are very rarely undertaken today without the assistance of aerial
photography. It can be assumed, therefore, that soil survey operations will involve
air phnote interpretation and ground control, either on traverses or by free ground
survey methods., The value and limitations of each of these approaches are discussed
in subsequent paragraphs before considering how they should be phased in the survey
programme,

Air Photo Interpretation

It is assumed that the reader is familiar with the basic principles and methods
of sterepscopic air photo interpretation in soil survey, which are essentially the
same regardless of the agricultural purpose for which the survey is intended, 1f

The reliance which can be placed on air photo interpretation, and thus the
time and effort saved in ground survey, is relatively much less in high and very
high intensity soil surveys for irrigation purposes than in most other kinds of soil
survey, because:

1. the large mapping scale involved in itself demands a high density of ground
sampling to ensure the regquired precision of boundary placement and the
required homogeneity of soil units;

ii. it cannot be assumed that all physical differences in the soil, subsoil and
suvstrata, of supreme significance in relation to irrigation, will be
reflected in air phote tones, patterns and textures.

Nevertheless, air photo interpretation can be very helpful in these surveys,
particularly in their early stages; in the study of land form and in obtaining a
general appreciation of the probable distribution of the major soil differences.

It is likely to be particularly useful in arid and semi-arid areas where vegetation
is minimal, and especially in flood plains where meander patterns etc. can be
readily interpreted, Theee are situations in which major irrigation schemes are
commonly sited,

The features which can usually be readily identified by stereoscopic examina—
tion of paired air photographs include:

1/ For further information see: FAO (1967) Aerial FPhoto Interpretation in
Soil Survey. Soils Bulletin No, 6 FAO, Rome; and USDA (1966) Aerial
Fhoto Interpretation in Claseifying and Mapping Soils. Agricultural
Handbook No. 294, Secil Conservation Service, USDA, Washington.
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A, land forms (flood plains, terraces, residual uplands, dunes, ete,),

b. purface drainage patterns and ¢ stems,
Ca erogional forms and eroded areas,
de land use patterns and land use boundaries (and other evidence of human

activity — roads, railways, habitations, gquarries, etec.),

=] major types of natural vegetation,

fa wet areas, including lakes, lagoons and swamps,

Es surface evidence of salt-affected =moils,

h. rock outcrops,

ie tones (colour changes in colour photography) and patterns which may

reflect soil differences and the probable position of many soil
boundaries.

¥rom this evidence, subject of course to ground checking, a breoad understending
of the geomorphology, physicgraphy, surface hydrology and, to some extent, geology
of the survey area can be obtained, which is invaluable in developing a sound working
legend for soil mapping.

In high and very high intensity soil survey work complete air photo coverage
at two acales is very helpful. The firast set, at a scale of about 1:40 GO0 is used
for sterec—interpretation and for obtaining a general appreciation of the area |a
rhoto moesaie at thie, or ema2ller scales, can alsc be very helpful for the latter
nurpose ). A second set ol larger scale photographs, at the same scale as, or
slightly larger than, the probable final scale of so0il mapping (e.g. at about
1:5 00C) is used for some detailed sterso—interpretation but mainly as maps on which
s01l observations and boundaries can be precisely located in the field. Jingle
photographe can be used for the latter purpose but even in the field mere reliable
results can be achieved by the study of photo—pairs, using a pocket stereoscope.

4 single set of photographs a' the larger scale is less satisfactory for
aterec—interpretation purposes, partly because of the large number of photographs
invelved and partly because it may prove more difficult to obtain a general
impreseion of land form from large scale photographs. To avoid confusion in
identifying ground location arising from changes in surface features, particularly
vegetation, the large scale photographs should be of recent date. Recent photography
i® desirable but less essential for the smaller seale photographs.

It must be recognized that air photo interpretation in soil survey is a very
skilled occupation, requiring experience, high visual and analytical acuity, and an
exceptionally broad knowledge of the interrelationships between environmental factors.
Scientific {ests have shown wide variation in the ability of individuals to master
the required skills, even with specialized training. In the hands of the incompetent,
air photo interpretation can prove very misleading and can have sericus conseguences
affecting the wvalidity of the whole survey. Even in the hands of an expert, air
photo interpretation must be checked by adegquate ground control.

Traverse Survey

This implies the systematic location of soil observation points along accura-
tely located traces, It does not necessarily imply that the traces are arranged



in the form of & parallel grid, or even that they are neceesarily straight through-
out their length. The position of individual traverses likely to yield the most
informative observations can often be determined by a preliminary study of air
photographa. '

The principal merit of itraverse survey resis on the precise location of
observations, particularly amongst dense vegetation or on featureless terrain,
Systematic positioning of observations on a parallel grid of traverses offers the
further importani advantage of assisting & numerical assessment of the proportion
of different kinds of soil in a survey area — of particular wvalue in an investment
feasibility study. To provide & realiable assessment, the parallel traverses should
be arranged to run across the general trend of the topography.

Parallel grid sampling should be employed:

ia where the density of wvegetation makes it difficult to locate cheervations
by any other means;

ii. over large areas of apparently uniform soil as & check on homogeneity,
particularly in terrain lacking topographical or other features that
might provide guidance to the position of so0il boundaries;

iii. over areas with sporadicsalinity/alkalinity, toc evaluate the extent and
distribution of these phenomena;

iv. over areas in which the complexity of scile is such that their individual
occurrence cannot be mapped using a feasible intensity of observation,
tut in which their properticonal representation must be established (e.g.
complex meander patterns).

An important disadvantage of systematic grid sampling is that it provides
only limited information on the position of scil boundaries, Supplementary
investigatione to locate the position of bounderies between observation peints
rmust, therefore, be undertaken, certainly in swveys of very high intensity. In
addition, there is alwave a danger that important localized variations botween
traverases, or even belween ocbeervation points, will be ignored, Thie applies in
particular, teo rock cutcrops, weil spote and localized occurrences of salinity;
to localized changes in microtopography; and to the sigmificance of traverse
alopes which, in dense vegetation, may not be detected on the traverse.

» Coet is agmetimes stated to be a further disadvantage of traverse survey
btut the cost of laying oul traverses is only high in dense vegetation, when it
is eften unavoidable, In irrigation surveys, costs can often be minimized by
timing 20il surveys to uwake use of iraces prepared for topographical survey,

£.3.3 Free Survey

Free survey, in which the soil surveyor uses his judgement in siting soil
observations in relation to land form and other environmental features, is only
convenient in open couniry where both access and visibility are almost unrestricted
and 1s only possible when high quality a2ir photographe or excellent topographical
maps solve the problem of location., If the surveyor is sufficiently experienced
and the preparation of maps rather than proportional assessment is the primary aim,
free swrvey ie the most efficient and moet economic method of ground survey, because
cbeervations are sited only where they are likely to be most informative, For the
inexperienced, however, it offers precisely the same dangers of misinterpretation
and inadegquate sampling which attend undue reliance on air photo interpretaticon.

In siting his cbservations under free survey, the surveyor must pay particular
attention to both major and minor variations of topography. Considerable guidance



in selection of promising observation sites will be derived from systematic air
rhoto interpretation, but sites sc cheosen must be supplemented by additional
ohservations to check the homogeneity and exact boundaries of 20il units postulated
from the air photographs, fit the same time, the possibility of significant soil
change which is ulisilatéd to topography should be checkéd by making occRBiondl
berings in eguivalent slope positions.

The Fhasing of Survey Operations

whether or net the survey team includes specialist photo-interpreters the
sequence of air phote interpretation and ground survey should be systematically

phased,
I surveys of medium intensity the sequence of studies is often as follows:

S Layout of photos {or mosaics} end preliminary photo interpretation

To obtain a genveral apprecistion of landscapes and terrain condilions
and & preliminary =sceasment of the main physiographic units reguiring
recagnition.

i 12 deni:d field reconnaissance

To relate features distinguished on photopraphs in the first stage with
actual pround cenditions. Sufficient soil ocbeervations are made to identify
the major diamostic c¢riteria to be recosnized; to establish the general
level of sampling density required; and to develop a preliminary working
lepend for soil mapping.

i e i celection and systematic photo-interpretation of sample areas

Jample areas which, from the findings of stapges i and ii, appear io be
collectively representative of the survey area are selected and systematic
photo-interpretation of their physicgraphy is carried out.

ive Field work in sample arcas

Mapping units identified in the sample areas by air photo-interpetation
are correlated with actual soil characteristics on the ground. This work is
carried out at & higher level of intensity than that required for the overall
survey but traverse survey is only used if no other form of access is possible.
The working scil map legend and the air photo—interpretation criteria are
further refined.

Il

v, Fhoto—interpretation of the whole area

Boundaries established by photo—interpretation and field work in the
sample areas are extrapelated or interpolated, as for as possible, by
systematic interpretation of the remaining photographs of the area. Particular
note is made of any aress which appear to present differing characteristics
from those already recogmized in the sample areas — these will be the subject
of special field checks.

vi, Field checks outside the sample area

The density of field checking cutside the sample areas varies according
to the required scale and precision of the final map, the degree of change
between sample areas and the degree of correlation between soil and photo—
interpretation bowndaries observed in the survey of the sample areas. The



density is naturally increased in areas where discrepancies are found and
anywhere else where the photo—interpretation is for any reason in doubt.
Fhoto-interpreted boundaries are corrected where necessary and the soil map
legend is finalized.

It is apparent that systematic ground survey can commence as soon as the
photo—interpretation of one sample area has been completed. Indeed, any of the
later phases can commence as scon as a certain amount of work in the previous
phase has been done. These phases will overlap, therefore, especially if photo-
interpretation and ground survey are the primary responpibility of different
specialiste. Complete separation of these responsibilities muel not be permitted
if the essentisl very close co—ordination of photo—interpretation and ground survey
is to be achieved.

In high intensity soil survey the phasing of photo-interpretation and ground
gurvey is basically similar. The phases are less clearly separated, however, since
intense ground contrel is required over the whole area and less reliance can be
placed on inferences drawn from air photo patterns and tones. The preliminary
phases are followed by systematic air photo—interpretation of the entire area,
preferably using photographs at 2 amaller scale than that of the final survey.
Usually the fotal area involved is relatively small and this phase can be rapidly
accomplished. It provides puidance on:

a, the probable distribution of major soil units,

b. the selection of areas best surveyed by free survey or traverse
methods,

Ca primary soil observation points for free survey nndfcr the best

direction and position of traverses,

da areas where more detailed stereo-interpretation of larger scale
photographs is likely to be wvaluable,

The emphasis is on ground methods for the remainder of the survey although
major assistance in positioning sample points and in checking the likely position-—
ing of boundaries can be cbtained by the study of large scale air photographs in
the field.

The phasing of soil survey operations should be plamned with careful reference
tc ithe activities of other specialists in the irrigation survey team. fipart from
the obvious advantage of joint use of cut traverses, the timing of =soil survey
operations in different parts of the survey area should ensure that soil informetion
15 made available as quickly as possible in those parts where it iz most urgently
needed by other specialists. Thus, on completion of the reconnaissance phase,
team consultation should decide in which part of the area detailed ground studies
should be concentrated at first.

SUIL OBSERVATION AND SAMPLING

Soil chservations are made for different purposes and the method and intenmsity
of study required to meet these purposes differ. In the fellowing paragraphs the
requirements of observetions made to charscterize soil unite, to check on their
homogeneity (routine soil observations) and to establish their boundaries are
discussed separately. Further consideration is given to deep boring, sampling for
laboratory analysis and to field tests, Finally, the nature of field tools best
suited to different purposes under different conditions of seoil and environment are
discussed.
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Obgervations Intended to Characterize Soil Unitas

Purpose: To obtain detailed information or the morphology, physical and chemical
characteristics considered to be representative of each soil unit cococupying &
significant area of the project.

Technique: Observations should be made in pits specially dug for the purpose,

he far as possible, two sides of the pit should be kept free of spoil and ur—
trampled. Morphological chservations are made first, the pit may then be sampled
for laboratory analysis and stepped for physical determinations, if reguired,

PDepth: 2 metres or to an impemetrable layer.

Siting and Density: The preparation and detsiled examination of pits is time
consuming and the precision of laboratery data is not meaningful unless the samples
enalysed have representative significance. Therefore, to ensure that pit ohservae
tions will be representative of the moicl characteristics and rsn-c of wariation

of the soil units concerred, pit sites should be individually chosen with reference
to previous routine soil observations =nd cther environmentsl factors., Fite sheould
normally be sited at least 50 m from roads, quarries, housing and other features
likely Lo disturb or contaminate the soil profile, Both cultivated and virgin
sitee should be examined if both are extensively represented on an individuzl kind
of soil within the project area. The number of pit observations required in a given
project depends on the degree of seil variation in the project area and the amount
and quality of information available from previocus surveys. It should be the
minimum number required to adequately define all major differences in the internal
characteristics of the soils in the project area. Normally, at least two pits in
each major kind of soil should be examined,

flecords: Complste descriptions of soil profile morpholozy and of site character-
istics should be made at each pit (see FAD 1977 b).

Fair copies of these descriptions should be carefully preserved, together with any
laberatory or field test data relating to the same pit. The exact asite of each
pit must be precisely identified on the working map sheets or air photegraphs.,

Routine Soil Observation

Purpose: To identify the kinds of scil present in the area and, once provisional
801l boundaries have been recognized, to check on the homogeneity of the seil units
enclosed,

Technique: OUbservation and description of samples obtained by auger or spade,
Depth: About 1.5 m.

Siting and Density: Initial observation points mey be spaced at regular intervals
on a traverse grid or, in free survey, may be smited by judgement of environmental
features guided by preliminary air photo-interpretation. General indications of
required initial observation density in traverse surveys of high and very high
intenesity are given in Table 21. Initial cbgervation density requirements in

free survey are essentially similar. The degree.of variability between adjacent
soil observations, preliminary attempts to draw soil boundaries, and the observation
of minor variations in topography which may be associated with soil changes, will
point to the need for additional auger or spade examinations. Farticular attention
should be given to areas where soils can be expected to be heterogeneous, notably

in bottom lands beordering rivers or streams.

Records: All routine observations must be precisely located on working sheets or
air photographs and identified by a number (relating to the observation description)
and by a symbol reflecting the characteristics of the soil to assist mapping .
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vomplete morphological description of all routine samples is not practical but
all the major characteriestics of eanch natural horizon should be cbserved and
recorded in a field log. The observations should include:

Observation Identification:

Identification No.

Claseification {added later if need be)
Name of chserver

late

3ite Characteriatics:

Slope: percent, length, regularity, ete.

Vicrotepopraphy: gilgai, rills and gullies, sand hummocks, etc.

Surface: stoniness, rockiness, evidence of salinity, cracking,
leaf litter, etc.

Vegetation or land uae

Jo0il Characteristics: (for each natural horizon or stratification)

Depth of top and boltom of layer

Moist colour (Mumsell system)

Colour mottling, if any

Texture

Structure

Consistence (i) wet (ii) moist (iii) dry
Cementation or pans, if any

Fores (frequency and size only)

Content of large particles (stones, gravel, concretions etec.)
ividence of soluble salte, carbonate, gypsum
pH (field test kit)

Jepth to groundwater table,

ihe recording of routine soil data is grestly facilitated by the provision of
standard cards on which soil profile data is recorded in abbreviated form. The
desimm of the standard card should be adapted to meet the special needs of
particular countries.

Soil Observation to Leoecate Hoil Boundaries

Purpose: To provide & rapid check on the exact position of boundaries between
goil units.

Technicque: C(bservations of samples obtained by auger boring (screw auger is
adequate in medium and fine textured, gravel-free soils).

;}EEEh: 1 1o 115 My
Siting and Density: As required.

itecords: Normally neo permanent records are made of boundary observation checks
except that boundaries are aligmed or adjusted in accordance with their evidence,
However, should a boundary check reveal an unexpected change in soil character—
istics it should assume the status of a routine soil observation (previous section)
and additional routine soil observations should be made to establish the extent

of the different kind of aoil.



Gaded Deep Horing

FPurpose: To check characteristics of subsoil and substrata layers with particular
raference to permeability and salinity and to locate any impermeable layers =2nd the
depth and quality of groundwater.

Technigue: Observation (and laboratory analysis if required) of samples obtained
by auger with extension rods.

Depth: 3 -~ 5 m,

Siting and Density: Decided in consultation with drainege engineers and hydrogeclogists,

Depends on the complexity of underlying strata, the presence of impermeable, saline,
or unstable (e.g. gypsic) layers at depth and the degree of hasard of waterlogging.

f need for one or two deep borings on average in every km2 i to_be expacted in very
high intensity surveys (1:5 000 scale); about one to every 2 km" are usually . needed
in high intensity surveys (1:10 000 scale); and about cne to every 5 or 6 km" are
required in medium or low intensity surveys (1:50 000 — 1:100 000 scale) ecarried out
to cbtain general information on the extent and location of srahle lands.

Hecords: All soil horizons in deep borings should be completely described and retained
as permanent records. Sampling at appropriate depths for salinity analysis is

usally desirable. Groundwater should be sampled or its electrical conductivity
determined on the spot.

(llote: 4s indicated in Chapter 4, section 4.,2.4, the seoil scientist should assist
the drzinage engineer in logging Lhe deep berings undertaken as part of the drainspe
siudies; frequently this information will meet the need for soil data from depth
without zdditional borings),

sampling for laboratory Purposes

In terms of obtaining a representative measure of =oil physical and chemical
characieristics the possibility of error due to sampling is far greater than that
due to laboratory procedure. Special attention must be given, therefore, to the
careful selection of sites for laboratory sampling and to the collection of the
samples themselves to ensure that they are both representative and uncontaminated,
SJampling precautions depend on the neture of the analyses contemplated but the
following general precautions should be observed:

i samples should be taken from pits specially dug for the purpose or from
rits dug for general morphological characterization and selected ag being
especially representative;

e samples should not be taken at arbitrary depths but should represent natural
801l horizons or stratifications. Normally all soil horizons over 10 cm
thickness should he sampled:

iii. in sampling for chemical analysis, special care should be taken to avoid
wixing samples from different horizons, Thus, once the whole vertical
profile has been carefully cleaned, samples from the lowest horizon ghould
be taken first followed in sequence by the horizomns above, Samples of
the uppermost horizons, likely to have been disturbed in the rrocess of
pit digging, should be taken from undisturbed sites as close ag possible
to the pit;



iv, samples for chemical analysis should weigh about 1 kg or, in gravelly soils,
should be of sufficient size to obtain at least 100 g of fine earth (smaller
than 2 mm diameter). Stones and large pieces of organic material (in
gurface samples) should be removed from the sample;

Y, saunples should be placed directly in stout plastic bags, or in canvas bags
with plastic lipers, and securely tied. If samples are to be examined and
compared before bagging they should be placed in discrete heaps on a gheet
of plastic or close woven material to aveid contamination with each other
and with manure, surface palts etc, on the sell surface;

Vi all samplebags should be securely labelled to correctly indicate the pit
identification rnumber, the depihs of the horizon sampled and the date;

vii. the morphology of 211 pits sampled should be described in detail.

Ixceptions to this general procedure arise in areas which include a seattered
occurrence of soils having specific chemical limitations {e.z. galinity or alka-
linity ). In such areas relatively large numbers of auger samples will be taken,
for limited laboratory analysis (e.g. pH, conductivity and ESF). The purpose of
guch sampling is to determine the extent and severity of the problems investigated.
The numher of samples invelved precludes morpheological description at each sample
point and the samples uwsually relate to arbitrarily selected, fixed sampling depths.
The pesition of sampling points must be accurately located on working sheets, however,
and each sample must be accurately labelled by depth and loecation. It is usually
useful to determing the Tield taxture.

field Tools

i Basic field eguipment

Basic equipment for & soil survey party working in potentially irripated
areas includes the following:

S0il pamplin uipment: various augers (see separate note below),
post-hole spade(s), shovel(s), pickaxe(s}, geological hammer, largze
sampling knife, sample bags, labels etc. and bucket

S50il desoription equipment: hand level (Abney type), prismatic

compass, steel measuring tapes (2 m), hand lens, cclour charts (Munsell),
portable conductivity meter (see separate note below), colorimetric

pH kit, plastic squeeze bottles for 10% hydrochleric acid and water,
profile description forms and clipboard (or hardback notebook).

Fisld teet eguipment: {for details see Appendix B)

Survey and mapping equipment: mirror sterecacope (for use in office],
pocket stereoscope (for use in field), aercsketchmaster (for transfer
of informetion between maps and airphotes) or if feasible, optieal
pantograph (adjustable), plane table, measuring chain or surveyor's
tape, storage cabinets for records, maps and air photographs, and
drawing office equipment.

In addition the party will reguire & vehicle adapted to the terrain and
capable of carrying the full party with ite eguipment and samples. For
reconnaissance studies in desert terrain the wvehicle should be eguipped with
two—way radic commmication with 2 base capable of mounting rescue operaticms,
In most countries the wvehiocle should be supplied with a full range of spare
parts. The party may aleo reguire desert camping equipment, food, water,
medical supplies etc., depending on the degree of isclation of the survey area.



The following additional notes have special relevance to the requirements of
irrigation development studies and to the kinds of environment where such development
is likely to be contemplated.

ii, Machanically operated sampling eguipment

Fotentially irrigable terrsin usually offers relatively free access to
vehicle—mounted eguipment. Careful consideration should be given to the
feasibility of using a mechanically operated, tractor mounted, back-hoe for
digging soil pits and a power operated auger for auger sampling. Such
equipment can offer very substantial savings in time and effort and, perhaps
more imporiant, can permit a more intensive sampling pattern to be completed
within a tight time schedule.

Suitable back-hoe equipment capable of digging to depths in excess of
i m can be mownted on a fairly small agricultural tractor. The attached
bucket can be of a general purpose iype, or, if conditions require, a gpecial
rock bucket or a clay bucket incerperating an hydraulic ejector rlate, can
be fitted.

Powser augers can be supplied on a self—contained trailer or mounted
upon and driven from the tail of suitably eguipped pick-up trucks or Land
Hover—type vehicles, A single machine can be capable of screw-iype or
push-type core augering to meet requirements of individual sites,

iii. Cheice of hand augers

4 veriety of different desims of hand auger exist, Thepr rre intended
to serve differenti purposes, £ peographically exiensive enqulry intao
experience with various augers on FAD projects yielded the following findings:

Bucket (or 'Orchard'} type auger: A cylindric~l auger with specially

desiymed cutting bits on the lower lip. In its standard

form with a barrel about 15 em (6 inches) long and 8 em {3~1/4 inch)
diameter this is probably the most useful general auger for scils of
medium texture. The tool is lipht, penetrates most soils gasily and
is relatlvely easy to lift. The sample is disturbed but not unaccept—
ably s for most descriptive purposes, The larger 10 em (4 inech)
diameter standard auger is especially appropriate for in situ
permesability tests (see Appendix B). The standard auger is not
effective on non—echerent sandy and gravelly scils and samples from

clayey soils are difficult to remove {especially when moist)., A

modified 'mud auger' is mamufactured with large 'windows' in the sides

of the barrel; these facilitate the removal of clay textured samples.
fnother modification of the standar auger, in which the cutting biis
are more sharply curved inwards, is designed to retain the zample in
sandy textured soile (this is more successful if the sample is
moistened as boring proceeds). The 'lurange' type auger

iz a medification with smaller, more numerous cutting bits. These

reduce the disturbance of sampling and make it easier to study soil

structure.

'Tuteh' or '"Edelman' auger: Thiz auger is particularly
effective on coherent, rather wet scils of high clay content, including
paddy soils, where many consider it superior to the bucket-type auger,
It ie not very effective, however, on sandy, gravelly or stony soils
or on dry soils of any texture.




Jarret auger: Aleso an open bucket auger with side cutters of robust
design. Vary strong but heavy in use and requiring a strong operator.
Will penetrate most soils and is particularly effective in gravelly
goils but will not collect a sample in dry non-coherent soils, unless
they are wetied during boring.

Serew auger: Of limited walue for soil chservation hecause of the
severe disturbance of the sample. Can he useful for rapid examination
to check map boundaries on medium textured soila. HNot effective on
gandy or gravelly soils and difficult to drive in tight clays.

Tube (or "push') sampler: Useful for rapid sampling, especially of
topscils [e.g. for salinity or other analysia}, in medium textured
and organic soile. Varicus devices can be used to cbtain deeper
samples {lever, jack-screw, hammer-collar). Not effective on non-
coherent soils, hard clays or stoney and gravelly soils.

Partable conductivity meters

A gpecial note on this subject is included since 20il surveyors who
are new to arid and semi-arid areas may have little practical experience
in the determination of electrical conductivity of the soil solution, or of
water samples, as a measure of salinity. Fortable conductivity meters are
particularly wseful in exploratory surveys Lo outline areas of salinity
hazard and for determining the reguired intensity of routine sampling and
testing for salts. The actual routine determinations of salt comtent, of
which there may need to be 2 very large number, are mere conveniently and
reliably carried out in a fully egquipped laboratory.

A range of portable conductivity meters is available on the market,
A typical portable kit weigha about 2 kg, is about 20 x 15 x 10 cm in size,
and contains a conductivity meter, conductivity cell and simple egquipment
for preparing & saturated paste and for filtering off the scil sclution.
Such & kit can be used to make rapid determinaticns of salinity actually
in the field or, better, in & temporary field laboratory.

iflectrical conductivity (#C), also called specific conductance, is
defiged as the reciprocal resistance (at 25 ) measured acroas two inert
1 em nonpolarized plates placed 1 cm apart. The test solution is placed
between the plates in a standard cell and current is carried by ilcons in the
golution. Thus, the £ reflects the total concentration of icnized consti-
tuente of the solution. The standard unit of measurement is mhosfcm.
Since thie unit is large, however, it ig convenient to express the EC of
soils in wnits of mil&imhosfcm (EC x 107) and of water in units of
micromhos/cm (B0 x 107 ).

Conductivity measurement normally invelves determination of
resistance of the unlnown elecirolyte within a standard cell using an AC
#Wheatstone Bridge. In modern egquipment the condition of balance (when no
current flow is detected) is indicated by an electroray eye or 2 centre
reading mull meter. In older eguipment passage of current may be detected
with earphones, the null point corresponding to the minimum buzzing noise,

The moet reproducible and reliably interpretable results are obtained
Wwith electrodes immersed in scolution extracted from the saturated soil sample.
Modern equipment incorporates temperature compensaturg and sutcmatically
provides readings corresponding to conductivity at 25°C regardless of the
actual temperature of the test soclution. If this correction is lacking, the
temperature of the sample must be measured immediately after the conductivity
reading and a correction made from tables supplied by the manufacturer.



Modern conductivity meters are usually designed to be operated from
either maine electricity or a small dry battery source but it is important
that AC voltage of suitable fregquency be supplied to the electrodes to aveid
polarization. The frequency of the conductiviiy meter current is commonly
&0 and more rarely 1 (00 hz, the formar being suitzble for measurements of
sclutions low in electrolytes and the latter for those of high electrolyte
content, Coating the electredes with a deposit of spongy bleck platinum,
whigh increases pgreatly the effeciive surfrce, reduces the polarizatirn
affect of the paseage of current vetween the electrcdes, The electrodes
should be cleaned after use and replatinized whenever the resdings become
arratic or when any inspection shows that any of the platinum black has
flaked off. if The cell should he kept filled with distilled water when
not 1n usea.

I'he conductivity cell used should have a cell constant (determined
meinly by the geometry of the cell) appropriste for the range of IC to be
measured. A relatively low cell constant (2/em or less) is suitable for
solutions with bC less than 4 000 micromhes/em. For solution with higher
salt content a cell with a hiph cell constant (20/em) will give better resulis.

The reader is also referred {o pages M1 - 353 of the 3eil Surwey
Manual (U5 Soil Survey Staff 1951) for a detailed description of the measure-
ment of conductivity in saturated socil paste in a special standard cup (the
'Bureau of 3oils' cup). The method described is satisfactory for obtaining
& preliminary indication of salinity hasards,

G.4.7 Field Tests of 50il/Moisture Helationahips

Mield tests are an essentisl supplement to laboratory measurements in obtain-
ing the understanding of scil/moisture relationships regquired in irrigation and
drainage projects.

Infiltration tests using single or double ring infiltrometers enable the

201l surveyor to provide the agronomist and irrigation engineer with basic
intake curves on which field design and irrigation practices can, in part,

be based, The impertance of infiltration rates has been discussed in

section 2.5.1 and practical procedures of meapurement are given in Appendix B2,

Permeability measurements are needed to esteblish drainability classes and

to puide drainage design. Permeability hae been discussed in section 2.5.2;
mathods of measurement are outlined in section 4.2.3 and practical precedures
of measurement are given in Appendix B 1.1, 1.2, 1.3 and 1.4

A sufficient number of both infiltration and permeability tests should be
undertaken to characterize fully all of the extensive epils identified in a survey
area. In theory, this calls for at least three replicates of each test on each
goil to confirm uniformity of results, In practice, shortage of time and particularly
of water may render this ideal unattaineble.

Basin leaching triale represent larger acale tests undertaken where doubt
existe on the practicability of reclaiming saline or salin-alkali scile,.

duch tests are generally not necessary if all evidence from laboratory and
field tests show reasonable permeability.  Sometimes, however, these tests
indicate low or very low permeability walues that suggest that reclamation

is impractical and that the land should be claassed as non-azrable, Where
subastantial tracts of such lands occour or the affected aress are interspersed
with good lands, thus interfering with field irrigation layout, basin leaching
trials should be undertaken.

The technigue of platinizing is described on p.89 of Agrienltural Handbook 60
of the U,5. Dept. of Agriculture (Richards et al. 1954).
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At least three Field Plots (10 x 10 m to 5 X 5 m) are laid out so that
a emall bvorder-ridge with about 45 cm settled height is built with soil from
outside each basin - the scil within basins is disturbed as little as possible.
Jater 18 hauled to the plots or brought in by {ield diteh or pipe. Three

types of leaching trials are usually conducted:

{13 leaching; tests with water as near as possible to the quality expected
for future irrigation use;

(2% leaching tests using saline water, i.e., introducing salie into water
iniiially and gradually reducing salt content back to normal water;
and

i) working gypsun inte surtface soil, equivalent to 0 of gypsum require—
ments as calculated by laboratory tests, and leaching with water (1).

The tests made include penetration depths, guantities of water percolaied
nourly or daily, changes in conductivity of soil solutien, changes in percent
exchanreable sodium and pilezometiric readings at 1, 2 and i m depths or in
aquifer zones during and for several days following tests.

Juch t1ests and observations will show whether such soils are reclaimable
and if so by which methoas. Highly dispersable scdium clays sometimes seal up
and become impervious when leached with low salt water but may be kept perme—
able by methods 2 and : above.

If examinotion indicates drainage barriers interfere with tests, some
temporary drains may be needed to complete the field basin trials, Thie
coupled with drainability surveys of the affected tracts should provide a2
basis for land classification and for future reclamation and development
planning.

SOIL SLASUIFICATION AND THi SOIL HMAPPING LEGEND

the Role of Taxonomic Classification

The use of taxonomic s0il classification in soil surveys carried out to meet
snecific development objectives, notably irrigation plamming, ie sometimes criticized
on the gsrounds that swch clasaifications are too academic and too concermed with the
relationships between one kind of soil and another, rather than with the practical
sigmificance of the properties possessed by a particular area of soil. Soil
suwrveyors have themselves to blame for this criticism in so far as they have been
content to map soils in terms of an established taxonomic classification and have
failed, either to take account of diagnostic criteria which are of purely practical
significance (e.gz. unfavourable microtopography) or to explain the significance of
their glassification in terms of value to olher specialists (i.e. to interpret their
SUrVEY .

The- criteria selected for differentiating soils in modern systems of taxonomic
classification almost invariably have important practical significance with regard
to agriculture. It is their additional significance with regard to soil genesis,
however, that makea them so valuable in mapping soils and in comparing soils in
different localities.

In the early stages of a survey, time, effort and experience iz needed to
obt2in & broad understanding of the genetic relationships between soils and parent
materizl and topegraphy; but, once established, these relationships provide a
loyical basis for recognivin: wiits of seil having & defined range of asscciated



characteristics and for mepping the boundaries between these units with prester
confidence. The phrase "associated characteristics" deserves emphasis, for net all
the significant differences in secil character induced by diiferences in cenetic
history may be obvious upon visual examination of the soil. The simnificance af
more chscure differences may only be revealed by field tests or laboratory anelygia,
or indeed, may only be appreciated through actual farming experience, for example,
in mature river basins, where irrigation projects are aften sitad, the most obvicus
goil difference is often a complex variation in texture. It may be cxtremely
difficult to map such scils on the basis of texture alone and the results may not

be very satisfactory because individual alluvial deposits are likely to possess other
distinguishing characteriestics of practical significance. Throuwgh air photeo—
interpretation, careful measurement of level and field observation, the zeomornhe—
logical history of the basin can often be interpreted and the distribvution of the
separate alluvial deposits defined. fny necessary further subdivision on the basis
aof texture is often relatively simple and one ie assured that each subdivision will
possess the assembly of characteristics associated with the parent deposit and its
subsequent history. In other words, each major subdivision iz likely to deserve
recognition as a separate goil series, !

fn underatanding of the causes of soil change also provides puidance in the
selection of sites for soil observations, sampling for analysis, and for Tield
tests.  Equally reliable datz can be obtained from & smaller number of sites and
the area to which each set of data is applicable can be assessed with greater
contfidence than is possible without this wunderstanding,

These considerations emphasize the importance of establishing a preliminary
working legend as early as possible in the course of the survey. duch a2 legend
ia essentially taxonomic in nature, since it must be based on genetic conclusions
drawn from the observed characteristics of a few soils in relation to their
environmental situation, Seil series previously recognized in the area, if any,
are identified and further scil series are defined 285 the work proceeds,

Since many irrigation schemes are on recent alluvial land with deposition
layers of warying texture, and without diagmostic herizons on which to base the
usual soil series, special clasasifiecation legends must be devised to indicate.the
textural variations (as well as other differences such as galinity, organic matter
content, ete.]. It has been found useful, during field work, to desigmate 50 em
layers according to their dominant texture (e.z. "A".mainly coarse, 'BY mainly
medium, "C" mainly fine textures), giving & legend of for example ACE [coarse over
fine over medium seil). There are 27 possible combinations but as scon as
sufficient data accumulates to determine the main kinds of textural profile which
are present, the soils can be grouped into & few extensively occcurring kinds (e.g.
light over heavy, Lh; heavy over medium Hm; etc.)}, The same process can be
continued to characterize the deep subsoils.

HNo existing system of high level taxonomic soil classification can yet be
recommended as a framework for distinguishing soils in high intensity BUrVeys,
Therefore, soil wmits must be recognized and grouped into series in accordsnce
with a genetic interpretation of the distribution of characteristics which they
display in the field and in accordance with practical considerations of intensive
mapping. This does not preclude recognition, where possible, of the general
requirements of higher level soil classification in a selected taxonomic system
in defining scil series. If these requirements can be recognized the report on
the wsoil survey can indicate how the established series may be grouped at
succeseively higher levels of generalization. 3till wider potential application
of the findings of the soil survey and of the development project as a whole can
be achieved by preparing a correlation table showing the classification of the
soils in various internationally recognized systems of soil classification, including
the legend of the FAQ/Umesco Soil Map of the World {1974).  The value of this



procedure to the survey itself lies in the assistance it provides in identifying
areas of comparable scils elsewhere which may serve as a2 source of interpretative
information.

S0il correlation, aided by taxonomic classification, is also important
within the survey area, for the recognition of similarities in the nature of soils
may be almest as important in plamning development as the recogmition of differences.

The Definition of Go.l Mapping Units

It would be misleading to suggest that the recognition of soil series was
more than an early step in the identification of the kind of s0il mapping unit
required in high and very high intensity soil surveys for irrigation development.
In many irrigation projects, genetic considerations justify the recognition of only
a very few soil series, which must be subdivided to reflect further soil and
envircnmental factors of practical sigmificance in irrigated apgriculture,

The first step in developing & soil classification is to resolve the fore-
seezble interpretative objectives of the soil survey in terms of the nature, and
the level of expression, of the soil characteristics whichsneed to be distinguished.
A purely thecoretical list of required diagnostic eriteria can be prepared befere the
survey begins, For example, Chapters 2 and : of this publication provide gpuidance
on the soil and environmential criteria which need to be considered in relation to
irrigated agriculture. Other diagnostic criteria relevant to rainfed agriculture,
ar to specialized crops or management practices may also need to be considered and
the list enlarged accordingly. The resulting list then needs to be reviewed in the
light eof field experience to decide to what extent and in what way it is practical
to apply these diagnostic criteria to actual soils conditions in the survey area,

!

The main characteristics of soil series, 1fsuch as the nature and depth of
sc1l horizons, iz poverned %y their genesiz. The asoil surveyer has some latitude,
however, 1n ‘efining the exact limits between series, In deciding these limits,
he shoulu rive consideration to criteria which will have the sreatest practical
interpretative significance.

nce a series has been defined, it will be apparent which of the important
diamostic criteria will remain uwnmapped within the series, These can form the
subject of separate phases. 1/ Factors relating to the soil surface such as slope,
microtoposrephy, surface stoniness and rockiness, erosion and flooding haszard
can e shown as phases wherever their expression will be significant in interpreta—
tion.  lepending on the degree of wvariation permitted in the internal characteristice
of the series, additional phases (or variants) lj may be needed to indicate significar
differences in effective seoil depth,.texture, infiltration rate and/or permeability
(based on actual measurements), or the presence of impermeable layers at depth.

If parts of the soil continuum are so varied that it ie not possible to
peparate areas having important interpretative differences, these areas can be
mapped as soil complexes. 1/ ivery effort should be made to establish the
proportions of the different kinds of soil in these complexes by systematic
sampling, since ihis may determine whether or not they can be used for a particular

purpose,

A basic soil map is intended to present factual information of lasting value.
hs far as possible, therefore, the soilunits should be defined in terms of factual
data relating to the more stable characteristics of the scils and their environment.

lf Por definitions of the units 'soil series', 'soil phase', 'soil wvariant'
and 'soil complex' the reader is referred to the US Scil Survey Manual,
Agricultural Handbook No. 18, 5Soil Conservation Service, USDA 1951.
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Seil salinity presents a special mapping problem. Soils subject to salinity can be
shown as a separate phase, but data on the level of salinity in Jifferent areas at
the time of survey which are subject to shori term variation, are beiter shown on a
separate map.

The Spil Mapping Legend

The aim of a map legend is to make the map self-explanatory, & supporting
text will be neceasary to describe in detail the full range of characterisiics
of each kind of unit shown on the map and it is reascnable to expect the user tgo
read the text first. He will be greatly inconvenienced, however, if he has to nmake
continual reference te the text in order to undersiand the maps. The map lezend,
by itaelf, should remind the reader of the most eignificant aspects of the classifi—
cation portrayed, Thus, it is noi sufficient in the mapping legend to identify the
soil unite merely in terms of symbols; or in terms of vemplex taxeonomic names,
meapningful only to =eil specialists; or in terms of lecally named kinds of soils,
possibly meaningful only to the surveyor and his immediate collearues, For each
so1l symbel on the map, the map legend should include a brief explanation of the
most significant seil characteristies represented, in terms desimed te be informative
to the widest possible range of users. Space must be provided, if need be on the
back of the map or on a4 separate sheet, on which an adequate map legend can be
printed (FaQ TBTO}-

& larpe number of soil units are to be anticipated on a basic soil map, for
distinctions have to be drawn in recognition of as wide a range of interpretative
purpcees as possible. HJome distinetions will be sipnificant for ocne interpretative
purpose, others for ancther purpose, and the wnits will be irouped aceordingly on
later interpretative maps. The ranpe of criteria taken inte account in recomizing
and correlating these units will almost certainly be tco large for the individual
criteria to be validly indicated by separate symbols on the map., Instead a limited
range of symbels can be used to indicate the kinds of soil which have been differen-
tiated. The range of characteristics possessed by each kind of soil will then be
desceribed briefly in the mapping legend and more completely in the supporting text,

Un basic scil maps relating to  high and very high intensity surveys it is
often convenient tc use 2 two or three—part symbol to fesignate each mapping unit,

Cafla
o 2

Big

imf

The first part of the symbol (BA) indicates, with bold characters, the major
kind of soil represented by the unit. If s0il series have been recormized and have
been allocated local names, it is convenient to use a mnemonic code of letters for
this part of the symbol. Alternative large Arabic numbers can be used,

The second part of the symbel (8} in the example, ia only needed when seil
variants have to be recognized. The defined nature of & soil variant {eume a
shallow variant) may depend on the nature of the major kind of soil to which it is
related. The variant is indicated, therefore, by one or two characters {usually
lower case letters) which directly qualify the major kind of soil, The nature of
each variant has to be defined separately in the mapping legend and the text,

a

The third part of the symbol | 7 ) in the example distinguishes the
phages of the major kinds of soil. Ei&EE phages will normally carry the sane
significance for all major kinds of soil they need only be defined once in the map
legend and the text. If more than 3 or 4 phases (and/or variants) need to be
indicated, space can be saved on the map representing phases in the form of a
fraction:



s0il phases (e.g. salinity, alkalinity, stoniness)

site phases (e.z. slope, microtopography, erosion, flooding hazard)

Provided duplication is avoided in the allocation of cede characters to each
level of each phase, a zero level of each phase can be recomized at which the
particular phase concerned is not represented in the mapping symbol. This procedure
allows & very considerable reduction in the complexity of the mapping symbols

needed,



CHAPTER T

SOTIL SURVEY INTERFRETATION AND LAND CLASSIFICATION

OENHRAL CONSIDERATIONS

The interpretation of soil data for evaluating land is divided into soil
interpretation and land classification, This distinction may surprise those
accustomed to regard these activities as synenymous but it is in keeping with the
definitions of soil and land (1.2.2) and its importance has been stressed by
Kellogs (19620,

The significance of the soils information provided by survey and analysis,
may net be understood by the users of a report and must be explained i Tull benefit
is to be derived from the work. Scil interpretation is an essential part of a
survey report, whether or not any land evaluation and classification is attempted.
I+ should form the explanatory part of descriplions of mapping units, in which the
simificance of the specific soil conditions for plant growth and irrigation and
arricultural management is peinted out, It is commenly also useful teo devote =
separate chapter to it in order to avoid reretition and facilitate comparisons
between the various conditions in the =rea. Tt may also form the first stage of
land classification,

4 lan? evaluation procedure that permits development of interpretations by
stages is very desirable. Fractical difficuliies commonly interrunt data collection,
and some data gan enly beo feguired over several years, so interpretation may have
te begin before a2ll the desirable data is available. Fiany plenning decisions do
net require precise gquaniitative assessments; simple comparisons may suffice to
identify ihe most promising uee possibilities and the practices that must be
eszociated with then.

Successive stages of interpretation should reflect ineressed precisicn in the
bhasic data and in definitions of the kimds of use, Recogmition of the aims and
agsumpiions of each stage helps to make clesr the desree of precision intended, which
must be explerined; it alse facilitates efficient survey nlarning.

The feur-stage sequence outlined in Table 22 is similar to that recommended
in Iran {Maohler et al. 1970). Qualitative and quantitative economic classifications
are distinguished, The latter is only possible when specific knowledge exists of
the metheds of irrigstion, of the expected costs and returnz and perhaps of the ways
in which expenditure will be financed and repaid, so it is essentizlly 2 malti-
disciplinary oper=ztion. The gqualitative classification should be developed as far
as possible to provide the reliable physical basis for early planning ond for later
guantitative economic evalustion.

Soil survey interpretation is concerned with the practical simificance of
precise differences in the soils wherever they occur in the survey area. Land
classification refers to specific areas. Besides the soil other factors must be
considered such as lecation, accessibility, vegetatinon, hydrology, micro—climate,
man—-made structures, eto. Seil interpretations are teols of the rescurce scientist,
permitting scientific exchange of experience on the qualitics and potential of a
given s0il, whereas land interpretations are tools of the rescurce user or planner
whose interests are localized and concerned with the total influence of the enviror—
ment on his development objectives (Smyth 1972).

Both scil interpretations and land classification have operatiomal preblems,
concerned with the environmental criteria relevont to a pariicular interpretation
and their collective influence, and problems of presentation concerned with develop—
ing a clear, concise and unambiguous explanation of the findings for the widest pos—
sible audience. There may be similarities in the solutions to these problems,




Table 22

POUR STAGES IN :VALUATING THo IRRIGATION SUITABILITY OF LAND
(adapted from lahler et al. 1970)

TYFE OF OPERATI(NS

BACKGROUND /XD CRITERIA

Iz

IFFERENTIATING PACTORS

ASOULIPTICHS

RESULTS

Relationships between

so1l morphologsy, land

forms environment and

physical-chemical soil
characteristics.

Inherent character-
istics of 2oils and
land forms.

Genetic relationshios
betwaen soil surface
features and soil
profile features in the
area,

vharacterization and
delinea.ien of seil
mapping units.

S50IL SURVEY
INTERFRETATION

General experience on
influences of Boil
characteristics on the
technical, and economic
feasibility of irriga-
tion farming.

Present limitations of
the soil, relating to
salinity, topegraphy,
erosion, drainage, etec.

=3tandard conditions of]
irrigation farming.
=Irrigation water is
net limiting.

=No land improvement
works are made,

Characterization and
delineation of inter-
pretative soil classee
and subclasses., Cene-
ral management requi-
reéménts of the differ—
ent kinds of soil.

3
QUALITATIVE
LAND

CLASSIFICATION

General, local (avail-
able) experience on
influences of land
characteristics on
technical and economic
feasibility of irriga-
tion farming,(includ-

ing feasibility of land]|

improvement Junder fu-
ture project condition.

Land qualities and
characteristics, cor-
rectible and uncor-
roactible limitations of
the lands in relation
to crop and management
requirements under fu—
ture conditions of the
project,

General conditions of
water supply and irri-
gation farning as fore-
séen by project plans,
Required land improve-
ment works are made,

For each land unit:
-Type and degree of lan
improvement requirement
~Land and water use re-
commendations.
=Agsessment of land
suitability for irri-
gation farming after
improvement (classes
and subclasses),

4

QUANTITATIVE
LAND

CLASSIFICATION

Experimental results,
Cost-benefit studies.
Profitability of irri-
gation farming under
future project con—
ditions.

Land improvement coste.
Annual costa.
Income potential.

Specific conditions of
the future irrigation
development in the
area.

Assessment of initial
capital investment
requiremeénts and income
potential for each land
unit. Interpretation
or review of results of
3 or revised standards
for making 1 again.




7.2

Te2ad

30IL SURVEY INTERFPRETATION

Aims and Regquirements of 30il Interpretation

Kelloge (1951) has described soil survey interpretations as predicticns of
goil behaviour under stated conditions. When carried out to provide a foundation
for land classification for irrigation the prineciple aims of soil survey interpre-
tation are:

- to determine which forms of land use offer sufficienl promise on the scils
surveyed, under the general environmental conditions of the area, to be regard-
ed az relevant alternatives of use for planning purposes:

- to recognize characteristices of the soils which will place limitations of
varying degree on the development of these relevant alternatives of land use;

= to simplify the basic soil map by grouping soil units having characteristics
and sets of limitations that are similar in nature;

- to identify the management practices and inputs that will be regquired on each
grouping of acils to take advantage of the favourable characteristice and to
elleviate the various sets of limitations in order to develop a given form
of land use on a worthwhile, susiained basis;

- to make a first estimate of productivity and a rating of relative merit of
the different seoile for the various uses (scil suitability classification).

An intention to irrigate is often basic to the planning of development projects
in which seil surveys are undertaken, In such instances, the need to investigate
alternatives of use may be questioned, However, a sound study of the economic
feasibility of irrigation should always take inteo consideration the relative merit
of cther, possibly lese expensive, forms of agricultural development starting with
congideration of the physical possibility of alternative uses. Of course, if climatie
conditions are very unfavourable the possibilities of rainfed agriculture, forestry
or animal hushandry, can be dismiassed wvery gquickly. Even so, alternative forms of
irrigated agriculture may still require comparison. Thegse alternative forms may
represent, for example, different production aims or different methods of applying
water. The point to be emphasized iz that neither scil nor land has intrinsic
capability or intrinsic limitations; they have advantages and limitetions for

certain specific uses. An expression of a soil charscteristic which is a severe
limitation for one use, may be insignificant in relstion to snother use and may even
favour a third.

The specific nature of interpretations makes it essential to decide the im-
mediate objectives of interpretation ae early as possible in the basic survey. At
the same time the soil characteristice that are especially relevant to thesze object-
ives and the levels of each characteristic that heve practical interpretative
gignificance need to be determined. Otherwise there can be no guarantee that =211
the changes in the soils that are of importance to interpretation will be reflected
by boundaries on the soil map., This point has been discussed in the previous Chapter
in relation to the definition of Boil mapping unitse and does not detract from the
desirability of eetablishing the legend of the basic scil map on sound genetic
principles (see 6.5.2).

The four chief requirements of a good interpretation are cbjectivity, sccuracy,
consistency and practical usefulness (Mahler et al. 1970).
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To be objective, an interpretation muei be based on facts which can be directly
ghserved or messured in the area under study. To avoid confusion between observed
fact and inferred interpretation basic data on all aspects of land should be collect-
gd in an pperation distinct from that of the land clagsification.

To be accurate, the interpretations reguire to be based on exact data, precise
definitions and interpretative norms. In part this requirement relates to the
required accuracy of the basic soil survey which must conform with acceptable standards
of oheervation density in relation to mapping scale, of soil characterization and
description, and of variation within the soil unit. Accurate interpretations cannct
be derived from inaccurate scil maps. The requirement also relates to the need for
a systematic approach to the weighing of gualities and limitationse in assigning soil
units to interpretative classes and subclasses, with locally developed standarda for
rating individual criteria and for overall classification.

Subjective errors need to be avoided to achieve consistiency. Like so?ls sheould
be similarly interpreted throughout the survey area. Although rules and standards
may have been developed to encourage objectivity and accuracy, not all soils will
neatly fit the pre-—established norms and some subjective judgment must be exercised,

To minimize incomsistency in such judgment the interpretation should be approached
concurrently from three directions:

- by an overall judgment; the soil as a whole {i.e. as the sum of its character-
istice in ite general setting) being compared with the concepts of ihe inter-
pretative classes and placed within the class that appears to fit it best:

- by analysing each separate limitation of the soil with respect ic the uase in
guestion and rating these limitations in accordance with established norms;
clageification ie then determined by a comparisen of these ratings with
egtablished specifications of the interpretative classes;

— by correlation with similar soils in similar settings which have been clapsified
previously or, preferably, have already demonstrated their response to the uae
in guestion.

Mathematical, or 'parametric' metheds of assessment in which data on eoil
characteristics are manipulated mathematically to yield an index of seil productivity,
provide another approfch tc the problem. These methods, which are becoming
increasingly sophisticated, are discussed briefly in Section Te5a

If, -when compared, these separats approaches yield contradictory results the
validity of the basic survey data should first be checked before reviewing the
rating of limitations and the clase specifications.

To ensure practical usefulness the main interpretative objectivea should be
identified in advance, in consultation with the potential users, and the presentation
should be appropriate to ths stage of project development Broad assessments should
be provided quickly as a guide to the main alternatives for development. Once the
direction of development is clarified, increasingly precise and specific interpre—
tations should be made and, for the final decisions on implementation of irrigation
devalopment, should be meaningful in gquantitative economic terma.

The Selection and Rating of Diagnostic Features

Standard criteria and specifications for interpretative classifications must
be provided in order to establish credibility and permit checking of the evaluastion.
Characteristics which influence suitability have been discussed in Chapters 2, 3 and
4, and in Appendiz A.1. Their relative importance and ratinge are locally specific,
and should be judged in relation to the following factors:



— the precise use for which the land is evaluated,
- the assumptions on which the interpretative classification is based,
-~ the environmental cenditions, especially climatie,

- special features requiring emphasis (e.g. drainage problems, salinity,
available water),.

Considerations relating to alternative uses must take account of production
aims and management practices required to achieve them on a sustained basis. For
example, different criteria and ratings will be appropriate for rice and wheat
production, gravity and sprinkler application, and rainless or monscon climates,

The assumptions stirongly influence the rating of diagnostic features
particularly as they concern the level of management, including lmow-how and anti-
cipated expenditure. For example, the significance of socil texture may depend on
the power source available (hand tools, animal up to heavy tractors) or know—haow
for sprinkler equipment or the availability of fertilizers. Because the assumptions
are 59 critical,they must be made clear to the reader. For the first broad ascess—
ment sweeping assumptions may be necessary, for example that the guality and guantity
of water will not be & restriction; in later stages they will be fewer and more
precisely expressed, for example the stated guality of the water will affect the
rating of some diagnostic features,

301l survey interpretation is an "iterative process", proceeding by successive
epproximations (FAD 1976). Thus the first selected most promising land uses may
be limited by certain soil characteristics. A use may be rejected or the inputs
end management requiremenits revised; in the latter case the diagnostic regquirements
may change in significance, and the interpreter must go back and reconsider his
ratings in the light of the new regquirements. When the uses have been decided the
eriteria can be finally determined, and at this stage the completed seil survey should
be reviewed to confirm that all significent changes are reflected in the so0il bounda-
ries,

This iterative process need not be very time-consuming since a preliminary
study will limit the alternatives, and different production aims may have essentially
similar seil requirements. Even large changes in the significance of diagmostic
features may not reguire extensive changes in soil boundaries, for they are determined
by netural factors unrelated to survey objectives, and only when scil change ie
gradual does the surveyor have latitude to adjust hias boundaries to the need of his
interpretations,

Jeparate ratings of the relevant diagnostic features may be required for each
alternative land use. 3Such ratings are normally expressed as the range of a
particular characteristic in each interpretative class or as a set of critical velues,
agsuming that all other aspects of the environment are optimum. The development of
the specifications are complicated by three considerations:

— economic implications: +the interpretative classes have economic significance
and so, therefore, do the specifications which control classification;

— inter-dependence: +the significence of one characteristic often depends on
others which vary independently;

= cumulative effect of limitations.

To be meaningful comparisons of soil suitability must taeke account not only
of physical but also of economic poseibilities of using and improving the soil.
Thie calls for some degree of economic judgment, and information, to ensure that
suitability classes provide a sound basis for subsegquent economic and quantitative
land claseification.
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Becanse individual soil characteristica do not influence suitability
independently (unless very extreme), they must be considered jointly. The concept
of "qualities" proposed with respect to soil by Kellogi (1961) can help in untangling
these complex relationships. Thie concept will be considered further in the
discussion of land gualities (in section 7.3.2).

The cumulative effect of limitations creates a separate problem. A soil
with several moderate limitations iz less suitable than a soil with only one. Some—
times general rules can be developed for downgrading soils with two or more limita-
tions of similar or different importance, but informed subjective judgment is un—
avoldable.

Soil Suitability

4 soil suitability classificetion appraises the suitability of different kinds
af moil for a particular use assuming that all other aspects of the environment are
optimum, Such classifications, although they may overlock important peculiarities
of individual land tracts, can indicate that certain areas are less well suited to
particular uses, and so preliminary planning decisions to reduce the range of more
complex land classification studiea.

The problems of desigmming interpretative classifications are essentially the
game whether they relate to soil or land. Decisions must be taken on the number
and the nature of the interpretative groupings to be recognized and the meanings of
these groupings must be defined. Maletic (1966) has quoted three traditional rules
for the development of & satisfactory and logical classification:

— the main separations within the classification muat be based upon a single
principle;

— the classification should be exhaustive; it should have room to include
everything to be classified;

— the subdivieions in the classification should be mutuwally exclusive neither
gaps nor overlaps should exist between the discrete groupings.

In practice, it is often difficult to comply with the first of these rules.
Unless this is achieved there can be no certainty that the second and third rules
are obeyed., Complisnce can be achieved if the suitability classification relates
to only one form of land use throughout and if suitability is assessed consistently
in terms of diminishing economic benefit. Since for different land uses the
nature of benefits (e.g. crop yield) and of inpuis (e.g. labour, power, fertilizers,
irrigation water) can be very varied it is likely that their relationships can only
be assessed in economic terms. At the soil survey interpretation stage, when 2 soil
suitability classification is usually made, the assessmenis would be essentially
qualitative, Wevertheless, even at this stage it is possible to make & consisient
use of a theme of diminishing economic returns to provide 2 clearly understood, if
not very precisely expressed, basis for class separstion.

The following categories of interpretative grouping are very commonly recognized

in s0il (and land) suitability classification:

suitability classes; distinguishing the degree of suitability of the
soils {or lands},

suitability subclasses: distinguishing the nature of the class-determining
limitations in soile (or lands) belonging to the same
class.,

suitability (or management) units: grouping scils (or lands) within & single
gubclaas that require the same management practices.
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Some flexibility is desirable in choosing the number of interpretative classes
erd subclasses which will be distinguished. In each survey there iz a minimum
number needed and a maximum which can be recognized. Within this range, the advantage
of conveying additional information needs to be weighed against the risk of confusing
the reader.

The six-claseges of irrigation suitability of the U.3, PBureau of Reclamation
heve proved convenient in & wide variety of environments and may be summarized as
follows:

Clags 1 Highly suitable
Class 2 Moderately suitable
Class 3 Marginally suitable

Class 4 Aestricted suitability (suited only to special cTops ar in
special circumstances)

Claas § Unsuitable, pending further study
Class & Uneuitable,

Joil suitability subclasses are conventionally eymbolized by lower case letters
immediately following the class number (e.g. 2w might indicate a subclass of Class 2
soila which suffered from a2 limitation of excess wetness), From 4 to 12 or more
such subclasses may be recognized.

Joil suitability units are normally recognized only in intensive soil survey
studies, such as those associated with irrigation development. By grouping scile
with like requirements, the management regquirements of large numbers of separately
mapped areas can now easily bhe explained. Arabiec numbers are normally sssigned to
Boil suitability units within each subclass so that they can be identified in text
and map, Tor convenience, the units are usually numbered consecutively in relaticon
to their mapped pesition, from left fto right and from top teo bottom of each marp.

In the clagsification symbol the unit number is placed last, immediately after the
subclass letter (e.g. 2w14 would be the fourteenth unit recognized in class 2w).

QUALITATIVE LAND SUITABILITY CLASSTFICATION

The Scops of Qualitetive Land Suitebility Classification

Much work has been devoted in recent years to developing & system for
classifying land for agricultural purposes, The principles which have emerged as
widely acceptable are set out in various publications (FAC 1974, FAO 1575, FAO 1976,
FAQ 1978, Beek 1978) to which reference should be made for a fuller account. In
essence the Framework for Land Evaluation (FAQ 1974) recommends qualitative and
gquantitative classification of land (not just soil) for well defined land utilization
types, under unimproved or improved conditions by suitability orders, classes, sub-
classes and units.

The term 'gualitative land suitability classification' is not-intended to
imply that no quantitative data on yields or inputs ie used in the assessment: on
the contrary, both the ratinge for classification and the benefits from development
should be expressed as gquantitatively as possible. It does imply that the data
were insufficient to define the distinctions between classee in precise mmerical
tarms [usually economic values).



Such gualitative clasaification may be only & working tool of the interpreter
not intended for publication. It can provide a first approximation of the land
clagaification in which physico-bioleogical characteristics are integrated and the
general character and relative suitability of the mapped uniis are indicated. If
gufficient economic and related infermation is available the interpreter can proceed
immpediately to produce a quantitative economic land suitability classificetion.
Farticularly in developing countries, lack of experience and economic data may delay
complete economic evaluation. The gualitative interpretation of the physical
features of the environment must then be used and thie is a recognized stage in
land evaluation. The Framework for lLand kvaluation provides for either parallel
phyeical and economic studies or a twe-siape approach with physical studies followed
by quantitative economic evaluation.

It muet be emphasized that evaluation must be for a specified land use type.
{n a worldwide or regional scale "irripated agriculture" may suffice, but for most
purposes it is necessary to specify the form of irrigation, the crops to be grown
and the level of management envisaged.

Procedures for Integrating Physical Mnvironmental Pactors

The process of gqualitative land evaluation cemprises three steps: determina-
tion and description of the physical eonditions of the land surveyed, determination
of the requirements of the specific land utilizatien type for which the evaluation
i3 being made, and matching of the reguirements (crop or other) to the physical
conditions. mach of these steps is a complex activity.

Frocedures for description of the physical environment are described elsewhere
in this bulletin. It should be noted however that the features to be described
and the ratings for suitability need to be selected fer their relevance to the
defined use. A systematic approach is essential because of the wide range of
characteristics which may be relevant and the need not to omit any.

The requirements of the land use type for which the evaluation is being made
should be set down, Even if the data is inadeguate this precedure will draw
attention to gaps in knowledge which need to-be filled, and will permit estimation
of the reliability of the evaluation.

Matehing comprises more than mere comparison of the physical requirements of
crops with the land conditions to give a prediction of performance. Tt involves
an iterative procesa of mutual adaptation of the definitions of the land use types
and the land conditions as they become better known. It also permits systematic
apecification of the management and improvements needed for each land use type on
each mapping uwnit, and hence of the required inputs.

The land characteristics which are measured and deseribed for each mapping
unit can be rated for suitability for the land use type. However the problem
arises of the cumulative effect of limitations and of interactions between character-
istice. (One way to deal with this problem is through the concept of "land qualities"
A land gquality is a complex atiribute of land which has a distinctive influence on
the suitability of land for a specified use. At the highest level of generalizaticn
an example of a comprehensive land guality would be "gressz productivity”. This is
the product of less complex land gqualities such as "meisture availability™ and
"nutrient availability". The land gualities can be analysed in terms of land
characteristics; for example, moisture availability can be analysed in terms of
rainfall distribution, potential evapotranspiration, soil depth and water holding
capacity.

A set of land gqualities covering the reguirements of the land use type deter—
mine the suitability of the land. As the gqualities exert their influence in a
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manner distinct from each other they can be rated independently, and there is little
or no overlap in their influence on land suitability.,

Although the use of land qualities to cover all sigmificant agpects of the
environment iz recommended, some difficulties are encountered, The major problem
is the lack of lnowledge of crop (or land use type) requirements and of how
differences in certain gualities affect crops yield or cost of operation of an
irrigation system. Although knowledge is lacking for statements of general applica-
bility, it may be available for apecific local conditions and should then be used.
There may alse be difficulty in combining land characteristics to form land gqualities,
since at present no generally applicable conversion tables have been set up. How—
ever the procedures for rating land gualities are being actively developed, and are
discussed in several publications (Beek 1978, FAD 1978).

SJUANTITATIVE ECONOMIC LAND EVALUATION

quantitative land suitability evaluation in the Framework for Land mEvaluation
(FAD 1976) is the name given to evaluation in which the distinctions between classes
are defined in common numerical terms which permit objective comparison between
classes relating to different kinds of land use. Usually this means in eccnomic
terms, though other possibilities exist (for example "employment provided per
hectare"), dualitative land evaluation, although using as much quantitative date
as is available, does not separate land classes by ratings expressed in monetary or
cther numerical terms and therefore it is usually difficult to compare the benefit
from different land uses.

wueantiiative claasifications require detailed information on recurrent and
nor—recuwrrent investments and cecats, They can only be done on a limited acreage,
after intensive large scale mepping, and they are only valuable for a limited period.

Their preparation is a task for a multidisciplinary team, including agri-
cultural economists, hydrologists and irrigation specialists. These sexperts do not
nave to be present throughout the survey work but must be able to take part in the
iterative process of matching the requirements (including economic reguirements) to
the selected land qualities to determine the suitability for & land use type of
which the definition is constantly reviewed.

% is necessary to distinguish between the procedures and ratings appropriate
to economic land evaluation and the final cost-benefit analysis for feasibility
studies and the definitive project formulation.

It is common to find that variations in economic factors have a much greater
effect on suitebility than variations in physical conditions. Changes in market
prices, can easily make profitable a land use for which land was previously considered
unuitable {or the reverse), Different assumptions about discount rates or amorti-
zation periocds can also produce much greater variations in profitability than those
caused by differing physical cenditions, Of course, if a tract of land cammot
produce a certain crop or support & certain use because of physical conditions,
these have overriding importance. But commonly the boundary between suitable and
non-suitable land ia variable depending on economic considerations,

The system developed by the U.S. Bureau of Reclamation {1953) has been widely
used and has proved effective in a wide variety of environments, and is frequently
specified for feasibility studies by investment agencies. It is a gquantitative
classification, the economic rating being an expression of the relative repayment
capacity. This eriterion proved wnsuitable in some regicms, where government
organizatione did not require farm repsyment of initial investments, and in some
cages 'net farm income" was used instead. Cther minor adaptations have been made
to take account of lecal circumstances.
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The principles of the USBR system are outlined in Appendix A.1 and examples
of ite use in various environmental and economic conditions within and outside the
USA are given in Appendix A.Z2. Further amendmente are being made to the system
by the USHR.

Quentitative or economic land classification, and to a lesser extent gquali-
tative land evaluation, is now so complex and well documented a subject that it
cannot be fully dealt with within the confines of this publication.

TRENDS IN LAND EVALUATTOM

Increaaed recosmition of the importance of wise use of land arising out of
concern for the human environment has drawn greatly increased attention to the
methodology of land evaluation in recent years. Problems of land evaluation, not
confined to irrigation development but relating to all rural land use purposes,
were discussed at an internationzl consultation convened by FAD at the fgriculiural
University, Wageningen, Netherlands in 1972 (Brinkman and Smyth, editors, 1973).

At this meeting there was agreement on the need for increagsed precision in ideniify-
ing the objectives of interpretation and for clear recogmition of the poesibilities
of change in land, for better or for worse. fn economiec rather than a physical
basis for comparing land suitability was seen to be necessary, on the grounds that
land can be made suitable if the cest is justified. Basic to discussion at the
meeting was the concept that land evaluation is meaningful only in relation to &
clearly defined use and that the definition of the use must embrace both the
objectives and ihe means by which these cbjectives will be achieved. wWhen each
use is precisely defined the possibilities of use alternatives on each land area
have to be recognized. In fact, most of the features recognized at Wageningen as
degirable in 2 land evaluation system are already embodied in the system of land
classification of the U.5. Bureau of Reclamation, provided that the principles of
that system are applied to alternatives of use (including, but not exclusively,
different methods of irrigation).

4 particular problem in evaluating land suitability is to cbtain a satisfacto-
ry assessment of likely production fellewing 2 change in land use or In management
methods. In various countries parameiric methods of selving this problem are
being studied. Parametric methods entail (1) assifming numerical valuations to
separate soil and land characteristics according to their relative significance
{2) combining these numerical valuations according te a mathematical law designed
to take account of their relationships and interactions to produce an index of
performance which is (3) used to rank soils in order of (agricultural) value
(Rigquier 1972).

From the first application of the parametric method, probably that of Packler
(1928} in Bavaria which involved the simple addition of a few factors only, & variety
of mathematical approaches have been tested. Particularly well known is the Index
for rating agricultural soils developed by Storie (1937, revised 1944, 1948, 1955).
The Storie Index is derived by the pmultiplication of & few selected factors, one
being a rating based on the general character of the soil profile. Multiplicative
methods have the advantage that they recognize the law of the minimum, yield being
limited by the most wnfavourable factor. This is especially significant when one
factor, if unfavourably expressed, completely inhibits preduction Y effective
soil depth), FRiguier, Bramac and Cornet (1970) proposed a multiplication method,
bvased on seven physical and chemical characteristics of the seoil, which includes
provision for assessing the influence of soil improvements that modify or eliminate
80il limitetions. Other methods invelving multiplication, or addition combined
with subtraction, have been tested in the USSR {(Blagovidov 1960; Taychinov 1971},
Bulgaria (Foushkarov Institute 1970), Romania (Teaci 1964 and 1970), Trinided and
Tobago (Searl 1968), Canada (Millette and Searle 1969), France (Durand 1965 and
Duclos 1971), and Iren (Sys and Verheye 1972). This last method developed by



Belsian seil scientists, is concerned specifically with soils of arid and semi-arid
zones and aims to produce two indices: a capebility index for irrigstion and a
land productivity index for 2 number of crops. No correlation is established,
however, between capacity for irripation and productivity. Some of the other
methods include provision for calculating an enhanced index if the limitation of
moisture shortage is removed but as yet, no method attempts to assess the full
complexity of change associated with the introsuction of irrigation {'the prediction
principle' of the U.3. Bureau of Reclamation Land Classification).

The analytical capacity of electroniec computers appears to offer a means for
more thorough study of the complex interrelationships of factors and, subsequently,
for employing much more complex mathematical models to estimate productivity. In
2 reference to this topic in 2 statement on land classification survey trends in
the U.3. Burean of Heclamation, Haletic [196?} has written:

"In the performance of land classification work, an important trend is toward
more widespread application of compuler technology. 41 present, work by Iutt (19640
has shown that the guality of water percelating through 2 so0il profile can be
adequately predicted through application of 2 computational programme that invelves
an  integrated expression of the physical laws governing catieon exchange, solution
af scluble salts, and the dissclution and solution of gypsum. The prospect is good
that such a programme could intreoduce the laws governing the solution and precipi-—
tation of calcium carbonate in the soil eystem. Working with Dr, Thatt, the Bureau
of Heclamation has under development computer programmes aimed at prediecting the
future equilibrium exchangeable sodium and scluble salt levels of the =soil with a
given water guality. As the fundamental processes cccurihg in the soil are better
definad and expressed in guantitative terms, it may be possible to develop computer
programmes which would simulate irrigated conditions and provide a measurement of
the chemical changes that will cccur in the seil as a result of irrigation.
Besearch in this directicn will provide new and powerful tools for the seleciion of
irrigated lands,

Production functiens will also play a more important rele in the performance
of land classification work. Research by Heady snd Dillen ([1961) and aseociates
has amply demonstrated that production Tumetions provide highly useful and practical
means for guantitatively assessing the expected productivity of land. Copperative
research now underway betwen lowa State University and the Bureau of Reclametion
is aimed at establishing production functions which can be used as 2 basis for
clasaifying land. Use of such a technique would help conaiderably by providing a
gquantitative measure of effects of relevant soil characteristics on crop production.®
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CHAPTER 8
FINAL SELECTION, CLASSIFICATICHN, AND GROUPING OF LANDS

FOR IRRIGATION DEVELOFPMENT

INTRODUCTION

Irrigable land is defined by the U.S. Bureau of Reclamation (USBR 1953) as
arahble land under a specific plan for which a water supply iz or can be made
available and which is provided with, or plamnned to be provided with, irrigatiom,
drainage, flood protection, and cther facilities as necessary for sustained irri-
gation. It is developed within the arable area by consideration of any limitations
imposed by the water supply, the costs of facilities and service to specific tracts,
and the lands required for additicnmal nonproductive rights-of-way and other purposes.

The area selecied is generally limited by the available water supply, the
availability of switable land, or by cests of service, Therefore it is penerally
necessary to classify an area socmewhat larger than the anticipated irrigable acreage
8o that there will be an opportunity to delete areas of marginal suitzbility.
Although the so0il scientist should be aware of the problems of determining irriga-
bility, the major considerations during the irrigation suitability esurvey should be
based on arability rather than irrigability,

DETERMINATION OF IRRIGABLE LAND

L final determination of the irrigable lands cannot be made until farm unit
boundaries have been established and the location of 211 public roads, laterals, and
turnouts has been determined. However, a close approximation of the irrigsble area

adegquate for planning purposes can be made by trial and error ("paper layouts").

Deletions Involved in Determinine Irrigable Land

After the irrigation suitability swrvey is complete, the arable area is
reviewed to determine how much of it ~an be included in the irrigable area, For
this the engineers must have topographic maps to make layout studies, from which they
can delete from the arable area the rights of way for canals and laterals, the "high"
land above the canals, and areas isolated by topography from the water source.

Flan Feormulation

In nearly all irrigability studies alternative plans of development are usual-
ly formumlated by the layout engineer with assistance from other members of the
planning team, with the cbjective of obtaining the maximum amouwnt of benefits at the
minimum cost.

FPlan formulation is the process of selecting the optimal land areas for
development within the arable area. In some instances the lands will all lie below
a short canal system and the irrigable area will be the maximum area of arable land
that can be serviced. In other instances water supply may be insufficient to
service all of the arable lands, or some lands may require such long canal systems,
unusually expensive drainage systems, or pumping plants to 1ift water above the
canal elevation that they are not worthwhile increments to leave in the irrigable
area. In such situatione each separable increment of land will need to be inde—
pendently evaluated with respect to inecremental costs and benefits. This procedure
should develop the irrigable area which maximizes net benefits., The policy for
determining the feasibility of incremental unite may vary between projects and



had

countries. The national or regional goal may be to inereasge the volume of agri-
cultural production, to provide rural and urban job opportunities, toc intensify and
expand the economic base, to prevent agricultural decline, or to strengthen the
rural level of living. In each case different criteria need to be developed to
guide plan formulation.

If the respemsibility for land development lies with the land owner, and it
ig determined that the project responsibility ends with delivery of water to the
high peint on the farm, it may be necessary for the soil scientist in cooperation
with other members of the plan formulaiion team to assess the irrizabllity within
each farm unit. Oriteria similar to that used in determining project irrigability
can be used. In this instance, the incremental cosis for servicing iscleted or
high areas on each farm should be added to other land development costs as a means
of determining whether such lands are indeed arable when all development costs are
considered. ‘Thus a2 high are~ on a farm unit may fit into 2 normal Clase 3 category
assuning usuzl costs for water delivery, but could be Class 6 (nonarable) if it
requires a long and expensive elevated ditch. This would be due to the combination
of field development costs plus on—-farm water delivery costs, The assessment of
the latter costs is usually not possible until the exact location and elevation of
the project water serwvice are lmown for each farm.

iny annual costs above those normally asscciated with arable land, such as
pumping to a higher elevation, should be estimated when determining the irrigable
acreage, The separable hich 2rea mentioned in the previous paragraph conceivably
could be served by either a2 long elevated ditch or a pump. Compariscn of alterna—
tive amnual costs should be made and the least costly method accepted in determin-
ing the proper land class, ‘henever the sum of the incremental costs plus the
usual land development costs excesd the permissible costs, or the annual costs are
so high that the lands could no longer pay the estimated charges, the lands should
be excluded from the irrigable area.

LIMITING FACTORS AND CONSIDERATIONY FOR GROUPING LANDS

Suitability for irrizotion, as measured by land class, should be an important
consideration in irrigability studies. here the water supply is insufficient to
irrigate 211 of the arable lsnds, it is advantageous 1o eliminate from the project
irrigable area those lands with high percentages of Class 3 rather than those with
{lasses 1 and 2, and alsc isclated tracts of arable land.

If widely diverse textural groups occur within a project, such as a small
loamy sand area within a2 large fine textured area, or a small clay area within a
generally sandy area, consideration should be given to deletion of the wnusual soil
from the irrigasble area if it can be accomplished in an economic mamner. The
reason is because of the vastly different water reguirements, management practices,
and crop adaptability. Small areas of unusual soils will generally not respond as
well as large areas because the important crops, marketing, and cultural practices
Will necessarily be jeared to the predominant soil properties.

Where 2 highly mechanized sprinkler irrigation system would be used for a large
area, it may not be practical to aveid irrigating small non-productive areas inter—
mingled with better quality land. In such instances, the land class of the fields
involved should be reduced to reflect the influence of inclusions with low product-
ion capacity. Thus, an area composed of 85 % Class 1 land with 2 relative product-
ive capacity of 100 intermingled with 15 % land having 2 relative productive capacity
of enly 20 might be best mapped as Class 2 land having an average productivity of 23,
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APFENDIN A.1
THE U5 DUREAU OF RECLAMATION 1AND CLASSIFICATION SYSTRM

Frinciples of the System

The irrigation suitability classification developed by the US Buresu of
Reclamation (USBR) is en economic system for selecting and cateporizing the gquality
of lends considered for irrigation development. Within it the lands are delineated
into classes which reflect the capacity of the land to support adeguately a farm
family =nd pry water charges,

Certaln general principles have been developed for selecting lands for irriga~
The Reclamation Manual (USBR 1951), MHaletic (1962), and Daletic and Hutchings
} have identified them as the principles of rrediction, of economic correlation,
ability-irrigebility analysis, and of permanent—changeable factors.

Prediction Frinciple: The principle states that "the classes in the aystem must
express the soil-water-crop interactions expected to prevail under ihe new moisture
regime with irrigation."  Such changes as rize of water table, changes in salinity
or sodie conditions, modificaticn of the surface by land forming, and changes brought
about by scil amendments are examples of the type of possible changes that need to
be evaluated in the prornosis.

Principle of Economic Correlation: The prineciple states that "in a particular project
setting the physical feetors of soil, tepography, and drainage are fmetionally
related to an economic valuc."  This value is defined as payment capacity or the
residuzl available to defray the cost of water after all other cosis have been met

by the farm cperater (USBR 1951). Payment capacity varies considerably according
to climate, cropping pattern, marketing opportunities, size of enterprise, and with
it the ecconomic value assigmed to a specific land class determining parameter, such

ag the maximum allowable land development cost. Therefore lew quality land may be
included in 2 project where economic conditions are very favourable, while hetter
guality land may be excluded in a less favourable area,

Principle of Permanent and Changeable Factors: This principle states that "the

changes in land arising from irrigetion development impose 2 need to identify
characteristies that will remain without major change and those which will be gigmi-
ficantly altered.™ The usuzl permanent factors include smoil texture, derth of zoil
to gravel, cobble, or bedrock, depth to lime zone, claypans, hardpans, slopes and
general macrorelief. Changeable factors include such items as salinity levels,
exchangeable sodium percentage levels, pH, microrelief, fertility, water tahble
levels, fleood hazard, brush and tree cover, and stone cover.

The land classification survey is directed toward appraising the need for
meking physical changes, estimating the costs and appraising the degree of change
that is economically justified. Factors normally considered permanemt may be
changeable under the projected conditions for a project. For example, an infertile
sand overlying loam could be buried by finer material, as is sometimes done in Irag,
or mixing the sand with finer material at depth by deep ploughing as is done in some
areas of the United States. The maximum cost which sould be expended for asuch work
iz a function of the economic conditions associated with the projected development.

Arability-Irrizability Principle: This principle astates that "in the irrigation

suitability study the first process is to identify land areas of sufficient product—
ivity to warrant consideration and then as a later step identify the landa to be
specifically included in the plan of development." The lands delineated as suitable
for irrigation are termed the "arable lands," The lands selected for inclusion in
the plan development are termed the "irrigable lands,"” Typical adjustments made in
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arriving &t the irrigable acreage include elimination of such separable increments
ag lands leocated sbove water surface delivery elevations; 1solated segments, odd-
shaped tracts, and areas that camnot be efficiently fitted inte a farm unit.

Terminolory used in the USBR Systenm

Precise meanings is attached to the use of the following terms within the USBR

Arable land: lamd which, in adeguaie sized units and if properly provided with the
essontinl improvements of levelling, drainapge, irrigation facilities, and the like,
would have a2 produective capacity, under sustained irriration, sufficient to: meet
all production expenses, including irrigation cpercation and meintenance cests and
provide o reasonable return on the farm investment; 1c¢ repay a reasonzble amount
of the cost of preject feeilities; ond to provide a satisfnetory level of living
for the farm family.

Irrigable lend: arable land under a specific plan for which 2 water supply is or

can be mede available and which is provided with or planned to be provided with
irrijetion, drainage, floed protection, and other facilities as necessary for
gustained irrisation.

Productive lond: the moximum acresye of irri;ﬂbie land subject to cropping; =

messure which provides a basis for the determinntion of woter reguirements, canal
copacities, and payment capocities, Por conditions in lUestern U.5. the productive
acrecre is usually from =bout 3 to & 7 less than the irrigoble zcreage becouse of
such nonproductive land uses as farm roads, farm laterals and dreins, irrignation
structures, fences, buildings, and feed lois.

full irrication service land: irripable lend which will receive ivs full water sup-

ply from one source.

Supplemental irrigation service land: irrigoble land new receiving, or to receive,

on additional or rercpulated supply of irrimation water through new facilities,

Oross cleassification area: 211 lands mepped and classified in 2 given survey.

land class is o category of land heving either similor or gquite contrasting physical

characteristics yet has similar econemic characterisities which affpet the sujtebility
of land for irrigetion. It iz zn expression of o relative level of payment, cape~
ity {or net farm income in several studies undertaken ocutside the United States).

Land subeloss: @ entepory within the land class identifying & deficiency or defi-
ciencies.

Informative appraisal: an evaluation of sclected physical factors desisned to

provide additionzl information for the planning, development, and operation of
irrigation projects. These would include net only present land use, productivity,
and land development levels, ferm water regquirement, and land drainability factors,
but specific soil toposraphic and drainape deficiencies.

Leenomic Considerations: Use of Farm Budpets

Juantitative economic significance is given to the land classes and subclasses
of the USBR System through ferm budpet studies which are made by zgricultural
ecconomists,  Farm budget studies are made for typical sized farms representative
of each of the major land classes and subclasses by establishing appropriste crop-
ping patterns, crop yields, averase investment reqguirements, labour inputs, and
projected crop or livestock sales. The form budget is summarized by subtracting



all of the ferm expenses from the farm receipts to cbisin an estimated net income.
In 1.5, studies net income is convertsed to a payment copaeity per acre by subtract-
ing a suitable family living 2llowance from the net income, and dividing the
remainder by the number of irrizable acres on the farm.

Based on the [erm budget studies and a knmowledpge of the estimated annusl
Operaticn, Maintenance and Heplacement {0M:R) charges for water to the farm, 2an
zatimate can be made of the maximum amount of money Lhat should be spent in develop-
in~ land Tor irrigation, The current interest rate is used in this caleculation.
tn example will illustrate the technigue:

Azsume that farm budpet studies show a payment capacity of 320 per acre for
the best Class 1 land in the project area. Ffurther assume fhat the annual
OMCR charmes are estimated to be 57.50 per acre, The latier charge is used
25 the minimal payment capacity for any land ie be included in the irrigation
projects. In this example there iz a 312.5%0 difference per acre in payment
capacity between the beat land and the minimal guality of land which should
be included in the project. Thiz annual difference in payment capaciiy
provides the basis for develeping land classification speciflications. The
difference can be equated inie either an egquivaleni invesiment component or
into & reduction of productivity. At & 9 interest the 312,50 difference in
payment capacity would be egual to the annual interest on approximately %208.
Thus, if the productivity of rough terrain onece graded would equal that of
the Class 1 land, up to 3208 per a2cre could be expended for land development
work before the land would ne  longer be regmrded as economically suited for
irrigation development. A clags 3t designation would be aszsigmmed to such
land teo reflect the investiment reguirement. Under these conaitions of pay—
ment capaceity peoeorer quality soils, if assccoisted with lower land developmend
requirements, could be included in the arable category as long as the result-
ing payment capacity equalled or exceeded I7.50 per acre.

Since land classes are an expression of payment capacity, their significance’
in precise monetary terms varies from project fo project depending upon the local
agricultural economic conditions. The land classes are usually specified in such
a wey that each arable class has an equal range of payment capacity within a given
project area, In the example just cited, the payment capaciiy of the best land
was 320,00 per acre and the poorest land to be included in the project would have =
payment capacity of 37.50. Thus, the theoretical payment capacity range for each
land cleass would be:

Class 1: $20,00-315.84 Class 2: MM5.083-311.57 Class 3: 311.66=3%7.50

These values can be used to compute the allowable development costs or range
of productivity levels for each land class. Values of productivity levels cr
development costs associated with each land elass are expressed in physical terms,
however, in ithe lend classification specifications.

It iz more difficult to develop relizble farm budgets in countries where there
ie little previous experience of irrigation farming end where farm book-keeping is
unkmown. However, in such areas, an economic farm survey of existing erops, yields
and cultural practices, supplemented with data from agriculiural experimeni stations
and demonstration plots and from marketing studies, can usually yield points of
reference from which acceptable estimstes of economic productivity on land of differ—
ent classes and subclasses can be made. Tables 231 A and B, derived from a study
in the Lower Hekeong Basin in Thailand [UEBH 19?0}, illustrate the kind of estimites
which can be made, Both tables relate to the production of paddy rice on land
rated as Class 2Rs (see section A.1.5). Table X is an estimated projection of
present conditions without improvements foreseen in a project; Table B makes
allowance for such improvements.



Table 234

COST AND RETURNS TO PADDY RICE PRR HECTARD
Future Without Project Condition

(Clasa 2Rs land)

ITtem

feceipts (1.875 I' tons at 385.C0)

JXpenses:

Anmual land clearing and dike repair
Seed (31.2 kg at 30.047)

Floughing, 1st

Fleoughing, 2nd

Harrowing (2x at 32.13)
Transplanting:

Seedling bed preparation (318.25 + 10 ha)
Pulling, bundling, and carrying ($19.12 + 10 ha)
Flanting

eeding (1x)
Harvesting:

Cutting (33.89/1 ton)

Bundling (30.29/U ton)

Carrying and stacking (30.49/M ton)

Threshing, winnowing, and storing straw (32,04/1 ton)

' Hauling and handling (31.21/M ton)
liiscellaneous expense (labour, toois, etc.)
Land tax (31.20/ha)

Land investment (3%186/ha at 0.08)

Total expenses
Retwrn to enterprise (receipts minus expenses)
Ad justment for operator's labour lf

et income

K 7 Computed from Farm Labour Utilization Studies.




Table 2 1B

COST AND RETURNS TO PADDY RICE PER HECTARE
Future with Irrigaticn Project Condition

{Class 2Rs land)

Item

hmount (%)

vet peason
{2.81 M tone/ha)

Iy season
(2.81 M tons/ha)

Receipts (2.81 I tons at 385.0C)
Lxpenses:
frmual field clearing and maintenance of water
distribution system (15.56 days at 70.2:4/2 seasons)
Seed (31.2 kg at 30.047)
Ploughing, 1st
Ploughing, 2nd
Herrowing (sx at ;2.13)
Trangsplant ing:

Jeedling bed preparation (318.25 + 10 ha)
Pulling, bundling, and carrying (219,12 + ha)
Flant ing

Weedinz ( i)

Pertilizer:
Materials {156-16-8 (30.106/ke) 312.50 kg)
Application {hand)} (2x)

Fest control:
Materials — BHC (25 keg/time at $0.36 kg)

-Sevin 85 (1.5 kg/ha at $3.11)
Application (hand)

Irrigation {labour)
Harvesting:

Cutting ($3.89/M ton)

Bundling ($0.29/M ton)

Carrying and stacking ($0.49/M ton)
Treshing and winnowing ($2.04/M ton)

Hauling and Handling ($1.21/M ton)
Miscellaneous:

Labour (preparing threshing ground, loading,
etc.) (5%)

Materials (baskets, small tools, etc.)

Interest on credit for operating 1/
land tax ($1.20 ha/2 seasons)
Land investment ($186/ha at 0,08/2 seasons)

Total expenses
Retuwrn to enterprise
Adjustment for operator's labour g/

Het Income

238,85

116.25

238.85

{2x)
18,00
(4x)
18.66
1.52
(10x)
3,00

10,93
0.81
18.85 1.38
SaT3

J.40

6.82
0.86

1.40
0.60
Ted44

153.48
85,37
13,25

98,62

1/ Assumes that the farmer purchases fertilizer and insecticides on credit,

2/ Computed from Farm Labour Utilization Studies.




} Freparation of Land Clagsiflication Specifications

Various exanples of land ¢lass specifications prepared by the USBR are given
in Appendix A.2.

Land elags specifications aim to express the snticipated influence of various
mappable physical factors on the projected productivity level, cost of production
and ecost of land development. Farameters established within land clagses for the
pertinent soil, topogravhic, or drainage factors should each represent approximately
the same range of influence in evaluating irrigation suitability. Thus the range
of slope or amount of levelling selected for Class 1 land sheuld represent about
the same influence on suitability for irrigation as the range of soil depth or form
drainame reguirement permitied in this class.

Correlation of the study area with nearvpy irrigated farme is usually an
excellent meawns of relating varicus physical parameters to measure production levels
if goil and other envircmmental conditions are similar. It is alse impeortant to
compare the meneral levels of manapement in the two areas, in particular inputs of
water and fertilizers. Inputs and manzagenerni levels for the economics of the study
should refllect average conditions.

I the research necessary te establish precise land classification specifice-
tiens carnot be completed in the time available Tor land evalustion it becomes
necessary to use considered judgement (it may not, in fact, be possible to prepare
2 quantitative evaluation). Under such conditions the soil secientist should make
2 apecial peint of ccnsultation with team members and other agricultural specialists
in the project area.

Having once established the relative yield levels, development of specifica=-
tions c¢an proceed, Farm budgets are used for evaluating the relative impact of
each selected parameter on net income and 25 a basis for calculating the maximum
permissible development cost for each of the arable land classes, as described in
the previcus section.

Farm budgets are usually first developed for the best soil, topographic, and
drainage conditions on the propesed project area. The yield level assumed for this
condition will be the maximum for the area and will represent the 100 ¥ productivity
level, Costs used for land development on the bast guality land will include a
nominal amownt feor ditches, diversion structures, farm drains, anl smoothing;
these cosis will be budgeted for all land classes, %11 other development
cost estimates should reflect costs above the amownt needed for the best quality
1rnd, 4= discussed in the previous section the lower limit of arability must alsc
be established. Thic will vary amongs projects becouse ONSH cherges may vary bacause
of differences in the lengsth of the project distribution and drainage system, lifts
reguired, power rates, total seasonal water demands, snd many oilher reasons.

Lower guality soil and rougher topozraphy can be profitably used in zreas )
having low cost water or where hiph walue crops can be grown. On the other hand if
water is expensive snd the growing season short, the requirements for seil and ?opo—
graphy are more severc. Thus, o preliminary esiimate of water costs is essential
to establish a lower cut—off point for arability in moneiary terms before going on
to establish the lowest acceptable productivity level for the least productive soil.
The lower limit of arability in one project may be only 50 % of the productivity
required in another project due to lower water cosls.  There should be correspond-
ing differences in the physical specifications of Class 3 lands in the iwo projects.

Correlation area data often fail to encompass the entire range of existing
deficiencies and judgement is then needed in establishing parametera. The lower



4.1.5

limit of Clase 3 shown in the Ceneral Gravity Specifications (Appendix A.2) is based
on an average productivity level of about 70 % of that on the best Class 1 land.
Lacking more preciee information the reader could use the soil parameters in theae
specifications as a guide.

Topographic specifications, particularly those involving permissible land
development coste, can be firmly based on farm budget appraisals. This is because
allowable development costs are a direct function of the anticipated income potential.
Necessary costs for preparing lands for irrigation have a direect bearing on their
suitability for irrigation. Since money spent for land development could have been
invested at the prevailing rate of interest, the income which could have been received
from such an investment is effectively an annual cost against the land. Thuse, if
5 ¢ interest is the prevailing rate, every 3100 invested in land development will
reduce net income by 35 per year. - A maximum permissible development cost can be
projected, therefore, after the range of net income between the top of a (lass 1 land
and the bottom of a Clase 3 land is Jmown.

Land development coste are land class determining if they are to be the
responaibility of the land owner. This may not be the case. Government, for ex-
ample, may elect to include land development costs =s project ceosts in which case
the land class would be based only on the non-correctable scil, topegraphic, and
drainage deficiencies. However, an estimate of development costs iz still needed
as 2 basis for calculation of total project coats. In most instances, an upper
limit of land development costs should be established prior to the start of the
clasgification so that lands with uwnueual high development costs can be segregated
as nonarable.

Ainother manner in which correctable deficiencies can be handled is to reflect
development cost in land values. This technigue is particularly applicable when the
deficiency is reflected in the selling price of the land for agriculiural purposes.
For example, in the forested areas of northwestern USA timbered areas may sell for
less than cleared land. In such instances the difference between the two land
valuee is not a land clasa determining cost. For example, if a cleared tract sells
for 3300 per acre and a timbered tract requiring 3150 clearing cost sells for $200
per acre, only §50 per acre would be considered as a land class determining develop-
ment cost associated with clearing timber.

Land Clasaes and Subclasses of the USER Systen

. land Clasaes

In the USBR System land classes are based on the economices of production.
S5ix land classes are normally recognized although the number of classes mapped in a
particular investigation depends upon the diversity of the land conditions encountered
and other requirements dictated by the objectives of the particular investigation.
Four basic classes are used to identify the arable lande according to their suita-
bility for irrigation agriculture, one provisional class, and one class to identify
the nonarable lands (USBR 1951). Brief deseriptions of the six classes follow:

Clase 1 - Areble: Lande that are highly suitable for irrigation farming, being
capable of producing sustained and relatively high yield of climatically
adapted orops at reasonable cost. These lands potentially have a relative—

ly high payment capacity.

Class 2 — Arable: Lands that have a moderate suitability for irrigation. These
are usually either adaptable to & narrower range of crope, more expensive
to develop for irrigation, or less productive than Clase 1. Potentially
these lands have intermediate payment capacity.



Clases 1 — Arsble: Lends that have & marginal suitability for irrigatiom, They are
less suitable than Class 2 lande and usually have either a merious single
daficiency or a combination of several moderate deficiemcies in soil,
topegraphy, or drainage properties. Although greater risk may be invelved
in farming these lands than those of Class 1 and 2, under proper management
they are expected to have adequate payment capacity.

Class 4 — Limited Arable or Special Uee: Lande that are adaptable to only & very
limited renge of cropa. For example, lands sulted only to such eingle
crops as rice, pasture, or fruit might respectively be shown as Class 4R,
4P, or 4F. Class 4 lands may have a range in payment capacity greater
than that for the associated arable lands.

Clase 5 — Non—arable: This land is temporarily cemsidered 28 nonarable because of
some @pecific deficiency such as excessive salinity, questicnable drainage,
flooding, or other deficiency which require further studies o resolve.
The deficiency or deficiencies are of such a nature and magnitude thet
special agronomic, economic, or engineering studies are required to resclve
the costs or effect on the land. Claas 5 designation is tentative and
should be changed to either Class & or an arable classification during
formulation of the recommended plan of development.

Class & — Non—arable: Land that is nonarable under the existing or projected economic
conditions associated with the proposed project development. Generally,
Class & comprises steep, rough, broken, rocky, or badly eroded lands, or
lands with inadequate drainage, or other deficiencies. In some instances
lands coneidered to be Class & in one area may be arable in another area
because of difference in economic conditione.

In the basic system land suited eonly to crops having very special requirements,
such as paddy rice, would usually be placed in Class 4. This is not very satisfactory
in South BEast Asia, so the USER (196?9 has developed o modified system using two basic
diversified crop classes and two basic wetland rice classes with one clase to identify
the nonareble lands, as follows:

Class 1 diversified crops — Arable

Class 2 diversified crops = Arable

Class 1R wetland rice — Arable

Clase 2R wetland rice — Arable

Class & — Nonarable

It will be noted that. the relative merit of the arable classes in this classi-
fioation is assessed in terms of net farm income rather than payment capacity.

b. Subclasses

The readons for placing areas in a class lower than Clees 1 are indicated by
appending the letters 's', 't', and 'd', singly or in combination, to the class
rumber to show whether the deficiency is in 'seils', 'tepography' or 'farm drainage’.
Thus, the basic subclasses of the land classes are s, t, d, st, sd, td and std. The
interaction or accumilative effects of deficiencies may justify placing the land in
a lower class (USBR 1951).



4.1.6 The USBR Mapping Symbol

Typically, the mapping symbol employed by the USER takes the following form:
Land Indicates Indicates Indicates

Class Soil Topegraphic Drainage

L

Deficiency Deficiency Deficiency
jstd/
UE L2 f,
E=dy X B X
Land Helativéﬁﬁﬁafﬂff;;;;;1ve Farm Internal Informative
Use Productivity Land Development Water Drainability Deficiency
Code Level Code Cost Level Code Heguirement Code 3ymbels
Code

Apart from the class and subclass symbols, which form the numerator of the
fraction and which have been described in the previous section, the following codes
are ueed to form this symbol:

Land use codes, such as: C - irrigated cultivated, L — unirrigated cultivated,
P - irrigated permanent grassland, W - wasteland and es on. 3ymbole may also be
used to identify & specific crop.

Froductivity and land development codes: productivity connotes the inter—
action of the economic factore of productive capacitiy and costs of production, It
is defined as the capacity of land for producing & specified crop or sequence of
crops under a given set of management practices. Land development costs are those
borne by the farmer in preparation of the land for irrigation and specifically rela—
ting to the land which benefits. The two together determine the land class but
additional informaition is provided by including each separately in the symbol., Each
ig rated 1, 2, 3, 4 or & depending on the class level to which it separately corre—
sponds. Thus, in the example given, class 2 productivity and class ? development
cost (symbol 22 in the numerator) results in an overall land class 3.

Farm water reguirement code: these appraisals take account of significant
soil, topographic and drainage conditions, probable land use, method of irrigatien
and other factors which affect the type, frequency and depth of irrigation on a
gpecific tract of land. They ere rated in relation to average water requirements
of the surrounding area: A - low, B - mediwm, and ¢ - high,

Land drainability code: normally relates to conditions below a depth of
5 ft (150 em): X - good drainability, Y - restricted drainability, and Z - poor

or negligible drainability.

Additional informative symbols: these can be added to the main symbol as
shown in the example to provide information on special conditions where the data is
required for farm unit plamning and land development.  They might relate to soils,
topography or drainage, They cen be further gqualified with subscript numerals to
indicate a range in character e.g.: k., k., k, might indicate ranges of depth to
gravel., L % 3



APPENDIX 4.2
EXAMFLES OF LAND CLASSIFICATION SFECIFICATIONS

FREPARED BY THE US BURFKAU OF RECLAMATION

Example 1: General gravity irrigation land classification specifications for variouse
climatic zones of the Pacific South West Baain of the Unmited States. 1f

Example 2: Gravity irrigation specifications: Warm subhumid climate.
Southern Texas.

Thie ares has & uamitrop&cal climate. Average January temperature is 16.1° s
average August temperature 28.9° C; mean annual temperature 23-}0 C. DHNormal frost
free period 362 days, but frosts have been as late as March 310 and as early as
November 25. Longest continuous freeze BB hours, annual rainfall 53 cm at Mission,
Texas, 75 cm at Brownsville, Texas; weighted average 66 cm in valley; 61 cm in
Mercedes, Texas district. Heaviest rainfall, May-June, September—October; fairly
dry in intervening periocds. Under irrigation the principale crops are expected to
be citrus, cotton, vegetables, and grain sorghum.

Example 3: GUravity irrigation gpecifications: Shert growing season.
South Dakota,

This erea of U3A has a continental climate composed of hot summers, cold winters,
and wide temperature fluctuations. Frost=free period in this area of South Dakota
is 130 days; annual precipitation is about 48 cm (on Lake Plain), 75% during grow-
ing season, but distribution is erratic with dry periods, Peak rains are in June.
Principal crops under irrigation are expected to be sugar beet, potato, corn, barley,
alfalfa hay, and rotation pasture. About 8% of alfalfa is expected to be grown for
geed production.

Example 4: Sprinkler irrigation specifications: Apple producing area.
Washington State,

Thie area of the USA is well suited to the production of high qgﬂlitg apples,
Average frost-free periog is 200 days. Mean annual temperature is 10 C with
extremes of 410 C to =25 C. Cold nights, warm days and ample sunshine produce crisp
well coloured apples. Average precipitation 28 cm with only 7 em during growing
BEABOn. Apples are prinecipal irrigated crop.

Example 5: Sprinkler irrigation specifications: Ceneral farming.
Pacific Northwest of USA; Umatilla Basin, Oregon State.

Under irrigation the Umatille basin is well suited to a wide variety of common
crops. Frecipitation is largely of cyclonic origin, incident to the eastward move-
ment of low pressure areas over British Columbia. Average annual precipitation at
Umatilla, Oregon, ias about 19 cm, mostly occurring during the winter period. The
average frogt-free pericd is sbout 197 days. The extreme annual temperatures vary
between 31° C and -30° C. Beans, corn, sugar beet, small grains, alfalfs, apples
and peaches are the prinecipal crope expected to be grown with irrigation development,

Example 6: Gravity irrigation specifications: Tropical soil area.
Lower Mekong Bagin. Thailand and Laos.

lf Hach example is illustrated by a Table in the following pages.



Thie area of Scutheast Asia has a tropical climate with no frost. The winters
are cool and dry, while the summers are hot and humid. In general there are three
major types of weather phenomena which influenc the climate; these are the monsocons,
the inter-tropical frontb and the cyclonic storm. The mean yegrly temperature in
the project area is 26,3 € and average exiremes vary from 21.7 © in January to
297 € in April. Precipitation totals 146 ¢m per year, with the maximum during the
period May through September.,

Example 7: OGeneral combined sprinkler and gravity irrigation specifications.

This example shows a sample set of economic land classification specifications
in which & portion of the project would be irrigated by gravity methods and the
remainder by sprinkler. It will be neoted that Class 1 has been cmitted from the
eprinkler clasgification. This is due tc the lower net income anticipated with
gprinkler irrigation. This is based on the assumption that although yields would
be equal between the two irrigation metheds, the additional anmual operation and
maintenance costs for the sprinkler method would reduce ihe best sprinkler land to
and eguivaleni net income with Class 2 gravity lande, Thia enalysis has recognised
the lower labour costs for sprinkler, but the mrmual costs still exceeded the gravity
lands Wy approximately 88.00 per acre (820 per ha).

The econocmic studies incident to these apecifications were based on a frost—
free period of 160 days, and with an annual precipitation of about 56 cm, 75% of which
fells during the growing season. The principal crops expected with irrigation are
corn grain, corn silage, alfalfa hay, grain sorghum, sugar best, and rotation pasture.



EXAMFLE 1: CGENERAL LAND CLASSIFICATIOR SFECIFICATIONS FOR VARIOUS CLIMATIC SETTIRGS
Arable Land Claspes lf f
Land Characteristics 2/ Climate Zome A 3/ Climate Zone B
Claass 1 Cloas 2 Clasa ¥ Clase 4 Ej' Clase 1 Claes 2 Clnas ' Clags & Jﬂf
501ILS
Texture (Surface 0 cm) jf LVFS-C PeatkMuck M- M5-C LVF=0L  Peat&Muck M3=0 W=
LoGe=t; LE=02
Meisture Retention (AWHC=120 em) »12.5 11.25-15  £.25-11,25 £.25-11.25 $12.5 11.25-15  7.5-11.2%  7.5-11.25
Effective Depth (cg) 3 100 T5=100 50-75 25,5-50 5 100 75-100 50-75 25.,5-50
Salinity [EC_x 10°at equilibrium) < 4 4.8 B-12 12-16 < 4 4-8 B-12 12-16
Surface sodif conditions (3lick spot 8)
Percent of area affected (day be
higher with favourable soil minerals|no slick spots (—25% 25-40% 40-50% o slick spots 0-25% 25-40% 40-50%
Sodicity {exch.Na meq/100g soil F
with irrigation eguilibrium){May
be higher with favourable noil
minerals) &/ g 2 2-3 2-3 3-4 <2 -3 2-3 iq
Permeability of least permeable layer
in s0il(in place measurement Jem/hr 0.5-5  0.157=15.75 0.157=15.75 0,157-15.7¢ 0.5-5 0.157-15.75 0.157-15.15 0.157=15.75
Perpissible cobble % 10 10-25 25-50 game as 10 10-25 25-50 spme as
" gravel & 15 15-50 50-70 Class 3 15 15-50 50-70 Class 3
Reckinese (small outcrops) none 0-2% of 2=108 of  10-20% of none 0-2% of 2-10% of  10-20% of
surface surface surface gurface aurface purface
Spil Erosion For all clasees: Severely eroded asoile will be reduced one clasa, Eroded goils may be
downgraded ene_class if circumatmnces juetify, such oo in combination with other deficiencies
TOPOGRAPHY (or land dajolu ment item)
Stone for removal (=”/ < 20 20-190 190=-450 450=-5T0 < 20 20-95 95-190 190=-230
Slope (porcent) 0.2 with ébf2 9 with g 9.20 with g 20-3C with q 0.2 with g 2-5 with g 5-15 with g 15-20 with g
0.32 0.2 0.32 0.32 0.32 0.32 0.312 0. 32
0.5 with g 515 with g 15-25 with g 25-40with g 0.5 with g 5-9 with g ©9-25 with g 25-35 with g
0.32 C. 32 0.32 0.3z 0,32 0,32 0.32 Q.32
Surface levelling &/ ¥ediom Heavy Very heavy Very heavy [Medium Heavy Very heavy Very heavy
Tree removal (amount of cover) &/ Medium Heawvy Very heavy Very hesvy [Medium Heavy Very heavy Very heavy

IRAIGATION METHOD &F

Tlands not suited for gravity irrigotion because land groding would persanently reduce the soil
fertility below arable limits, or the cost would eéxceed mrable limits, or the field pattern is
too complex, may be consid red fur sprinkler irrigation, if they meet all other requirements
for arable land.

DRAINAGE
301l Wotness

For all climate areas: Claass 1-Cround or perched water table below 125 om on sandy s¢ils or
below 150 om on loamy or finer soils during the growing season (with or without drainage). For
Clags 2, ground or perched water table between T5-129% cm on sandy soils or 100-15) em on loama
or finer during the growing season. For class 1, pground or perched water table between

=75 o during the prowing Season.

Air Irainage &/ Good air Good air Reptricted Good air Good air Good eir Restriected OCeod air
: idrainage drainage air drainage draipage ainage drainege air drainage drajnage
Depth to Drainage Barrier ¢m Ef 150 120 G0 &0 200 150 120 50
Surface [rainage éf Minor Restricted Very Minor [Hino' Restricted Very ¥inor
prablem restricted problem problem reatricted problem




hrable Land Classcs 1/ cont.

Climate Jone O Clipate Sonos D and 8
Clasa 1 Class 2 Clasg 3} Clase 4 4/ | Clasn 1 Claps 2 Class 3} Class 4 &4/
SOILS

Texture {Surface 0 ca) j;" LVF3=CL PeatsMuck Mol Mai=C FSl=CL LF5-C Peat &Muck LH-C

I35=C Li=C
Moisture Retention (AWHG-120 om) 2.5 11.25-15 T.5=11.25 7.5=11.25 |» 12.5 10=12.5 T.5=10 T.5-10
Effective Depth (cm) 4'y] 75=100 50159 30=50 7100 T5=100 S0=T5 30=50
Salinity (EC_ x 107at equilibrium) |[¢ 4 4-8 B-12 12-15 < 4 4-8 B-12 12-16

Surface sodi¢ conditions (Slick spota)

Parcent of area affected (may be
higher with favourable soil minerals] 0-10% 10-25% 25=407% 40-50% O-10% 10=25% 25-407 40-50¢.
Sedicity (exch.Na meq/100g soil
with irrigation equilibrivm){may
be higher with favourable seil
ninerals) 6/ ¢ 1-2 =3 3= < 1 1-2 2-1 4
Permeability of least permeable layer
in soil(in place measurement )em/hr [0.5-5 0.157-15.75 0.157=15.75 0.157=15.75 | 9.5=5  0.157-15.75 0.157-15.75% 0.157=15.75
Perpisoible cobble &£ 10 10-25 25-50 same A% 10 10-2% 25=50 sape a8
" gravel % 15 15=50 50-T0 Clags 3 15 1%5=50 50=T0 Claes 3
Rockiness (small outcrops) Keone 2% of =108 of 10-20% of | None 0-27, af 2-10% of 10-207% of
surface surface surface surface gurface surface
covered
S0il Erosion BEe previous pagse
[TOPCGRAPHY (or land deyelopment itoz)
Stone for removal (m ? 20 20=-95 G5=190 150=2 30 < 20 20-45 45-95 95130
Slope (percent) -2 with 2-5 with g 515 with g 15-20 with D=2 P 615 15-20
0.32 0. 32 .32 Q.32
0-5 with g 5=0 with g 5-25 with g 25-15 with
0.32 0.32 0,12 0.32
Surface levelling Q" Light Madium Medium heavy Medium heaviy Light Fedium Nediue heavy Medium heavy
Tree removal (amount of acver! &/ Light Medium Hedium heavy Medium heavy| Light Medium Medium heavy Medium heavy
%%HIGETIGH METEOD &7 see provious pase
IN = 301l Wetncos 30 previous oime
Alr Drainage Q" Good air Good air Restricted Restricted NHot applicable to this clicate zone
g drainage drainage air drainage air drainam
Depth to Drainage Barrier cm 250 175 150 120 250 200 175 120
Surface Drainsge ﬁ,_-’ (lo problem Minor problem Hestricted Hestricted No nroblem Miner preblem Rentricted Restricted

1/ Clase & lands are all other lande not meeting the criteria for arability in each elimpatic area.

2/ Each individual characteristic represents a minimunm requirement and unlese all other factors are near optimum, two or more
interacting deficiencies may result in land being placed in & lower class. i

3/ Clipate Zone A has the longeat growing season and mest favourable climate for irrigated crop productiaon.

4/ Consider class 4 as & special class, such as for pasture or fruit,

%/ All figures have been changed to metric and rounded.

&/ Added items. .

1/ & is the soil erodibility factor.



ZIXAMPLE 2:

BUREAU OF RECLAMATICH — WARK SUB-HUMID CLIMATE lf

Detailed Land Classification Specifications for Gravity Irrigatien

Lland cheracteristics

Class 1 = Arable

Clage 2 = Arable

Clase % = Arable

S0ILS
Texture

dopth to sand, gravel
or cobble

Depth to¢ bedrock

Alkalinity

Salinity

MOFCORARHY
alope

Length of irrication
run

Undulation

DRAINAGE
surface

- 1/idrpted from South Texas Area, Texas Basins Project,

sandy lomm to friable clay loam

40 cm4 = -good free working
s0il of fine sandy loam or
finer; or 105 cm of candy
loam

240 em plus or 229 co with

ainigum of 15 cm of gravel
overlying material or sandy
loam threoughout

Exchangeable sodium not to
exceed 107,  May be slightly
highar in eubsoil undor good
internal Jdrainage conditions

Conductivity of the saturation
extract not to exceed 4 mrmhos/
co at equilibriua conditions
with irrigation

- 24

150 = or more

Grading .not to excead
1500 o°/ka or 3 300 per ha

Little or no surface drainage
required

Loamy sand

62 cm+ = fine sandy leam or
finer; or T79=%C cm of sandy
loam to loamy sand

1o clay

3ame ag Class 1

dxchangeable sodium not to
exeeed 159 in the surface 30 om
and not to exceed 297 in upper
15 om

Consuciivity of oaturation
extract not to exceed { mohos/
¢n in surface 30 cm, I3y ox-
ceed 8 mohos/co below 75 om,
tut no hicher than 12 nmhos/
cm, all values to be at
equilibrium with irrigetion

O - 25
H—150 m

Grading required hotween
1 500 and 4 0OC m”/ha or
3 150/ha

shallew surface drains requi-
red not to exceed 3 450/ha.
Combined development costis
shall not exceed 3 750/ha

Loamy gand to clay

4% em+ = fine sandy lodm or
finer: or £0-75 cm of coarser
textured soil

Jame as Class 1

xchanpeable sodivs not %o
axceed 157 in the surface 30 oo
and not to exceed 207 in the
upper 75 cm

Conductivity of saturation
extract not to exceed 4 oohos/
cn in surface !0 co and not to
axceed 12 mmhosfea in the
profile. *hege values to be
at equiliorium with irripation

= 24

=l o8

Grading required totail1ni
botween 4 000 and T 000 =2/ha
or 31 :C/ha

shallew surface draing regui-
red, but not to exceed

31 0o0/ha.,  The combined
development coste shall not
exceed 3 1 300/ha

He_savhmnfane Arainase reanimed SohaetSiiE 0 tile drains required,Subsurface tile drains require

but not to exceed a cost of

but not to excead cost of

3 450/ha or & total development 3 1 000/ha or a total develop—

coat of 3 750

ment cost of 3 1 100




EXAMPLE 3:

BURSAU OF RECLAMATION - CARE UNIT - SOUTH DAKOTA — REGION 6 (Short Growing Season)
Detailed Land Classification Specifications Gravity Irrigation

land characteristics

Glass 1 = Arable Class 2 - Arable Class I - Arable

SOILS

Depth to inccherent
gand

Hydraulic conductivity
= undisturbed

Salinity

Alkalinity

TOPCGRAPHY
Slope

Irrigation pattern

Texture (2 micron clay)3andy loam, loam, and eilt loam |Loamy sand to clay loam, and Loamy sand to silty clay

silty clay loam inclusive. inclusive
Clay loam and silty clay loam
occuring as a single horizon
below the surface associated
with medium textures in other
portions of profile.

90 em or more of free working |G0 cm or more of free working |45 cm or more of free working

80il of fine sandy loam to s0il of fine sandy loam through|soil of sandy loam through
8ilt loam, or 105 em of sandy |clay loam, or 75 cm of loamy clay loam, or &0 em of loamy
loam sand gand

For all classes. Not less than 0.5 em/hr in 0-60 cm zone and not less than 0.15 em/hr in the
E0=120 cm zone, In a layered profile having varying rates, the minimum will be controlling.
These values will be applied in the field by excluding from the arable area all soils with a
solonetz horizon and all soils with "clay pan"™ in the upper 60 cm of soil which display all or
most of the following characteristics: textural class silty clay or silty clay leoam; apparent
density greater than 1.4 as indicated by sheen appearance of cleavage surface, compaction or
porosity; consistence hard when dry and eticky when wet; few or no visible pores. fuestion-
able areas will be related to Jnmown soils on which field permeability (Winger tests) have been
determined,

Salinity is not coneidered to be a deficiency in lands having suitable permeability and
adeguate drainage.

For all classes. Exchangeable sodium may not exceed native gypsum in excess of 10%. If
iess than 107 clay, exchangeable sodium may be in excess of gypsum by 20%. The distinguish-
ing characteristics of this factor in laboratory analyses are: very slow disturbed perme—
ability rate, usually low total salt with wide pH spread. In the field, this condition is
recognized in association with the solodized horizon (clay pan) of most nonarable soil types.

Less than 2% in general Less than 57 in general Less than 8% in general
gradient gradient gradient
120 m minimum run, 3 ha 90 cm minimum run, 2 ha 4% m minimum run, 1 ha

|rinimum size minimum size minimum size




EBxample } cont.

Land c¢heracteristics

Class 1 - Arable

Clags 2 - Arable

Claas 3 - Arable

Surface levelling

Cover (1ree, 1540 cm
diameter)

DRAINAGE

Surface (Qutlets)
Internal

0-400 m3nxcavatiun per ha.
0.0-7.2 cm average cut and fill

0-30 trees per ha

0-400 m° excavation per ha

Project drainage is assumed for all arable lands.

400-850 > excavation per ha,
T+2-14.4 cm average cut and fill

30=T5 trees per ha

850-1 400 o> excavation per ha.
14.7-25.5 cm average cut and
£fill

T5=150 trees per ha

i
400~-850 m’ excavation per ha
Presence of

mentioned in profile notes, when encountered.

850-1 400 m’ excavation per ha

water table should he

Class §

This includes all lands that do not meet minimum specifications for Class 3.




EXANPLL 4:

lanson Unit, Chelan Ddivision, Chief Joseph lam Project, Jashingion

Land Class Heguirements for Fruii (Apple} land

LAND CLASS SPECIPICATIONS FCR DuTAIL.D LAWD CLAGSIPICATION PO SPRLIRL.LT LRIcATICN

Land Characteristics

Class 1 F - Arable

Claas ZF - Arable

A

Class P - arzble 1/

ol - lienarable 2/
S0IL
Texture Medium sandy loam to Loamy sand to friable fine sand to friable Zand to slowly permecble
friable clay loam clay loam in upper 75 cm|clay in upper T5 cm Glay
Depth :

Te open undersirata

Te tight or compact
clayey zones

Salinity and
Alkalinity

Arsenic Levels

TOPOGRAPHY
Slope

40 cm or desper

Below 1.50 m unless
evident no internal
drainage or seration
problems are present
or likely to develop

Scil and topographic
conditions such that
zny harmful salts pre-
sent or removable
through normzl irriga-
tion

Arsenic levels in the
go0il profile less then
50 ppm and no soil
removal regquired

Up to 255 for leng slo-
pes on the same plane.
Less for complex or
short slopes

GO em or more of sandy
loam or finer material.
5 cm or more of loamy
sand

Below 1 m unless evident
na internal drainage or
asration preblem are
present or likely to
develop

Soil and topographic
conditions such that
any harmful salts pre-
sent are removable
through normal irriga—
ticn

srsenic in the =30 cm
depth can be greater
then 50 ppm if concentra-
tions are less than 50
ppm below 30 cm denth.
demoval and replacement
of upper 30 cm of s0il
coniemplated to rehabi-
litate orchard

Up to 0% for lons uni-
Tform slopes on Lthe seme
plane. Less fer short

slopes. Increased cosis
of cultural practices

affected by slope not to
exceed those of 1 lands

by more than 3 35/ha

45 cm or more of sandy
loam or Tiner materizl.
60 cm or more of loamy
sand

Below 45 om unless no
gvidence of severe root
restriction

3oil and topographic
conditions such thet
any harmful salis pre—
sent are removable
throurh normel irrisq=-—
tion

fraenie 50 ppm or more
in and below 30 eom de—
oth. femoval and repla-
cemint of all contami-—
nated soil contemplated
te rehabilitate orchard

Up to 355 for nommi-
Torm irregpular slopes.

45 em of sandy loam or
finer or £460 cm of loamy
sand

Foorer than Class 3

Salinity and alkalinity
problems are not correct—
2ble by normal irriga-

tion

woi a factor

Slopes may be in excess
af I::_G':lsl




Example 4 cont.

Land Characteristics

Claas 1F - MArable.

Class 2F = !rable

Relief

Size and Shape

Cover:
Stone

Brush

DRATNAGE

Water

Air

kcler method of irripa-
tion

G0 m minimum width

2 ha minimum size

Up to 40 n 'requiring
removal or where not red
moved annual operating
costs increased not
more than $15/ha

Removal cost insipni-
ficant

30il and fopographic
conditions such that no
problem anticipated

Slope and position of
lang such that air
drainasge not impaded

Class 3F - Arable 1/

Class & — Honarable

o f

(=)
—

T : ; - :
liot & factor with sprind Nei a factor with sprindiot & factor

kler method of irriga—
tion

0 m minimum width
1 ha minimum sirge

Up 1o 55 mjJ requiring
remoyal or where not re—
Moved annual operating
Costs increased not
mare than $45/ha

Removal cost insijmi-
Ticant

S0il and topographic
conditions such that
£00d se0il aeration can
be maintained to at
least 120 om. Prrm drei-
Nage cutlet construction
not
low
per

open or tile droins
ha of area served,
Hay include land with a
few sliphtly chlorotic
“rees in crchard

Slope and position of
land such that adequate
2ir drainage seems pro—
bahle

1/ Class 4H:

to exceed 00 m shald

Less than 30 m mini-
mum widih or less than
0.5 minimum size

Up to 150 m> requiring
removal or where annual
operating costs increa—
sed not more than

3 75/ha

ficant

“oil and topographic
conditiocns are such
that gzood soil aeration
can be maintzined {tc at
least 90 cm

Slepe and position such
that some resiriction of

ing essential for frost
proteciion and profitable
production

Removal cost insigni- |Not

a2ir drainage likely. Heat—

Good =20il aeration
cannot be maintained
to 90 em depth

Mr drainage very poor

Manson Irrigation Districi lands now in suburban use, whic

located within or near town or lake share of the project.

2/ Gz

61

Lands presently irrigated with water provided bv fhe Lake Chelan Reclamatien.Di
nofomeet theuei nimmuerepifizsttiilons for the arable classes abave,

Inéian allotment lands having a maximum annual waber cherze of 3 5/ha.

h are in small holdings of

legs than 0.5 ha

stoiet. Gt ahich ode o,




E(AMPLE 5:

DETAILED LAND CLASSIFICATION SPRCIFICATICHS — SFRINKLIR

Umatilla Basin, Oregon

IRRIGATICNK

Land Characteristics

Claess 45(1) Arable

Clags 43(2) Arable

Class 45(3) Arable

SOIL

Texture

Depth to:

Gravel, sand and/or
cobbles; permeable
ash layer; permeable
cemented soil hard
pan or. caliche

Semi impervious mate-
rials including ce—
mented hardpan, cali-
che or caliche cap-
ping over hardpan or
ash layer

Basalt occuring in

Alkalinity of soil
paste

Salinity

Available water hold=
ing capacity (readily
available

TOPOGRAPHY
Slope

extensive flat terrain

ine sandy loam to friable clay
oam

50 em of good free working soil

150 em of good free working
501l

Greater than 24C cm

o evidence of black alkali,

pH 8.6 or less. May be slightly
igher where s¢ils are calca—
eous, salts low and drainage
conditions are very favourable

Leaching costs within class 1
ldevelopment cost limits and
equilibrium salinity condi-
tions {4 millimhos/cm

375 em in upper 30 cm, 15 cm
in upper 120 cm

¥Yoderate rolling slopes up to
% in general gradient

LFS, and medium sandy leam to
permeable elay loam

6C em of good free working soil,
sandy loam or heavier. 90 cm
of loamy sand

120 em of good free working
s0il

Greater than 240 cm

pH 5.0 or less, may be mode-
rately higher where scils are
calcareous, salts low, and
drainage conditions are fa-
vourable

Leaching cosis not more than
maximum development cosis for
class 2 lands and eguilibrium
salinity conditions 8 milli-
mhos/cn

3 em in upper 0 cm, 11.25 em
in upper 120 cm

Yoderately rolling slopes up
to 12% in general gradiont

Loamy sand to permeable clay

45 cm of good free working soil,
sandy loam or heevier. GO cm
of loamy sand

%0 em of good free working
501l

Greater than 240 cm

pH 9.2 or less, may be higher
where secils are calcareous,
total salts low and drainage
conditions favourable

Leaching costs not more than

maximum development costs for
class 3 lands and eguilibrium
salinity conditions 12 milli-
mhos/cm

2 cm in upper 30 em, 7.5 cm
in upper 120 com

ioderately rolling slopes up
to 207 in general gradient




Example 5 cont.

Land Characterigtics

Class 45(1) Arable

Class 45(2) Arable

Class 45(3) Arable

Surface (Irregularity
u, or complexiiy g)

Size and shape

Cover

Cobble

DRAINAGE

Soils and topography

Land position

Mot more effective in reducing
net farm income than a &7
slope

Not less than 5 ha with shape
suitable for economical
sprinkler irrigation

Not more than 19 mjfha

S0il &nd topographic condition
such thet no epecific farm
drainage reguirement is
anticipated

Land use and preoductivity not
modified by seasonal high
water table

Hot more effective in reducing
farm income than a 12¥% slope

Not less than 3 ha with shape
guitable for sprinkler
irrigation at moderate cost

Wot more than 57 mjfha

Soil and topographic condition
such that up te 115 m of shal-
low drains per ha will be
regquired

Seasonal high water table suf-
ficient to reduce productivity
or land use in amounts compa—
rable to shallow 45{2)z lands

ot more effective in reducing
net farm income more than a
20% slope

Neot less than 2 ha with shape
suitable for sprinkler irrigca—
tion at reasonable cost

Not more than 95 mjfha

301l and topographic conditions
such that up to 210 m of shal-
low drains per ha will be
regquired

Jeascnal high water table suf-
ficient te reduce productivity
to pasture production and
other limited use, but not
sufficient to reduce yields
below those anticipated for
shallow 45(31)s lands

RONARABLE LAND

Lands which do not meet the requirements of higher land clesses and small areas of arabnle land

within larger bvodies of nonarable land.

rights—or-way and other lands in nonfarming use.

These are desiymated as class 6.

Mlao includes

Minimum permissible development costs for levelling, grading, smoothing, leachingz, fzrm drazinsse, clearing, eto. where
no change in class regquired 3 35.00, where developed lands will be of class 2 quality or better 3 105.00, where

developed lands will be of class 1 gquality 3

175.00.

Symboliszation example: 3st

Lilex

g2




CXAMPLE 63

PHASE IX

RECOMNMA ISSAKCE
DIVESTIGAT IOH

CRADE

USBR LAMD CLASSIFICATICN SPECTFICATIONS
LAND QLASSTFICATION

P4 WONG FROJECT, LACS AND THAILAND

April 1970

Land eharacteristics

Por

diveraified

crop producticn

For wetlland

rice production

Clasz 1 -

irable

Tlags ? - Arahle

Claga 1R Arable

Class

2R Aratle

Soils

Taxture
o P =
Surface, C.30 om

Subsurface

Depth {after land
deve lcpment}

To clean sand
rraval

ar

To pisolites in
permeable matiriz

To permeable armour
To relatively imper-—
meable mone [wWater)

hvailable water capa—
city

Heacticn
pll in 0.01 Il CaClE
pH in K0 (1:1)

¢ in {anaercbic)

heidity 1/

Heutral salt exchan—
ge acidity

Buffered sali ex-
change acidity

Anion exchange
Aoidity

Inorganic {acid
sulphete soil)

Pine sandy loam
to clay loam

Sandy lo2m to
parmeable clay

2} 210 cm

15 em or more in
120 em depth
with 2.% cm in
0. 30 cm

% 50477
¥ 5.9¢ 8.2

Hone
M2y be moderate
Kay be moderate

Hone

Loamy fine sand
ta permeable
clay

Loamy fine sand
to permeable
clay

5 &0 em

> 60 em
s 90 cm

b 210 ¢em

& om or more in
12C om depth
Wwith 2.5 cm in
10 cm

5 4.0 8.0
{7 d4.5<8.5

May be modereie

May e moderate

May be moderate

Hene

Fine sandy loam
to clay

Loamy esand to
clay

A0 em

w G0 om
> 60 om

» 210 cm
nat applicable

> 545

Hene

Loamy sand to
clay

Jand to clay

» 30 om

» 30 cm

'}45

cm

> 210 em

rict appliceble

A 5.0 may be
less provided
alumin ium
active irch are
getiafactory

Reone

i/ Appraisal is dependent on change characteristics and

cropping pattern.

ion populations

az related to




“xemple 6 cont.

Land characteristics

Clzss 1 - Arahle

Class 2 = Arable

Clase 1R Arable

Clase 20 ‘rable

Sodium (2t eguilibri-
um 2/} Ixchangeable

Reduction products
Active iron

30il solution (after
proleonged Tlooding)
Salinity {at equili-
brium under irrdgo-
tion).nlectrical
conductivity
saturation extract
doil aolution

Tepomraphy
Slope

Irainsece
Flooding

Internal 3f

¢4, mobeadom

<2 0,254

hone
Food

<10.0 mmhesfem

<5 20,250

Tone

Food

<200 ppm

< 4.0 mmhos cm

o
Pt

Very slow

goulun percentage € 20 <20 {
. |

SodlUm=-Rd S0Pl 1on— |
ratie (s0il sclution) £ 20 i <20
Cation—exchange capa- !
eity {at soil pH) of i
surface seil, 0—i0 em | 310 meg/100 & »5 meq/100 ¢ A0 meq/100 £ | »i meg 100 ¢
bBage ataius |
Caleium 2.0 meg 100 o

Ma;mesium #1.0 meq/ 100 g

Fotassiun 0. meq/ 100 & :

Sodium 2.2 meq/ 100 ¢

2

<3.0 mmhosfem

<5

Jlow

CLASS 58 — UNRZSOLVED POTUNTIAL, DIVRSITIED CROPLAND

Includes lands having unresclved potential fer irrigation development invelving only
These lands mest all the roguirements of arability for diversified

giversified crepping.

cropland Class ¢ except for effective soil cation exchanee eapacity and have soil texiures of

fine sandy loam or finer.
CLASS 5 — TUNTATIVELY MONARSBLE

Includes lands which will require additienal ceconomic and engineering studies to

determine their irrigability.

proposed capal lines pending to determinaiion of feasibility of service.
suspected Righ or isolated lamds within the lmeown service area and lands subjeet to sensonal
inundatiens reguiring projeci [lleed nrotection works.

CLASS & — HORARABLE

This designation (%) is particularly suited to arcas shove

Also applies to

Ineludes lanue which de noi moet the minimwm reguirements for the other land clagses,
and are not suitable for irrigstion. They include lands with soils that are very shallew
over armour, sandstone, or other formolion impervious te rect or weter; lands with salt
effectied soila that are recloimeble with diffieculty becnuse of texture, position, substratum
sondition, ete; lande with extremely ccarse textured surface soils, seils having low
available water capacity rough rocky and severely channel-disseeted lands; high areas sueh
ag hillocks and river levees; overflow and mmoff channels; pernanent waste and swamp areas;
lanis having excessively steep or conplex toporraphy; and 21l other cbviously nonarable areas,

§5

fppwais?l_fur divergified crop production is dependent on type of clay and cropping pattern.
In arability studies drain spacing and economic correlation will determine whother the lend
should be utilized for diversified crop or wetland rice production.



cXAMPLE T

SAEFLE LYKe CLASSIFICATICON STANDARDS:

GRAVITY ANU SPRINKL IRRIGATION

Claszs 1 - Arable

Clege 2 - hLrable

Clagze % - Erable

Available q
water-holding
capacity

Depth over k
incoherent
clean gravel
sand

Zxchangeable a
sodium

3

clay, or sandy clay
in upper 310 cm

19 cm or moere in
the upper 120 cm

9C em of sendy
loam or heavier,
may be 75 cm if
gravel contains
some fines, must
meel minimum
waicr-holding re-
guirements for
class

Exchangeable sodium
will not be a pro-
blem in the presence
of adequate drainage.
Less than 2 meq,/100 g
of soil or less than
15 Z5F at equilibrium

Gravity Sprinkler Gravity sprinkler Gravity Sprinkler
S0ILS =
Texture Sandy lcam through Loamy sand Leamy sand Loamny sand Pine sand
clay loam except through perme- through clay through perme- through perme-
as noted below able clay loam able clay able clay
Coarse v{dand permitted Loamy coarse came as gravity |Loamy coarse Loamy coarse
below 9C cm sand or sand sand or sand sand or coarse
permiited be- permiited below sand permitted
low &0 em 2.5 co below 0 cm
Fine h|¥e clay, silty Fermeable clay same as gravity |intire profile Same as gravity

permitted below

30 em

Creater thoen Seme as rravity
11 em in the

upper 120 em

i1 least 6C onm Jame as Jravity

of sandy loam

or heavier,

75 em of loany
fine sand, must
meet minimum
water-holding
reguirements for
claso

Fermeability may 3ame as pgravity
be somewhat in-

paired but scdium

will not be a

m& jor problem in

the presence of

adequate drainage

may be permeable
clay if drainege
adequate

Creater than
T+5 ¢m in the
upper 120 cm

Same as gravity

o minimam but
must meet mini-
mus water-
holding requi-
rementa for
Clags 1}

A minimun of

45 em of sandy
loam or heavier
or &0 cm of
leamy sand, must
meet minioum
water-holding
requirenents for
class

Permeability may
be impaired by
exchangeable so-
dium but under
equilibrium there
will not be more
than 3 meq/100 g
or more than

20 ESP for hea-
vier soils. The-
re nust be at
least 0.3 co/hr
of permeability

Same as gravity

in %$op G0 cm



ixemple 7 cont.

Cless 1 = Arable

Clasg 2 - Arable

Claggs 3 - Arable

Gravity dprinkler lj Gravity Sprinkler Gravity Sprinkler
Salinity Salt content can Salt content can Same as gravity (5alt content can Same as gravity
be maintained ai be maintained at be maintained at
& level not to level not to a level not to
exceed 4 mmhos/cm exceed £ mmhos/cm exceed & mmhos/em
at equilibrium at egquilibrium at equilibrium
TCPOGRAFHY
Gradient 0-2% in general 2-31.5% in general Ceneral gradient|3.5-5% in general Same as Class 2
gradient gradient not to exceed gradient sprinkler but
H% but may in- may include
clude small slopes up to
ggcarpaments or
other topogra—
phic features
which exceed
this slope 1i-
mitaticn when
land use consi-
deratiocns would
dictate their
inclusicn
Irrigation j|Vinimem of 5 ha Minimun of 3 ha At least 14 ha |Minimum of # ha  Same as Class 2
patiern in size and runa in size and Tuns  in rectangular in sizZe and run Eprinkler
of 150 m oror of 120 m or fields 180 m or |of 90 m or
longer longer more in width. |longer
Adjacent lands
suitable for
gravity irrigae—
tion may be in-
cluded in the
16 ha
Levelling 0-755 mj of exca— 7551 510 m” of  May spend up to |1 510-2 340 nrE May spend up
regquirement vetion per ha excavation allow= 312/ha to make |of excavation to 340/ha to

when soil permits

land tillawle
and suitaeble for
movenent of
sprinkler

ed there where
g0il permits

system gf

lf Because of high annual costs there is ne sprinkler Class 1.

2/ Cost does not include sprinkler equipment,

depending on the system selected.

makz land til-
lable and sui-
tahle for mo-
vemnent of sprin-
kler System_gf

allowed whers
goils permit

Cost of sprinkler egquipment would vary between 3 10 and 3 £0 per ha




Ixample T cont

L]

Clags

1 - arable

Class ¢ — Arable

Class : — Arable
Gravity Sprinkler Gravity Jprinkler Oravity Sprinkler
Cover ¢ [Up te 335/ha for Up to 365/ha for [laximum of Up to 5100/ ha Yeximum of
Stone and clearing, allow- clearing 512/ha for clearing 140/ ha
cobble r |ing 3 per G0.cm
tree and 33/m° of
stone removal
Total permis- |30-335/ha which 315-365/ha Up to 312/he 2/ |265-10C/ha Up to 240/ha 2/
sible develop— |[would include cost
ment cost of grading, farm
laterals, drains,
structures, clearing,
and soil amendments
DRATNAGE L¥]
Surface (on
farm) ¢|illow 355fha for ~llow up to £llow up to Lllow up to Allow up to
surface outlet 365/ha for 312/ha for 3100/ha for wofha for
excavation surface outlet surface outlet surface outlet surface outlet
excavation excavation excavation excavation

Subsurface

Class & - Honarable.

Surface outlets for each farm and 211 deep drainage will be provided as & project expense.

The final determination of drainability will be made by the Irainage Branch.

Lends otherwise

arable but considered nondrainable will be designated by 2 00 in fremt of the regular land

clagsification symbel.

k)
)

Lands which do noi meet the minimum reguirements for arable land.

2/ See note on previous page.




APPENDIX B.1
FIELD TESTS (0N S50IL MOISTURE RELATIONSHIFS

IN-PLACE PERMEABILITY TESTS USED PO SUBSURFACE DRAINAGE INVESTICATIONS lf

Auger-hole Tests for Permeability

Introduction

The auger-hole permeability test measures the average horizontal permeability
of the s0il profile from the static water table te the bottom of the hole when an
impermeable layer is at the hettom of the hole, or to a few inches below the hottom
of the hole when an impermezble layer is at some distance below the bottom of the
heole.

& npumber of workers have described the auger<hole test: Maasland and Haskew
{1957) discussed in great detail the amalytical details; Van Bears {1958) and the
U.d. Buresu of Reclamation (1976).

Equipment

squipment requirements are somewhat flexible, but the following items have
been used succeasfully:

4 inch diameter auger with three 5 foot handle extensions
Recorder board, recording tzpe, and fleat apparatus
Tripod

Meaguring rod or tape

Hole scratcher

Bailer or pump

Stopwatch

Inside calipers

Computation sheets and clip board

Burlap

Perferated casing or wire-wound screen when and as required
Firror or strong flashlight

Windshield.

£ 4 inch diameter awger is preferred. It can be either the Dutch type,
Orchard type, or [urango type gf. The Orchard or Durango type is generally best
for use in lighter textured (sandy) materials, and the Dutch type in heavier,
etickier soils. Samples from the Durango-type auger are less disturbed than those
from the other two types and can be more easily examined for soil structure.

The recorder board, recording tape, and fleat apparatus are preferred instead
of an electric sounder or other measuring eguipment. The float and recorder board
ig preferred because it is inexpensive and easy to construct, is simple to operate,
and provides a permanent record. The board commonly used is 2 inches thick by
4 inches wide by 10 inches long. 4 notch 2% inches long and wide enough to hold
the roller is drilled 1 inch from one end and  inch from a side. A nylom roller,
taken from a regular chair caster is installed in the notch and fastened in place.

3f Iy R.J. Winger, Jr., Division of Drainage and Grouwndwater Engineering,
U3 Bureau of Reclamation.

Ej.-’

Note: Measurements given in text are left as in the original, they have not been
changed to metric.

See Section G6.4.6 iii.



4 pointer im fastened directly over the roller to aci as a reference point during
the test. L 2 inch diameter recese is drilled near the roller %o hold the stopwatch
snd is located mo that the recorder can ses the stopwatch and mark on the recording
tape without taking his eyes from the stopwatch. 4 threaded metal plate is attached
to the under side of the beard on the opposite end from the roller and stopwatch.

The threads should be the same as used on any planetable triped.

The Tloat should be less than 3 inches in diameter eand weighted at the bottom
go it will drop fast. I+ should alsc be sufficiently buoyant so there will be no
lag in the pointer as the water tzble rises in the hole. The float should have
sloping shoulders so it will be less likely to cateh on pebbles or roots on +the sides
of the open hole or on the joints and performations when casing is used. The
counterweight used to keep the float string tight should be only slightly lighter
than the float. The recorder iapes are 5 foot tracing cloth sirips cut 1/4 inch
Wide. Faper staples are fastened at both ends so the strip can be cormected to the
float and counterweight.

A rigidly constructed tripod can be used. Planetable tripeds fwmish a rigid
support and a fast method of setting up and levelling the measuring board.

& 15 foot measuring rod graduated in tenths of a foot can be made, or a iape
with a weight on the bottom can be used. Or, to minimize eguipment, the three
5 foot extensions for the auger cen be marked and used as a maasuring rod.

& hele scratcher can be made in a number of ways. The easiest method is to
use a ¥r inch diameter by 3 inch long wooden cylinder with amall nails protruding
from 1/8 to 1/4 inch. The heads of the nails after they have been driven into the
cylinder are cut off =0 there will be sharp edges to break up the seal around the
periphery of hole caused by the awger. A& 4 inch coupling is placed in the center
of the cylinder so the scratrher can use the same extension pipe as the auger.

L bailer can be made from & > foot length of 3 inch downspout, with 2 rubber
or metal Toot wvalve at ome end and & handle at the other end. Bailers longer than
3 feet will be diffieult to get in and out if the hole is not straight. The hole
in the foot valve should be large to allow water to enter as rapidly as possible.
The bailer should be weighted at the bottom so it will drop fast when more than one
pail is required to empty the hole. b4 1ight weight pump capable of pumping =bout
20 gallons per minute can be used in place of the bailer.

iny etandard second and minute stopwatch is satisfactory when the Tloat
apparatus is used. A11 readings should be made from 2 single roference time which
ie the beginning of bailing, and all time during a test should be accounted for.

An ordinary pair of inside calipers can be used to determine the diameter af
the hole. To prevent the points of the legs from gouging the walls of the auger
hole, small flat plates are welded to the legs. £ rod serewaed into the top of the
palipers is used to determine the hole diameter at depth. The awverage hole diameter
is used in the calculations. The diameter cannot be checked below the water table
with ordinary inside calipers because the water surface reflects the light and
prevents & visual determination of the contact of the calipers with the sides of
the hole. For this reason, the average hole diameter is determined by the average
of measurements made about 1 foot below the ground surface and just above the water
table.

Computation sheets should be made up, using the example shown in Pigure 4.

The burlap is used to prevent muck from entering at the bottom of the hole.
4 piece about 2 feet sguare is required for each hole,



Eole Ho.  E-b Location Sarmle Farm
Cbeerver A. P. Browm Date  Cctober B, 1653 _ |
Hole: cased /X ] Uncased £ Hole Dis. L fnches Redius  0.167 feet ;
Equipment: Float apparatus
Log Deseripticn i
of material
SURFACE J%i’sl--u oY ) {
Q' = 9" Lt. Brown Sardy
Loem, friable, nonsticky, h
H 1 r granular. Becomes wvet at
| about 5'. slightly com- Z ‘r 5 Yn
2t peoted below &', Appears
al to have good permesbility. Yo | In H
- L[
4+ 1 &
LWT = L.BO o SR |
5k ! 1 Feuﬂurn.gpo.ntmg:‘c..nﬂ Fur.= F = hlc =
2. to static weter sur.m L e 5.0 i
! 6k 3. W " te bot.of hole = 7 = Ini.
Finel
Tk 4. Ground surfece to etatic W.5. m b m
. Static W.5. to botiom of bole m E =
B &. Depth of hele b + B -
T. Initial drawdown io hole = ¥, -
9 HRRIIeN, B. 0B Y, = 2.52 £t
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DATA AND COMPUTATION SHEET FOR AUGER HOLE TEST I0%-D-650

Figure 4:

Data and computation sheet for suger hole test



Ferforated casing or wire—wound well screen is necessary in unstable soils,
Tt should have the same or slightly larger outside diameter a2s the auger hole, so as
it is pushed into the ground there is a definite contact between the casing and the
periphery of the hole, Commercial well screen with at least 105 perforated area
is the most desirable; nhowever, if this is not available, a thin-walled downspout
casing with 4-57 performations should be satisfactory. fbouth sixty 1/8- by 1 inch
Lacksaw perforations per foot will give 4-57 perforations and have negligible effect
on limiting the amount of water entering the casing for most agricultural soils

tested.

4 mirror or strong Tlashlirht is used to examine the sides of the auger hole
and facilitate measurements with the calipers.

rrocedures

The most efficient team for performing ihe auger-hole field test for per-
meability consists of iwo men., Ome man operates the recorder board, puis the fleat
in the hole, and operates the stopwatch, and the other operates the bailer. After
the water level in the hole has become static, an experienced iwo—man team can
perform the entire test in 10 4o 15 minules in most soils, the time depending wpon
the permeability of the soil being tested,

The hole should be augered as stroipht 2s possible to the regquired depth,
which in turn depends on the depth o water table, the depth to 2 slowly permeable
zone, and the s0il strata to be tested, If the soil is homogeneous throughout the
profile to be tested, the hole can be cxcavated to the total depth to be tested.
When the soil is heterogencous, it is usually desirable to make several tests at
wvarying depths. If the material is highly permeable throughout the prefile to be
tested, it is best to stop the hole about 2 or } feet below the water table, sc that
cne bailing will draw the water down to about the bottom of the hole. TUpon
completion of the augering, the sides of the hole should be scratched to break up
any sealing effect caused by the auger. The burlap is then forced te the bottom
of the hole and tamped lightly to prevent any materials from entering the bottem.
The water table is then allowed to reach its static level in the hele. To
eliminate possible sealing caused by the auwger and to develop the beat flow
characteristics, the hole should be pumped or bailed one or two times before start-
ing the test. Careful measurements are made of the depih to the static water table
from the ground surface, the total depth of hole, and the distance from the stetic
water table to the bottom of the hola.

To berin the tesi, the tripod with the recorder beard, recerding tapes, and
float apperatus is placed near the hole so the fleat can be centered over the hole
and moved freely into it. The float is then lowered inio the hole and, when it
becomes steady at the static water table level, the zerc mark is made on the tape
and the counterweipht positioned so the full chanze of water table level can be
recorded. The float is then removed and the water is bailed from the hole as
quickly 2s possible to minimize the amount of water which returns before the readings
are siaried., For best results most of the water should be bailed from the hole so
the test can be completied before the water level rises to half of ite original height,
or 0.5 Ha One or iwo passes with the bailer are usually sufficient for most
agrieultural soils. As the last bail is withdrawn from the hole, the float is
placed in the hele as guickly as possible. {When a very rapid rise of the water
level in the hole is experienced, it is semetimes advantageocus te leave the float
in the hole and helow the bailer during the bailing process. This minimizes the
amount of water returning into the hole before the first reading can be made).

The stopwateh is started at the moment of withdrawing the firsi bailer and should
be run continuously until the test has been completed.



When wsing the recorder board and floai mechanism, it is most convenient to
use equal time interwvals, starting from the initial tick mark. iz the intervals
come up on the slopwaich, the operator marks the tape with a small tick merk opposita
the pointer. Measurements are continued until the recovery of water in the hole
equale about C.2 of the depth initially bailed cut; or, stated ancther way, until
& reading on the measuring tape of 0.2 ¥_has been reached, Y being the distance
the water in the hole was lowered hy bai?ing. Upon completign of the test, the
final time is recorded at the last tick mark on ihe recorder tape, Amy irregulari-
ties in the record can be guickly obsorved on the recorder tape, and if readings
are highly irregular, the test should be rerun after a static water table has been
reestablished, Only the period covering the equally spaced tick marks is used in
the computations. There will be usually one irregular spacing at the beginning
while the fleoat is settling down. fz the water rises and the hole fills, the marks
will ne longer be equally spaced, but will become cleoser wiith each reading. The
begimming of the shorter spacings usually compares fairly well with the 0.8 to
0.75 Yo caleulation.

Laleulations

Upon completion of the auger-hole field test Tor permeability, the time
intervals and the correspending distances between tick marks on the recorden tape
are iransferred to the computaticn sheet, Sample computations are shown in
Figure 4. Care should be taken in seleeting consistent consecuiive time intervals
and water table rises to be used in determining §¥_, Ay, and BT (¥ is the average
distance from static water table to the water sur?ace in the holenduring the test
period; AF is the average incremental rise during incremental time intervals; and
AT is the average incremental time interval between ticks, usually 2 constant when
the fleat apparatus is used)

The C wvalues if determined from the charts of Figures 5 and £ are Tor
conditions where the barrier is ceonsidered to be at infinity and at zero disieance,
respeciively, below the bottom of the hole, The way lsasland and Haskew (1957
rloited ¢ against the dimensionless parameter 7 /r makes the determinationm of O
easy for a wide range of values of H/r and F./r. For the usual case where there
iz no barrier above the bottom of the hole, Fipure 5 should be used, The perme-
2bility can be determined by multiplying the ¢ factor hyéﬁ;ﬂat. The permesbility
cWill be in feeil per day, and by dividing by 2 the permeability in inches per hour
can be obtained.

Limitations of the Auger-hols Test

While the auvger-hole test furnishes relisble permeability data Tor most
conditieons, the results are entirely unrelizble under artesian conditions; that is,
when the hole peneirates a permeable zone under rressure underlying an impermeable
Zone. Another condition which usually makes the test difficult to perform and
gives unreliable data as well, is when there are small sand lenses beiween less
permeable layers, These and sand lenses drain guickly and do not always indicate
the permeability of the scil that should be used for drain spacing computations.
Another condition where the test cannot be used is when the water teble is at or

lf Editorial note:
The ¢ value is a co-efficient used in the caleulation of permeability, thus:

permeability = k = C multiplied by Ay/ _
at
Figures 5 and 6 show variation in the value of C for different values of
Hfr and == where 'H' is the depth to the botiom of the hole from the
static n water surface and 'r' is the radius of the auger hole.
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above the ground surface. Surface water or water running through permeable surface
layers will cause errconeous rigse increments, A depth of more than 20 feet to

water t2ble, while not a linmitation as far as obiaining reliable data is concerned,
entails considerable more work in making the test,

Comparatively high permeability rates, in the magnitude of 10 inches per hour
or more, make the auger-hole Lest hard to perform because the bailer cannct remove
the water as fast as i1t enters. At the other extreme, auger-hole tests in =soils
with permeabilitiy rates in the range of 0.001 to 0.01 inch per hour usually give
such erratic readings that accurate values cannot be obtained. However, such
resulis can be valuable in analysis and determination of drainage requirements even
thcugh exact values are not obiained. The lmowledge that permeabilities are very
high or very low can be gquite useful from a practical standpoint.

The auger-hole tesit cannct always be performed in rocky or coarse gravel
material, because it is usually not practical to auger or dig a hole of wniform size
through these materials. {asing can sometimes be used to stabilize the walls of
the hele in case & test is needed in these materials. In general, however, most
agricultural soils being investipated for subsurface drainege systems can bhe tested
by the auger-hole method 1f a water table exists near enough to the surface.

Step Tests in Layered Soils

Sometimes it is valuable to know the permeability of individual strata within
& soil profile or te know the variation in permeability with depth. This can be
found by an auger-hole step test although the piezomeler test, described later, may
be more adapiable for testing permeability at greater depths.

The auger-hole step testi consists simply of a series of auger-hole tests at
the same hele location but at different depths. The hole is augered to the first
depth and the auger-hole tesat is then run., This depth will be to within X or
4 inches of the bottom of the first stratum if the objective is to eobtain the
permeability of each stratum, or to any selected depth if the variation of perme—
ability in the profile is reguired. The hole is then augered to within = few
inches of the boitom of the next stratum, or io the next selected depth, and a
second auger-hole test is run. This procedure is continued until the desired
depth is reached. The permeability value calculsted for each step will be the
average value from the water table to the depth of the hole.  The permeability for
the individual stratum, or for the portion of the profile between the depth of one
test and the depth of the next test, is found from the formula (Figure 7):

kxn in = kn Dn - kn—1 Dh—1
where:
k = permeability to be determined,
kn = permeability obtained in the nth test runm,
K,q = permeability obtained in the (n-1) test rum,
Jn = thickness of the nth stratum,
Dn = Total depth of the nth test from the static water level,
D 4 = total depth from the static water level for the (n-1) test, and
n = number of the test run or stratum,
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Bal.2 Fiesometer Test for Permeability

Introduction

The piezometer test measures the horizontzl permeability of thin layers in
gcils below a waler table. In subsurface drainage investigations, its primary
applicatieon is to provide data for determining which layer below a proposed drain
depth is the effective barrier layer. fAn indication of the loecation of this lsyer
can be determined from permeability data obtained from disturbed (remclded) samples
taken at a change of stiructure, texture or density; or from chbservation of dense
shale, sandstone, or bedrock. However, at times there may be some doubt as to which
layer should be considered the barrier. When permeability tests on disturbed samples
are not available, when they give inconclusive resulte, or when more relinsble
determinations are desired, the piezometer test should be used.

j-ﬁ‘ ui pment
Sugrested equipment required for the piezometer test is as follows:

Gasing of minimum 1 inch ID, thin-walled electrical conduit of suitable length
for depths 1o 10 feet and black iron pipe with smooth inside walls for
depthe greater than 10 feet

Screw auger which fits inside the casing

Fipe-driving hammer, consisting of 2 piece of 2 inch iron pipe that fits cver
the casing, with a 10 pound weight fixed to the pipe

Hand-operaied pitcher pump with flexible hoee and foot valve, or & bailer
which will fi{ inside the casing

itopwatch

Recorder board, recording tapes, and [loat apparaius or an electrical sounder,
The float is made similar to the one used for the auger hole test bui of
smaller size to fit into the smaller diameler casing. The counterweight
must be adjusted accordingly.

Computation sheets and clipboard

Neasuring tape or rod

Windshield

Casing puller

Procedures

A twe-man fteam has been found best for making the piezometer Tield test for
permeability.

The test layer should be at least 12 inches thick so that a 4 inch lengtih of
uncased hole, or cavity, can be placed in the midile of it. This is especiaily
important i there is a marked difference in the texture, structure, or density of
the layers above and below the test layer. After the layer to be tested has been
selected, the topscil is removed from the ground surface, and a hole is aurered to
within 2 feet of the layer to be tested. Some operators prefer to auger & to
12 inches, then drive the casing, repeating this process for the entire length of
the hole. This is a slower method, and experience does not seem to warrent its
use, Cther operators jet the casing to within 2 to 3 feet of the test layer and
then auger and drive the casing the remaining Jdistance. This reguires additienal
equipment, and in a waterlogged Tield jetting eguipment uwsually cannct be moved in.
The augering and driving procedure is always used for the last 2 feet to insure a
good seal and also to minimize soil disturbance. The casing is stopped at the depth
selected for the top of the 4 inch long cavity, and the cavity is augered below the
casing.



The size and shape of the cavity are important in the test, so care should be
taken to make it the predetermined lenyth and diameter. If the soil in the test
layer is unsiable and the cavity will not rema n open during the test, screens should
be made that can be pushed down inside the casing. For a 1 inch IC casing and a
4 inch cavity, the screen should be 5 inches long and 15 /16 inch 0D, with & rigid
point welded on the bottom. A pole about 3/4 inch in diameter can be used to push
the screen to the bottom of the cavity. If 2 small bent nail or hock iz placed on
the opposite end of the pole, the screen can somstimes be reclaimed at the end of
the test by hooking the nail into the screen and pulling it up into the casing.

The cavity is cleened by pumping or bailing water and sediment out of the heole until
the discharge is clear.

After the atatic water table has been established, the recorder hoard and float
apparatus are set up, and the float dropped down the casing. lhen the float comes
to rest, the pointer is set at zero on the recorder sheet, The float is then
removed from the hele, and the water pumped or bailed out. A small foot wvalve for
aitachment te the end of the suction line on the pitcher pump can be made similar to
larger commercial types, or & bailer similar to that used in the auger<hole test can
be made from emall conduit. Cm stopping pumping or bailing, the float is immediate—
ly dropped down-the casing, and when it starts to rise, a tick merk is made on the
recorder itape and at the same time the stopwatch is started. In using the recorder
board and fleoat, it is easier tc¢ salect a convenient time interval between obaerva—
tions and correspending tick marks on the recorder sheet. When an elecirical sounder
is used, it is more convenient to select an increment of equal water level rise which
Wwill give a convenient, though variasble, time interval. It iB not essential to
remove all of the water from the piezometer hecause measurements can be cbtained and
used anywhere belween the static water table level and the initial bailed—out level,
but use of three or four readings during the first half of the rise will give more
consistent results.

When the piezometer test is used to determine the barrier layer, tests must
be made in two or more layers. This can be done by first making the test in the
top layer and then augering and driving the same casing progressively to the next
layers to be tested. The barrier layer is not necessarily the layer with the
lowesi permeability, but rather the layer that has a marked decrease in permeability
az compared with the weighted permeability of the more permeable layers above it.

Calculationsa

After completion of the piezometer test, the permeability is ecalculated from
the equation developed by Kirkham (1945), which is as follows:

(/2)% 1og (,/¥,) x 3,600

o =]
A I:'I;Q—t1:|
whera:
k = permeebility (inches per hour),
T, = distance from static water level to level at time b {inches),
YE = distance from static water level to level at time tE (inches],

= diameter of casing (inches),

i, - t,= time (seconds} in which water level changes from ¥, to ¥,, and

A = a consteni for 2 given flow geometry (inches).

The factor A may be taken from the curve shown in Figure 8. The curve is

valid when d and s are both large compared to w (d = distance from the static water
level to bottom of piezometer; s = distance below bottom of cavity to top of the
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Figure 8: Data and computation sheet for piezometer test
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next zone; and w = length of cavity). According to Luthin and Kirkham (1949), when
8§ =0 and d is much greater than w, the curve will give an i factor for w = 4 and

I = 1 which will be approximately 25% too large.
In addition to the curve, a sample calculation sheet is shown on Figure 8,

Limitations of the Piezometer Teat

ne of the principal limitations in the use of the piezomster test for
permeability is that it ecannet be used in gravel or coarse sand material due to
installation and sealing difficulties. Even when the hole can be augered in these
maverials, rocks on the sides of the hole might dent or rip the casing. +lso, when
the casing bottoms in coarse gravel, it is impossible to obtain a satisfactory seal.

Twenty feet is about the practical limit in depth, both for installation and
water removal, Duplicate tests in seoils of wvery low permeability, in the range of
C.001 te 0.01 ineh per hour, are always in a low range, but they can vary as much
as 100, This much variation is of little consequence in this renge. Test layers
less than about 10 to 12 inches thick, hetween more permesble materials, will not
give reliable results, probably because of the influence of the more permeable
materials,. The =ize of the casing is a matter of preference, as long as it is
i inch or more in diameter. Fipe diameters of 4 incheg or more are difficult to
install at depihs over 10 feet.

challow Yell Pump-in Test for Permeability

Introducticn

The shalleow well pamp—in test for permeability is alse called the well
permeameter test, and it iz used when the water table is below the zone to be ftested.
nesentially, this tesat consiets of measuring the volume of water flowing laterally
from 2 well in which 2 constant head of water is maintained. The lateral permes—
bility determined by this test is a composite rate for the full depth of the hole
being tested, but reflects, primarily, the permeability of the more permeable layers.

Sgquipment
Eguipment required for the shallow well pump—in test is as follows:

3 and 4 inch soil augers

Side scratcher, consisting of & 3} inch diameter by 3 inch long cylinder
with small nails protruding about 1/8 inch. A 4 inch coupling is placed
in the center of the cylinder so the scratcher can use the same pipe as
the auger

Casing, perforated

Burlap to be placed in the bobttom of the hole to keep the hole clean when
perforated casing is used

Water supply tank truck of 2t least 350 gallon capacity with gasoline—powsred
water pump

25 feat of 1 inch garden hose Tor rapid Tilling of head tank from supnly tank

Head tank, 50 pallon minimum, carefully calibrated in cubic feei with zerc
marking at the top. Thiz tank should have fittings so that two tanks can
be comnected when reguired.

Hooden platform to keep head tank off 1he sround to prevent rusting

4 1 inch diameter pipe 4 feet long, to be drivem into the ground to keep
tank in position when nearly smpty

Large graduate Tor final filling of tanks

Carburetor which must fit inside the casing

Red threaded to fit threads on top of the carburetor, used to repulate depth
the carburetor is lowered inteo the hole



Sufficient 3/8 to . inch ID flexible rubber tubing or 3/8 inch pipe to connect
tank to carburetor
Flexiglass cover, 12 by 12 inches by - inch, with hole in center for
carburetor rod and two other holes, one for rubber tubing and one for
measuring water level and temperature of water in the hole
steel fence posts with post driver; four required per site (needed only
when site musat be fenced)
dire for fencing site — approximately 825 feet
Thermometer which can be lowered into hole, Centigrade preferred
datch
10 foot stesl tape
Clipboard and compuiation sheet
16 inch t1lin¥® spade
The carburetor used in the shallow well pump—in-test can be constructed out
af different material and can be made in different shapes. The only regquirements
are that it must fit inside & 4 inch hole, have the reguired capacity, and conirel
the water level within 0.0% foot plus or minus. Minimam material to construct a
carburetor that has proven satisfactory consisis of fhe following:

15 inches of i/4 x 1/8 inch metal strap

One John Deere carburetor float, nsedle valve, and needle valve seat
Two 3/4 % 1/4 inch bushings

One 3/4 inch coupling

Frocedurs

4 two—man team can efficiently install the egquipment and conduct the shallow
well pump-in test for permeability. The hole for the test should be hand sugered,
first with a 3} inech auger and then reamed cut with a 4 inch auger. & complete log,
including texture, siructure, mottling, colour, density, and compaction, should be
obtained for use as a guide in interpreting results. Upon completion of the hole
to the desired depth, it should be carefully scratched to break up any slight
compaction caused by the muger and to remcve any loose material that might be on
the sides, This scratcher moved up and down in the hole will break any hard seal
onn the periphery which the brush could not break. In unstable soils, a thin-walled
casing should be insialled, with perforations extending from the bottom up to the
predeternined controlled water level, For & 4 inch casing, 60 uniformly spaced
perforations per foot, 1/8 inch wide by 1 inch long, have proved satisfactory.

These many perforations will somewhat weaken the thin-walled casing, soc & commercial
well screen is preferred if available. If the tests are being conducted in silts
or fine sands, better permeabilities have been obtained by augering the hole about

1 inch larger than the casing and packing the outside of the casing with coarse
washed sand. This apparenily keeps the silt in place and from flowing against the
casing.

The carburetor float apparatus should be installed and approximately
positioned, The carburetor is then connected with tubing and pipe to the calibrated
supply tank, which is on an anchored platform beside the hole. The 3/8 or 1/2 inch
tubing will allow sufficient water to flow inte the carburetor when tesiing moderately
permeable soils, The hole should then be filled with water to approximately the
bottom of the cerburetor. The valve on the supply tank is opened and the height
of the carbureter is carefully adjusted so that the water level will be held at the
desired depth. The use of the plexiglass cover to keep material out of the hole
and to hold the carburetor fleat adjusting rod facilitates cbservation of the
carburetor during the test. The time and the reading on ths tank gage are recorded
when everything is operating satisfactorily. The tank should be checked and
refilled when necessary. A record is kept of the time, tank gage readinge, and
volume of water added, esch time the site is visited. Reading times are determined
by material being tested and might vary from 15 minutes to 2 or 3 hours. Stevens



or similar automatic recorders to keep a complete record of water movement inte the
hole are desirable, but are not & necessity. wWhen water temperature fluctusztions
exceed EGC. viscosity corrections should be applied. Figure 9 shows the eguipment
for this test,

If the test water contains suspended material, it should be run through a
filter tank between the supply tnak and the carburetor. Folyurethane foam appears
to work very well as a filter material.

By using the nomograph shown in Pigure 10 for estimating the minimum and
maximum volume of water to be discharged during a pump-in permeability test, a
fairly reliable estimate can be made on how much water should be discharged into the
hole before the readings become unreliable, Yo use the nomograph, the specific
yield must be estimated from the texture and structure of the soil. Then knowing
h/r and h, the minimum and maximum amounts of water to meet the conditions set up
in the mzthematical model can be determined. As soon as the minimun amount has been
discharged intc the soil, the permeability should be computed after each reading.
dhen a relatively constant permeability value, with viscosity corrections, has been
reached and the total gquantity discharged into the soil is about the same as the
computed value, the test can be terminated. If & relatively constant permeabvility
value has not been reached by the time the computed maximum amount has beer discharped
into the s0il, the test should be coniinued 2 fow hours longer with readings made
every hour. 411 soils do not meel the mathematical assumptions, and it is not
always easy to select the correect specific yield from the texture and structure.
However, the maximum 2mount to be disch rged into the hole as computed from the
nemograph is a geod indiecater, and when about 1. times this amount has been used
without reaching a relatively constant permeability, any permeability selected ean
be clagsed as doubtful.

GomEutations

A\ sample computation sheet for the shallow well pump—in test is shown in
Figure 11.  Figures 12 and 13 show nomographs used in the computations.

Limitations of the Shallow Well Pump-in Test

One of the principal limitations of this test for permeability is that about
a day and considerable equipment are required to conduct it. Also, a relatively
large amount of water is reguired, especially if the material has a permeability
over 2 to 3} inches per hour. In test zones high in sodium, the water used should
contain 1.500 to 2.000 ppm of salts, preferably calcium, Another limitatiom is
that the hole cannot be augered to accurate dimensions in rocky material or coarse
gravels.  Also, according to comparison of electric analog test results and
comparisons with values from the auger-hole test, the h/r ratic must be egqual to or
greater than 10.

B.1.4 HRing-Fermeameter Test

Introduction

In most drainage studies, the lateral permeability of the soil is required
for drain spacing determinations, lUsually it is assumed that the vertical
permeability is sufficient to permit deep percolation from irrigation and rainfall
to reach the saturated zone in which it moves horizontally. Sometimes, however,
there are slowly permesbly layers that interfere with percolation and cause perched
water tables. Thus, a means of determining the vertical permeability of such a
suspected tight layer is sometimes desirable.
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Location: Hole C-3--Sample Parm

Log of hole
Observer: A. P. Brown Date: October &, 1958 a.8
o' - 2' Lt, Br. Sandy
D= 6.0 total depth of hole (feet) Loam, friable, non-
r = 0.167 radius of hole (feet) z sticky.
W.T. or imperviocus strata = 7.0 depth below ground 5L
surface (feet) | 2" - 7' Lt. Oraylsh
Tu = 4,5 depth of W.T. or impervious strata from Brown Sandy Cla Loanm,
surface of water maintained (feet) friable, slight
h = 3.5 depth of water maintained from bottom of hole | stickiness, damp at
(feet) about 7'. Fair
¥ permeability.
Condition I Condition II SCL| Slight compactiom
Tu = 3h 3h>Tu=h - | at 6 to TT,
; | I
o rwater surfoce
—— W.T. T7.2!
oo L T' - 10" Lt. Brown
oy SL Sandy Loam, friable,
| - - ¢y WT or impervious good permeability,
TuzUnsoturated strato strata nonsticky,
_Y WT orimparvious strata
r Temp Ad
i Initial Final Time|Tank reading,| Q, of Viecosity| 4,/1 |Ferm,
Date Time| Date Time| min| cu ft cubie |waten| of water, cubfc |in/hr

Init{al[Final| ft/min| *C |Centipoise|ft/min
10- B-58] 0800 10- §] 1100|1801 O 5.12/0.036

10- £-56]| 1100[10- 8] 1400| 180] O 5.971.0.033 , : ,
TI0- =0T 1E00] 10~ o) 1500|280 ICH %.'{)2'5 Note; Connected two barrels
10- B-58] 1I00[10- 97 03530] 650 12,510,018 for greater capaclity
10- §-5B8] 0530(10- 9| 1130| 360 5.03]0.0019 | 16 | 1.1111 J0.01g [0.90
10- 9-58] 113010~ 57 1800] 3150 7.65|0.020 | 19 1.0295  [0.01G [0.90
10- 9-58| 1800[10-100 0530] &30 12160, 018 13 11,2028 [0.020 [0.95
10-T0-58] 0530[10-10] 1130[ 360 £.63[0,008 | 15 | 1.1k04 [0.019 [0.90

pot o i ] ] ]

Remarks: No trouble with apparstus, asaumed test satisfactory and results reliable,

| Caleuletion: -?: = -O—Eﬁ;}, = 20,06 % - %_:-% = .78

Q (average after stabilization) = 0.019 cubic foot per minute
3h (or 3 x 3.5) = Ta (L.5) = h (3.5}, 8o use Conditiem II

From Nomograph: k = 0.90 inch per hour
& Ses Figure 15 for adjustment procedurs,

i DATA AND COMPUTATION SHEET FOR SHALLOW WELL PUMP-IN PERMEABILITY TEST

| II:I;!I-{J-EGT

it = T

Figure 11: Data and computaiion gheet for shellow well pump—in permeability teat
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Figure 12: Nomograph for determining permeability from shallow
well pump—in datas Condition I, with depth to
unsaturated strate (Tu) emual or more than three
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i.e. Tu =3h
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The ring-permesmeter test is a somewhat specialized method of chtaining
vertical permeability of a eritical zone in place. The test is based, generally,
on larcy's law for movement of liguids through sturated material. The test is
slow, bul the results are uniformly dependable and can be obtained at reasecnable
cost . Tensiometers and piezometers are used to confirm attainment of seturated
conditions, absence of 2 perched water table, and fulfillment of the reguirements
of Darcy's law.

Zgud prnent
HSouipment reguired for the ring—permeameter method is as follows:

14 gage steel welded—seam cylinder with reinforcing band en top and
sharpened bottom edge (wWwith seam ground dewn flush), 18 inches ID by
20 inches high
20 inch diameter field driwving disec with 1?—3f4 inch diameter center ring
to fit inside the 18 inch eylinder, with a 2 foot length of 1 inch plpe
welded in the center for a hammer guide
50 te 75 pound driving hammer (heavy ateel eylinder with hole in the center
end pipe welded to.center which fits over fthe 1 inch pipe on driving disc}
Water—supply tank truck of at least 350 gallon capacity
Gasoline-powered water pump to fill tank truck
25 feet of 3/4 inch garden hose, used to fill tank from water truck
A gallom head tank with manometer carefully calibrated in cubic inches
with zero marking at top
Wooden platform to support head tank to keep it from rusting
1 inch pipe, 4 feet long, driven intoe the ground to keep the tank upright
Sufficient 3/8 inch ID rubber tubing to connect tank to carburetor
Two carburetors
Threaded bolts which fasten to the steel c¢ylinder and support the adjustable
rod which holds the carburetors at the desired elevation
Adjustable rods to hold the carburetors at the desired elevation
large graduate for final filling of tanks
4 inch ID piezometers 18 inches long, rigid copper tubing (two needed for
sach sitae)
Small driving hammer to fit over & inch ID pieszometer pipe
7/16 inech wood auger for cleaning out piezometers
Mne sand te fill cavity in piez.meters
Bentonite to seal tensiometers and pieszometers
Mercury manometer tensiometers (two needed for each site)
Mercury for manometer tensiometers
Distilled water to fill tensiometers initially; distilled water is -
desirable but wmnecessary after initial filling
35mall ear syringe to fill tensiometers and remove air after they are fi% ida
1 inech wood auwger for installing tensiometers
Thermometer, centiprade preferred
10 foot steel tape
24 inch carpenter's level
white chalk
Clawhammer
Wire—cutting pliers
Clipboard and reference sheets
16 inch tilling spade
Short=handled, square—tipped shovel to clean out hole
Bucket with rope for removing soil from hole
10 foot ladder
Washed sand of wniform size, passing No. 14 sieve and retained on Ne. 28
sleve



Cover for the 18 inch cylinder to reduce evaporation and keep ocut debris

Steel fence posts with post driver; four required per site (needed only
when site must be fenced)

Wire for fenecing site, approximately 85 feet

Frocedure

A two-man team can efficiently install eguipment and conduct the ring-
permeancter tesi. (ma labourer to help dig the hole will speed up the installastion.
After the site hae been selected and the zone of eritical permeability determined,

a d x { foot hole is excavated to within J inches of the zone to be tested. The
last 3 inches are excavated when the eguipment is ready to be installed, tzaking care
not te walk in the 18 inch area to be tested. This arez, which will be inside the
18 inch cylinder, is checked with a carpenter's level to assure that it is level
before ithe ecylinder is placed on it. The cylinder is marked with chalk & inches
from the bottom edge and driven into the soil with the field driving disc and hammer
until the chalk mark is at the soil surface. The ¢ylinder should be kept level
during driving and the blows should be as powerful and sieady as practicable. After
the gylinder has been driven to the desired depth, the soil immediately against its
ingide wall is tamped lightly to prevent charmeling along the asides. About 1 inch
of clean, uniform, permeable sand is spread over the area inside the cylinder to
minimize puddling of the soil surface during the test. The outside periphery of
the cylinder is alsc tamped to keep water from channelling down aleong the sidess and
causing erronecus readings in the termsiometaers.

Hext, the two 18 inch piezometers are marked 9 inches from the sharpened
bottom and installed on opposite sides of the cylinder about 3 te 4 inches from it.
They are installed by driving 2 or 3 inches with a driver and then augering out
the core, continuing this process wntil the 9 inch mark is at ground level. Care
should be taken that the piezeometers deo not turn or come up with the auger during
installation. A 4 inch cavity is then augered below the piezZometer and filled
with clean, fine sand. As an additional means of preventing channelling along the
sides, a 1 : 1 bentonite-soil mixture is tamped around the piezomeler. The
piezometer is then filled with water and checked to see that it is functioning
properly. If the water falle in the piesometer, the installation is satisfacieory,
and 2 small can is placed over the piesometar to keep ocut dirt and water during the
rest of the installation. If the water does not fall, the piezometer should be
flushed with a pitcher or stirrup pump and reaugered i1f flushing does not clear it.
The two calibrated and tested tensiometers are then installed on opposite sides of
the cylinder and ; to 4 inches from it on a line at right angles to that of the
piezometers, The calibration and testing for these should be done in the laboratory,
so that the tensiometers are ready te install when taken to the field. Instructions
for calibrating and testing them can be obtained from the menufacturer of the
tensiometers. During the testing, 100 on the scale i= set at zero tension, so that
pressures caused by rising water table can be observed. The heoles for the
tensiometers are excavated with 2 1 inch socil auger to 2 depth of 9 inches. A
small amcunt of dry soil is then dropped into the hole, followed by a small amount
of water. The tensiometer is then placed in the hole, with the glass tubes facing
away from the sun, and worked up and down in the mud to obiain a good contact between
the porous cup, the mud, and the wndisturbed soil. The amnular space around ihe
tensiometer is filled and tamped with dry soil to within about 1 inch of the seoil
surface., L1 : 1 soil bvemtonite mixture is then added to prevent channelling.
Ixtreme caution should always be exercised when using bentonite to assure that none
of it dropes into the piezometers or into the testing ring. Mercury is then ploced
in the tensiometer cup and the tubes filled with water, A small ear syringe is
used to remove air from the tensiometer tube,.

The carburetor float apparatus should be installed and adjusted to hold 2
constant & inch head in the cylinder., The carburetor is comnected to the head tank



with the rubber tubing. The tank should always be anchored and the gage should
face away Ifrom the sun. The cylinder is then filled with water to the & inch mark,
and the valve of the carburetor opesned, The hole outside the cylinder sheould 2lso
be filled to a depth of & inches. When al)l adjustments have been made and the
iensiometers are full, the time and water content of the tank are recorded. The
hole cutside the cylinder should be kept approximately full to the & inch depth
during the entire test period. It is deeirable, but not eseential, to use an extra
tank and carburetor for this purpose, but if this is not available the hols outside
of the ¢ylinder can be filled to a & inch depth each time the site iz visited,
Figure 14 showe the equipment for this test.

The head tank should be checked two or three times a day, depending upon the
percolation and permeability rates, and filled as necessary, Bach time the site is
visited, a record should be made of the {time, the volume of water in ithe tank, the
gage readings of the tensiometers and piezometers, and the temperature and the
permeability computed. Yhen the tensicmeter gages read approximately 100 [zerc
tension), no water shows in the piezometer, and water is moving through the & inch
test layer at a constant rate, it can be assumed that the requirements of Darcy's
law hawve heen met,. Teneiometers vary in different soils and it is not always
possible to get the 100 reading. If they stabilize at readings between 100 and 105,
they are probably indicating saturated conditions for that particular seil, Also,
it is not necessary for beth tensiometers to have the same reading as long as they
both read in this range.

If the saturated fromt should reach & zone less permeable than the layer being
tested before the requirements of Darcy's law are met, a mound of water will build up
into the test zone., When this happens, the hydraulic gradient will be lesgs than
uwnity, and the base of the z0il column being tested will be at greater than atmos-
pheric pressure, This condition will be shown by both piezometers and tensiometers.
At the time the piezometers show that a mound has reached the bottom of the cylinder,
the test will no longer give & true permezbility wvalue, When thie happens, the
tests will either have to be stopped or the mound lowered below the bottom of the
cylinder. ‘When the material between the boitom of the cylinder and the less
permeable zone has a fair rate of permeability, it is sometimes poseible to lower
the water table mound by augering a number of holes arownd the outside periphery of
the cylinder approximately 10 inches from the sides. These holes, when filled with
sand, wWill act as inverted drainage wells, and under most conditions will lower the
mourd . If the holes do not provide the necessary drainage, the testing equipment
mist be moved down to the less permedble zone and the test rerun.

L% the close of the test, the =oil iz excavated from arcund the cuteide aof
the cylinder and cut for a short distance under the sylinder. A chain placed around
the cylinder and pulled by a truck will usually breazk the soil across the bottom so
it can be examined for root holes, cracks, and possible chammelling.

Computations

Fermeability computations for the ring-permeameter test are very simple.
The formula used iz a form of the Darcy flow eguation:

VL
k wm—
tAH
where:
k = permeability in inches per hour,
V = volume of water passed through the soil in cubic inches,
A = cross-sectional area of the test cylinder in square inches,
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time in hours,

=
1]

length of the scil ecolumn in inches, and

height of the water level above the base of the ring, in inches.
& sample data sheet and computations are shown in Figure 15.
When fluctuations in the water temperature exceed EDC, viscosity correctiions

should be made. This usually resulisz in more uniform permeability values, as can
be illustrated by using the temperature readings shown in the sample data sheet,

Figure 15.

Limitations of the Ring Fermcameter Test

The principal limitation in this test is that the material directly below the
test zone must have equal or greater permeability than the test zone. Aleso, it
mist extend to a sufficient depth below the test zone that a steady staie flow 1=
reached for at least three consecutive readings before any water mound builds up to
the bottom of the eylinder.  Another limitation is where there are progressively
tighter soils below the test zone. Uith this condition, a steady state flow is
never reached, and the permeability apparently becomes less as the test proceeds.
inother condition which results in unreliable data is when the test szone is
immediately above a thick, very permeszble maierial. A fairly gsteady state flow
can be obtained, but the tensiometers will never indicate zero tensions below the
test zone, and thus the requirements of Darcy's law are not met. As in most in-
place methods, the test cannot be used in rocky or coarse gravel materials because
the cylinder cammot be driven intc such materials, and even if the cylinder could
be installed there would probably be channeling along the inside periphery of the
ring.



1 Temp/1] AdJ. [
Initial Final |[Time Tank reading, i"-Tr:rlm, Q, of | Viscosity | Q, Parm, Tenalometers i' Plezometars
" Date |Iime| Date Time| hrs | cu in | cu in | cubic|water,| of watar, |cubie injhr|ﬂ-nide S-side E-side[W-side
|Initial| Final ¥ lin/bhr| *C |Centipoises|in/hr ! | . .

E-l@-zgﬂo_a I0-13 1212 %.20, 0 | 32| 362 | 85.2] 17 1.08928 (85,0 | 185 | 157 | dry | dry
«13-58 [1212|10-13[1630] B.30( 362 | Teo2| 360 | B3.8| 19 | 1.0299 | Tl.7 | s 152 dry | dry
10-13-5811630[10-1k]0725[1h.92] 722 | 1742[ 1020 | &8.3[ 13 1.2028  [74.0 | 135 138 dry dry
10-14-5810725110-18]1235[ 5.17[ 17L2 2110| 368 T1.2| 16 e o s S A T G [ 131 133 dry dry
| 10-15-5811235 [10-14116351 %.00!| 2110 2308! 283 T2.0{ 18 [ 1.0599  |68.5 [ 122 | 127 | dry | dry
| 10-14-5811635/10-15{0750(15.25] 2395 | 33447 ohs | 62.0] 1L | 1.1709 '6s5.h T e L T ary
| 10-15-58|0750110-1511215] L.L2] o [ 281l 2B | 63.6] 15 | 1.1111 (43.6 . 0.12! 111 | 113 | dry | ary
;10-15-55{1215 10=15{1710! L.92] 2B1 | 555 305 84.01 19 | 1.0299 T.2/2] 0.1l 168 | 169 | dry dry
| L0=15=5071T10]10-1670735 1482 566 | 13837 797 5.3 12 | 1.2363 6l.6 [ 0.12[ 103 | 105 T dry = dry
-15-58 (0735 [10-16(1210] §.58| 1383 | 1661 278 | 60.7| 15 | 1.1Lok 88,3 | 0.12] 105 | 10k | dry  ary
10=16=58 1210/ 10-16] 15650 4.67| 1661 | 1s62] 301 eh,b] IH | 1.0559 Bl.1 | 0.12| 102 | 102 dry dry
-156-58 [ 16501 10-17| 0620 1 15.50] 1962 | 283L| B6S | 56.0]| 13 | 1.2028 60.6 | 0.12] 106 | 102 dry dry

| Notes: I_J_._ This is the temperature of the water moving into the test zone and 1ls measured in the tast cylinder,
/2 Adjusted Q = %;g% x 62.0 = 57.5 (Adjusted to average tank water temperature of 15* C whlch is the

first reading after apparent stabilization)

Lotation:
Depth:

Calculations: k = VL o SL

Therefore:

Hole D-2--Sample Parm Obaserver: A. P. Browm

tAH AH
Q = 61.2 eubic inches per hour average (Average for %8.5 hours)
Aw wr2 = 3.1416 x 92 = 254.5 aquare inches
L = 6 inches
Hw 12 inches
k=0 x 0,00196 = 61.2 x 0.001965 = 0.12 inch per hour

DATA SHEET FOR RING PERMEAMETER TEST
I03-D-65%

Pigure 1

't

Data sheet for ring-permeameter test



APFPENDIY B.2
INFILTRATION MEASUREIMINT USTHG DOUT & RING INFILTROMET

Introduction

The infiliration capacity or rate at which water enters the s6il under given
conditions has been desecribed in seciion 2.5.1. It refers to the vertiecal entry of
water into the scil surface and should not be confused with hydraulie conductivity,
or permeability, which is a measure of the ability of & soil to transmit water in
all directiona, horizontally as well as vertically (section 2.5.2). Twe fijures
are of interest — the initial intake rate (say in the first hour) and the equilibrium
or bapic intake rate when the intake has become constant after several hours.

The rate of infiltretion can be measured by observing the fall of water within
two concentric cylinders driven into the soil surface. The use of a double ring,
with measwrement confined to the inner ring, minimizes error due to flow divergence
in direetions other than the wvertical, If metal cylinders are not available the
outer one can be substituted by an earth dike.

Water of the same quality as will be used for irrigation should preferably
e used, or misleading results may ensue. duirk (1957) has demonstrated substantial
inereases in infiltration rates by increasing the electrolyte concentration of the
applied water.

The test should normally be run for six hours (and not less than four).
The amount of water required depends on soil conditions. One 200 litre drum mey
guffice on impermeable clays whereas sandy soils may take four or five drums. The
teat does not work well on cracked clays as the water disappears too fast and the
results are too variable to be reliable. The initial water content during secil
survey operations is likely to be variable, but the test cammot be done on saturated
goil. Traporation rates are usually toc low to be significant, but if the infil-
tration rate is very low and the weather is hot and dry it is necessary to correct
for svaporation.

Three to five replicates should be run at each site. It is often comvenient
to make the teats cloge to 2 sanpled profile pit so that complete data on the secil
is obtained, The test can be made on bare or vegetated seil. The later may be
more useful for irrigation uses, but the rate under & grase .sward is usually substan—
tially higher than on cultivated land. The vegetation must be clipped down so that

it does not break the water surfaece and loose material which would fleat sheould be
clesred off.

Eguipment
Steel cylinders, 40 cm high. Seam is ground smooth on inside. One end
should be bevelled from ouiside to inside. For ease of transpert they should
be of different dizmeters to fit inside one ancther: the immer ones zbout
28-33 cm and the outer cmes 50-G50 cm.
Driving plate made of 1.9 om steel.
(me hardwood 15x15 cm timber having 0.6 om steel plate bolted to one side,

Means of storing and transporting water (water trailer or drums, bucket,
hosepipa).

7 kg sledge hammer, or heavy weight with handle.

Hook gauge.



Burlap c¢loth.
Auger and shovel.
Scisgors or shears for clipping vegetation.
1 000 ml graduated cylinder or triangular ruler.
Watch or stopwatch.
Forms for observations. Craph paper.
Procedure

The pairs of cylinders should be installed "~10 m apart on sites representative
of the s0il to be tested. Drive cylinders inteo the soil to approximately 15 om depth,
by placing the driving plate over ihe cylinder with a heavy timber on top. Rotate
the timber every few blows and check that penetration iz uniform and vertical. Tap
the scil firm next to the ineide and outside of the cylinders. Place burl=p cloth
{or similar) over the soil to dissipate the forece of the water and reduce turbidity.
Get everything ready for 21l the replicates before starting the test,

i1l beth cylinders to a depth of sbout 10 em and record the time z2nd the
height of the water in the imner cylinder using o hook pauge (made from thick wire
or welding rod with a sharpened point).

e the same for the replicates. ftepeat the measurement after 10, 20, 30, 45,
60, 9C, 120 minutes and each hour for the remainder of the test (more often if the
infiltration rate is rapid).

The infiltration can be measured either by measuring the distance of lhe water
surface from the top of the cylinder before and afler topping up (using a triangular
ruler with the hook gauge) or by measuring [with a 1 000 ml measuring coylinder) the
amount of water regquired for topping up to a fixed hook gauge (707 ml of water ia
equal to 1 om depth in 2 40 cm cylinder)., The former is simpler when different
diameter cylinders are used. The outer cylinder should be kept at approximstely
the same level as the inner one: it is importent that it should never be filled

higher than the inner cylinder or the measured water level mey rise instead of fallig.

The recordings should be entered on a form and the average hourly rates
calculated. The curves of infiltration vs time should be plotted on graph paper
and the cumulative amount of water infiltrated alse plotied as a check. {There is
ample time %o do this in the field between measurements and it should be done at onece
soc that errors can be rectified). If one cylinder gives a widely differeni rate
from the others (perhaps because of a2 hidden insect burrow) it should be rejected in
making the averages.

After the test period the cylinders are removed and an excavation should be
made through the centre of the 30 cm cylinder site in order to draw the outline of
the wetted eoil on graph paper. In esome conditions an auger can be used to delineate
the wetted area; in sandy or moist soil the wetting pattern may be too deep or
indeterminate to outline.

From the graph the values of the maximum initial infiliration rate and the
basic rate can be obtained. Measurements should be made at several sites on the
Bame Boil series to obtain a religble average. The infiltration rates for varioue
soile can then be comparsd, and the diagram of the wetting pattern is helpful in
explaining differences between them (for example claypan soils may have a rapid initial
intake which soon decreames to very slow, whereas loamy friable soils may have a lower
initial intake rate but a higher final rate).



