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Classification
and Use of

I 17 gation Waters:

W L. V. Wrecox,? senior soil scientist, Soil und Water
Cangereation  Research Breneh, Agrienffural Re-
seareh Nervicee

Irrigation waters, whether diverted from surface streanis or
pumped from wells, carry certain chemical substances in solution,
dissolved from the rocks or soils over which the waters have passed,
The u)ucenthmon and natnre of these dissolved constituents deter-
mine the quality of the water for irvigation nse.

Acceurate chemieal analyses of 11‘ntratmn waters identify the more
importunt substances that are pl*osont and show their concentration.
From such analyses it is possible to classify waters in terms of their
suitability for irrigation and to anticipate with some assurance the ef-
feet of the water on crops and on svils.  The purpose of this circular
is to explain the analysis and elassification of irrigation waters and

the special problems involved in their use.

COLLECTION OF WATER SAMPLES

As a detailed znml)&m of a water is thme consuming and expensive,

are should be taken that the sumple represents the stream or well
from whicl it is taken. Samples from streams should be collected
from running water, well downsiream from tributaries. Samples
from wells shonld be taken after the well has been in operation for
some time.  Clean glass bottles with cork or rubber stoppers ave suit-
able containers. The & amples should he transferred to the laboratory
promptly after collection.

L order that an analysis may be of greatest use, not only for the
immediate pwipose but for futive 1*91“?91911(*0 the following mforma-
tion should accompany each sample sent to the laboratory: 7o

' Report of a study in which certain phases were earried on under the Research
and Marketing Act of 1946,

*Mr. Wilcox is Asgistant Director of the United States Salinity Laboratory,

Riverside, California,

2he United States Salinity Laboratory does not unalyze waters exeept in the
course of ity own investigations or thoxe cowdieted for other Government
ageneies,

1
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COLLECTOR’S DESCRIPTION OF WATER SAMPLE

Collector’s No........ ; Lab, No........ ; Date........ ; Collector...........
L T U

.......................................................................

.....................................................................

County Miles—distance nearest town USGS sheet

Location.... %, Sec....; .. .. ... B e e
Distance and direction from
section coruer or landmark

Other deseription. ... ... .. i e e e
Depth...... ; Depth to upper perforations...... ; Casing diameter............
Discharge. .. ... ; Static level. . . ... sDrawsdownto.............. ... .......
Temp............ ;Odor...... ; Gas. ... .. sColor. ..o
°C.or°F

Use: Irrig., Municipal, Ind,, 8tock, Domestic. .. ........... ... ... ... .. ...
Approximate acreage served, CrOPS. ... ... .t e
Condition or symptoms of land or 6rops... ... iiii i
Owner’s opinion of waterquality. .. ... ... ... ... ... . .. i
Collector’s Temarka. . ...ttt e et e e
RepOrt 01 . e e e e e e

...................................................

(Please draw a map on the reverse side, if necessary, to show the exact location
of the sampling site.)
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ANALYSIS OF IRRIGATION WATERS
Methods of Analysis

The procedures that are recommended for the analysis of irrigation
waters are given in detail in chapter 8, United States Department of
Agriculture Handbook 60.* These methods are reasonably rapid and
yield results of satisfactory accuracy, but any set of procedures of
comparable accuracy may be substituted.

Explanation of an Analysis and Its Items

The following is a typical analysis of a river water that is used for
the irrigation of thousands of acres of farm land.

ANavLysis oF WATER SAMPLE No. 224311

Electrical conductivity (EOX10° at 25° C.) e micromhos/em.. 1,010
Soluble-sodium percentage (SSP).... — 41
Sodinm-adsorption-ratio (84R) —- - 2.5
Residual sodium carbonate (BRS8C) —— (1}
Boron (B) e e e e o e o parts per million__ 0. 15
DHSF0LVed SOUAS e o e e e o e do.___ 101
pH___ I — N e e e 7.8
Cations: meq./1 | Anions: meq./l.
Caleium {Ca) e 3.54 Carbonate (COs) oo 0.12
Magnesium (Mg) oo 2.43 Bicarbonate (HCO,) 1. 8%
Sodium (N&) i 4.30 Sulfate (SO.) 5,92
Potassium (K)o .10 Chloride (Cl) oo 2. 40
Nitrate (NOs) oo .01

Total 10.37
TOEAL e e 10.33

! For definitions, abbreviations, and symbols, see “Glossary” and subsequent
sections.

The items of an analysis are explained as follows. .

Uxirs.—It is customary to express the concentrations of cations
and anions either in parts per million (p. p. m.) or in milliequivalents
(milligram equivalents) per liter (meq./L); the latter unit is pre-
ferred. Both units are defined and factors for converting p. p. m. to
meq./l. are given on pages 16 to 18. The unit meq./1. has at least 2
advantages that the unit p. p. m. does not have: 1 milliequivalent of
any ion will exactly combine with or be equivalent to 1 milliequivalent
of any other ion; and in any solution, such as an irrigation water, the
sum of the cations should equal the sum of the anions in terms of
equivalents. Differences between cations and anions signify that there
are undetermined constituents present or that there are errors in the
analysis.

The expression “electrical conductivity” is synonymous with
“specific electrical conductance.” The standard unit for conductivity,
mho/cm., is so large that most natural waters have a value of much

*UNITED STATES SALINITY LABORATORY STAFF, DIAGNOSIS AND IMPROVEMENT OF
SALINE ANp ArLkarr sorLs. U. 8 Dept. Agr. Handb. 60, 160 pp., illus. 1054,

(This handbook may be consulted in most agricultural libraries or purchased
1f3r01§2 ge Superintendent of Documents, U, 8. Government Printing Office,
or $2.00.)
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less than 1 unit. For purposes of convenience in recording or ex-
pressing such results, the value in mho/em. is multiplied by 10¢
(decimal point moved 6 places to the right) and reported as
micromhos/cm. or /0 X 108at 25° C. The several methods of reporting
conductivity are as follows, (The conductivity from the foregoing
analysis is used as an example.)

EC ==0.00101 mho/cm.

E ¢ x10%=1,01 millimhos/em.
L0 % 10°=101 (K X 10°)

FC X 100=1,010 micromhos /cm.

Erecrricarn coxprernviry.—Kleetrical condnetivity is commonly
used for indicating the total concentration of the jonized constituents
of a natural water. It is closely related to the sum of the cations (or
anions) determined by chemical analysis, and it correlates well with
the value for dissolved solids. In the cluassification of waters, dis-
cussed in the next seetion, conductivity is the measure of the salinity
hazard involved in the use of the water for irrigation.

SoLuBLE-s0DTUM PERCENTAGE (SSP).—This term is also referred to
as the percent sodinm, or sodimn percentage. It isa calculated value
and is defined by the following eqnation in which the concentrations
are in meq./1.:

Soluble sodium concentration
S§P="- : " X 100
Total cation concentration
It is useful in characterizing a water, since a high value indicates n
soft water and a low value indicates a hard water. It is indicative
of the sodium (alkali} hiazard but is not as satisfactory a measwre of
thishazard as is the sodium-adsorption-ratio.

SopruM-apsorrTION-RATIO (SAR).—This is a caleulated value and

is defined by the equation

in which the concentrations are expressed in meq./l. A nomogram
for determining the 84 B value of an invigation water is shown (fig. 1).

An exchangeable-sodinm-percentage (£SP) scale is included in the
nomogram opposite the SAR scale. This £SP scale is based on an
empirical equation that relates ZSP o SAR. For a more detailed
discussion of this relationship, see United States Department of Agri-
culture Handbook 60, cited previously. After the SAR value of an
irrigation water is determined by use of the nomogram, it is possible
to estimate from the central scale the £8P value of a soil that is at
equilibrium with this irrigation water. Under field conditions, the
actual £'SP may be somewhat higher than the estimated equilibrium
value. This is because the concentration of the soil solution is in-
creased by evaporation and plant transpiration, resulting in a higher
SAR and a correspondingly higher £S8P. The ESP estimated from
the central scale of the nomogram can therefore be regarded as a
minimum value that is often exceeded in the field.
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¥iorre 1—Nomogram for determining the SAR value of irrigation water and
for estimating the corresponding ESP value of a soil that is at equilibrium
with the water.

20

Resiouar sop1oa carsoNatTe (2SC).~This term was proposed by
Eaton  and defined as

R80=(CO#+HCO, ) — (Car+ Mg*)
in which the concentrations are expressed in meq./l. The chemistry

involved is discussed under “Anions,” and its significance in the sec-
tion “Classification of Irrigation Waters.”

*BATON, F. M. SIGNIFICANCE OF CARBONATES IN IRRIGATION WATERS. Boil Sel
GY: 123-133. 1850.
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Boron (B).—This is the characteristic element of such well-known
compounds as borax and horic acid. It is found in practically all
natural waters, the conceniration ranging from traces to several
p. p. m. It is essential to plant growth, but is exceedingly toxic at
concentrations only slightly above optimum. Plants usually show no
symptoms of boron deficiency if irrigated with water containing at
least 0.1 p. p. m. of B, but injury may develop on the more sensitive
plants when irrigated with water containing boron in excess of 1
p. p. m. Permissible limits of boron in irrigation waters and a rela-
tive tolerance list of plants are given later in this circular (see table 1).

DissoLvep sorms.—This is a measure of the total quantity of dis-
solved matter carried by a water. It is determined by evaporating to
dryness a filtered sample of the water and weighing the residue
Dissolved solids can be estimated from the electrical conductivity by
using the relationship given on page 17.

PI% rEADING.—This is an expression of the intensity of the acid or
alkali in a water. The scals extends from O (strongly acid) through 7
§neutral) to 14 (strongly alkaline). Most western irrigation waters

all in the mildly alkaline range, 7 to 8.5.

Carroxs.—Caleium, magnesium, sodium, and potassium are the
cations or basic constituents ordinarily present in significant concen-
trations in irrigation waters. Calcium, magnesium, and potassium
are essential plant foods. Sodium is taken up freely by many plants,
but it probably is not essential in the same sense as the other nutrients
and it may be actually toxic to some plants.

The sodium or alkali hazard involved in the use of a water for
irrigation is determined by the absolute and relative concentrations of
the cations. If the proportion of sodium is high, the alkali hazard is
high; conversely, if calcium and magnesium pfreéominate, the hazard
islow. Alkali soils are formed by the accumulations of exchangeable
sodium and are often characterized by poor tilth and low permeability.
The SAR, as discussed previously, provides an estimate of the sodium
or alkali hazard and is used for this purpose in the classification of
irrigation waters.

Antons.—The more important anions found in irrigation waters
are carbonate, bicarbonate, sulfate, chloride, and nitrate. Sulfate and
nitrate are essential plant nutrients and are desirable in reasonable
concentrations. Chloride in higher concentrations is undesirable, as
it is toxic to some plants,

Carbonate waters are strongly alkaline, but bicarbonate waters are
only mildly so. The total quantity and relative proportions of the
two determine, to a great extent, the tofal alkalinity as well as the
pH reading of a water. In waters centaining high concentrations of
these ions, there is a tendency for calcium and possibly magnesium to
precipitate as carbonates when the water is concentrated by transpira-
tion and evaporation. With the removal of calcium and magnesium
from the soil solution, the relative proportion of sodium is increased
with the attendant increase in alkali hazard. The residual sodium
carbonate (Z8C), as previously defined, is a measure of the hazard
involved in the use of high-bicarbonate waters. Permissible limits
for RSC, based on field observations and greenhouse tests, are given
in the section “Classification of Irrigation Waters.”
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CLASSIFICATION OF IRRIGATION WATERS

In classifying an irrigation water, it is assumed that the water will
be used under average conditions with respect to soil texture, infiltra-
tion rate, drainage, quantity of water used, climate, and salt tolerance
of the crop. Large deviations from the average for one or more of
these factors may make it unsafe to use a water that would be safe
under average conditions. Similarly, under some unusual circum-
stances it may be possible to use a water that would be considered
unsafe under average conditions. This relationship to average con-
ditions must be kept in mind in connection with the use of any general
method for the classification of irrigation waters.

Salinity Hazard

Under average conditions, as already mentioned, there is a close
relationship between the conductivity of an irrigation water and the
conductivity of the saturation extract of the soil. The growth of
plants, in turn, is inhibited or prevented by higher saturation-extract
concentrations and is not affected seriously by lower concentrations.®
Electrical conductivity therefore becomes a satisfactory measure of the
salinity hazard involved in the use of water for irrigation.

Waters are divided into 4 groups with respect to conductivity, the
dividing points between classes being at 250, 750, and 2,250 micromhos/
cm, (see fig. 2). These class limits were selected in accordance with the
relationship between electrical conductivity of irrigation waters and
the electrical conductivity of saturation extracts.

From a review of the analyses of water samples from more than
1,300 irrigation water sources of the West, representing both surface
and ground waters, it is apparent that more than half of the waters
have conductivity values below 750 micromhos/cm. and that less than
10 percent have conductivity values above 2,250 micromhos/cm.

ontrol of salinity is discussed on p. 12.

Sodium (Alkali) Hazard

The establishment of water-quality classes from the standpoint of
the sodium hazard is more complicated than for the salinity hazard.
The problem can be approached from the viewpoint of the probable
extent to which soil will adsorb sodium from the water and the
rate at which such adsorption will occur as the water is applied.

Consider the simple case where a nonalkali soil is leached continu-
ously with a high-sodium irrigation water and an increase in concen-
tration of the salts in the solution is prevented by the absence of plant
growth and of surface evaporation. Under these conditions, the
exchangeable-sodium-percentage (£87) which the soil will eventually
attain when it and the water are in equilibrium can be predicted closely
from the sodium-adsorption-ratio (§4R) of the water; the rate at
which the equilibrium condition will be attained will depend on the
total cation concentration or electrical conductivity of the water.
Thus, for this situation, application of waters having the same sodium-

¢ Plant response and crop selection for saline and alkali soils is discussed in
chapter 4, U. 8. Department of Agriculture Handbook 60, previously cited.

346908—55—2
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adsorption-ratios and variable electrical conductivities would ulti-
mately result in about the same exchangeable-sodium-percentages, but
the amount of water required to bring the soil to this ultimate ex-
changeable-sodium-percentage would vary inversely with the electrical
conductivity.

In actual practice, the SA 22 of the soil water increases, owing to the
increase in concentration of all salts and the possible precipitation of
caleium and magnesium salts, as the moisture content is decreased by
plant extraction and surtace evaporation. This resnlts in a somewhat
higher £8P than would be predicted directly from the SAZ of the
water. Although the SAZ% 1s the best availagle index of the equilib-
rium Z 8P of soll in relation to irrigation water, total cation concen-
tration or conductivity is an additional factor and is taken into
account in the classification of sodium hazard given in the next section.

Control of exchangeable sodium (alkali) in soil is discussed on
p. 14.

Diagram for Classifying Irrigation Waters

The diagram for the classification of irrigation waters (fig. 2) is
based on electrical conductivity in micromhos/cm. and on the sodium-
adsorption-ratio.

The curves are given a negative slope to take into account the depend-
ence of the sodium hazard on the total concentration. Thus, any
water with an SAR of 9 and a conductivity of less than 168 is classed,
insofar as sodinm hazard is concerned, as an S1 water. With the
same SAR and a conductivity between 168 and 2,250, it becomes an
S2 water; and with a conductivity greater than 2,250, the water is
rated S3. This system, by which waters at a constant SAZR value are
given a higher sodium-hazard rating with an increase in total con-
centration, is arbitrary and tentative, but it seems to be supported by
field and laboratory observations. .

To use the diagram, the electrical conductivity and the concentra-
tions of sodium and calcium plus magnesium for the irrigation water
are required. If ouly the concentration of calecium plus magnesium
is known, sodium can be estimated as follows:

Na*=(E0x10°/100) — (Ca*+Mg*)

Conversely, if only sodium is known, calcium plus magnesium can be
estimated by the equation

(Car+Mg™) = (£C%X10°/100) — Na'

The ionic concentrations are expressed in milliequivalents per liter
(meq./1.).

The SAR can be calculated from the defining equation or estimated
from the nomogram (fig. 1). Using SAR and the £C X1(¥ as co-
ordinates, locate the corresponding point on the diagram. The posi-
tion of the point determines the quality classification of the water.
This is illustrated by the analysis of the irrigation water already
given, in which calcium plus magnesium equals 5.97 meq./1; sodium,
4.30 meq./1; and electrical conductivity (£¢ X10), 1,010 micromhos/
cm., The SAZR, calculated from the defining equation or estimated
from the nomogram (fig. 1), is found to be 2.5. The point on the dia-
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Frevre 2—Diagram for the classification of irrigation waters.

gram corresponding to these coordinates (SAR=2.5, £0 X 10°=1,010)
classifies the water as ¢'3-S1.

The significance and interpretation of the quality ratings on the
dingram (fig. 2) are smmmarized as follows:

CoxpucTrivity

Low-sulinity water (('1) can be wsed for irvigation with most crops
on most soils, with little likelihood that a salinity problem will de-
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velop. Some leaching is required, but this occurs under normal irri-
gation practices except in solls of extremely low permeability.

Medium-salinity water (C2) can be used if a moderate amount of
leaching occurs. Plants with moderate salt tolerance can be grown
in most instances without special practices for salinity control.

High-salinity water (C3) cannot be used on soils with restricted
drainage. Even with adequate drainage, special management for
salinity control may be required, and plants with good salt tolerance
should be selected.

Very high salinity water (04) is not suitable for irrigation under
ordinary conditions but may be used occasionally under very special
circumstances. The soils must be riermea,ble, drainage must be ade-
quate, irrigation water must be applied in excess to provide consider-
able leaching, and very salt-tolerant crops should be selected.

SoproM

The classification of irrigation waters with respect to SAR is based
primarily on the effect of exchangeable sodium on the physical condi-
tion of the soil. _Sodium-sensitive plants may, however, suffer injury
as a result of sodium accumulation in plant tissue when exchangeable
sodium values are lower than those eé)ective in causing deterioration
of the physical condition of the soil.

Low-sodium water (S1) can be used for irrigation on almost all soils
with little danger of the development of harmful levels of exchange-
able sodium. However, sodium-sensitive crops, such as stone-fruit
trees and avocados, may accumulate injurious concentrations of
sodium,

Medium-sodium water (82) will present an appreciable sodium
hazard in fine-textured soils of high cation-exchange-capacity, es-
pecially under low-leaching conditions, unless gypsum is present in the
soil. is water may be used on co:u-se-texturef or organic soils that
have good permeability.

High-sodium water (83) may produce harmful levels of exchange-
able sodium in most soils and wiﬁ require special soil management—

ood drainage, high leaching, and additions of organic matter.

ypsiferous soils may not develop harmful levels of exchangeable
sodium from such waters. Chemical amendments may be required
for replacement of exchangeable sodium, except that amendments
may not be feasible with waters of very high salinity.

Very kigh sodium water (S4) is generally unsatisfactory for irriga-
tion purposes except at low and perhaps medium salinity where the
solution of calcium from the soil or use of gypsum or other amend-
ments may make the use of these waters feasible.

Sometimes the irrigation water may dissolve sufficient calecium from
calcareous soils to decrease the sodium hazard appreciably, and this
should be take into account in the use of €1-83 and 01-8§4 waters.
For calcareous soils with high pH values or for noncaleareous soils,
the sodium status of waters in classes ('1-83, 0184, and €2-54 may be
improved by the addition of gypsum to the water. Similarly, it may
be beneficial to add gypsum to the soil periodically when 02-S3 and
('3-82 waters are used.

Y
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Effect of Boron Concentration on Quality

The occurrence of boron in toxic concentrations in certain irriga-
tion waters makes it necessary to consider this element when assess-
Scofield © proposed the limits shown

ing the quality of water.

(table 1).
TasLe 1.—Permissible limits of boron for several classes of irrigation

waters

Bensitive Semitolerant Tolerant

Boron class crops crops crops

P . p m. P, p. m. P.opom.
SRR <0.33 <0, 67 < 1. 00
e e 0.33 to .67 0. 67 to 1. 33 1. 00 to 2. 00
B NSO .67 to 1. 00 1.33t0 2. 00 2.00 to 3. 00
L S 1,00 to 1. 25 2. 00 to 2. 60 3.00t03.75
B e e >1.25 >2. 50 >3.75

Plant species differ markedly in their tolerance to high concentra-
tions of boron. In areas where boron occurs in excess in the soil or
irrigation water, the boron-tolerant crops may grow satisfactorily,
whereas sensitive crops may fail. The relative boron tolerance of a
number of crops as determined by Eaton,® with only minor modifica-
tions based on more recent field observations, are shown (table 2).

Differences of a few places in the position of a crop in the boron-
tolerance list may not be significant, and there is no sharp division
between successive classes. (%limate and variety may also be factors in
altering the indicated tolerance of a given species.

Effect of Bicarbonate Ion Concentration on Quality

Laboratory and field studies have resulted in the conclusion that
waters with more than 2.5 meq./]. residual sodium carbonate {ZS8C)
are not suitable for irrigation purposes. Waters containing 1.25 to
2.5 meq./1. are marginal, and t]ll}ose containing less than 1.25 meq./1.
BSC are probably safe. It is believed that good management prac-
tices and proper use of amendments might make it possible to use
successfully some of the marginal waters for irrigation.

Summary of Classification Requirements

In appraising the quality of an irrigation water, first consideration
should be given to the salinity and alkali hazards by referring to
figure 2 and the quality-class ratings that accompany the diagram.

T ScorFieLp, C. 8. THE BALINITY OF IRRIGATION WATER., Smithsn. Inst. Ann, Rpt.
1934-35: 275287, illus. 19386,

8 Baron, F. M. BORON IN 80ILS AND IRRIGATION WATERS AND ITS EFFECT ON PLANTS,
WITH PARTICULAR REFERENCE TO THE SAN JOAQUIN VALLEY OF CALIFORNIA. T N,
Dent. Agr. Tech. Bul. 448, 131 pp., illus. 1985,
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TanLe 2.—2Relative bovon tolerance of certain plants

[In each group, the plants first named are considered as being more tolerant;
the last named, more sensitive]

Tolerant Semitolerant Sensitive
Athel (Tamariz aphylle) | Sunflower (native} Pecan
Asparagus Potato Walnut (Black; and Per-
Palm (Phoeniz canari- | Cotton (Acala and Pima) sian, or English)
ensis) Tomato Jerusalem-artichoke
Date palm (P. dactyli- | Sweetpea Navy bean
Jera) .~ Radish American elm
Sugar beet Field pea Plum
Mangel Ragged Robin rose Pear
Garden beet Olive Apple
Alfalfa Barley Grape (Sultanina and Mal-
Gladiolus Wheat aga,
Broadbean Corn Kadota fig
Onion Milo Persimmon
Tuarnip Oat Cherry
Cabbage Zinnia Peach
Lettuce Pumpkin Apricot
Carrot Bell pepper Thornless blackberry
Sweet potato Orange
Lima bean Avocado
Grapefruit
Temon

Consideration should then be given to the independent characteristics,
boron or other toxic elements, and bicarbonate, any one of which may
change the quality rating. Finally, recommendations as to the use
of a water must take into account such factors as drainage and man-
agement practices,

USE OF IRRIGATION WATERS

Control of Salinity

Plant roots take in water but absorb very little salt from the soil
solution. Similarly, water but no salt is lost by evaporation from
the soil surface. IBoth processes result in a concentration of salts in
the soil water. If irrigation water is applied so sparingly that leach-
ing is ineffectual, or if drainage 18 inadequate, the soil will becoine
saline and the growth of crops will be inhibited or prevented.

The Teaching necessary to maintain a favorable galt balanee ean be
accomplished in several ways provided soil drainage is satistactory.
Water can be applied in excess with each irrigation or in very heavy
trrigations at intervals., Tn many aveas, rainfall is sufficient to effect
some leaching. TIf salinity is high at the start, reclamation may re-
quire leaching by ponding water on the surface.

The leaching reguirement is defined as the percent of the applied
irrigation water that must pass through and beyond the root zone to
maintain the salt content of the water deaining from the root zone at
a specified vatlue,  Assuming that it is desired to maintain the soil
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F1eure 3 —Graphical estimate of the leaching regniremeut for an irrization water
of known conductivity if the comductivity of the soil water at the botton of the
root zone is to be maintained helow values indicated on carves.

water at the bottom of the root zone at a conductivity of 4,000 when
using an irrigation water having a conductivity of 1,000, it 1s possible
to estimate the leaching requirement by referring to figure 3.

In this instance the indicated leaching requirement is 25 percent.
This means that to prevent the salinity of the soil water from building
up a conductivity 1}igher than 4,000, the irrigation water with con-
duetivity of 1,000 must be applied in such excess that 25 percent of it
will leach on throngh the root zone. Obviously, this procedure can
give only an estimate of the excess water required, but it should be in
the right order of magnitude, and it does emphasize the necessity for
leaching the root zone in order to control salinity.

The permissible level of salinity in the soil water passing below the
root zone is related primarily to the salt tolerance of the crops to be
grown, The subject of salt tolerance is discussed in detail in chapter 4,
United States Department of Agricultnre Iandbook 60, previously
cited.

As a guide in determining the leaching requirement that may be
necessary, a scale of conductivity and related crop response is shown
in the following tabulation; this material is from Handbook 60. The
conductivity is expressed in terms of micromhos/em, of the saturation
extract of the soil in the root zone. The corresponding conductivity
values for the soil water at the bottom of the root zone would be higher,
in many instances 114 to 2 times as great Thus, if the conductivity
values shown in the tabulation ave used as a guide in deciding the per-
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missible level of salinity in the drainage water, the value selected would
be cimservative and the estimated leaching requirement should be
ample.

Conductivity,
EQ x10° at 25° C.
of the
saturation extract Related crop response
(micromhos/cm.)
02000 e n Salinity effects mostly negligible.,
2,000-4,000 e Restrioted yields of the more sensitive crops, such as:

Avocado, citrus, strawberry, peach, apricot, almond,
plum, prune, apple, pear.
Beans, celery, radish.
Most clover species, meadow foxtail,
4,000-8,000. oo Yields of many crops reatricted.
The more sensitive crops in this group include:

Grape, cantaloup.

Cucumber, squash, peas, onion, carrot, bell pepper,
potato, sweet corn, lettuce.

The more tolerant crops in this group include :

Olive, fig, pomegranate.

Cauliflower, cabbage, broceoli, tomato.

Oats, wheat, rye, alfalfa, Sudan grass, Dallis grass,
strawberry clover, perennial ryegrass, sweet-
clovers.

Flax, corn, rice.

8,000-16,000 .. .. .. Only salt-tolerant crops yield satisfactorily. These in-
clude:
Date polm.
Asparagus, kale, garden beets.
Birdsfoot trefoil, barley, many species of wheatgrasses
and wild ryes, Rhodes grass, Bermuda grass, salt-
Zrass.
Some varieties of cotton.
Sugar beet.
More than 16,000.... . Setisfactory yields from only a few very sali-tolerant
species:
Certain native range plants.

Control of Exchangeable Sodium (Alkali) in Soil

Waters high in sodium affect soils differently than saline low-
sodium waters and may require special management practices. Sodi-
um in the water tends to be fixed or adsorbed by the soil in an ex-
changeable form. As the proportion of exchangeable sodium (alkali)
increases, adverse physical and chemical conditions develop in the soil
that limit or prevent the growth of plants.

Reclamation involves the replacement of the exchangeable sodium
by calcium or magnesium and the removal of the sodium by leaching.
It is often possible to prevent the formation of harmful levels of
exchangeable sodium by the addition of calcium, usually in the form
of gypsum, to the water or to the soil.

’%})1’9 sodium status of the water is expressed in terms of sodium-
adsorption-ratio (SAX). Using figure 4 as a guide, it is possible to
estimate the quantity of gypsum required to reduce the soluble sodium
content of the water to a level that will not produce adverse soil condi-
tions.” For instance, if the SAR of the irrigation water is 22 and the
conductivity is 1,000, the gypsum required to reduce the SAZR to 8
would be 0.29 tons per acre-foot of water. The selection of the value
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Figure 4.~Graphical estimate of the quantity of gypsum to be added to an
irrigation water to reduce the sodium-adsorption-ratio (S4R) to 8§, for waters
having conductivity values indicated on curves.

8 for the SAR of the irrigation water after treatment with gypsum
1s arbitrary but is in the range that should be satisfactory.

SUPPLEMENTAL IRRIGATION

Until comparatively recently, irrigation in the United States was
confined almost entirely to the arid West ; during the past two decades,
however, the use of irrigation water, on a supplemental basis, has
increased rapidly in the humid regions. The 1950 Census of Agri-
culture ® reported a total of 1,516,889 acres under irrigation in the
31 Eastern States.

This type of irrigation presents problems in quality and use of
water that are new and different from those encountered in the areas
of less abundant rainfall. The classification of irri%)ation waters,
presented in a previous section, is not directly applicable to supple-
mental waters used in areas of relatively high rainfall; and the in-
formation and experience avaliable are so meager that a satisfactory
classification cannot be developed at this time.

Certain general statements can be made, however, that may be use-
ful. The following statements are based on the assumption that leach-
ing of the root zone by rainfall takes place at least every year and
probably more often.

? Un1tEp 8TATES DUREAU oF THE CENSUS. UNITED STATES CENSUS OF AGRICUL-
TURE: 1850, 5 v., illus. Washington, D. C. 1952,
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Class €3 waters can probably be used on a supplemental basis with litile
danger to crops, while €4 waters can be used oceasionally on all but the most
salt-sensitive crops. Similarly, it is assumed that the sodium concentration
can be higher under some conditions; that S8 waters would result in very
little damage to erops or soils; and that infrequent applications of an 84 water
might be permissible.

If the irrigation water contains industrial wastes, the concentrations of
boron or other substances toxic to plants should be determined.

In some areas the application of saline irrigation walers by means of
sprinklers has resulted in serious leaf burn. As insufficient information is
available at present to determine when such injury may oceur, trialg on limited
areas are recommended.

Many of the waters of the East are enrrosive to metal pipes. In addition te
the injury to the sprinkler systems, metal ions brought into solution may be
toxic to plants.

GLOSSARY

Erecrricarn Convuerviry—The reciprocal of the electrical resistivity.
The resistivity is the resistance in ochms of a conductor, metallic or
electrolytie, which is 1 ¢cm. long and has a cross-sectional area of
1sq.ecm. Hence, electrical conductivity is expressed in reciprocal
olums per centimeter, or mhos per centimeter. The terms “e}ljectrb
cal conductivity” and “specific electrical conductance” have identi-
cal meaning.

Lquivarext; EQuivarLent Weicnit; Guam EqQuivarexTt Weier~The
weight in grams of an ion or compound that combines with or
replaces 1 gm. of hydrogen. The atomic weight or formnla weight
divided by its valence.

Tqurvarent Per MiiLion.—An equivalent weight of an ion or salt per
1 million gm. of solution or seil. For sofutions, equivalents per
million (e. p. m.) and milliequivalents per liter (meq./1.) are
numerically identical if the speeilic gravity of the solution is 1.0.

Excrazaeastr-Sopt- PercnTace.—The degree of saturation of the
sf;oil ex;t]mnge complex with gsodinm. Tt nay be calculated by the

oriuie

Exchangeable sodium (meq./100 gin. soil)
Cation-exchange-capacity (meq./100 gm. soil)

ImacHing—The process of removal of soluble material by the passage
of water through soil.

Leacuing RequiremuNt.—The fraction of the water entering the soil
that must pass throngh the root zone in order to prevent soil
salinity from exceeding a specified value. Leaching requirement
is used primarily under steady-state or longtime average

18P = X100

conditions.
Murnwquivavent; Mipnaray Equivarent—One thousandth of an
equivalent.

MuuiequivaLenT Per Later; Minuteray EQuivarent Per Later.—A
milliequivalent of an ion or a compound in 1 liter of solution.

Resipuar Soprum CarBonate—The excess of carbonate plus bicar-
bonate over calcium plus magnesium in a water.

RSC=(CO,+HCO,) — (Car+Mg+)

where the ionic concentrations are expressed in milliequivalents
per hiter.
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Sopruar-ApsorrrioN-Ratio.—A ratio for soil extracts and irrigation
waters used to express the relative activity of sodium ions in
exchange reactions with soil.

Nat
\/ (Car+-+Mg+) /2

where the ionic concentrations are expressed in milliequivalents
per liter.

SorusLe-Sopivar Prreexrtaar.—A term used in conneetion with jrri-
gation waters and soil extracts to indicate the proportion of
sodium ions in solution in relation to the total cation concentra-
tion. It may be caleutated by the formda;

SAR=

SSP= Soluble sodium concentration (meq./1.)

Total cation concentration (meq./1.) x 100
SYMBOLS AND ABBREVIATIONS
EC . Flectrical conductivity in mhos/em. unless other-
wise specified.
EOX10°__. . Electrical conductivity in millimhos/cm. (value in
mhos/cm. X 10%).
FOX100 ... Eleetrical conductivity in micromhos/cm. {value in
mhos/cm., X 10%).
mho____.__.___. Reciprocal ohm (ohm spelled backward).
mmho__________ Millimbo.
7211 1 0o YO Micromho.
ESP__ . __ Exchaugeable-sodiuni-percentage.
SAR . ___. Sodium-adsorption-ratio.
RSO Residual sodium carbonate.
1117 I Milliequivalent.
meq. /Lo o Milliequivalent per liter.
PP Parts per million. As comunonly ureasured and

used, parts per million is numerically equivalent
to milligrams pey liter.

C% RSB Ixample of classification of irvigation water; ¢
denotes conductivity (electrical); § denotes so-
dium (SAZ) ; numbers denote respective numer-
ical quality classes.

CONVERSION FORMULAS AND FACTORS

Conductivity to milliegnivalent per liter:
meq./1.=0.01 X £ X 1{® for irrigation waters in the range 100-5,000
micromhos/cm.
Conduetivity to parts per million:
p. p. m.=0.64 X £'C' X 10¢ for irrigation waters in the range 100-5,000
micromhos/cm,
Parts of salt per million parts of irrigation water to tons of salt per
acre-foot of water:
Tons per acre-foot (t. a. £.)=0.00136Xp. p. m.
Grains per gallon to parts per million:
P p- m=17.1X grams per gallon,


http:meq./1.=O.Ol
http:concent.ra
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Millie liivalents per liter (from chemical analyses) to parts per
million:
Multiply meq./1. for each ion by its equivalent weight.
Parts per million to milliequivalents per liter:
Divide p. p. m. for each ion by its equivalent weight.
1 mile=5,280 feet.
1 inch=2.54 cm.
1 foot=30.48 cm.
1 pound=453.59 gm.
1 acre==43,560 sq. ft.
1 acre-foot of soil weighs 4,000,000 pounds, approximately.
1 acre-foot of water weighs 2,720,000 pounds, approximately.
Gallons per minute to cubic feet per second :
c. £.8.=0.002228 X g. p. m.
1 cubic foot per second (ec. f. 5.) =
50 miner’s inches in: Idaho, Kansas, Nebraska, Nevada, New
Mexico, North Dakota, South Dakota, Utah, and southern
California.
40 miner’s inches in: Arizona, California (statute}, Montana, and
Oregon.
38.4 miner’s inches in: Colorado.
1ec. f.s. for 24 hours=1.98 acre-feet.
1 U. S. gallon=231 cubic inches,
8.345 pounds of water.
0.1337 cubic foot.
58,417 grains of water,
1 cubic foot=7.48 gallons.
1 cubic foot of water weighs 62.43 pounds.
1 cubie foot of soil in p%ace weighs 68 to 112 pounds. Bulk density
1.1-1.8 gm./cc.
Average particle density for soils low in organic matter=2.65 gm./ce.,
approximately.


http:matter=2.65
http:foot=7.48
http:pound=453.59
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CHEMICAL SYMBOLS, EQUIVALENT WEIGHTS, AND COMMON

NAMES
I
Equiva-
Chemieal symbol or formula lent, Common name
weight
20. 04 | Caleium ion.
12,16 | Magnesium ion.
23. 00 | Sodium ion.
39. 10 | Potassium ion.
30. 00 | Carbonate ion.
61. 01 | Bicarbonate ion,
48. 03 | Sulfate ion.
35. 46 | Chloride ion.
62. 01 | Nitrate ion.
55, 50 | Calcium chloride.
68. 07 | Caleium sulfate.
86. 09 | Gypsum.
50. 04 | Calcium carbonate.
47. 62 | Magnesium chloride.
60. 19 | Magnesium sulfate.
42. 16 | Magnesium carbonate.
38. 45 | Sodium chloride.
71. 03 | Sodium sulfate.
53. 00 | Sodium carbonate.
84. 01 | Sodium bicarbonate.
74. 56 | Potassium chloride.
87. 13 | Potassium sulfate.
69, 10 | Potassium carbonate.
100. 11 | Potasgium bicarbonate.
16, 03 | Sulfur.
HoSO.. ..o | 49. 04 | Sulfuric acid.
AL (SO 18H0. ... ..., .........0 111.07 | Aluminum sulfate.
FeS0,7H,0 139. 01 | Iron sulfate (ferrous).
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