2. SALINITY PROBLEMS
2.1 INTRODUCTION

Irrigation water contains a mixture of naturally occurring salts. Soils irrigated with this water will
contain a similar mix but usually at a higher concentration than in the applied water. The extent to which
the salts accumulate in the soil will depend upon the irrigation water quality, irrigation management and
the adequacy of drainage. If salts become excessive, losses in yield will result. To prevent yield loss,
salts in the soil must be controlled at a concentration below that which might affect yield.

Most water used for irrigation is of good to excellent quality and is unlikely to present serious salinity
constraints. Salinity control, however, becomes more difficult as water quality becomes poorer. As
water salinity increases, greater care must be taken to leach salts out of the root zone before their
accumulation reaches a concentration which might affect yields. Alternatively, steps must be taken to
plant crops tolerant to the expected root zone salinity. The frequency of leaching depends on water
quality and the crop sensitivity to salinity.

The intent of this chapter is to illustrate the effect of water quality on the build-up of soil salinity and

show how the latter can reduce the soil-water available to the crop. This is followed by a discussion of
how leaching, crop selection and other management techniques are used to make salinity control easier
and allow greater use of more saline water in irrigated agriculture. Emphasis will be on how to manage
intermediate quality water with slight to moderate restrictions on use, as shown in Table 1. Such water
could result in more severe problems if it is not properly managed. The same management techniques

will apply to a poorer quality water, but as quality worsens the options for management become fewer.

2.2 BUILD-UP OF SOIL SALINITY

Salts are added to the soil with each irrigation. These salts will reduce crop yield if they accumulate in
the rooting depth to damaging concentrations. The crop removes much of the applied water from the soil
to meet its evapotranspiration demand (ET) but leaves most of the salt behind to concentrate in the
shrinking volume of soilwater. At each irrigation, more salt is added with the applied water. A portion of
the added salt must be leached from the root zone before the concentration affects crop yield. Leaching
is done by applying sufficient water so that a portion percolates through and below the entire root zone
carrying with it a portion of the accumulated salts. The fraction of applied water that passes through the
entire rooting depth and percolates below is called the leaching fraction (LF).

Leaching . depth of water leached below the root zone
Fraction (LF) depth of water applied at the surface

(2)

After many successive irrigations, the salt accumulation in the soil will approach some equilibrium
concentration based on the salinity of the applied water and the leaching fraction. A high leaching
fraction (LF = 0.5) results in less salt accumulation than a lower leaching fraction (LF = 0.1). If the
water salinity (ECw) and the leaching fraction (LF) are known or can be estimated, both the salinity of



the drainage water that percolates below the rooting depth and the average root zone salinity can be
estimated. The salinity of the drainage water can be estimated from the equation:

= 2 (3)
EC,,, iF

where: _ salinity of the drainage water percolating below the root zone (equal to salinity of soil-
ECyqw water, ECsy)
EC. = salinity of the applied irrigation water
LF = leaching fraction

In Example 1, the leaching fraction and water quality are used to predict drainage water quality. The
plant, however, is only exposed to this drainage water salinity at the lowest part of the root zone. The
salinity in this lower portion of the root zone tends to be higher than in the upper portion due to its much
lower leaching fraction. The crop responds, however, to the average root zone soil salinity and not to the
extremes of either the upper or lower zones.

EXAMPLE 1 - CALCULATION OF CONCENTRATION OF DEEP PERCOLATION FROM
THE BOTTOM OF THE ROOT ZONE

A crop is irrigated with water of an electrical conductivity (ECw) of 1 dS/m. The crop is irrigated to
achieve a leaching fraction of 0.15 (assumes that 85 percent of the applied water is used by the crop or
evaporates from the soil surface).

1dS/m
0.15

Given: ECw
LF

Explanation:

The concentration of the soil-water percolating below the root zone (ECsw) is equivalent to the
concentration of the drainage water (ECdw) accumulating below the root zone. The salinity of the deep
percolation from the bottom of the root zone (drainage water) can be estimated by using equation (3):

EC = EC I (3)

EC = == = 6,7 d5/m

The salinity of the soil-water that is percolating from the bottom of the root zone (ECgw) Will be
approximately 6.7 dS/m.

Equation (3) can also be used to predict average soil-water salinity (ECsw) in the rooting depth if certain
assumptions are made regarding water use within the root zone. The guidelines of Table 1 assume that
40, 30, 20 and 10 percent of the water used by the crop comes, respectively, from the upper to lower
quarter of the rooting depth. This water use pattern closely fits conditions found under normal irrigation
practices. An illustration is given in Example 2 where the above water use pattern is used to estimate
average soil-water salinity (ECsw).



Example 2 shows that with a 15 percent leaching fraction and a 40-30-20-10 water use pattern the
average soil-water salinity (ECsw) is approximately 3.2 times more concentrated than the applied
irrigation water. At a leaching fraction of 20 percent, the average ECsw is 2.7 times the salinity of the
applied irrigation water (ECw). The guidelines of Table 1 were developed assuming a 15-20 percent
leaching fraction range which results in an average soil-water salinity (ECsw) approximately 3 times
that of the applied water. The soil-water salinity (ECsw) is the average root zone salinity to which the
plant is exposed. It is difficult to measure. Salinity measurement is normally done on a saturation extract
of the soil and referred to as the soil salinity (ECe). This soil salinity, (ECe), is approximately equal to
one-half of the soil-water salinity (ECsw). As a general rule of thumb, at a 15-20 percent leaching
fraction, salinity of the applied water (ECw) can be used to predict or estimate soil-water salinity
(ECsw) or soil salinity (ECe) using the following equations:

EC. = 15ECy (5)
ECSW = 2 ECE (6)

If irrigation practices result in greater or less leaching than the 15-20 percent LF assumed in the
guidelines of Table 1, a more correct concentration factor can be calculated using a new estimated
average leaching fraction and the procedure illustrated in Example 2. Table 3 lists concentration factors
for a wide range of leaching fractions (LF = 0.05 to 0.80). The predicted average soil salinity (ECe) is
estimated by multiplying the irrigation water salinity (ECw) by the appropriate concentration factor for
the estimated leaching fraction (see equation (8) in Table 3). These predicted average soil salinities
reflect changes due to long-term water use and not shortterm changes that may occur within a season or
between irrigations. Figure 2 illustrates typical soil salinity profiles that can be identified and are typical
of salinity distribution in the crop root zone after several years of irrigation with one water source and
closely similar leaching fractions.

2.3 SALINITY EFFECTS ON CROPS

The primary objective of irrigation is to provide a crop with adequate and timely amounts of water, thus
avoiding yield loss caused by extended periods of water stress during stages of crop growth that are
sensitive to water shortages. However, during repeated irrigations, the salts in the irrigation water can
accumulate in the soil, reducing water available to the crop and hastening the onset of a water shortage.
Understanding how this occurs will help suggest ways to counter the effect and reduce the probability of
a loss in yield.

The plant extracts water from the soil by exerting an absorptive force greater than that which holds the
water to the soil. If the plant cannot make sufficient internal adjustment and exert enough force, it is not
able to extract sufficient water and will suffer water stress. This happens when the soil becomes too dry.
Salt in the soil-water increases the force the plant must exert to extract water and this additional force is
referred to as the osmotic effect or osmotic potential. For example, if two otherwise identical soils are at
the same water content but one is salt-free and the other is salty, the plant can extract and use more
water from the salt-free soil than from the salty soil. The reasons are not easily explained. Salts have an
affinity for water. If the water contains salt, more energy per unit of water must be expended by the
plant to absorb relatively salt-free water from a relatively salty soil-water solution.

EXAMPLE 2 - DETERMINATION OF AVERAGE ROOT ZONE SALINITY



The average root zone salinity can be calculated using the average of five points in the rooting depth.
The following procedure can be used to estimate the average root zone salinity to which the crop
responds.

ASSUMPTIONS

1.
2.
3.

Applied water salinity (EC,;) =1 dS/m.

Crop water demand (ET) = 1000 mm/season.

The crop water use pattern is 40-30-20-10. This means the crop will get 40 percent of its ET
demand from the upper quarter of the root zone, 30 percent from the next quarter, 20 percent
from the next, and 10 percent from the lowest quarter. Crop water use will increase the
concentration of the soil-water which drains into the next quarter (ECs,) of the root zone.
Desired leaching fraction (LF) = 0.15. The leaching fraction of 0.15 means that 15 percent of the
applied irrigation water entering the surface percolates below the root zone and 85 percent
replaces water used by the crop to meet its ET demand and water lost by surface evaporation.

EXPLANATION

1.

2.

Five points in the root zone are used to determine the average root zone salinity. These five
points are soil-water salinity at (1) the soil surface, (ECsw0); (2) bottom of the upper quarter of
the root zone, (ECswl); (3) bottom of the second quarter depth, (ECsw2); (4) bottom of the third
quarter, (ECsw3) and (5) bottom of the fourth quarter or the soil-water draining from the root
zone (ECsw4) which is equivalent to the salinity of the drainage water (ECdw).

With a LF of 0.15, the applied water (AW) needed to meet both the crop ET and the LF is
determined from the following equation:



ET
AW = T—5F = 176 ma of water (7)

Since essentially all the applied water enters and leaches through the soil surface, effectively
removing any accumulated salts, the salinity of the soil water at the surface (ECsw0) must be
very close to the salinity of the applied water as shown using equation (3) and assuming LFO =
1.0.

Ec‘ll 1
EC = EC - e = = 1 dS/m (3)
dw,, v, L!'ﬂ T

The salinity of the soil-water draining from the bottom of each root zone quarter is found by
determining the leaching fraction for that quarter using equation (2) and then determining the
soil-water salinity using equation (3).

» Water leached EC
Water applied sw LF

LF

For the bottom of the first quarter:

EC
o 1176-,40(1000) _ o (¢ EC, =17 = 1.5 d5/m

LF
1 11i7e v, !

--- at the bottom of the second quarter:

EC
- 1176-,40(1000)-.30(1000) _ W
--- at the bottom of the third quarter:
1176-.40(1000)~.30(1000)-. 20(1000) o
- & =& & - B — 'ﬁ'
LF, Ti76 0.23 E{:.HJ ¥, 3 dS/m
--- at the bottom of the root zone (fourth quarter):
EC
LF, = 1176-.40(1000)-.30(1000)=.20(1000)=.10¢1000) _ 1 15 gc = —¥ = 6.7 dS/m
4 1176 sw, LF,

The average soil-water salinity of the root zone is found by taking the average of the five root
zone salinities found above:



EC + EC + EC + EC + EC

- sw sw aw aw aw
ECsw 0 1 2 3 4
5
1.0+ 1.5+ 2.5 + 4.3 + 6.7
ECaw 5 3.2 dS/m

6. This calculation shows that the average soil-water salinity of the root zone will be 3.2 times as
concentrated as the applied water.

Table 3 CONCENTRATION FACTORS (X) FOR PREDICTING SOIL SALINITY (ECe)?
FROM IRRIGATION WATER SALINITY (ECw) AND THE LEACHING FRACTION (LF)

Leaching Fraction (LF) Applied Water El_?_e))ded (Percent of Concentration Factor 2 (X)
0.05 105.3 3.2
0.10 111.1 2.1
0.15 117.6 1.6
0.20 125.0 1.3
0.25 133.3 1.2
0.30 142.9 1.0
0.40 166.7 0.9
0.50 200.0 0.8
0.60 250.0 0.7
0.70 333.3 0.6
0.80 500.0 0.6

! The equation for predicting the soil salinity expected after several years of irrigation with water of
salinity ECw is:

EC. (dS/m) = EC,, (dS/m).X @)

% The concentration factor is found by using a crop water use pattern of 40-30-20-10. The procedure is
shown in example 2.
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Fig. 2 Salinity profile expected to develop after long-term use of water of EC,, = 1.0 dS/m at various
leaching fractions (LF)

For all practical purposes, the added energy required to absorb water from the salty soil (osmotic
potential) is additive to the energy required to absorb water from a salt-free soil (soil-water potential).
The cumulative effect is illustrated in Figure 3 and results in an important reduction in water available to
the crop as salinity increases. Salinity effects are closely analogous to those of drought as both result in
water stress and reduced growth. Stunting, leaf damage and necrosis or obvious injury to the plant are
only noticeable after prolonged exposure to relatively high salinity.

The previous discussion showed how the concentration of salts in the soil varied with leaching fraction
and depth in the root zone and resulted in an increase in concentration as the leaching fraction decreases
or with increasing depth in the root zone. As the soil dries, the plant is also exposed to a continually
changing water availability in each portion of the rooting depth since the soil-water content (soil-water
potential) and soil-water salinity (osmotic potential) are both changing as the plant uses water between
irrigations. The plant absorbs water but most of the salt is excluded and left behind in the root zone in a
shrinking volume of soil-water. Figure 4 shows that following an irrigation, the soil salinity is not
constant with depth. Following each irrigation, the soil-water content at each depth in the root zone is
near the maximum, and the concentration of dissolved salts is near the minimum. Each changes,
however, as water is used by the crop between irrigations.

The plant exerts its absorptive force throughout the rooting depth and takes water from wherever most
readily available (the least resistance to absorption). Usually this is the upper root zone, the area most
frequently replenished by irrigation and rainfall. Since more water passes through this upper root zone, it
is more thoroughly leached and the osmotic or salinity effects are much less than at greater depths.
Between irrigations, the upper root zone dries more rapidly than the lower because of the proliferation of
roots in this zone which extract the readily available soil moisture. The plant must then meet more of its
water demand from increasingly greater depths as the upper soil-water is depleted. Both the soil
moisture at depth and the soil moisture remaining in the upper portions have a higher soilwater salinity
and thus a greater osmotic potential. As the plant depletes the soil-water, a water extraction pattern
develops. The extraction pattern of 40, 30, 20 and 10 percent for the upper to lower quarters of the root
zone is assumed in the guidelines in Table 1. This closely fits water extraction patterns under normal
irrigation practices and is assumed throughout this paper.



The pattern for water uptake is closely related to the frequency of irrigation. With infrequent irrigations,
as assumed for the guidelines in Table 1, the typical extraction pattern is 40-30-20-10, but for more
frequent irrigations the water uptake pattern is skewed towards greater uptake from the upper root zone
and less from the lower and the crop rooting depth tends to be at shallower depths. A typical extraction
pattern might be 60-30-7-3. Whatever the frequency, irrigations must be timed to supply adequate water
and prevent crop moisture stress between irrigations, especially if soil salinity is also affecting water
availability.
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Fig 3 Soil moisture retention curves for a clay-loam Soil at varying degrees of soil salinity (ECe)
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Assumptions:

N =

Salinity in irrigation water x 3 = salinity of soil-water.

No removals or additions of salts from the soil-water.

Soil-water depletion effects and salinity effects on water availability are additive (EC x .36 =
osmotic pressure).

Available soil-water is difference between % soil-water at water holding capacity and at wilting
point.

Evapotranspiration (ET) by the crop is removing water from the soil.



€
w 10F
©
L] ]
: i
5]
S eb -8 %_
5
-4 5o
$,.
Po‘II““° -2 3
E] 11121110203010203091
F—— Flb o March April Moy June

P

Fig.4 Change in salinity of soil-water (ECs,) between irrigations of alfalfa due to ET use of stored water
(Rhoades 1972)

When the upper rooting depth is well supplied with water, salinity in the lower root zone becomes less
important. However, if periods between irrigations are extended and the crop must extract a significant
portion of its water from the lower depths, the deeper root zone salinity becomes important particularly
if, in the latter stages of a 'dry-down’ (soil moisture depletion) period between irrigations, a high crop
water demand should occur, such as on a hot, windy day. In this case, absorption and water movement
toward the roots may not be fast enough to supply the crop and a severe water stress results. Reduced
yields or crop damage can be expected for most crops when there is a shortage of water for a significant
period of time.

The preceding discussion assumes that salinity reduces water availability in a similar manner for all
types of plants, but not all crops are equally affected at the same soil salinity. Some are more able than
others to extract or absorb water from a salty soil and are, therefore, more tolerant of salinity. The
reasons for differences in tolerance are not well understood, but tolerance data show that there is an 8 to
10-fold range in salt tolerance of agricultural crops. In areas where irrigation management (leaching)
cannot control salinity within the tolerance of a preferred crop, a yield loss will result unless an alternate
crop more tolerant to the expected salinity is planted. A detailed discussion of crop tolerance to salinity
is presented in Section 2.4.3.



2. SALINITY PROBLEMS (Continued)
2.4 MANAGEMENT OF SALINITY PROBLEMS

The objective of salinity control is to maintain an acceptable crop yield. Several management options are
available for salinity control and these will be discussed here as separate options, but in practice a
combination may be used to solve the problem.

The preceding section discussed the importance of (1) leaching salts out of the root zone before they
build up to levels that might affect yields, and (2) maintaining adequate soil-water availability at all
times. Adequate drainage is equally important and long-term salinity control is not otherwise possible. If
drainage is adequate, the depth of water required for leaching depends on the salt sensitivity of the crop
and the salinity of the applied water. When salinity is high, the depth of leaching water needed may be
too great, making it necessary to change to a more salt tolerant crop, provided market economics will
allow this. In dealing with a major salinity problem related to water quality, a cropping change is
considered a drastic step and will only be taken when less severe options have failed to maintain
economic production. Leaching, on the other hand, is a basic step in production even for water of the
best quality and must be practised when necessary to avoid salt accumulation that could ultimately affect
production. Leaching can only be done, however, if the drainage below the crop root zone is sufficient to
prevent a rise in the water table so that it is not a source of salt by itself.

Drainage, leaching and changes to more salt tolerant crops are used to avoid the impact of long-term
salinity build-up but other cultural practices may also be needed to deal with possible short-term or
temporary increases in salinity which may be equally detrimental to crop yield. Many cultural practices
such as more frequent irrigation, land grading, timing of fertilization and methods of seeding make
salinity management easier.

If there is a high level of salinity not resulting from water quality, a soil drainage and reclamation
programme may be needed and short-term cropping changes may also need to be made. After soil
reclamation, the permanent cropping pattern will be determined by water quality. In a few instances, an
alternative water supply may be available for periodic use or can be blended with a poorer water supply
to diminish a quality-related hazard. These alternatives, including drainage, leaching, cropping changes
and cultural practices, will be discussed in more detail in the following sections.
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2.4.1 Drainage

Salinity problems encountered in irrigated agriculture are very frequently associated with an
uncontrolled water table within one to two metres of the ground surface (Figure 5). In most soils with a
shallow water table, water rises into the active root zone by capillarity and, if the water table contains
salts, it becomes a continual source of salts to the root zone as water is used by the crop or evaporates at
the soil surface. Salinization from this source can be rapid in irrigated areas in hot climates where
portions of the land remain fallow for extended periods. The rate of soil salinity accumulation from an
uncontrolled shallow water table will depend upon irrigation management, salt concentration and depth
of the groundwater, soil type, and climatic conditions. Figure 6 shows that capillary rise from a shallow
water table can represent a sizeable salt input into the root zone.



In arid and semi-arid climates, a salinity problem caused or complicated by poor drainage cannot be
adequately controlled until the water table is stabilized and maintained at a safe depth - usually at least
two metres. This requires open or tile drains or drainage wells to remove a part of the salty subsurface
water and transport it to an acceptable salt-sink for safe disposal. When drainage is adequate, salinity
related directly to water quality and irrigation management becomes a problem only if the salts applied
with the irrigation water are allowed to accumulate to a concentration which reduces yield. Effective
salinity control, therefore, must include adequate drainage to control and stabilize the water table and
leaching as needed to reduced the accumulated salts. A net downward flux of surface applied water to
achieve the required leaching will then control the salinity. The guidelines in Table 1 and the remainder
of the discussion in this paper assume that all salts accumulating in the crop root zone come from the
applied water. This means drainage is adequate and salinity management is a significant part of
irrigation management.

2.4.2 Salinity Control by Leaching

When the build-up of soluble salts in the soil becomes or is expected to become excessive, the salts can
be leached by applying more water than that needed by the crop during the growing season. This extra
water moves at least a portion of the salts below the root zone by deep percolation (leaching). Leaching
is the key factor in controlling soluble salts brought in by the irrigation water. Over time, salt removal by
leaching must equal or exceed the salt additions from the applied water or salts will build up and
eventually reach damaging concentrations. The questions that arise are how much water should be used
for leaching and when should leachings be applied?

i. The leaching requirement’

To estimate the leaching requirement, both the irrigation water salinity (ECw) and the crop tolerance to
soil salinity (ECe) must be known. The water salinity can be obtained from laboratory analysis while the
ECe should be estimated from appropriate crop tolerance data given in the tables in Section 2.4.3 of this
paper. These tables give an acceptable ECe value for each crop appropriate to the tolerable degree of
yield loss (usually 10 percent or less).

The necessary leaching requirement (LR) can be estimated from Figure 7 for general crop rotations. For
more exact estimates for a particular crop, the leaching requirement equation (9) (Rhoades 1974; and
Rhoades and Merrill 1976) should be used:

Ecw
LR = (9)
S (EC a ) - Ecw
where: IR - the minimum Ieachi_ng reqL_Jirement needed to contro_l s_alts_within the tolerance
(ECe) of the crop with ordinary surface methods of irrigation
ECw = salinity of the applied irrigation water in dS/m
EC. = average soil salinity tolerated by the crop as measured on a soil saturation extract.

Obtain the ECe value for the given crop and the appropriate acceptable yield from
Table 4. 1t is recommended that the ECe value that can be expected to result in at
least a 90 percent or greater yield be used in the calculation. (Figure 7 was
developed using ECe values for the 100 percent yield potential.) For water in the
moderate to high salinity range (>1.5 dS/m), it might be better to use the ECe
value for maximum yield potential (100 percent) since salinity control is critical to
obtaining good yields.
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The total annual depth of water that needs to be applied to meet both the crop demand and leaching
requirement can be estimated from equation (7).

ET

AW = —
where: AW = depth of applied water (mm/year)
ET = total annual crop water demand (mm/year)
LR = leaching requirement expressed as a fraction

(leaching fraction)

! In many texts, the Terms ‘leaching fraction (LF)” and ‘leaching requirement (LR)’ are used
interchangeably. They both refer to that portion of the irrigation which should pass through the root zone
to control salts at a specific level. While LF indicates that the value be expressed as a fraction, LR can
be expressed either as a fraction or percentage of irrigation water.
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ii. Timing of leachings

It takes time to accumulate salts in the root zone to a concentration that reduces yield. Most irrigation
water is of such good quality that, without leaching, two or more years of irrigation will be required



before salinity accumulates sufficiently to affect yield. Further, the later in the growing season the salts
reach damaging concentrations, the less will be their effect. This suggests that if salts are low enough at
the start of the irrigation season, efficiency of water use during the growing season can be 100 percent
(no leaching) without loss of yield due to salinity. For the next season, rainfall, dormant season and pre-
plant irrigations, singly or in combination, can be used to replenish deep soil moisture and leach soils
free enough of accumulated salts to allow efficient water use again during the next growing season. It is
often difficult to supply both essential crop water and leaching water during the hot summer season. The
key factor to remember is that leaching is not needed until accumulating salinity is expected to exceed
crop tolerance and reduce yield.

The timing of leachings does not appear to be critical provided crop tolerance is not exceeded for
extended or critical periods of time. This certainly does not mean that leaching is relatively unimportant.
The leaching requirement must be satisfied to prevent excessive salt accumulation. Leaching can be
done at each irrigation, each alternate irrigation or less frequently, such as seasonally or at even longer
intervals, as necessary to keep salinity below the threshold above which yields may be unacceptably
reduced. In many instances, the usual inefficiencies of water application satisfy the leaching requirement
and additional leaching is wasteful of water (see Example 3). Where low leaching fractions (<0.10) are
needed, as with good quality water, inefficiencies in irrigation water application will almost always
apply sufficient extra water to accomplish leaching. In other instances, particularly with higher salinity
water, meeting the leaching requirement is difficult and requires large amounts of water, possibly adding
to a drainage problem. It can be assumed that an appreciable portion of the total deep percolation losses
from normal irrigation practices is useful in controlling salinity.

EXAMPLE 3 - LEACHING REQUIREMENT CALCULATION

A maize crop is irrigated by furrow irrigation. The crop is planted in a uniform loam soil and river
water, which has an ECw = 1.2 dS/m, is used for irrigation. The crop evapotranspiration (ET) is 800
mmy/season. The irrigation application efficiency is 0.65. Therefore the total amount of water that must
be applied to meet crop ET demand is 800 mm/0.65 = 1230 mm/season. How much additional water
must be applied for leaching?

Given: ECw =1.2dS/m
EC. = 2.5dS/m (from Table 4 for maize at a 90 percent yield potential)
EC. = 1.7 dS/m (from Table 4 for maize at a 100 percent yield potential)

Explanation: The leaching requirement can be calculated using equation (9) and substituting the
appropriate ECe value for the desired yield potential (from Table 4).

EC 1.2

- W - « 0.10 (for a 90 percent
LR 5(EC_) - EC_ 5(2.5) - 1.2 yleld potential) 9
IR = 1:2 - 0.16 (£ 100 t yield tal)
ST - 1.2 . or a percent yield potentia

The actual amount of water to be applied to supply both crop ET and leaching (long-term salt
control) can be found by using equation (7).

ET 800

AW = Y71k ® T-o0.10

= B90 mm/season (7)



Since a 1230 mm depth of applied water is needed to ensure that the maize crop is adequately irrigated
to meet the 800 mm ET demand and, since this 1230 mm is in excess of the calculated depth of 890 mm
required to meet both crop ET demand and the leaching requirement, the question arises whether the
losses in excess of ET are deep percolation losses and whether these losses may be satisfying the
leaching requirement. Water losses due to deep percolation are often greatly in excess of the leaching
fraction of 0.15 assumed in the crop tolerance tables (Table 4) as being typical of efficient irrigated
agriculture. If, in this example, the losses are due to deep percolation, no additional leaching to control
salinity is necessary since the required leaching fraction of 0.10 or 0.16, as calculated above, will be
satisfied by irrigation inefficiency (losses) during water application.

Rainfall must be considered in estimating the leaching requirement. Rainfall that enters the soil is
effective in meeting both crop ET and the leaching requirement. Rainfall that infiltrates into the soil
(effective rainfall) replaces ET losses. If in excess of ET, it becomes drainage water and will satisfy part
or all of the leaching needed to control salts. The advantage of rainfall in accomplishing all or part of the
leaching is that it uniformly applies an almost salt-free water (ECw < 0.05 dS/m). Leaching is further
enhanced if the rate of rainfall is below the infiltration rate of the soil. If the total amount of rainfall
infiltrated is sufficient, it will reduce the average salinity used for the applied water (ECw) in calculating
the leaching requirement (LR) and thus reduce proportionately the required leaching. Figure 8 shows
how rainfall quickly reduces the salinity in the crop root zone.

In low rainfall years or low rainfall areas, precipitation may not be adequate to refill the soil to its water
holding capacity, in which case no leaching occurs to reduce accumulated salinity other than to move
the salts from the upper part of the root zone deeper into the soil. The upper portions of the rooting depth
will then reflect the very low salinity levels of the rainfall which can enhance germination.

In areas where rainfall occurs in the cooler months or winter season, it may be possible to enhance
winter leaching even in a dry year. It is recommended that a heavy autumn or early winter irrigation be
given to refill the soil profile with water before the rains. Winter rains will then complete the soil-water
replenishment and accomplish all or part of the required leaching with low-salt water. If the rewetting or
leaching is still not complete by crop planting time, the deep percolation losses from extended early
season irrigations may accomplish the soil rewetting and salt leaching. Figure 9 shows how winter rains
have leached salts from citrus plantings in Cyprus.

The leaching requirement can be calculated (Equation 9) but we can only make estimates of the amount
of leaching that is actually taking place. Soil and crop monitoring are useful tools to determine the need
for leaching. Considerable variation occurs from one cropping season to the next; therefore, monitoring
should stress long-term trends and changes in soil salinity.

Several studies, field trials and observations suggest procedures that might increase the efficiency of
leaching and reduce the amount of water needed. These will not be covered in detail here but will be
mentioned as they apply to many irrigation situations:

« leach during the cool season instead of the warm to increase the efficiency and ease of leaching
since the ET losses are lower;

e use more salt tolerant crops which require a lower LR and thus a lower total water demand,

o use tillage to slow overland water flow and reduce the number of surface cracks which bypass
flow through large pores and decrease efficiency in leaching;

o use sprinkler irrigation at an application rate below the soil infiltration rate which favours
unsaturated flow which is appreciably more efficient than saturated flow for leaching. More
irrigation time but less water is required than for continuous ponding (Oster et al. 1972);



ECe {dS/m)

ECe (dS/m)
B S BN S e
T T ! ' ‘
:P /
2ol 25 / ”
!y
!y
40 I 9’
T End of
l | irrigation
rsl seqason
60 éé
: T 100} |
e L%
s After rainfall £
. 80 - er rainfa Before rainfoll = ¢ {
. s \ |ﬂ:‘.{"
§ o 125 v | raintanl
100 &
ol X O} 9/67
120
3
Y
ol 225*-

Fig. 9 Soil salinity (EC.) profiles at the end of the irrigation
season and after winter rainfall in citrus plantings (Stylianou
1970)

Fig. 8 Soil salinity (EC.) of a sandy-loam soil before
and after 150 mm of rainfall (Aziz 1968)

e use alternate ponding and drying instead of continuous ponding. More efficient in leaching
(Oster et al. 1972) and uses less water but the time required to leach is greater. May have
drawbacks in areas with a high water table which allows secondary salinization between
pondings;

o Wwhere possible, schedule leachings at periods of low crop water use or postpone leachings until
after the cropping season;

« avoid fallow periods particularly during hot summers where rapid secondary soil salinization
from high water tables can occur;

« ifinfiltration rates are low, consider pre-planting irrigations or off-season leaching to avoid
excessive water applications during the crop season;

e use an irrigation before the start of the rainy season if total rainfall is normally expected to be
insufficient to do a complete leaching. Rainfall is often the most efficient leaching method
because it provides high quality water at relatively low rates of application.

ili. Monitoring

A good irrigation management plan strives to apply sufficient water to meet the crop water demand plus
the leaching requirement without wastage. Both the crop water demand and leaching requirement can be
estimated and the depth of applied water needed can be calculated. In many instances, however,



estimates of depth of applied water (flow rate, duration and area covered) are inaccurate or not available,
making estimates of effectiveness of leaching for salinity control unreliable. Existing conditions and
reliable estimates of past management can be determined with a reasonable degree of certainty by means
of soil samples, analysed for salinity. From the soil samples an apparent leaching fraction as well as an
average root zone salinity resulting from past irrigation practices can be determined.

The following procedure is suggested:

a. Estimate the probable depth of rooting of the last crop grown-from observation (pit, hole, soil
samples, etc.), or from past experience. Depth estimate should include 75 to 85 percent of the
observed root zone.

b. Take representative soil samples from each quarter depth of root zone and analyse each quarter
depth separately for ECe by the soil paste extraction method of the US Salinity Laboratory
(USDA 1954).

c. Plot by a graph similar to that of Figure 2 for the soil depth and salinity representative of each
quarter depth of root zone and compare this curve with the curves depicting the various typical
leaching fractions (LF = 0.1, 0.15, 0.2, 0.3, 0.4) in the graph. Then, estimate a leaching fraction
for the site sampled based on the shape of the salinity profile.

d. From the ECe of the four soil samples (one from each quarter depth of the root zone) calculate
the average root zone salinity and compare with the crop tolerance ECe values in Table 4 for the
crops to be planted.

e. From the apparent leaching fraction and the average ECe of the root zone, make any necessary
management decisions to adjust irrigations to increase or decrease the leaching fraction in order
to stay close to the tolerance of the preferred crop. Alternatively, change the crop to agree more
closely with the existing salinity conditions.

2.4.3 Crop Tolerance to Salinity

All plants do not respond to salinity in a similar manner; some crops can produce acceptable yields at
much greater soil salinity than others. This is because some are better able to make the needed osmotic
adjustments enabling them to extract more water from a saline soil. The ability of the crop to adjust to
salinity is extremely useful. In areas where a build-up of soil salinity cannot be controlled at an
acceptable concentration for the crop being grown, an alternative crop can be selected that is both more
tolerant of the expected soil salinity and can produce economical yields.

There is an 8 to 10-fold range in salt tolerance of agricultural crops. This wide range in tolerance allows
for a much greater use of moderately saline water much of which was previously thought to be unusable.
It also greatly expands the acceptable range of water salinity (ECw) considered suitable for irrigation.

The relative salt tolerance of most agricultural crops is known well enough to give general salt tolerance
guidelines. Tolerances for many common field, vegetable, forage and tree crops are given in Table 4.
This table has been updated from the 1976 edition and gives the latest tolerance values for crops grown
under semi-arid irrigated agriculture. Where insufficient data exist to give numerical values for
tolerance, a relative rating has been assigned to the crop, based on field experience, limited data or
observations. For comparative purposes, relative tolerance ratings are listed in Table 5 for a large
number of crops, including many of those given in Table 4. General groupings for tolerance are shown
in the schematic diagram in Figure 10. The relative tolerance ratings, even if based on a limited amount
of data, are useful for comparisons among crops.

The relative crop tolerance ratings were considered in setting the degrees of ‘restriction on use’ in the
guidelines of Table 1. For example, the tolerance data of Table 4 indicate that a full yield potential



should be obtainable for nearly all crops when using a water which has a salinity less than 0.7 dS/m. The
guidelines of Table 1 indicate that water of this salinity would have no restriction on use. For the salinity
listed in the slight to moderate range, a full yield potential is still possible but care must be taken to
achieve the required leaching fraction in order to maintain soil salinity within the tolerance of the crop.
For higher salinity water and sensitive crops, increasing the leaching to satisfy a leaching requirement
greater than 0.25-0.30 may not be practical because of the excessive amount of water required. In such a
case, consideration must be given to changing to a more tolerant crop that will require less leaching to
control salts within crop tolerance. As the water salinity (ECw) increases within the slight to moderate
range, production of the more sensitive crops may be restricted due to an inability to achieve the high
leaching fraction needed, especially when grown on the heavier, more clayey soil types. If the salinity of
the applied water exceeds 3.0 dS/m, as shown in Table 1 for a severe restriction on use, the water may
still be usable but its use may need to be restricted to more permeable soils and more salt tolerant crops
where the high leaching fractions are more easily achieved.

The salt tolerance data of Table 4 are used in the calculation of the leaching requirement. Figure 7 can
also be used to estimate the leaching requirement if crop tolerance grouping and water salinity are
known, as discussed in the previous section. If the exact cropping patterns or rotations are not known for
a new area, the leaching requirement must be based on the least tolerant of the crops adapted to the area.
In those instances where soil salinity cannot be maintained within acceptable limits of preferred
sensitive crops, changing to more tolerant crops will raise the area's production potential. In case of
doubt as to the effect of the water salinity on crop production, a pilot study should be undertaken to
demonstrate the feasibility for irrigation and the outlook for economic success.

Table 4 CROP TOLERANCE AND YIELD POTENTIAL OF SELECTED CROPS AS
INFLUENCED BY IRRIGATION WATER SALINITY (EC,) OR SOIL SALINITY (EC.)
YIELD POTENTIAL?

100% 90% 75% 50% 0_% —

FIELD CROPS maximum?™=
EC. |[ECy |[EC¢ EC, EC.|EC, |EC¢ | EC, | EC, | ECy

Barley (Hordeum vulgare)* 80 53 |10 6.7 (13 87 |18 |12 |28 19
Cotton (Gossypium hirsutum) 77 51 |96 64 (13 84 |17 |12 |27 18
Sugarbeet (Beta vulgaris)> 70 |47 |87 |58 |11 |75 |15 |10 |24 16
Sorghum (Sorghum bicolor) 6.8 |45 |74 |50 84 |56 1|99 |6.7 |13 8.7
Wheat (Triticum aestivum)* ® 6.0 |40 74 |49 |95 63 |13 87 (20 |13
Wheat, durum (Triticum turgidum) |5.7 |3.8 76 50 |10 |69 |15 |10 |24 16
Soybean (Glycine max) 50 |33 |55 3.7 6.3 |42 |75 |50 |10 6.7
Cowpea (Vigna unguiculata) 49 33 |57 (38 |70 47 91 |60 |13 8.8
%L%‘gg‘gg)“t (Peanut) (Arachis 32 21 35 [24 |41 27 |49 |33 |66 144
Rice (paddy) (Oriza sativa) 30 20 |38 26 |51 (34 |72 48 |11 7.6
Sugarcane (Saccharum officinarum) (1.7 (1.1 |34 23 |59 |40 |10 6.8 |19 12
Corn (maize) (Zea mays) 1.7 11 |25 |17 38 |25 |59 (39 |10 6.7
Flax (Linum usitatissimum) 1.7 11 |25 |17 38 |25 |59 (39 |10 6.7
Broadbean (Vicia faba) 15 |11 |26 1.8 42 |20 |68 |45 |12 8.0

Bean (Phaseolus vulgaris) 10 |07 |15 1.0 23 |15 |36 (24 6.3 |4.2
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VEGETABLE CROPS

Squash, zucchini (courgette)

(Cucurbita pepo melopepo) 47 |31 58 138 |74 49 |10 |6.7 |15 10
Beet, red (Beta vulgaris)? 40 |27 |51 34 1|68 |45 96 64 |15 10
2‘3}‘0&;;‘6;;&"0" (Cucurbita pepo 32 21 [38 26 |48 32 (63 |42 94 |63
Broccoli (Brassica oleracea botrytis) {28 1.9 3.9 |26 |55 3.7 (82 |55 |14 9.1
Tomato (Lycopersicon esculentum) |25 |1.7 |35 23 |50 (34 |76 |50 |13 8.4
Cucumber (Cucumis sativus) 25 |17 |33 22 |44 |29 |63 |42 |10 6.8
Spinach (Spinacia oleracea) 20 |13 |33 |22 |53 |35 |86 |57 |15 10
Celery (Apium graveolens) 18 1.2 |34 |23 58 39 |99 6.6 |18 12
Cabbage (Brassica oleracea capitata) (1.8 1.2 (28 |19 44 29 |70 |46 |12 8.1
Potato (Solanum tuberosum) 1.7 |11 |25 1.7 3.8 |25 |59 (39 |10 6.7
Corn, sweet (maize) (Zea mays) 1.7 11 |25 |17 3.8 |25 |59 3.9 |10 6.7
Sweet potato (Ipomoea batatas) 15 10 |24 |16 38 25 |6.0 |40 |11 7.1
Pepper (Capsicum annuum) 15 10 (22 |15 33 |22 |51 34 86 |58
Lettuce (Lactuca sativa) 1.3 09 21 |14 32 21 |51 34 |90 6.0
Radish (Raphanus sativus) 1.2 |08 |20 1.3 31 |21 |50 (34 89 |59
Onion (Allium cepa) 1.2 08 (18 |1.2 28 |18 |43 29 |74 |50
Carrot (Daucus carota) 1.0 07 (1.7 |11 28 |19 |46 30 81 |54
Bean (Phaseolus vulgaris) 10 |07 |15 1.0 23 |15 |36 (24 6.3 |4.2
Turnip (Brassica rapa) 09 |06 |20 |13 (3.7 |25 |65 |43 |12 8.0
X}gﬁ;ﬁﬁs tall (Agropyron 75 150 199 66 |13 190 |19 |13 |31 |21
ngfj‘;sﬁgﬁsérﬂgm%creﬂed 75 150 190 60 |11 |74 |15 |98 |22 |15
Bermuda grass (Cynodon dactylon)” 6.9 46 |85 |56 |11 |72 |15 [9.8 23 15
Barley (forage) (Hordeum vulgare)* 6.0 40 (7.4 |49 |95 |64 |13 [8.7 120 13
Egi%;ass perennial (Lolium 56 (3.7 (69 46 (89 |59 |12 [81 |19 |13
. : 3
Igfgzllgtigrt‘;‘;“’lf%ﬁ i?J'nr]‘;'SfOOt (Lows sy 133 |60 40 |75 |50 |10 |67 15 |10
Harding grass (Phalaris tuberosa) |46 (3.1 |59 39 79 |53 |11 |74 |18 12
Fescue, tall (Festuca elatior) 39 |26 |55 36 (7.8 |52 |12 (7.8 |20 13
ngfjssﬁgﬁss’i;ti?i’lﬁ)d crested 35 23 160 40 (9.8 65 |16 |11 |28 |19
Vetch, common (Vicia angustifolia) |3.0 2.0 3.9 26 |53 (35 |76 5.0 |12 8.1
Sudan grass (Sorghum sudanense) 28 |19 |51 34 86 |57 |14 196 |26 17
Wildrye, beardless (Elymus 27 1.8 |44 29 |69 |46 111 |74 |19 13

triticoides)
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Cowpea (forage) (Vigna unguiculata) 2.5 1.7 (3.4 |23 48 3.2 |7.1 |48 |12 7.8

Trefoil, big (Lotus uliginosus) 23 |15 |28 |19 36 (24 |49 33 |76 |50
Sesbania (Sesbania exaltata) 23 |15 |37 |25 |59 |39 |94 6.3 |17 11
faﬂg‘azr)‘)physa (Sphaerophysa 22 15 |36 24 |58 |38 |93 (62 |16 |11
Alfalfa (Medicago sativa) 20 |13 |34 22 |54 |36 1|88 |59 |16 10
Lovegrass (Eragrostis sp.)? 20 1.3 |32 |21 |50 (33 80 53 |14 9.3

Corn (forage) (maize) (Zea mays) 18 1.2 |32 |21 |52 |35 |86 |57 |15 10

Clover, berseem (Trifolium

; 15 |10 (32 |22 |59 39 |10 |68 |19 13
alexandrinum)

Orchard grass (Dactylis glomerata) 1.5 1.0 (3.1 |21 55 3.7 |96 6.4 |18 12

Foxtail, meadow (Alopecurus

! 15 1.0 |25 1.7 |41 |27 |67 |45 |12 7.9
pratensis)

Clover, red (Trifolium pratense) 15 10 (23 |16 36 |24 |57 38 |98 6.6

Clover, alsike (Trifolium hybridum) 1.5 1.0 |23 |16 (3.6 |24 |57 |38 (98 6.6

Clover, ladino (Trifolium repens) 15 |10 |23 16 (36 |24 |57 |38 98 |6.6

Clover, strawberry (Trifolium

. 15 |10 |23 |16 |36 |24 |57 |38 |98 6.6
fragiferum)

FRUIT CROPSY

Date palm (phoenix dactylifera) 40 |27 6.8 45 |11 |73 |18 |12 |32 21
Grapefruit (Citrus paradisi): 18 12 |24 |16 34 22 |49 33 80 |54
Orange (Citrus sinensis) 1.7 11 |23 |16 33 |22 |48 32 80 |53
Peach (Prunus persica) 17 11 22 |15 29 |19 |41 27 |65 |43
Apricot (Prunus armeniaca)™* 16 |11 |20 1.3 |26 [1.8 |3.7 |25 |58 |38
Grape (Vitus sp.)* 15 |1.0 |25 |17 |41 |27 |67 |45 |12 7.9
Almond (Prunus dulcis)* 15 10 (20 |24 28 |19 |41 28 6.8 |45
Plum, prune (Prunus domestica)™ 15 1.0 21 |14 29 |19 |43 29 |71 4.7
Blackberry (Rubus sp.) 15 10 |20 |23 26 |18 |38 25 6.0 4.0
Boysenberry (Rubus ursinus) 15 10 (20 |2.3 26 |18 |38 25 6.0 4.0
Strawberry (Fragaria sp.) 1.0 0.7 |13 |09 |18 12 |25 |17 |4 2.7

! Adapted from Maas and Hoffman (1977) and Maas (1984). These data should only serve as a guide to
relative tolerances among crops. Absolute tolerances vary depending upon climate, soil conditions and
cultural practices. In gypsiferous soils, plants will tolerate about 2 dS/m higher soil salinity (ECe) than
indicated but the water salinity (ECw) will remain the same as shown in this table.

2 ECe means average root zone salinity as measured by electrical conductivity of the saturation extract
of the soil, reported in deciSiemens per metre (dS/m) at 25°C. ECw means electrical conductivity of the
irrigation water in deciSiemens per metre (dS/m). The relationship between soil salinity and water
salinity (ECe = 1.5 ECw) assumes a 15-20 percent leaching fraction and a 40-30-20-10 percent water
use pattern for the upper to lower quarters of the root zone. These assumptions were used in developing
the guidelines in Table 1.
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® The zero yield potential or maximum ECe indicates the theoretical soil salinity (ECe) atwhich crop
growth ceases.

* Barley and wheat are less tolerant during germination and seeding stage; ECe should not exceed 4-5
dS/m in the upper soil during this period.

® Beets are more sensitive during germination; ECe should not exceed 3 dS/m in the seeding area for
garden beets and sugar beets.

® Semi-dwarf, short cultivars may be less tolerant.

" Tolerance given is an average of several varieties; Suwannee and Coastal Bermuda grass are about 20
percent more tolerant, while Common and Greenfield Bermuda grass are about 20percent less tolerant.

8 Broadleaf Birdsfoot Trefoil seems less tolerant than Narrowleaf Birdsfoot Trefoil.

® Tolerance given is an average for Boer, Wilman, Sand and Weeping Lovegrass; Lehman Lovegrass
seems about 50 percent more tolerant.

19 These data are applicable when rootstocks are used that do not accumulate Na* and CI" rapidly or
when these ions do not predominate in the soil. If either ions do, refer to the toxicity discussion in
Section 4.

! Tolerance evaluation is based on tree growth and not on yield.

Table 5 RELATIVE SALT TOLERANCE OF AGRICULTURAL CROPS!, 2

TOLERANT?

Fibre, Seed and Sugar Crops

Barley Hordeum vulgare
Cotton Gossypium hirsutum
Jojoba Simmondsia chinensis
Sugarbeet Beta vulgaris
Grasses and Forage Crops

Alkali grass, Nuttall Puccinellia airoides
Alkali sacaton Sporobolus airoides
Bermuda grass Cynodon dactylon
Kallar grass Diplachne fusca
Saltgrass, desert Distichlis stricta
Wheatgrass, fairway crested Agropyron cristatum
Wheatgrass, tall Agropyron elongatum
Wildrye, Altai Elymus angustus
Wildrye, Russian Elymus junceus
Vegetable Crops

Asparagus Asparagus officinalis
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Fruit and Nut Crops

Date palm Phoenix dactylifera
MODERATELY TOLERANT?

Fibre, Seed and Sugar Crops

Cowpea Vigna unguiculata
Oats Avena sativa

Rye Secale cereale
Safflower Carthamus tinctorius
Sorghum Sorghum bicolor
Soybean Glycine max
Triticale X Triticosecale
Wheat Triticum aestivum

Wheat, Durum

Triticum turgidum

Grasses and Forage Crops

Barley (forage)

Hordeum vulgare

Brome, mountain

Bromus marginatus

Canary grass, reed

Phalaris arundinacea

Clover, Hubam

Melilotus alba

Clover, sweet

Melilotus

Fescue, meadow

Festuca pratensis

Fescue, tall

Festuca elatior

Harding grass

Phalaris tuberosa

Panic grass, blue

Panicum antidotale

Rape

Brassica napus

Rescue grass

Bromus unioloides

Rhodes grass

Chloris gayana

Ryegrass, Italian

Lolium italicum multiflorum

Ryegrass, perennial

Lolium perenne

Sudan grass

Sorghum sudanense

Trefoil, narrowleaf

Lotus corniculatus

birdsfoot tenuifolium

Trefoil, broadleaf Lotus corniculatus
birdsfoot arvenis

Wheat (forage) Triticum aestivum
Wheatgrass, Agropyron sibiricum

standard crested

Wheatgrass, intermediate

Agropyron intermedium

Wheatgrass, slender

Agropyron trachycaulum
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Wheatgrass, western

Agropyron smithii

Wildrye, beardless

Elymus triticoides

Wildrye, Canadian

Elymus canadeneis

Vegetable Crops

Artichoke

Helianthus tuberosus

Beet, red

Beta vulgaris

Squash, zucchini

Cucurbita pepo melopepo

Fruit and Nut Crops

Fig Ficus carica
Jujube Ziziphus jujuba
Olive Olea europaea
Papaya Carica papaya
Pineapple Ananas comosus
Pomegranate Punica granatum

MODERATELY SENSITIVE®

Fibre, Seed and Sugar Crops

Broadbean Vicia faba

Castorbean Ricinus communis
Maize Zea mays

Flax Linum usitatissimum
Millet, foxtail Setaria italica
Groundnut/Peanut Arachis hypogaea
Rice, paddy Oryza sativa
Sugarcane Saccharum officinarum
Sunflower Helianthus annuus

Grasses and Forage Crops

Alfalfa

Medicago sativa

Bentgrass

Agrostis stolonifera palustris

Bluestem, Angleton

Dichanthium aristatum

Brome, smooth

Bromus inermis

Buffelgrass Cenchrus ciliaris
Burnet Poterium sanguisorba
Clover, alsike Trifolium hydridum

Clover, Berseem

Trifolium alexandrinum

Clover, ladino

Trifolium repens

Clover, red

Trifolium pratense

Clover, strawberry

Trifolium fragiferum

Clover, white Dutch

Trifolium repens
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Corn (forage) (maize)

Zea mays

Cowpea (forage)

Vigna unguiculata

Dallis grass Paspalum dilatatum
Foxtail, meadow Alopecurus pratensis
Grama, blue Bouteloua gracilis
Lovegrass Eragrostis sp.

Milkvetch, Cicer

Astragalus cicer

Oatgrass, tall

Arrhenatherum Danthonia,

Oats (forage)

Avena sativa

Orchard grass

Dactylis glomerata

Rye (forage) Secale cereale

Sesbania Seshania exaltata

Siratro Macroptilium atropurpureum
Sphaerophysa Sphaerophysa salsula
Timothy Phleum pratense

Trefolil, big Lotus uliginosus

Vetch, common

Vicia angustifolia

Vegetable Crops

Broccoli

Brassica oleracea botrytis

Brussels sprouts

B. oleracea gemmifera

Cabbage B. oleracea capitata
Cauliflower B. oleracea botrytis

Celery Apium graveolens

Corn, sweet Zea mays

Cucumber Cucumis sativus

Eggplant Solanum melongena esculentum
Kale Brassica oleracea acephala
Kohlrabi B. oleracea gongylode
Lettuce Latuca sativa

Muskmelon Cucumis melo

Pepper Capsicum annuum

Potato Solanum tuberosum
Pumpkin Cucurbita peop pepo
Radish Raphanus sativus

Spinach Spinacia oleracea

Squash, scallop

Cucurbita pepo melopepo

Sweet potato

Ipomoea batatas

Tomato

Lycopersicon lycopersicum




Turnip

Brassica rapa

Watermelon Citrullus lanatus
Fruit and Nut Crops

Grape Vitis sp.
SENSITIVE?

Fibre, Seed and Sugar Crops

Bean Phaseolus vulgaris
Guayule Parthenium argentatum
Sesame Sesamum indicum

Vegetable Crops

Bean

Phaseolus vulgaris

Carrot Daucus carota

Okra Abelmoschus esculentus
Onion Allium cepa

Parsnip Pastinaca sativa

Fruit and Nut Crops

Almond

Prunus dulcis

Apple Malus sylvestris
Apricot Prunus armeniaca
Avocado Persea americana
Blackberry Rubus sp.
Boysenberry Rubus ursinus
Cherimoya Annona cherimola

Cherry, sweet

Prunus avium

Cherry, sand

Prunus besseyi

Currant Ribes sp.
Gooseberry Ribes sp.
Grapefruit Citrus paradisi
Lemon Citrus limon

Lime Citrus aurantiifolia
Loquat Eriobotrya japonica
Mango Mangifera indica
Orange Citrus sinensis
Passion fruit Passiflora edulis
Peach Prunus persica
Pear Pyrus communis
Persimmon Diospyros virginiana

Plum: Prume

Prunus domestica
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Pummelo Citrus maxima
Raspberry Rubus idaeus
Rose apple Syzygium jambos
Sapote, white Casimiroa edulis
Strawberry Fragaria sp.
Tangerine Citrus reticulata

! Data taken from Maas (1984).

% These data serve only as a guide to the relative tolerance among crops. Absolute tolerances vary with
climate, soil conditions and cultural practices.

® The relative tolerance ratings are defined by the boundaries in Figure 10. Detailed tolerances can be
found in Table 4 and Maas (1984).
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Fig. 10 Divisions for relative salt tolerance ratings of agricultural crops (Maas 1984)

i. Development of tolerance data

Numerical values for tolerance given in Table 4 were adapted from data of Maas and Hoffman (1977)
and Maas (1984). These data indicate that plant growth rate decreases linearly as salinity increases



above a critical threshold salinity at which growth rate first begins to decrease. This linear decrease in
yield is in good agreement with field data throughout the usual range of salinity. Deviations from the

linear decrease occur at yields considerably less than 50 percent of potential, at which level yields are
commercially unacceptable anyway.

The following equation (Maas and Hoffman 1977) expresses the straight line salinity effect on yield and
was used in the preparation of Table 4.

Y =100 - b (EC. - a) (10)
where: Y = relative crop yield (percent)
EC. = salinity of the soil saturation extract in ds/m
a = salinity threshold value
b = vyield loss per unit increase in salinity

The values for (a) and (b) are given by Maas in his original paper but can also be determined from Table
4. The (a) value (the threshold soil salinity) is the ECe value for 100 percent yield potential in Table 4.
The (b) value can be determined from Table 4 as follows:

b = 100
EC, at 0% yield - EC, at 100% yield

(11)

The ECe values of Table 4 for other than those associated with a 100 percent yield were calculated from
the yield equation of Maas and Hoffman (1977) by rearranging equation (10) as follows:

100 + ab - ¥
EC, = ——p —— (12)

where ECe is the soil salinity associated with a designated percent yield, Y (see Example 4).

In Table 4 values are presented for the potential yields of 100, 90, 75, 50 and 0 percent. Table 4 also lists
the applied irrigation water salinity (ECw) equivalent to the soil salinity (ECe) developed by the use of
equation (5). This concentration factor from water salinity (ECw) to soil salinity of 1.5 is representative
of a 15-20 percent leaching fraction. It was used in the development of the guidelines, and concentration
factors for other leaching fractions are given in Table 3. The tolerance limits of Table 4 for water
salinity assume that the soil salinity (ECe) results from accumulatin of salts coming from the applied
irrigation water. If there is a source of salt other than the irrigation water, for example from a high water
table, the concentration relationship between water salinity (ECw) and soil salinity (ECe) is not valid,
but the ECe values given in Table 4 are still valid. It is again emphasized that the soil salinity (ECe) that
is expected to develop following several years of use of a water assumes that the water is the primary
source of soluble salts. If a water table is present, it is an additional salt source not considered in the
fixed relationship ECe = 1.5 ECw.

If conditions of use consistently indicate a leaching fraction other than 0.15 to 0.20, the concentration
factor (1.5 ECw = ECe), will also be different and the equivalent water salinity (ECw) of Table 4 can be
changed and a new table prepared. However, this should only be done if well documented local
experience confirms that the 1.5 concentration factor does not apply. The soil salinity values (ECe)
presented in Table 4 for crop tolerance are believed to be the best available to date and should not be
changed. They are supported by extensive and worldwide field research. Changing the leaching fraction



to change the concentration factor is one of the options available for control of salinity. Table 3 presents
concentration factors for various leaching fractions. These are useful to predict soil salinity (ECe) that is
expected to result from use of water at any given salinity and leaching fraction, as explained in a
previous section.

The majority of the yield data used by Maas and Hoffman (1977) to develop their linear equation
(Equation 10) were for yields varying between 50 and 100 percent yield potential. Because the linear
equation predicts these yields so well, it can be used to predict the approximate theoretical soil salinity
(ECe) at which the plant is presumed to be unable to extract water, and growth ceases (yield in this case
would be zero). The maximum ECe or the 0 percent yield predicted by this procedure are given in the
last column of Table 4. Figure 11 illustrates this projection to the expected salinity for zero yield.

EXAMPLE 4 - DETERMINATION OF YIELD POTENTIAL

For a cotton crop, from Table 4:

salinity threshold value (EC. for 100 percent yield)
7.7 ds/m

From equation (11) and Table 4:

100

b EC_ at 0% yield - EC, at 100% yleld (11)
where: b = slope of the yield loss line
b = 5.2 percent yield loss per 1 unit increase in soil salinity (ECe)
Substituting a and b into equation (12) for yield (Y) at 100 percent,
100 + ab - ¥
EC, = —— — = 7.7 ds/m (12)

The following shows EC, corresponding to indicated yield:

\ Potential Yield (percent) | EC. (ds/m)
| 100 | 7.7
| 90 | 9.6
| 75 | 13
| 50 | 17
| 0 | 27
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Fig. 11 Method of determining maximum EC,

If the tolerance data are plotted in graphic form, crops with similar tolerances from groups. Boundaries
and relative tolerance ratings can then be assigned to these groups. The schematic diagram in Figure 10
(Maas 1984) corresponds to the relative tolerance ratings given earlier for the crops in Table 5. The
divisions, although arbitrary, are useful for general planning and for comparisons among crops. In those
instances where sufficient data do not exist, a relative tolerance rating was assigned to the crop, based
upon best judgement from field experience and observations (Maas 1984). According to the diagram in
Figure 10, crop tolerances have been grouped as follows:

Relative crop salinity tolerance rating Soil salinity (ECe) ‘?‘t which yield loss
begins

Sensitive < 1.3ds/m

Moderately sensitive 1.3-3.0ds/m

Moderately tolerant 3.0-6.0ds/m

Tolerant 6.0 — 10.0 ds/m

Unsuitable for most crops (unless reduced yield is >10.0 ds/m

acceptable)

If there are few crops in an area, it may be desirable to prepare separate guidelines for each specific crop
or group of crops rather than use the broad guidelines given in Table 1. Guidelines for an individual crop
can be more specific and are better aids to managers and cultivators for evaluating the suitability of the
available water supply. An example of such a specific guideline is given in Table 6.

ii. Factors affecting tolerance




Crop production potential using a particular irrigation water can range from 100 percent down to zero
but there are often factors other than water quality which affect yield. The tolerance values in Table 4
represent production potential when salinity is the only limiting factor. Such conditions, however, do not
always exist. Other conditions may also limit production but the relative yield loss due to salinity will
approximate those in Table 4 if salinity is the main limiting factor.

The soil salinity tolerances in Table 4 apply primarily to crops from late seedling stage to maturity.
Tolerance during the germination and early seedling stage may be different and is only clearly defined
for a few crops. Table 7 presents data for a few crops showing soil salinity that resulted in a 50 percent
reduction in either yield or seedling emergence. In general, if the soil salinity in the surface soil (seeding
area) is greater than 4 ds/m, it may inhibit or delay germination and early seedling growth. This slowed
germination may then delay emergence, allowing soil crusting and disease problems to reduce the crop
stand. Rainfall or pre-plant irrigations will often help to maintain low salinity, delay crusting and

promote good emergence.

Table 6 GUIDELINES FOR INTERPRETING LABORATORY DATA ON WATER
SUITABILITY FOR GRAPES?

Potential Irrigation Problem

Units

Degree of Restriction on Use

None Slight to Moderate Severe?
Salinity? (affects water
availability to crops)
ECw ds/m <1 1.0-27 >2.7
Toxicity (specific ions which
affect growth of crop)
Sodium (Na*)* me/l <20 - -
Chloride (CI'%* me/l <4 4-15 > 15
Boron (B) mg/l <1 1-3 >3
Miscellaneous
Bicarbonate (HCO3 ) me/l <15 15-75 >7.5
Nitrate-nitrogen (NO3-N) mg/I <5 5-30 > 30

! Adapted from Neja et al. 1978

2 Special management practices and favourable soil conditions are required for successful production.

¥ Assumes that rainfall and extra water applied owing to inefficiencies of normal irrigation will supply
the crop needs plus about 15 percent extra for salinity control.

* With overhead sprinkler irrigation, sodium or chloride in excess of 3 me/l under extreme drying
conditions may result in excessive leaf absorption, leaf burn and crop damage. If overhead sprinklers are
used for cooling by frequent on-off cycling,damage may occur even at lower concentrations.

® Bicarbonate (HCOs ) in water applied by overhead sprinklers may cause white deposits on fruit and
leaves which reduces market acceptability, but is not toxic to the plant.

Table 7 RELATIVE SALT TOLERANCE OF VARIOUS CROPS AT GERMINATION!
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50 percent Emergence
Crop reduction (ECe in
ds/m)
Barley (Hordeum vulgare) 16 -24
Cotton (Gossypium hirsutum) 155
Sugarbeet (Beta vulgaris) 6-125
Sorghum (Sorghum bicolor) 13
Safflower (Carthamus tinctorius) 12.3
Wheat (Triticum aestivum) 14-16
Beet, red (Beta vulgaris) 13.8
Alfalfa (Medicago sativa) 8.2-134
Tomato (Lycopersicon lycopersicum) 7.6
Rice (Oryza sativa) 18
Cabbage (Brassica oleracea capitata) 13
Muskmelon |(Cucumis melo) 10.4
Maize (Zea mays) 21-24
Lettuce (Lactuca sativa) 11.4
Onion (Allium cepa) 56-75
Bean (Phaseolus vulgaris) 8.0

! Data taken from Maas (1984).

Rootstocks used for certain tree (citrus, almonds, stone-fruit) and vine crops (grapes) can appreciably
influence salinity tolerance. Rootstocks differ in their ability to exclude salt, especially the toxic sodium
and chloride ions. With a reduction in the amount absorbed, accumulation is reduced. This characteristic
for exclusion has allowed selection of commercially acceptable rootstocks as well as varieties for
improved production under saline conditions of soil or water.

Varietal differences also exist among cultivars of annual crops. The greatest differences in tolerance
appear to be among selections from cultivars of the more salt tolerant crops. A few may be significantly
more or less tolerant than indicated in Table 4. A careful screening of available varieties is essential if
salinity of applied water makes tolerance critical.

Plant breeding and selection for salinity tolerance have only recently been undertaken to any appreciable
extent. Initial results are promising and have stimulated new research in genetic salt tolerance,
particularly among closely related varieties or strains within a variety. If successful, plant breeding and
gene selection for salinity tolerance may greatly expand our ability to use more saline water suplies, but
any new information on tolerance should be used with caution. Any new varieties developed, and having
greater tolerance, should be judged on their own merits. A number of years (5-15 or more) will probably
be needed before even a few new, more salt tolerant crops are commercially available and competitive

in yield and quality with present varieties. The tolerances given in Table 4 are expected to remain valid
for most of the crops for the foreseeable future.

Climate also affects crop tolerance to salinity and drought. In general, crops grown in cooler climates or
during the cooler time of the year will have a higher tolerance to salinity then similar crops grown



during warmer, drier periods. Since crop demand for water is less during the cooler periods, the effect of
reduced water availability due to salinity is not so critical and a greater proportion of rainfall or applied
water may be available to leach accumulated salts. In contrast, however, during periods of very high ET
demand, as in summer months, under hot, dry conditions, water absorption by the plant roots may not be
adequate due to both rapid depletion of soil water and increased salt concentration around the roots.
Under these conditions, the plants may show earlier water stress than anticipated from normal bulk soil
sampling and water stress may be critical during extended periods of hot dry winds. Climate appears to
affect salt sensitive crops to a much greater extent than salt tolerant ones.

Fertilization has little effect on salt tolerance. If fertility is a limiting factor, proper fertilization will
increase yields, but if fertilization is not limiting, additional fertilizer will not improve salt tolerance.
Since fertilizers are for the most part soluble salts, timing and placement are important, and unless
properly applied they may contribute to or cause a salinity problem.

2.4.4 Cultural Practices

The primary management options to control salinity were discussed in the preceding sections: adequate
drainage, leaching to control salinity within the tolerance of the crop or, if this cannot be done, change to
a more salt tolerant crop that requires less leaching for adequate salt control. These management
practices are the ones most appropriate for long-term salinity control but there are separate cultural
practices that can have a profound effect upon germination, early seedling growth and ultimately on
yield of crop. Low yields are often the result of obtaining poor crop stands during the germination or
early seedling stage of growth. These short-term cultural practices that aid in salinity control become
more important as the irrigation water salinity increases, and are often done on an annual or continual
basis. They include land smoothing for better water distribution, timing of irrigations to prevent crusting
and water stress, placement of seed to avoid areas likely to be salinized, and care in selection of
materials, rate and placement of fertilizers.

i. Land smoothing or grading

Salinity control is difficult if a field is not sufficiently graded to permit uniform water distribution. Salts
accumulate in the high spots which have too little penetration and leaching (water runs off), while water
accumulates in low-lying areas which causes waterlogging and potential drainage problems.
Germination is often poor in high spots due to shortage of water and excessive salinity, while in low
areas, similar poor crop stands may result from waterlogging and soil crusting. The most difficult
problems occur with flood (border check or strip check) irrigation whereas sprinkler or localized (drip)
irrigation require smoothing or grading only to the extent needed to prevent water from accumulating
excessively in low areas.

Land smoothing (land planing) simply smooths the soil surface. Although a good practice, it does not
grade a field and is not a substitute for land levelling to a set gradient or slope. Land smoothing is often
an annual practice or is done every few years to ensure uniform water distribution when annual crops are
changed. In contrast, land grading is usually a one-time practice where ‘cuts’ from one part of a field are
transported to another area of the same field and spread as “fill’ to raise the level in that area. After this
one-time field grading is done, land smoothing or a less extensive land grading is done to restore the
field slope or gradient which may have changed slightly due to cropping, cultivations and irrigations.

Recent deep alluvial soils can be smoothed or graded with little risk of greatly damaging soil quality but
the older, mature and layered alluvial or residual soils may be difficult to smooth, level or grade to a set
slope without serious structural damage. Land grading causes a significant amount of soil compaction



due to the weight of the heavy equipment and it is advisable to follow this operation with subsoiling,
chiselling, or ploughing to break up the compaction and restore or improve water infiltration.

ii. Timing of irrigations

The timing of irrigations to prevent water stress will improve the chances for success when using higher
salinity water. Irrigation timing may include increasing the frequency of irrigation, irrigating prior to a
winter rainy season, and using pre-plant or other practices to aid in germinating the crop. The goal of
irrigation timing is to reduce salinity and avoid water stress between irrigations.

Water stress between irrigations can often be eliminated by increasing the frequency of irrigations,
thereby preventing excessive root zone depletion caused by too long an interval between irrigations. By
decreasing the interval between irrigations, a higher soil-water availability is maintained.

Increasing the frequency of irrigations may not always produce the desired results. For example, with
furrow and other flood methods, a change to more frequent irrigation may result in an unacceptable
increase in depth of water applied, a corresponding decrease in water use efficiency and consequent
drainage problems. These irrigation methods are generally less efficient because the depth of water
applied per irrigation cannot be as easily adjusted as with sprinkler or drip. With the more efficient
methods of irrigation, increased frequency may not greatly increase water use.

More frequent irrigations may not be practical except in areas where water can be taken on demand. A
good knowledge of crop water demand as the season advances is necessary to determine proper
frequency. The methods for estimating crop water demand (ET) and the periods of greatest sensitivity
are discussed in Doneen (1971); Doorenbos and Pruitt (1977) and Doorenbos and Kassam (1979).

Salts from higher salinity irrigation water can accumulate rapidly in the top few centimetres of the soil
due to surface evaporation during non-crop periods, particularly if a high water table is also present and
the climate is hot and dry. The extent of accumulation is influenced by salinity of both the irrigation
water and the water table, if present. Under such conditions, seed germination, seedling development
and yield may be seriously reduced. A pre-plant leaching irrigation is often used to remove these surface
salt concentrations.

If winter rainfall is insufficient to leach the accumulated salts from the topsoil, applying an irrigation
before the onset of limited winter rains refills the upper soil with water and the winter rains may then be
relied upon to provide sufficient water for leaching. Rainfall is excellent in quality and leaches salts out
of the seed areas, thus eliminating germination problems. Late autumn or early winter irrigation is a
good practice in a Mediterranean climate where winter rains may not provide all the necessary leaching.
Winter plus pre-plant irrigations give the user of less than ideal quality water greater flexibility in timing
of irrigations during the growing season.

When using water of moderate to high salinity (ECw > 1.0 dS/m) germination is often poor due to salts
accumulating in the seed row, especially when crops are seeded on raised beds and furrow irrigated. A
common practice among growers of lettuce, tomatoes and other sensitive annual crops is to use
sprinklers to reduce salinity to obtain better germination, to lower surface soil temperatures and improve
early seedling growth. Irrigations are applied one or more times each day for several days and for
relatively short periods of time - 1 to 3 hours' duration. After 10 to 14 days the sprinklers are moved to
another field and normal furrow or flood irrigations are applied as needed. One sprinkler system can be
used for germination and early growth of several different fields in a season.



Overhead sprinklers cause problems for certain sensitive crops when chloride or sodium is relatively
high. These concentrate as water evaporates between sprinkler rotations and are then absorbed in
excessive amounts by the leaves wet by the sprinklers. These problems occur mostly with slowly
rotating sprinkler heads and are aggravated by low rates of application. Sodium or chloride in the water
in excess of about 3 me/l causes the problem. Similar problems can occur due to drift of spray from
sprinklers applying moderately high salinity water. The toxicity usually appears as leaf burn (necrosis)
on the leaf-edges and can be confirmed by leaf analysis for chloride and sodium. Irrigating during
periods of higher humidity, as at night, has often greatly reduced or eliminated the problem. Annual
crops, for the most part, are not very sensitive to low levels of sodium and chloride but all crops will be
affected if the concentration is high enough. These problems are discussed in more detail in Section 4.3.

iii. Placement of seed

Salinity reduces or slows germination and it is often difficult to obtain a satisfactory stand of furrow
irrigated crops on saline soils or when using moderately saline water. In some cases, growers plant two
or three times as much seed as normal, hoping to offset the reduced germination. Increasing the amount
of seed planted can give higher plant density (Table 8) but may also result in additional thinning costs;
even then the plant population may not be uniform and increased yields cannot be assumed. A better
alternative might be to make appropriate adjustments in planting procedures to ensure that the soil
around the germinating seeds is sufficiently low in salinity. Suitable planting practices, bed shapes, and
irrigation management can greatly enhance salt control during the critical germination period.

Table 8 EFFECT OF PLANTING RATES ON SEEDLING ESTABLISHMENT OF CROPS
SPRINKLE-IRRIGATED WITH DIFFERENT QUALITY WATER IN ISRAEL*

Seeding rate (percent of Onions Carrots Alfalfa
acceptable field practice) EC. (dS/m)
1.0 4.0 1.0 4.0 1.0 4.0
100° 17 14 83 56 29 24
130 23 19 126 72 39 34
200 33 28 198 120 51 36

! Data taken from Pasternak (1975).
2 Acceptable field practice in Israel.

With furrow irrigated crops planted on raised beds, water movement is from the furrow into the bed.
Since water moves from the two furrows towards the centre of the bed, any salts present move with the
water and tend to accumulate in the upper centre of the bed. Planting seeds in a single row in the centre
of a raised bed places the seed exactly in the area where salts concentrate (Figure 12A), planting a
double-row on a raised planting bed (Figure 12D) will place the two seed rows near each shoulder of the
raised bed, away from the area of greatest salt accumulation. By this planting method, soil and water
salts still concentrate near the centre of the bed but away from the seed rows and germination is likely to
be better if salinity is a problem.

There are other planting alternatives. Alternate row irrigation may help. If the beds are wetted from both
sides, the salts accumulate near the top or centre of the bed (Figures 12A and 12D) but if alternate rows
are irrigated, the salt can be moved beyond the single seed row (Figure 12B). The salts may still
accumulate, but to a lower concentration. Off-centre, single-row planting on the shoulder of the bed
closest to the watered furrow (Figure 12E) has also been used and aids germination under salty soil
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conditions. Double-row planting with alternate row irrigation is not recommended as salts would
accumulate in the second seed row from the wet furrow.

SINGLE B Y
ROW BED =— TN==

DOUBLE
ROW BED

Fig. 12 Flat top beds and irrigation practice (Bernstein, Fireman and Reeve 1975)

With either single or double-row planting, if salts are a problem, increasing the depth of water in the
furrow can also be an aid to improved germination (Figures 12C and 12F). Still better salinity control
can be achieved by using sloping beds with seeds planted on the sloping side and the seed row placed
just above the water line (Figure 13). Irrigation is continued until the wetting front has moved well past
the seed row. A correct configuration for a single-row sloping bed that is easy to cultivate and convert
back to a conventional raised bed is shown in Figure 14. This reshaping is usually done after
germination and after the early growth period.

SINGLE - ROW DOUBLE - ROW
SLOPING BED SLOPING BED

Fig. 13 Salinity control with sloping beds (Bernstein and Fireman 1957)

Another widely used modification of the single-row sloping bed is shown in Figure 15; it is used for
both salinity and temperature control. The seeds are planted just above the water line in the furrow. For a
crop planted in winter or early spring, a soil temperature a few degrees warmer is important; the sloping
bed is oriented toward the south in the northern hemisphere. In hot climates, where cooler soil
temperature is desired, reversing this slope (facing away from the sun) has been beneficial.
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Fig. 15 Sloping seedbeds used for salinity and temperature control
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The pattern of salt build-up depends on bed shape and irrigation method. Seeds sprout only when they
are placed so as to avoid excessive salt build-up around them.

Fig. 16 Bed shapes and salinity effects (Bernstein, Fireman and Reeve 1955)

For different soil salinities, the diagrams in Figure 16 show the effectiveness of modifying the shape of
the planting beds. Actual response will depend on the initial soil salinity, the irrigation method, the



irrigation water salinity, and the crop tolerance during germination. Since salinity slows germination of
many crops, holding the water in the furrows for a longer period sometimes improves emergence by
maintaining moist soils, reducing crusting, and it actually dilutes or reduces salinity.

The larger seeded crops, such as maize, are sometimes planted in the water furrow for improved
germination under salty conditions. Grapes, too, are sometimes grown in the bottom of wide, flat
furrows or at the bottom of wide, gently sloping VV-shaped furrows. Much of the root zone then remains
relatively low in salinity.

iv. Fertilization

Fertilizers, manures, and soil amendments include many soluble salts in high concentrations. If placed
too close to the germinating seedling or to the growing plant, the fertilizer may cause or aggravate a
salinity or toxicity problem. For example, an application of 50 kg per hectare of nitrogen (240 kg/ha of
ammonium sulphate) would cause no salinity problem if spread uniformly over a one hectare area.
However, if drilled with the seed at planting time, it would probably reduce germination or growth of
seedlings and might result in crop failure caused by the high salinity of the fertilizer placed too close to
the seed.

Care, therefore, should be taken in placement as well as timing of fertilization. Seedlings are sensitive to
salts and, while small, require little fertilization. A small amount of fertilizer can be applied at or before
planting, and the remainder in one or more applications after crop emergence but before the main
growth period. In addition, a fertilizer with a lower salt index can be considered. The lower the salt
index of the fertilizer, the less danger there is of salt burn and damage to seedlings or young plants. Salt
indices for various fertilizers are shown in Table 9.

Salt tolerance of a crop is generally considered to be unaffected by raising the level of soil fertility above
that necessary to supply needed nutrients for optimum growth. However, if both salinity and low fertility
are limiting yield, correction of either or both will improve yield. If, however, the fertility is adequate
and the salinity is limiting, further increasing the fertility will not increase yield or improve the salt
tolerance of the crop (Bernstein, Francois and Clark 1974).

2.4.5 Chanqging Methods of Irrigation

The method of irrigation directly affects both the efficiency of water use and the way salts accumulate.
Flood and sprinkler irrigation are designed to apply water evenly over the entire irrigated area. This
results in most of the salts accumulating in the lower root zone. The degree of accumulation depends
upon the leaching fraction. Figure 2 illustrates several typical salinity profiles resulting from surface
flooding or sprinkler irrigation at leaching fractions varying from 0.1 to 0.4.

Table 9 RELATIVE EFFECT OF FERTILIZER MATERIALS ON THE SOIL SOLUTION*

. Partial Salt In i
Material Salt Index? a gf IE?ant I\?Li(rizit[ Unit
Anhydrous ammonia 47.1 0.572
Ammonium nitrate 104.7 2.990
Ammonium nitrate-lime 61.1 2.982
Ammonium phosphate (11-48) 26.9 2.442
Ammonium sulphate 69.0 3.253
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Calcium carbonate (limestone) 4.7 0.083
Calcium cyanamide 31.0 1.476
Calcium nitrate 52.5 4.409
Calcium sulphate (gypsum) 8.1 0.247
Diammonium phosphate 29.9 1.614
Dolomite (calcium and magnesium carbonates) 0.8 0.042
Kainit, 13.5% 105.9 8.475
Kainit, 17.5% 109.4 6.253
Manure salts, 20% 112.7 5.636
Manure salts, 30% 91.9 3.067
Monoammonium phosphate 34.2 2.453
Monocalcium phosphate 15.4 0.274
Nitrate of soda 100.0 6.060
Nitrogen solution 37% 77.8 2.104
Nitrogen solution 40% 70.4 1.724
Potassium chloride, 50% 109.4 2.189
Potassium chloride, 60% 116.3 1.936
Potassium chloride, 63% 114.3 1.812
Potassium nitrate 73.6 5.336
Potassium sulphate 46.1 0.853
Sodium chloride 153.8 2.899
Sulphate of potash-magnesia 43.2 1.971
Superphosphate, 16% 7.8 0.487
Superphosphate, 20% 7.8 0.390
Superphosphate, 45% 10.1 0.224
Superphosphate, 48% 10.1 0.210
Uramon 66.4 1.579
Urea 75.4 1.618

! Data taken from Rader (1943).

% The salt index is for various fertilizer materials when applied at equal weights. Sodium nitrate, with a
salt index of 100, is used as a base for the index.

Figure 17 shows the salt accumulation patterns for surface flooding or sprinkler irrigation which apply a
uniform depth of water across the entire field as contrasted to the salt accumulation patterns from furrow
or localized (drip, trickle or spitter) irrigation which apply water to only part of the field surface. In the
case of furrow irrigation, salt builds up with depth in the soil similar to flood irrigation, but salt also
accumulates in the areas not covered by water. Salt moves with the water to the high points where the
water evaporates most rapidly and is leached to greater depths as water drains by gravity. For localized
irrigation, salts accumulate at the edges of the soil wetted from the emitter. This results in a wetted
spherical shape with salinity highest at the outer edges of the sphere.
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Isolated pockets of accumulated salt frequently result where water does not infiltrate sufficiently to
accomplish leaching. These can be raised areas, areas of more dense soil, or areas not getting enough
water during irrigation. Typically these show as bare spots or areas of reduced or stunted growth. A well
designed sprinkler system generally provides the greatest uniformity of application, but this is often a
problem no matter which system is used.

Each irrigation method has certain advantages and disadvantages and all known factors should be
considered before attempting to improve salinity control by changing the method.

With surface flooding methods (flood, basin and furrow), depth of applied water entering the soil varies
with location in the field and depends on the infiltration rate and time available for infiltration.
Differences in the rate of infiltration are caused by land slope, degree of compaction, textural changes,



and soil chemistry. The opportunity time during which infiltration can take place also varies; the upper
end of the field nearest the water source usually has water on its surface for a much longer time than
does the lower end. The driest area is typically about two-thirds of the distance down the field. High
spots in the field also receive less water because, being high, they are covered by less water and for a
shorter period.

These surface flooding methods are usually not sufficiently flexible to apply less than an 80 to 100 mm
depth per irrigation. As a result, irrigating more frequently to reduce possible water stress may also
waste water and cause waterlogging and drainage problems. In order to relieve water stress, it may be
easier to increase the frequency of irrigation with sprinklers or drip irrigation rather than with surface
flooding. However, sprinkler and localized irrigation have their problems too and are not adapted to all
conditions of water, soil, climate, or type of crop.

A well-designed sprinkler system will apply water with good uniformity and at rates of application low
enough to prevent runoff. If well managed, it will result in an excellent overall irrigation and adequate
and uniform leaching. Depth of water applied is controlled by adjustments in the duration of application,
sprinkler spacing and nozzle size. Wind can distort the water patterns and must be considered.
Sprinklers are sometimes used to aid in temperature control, germination and early seedling growth at
which time the crop may be particularly sensitive to salinity, high temperatures and soil crusting. On
sensitive crops, however, sprinklers can cause leaf burn if the salts (sodium or chloride) concentrate
excessively on the leaves as water evaporates between rotations of the sprinkler. These salts are
absorbed and may cause a toxicity. These problems are discussed in detail in Section 4.3.

One of the concerns expressed about sprinkler use in hot arid areas is the evaporation loss during
sprinkling and the possible increase in salinity of the water that infiltrates the soil, but there is no clear
evidence that this evaporation is significant enough to warrant concern. One field study in the Imperial
Valley of California, USA, using a solid set sprinkler system, showed that evaporation losses on a hot,
dry day (temperature 47° C, relative humidity 27 percent and wind speed 3.7 km/h) caused a 20 percent
increase in water salinity (ECw) near the field edge but less than 5 percent within the main portion of the
field (Robinson 1973). Other trials have shown similar evaporation losses. A concentration factor of less
than 5 percent is expected to have little effect, but the 20 percent factor could cause some difficulty for
salt sensitive plants at the edge of the field.

Localized irrigation systems (drip, trickle or spitter) apply water on a daily or near daily basis at a very
low application rate (2-8 litres per hour per emitter). The near daily replenishment of the water used by
the crop keeps the soil moist and very near to or slightly above field water holding capacity. The
irrigations should maintain a slight but nearly continuous downward movement of moisture and salts for
excellent short-term salinity control. Irrigation efficiency can be close to 100 percent during the
cropping period, meaning that the crop evapotranspiration demand can be met essentially without losses
due to runoff or deep penetration.

Salts also accumulate with localized irrigation. However, they accumulate at the soil surface between
emitters and at the outside edges of the area wetted by the water applicators (Figure 17). With time, this
salt accumulation at the soil surface and in the wetted fringe between emitters can become appreciable,
and is a hazard if the salt is then moved by rain into the root zone of the crop or, in the case of annual
crops, if a new planting is made in these salty areas without prior leaching. On the other hand, if rainfall
is sufficient each season to leach the accumulated salts, no problems should be anticipated. The most
dangerous period is thought to be just after the first rainfall when the surface salt has been moved down
into the root zone but sufficient rainfall has not yet fallen to move the salt below the root zone. It is
recommended that regular irrigations continue during a rain or until 50-100 mm has fallen. If rainfall is
insufficient, supplemental leaching with the localized system may be needed.



Leaching by sprinklers or surface flooding after a season of localized irrigation and before replanting
has been effective in removing accumulated salts. However, this may require a second irrigation system
and will require large quantities of additional water, but it may be necessary for continued good
production when utilizing relatively salty water and localized irrigation.

With good quality water, yields with localized (drip) irrigation should be equal to, or slightly better than
other methods under comparable conditions. With higher salinity water (ECw > 1.0 ds/m), yields are
often better, due to the continuous high moisture content maintained by daily replenishment of the water
used by the crop. Frequent sprinkler irrigation might give similar results, but tests indicate the
probability of excessive leaf burn and defoliation from leaf absorption of sodium and chloride, and
reduction in yield. If accumulating salinity exceeds crop tolerance with the usual method of irrigation, a
better yield may be possible with localized irrigation.

Sub-irrigation, adapted to only a few situations is accomplished by rapidly raising the water table into
the root zone, and after a few hours to a day or two, draining it to prevent aeration problems. Lapsed
time for the rise and fall of the water table is 2-5 days. The upward movement of the water tends to
concentrate salts on or near the surface irrespective of whether the salinity originates from the water
table or the soil. Salt accumulation must be controlled by adequate rainfall or pre-plant leaching. Sub-
irrigation cannot be used with poor quality groundwater unless the soil is leached periodically by natural
rainfall, or surface applied leaching water.

Figure 18 shows salt distribution patterns resulting from various methods of irrigation of bell peppers. It
also shows that each method resulted in a significantly different yield although the same amount of
water was applied. With localized (drip) irrigation, a crop irrigated with what is normally considered
good quality water (ECw = 0.6 dS/m) yielded about 50 percent more than the sprinkler and furrow
irrigated plants. The advantage of the localized system was more pronounced with the higher salinity
irrigation water (ECw = 3.8 dS/m). Part of the difference in yield can probably be explained by the close
placement of the emitters to the plants and more frequent irrigations with the localized irrigation
method. This provided good salinity control in contrast to crop damage by absorption of sodium or
chloride through leaves wetted by the overhead sprinklers.
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2.4.6 Land Development for Salinity Control

The foregoing discussion of salinity control alternatives emphasizes practices that are required each year
or for each crop and are repeated frequently as opposed to those that may be performed once during
early stages of land development, or as an aid to reclamation of deteriorated land. These latter
techniques are seldom repeated and are often costly and require special engineering to complete. Their
goal is to improve existing soil conditions permanently in order to make irrigation, salinity control and
cropping easier. Typical practices performed during development stages are levelling land to a given
slope, establishing adequate drainage (covered or open drains), deep ploughing or slip ploughing to alter
the soil profile physically, and leaching to reduce excessive salinity.



i. Land grading

Salinity control is difficult if land is not sufficiently level to allow satisfactory water distribution and
uniform infiltration. Land grading changes the natural slope of the field to a uniform grade. A certain
amount of soil compaction is caused and it is advisable to follow the land grading procedure with
subsoiling, chiselling or ploughing to break up the compaction caused by the heavy land grading
equipment and improve uniformity of water penetration and leaching. Land planing simply smooths the
surface and, although a good practice, cannot be considered equal to, or a substitute for land grading.
Land grading and land smoothing are also discussed in Section 2.4.4.i.

ii. Improved subsurface drainage

Subsurface drainage problems and shallow water tables greatly complicate salinity control. Shallow
water tables frequently occur due to the presence of a slowly permeable layer below the soil surface
such as a clay barrier, hardpan or bedrock. Drainage problems are most frequently caused by over-
irrigation but may also be caused by seepage from upslope areas or leakage from canals. The most
effective control of salinity associated with a shallow water table is first to lower and stabilize the water
table. A discussion of drainage needs is presented in Section 2.4.1 as one of the primary options
considered for controlling salinity caused by poor quality water. An in-depth discussion of drainage
needs, surveys and designs is given in Dieleman and Trafford (1976) and Dieleman et al. (1980). If new
land is being brought into production, drainage must be considered, and it is essential for the long-term
success of any irrigation project or irrigated area. If drainage problems are in any way to be anticipated,
plans for their immediate or future control must be formulated. With adequate drainage established,
surface soil salinity can be controlled by irrigation management.

iii. Deep cultivation

Stratified or layered soils are difficult to irrigate efficiently. Layers of clay, sand or hardpan frequently
impede or prevent deep percolation of water which is essential for salinity control. Irrigations to supply
crop water demand plus salinity control can be greatly simplified if these layers are broken, destroyed or
at least made more permeable to water. Subsoiling and chiselling are considered to be temporary
improvements only and are often short-lived (1-5 years), whereas deep and slip ploughing can
permanently improve internal drainage. These are usually done after land grading and drainage but
before any needed reclamation. Deep or slip ploughing is costly and usually necessitates growing an
annual crop such as barley following the ploughing, to allow the disturbed soil to settle. Following one
or two barley crops, a touch-up land grading to re-establish the proper grading is also usually necessary.
In many cases, wind or water-deposited sands are sufficiently stratified and dense so that deep ploughing
or deep chiselling will greatly improve crop response and yield.

iv. Reclamation leaching

If salinity is excessive and greatly exceeds the tolerance of the planned crops, a major leaching to lower
salinity (reclamation) may be necessary before cropping is possible. The salts may have accumulated
due to events in the past history of the soil, to the presence of a shallow water table, or they may have
accumulated from inadequate leaching of salts brought in with the irrigation water. In any case, their
concentration in the upper root zone (0.3 m) must be reduced to near the tolerance of the crop before any
cropping is attempted. In soils with upper root zone salinity less than about an ECe of 10-12 dS/m, an
application of 10-20 cm of water as a pre-plant irrigation (sprinklers or flood) coupled with a light
irrigation following planting is usually sufficient to start a tolerant crop such as barley or cotton. If the
root zone salinity of the upper root zone is much greater than ECe of 10-12 dS/m, the pre-plant



irrigation may not be sufficient and a reclamation leaching is advisable before planting even a tolerant
crop such as barley.
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The depth of water that must be applied to assure adequate reclamation depends on the initial soil
salinity and the leaching method used. The higher the salinity, the greater the depth of water needed.
Intermittent leaching will reduce the soil salinity more efficiently (use less water) than will continuous
leaching (ponding), but the time required to accomplish the leaching will be greater. The influencing
factor is the soil-water content during the reclamation leaching. Efficiency is increased if the percolating
water moves more slowly (unsaturated flow) and is occasionally allowed to drain to field capacity as is
done in intermittent leaching. Under continuous ponding a higher proportion of the leaching water
moves through the larger soil pores and bypasses smaller pores. Salts trapped within these smaller pores,
therefore, are removed at a slower rate per unit of water applied. Sprinklers apply water at a relatively
slow rate and are very efficient in leaching.

It is not possible to predict with accuracy the depth of water that must be applied to accomplish the
reclamation leaching, but as a guide for continuous ponding, 70-80 percent of the soluble salts initially
present will be removed with a depth of applied water equal to the depth of soil to be reclaimed. For
example, a 1 metre depth of percolated water can be expected to leach 70-80 percent of the salts from a
1 metre depth of soil. Figure 19 shows that the percentage removal is highly dependent on soil type but,
as a general guide, the 70-80 percent removal should be reasonably representative for most irrigated
soils. For sprinklers or intermittent ponding, about 80-90 percent of the salts initially present in the soil
will be removed with a depth of applied water equal to the depth of soil to be reclaimed, but more time
is required to accomplish the leaching. Figure 20 shows that with intermittent ponding, soil type does
not play as important a role as with continuous ponding.



Localized irrigation has been used successfully for reclamation by placing one line of closely spaced
emitters on the flattened top of a raised planting bed such as used in furrow irrigation. The irrigation is
continued until the desired leaching has been accomplished. After planting, the crop is irrigated by
localized irrigation. The resulting reclaimed zone in the soil may be spherical with the emitter at the top
of the sphere (Figure 17). The salts are leached to the outermost fringe of the wetted area and into the
unwetted areas between the emitters, and by evaporation an appreciable salinity develops at the soil
surface. This surface salinity sometimes gives trouble if a light rain moves the accumulated salt back
into the root zone (see Section 2.4.5, localized irrigation).

If salinity is not too severe, extra irrigation water applied during the growing of a salt-tolerant crop will
accomplish reclamation. Barley and rice are common reclamation crops. The reclamation crop is planted
as soon as possible after the topsoil salinity is reduced to within its tolerance. The crop is believed to aid
reclamation due to a combination of effects including the physical action of roots to keep the soil more
open to allow additional water to infiltrate, the addition of organic matter or the alternate drying and
wetting of the soil which promotes better soil structure.

Attempts to remove salts from the soil surface by runoff and overland flow are relatively ineffective.
Surface flushing will remove a part of the salts but quantities removed are usually entirely inadequate to
accomplish appreciable reclamation.

2.4.7 Changing or Blending Water Supplies

Changing water supplies is a simple but drastic solution to a water quality problem. This is only possible
if a better quality supply is available. For example, a poor quality groundwater is usually abandoned if a
better quality supply becomes available, but this is not necessary if there is still a water supply shortage.
Under these conditions, consideration should be given to blending the poorer with the better quality
supply, thus increasing the total quantity of usable water available. Blending will not reduce the total salt
load but may allow more crop area to be planted because of the increase in volume caused by dilution.
The guidelines of Table 1 can be used to evaluate the usability of the blended supply which should also
be evaluated carefully to ensure that the total quantity of additional water needed for salinity control (the
additional leaching requirement) does not exceed the net gain in amount of blended water available. The
quality of the blended water can be found by using equation (13):

Concentration Concentration proportion Concentration  proportion
of the = |of water (a) « of water + |of water (b} « of water (13)
blended water (a) used (k) used

where the concentration can be expressed as either ECw or me/l but the same units of concentration
must be used throughout the equation.

Blending water supplies for salinity control is not a common practice. Most users alternate between the
two supplies. Alternating use can be beneficial, particularly in locations where winter rains or winter
irrigations are used to meet most or all of the leaching requirement. Since the total salt load applied will
remain the same, it may be advisable to use the better quality supply in the early part of the cropping
season and the poorer quality blend later when the crop is less sensitive to salinity. An example of
blending is given in Example 5 and Table 10.



EXAMPLE 5 - BLENDING IRRIGATION WATER FOR MAIZE

A farmer is irrigating a maize crop with canal water (ECw = 0.23 dS/m) and is able to achieve a
leaching fraction (LF) of 0.15 by using efficient irrigation practices. The irrigated area could be
expanded but no additional canal water is available. A well is available but the water quality is marginal
for maize production (ECw = 3.6 dS/m). Could these two water sources be safely blended and thus
expand the irrigated area?

Given: Canal water ECw = 0.23dS/m
Well water ECw = 3.6dS/m
Water demand (ET) for maize ET = 800 mm/year
Leaching fraction achieved LF =0.15
Explanation:

The leaching needed for a 90% vyield potential of maize is estimated using equation (9):

ECH %)
LR * S{EC ) - EC

0.23
LR({:anal water) = 5(2.5) - 0.23 0.02

3.6 = 0.40

LR ell water) = 5(2.5) - 3.6

The calculated leaching requirement (LR) for the canal water is less than the actual leaching achieved by
the farmer. Water is being lost by over leaching but a LF less than 0.15 is not often achievable. The
calculated leaching requirement of well water alone when added to ET would greatly increase the
amount of water needed for production. For example, with the canal water and a LF of 0.15, the applied
water needed (Aw) is found from equation (7):

ET
- — ?
Aw T = iF (7)

800

AN anal water) - 1 - 0,15 - 741 mm/year

For the well water:

- 800
(well water) 1 - 0.40

Aw 1333 mm/year

The use of well water alone would result in a 40 percent increase in water use per hectare to achieve the
same maize production as could be obtained using the canal water.

From Table 4, the maximum ECw of the blended water that will allow a 90% vyield potential with a
leaching fraction of 0.15 is 1.7 dS/m. The optimum blend of water can then be found by modifying
equation (13):



a) + (ECuw (well water) - b) = Maximum EC.y lend water) 13

ECw (canal water) -

where: ECy (canal water) = electrical conductivity of the canal water in dS/m
ECw (well water) electrical conductivity of the well water in dS/m
a proportion of canal water used

b = proportion of well water used

Maximum ECy plendwatery = Maximum electrical conductivity of the blended water in dS/m

ifa=1 - b, then the above equation is:

023(1-b)+36() = 1.7
3.37b = 1.47
b = 0.44 or 44 percent well water
a = 1-b=0.56or 56 percent canal water

The above shows that the area presently irrigated with canal water at Aw = 941 mm/ha/year could be
expanded with no increase in Aw/ha/year if the canal water were blended with up to 44% well water.
Yield potential would be maintained at about 90% and the planted area could be expanded by 44%.

Table 10 WATER QUALITY FROM BLENDED CANAL AND WELL WATER?

Canal Water used ECw SAR Mixing Ratio
(percent) (dS/m) (Well water/Canal water)
0 3.6 17.8 -
20 2.9 154 4:1
25 2.8 14.8 3:1
33 2.5 13.6 2:1
50 1.9 11.2 1:1
66 1.4 8.3 1:2
75 11 6.8 1:3
80 0.9 5.7 1:4
90 0.6 3.3 1:9
95 0.4 2.0 1:19
100 0.23 0.5 -
! The data from the water analysis is:
ECw Ca Mg Na HCO; Cl SO, SAR
(dS/m) (me/l) (mefl) (mefl) (me/l) (me/l) (me/l)
Canal water 0.23 1.41 0.54 0.48 1.8 0.29 0.17 0.5
Well water 3.60 2.52 4.0 32.0 4.5 25.1 8.9 18.0
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