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SALINITY AND PLANT PRODUCTIVITY

D. L. Carter

INTRODUCTION

Plant productivity is limited on an estimated one third of the irrigated land in the
world or approximately 4 x 10 7 ha by soluble salt accumulations in the soil, often
referred to as soil salinity or salinity. As irrigated agriculture expands, more salinity
problems will develop because there are millions of hectares of potentially irrigable
land that could become saline. Every year new salinity problem areas develop and are
identified. Salinity is the most important problem facing irrigated agriculture, and
solving salinity problems is one of the greatest challenges to agricultural scientists.

Much research has been conducted during the past 30 to 40 years to determine the
relative tolerance of crops to salinity. Most of the salinity tolerance data available
through the early 1960s was compiled into useful relationships by Bernstein in 1964,
and these data have been cited and applied throughout the world.' Since then, many
new salinity tolerance studies have been conducted, and many new management prac-
tices have been proposed, evaluated, and some of them practiced to reclaim salt-af-
fected soils for improved crop production. Recently, Maas and Hoffman evaluated
existing salinity tolerance data for agricultural crops and presented the data graphically
so that the relative tolerance among crops could be easily compared.'•'

THE NATURE OF SOIL SALINITY

The soil solution or the water in the soil contains soluble salts, usually as the ionic
components. The ions commonly present in the greatest concentrations are Na', Ca",
Mg", Cl*, HCO 3  and SO 4 .—  The proportions and the amounts of each vary widely.
Sometimes NO; is present in significant concentrations, and K* is generally, but not
always, present in low concentrations. Some other ions are present in low concentra-
tions. Total soluble salts or soil salinity generally refers to the total concentration of
all ions of the soluble salts. When the total soluble salt concentration in the soil solu-
tion is high enough to limit plant growth and productivity, a salinity or soluble salt
problem exists. Soils also contain slightly soluble salts like CaCO3 , but these salts do
not contribute to salinity problems.

Most arid soils contain high residual salt concentrations. These residual salts result
from natural weathering processes of soil parent materials, evaporation of lakes, and
rainfall and evaporation over centuries. Soil salinity problems may develop in normally
non-saline areas when salts are leached from some soils and carried by water to other
areas where the water table is near the soil surface because of inadequate drainage;
the salts are then left behind as the water evaporates from the soil. The source of water
for leaching and transport of soluble salts in arid regions is generally from irrigation.
Soluble salts also accumulate in soils irrigated with saline waters, particularly where
drainage is poor or when too little water is applied to leach excess salts.

Water is transpired by plants in essentially the pure state just as it is evaporated
from a free water surface or from the soil. Therefore, as plants use water, the salts
are concentrated in the soil solution. When plants have used one half of the water,
stored in a soil from irrigation or natural precipitation, the salt concentration in the
remaining water or soil solution will be approximately twice the original concentration.
When three fourths of the initial water is used, the salt concentration will have in-
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creased approximately four times: All irrigation waters contain some salt, and the ef-
fects of this salt as plants use water depends upon the salt concentration in the irriga-
tion water. The total soluble salt concentration determines the quality of water for
irrigation; such waters are classified based upon their salt concentrations.'"

SALINITY EFFECTS ON PLANTS

Excessive soluble salt concentrations or salinity affects plant growth and production
primarily by increasing the osmotic potential of the soils solution.' Under some con-
ditions,'" specific ion toxicities can also be important for some crops, particularly
woody species. The physiological effects of excess salinity are many, but visual symp-
toms generally do not become evident until salinity conditions are extreme.

Plants affected by excessive soluble salt concentrations usually appear normal, but
there is a general stunting of growth, foliage may be darker green than for normal
plants, and sometimes leaves are thicker and more succulent. Woody species often
exhibit leaf burn, necrosis, and defoliation resulting from toxic accumulations of Cl
or Na. Chlorophyll formation is inhibited in citrus by specific ion toxicities." Occa-
sionally, nutritional imbalances caused by salinity produce specific nutrient-deficiency
symptoms." 15

The osmotic effect of salinity is to increase the osmotic potential of the soil solution,
thereby making soil water less available for plant uptake. Therefore, salinity-affected
crops often appear the same as crops suffering from drought. Many plants adapt to
the increased salt concentrations by increasing the osmotic potential of the cell sap." "

As the salt concentration in the soil solution increases, both the growth rate and
ultimate size of most plant species progressively decrease. Salinity effects are fre-
quently not recognized, even though yield reduction may be 20 to 30% because of the
general decrease in growth rate and plant size. Not all plant parts are affected the same
way, and any relationship between growth response and soil salinity must take this
into account.'" " The leaf-to-stem ratio of alfalfa is affected, influencing forage qual-
ity. 3 ' Vegetative production is decreased more than seed or fiber production for crops
such as barley, wheat, cotton, and some grasses_ 2•3• " In contrast, grain yields of rice
and corn may be greatly reduced without appreciable reduction in vegetative produc-
tion." " Root yields of root crops are generally decreased much more than top
yields."-" In contrast, top grOwth is affected more than root growth with some other
species.

The impact of reduced plant production caused by salinity depends upon the purpose
for which the plants are grown. Total yield and quality of crops grown for sale or for
feed are generally most important. However, the survival and growth of plants used
for landscaping and ground cover may also be important under some conditions.

MEASURING SOIL SALINITY

Soil salinity can be measured by several methods. Plant growth is primarily related
to the osmotic potential of the soil solution in the root zone."'" Osmotic potential
(P) can be measured directly by freezing point depression, vapor pressure osmometers,
or thermocouple psychrometers, or it can be calculated from the electrical conductivity
of soil saturation extracts (EC,) by the equation

= –0.36 (ECe )

The saturation extract is the soil solution removed from saturated soil by suction or
pressure. Measuring EC, has become widely accepted because the saturation percent-
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age is easy to determine and reproduce in the laboratory over a wide soil textural range.
Plant tolerance to salinity is generally based upon EC. values rather than osmotic po-
tential or total salt concentration. Both osmotic potential and total salt concentration
are readily calculated from EC.. based upon the above formula and relationships de-
veloped at the U. S. Salinity Laborabory."

Instruments have been developed recently to determine the electrical conductivity of
soil water (EC,..) in the field. Salinity sensors permit EC... measurements at a given
point in the soil, and the four-electrode probe can be used to measure an average or
integrated EC,. in the field."•" The salinity sensors ark useful for measuring soil solu-
tion salinity under field conditions over the ranges of soil matric potential normally
encountered in the field. The four-electrode probe is a simple, rapid, diagnostic tech-
nique for determining management practices. Both methods are based upon electrical
conductivity and are generally referenced to EC, values for plant productivity esti-
mates. When specific ion toxicities are evident or suspected, the concentrations of the
ions are measured in the saturation extract.

FACTORS INFLUENCING THE EFFECTS OF SALINITY
ON PLANT PRODUCTIVITY

Many factors influence plant response to salinity. One factor is the growth stage.
Sensitivity to salinity varies with the growth stage for many plants, particularly cereal
crops. Rice is tolerant during germination, becomes sensitive during early seedling
growth, and then becomes more tolerant as it matures."'" Barley, wheat, and corn
are more sensitive during emergence and early seedling growth than during germination
and grain development."•"'" Sugar beets are sensitive during germination and become
tolerant after that." Varietal differences in salinity tolerance have been observed with
wheat, barley, soybeans and some other legumes, and many grasses. 36 - 42 Rootstocks
for tree and vine crops differ in tolerance to total salts and also exhibit a differential
susceptibility to specific ion toxicities." ."'"

The availability of plant nutrients can affect salinity tolerance; conversely, salinity
and specific ion toxicities can cause nutritional disorders. Conflicting results of some
salinity-nutrient interactions are found in the literature. Applications of P have in-
creased plant production under saline conditions in some investigations but not in oth-
ers. There have been reports that excess P in sand cultures may decrease salt tolerance
of some crops; however, P concentrations would seldom be excessive in soils because
P is adsorbed and precipitated in the soil. As the salt concentration increases, N re-
quirements of plants generally decrease. The Literature contains information on several
other interacting effects of salinity and plant nutrients on growth and production.
These are not discussed here, but references are provided." . "- 48 - 5' Published salinity
tolerance lists of crops are generally based on data obtained where nutrient availability
was adequate.

Plant response to salinity is influenced by climatic factors. Many crops are less tol-
erantw hen grown under dry, hot conditions. Relative yields of alfalfa, beans, beets,
carrots, cotton, onions, squash, tomatoes, strawberry clover, and saltgrass are lower
in warm than in cool climates." High atmospheric humidity increases the salt tolerance
of some crops, and benefits salt-sensitive plants more than tolerant crops."

Irri gation management influences plant productivity in several ways. As previously
mentioned, all irrigation waters contain some salt, and as the water passes into the
atmosphere throu gh evapotranspiration processes, salts remain in the soil or the soil
solution. Unless extra water is added for leachin g salts from the root zone, salts will
accumulate from irrigation during the season. When the irrigation water contains mod-
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