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ABSTRACT

Soil salinity adversely affects plant growth in many arid and semi-arid regions,
but the magnitude of the response to salinity wvaries with environmental conditions.
This study evaluated the effects of temperature and relative humidity (RH) on plant
response to salinity. Red kidney bean (Phaseolus vulgaris L. cv. ‘Naz') at the
2-leaf stage was transplanted into triplicate containers of (1) a basal nutrient
solution and (2) the same nutrient solution but salinized with 80 M m3 NaClL The
plants were grown under four environmental conditions: (1) cool-dry, temperature at
18°C and RH at 25%, (2) temperate-dry, temperature at 25'C and RH at 25%, (3)
temperate-humid, temperature at 25'C and RH at 85% and (4) hot-dry, temperature
at 35°C and RH at 25%. Environmental conditions affected xylem water potential,
leaf area, total plant weight and shoot: root ratio. The maximal reduction in xylem
water potential for the saline-treated plants was 0.3 MPa for temperate-humid
and > 0.8 MPa for all other environmental conditions. Saline-treated plants in the
hot-dry environment died 4 wk after transplanting. Leaf area for the saline-treated
plants was reduced 4, 64, 67, and 100% below the control plants for the
temperata-humid, cool-dry, temperate-dry, and hot-dry environments, respectively.
Reductions in total dry weight of plants and the shoct: foot ratio followed the
same patterns as leaf area. Total weight of saline-treated plants at 6 wk  was
reduced by 4% for the temperate-humid, 46% for the cool-dry and 43% for
temperate-dry conditions.

:I,-";!-I‘J.’essor of Soil Science, Former Graduate Student and Assistant Professor of
Agronomy and Professor of Soil Science, respectively.
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INTRODUCTION

Salinity of soil and irrigation water can adversely affect plant growth
and crop production both by decreasing the osmotic potential of soil water
and by increasing accumulation of certain ions within plant tissues to toxic
levels (1,2,9). The reduction in osmotic potential of soil water decreases the
ability of plant roots to absorb water. If osmotic potential is reduced to
levels that inhibits water uptake by roots, the plants will undergo water
stress unless transpiration is also restricted to an equivalent extent.
Excessive accumulation of ions in plant tissues, particularly in leaves, in
response to the transpirational process may adversely affect physiological
processes within the plant.

Factors that alter these effects of salinity include climate, genotypic
tolerance of plants to salinity, soil texture, depth to water table, irrigation
efficiency, irrigation method, tillage and cultural practices (1). Temperature
and relative humidity (RH) of the air are the two additional environmental
factors that affect response to salinity. The transpirational demand for
water by plants increases as temperature increases and as the vapor
pressure of water in air decreases. Because RH is related to the vapor
pressure of water at a given temperature, RH is often used as a proxy for
vapor pressure measurements. Hence the transpirational demand for water
increases as RH decreases. Hoffman and Rawlins (4,5), in a study on the
effect of RH to salinity at a given temperature, found that tolerance of
beans to soil salinity markedly increased at higher RH’s. They also reported
that high RH (90%) significantly increased the salinity level at which the
yield was reduced to 50% of the non-saline yield for onion (Allium
cepa L.) and radish (Raphanus sativus L.), but did not affect this level for
beet (Beta vulgaris L.). On the other hand, cotton (Gossypium hirsutum L.)
was only slightly affected by RH (6). In a greenhouse study, dry weight of

bean plants grown in nutrient solution salinized with 80 mol m™ NaCl was
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lower under long, hot and sunny days of summer than under shorter, cooler
and cloudy days of fall and winter (3).

Few data address the influence of interacton between RH and
temperature on crop response to salinity. The purpose of this study was to
evaluate the effect of several combinations of temperature and RH on

response of bean plants growing in saline and non-saline nutrient solutions.
MATERIALS AND METHODS

Red kidney beans that had been germinated in washed sand, were
transplanted to the nutrient solutions at the 2-leaf stage. All nutrient
solutions were prepared in 0.013 m® (35 by 25 by 15 cm) plastic containers.
Macronutrient concentrations for plants grown in the control solution
(non-saline) were one-half those of the solution used by Johnson et al. (8).
Micronutrients were added as recommended, except the molybdenum
concentration which was twice the concentration used by the above
investigators. Compositions of the control solution for macronutrients were
NO,=7, H,PO =1, NH,'=1, Ca?*=2, Mg>=0.5, K*=3 and SOZ=0.5 M m %
Micronutrient concentrations for Cl, B, Mn, Zn, Cu, Mo and Fe were 50,
25, 5, 2, 0.5, 0.2 and 4m M m™, respectively. The saline solutions were
prepared by adding NaCl to the control solution to obtain a final NaCl
concentration of 80 M m . The NaCl was added in three parts, with one
third added prior to transplaanting the beans, one third added two days
after transplanting and the final third added two days later. The containers
were fitted with plywood covers containing 42 holes. A thin, soft piece of
sponge was wrapped around the stem of each seedling, and seedlings were
placed in 40 of the holes. The remaining two holes were used for routing
air tubing and adding water and salt solutions. Distilled water was added
daily to compensate for transpiration losses. In order to maintain the
desired concentrations of nutrients and NaCl, the experimental solutions

were changed weekly.
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The experiments were conducted under four controlled environments
within a Harecous Growth Chamber, Model 1350%. The environmental
conditions were: (1) cool-dry, temperature of 18°C and RH at 25%,
(2) temperate-dry, lemperature of 25°C and RH at 25% (3)
temperate-humid, temperature of 25C and RH at 85% and (4) hot-dry,
temperature of 35°C and RH at 25%. Temperature and RH were
continuously monitored with a recording hygrometer located at the level of
the plants. All environmental conditions at both salinity levels were
replicated three times. Temperature was maintained within +1'C and RH
within +5% of the values mentioned above. Photosynthetic photon flux
density during a 13-h light period was about 350 uM m2 5! from a
combination of fluorescent and incandescent lamps.

Plant material was collected from all treatments at transplanting time
and weekly thenafter for 6 wk after complete salinization of the saline
solution. The number of plants harvested for the 1st, 2nd, 3rd, 4th, 5th and
6th harvests were 18, 9, 5, 4, 2 and 2, respectively. Immediately after each
harvest, stem height and root length were measured with a meterstick,
xylem water potential of the portion of the stem containing three of the
most recent mature leaves was determined by an Ogawa pressure bomb
apparatus and total leaf area of one randomly selected plant from each
replicate was determined from the outline of each leaf traced onto graph
paper with l-mm grids.

Each plant was separated into shoots and roots, rinsed with distilled
water, blotted between layers of paper towel, and dried at 60°C for 3 days.

Dry weights of the roots and shoots were determined.
RESULTS AND DISCUSSION
Xylem water potential was lower for the saline-treated plants than for
the control under all four environments (Fig. 1). The reduction was least

for the temperate-humid environment. The differences in xylem
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Fig. 1. Effect of climate on xylem water potential of salinized vs control
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water potential between the salinized and control plants were relatively
constant with time for the temperate-humid condition. The -differences
generally increased for the other treatments and was most pronounced for
the temperate-dry environment. Plants in the hot-dry environment died
before the end of fourth week after full salinization of the nutrient solution.

The magnitude of the difference in leaf area and total dry weight
between plants grown in the control and in saline solutions was
significantly related to environment (Figs. 2 and 3). Six weeks after
transplanting, the reductions in both leaf area and total dry weight were
only 4% for the saline-treated plants grown in the temperate-humid
environment. The reductions in leaf area for plants grown under cool-dry
and temperate-dry environments were 64% and 67%, respectively, but the
reduction in dry weight was smaller for the temperate-dry than for
cool-dry environment. Plants grown under saline condition in the hot-dry
environment had the greatest reduction in leaf area and dry weight.

The shoot-root ratio (Fig. 4) for plants grown in the salinized solution
varied with environment. Plants had the highest shoot-root ratio in the
temperate-humid  environment. Hoffman et al. (6) reported that the
shoot-root ratio of cotton plants increased with higher relative humidity.
They suggested that this response, which is predicted by some plant growth
models, stems from conditions which cause the plant to lose turgor under
lower RH and induce roots to grow at the expense of shoots. Low RH
should increase transpirational demand and reduced turgor. In this study,
the shoot-root ratio was the lowest for the plants under the hot-dry
environment, indicating that although root growth was restircted, shoot
growth was affected to a greater extent. The shoot-root ratio of
saline-treated plants in the cool-dry environment was only slightly higher
than that of the temperate-dry environment.

The concomitant reduction in leaf area and leal water potential in
each of the treatments underscores a relationship among =xylem water

potential, cell turgidity and leaf expansion (7). For example, as long as
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xylem water potential was greater“than -1.20 MPa in this study, cell
turgidity apparcntly was sufficient for leaf expansion and little reduction
in leaf area occurred. High RH of the temperate-humid environment would
be expected Lo reduce the transpiration rate. Thus, under the saline
condition, transpirational loss of water barely exceeded water uptake, and
xylem water potential in the temperate-humid environment barely declined
below -1.20 MPa. As a result, leaf area and plant dry weight were little
affected by the 80 M m™ NaCl salinity. Because the saline root media for
all environments were maintained at the same osmotic potential, differences
in growth at the lower RH’s would be explained by the effects of vapor
pressurc deficits, which are a function of temperature and RH, on
increasing transpirational demand in cxcess of reduced water absorption at
the higher solution osmotic potentials.

Based upon results of this experiment and the work of others, we
conclude that certain factors must be considered when attempting to define
the effects of salinity on plant response. Environmental conditions, age of
plant and possibly time of exposure to saline conditions are important. One
critical parameter is the relationship between root surface and osmotic
resistance to water movement and leaf surface, and increased
transpirational loss and how this may change with time (e.g., root-shoot
ratio). When the plants were small, and root mass relative to leaf area was
large, the net result of these interacting factors was that sufficient water
could be taken up by the plant to meet transpirational losses. As age of the
plant increased and the leaf area increased relative to root growth, the
environmental conditions could affect transpiration differently, Various
degrees of water stress and growth suppression occurred with the maximum
suppression occurring for the hot-dry environment.

Environmental conditions were found to have important effects on
plant growth in this salinity study. In the context of predicting the effects
of climatic conditions on plant growth, future salinity experiments should

be conducted using the temperature and RH conditions that are
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representative of the geographical area under consideration. Because the

effects of salinity on plant response for some plants is dependent on

climate, the use of world-wide or country-wide soil salinity or water

quality classification systems have limited practical value. Soil salinity and

water quality classification systems would be more useful if environmental

conditions were also taken into consideration.
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