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There has bz2en a constant decrease in yield of crops in West Pakistan
although the area under crops registered an appreciable increase. The main
cause of decrease in productivity is the accumulation of salts within the root
zone of crops. The rise of sub soil water level to the root zone is another cause
of decrzase in productivity.

In gensral the effect of salinity and water logging on plant growth is
similar. This results in the decrease of the physiological availability of water
to the plants by way of either higher osmotic pressure or rendering the roots
inactive on account of non-availability of oxygen or air. In this context the
following aspects needs to bz considered :

(a) Effect of increase of osmotic pressure of the soil solution during
plant growth.

(b) Effect of the accumulated toxic quantity of various ions within the
plants as a result of the increase of these ions in the more con-
centrated soil solution.

(¢) Effect of waterlogging on plant growth duc to the formation of
ancrobic conditions.

There is experimental data to show that plant growth is inhibited due
to the accumulation of neutral salts in the substrata. The salts increase the
osmotic pressure of soil solution with a consequent decrease in the water
available.

In the presence of salines, the structure of soil tends to become unstable
bringing about conditions of lower water permeability, poor aeration and
unworkable tilth. Different ions have different effects of toxicity. Thus
magnesium ions arc more toxic than calcium. The genecral effect of a high
salt content in the soil is to give a dwarfed, stunted plant and 209, or more
decrease in yield of the crop can be due to salts without the salt damage being
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apparent. As the salts content goes higher the leaves of crop become dull
coloured and often bluish green and they become coated with a waxi deposit.

Presence of high amounts of salts in the root zone of the plants greatly
reduces their power of absorbing water. Hayward and Spurr have shown
that maize roots absorb water at only one third the rate from a solution of
osmotic pressure 4.8 atmospheres as from one at 0.8 atmosphere.

As a result of their work, Magistad and co-workers at the Regional
salinity laboratory on the relation between the osmotic pressure of the soil
solution around the plant roots and the growth of crop, have concluded that
there is a linear relation bztween the reduction in yield and the osmotic pressure
of the solution. Gauch and Wadleigh observed the same phenomenon in
case of Beans.

Gauch and Magistad showed that the yield of the lucerne was reduced
about 10% for each increase of one atmosphere in the osmotic pressure.
Bzans growing in a solution of osmotic pressure 4.4 atmosphere only give 207,
while cotton and sugarcane give 70 % of their yield when growing in 0.4 atmos-
phere solution.

Eaton observed the toxic effects of chloride and sulphate ions and
inferred that the tolerance of different plants vary with the type of salts, their
concentrations and the weather conditions.

Effect of increased salt concentration on the growth of alfalfa, oats and
wheat grown in saline soils in Canada was observed by Doughty and Stalwick.
A gradual decrease in crop yield with increase in salt concentration was recorded.
As the salts increase from .4 Y% to 1.09% the yield decreased from 779, to 33 %.
Alfalfa was found to be tolerant than oats and wheat.

As a result of their study Viechmenyer and Hendrickson consider the
zone of available moisture to be bounded by field capacity and permanent wilt-
ing percentage. This moisture stress is, however, effected by salinity which in
turn has a significant relation to growth and relative salt tolerance of plants.
Wadleigh and Gauch observed that leaf alongation of cotton stopped when
total soil moisture stress in a saline soil reached about 15 atmosphere.

It is thus clear that one of the main effects of moderate level of soil
salinity is to limit water supply to the plant by increasing the osmotic pressure
of the soil solution. This effect is intensified by an increase in soil moisture
tension and the combined effect, total soil moisture stress conditions the growth
of plants.

It is now believed that greater the salt content of the soil, the less water
crop can remove from it before it begins to suffer from water shortage. Soils

with a high salt content require, therefore, more frequent irrigation than
similar soils of low salt content.
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Tolerance of plants is usually low when they are young and high when

established. The plants may be able to keep alive at high salt content but make

very little growth under these conditions. Very recently in western states of

America crops have been graded into 3 categories, tolerant, moderately
tolerant and sensitive to plants as given in the following table :

Good tolerance Moderate tolerance Sensitive
' Date Pomegranate Fig and Olive Grape fruit, Pear, Al-
Grape. mond, Apricot and Peach

Apple and Plum, Orange
and Lemon.

Sugar and Fodderbzet, Flax, Sorghum, Barley, Vetch, Pea, Potato, Bean,
Milo, Rape and Kale Oats, Rye, Rice, Sun-
Cotton. flower, Wheat,

Barmuda grass, Rhodes Luczrne, Sweet clover, Red and white clover.
grass, Rye-grass, Strawbzrry clover, Sudan
Western wheat grass.  grass, Cereals for hay.

Dates, Sugarbeet, Milo, Cotton and some grasses are considered to be
very tolerant to salts while peas, beans and most clovers are in the sensitive
group. Similarly different varizties of a plant particularly cotton and strawberry
clovers have different salt tolerance.

In Eastern countries potatoes, cowpeas and maize are considered
salt sensitive and cucumbezrs, sunflowers and field peas are salt tolerant.

Stedman-Dayvies is of the opinion that adding Nitrogen and phosphate
to a soil may increase the resistance of the crop to salts, but the tolerance
will cartainly bz found to depend upon climate bgcause the temperature effect
soil conditions which in turn effect the development of the root system.

On their work on the amount of salt the soil can retain before the crops
are affected, Magistad and Reitemeier showed that if the soil solution
contains less than 0.4% dissolved salts, no crop suffer from salt trouble. The
safe contents of salts in the soil solution may be taken up to 3000 ppm of the
salts or less than 4 millimhos/cm. But if the salt content exceeds 5000 ppm
or the conductivity 8 millimhos/em. then on'y salt tolerant crops will grow
and their vields are likely to be reduced and if the salt contents exceed 10,000
ppm or the conductivity exceeds 15 millimhos/cm. no crops are likely to give
economic yields.

The average yield per acre of wheat which is the staple diet of the people
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_of West Pakistan was 10.7 maunds in 1947-48 has gone down to 9.6 maunds in
1958-59. The position in respect of other crops is as under :

Crop Yield Yield
' (Mds./acre) (Mds./acre)
. 1947-48 1958-59
Gram 6.8 5.8
Rice 10.5 5.2
Sugarcane (as gur) 35.2 30.0

The main cause of this decrease in yield is the accumulation of the
salines in the root zone of the crops. There appears an appreciable effect of
the increase in cropping intensity on the formation of salines. The observa-

_tions of Punjab soil profile indicat¢ that with a water table depth of 5 the
land develops salinity after 3 years ynder the prevalent high water duty in West
Pakistan, land having 10" and beyond 10’ water table may remain under
production for 5 and 8 years respectively. The two problems of salinity—
alkalinity and water logging under West Pakistan conditions are inseparable

_and it is thus essential that for better salinity control efficient drainage should
simultancously bz adopted so as to keep the subsoil water level at a reasonable
depth for the development of roots.

Laboratory and ficld scale experiments in the reclamation farms were
carried out during the last two decades to see the effects of salinity and water-
logging on agricultural production,

The salt tolerance studies undertaken in the Laboratories showed that
0.29; total salt contents commonly taken as the critical value between good and
deteriorated soil by no means holds true for all salts and all crops. For wheat
variety C 591 the critical value of sodium chloride was 0.3 % salt on dry soil
basis and for sodium sulphate this value was 0.7 and 0.8%,. With 1 : 1 mixture
of sodium chloride and sodium sulphate the value was between 0.4 and 0.5%.

For the minecral contents of irrigation water applied on semi field
conditions it was found that there was decrease in yield with the increase in
the conductivity of irrigation water. At lower conductivities up to 1500
micromhos/cm. the yields were not affected to any great extent. At higher
conductivities the relation was well established. In case of wheat water of
3020 to 350D conductivity decreases the yield by about 10%. A decrease of
6% was noticed in case of cotton at a conductivity of 1500 and a decrease
of 60% has been observed in case when water of 8000 conductivity
was used. The yield of sugarcane was affected by 6% at a conductivity
of 1500 and a 509% reduction was observed when saline water of 8000 con-
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ductivity was used. Bsrseem like sugarcane is a high delta crop. Decrease in
this case was noticad at 4% at a conductivity of 1500, and at 529 at a conduc-
tivity of 8000. Gram and Barley behave almost similar so far as the decrease
in their productivity is concerned. At 15000 conductivity a decrease of 5%
has bz2en observed and at the highest conductivity of 10,000 the yield is reduced
by 55%. At the end of the growing season, accumulation of salts is maximum
in case of Barseem and least in case of Gram and Barley under the conditions
of the experimznt. The other crops are intermadiate. Deztailed results are
reproduced in Figs. 1to 5 :

Fffects of High Soil Moisture

Crops are greatly damaged by water-logged conditions and the produc-
tivity of the soil is sufficiently decreased. The main problems that need atten-
tion in the water-logged areas are :

1. Effect of soil processes on plant growth.

2. Plant responses to water-logged conditions and its relation to
basic physiological process of the plants affected.

3. De:ztermination of relationship between damage by excessive soil
moisture, prevalent temperature and the stage of growth.

Paysical and Chemical Progresses in the Water-logged soils

In the water-logged areas, plant growth is restricted because the high
soil moisture level interferes with soil aeration. A lot of work on this aspect
has been done by Kramer and Russell. Water filling the soil pores not
only displaces air but also obstructs gases diffusion. Thus gaseous exchange
takes place only in the top inches of the soil and below that free oxygen is
practically absent. The rapid disappearance of oxygen from fooded soils
is generally accompanied by increase of carbon dioxide concentration which may
constitute more than 50% of all the dissolved gases. This has been ascribed
to micro-biological activities.

In paddy soil in India, the principal gas produced after submersion was
Methane with smaller quantities of carbon dioxide and hydrogen. Low
levels of oxygen may also result in soils with slow drainage immediately after
irrigation or rain.

In some cases, it has been possible to establish a relation between the
Oxidation-Reduction potential of a water-logged soil and its productivity.
Bradfield found an indication of the yield as a result of oxidation-reduction
optential in a poorly drained orchard soil. Waild and Randll found a -
corelation bztween oxidation—Reduction potential, specific conductence of
ground water and the rate of forest growth in Wisconsin,
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