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Abstract

Sodicity tolerance tests on kallar grass (Diplachne fiisca) were carried out in a pot experiment
to evaluate its resonse to high soil ESP levels. Results indicate that dry matter yield of kallar grass was
not much affected with increasing soil sodicity. A 50% reduction in yield was observed at ESP level
of 73. Sodium content of plant increased with a concomitant reduction in K, Ca, Mg and (i contents
with the increase of sodicity levels. Kallar grass could be classed as highly tolerant to soil sodicity.

Introduction

About 33.0% (12.0 million acres) of irrigated soils (37.0 million acres) of Pakistan
have been adversely affected by different types of saits and 60% of the salt affected soils
ih Pakistan are saline-sodic in nature. Out of this 2.5 million acres are classified as im-
permeable {(dense) saline-sodic soils. In addition, small chunks of non saline-sodic soils
(69,700 acres) occur as slick spots (Muhammed, 1978). Furthermore, through the use of
high sodium underground water, many normal/saline soils have been converted into sodic
soils (Choudhry et al., 1978). 1 is a common experience that the rate of amelioration of
dense saline-sodic and sodic soils without the application of amendments is slow, and
time consuming. Even the use of large quantities of gypsum has not always been success-
ful in maintaining or increasing the soil hydraulic conductivity because of limited solu-
bility (less than 0.2%) under field conditions (Branson & Fireman, 1960). Amelicration
of such soils is not economically feasible (Rafig, 1975). To deal with such soils, Sandhu
& Malik (1975) proposed a plant succession programme wherein kallar grass {Diplachne
Jusca) was recommended as a pioneer plant Lo grow in the deteriorated soils. Characteris-
tics of the plant have been discussed by Khan (1966} and Hussain & Hussain (1970).
No report is available that gives the tolerance limit of this plant to sodic soil conditions.
This paper deals with the growth response of kallar grass to soil sodicity under controlled
conditions. The effect of high soil sodicity on plant composition has also been investi-
gated.

*Present Address:- Associate Professor, Department of Soil Science. University of Agricul-
ture, Faisalabad.
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Materials and Methods

The experiment was conducted in glazed pots. For preparing soils, having a range
of exchangeable sodium percentage (ESP) levels, a normal garden loam soil (physico-
chemical analysis given in Table 1) was air dried, passed through 2 mm sieve and mixed
thoroughly. Calculated amounts of sodium bicarbonate solution in distilled water were
sprayed on to the soils which were then subjected to alterante wetting and drying cycles
for 2 months to achieve equilibrivm. The ESP levels attained were 15, 29,44, 59 and 72.
Original soil having ESP of 7 served as control.

Table 1. Analysis of the soil used for the experiment

pH-, 795
EC-, 2.4 mmhos cm™
SAR- 30

CaCO4 3.5%

Organic Matter- 0.67%

Sand- 54%

Silt- 30%

Clay- 16%

Textural Class- Loam

Kallar grass having 3 root stumps. uniform weight and appearance were plarited
in each pot cartaining 10 kg of soil/pot and irrigated with canal water. Every effort was
made to keep the moisture level, temperature and sunlight uniform for all the treatments.

Two cuttings of grass, the first one after 25 days of growth and the second one 18
days later, were taken and fresh and dry weights recorded. Representative plant samples
from each pot were taken and washed with distilled water prior to analysis. Ash contents
of plants were determined as per Jackson (1960) and chlorides were determined accord-
ing to the method of Chapman & Pratt (1961). Sodium, potassium and calcium were
determined by flamephotometery and magnesium by atomic absorption spectrophoto-
meter.

Results and Discussion
A. Effect of different ESP levels on plant yield

The data on fresh and dry matter yield (Table 2} revealed that at ESP 15, the
fresh weight yield increased significantly as compared to control while the increase in
dry matter yield was non-significant. Above this sodicity level the yields were significant-
ly reduced at each level of ESP. This indicated that succulence of kallar grass was subs-
tantially enhanced at ESP 15. Jennings (1967) has reported that Na had the ability to
bring about succulence in plants and that it acted as a specific stimulant for growth.
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Table 2. Effect of different sodicity levels on growth and ash content of kallar grass.

ESP level Green matter Dry matter Ash content
yield yield %
g/pot g/pot

7 171.8b 60.1a 7.18a
15 189.5a 62.34 7.23a
29 153.7¢ 53.0b 7.19a
44 138.5d 47.9¢ 7.14a
59 116.5¢ 40.9d 6.52a
72 82.5¢ 30.0e 6.70a

Means followed by the same letier are not significantly different at P 0.05.

Favourable effects of Na on plant growth have also been reported for sunflower (Ansari
& Alam, 1978), sugar beet (El-Sheikh ez al, 1967) and Atriplex (Brownell, 1968).

The decreased yield observed with increasing ESP levels of soil is possibly due to
the deteriorated physical condition of the soil or due to direct toxic effect of excessive
Na concentration in the root medium. Peterson (1961) attributed low yield of plants in
sodic soils to increasing exchangeable Na and pH of the growth medium. The adverse
effects of sodic soils on plants may result from high concentration of Na, low Ca, Mg and
K availability and dispersion of soil resulting in poor aeration. Decrease in growth of
many plants with increasing ESP has also been reported by Dower & Wadleigh (1948) and
Pearson & Bernstein (1958).

There was approximately 50% reduction in dry matter yield of kallar grass at an
ESP of 73 as compared to control (ESP-7). This plant is therefore more tolerant than
Sesbania aculeara, where 50% veduction in dry matter yield took place at an ESP of 55
(Salim, et al., 1978).

Kallar grass is also more tolerant than Kentucky blue grass and common Bermuda
grass in which growth reduced by 35 to 50% at ESP levels of 26-28 (Lunt ef al., 1964).
The plant also seems to have greater tolerance to sodicity than tall wheat grass as repor-
ted by David & Peterson (1962). Kallar grass could therefore be classified as highly
tolerant to sodicity according to the classification of Pearson (1960).

B. Effect of ESP levels on plant composition
iy  Ash content
Ash content of plant tissue is an index of total jon retention in the plant body

under test. The data presented in Table 2 showed that with increase in soil sodicity, ash
content of kallar grass was little affected, which might be due 1o the excretion of salts
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through the leaves of kallar grass plant subsequent to absorption. It is probable that at
higher ESP levels, increase in ash percentage due to greater absorption of Na was offset
by reduced uptake of other cations like K and Ca.

ii) Na, K. Ca and Mg contents

Data on Na content of kallar grass grown at differnet ESP levels, showed some in-
crease in Na content with increase in the soil ESP (Table 3). Na content in case of plants
grown in control soil was 15.6 me 100 g dry weight and it increased to 23.9 me/100 g dry
weight at ESP level of 72. This increase in Na content of plants against a relatively cons-
tani level of ash content indicates unbalanced uptake of cations. With the increase in
sodicity, the level of solbule Na in soil solution increases whereas that of other ions re-
mains constant or decreases due to the precipitation of Ca and Mg. This increase in
soluble sodium percentage of soil seems to be responsible for the observed increase in Na
content of plant tissue. Similar results were also reported by Pearson & Bernstein (1958)
and Salim et al. {1978).

Talle 3. Effect of different sodicity levels on chemical composition of kallar grass

ESP Na K Na+K Ca Mg Cl
level me/100 g dry wt.

FControl}15.6a 41.0a 56.6a 28.7a 25.8a 27.0ab
15 19.9b 33.3b 53.2ab 25.7b 25.6ab 27.8a
29 21.2bc 32.5b 53.7ab 23.0be 23 9abce 24.5b
44 21.7be 28.2¢ 49.9b 21.0¢c 22.9abe 21.5bc
59 21.7be 26.4c¢ 48.1b 20.7¢ 22.2bc 19.6¢
72 239¢ 25.5b 49 5b 21.0¢ 21.1c 18.5¢

Means followed by the same letter are not significantly different at P 0.05.

It is apparent that the ability of the plant to absorb and retain K, Ca and Mg
decreased with increasing sodicity levels, maximum decrease being in case of K which
was around 35% at ESP 72 compared to control. At ESP 15 both K and Ca were signi-
ficantly reduced compared to control while the decrease in Mg content was non-signi-
ficant upto ESP 44. It is deduced that at high ESP levels this plant cannot maintain a high
K level which is considered to be an important factor for salt tolerance in many plants
{Wyn-Jones & Storey, 1978), but maintained a reasonably uniform NaT + K* level which
according to Ahmed (1978) was responsible for high salt tolerance in certain plant
species. In this case Na could partially replace K. possibly in its osmo-regulatory functions.

Cl content

The data on (1 content of plants at different ESP levels {Table 3} showed a
definite decreasing pattern with increasing ESP of soil. The Cl content of 27.0 me/100 g
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dry weight in case of control decreased to 18.0 mg/100g dry weight when soil ESP in-
creased to 72. This could be attributed to antagonistic effect of HCO, /CO3 ions on Cl
uptake. Similar results have also been reported on S. aculeata by Salim, et al, (1978).
This could also be explained on the basis of salt excretion mechanism present in kallar
grass. The efficient excretory mechanism is considered to be rgsponsible for its high tole-
rance to sodicity .

Consequently Kallar grass is a suitable plant for initial colonization of highly sodic
and saline-sodic barren lands which are otherwise difficult to reclaim.
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