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Abstract

Sporobolus arabicus and Sesbania 4egyptica grown in sandy soil as mono- and mix-culture using saline
water (ECiw: 6 & 12 dS.m™) for irrigation showed that the productivity of grass - legume mix-culture per
unit area was much higher irrespective of the salinity of irrigation water. Reduction in growth of S. aegyp-
tica at higher salinty (ECw: 12 dS.m") was more as compared to S. arabicus. No significant reduction in
growth of S. aegyptica was observed at low salinity (ECw: 6 dS.m™), whereas growth in S. arabicus was
promoted. Increasc in prolinc content at higher salinity was evident in S. aegyptica with no effect in §.
arabicus. Alteration in the absorption of radiant energy (quantum yicld) were non-significant in
Sporobolus in response to salinity and cropping system, while Sesbania plants showed a positive response
with respect to salinity and inter-cropping with Sporobolus. The same trend was evident for stomatal con-
ductance. Transpiration rate of Sporobolus was low when grown as mix-culture, while that of Sesbania was
highly reduced by salinity under both cropping systems.

Introduction

Salinization of soil and water is a factor responsible for desertification in arid and
semi-arid regions of the world (Szabolcs, 1992), which leads to reduction in yield, con-
sequent degradation of livestock and reduction of available wood biomass. Existence
of forage shortage, especially that of winter forage is a major problem for livestock
farming in Pakistan. The "Biosaline Technology”", where the exploitation of under-
ground saline water for irrigation at sandy soil has been found suitable for cultivation
of salt tolerant grasses and shrubs (Ahmad et al., 1986), may be useful to feed the live-
stock and also stabilize the sand dunes. The grasses and shrub species although have
great potential to tolerate highly saline conditions and produce economically feasible
grazable biomass, but are of low quality in respect to animal nutrition, .due to low
protein content. There is therefore a need to develop a system of mixed cropping of
such grass species with forage legumes having high protein content which can improve
the feed value of pasture lands.

There are evidences of improved productivity and net income per hectare through
intercropping [or] multiple cropping as compared to mono-culture (Santa-Cecilia &
Vieria, 1978). However, a compatibility of all components is of great importance. Kass
(1978) has emphasized the need to consider the effect of each crop component on the
other(s) to determine the plant types that are compatible for multiple cropping/inter-
cropping, especially under saline environment since the leguminous plants generally
cannot withstand high salinity at which certain grasses grow luxuriantly.

Experiments were therefore conducted to study the performance of a grass-
legume intercropping system under saline water irrigation. Sporobolus arabicus, a salt
tolerant grass species and Sesbania aegyptica (Janter), a leguminous forage species,
usually recommended for growing on salt affected soils were selected and grown in
mono- and mix-culture(s) under different salinity levels.
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Materials and Methods

The study was conducted at the Department of Botany, University of Karachi.

- Plastic drum pots of 0.6 m? diameter installed on RCC plateform were filled with 200
Kg of coastal sand, provided with a basal outlet for drainage. Experimental design was
a completely randomized design with three replicates as per following treatments.

(A) Salinity Treatmenis: Thrce salinities of irrigation water used were i)Control [Tap
water] (ECiw: 0.28 dS. m ), i))10% sea water (EC,w 5.87 dS.m" ) and iii) 20% sea
water (ECiw: 11.92 dS.m™Y).

(B) Cropping System: (i)Sporobolus arabicus (mono-culture); (ii)Sesbania aegyptica
(mono-culture) with 2 plants/pot; (iii)S. aegyptica (mono-culture) with 4 plants/pot;
(iv)S. arabicus + S. aegyptica [2 plants/pot] (mix-culture); (v)S. arabicus + S. aegyp-
tica [4 plants/pot] (mix-culture).

Seedling establishment and pre-conditioning: Seeds of S. aegyptica were sown in small
plastic bags filled with sand, frequently flushed with tap water. On emergence the see-
dlings were thinned to retain one seedling per bag, which were allowed to establish
for a period of two weeks.

S. arabicus was propagated vegetatively. Bunch of the stalk with 2-3 nodes were
planted in fine sand irrigated with tap water and allowed to establish for a month. The
established seedlings/saplings of S. aegyptica and . arabicus were divided into three
uniform groups representing three irrigation levels. Control plants were irrigated with
tap water, while othcrs were irrigated with saline water gradually increased by an
ECiw of 2 0 dS.m™}, at three ddys intervals till the desired salinity levels (ECiw : 6 and
12 dS m) of i 1rr1gat10n water was achieved.

Biomass (Kg)

Cropping System
2 10% sw 20% SW

[ conr.

Fig.1. Biomass of Sporobolus arabicus and Seshania aegyptica grown as mono- culture and mix-culture,
with saline water irrigation.

A) Sporobolus arabicus = [Mono-culture], B) Sesbania aegyptica (2 P1.) = [Mono-culture]

C) Sesbania aegyptica (4 P1.) = [Mono-culture], D) S. arabicus, = [Mix-culture with 2 Sesbania)

E) §. aegyptica (2 Plants) = [Mix-culture with Sporobolus), F) S. arabicus = [Mix-culture with 4 Sesbhania)
G) S. aegyptica (4 Plants) = [Mix-culture with Sporobolus)
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Transplantation: Pre-conditioned plants of uniform size were transplanted in drum
pots as per above mentioned experimental design in August, 1991 for a period of one
year.

Harvest: Due to fast growth rate of S. aegyptica, the plants were clipped twice (Novem-
ber, 91 and March, 92) at a height of 45 cm from ground surface during the growth of
one year. Final harvest was taken in August, 1992.

All the plants were up-rooted, separated into roots and shoot and weighed for
fresh weight. In mix-cultures, both the grass and legume components were weighed
separately to determine their respective contribution in the biomass production.”
Weight of the clipped components of the forage legume (Sesbania) were added to the
fresh biomass obtained at the time of harvest, to obtain the cumulative fresh biomass
produced over a period of one year.

Physiological studies: Quantum yield, stomatal conductance and transpiration rate was
measured using a Li-1600 steady-state porometer (Li-Cor, Inc. USA).

Biochemical Estimations: Leaf samples were collected from experimental plants after
60 days for biochemical analyses. Chlorophyll was extracted and estimated as
described by Maclachlan & Zalik (1963) using Spectronic-20 spectrophotometer.
Sugar content was determined by Anthrone’s method (Yemm & Willis, 1956) and -
protein was extracted and estimated by Lowry’s method (Lowry et al., 1951).

Results

Growth responses of S. arabicus and S. aegyptica were variable when grown as
mono- or mix-culture (Fig. 1). Sporobolus when grown as mono-culturc showed
promotlon in biomass production at 10% sea water [ECjw: 6 dS m’ ] with no reduction
in biomass production at 20% sea water [ECiw: 12 dS.m’ ] Analysis of variance
(Table 1) showed that variations among treatments (T), were statistically significant (P
<0.05), while cropping system (S) irrespective to the density of inter-cropped Ses-
bania plants was non-significant, when analyzed seperately or in interaction to salinity
treatment (SxT). No significant reduction in the biomass of Sesbania was observed at
low salinity - low density, when grown as mono-culture, whereas, at high salinity
growth was significantly reduced. At high density, biomass of mono-cultured Sesbania
plants was significantly reduced at both salinity levels. However, the net productivity
(grass + legume) per unit area was much higher in mix-culture(s), irrespective to the
salinity of the irrigation water (Fig. 2). Statistical analysis (Table 1) confirms the in-
fluence of density (D) and treatment (T) and their interaction (DxT) for biomass
production. Cropping system (S) showed no significant effect on growth of Sesbania
plants, but its interaction with density (DxS), treatment (TxS) and their combined in-
teractions (DxSxT) were highly significant (P < 0.001).

The contents of chlorophyll "a" and "b" of salt stressed Sporobolus remained un-
changed when grown as mono-culture, but exhibited a gradual reduction when grown
as a component of mix-culture(s) (Fig.3). However, these differences were statistically
non-significant (Table 1). At high density mixculture (grass:legume ratio of 1:4), the
chlorophyll content in Sesbania plants showed a consistent negative response-with
respect to salinity. The influence of cropping system (S) over chlorophyll "a" content of
Sesbania plants was highly significant (P <0.001).
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Table 1. Pooled ANOVA for growth, physiological and biochemicai responses of Sesbania aegyplica
and Sporobolus arabicus grown as mone-culture and mix-culture, with saline water irrigation.

Parameter Plant ANOVA  Density (D) Systcm (S) Treatment (T) SxT DxS DxT DxSxT
specics
Biomass  S.acgyptica F. Ratio 34.87 0.59 247.61 22.54 12.77 3840 23.90
Probability 0.001 n.s 0.001 0.001 001 0.001 0.001
S.arabicus  F. Ratio 0.21 3.84 0.35
Probability ns 0.05 ns
Chl-a S.acgyptica  F. Ratio 092 17.36 3.20 1.54 039 268 123
Probability n.s 0.001 n.s ns ns ns ns
S. arabicus  F. Ratio 0.40 1.36 0.42
Probability n.s n.s n.s
Chl-b S.acgyptica F.Ratio 275 0.49 0.78 163 113 174 051
Probability n.s ns n.s n.s ns ns ns
S. arabicus  F. Ratio 0.13 143 0.56
Probability ns n.s n.s
Soluble  S.acgyptica F.Ratio  4.24 0.94 3.82 1.9 139 036 0060
sugars ‘Probability n.s ns 0.05 n.s ns ns ns
S. arabicus  F. Ratio 0.86 0.55 1.56
Probability n.s ns n.s
Total S. acgyptica F.ratio - 016 = 124 3.25 1193 2278 069 1.80
protcias Probability n.s n.s n.s 0.001 0001 ns ns
S. arabicus  F. Ratio 0.15 1.9 0.80
Probability ns n.s n.s
Quantum  §. acgyptica F.Ratio |  0.60 16.73 16.05 0.42 000 066 159
yicld Probability n.s’ 0.001 0.001 n.s ns ns ns
S. arabicus  F. Ratio 3.04 o0.n 233
Probability n.s n.s n.s
Stomatal  $. acgyptica F. Ratio 2.35 0.07 9.39 1.60 59.15 050 777
conductance Probability n.s ns 0.001 n.s 0001 ns  0.01
S. arabicus  F. Ratio 113 0.13 0.67 :
Probability n.s n.s n.s
Trans- S. acgyptica  F. Ratio 0.03 092 1225 0.58 504 030 0.21
piration Probability ns . ns 0.001 n.s 005 ns ns
S. arabicus  F. Ratio . 2.4 0.79 240
Probability n.s n.s ns

D = Densily of Seshania plants ; S=System of cropping (Mono/Mix) ; T =Salinity treatments
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Fig.2. Cumulative biomass per unit area of Sporobolus arabicus and Sesbania aegyptica grown as mono-cui-
ture and mix-culture, with saline water irrigation.

SP = Sporobolus arabicus = [Mono-culture], S2 = Sesbania aegyptica (2 Plants) = [Mono-culture]

$4 = Sesbania aegyptica (4 Plants) = [Mono-culture], SP+S2 = S. arabicus + S. aegypsica = [Mix-cul-
ture]SP +S4 = S. arabicus + S. aegyptica = [Mix-culture]

No significant reduction in the sugar content of Sporobolus was evident in
response to salinity as compared to control when grown as mono- or mix-culture (Fig.
4A). Sesbania when planted as mono-culture, showed a proportional increase in its
sugar content irr response to salinity. Increase in the density of Sesbania plants (4
plants/0.6 m?) showed a 25.75% increase in sugar content when grown under control-
led condition, as compared to low density (2 plants/0.6 m?). Sugar content of Sesbania
plants when grown as an inter-crop remained high under control conditions, irrespec-
tive to their density per unit area with a marked reduction in response to low salinity.
Analysis of variance (Table 1) confirms the validity of difference (P< 0.05) within
treatments (T) only.

An increase of 8.57% in the protein content of Sporobolus in mono-culture was
observed, when irrigation water of low salinity was used while at high salt level, it sig-
nificantly decreased (Fig. 4B). In mix-culture, the protein content of Sporobolus
proportionately decreased under control condition with increase in the density of Ses-
bania plants. At low density - low salinity, no change in protein content of Sporobolus
was found, while at low density - high salinity, a reduction of 7.31% was observed. In
contrast, at high density, an increase in protein content of salt stressed Sporobolus was
observed, both at low and high salinity levels. Statistically these effects were found to
be non-significant (Table 1). An increase in protein content of Sesbania plants in
mono-culture was observed in response to increasing salinity and density. The inter-
cropped Sesbania plants showed a proportional decrease in protein content with in-
crease in salinity level as well as the density per unit area. Analysis of variance (Table
1) shows that interaction of cropping system (S) with density (DxS) and treatment
(SxT) were highly significant (P <0.001).
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Fig3. Chloréphyll "a" and "b" content of Sporobolus arabicus and Sesbania aegyptica, grown as mono-cul-
ture and mix-culture, with saline water irrigation. A-G, as figure 1.

Quantum yield of Sporobolus remained unchanged irrespective of salinity and
cropping sysytem (Fig. 5A). Increasing density of Sesbania plants showed no effect on
quantum yield, irrespective to the cropping system, while inter-cropping and salinity
showed a proportional increase in case of Sesbania.

No significant change in stomatal conductance was observed, when Sporobolus
was grown as mono-culture under salt stress (Fig. 5B). Sesbania plants however, ex-
hibited differential responses to increasing density and inter-cropping. In mono-cul-
ture at low density, there was a significant difference in the stomatal conductance at
low salinity while at high salinity no change was observed. With increase in density of
Sesbania plants, the rate of stomatal conductance also increased both under control
and saline conditions. In mix-culture, Sesbania plants grown at low density, showed
similar response to that of high-density monoculture. At high density, the stomatal
conductance of intercropped Sesbania plants showed a similar trend to those grown as
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Fig4. (A) Soluble sugars and (B) Total protein content of Sporobolus arabicus and Sesbania aegyptica,
grown as mono-culture and mix-culture, with saline water irrigation. A-G as figure 1.

mono-culture and at low density. The responses of Sesbania to density (D) and crop-
ping system (S) were non- significant (Table 1), however showing significant interac-
tions (P< 0.001 ) for DxS and DxSxT. In the present study no significant effect on
transpiration rate of Sporobolus in, mono- and mix-culture was observed (Fig. 5C).
However, transpiration rate of Sesbania significantly reduced with an increase in
salinity of irrigation water in both cropping system and density of plants.

Discussion

In the present study a slight increase in biomass of S. arabicus at low salinity and
no change at high salinity confirms its halophytic nature. Low density of Sesbania in-
tercropped with Sporobolus showed no influence on the productivity of Sporobolus,
which is an evidence of success of inter-cropping system under salt stress thus ensur-
ing full production of grass component of the mix-culture. In contrast, high density of
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(B) stomatal conductance and (C) transpiration rate of Sporobolus arabicus and

Sesbania aegyptica grown as mono-culture and mix-culture,

Fig. 5. (A) Quantum yield,
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. Sesbania plants exhibited a negative influence over Sporobolus biomass at low salinity
level. This decrease could be attributed to competition of plants for sunlight as ob-
served in inter-cropping of sunhemp (Crotolaria juncea) with mungbean and cowpea
as compared to inter-cropping with sitaro (Macroptilum atropurpureum), due to faster
growth of sunhemp inducing a shade effect (Tengco, 1992).

There are reports that intercropping of Sesbania grandifiora with Panicum maxi-
cum exhibited high mortality of the legume with increase in cutting frequency (Ella &
Gowa, 1992). In the present study, though no mortality of S. aegyptica was observed
after cutting, greater reduction in growth at high salinity might be the result of cuttmg
in addition to salt stress. Still, the net productivity per unit area remained higher in
mix-culture(s). Such similar observations have been made by Tengco (1992), where'
total dry matter production per unit area significantly improved due to integration of
food and forage crops as compared to their mono-cultures.

Variations in biochemical compounds is reported under all types of stress due to
interference in plant metabolism. Slight reduction in chlorophyll content of both com-
ponent crops was observed in response to salinity. The same trend have been noted
for Pisum sativum and Vigna mungo (Garg & Garg, 1980; Ashraf, 1989). According to
Strogonov (1964) the binding between chlorophyll’s and chloroplast proteins depends
upon the ion content of cells. Under high salinity such links are loosened and results in
the 'destruction of chlorophyll molecules. Reduction in chlorophyll content of high
density Sesbania plants could be considered as shade effect.

S. arabicus exhibited no change in sugar. content of the leaf while S. aegyptica
showed an accumulation of sugar with increase in salinity and density of plants per
unit area, which is generally considered a character strategy of salt excluding plants
(Shannon & Qualset, 1984). As a component of mix-culture, sugar content of Sesbania
plants remained high under control, while at low salinity level, slight reduction in sugar
content of leaf was evident, which could be attributed to breakdown of complex
molecules for supply of metabolic energy for the maintenance of growth under
moderate salt stress.

A change in protein content of salt stressed Sporobolus was observed when grown
~as mono- or mix-culture. Increase in protein content at low salinity may be due to the
salinity induced enhancement of protein synthesis as observed for cereals (Langdale et
al., 1973) and/or excessive incorporation of N into proteins (Helal et al., 1975). A
reduction in protein content under high salt stress could be attributed to decreased
synthesis and/or increase proteolysis as also reported by Eder e al., (1977), Garg &
Garg (1980) and lesser availability of amino acids as well as denaturatlon of enzymes
involved in the synthesis of protein and amino acids.

Salinity is reported to inhibit photosynthesis in plants (Cheesman, 1988) due to
stomatal closure, inhibition of biochemical reactions and/or feedback inhibition of
carbon metabolism (Seeman & Critchley, 1985). The result of the present study would
suggest that light reaction of photosynthesis was not significantly altered in
Sporobolus, in response to salinity and cropping system, while Sesbania plants showed
a positive response to salinity and inter-cropping with Sporobolus. This could be at-
tributed to variations in chlorophyll content of two plant species under prevailing con-
ditions.
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Though a number of factors contribute to reduced growth of plants under salt
stress, a reduction in stomatal conductance could be a possibility which may be due to
partial stomatal closure or reduced size and density of stomata per unit leaf area
(Warne et al., 1990). It is interesting to note that Sporobolus showed no significant
change in stomatal conductance in response to salinity and/or cropping system while
Sesbania plants were found quite sensitive.

As a component of mix-culture, Sporobolus showed a marked reduction in
transpiration with increase in salinity and density of Sesbania plants. This can be at-
tributed to its competition with Sesbania for light, which directly affects the stomatal
aperture as well the rate of transpiration Sesbania plants showed marked decrease in
transpiration rate with increase in salinity. Low transpiration may limit the delivery of
excess salt present in soil solution to the shoot and thereby promote the survival of
plants under stress (Flanagan & Jefferies, 1988). An increase in density of mono-cul-
tured Seshania showed marked increase in transpiration, thus water is in short supply
with increase in density per unit area of Sesbania plants. An indirect evidence ap-
peared to be reduced transpiration of Sesbhania in mixculture with Sporobolus, where
extensive network of grass roots may enhance the retention of water in sand medium.
Reduced transpiration with no major loss in photosynthesis results in high water use
efficiency (Flanagan & Jefferies, 1988; Warne et al., 1990).
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