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Abstraet. A pot culture experiment was performed to evaluate salt tolerance potential of
Sesbantia aculeata Poir. The plant can tolerate salinity levels up to electrical conductivity (ECe),
10 mS em™! and at 15 mS ecm™! thero is about 409, reduction in dry matter production. The
analysis of inorganic constituents in different plant parts revealed that the plant has the capacity
to regulate sodium uptake under saline conditions and chloride uptake always exceeded that
of sodium. The potassium: sodium ratio is also maintained at a fairly constant level in leaflets
while it is reduced in leaf rachis, stem and roots. Salt stress caused acecumulation of caleium and
magnesium in all plant parts. A considerable decline in phosphorus uptake was observed due to
salinity. Iron was found to be accumulated more in salt stressed roots only. Nitrogen accumulated
in both roots and leaves while considerable proline accumulation was observed in leaves of salt
stressed plants. The amount of soluble sugars was increased in roots and leaves due to salt
stress, while starch content of roots decreased. These changes induced by salinity are discussed
in relation to salt tolerance capacity of tho plant.

Modern agriculture is endangered by the ever growing threat of soil salinity.
In India about 11 million hectares of agricultural land has become un-
productive due to soil salinization. According to EPSTEIN et al. (1980), besides
an engineering approach, the development of crops, tolerant to salinity, is
a better strategy for meeting this challenge. Sesbania has long been known
as a salt and alkali tolerant fodder crop. BERNSTEIN (1956) observed that
Sesbania can tolerate ECe of 8 mS cm-1 quite well and is sensitive to
salinity especially at seedling stage. BHARADWAJ (1974) recorded that S.
aculeata possesses a good nodulation ability even under saline conditions.
Apart from these attempts not much attention has been paid to the mechan-
isms of salt tolerance in this plant. The present investigation is devoted to
this aspect.

MATERIAL AND METHODS

S. aculeata plants were raised from seeds in fertile soil in pots. Plants
were watered regularly with an equal amount of water. After establishment
of seedlings for one month the salinity treatments were commenced. The
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plants were treated with mixtures of NaCl and CaCl, in equal amounts so as
to produce the electrical conductivity of 5, 10 and 15 mS ¢m 1. To maintain
the ECe of the soil medium in pots and to compensate for the loss of moisture
from soil due to evaporation, plants were alternatively watered with the same
amount of water. Plants were treated twice a week alternating with water-
ing. Control plants.received only water.

After two months’ growth plants were carefully uprooted and analysed for
biomass (fresh and dry matter). Organic and inorganic constituents were
determined from the oven-dried plant material. The methods followed for
estimation of carbohydrates, proline and titratable acidity (TAN) are
described elsewhere (KARADGE and CHAvAN 1981). Total nitrogen was
determined following the method of HAWK et al. (1948). Inorganic constituents
were determined according to methods mentioned earlier (CravAN and
KarADGE 1980).

RESULTS AND DISCUSSION

The salt stress has caused a considerable decrease in growth of Sesbania
aculeata seedlings in terms of average height, biomass and dry matter
production, only at the highest salinity level i.e. ECe 15 mS ecm~-1 (Fig. 1).
However, there is stimulation of growth at lower salinity regimes. This is
evident from increased height, biomass, dry matter, number of leaves and
average leaf area of the plants grown up to 10 mS ¢m -1 salinity level. These
findings are in consistency with those of BERNSTEIN (1956). He has observed
that Sesbania exaltata is sensitive to salinity especially during germination
stage. So it appears that transplantation of young, well established seedlings
to saline fields will be a better practice for cultivation of Sesbania under
saline conditions.

The influence of saiinity on minerai constituents in different parts of §.
aculeata is recorded in Table 1. It is evident that sodium and chloride contents
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Fig. 1. Effect of sodium chloride salinity on some growth features of Sesbania aculeata. — Cfmtrol:
empty symbols; 5 mS em~L: diagonal ruling; 10 mS cm~1: full symbols; 15 mS em™1: horizontal
ruling.
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TABLE 1

Effect of NaCl salinity on the uptake and distribution of mineral nutrients* in different parts of
Sesbania aculeata

NaCl salinity [mS cm~1]

Element -+
Control 5 10 15 Control 5 10 15
Leaflet Leaf-rachis
Na 5.65 5.65 6.09 8.26 5.22 6.52 7.39 15.22
K 104.09 157.54 100.00 74.68 188.23 233.24 105.37 79.79
Ca 105.29 209.58 210.58 233.03 64.37 99.80 110.78 276.95
Cl 31.30 50.48 60.07 93.62 40.89 69.65 93.62 169.20
Mg 23.19 24.85 25.67 31.47 19.05 25.67 25.67 38.10
P 200.16 125.91 104.92 79.10 72.64 61.34 58.11 64.57
Fe 2.63 2.58 2.04 2.04 1.50 1.56 1.29 3.55
Mn 0.80 0.95 0.69 0.66 0.36 0.47 0.48 0.33
K/Na 31.31 47.38 27.93 15.37 61.33 60.80 24.24 8.91
Stem Root
Na 3.91 4.78 6.96 10.44 1.92 1.61 1.90 1.43
K 71.87 80.82 74.93 80.82 49.10 41.18 48.59 36.32
Ca 30.94 31.94 38.92 48.90 24.45 28.94 31.94 29.94
Cl 36.10 50.48 55.27 64.86 55.27 60.07 64.86 60.07
Mg 10.77 11.59 15.74 16.56 11.59 14.91 17.39 19.05
P 71.02 67.80 75.87 46.81 64.57 56.50 56.50 56.50
Fe 2.15 3.06 1.99 1.83 4.40 4.78 7.52 5.96
Mn 0.11 0.07 0.25 0.07 0.11 0.36 0.07 0.18
K/Na 31.22 28.73 18.31 13.17 19.20 10.06 8.64 3.74

* Values are expressed as meq (100 g)~! dry tissue.
Each value is & mean of three determinations.

in all plant parts are increased due to salt stress. Between these ions, how-
ever, chloride accumulation is considerably higher and their distribution
pattern in different plant parts also differs. Sodium is relatively more in
roots while it is chloride in stem, leaf-rachis and leaflets. These observations
support the view that no stoichiometry is maintained between sodium and
chloride ions (LEssani and MARSCHNER 1978). Our observations, further
suggest that Sesbania possesses very good capacity for regulation of sodium
uptake as sodium contents are considerably lower than the corresponding
chloride contents over the entire range of salt treatment and thus Sesbania
resembles the halophytes belonging to the family Zygophyllaceae (LESSANI
and MARSCHNER 1978). Sodium has been shown to be a relatively more harm-
ful component of salinity (GATES ef al. 1970) and possibly by checking its
uptake and translocation the plant can adapt to saline conditions. However,
this may be energy consuming in some way (LEssaNT and MARSCHNER 1978).
It can be seen that both sodium and chloride accumulate to a greater degree
in the leaf-rachis than in the leaflets or leaf-lamina. This can also be con-
sidered as one of the adaptive features of Sesbania because the assimilatory
tissue of leaflets might have been protected from high accumulation of
salt.
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The salt stress lowers the potassium uptake significantly only at salt-con-
centrations where the growth retardation is observed (Table 1). K/Na ratio,
however, is decreased due to salt stress. It is interesting to note here that
potassium content in control plants is quite high when we compare it with
the optimum value, 19, suggested by EpsTEIN (1972) and it can be seen
that at all salinity levels the potassium value is maintained above this
optimum. Such high levels of potassium (5—109, of dry matter) have been
reported for halophytes and in particular the Chenopodiaceae members
(FLOWERS et al. 1977). Potassium has been shown to play a key role in salt
tolerance of halophilic bacteria and halophytes (LARSEN 1967, EPSTEIN 1972).
It appears that the same situation also prevails in Sesbania.

Salt stress causes an increase in calcium uptake which is quite significant
in leaf rachis and leaflets (Table 1). A reduction in calcium uptake under
saline conditions in salt sensitive plants is observed by several workers (Ma-
TAR et al. 1975, Laszro and Kuiper 1979, CHavAN and KARADGE 1980). At the
same time there are reports on increase in Ca contents in some plant species
under saline conditions (AvyouB 1977). Calcium has been shown to regulate
membrane properties and it is proposed that calcium and sodium probably
compete for common uptake sites (LEssani and MARSCHNER 1978). It
appears that in Sesbania calcium suppresses sodium uptake and contributes
to ionic balance with chloride ions. However, it cannot be overruled that the
effect may probably be due to inclusion of CaCi; in the saiine medium.

Not much attention has been paid to the role of magnesium in salt tolerance,
though there are reports that magnesium adds to the salt tolerance capacity
in mangroves and other plants (BERNSTEIN 1975). In all parts of 8. aculeata
seedlings grown in saline media thele is an increase in magnesium content
(Table 1). Similar increase in magnesium content due to salt stress has been
reported by several workers (GUILLEN et al. 1978). Such an increment of
magnesium will be certainly beneficial in view of the essentiality of this
element in various biochemical processes.

Phosphorus uptake has been severely affected by salt stress and this
effect is more pronounced in leaflets (Table 1). These findings are in agree-
ment with the findings of KLEINKOPF ef al. (1975) and DanHIva and SINGH
(1976). According to WiLso~ ef al. (1970), the resistance to secondary salt
induced stress in Glycine falcata is due to its ability to maintain high phos-
phorus content in the presence of salts in the medium. It appears from our
observations, however, that Seshania lacks such ability. Salt stress has
caused a lowering of iron content in the leaves, but an increase in the roots.
This is possibly due to an inhibition of iron translocation by salinity. Such
iron accumulation under saline conditions has been observed by Maas ef al.
(1972), Daniva and Sineu (197€), and CHAVAN and KARADGE (1980). The
manganese content in leaves is slightly reduced due to salt stress while in
other organs no definite pattern can be seen.

The effect of salinity on organic constituents in different parts of S. acu-
leata seedlings has been recorded in Table 2. It can be seen that salinity
causes accumulation of total nitrogen especially in the roots and to a slight
extent in the leaves. On the other hand, there is a reduction in total nitrogen
content of the stem. Thus it appears that the overall nitrogen uptake is not
adversely affected by salt stress. These findings support the observations of
BuaraDWAJ (1974) that S. aculeata possesses good nodulation ability even
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under saline conditions. According to ALBERT and FALTER (1979) restricted
nitrogen uptake from highly salt-damaged urban soils is the main reason for
unbalanced nitrogen metabolism, and further growth retardation of Tilia
cordata. It seems that enhanced nitrogen uptake under saline conditions may
be an adaptive feature in Sesbania in the light of this suggestion.

The level of free proline is increased considerably in the leaves while there
is a lowering of it in the root and stem parts (Table 2). These findings indicate
that leaf tissue in Sesbania is the major site of proline accumulation under
saline conditions, which is in close agreement with the suggestion by WeIm-
BERG ef al. (1982). According to them, if proline accumulates in the cytoplasm
it can play a key role in osmotic adjustment. In contrast to proline we can see
that the level of organic acids is lowered in roots as well as leaves of S. acu-
leata under saline conditions, while it is on the decline in the stem. It is sug-
gested by BERNSTEIN (1975) that organic acids can play a role in osmotic
adjustment. An increase in organic acids due to salt stress has been reported
by RusH and EpsTEIN,(1976). At the same time there are few reports on
reduction in organic acid levels under saline conditions (Rozema 1976). It is
apparent from the present observations that organic acids form only a small
contribution in osmotic adjustment of Sesbania.

Salt stress considerably affects carbohydrate metabolism in roots and
there are only slight and inconsistent changes in the stem and leaves (Table
2). In the roots the starch content is considerably decreased by salt stress
while an opposite trend is observed in the stem. In the leaves the starch con-
tent is significantly reduced only at an inhibitory dose of NaCl. The soluble
sugar content is.increased to a slight extent in both roots and leaves. It is
suggested by MATAR et al. (1975) that even a small increase in sodium con-
tent can cause considerable changes in carbohydrate metabolism and this
action is indicated through the influence of sodium on both synthesis and
translocation of carbohydrates. A comparison by STEINER (1935) of the
contribution of sucrose, reducing sugars, Na+ and Cl- to the osmotic po-
tential of various glycophytes and halophytes indicated that the organic
materials played a relatively minor role. FLOWERS et al. (1977) have also
expressed a serious doubt about the role of sugars in osmotic adjustment
under saline conditions. In Sesbania there is only a small rise in soluble sugar
level due to salt stress, which may not be sufficient to account for any
significant osmotic adjustment.

In conclusion it can be said that S. aculeata possesses very good salt
tolerance potential which is mainly due to ionic balance achieved by re-
stricted sodium uptake, accumulation of calcium and magnesium and un-
restricted nitrogen uptake. Proline may be playing a supporting role in salt
tolerance capacity of the plant.
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