


1) Habitat analysis

Caeaalplnia crista inhabits mangrove swamps at 
Bhatye creek, Ratnagiri. In the present study Pomendi- 
Someshwar part of the Bhatye creek was selected as a study 
site as it is rich in C.crista plants Fig. 3a. Soil at the 
root zone and water from the habitat were analysed for 
different characteristics during different seasons. These are 
recorded in Table 1. Soil and water are slightly alkaline 
during all the three seasons. Conductivity of soil and water 
during monsoon is too low due to heavy rains in Konkan, but 
it goes on increasing after monsoon and highest conductivity 
is observed during summer.

Amount of sodium and chloride are appreciable in 
soil and water during all the three seasons and salinity 
Increases from monsoon to summer. The amounts of potassium, 
calcium, magnesium and phosphorus are comparatively low. The
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Some <-• h; • i- a o l. e r i s 1 ic s of soil . and water collected from 
root zone and habitat of Caesa1pinia cr1s t a L. respectively.

Monsoon Winter Summer

Soi 1 Water 5 o i 1 Water Soi 1 Wa ter

pH 7.45 7.65 7.4 7. 1 7.43 7.3

EC* 0.21G 0. 247 1.47 23.0 4.57 40.58

I nor go ri i c el oiiii 
M a e r o e 1 e m e n t s

Mil’,!*

i y

Na 0.116 0.024 0. 100 5.400 0. 560 11.400

Cl 0.206 0.047 0.312 10.700 0.971 22.600

K 0.024 0.0047 0.051 0. 630 0.056 1.027

Ca 0.0031 0.0067 0.0019 0. 151 0.0032 0.468

Mg 0.0450 0.01 0 0.028 0. 03 0.04 5 0. 050

P 0.0037 0.0044 0.0039 0.0009 0.0020 0.0009

K: Na 0. 207 0. 196 0. 203 0.117 0. 1 0.09

Ca: Na 0.027 0. 279 0. 011 0.020 0.0057 0.041

Microelements * * *

Fe 1036.00 389.00 519.00 60.00 163.00 34.00

Mn 2. 26 100.00 7. 12 84.00 10.32 30.00

Zn 0. 10 42.00 0. 00 30.00 0.04 16.00

Cu 0. 12 30.00 0.90 20.00 0.82 40.00

* m mhos.cm-1

** g/lOOg for soil and g/lit for water samples. 

x*x pg/g for soil and pg/lit of water samples.



relative dominance of sodium over other cations is also
reflected in K:Na and Ca:Na ratios.

Iron, manganese, zinc and copper are present in
microamounts, in water and soil. Amount of iron is
coinpnrnt I va l.y more In wnt.or and noil., which donreafirm from

monsoon t.o summer months.

Estuary is a partly enclosed body of water that is 
formed when river joins the sea. The salinity of soil and 
water in such area depends on several factors such as height, 
frequency and duration of tides, rainfall, ground water 
levels, presence of river fans and ground water flows etc. 
Hence there are seasonal variations in the characters of 
soil and water in this region. Such seasonal variations are 
recorded by many workers (Joshi, 1976; Ghevade, 1983). Our 
observations also indicate a similar trend and highlight the 
fact that the plants like C.crista growing in such 
environment are greatly exposed to seasonal variations in 
soil and water composition.

2) Germination Studies
A) Characters of Disseminules
The pods of Cae^Jjaiiila crista are woody, one 

seeded, indehiscent and float on water Fig.3b. The buoyancy 
is due to the space around the seed. Waisel (1972) has noted 
that certain tissues of most hydrohalophytes are having large 
intercellular air spaces which enable them to float on water 
for a considerable period of time. Slttiana maritima.



Fig. 3a - Experimental site.



Fig. 6a. - Effect of soaking of Caesalpinia crista L. Pods
in sea water, on seedling performance.

Fig. 6b. - Dimorphic seeds of Caesalpinia crista. L.
I. Large seeds II. Small seeds.



ii. and Entado. SGandana have air filled
lacunae usually between cotyledons. GanaxaLLa ahiualfaila has 
sponge like intercellular spaces in the cotyledons whereas 
Pancratium maritimum has an air-containing tissue in the seed 
coat.In various species of Salicornia. seeds are buoyed by 
air bubbles adhering the seed coat hairs. Propagules of 
Thesnesia populnea show hollow parts between the fruit and 
the seed. Nakanishi (1988) recently studied fruit 
characteristics of some coastal species namely Wedelia 
biflora. Measerschmldia argantaaf Scaavola frutascans. 

Calophyllum inophyllum, Harnandia sonora,. Pongamia pinnataf 
Guet-t.ar.da speciosa, and Termlnalla catapjca,.. Buoyancy in the 
first four species is due to a corky mesocarp and in the last 
two species a fibrous mesocarp. Rongamia pinnata has woody 
pods, which are indehiscent and have space around the seeds. 
The pod characters of R._ pinnata appear very much identical 
with the pod characters of Q^. crista ■

In order to have further insight in this problem, 
average density of the G-_ crista pods (dry weight/volume 
ratio) was determined. The values ranged from 0.574 to 0.773 
g/cm3 for 100 pods. As the density is less than unity the 
pods are able to float on water. These values are comparable 
with the values recorded for some coastal halophyte species 
by Nakanishi (1988). The species include Modelia biflora. 
Messerschmidia argentea. Scaevola frutescens. Calophvllum 
inophyllum, Hernandia sonora^ Poneamia pinnata. Gnettarrta 
aEficioafiu Teriainatta catappa. The estimated density of these
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3fruits was ranging from 0.09 to 0.61g/cra . He also observed 

some maritime plants like Ganavalia maritima.,. Hibiscus. 
tlliaoeus f Ioomea gracillis etc. where the seeds float on 
water current. The estimated density in these seeds ranged 
from 0.20 to 0.72g /cm"*.

B) Buoyancy test.

The findings of the buoyancy test of £L. crista pods 
are shown in fig.4. Up to 99% of the pods were able to float 
for a period of one month and then they started to sink 
slowly. At the end of second month 89% pods were found 
floating. After 2 months the sinking was quite appreciable 
and at the end of 3rd month 42% pods remained floating.

Praeger (1913) compiled a detailed list of seed 
buoyancy capacity of various species. Seeds of approximately 
11% of the total 786 species investigated remained buoyant 
beyond one month most of them were marsh or coastal species. 
Similarly Dalby (1963) has found that the entire fruiting 
spike of Salicornia pusilla. containing 4 to 10 seeds, float 
on sea water. These spikes float up to three months and then 
seeds germinate on the spike.

A more systematic study of this aspect has been 
recently made by Nakanishi (1988) in several coastal species. 
He observed that disseminules of Calophyllum inophyllum. 
Masser s cbmidia argents a, Sc.ae.VQ la f rutescens. Terminalia 
cnlappa and Mede.lla faiflora remained 100% floating for a
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period of three months while those of Canavalia
Qiiflttsrda aparilnsa remained 100% floating for a period of two 
months. Seeds of Inomea nrs-caprae showed 95% floatingness 
for one month, 90% at the end of second month and 85% at the 
end of third month. 92% seeds of I.gracillis remained 
floating at the end of first month and decreased slightly up 
to 90% at second month stage. Seeds of Vigna marina showed 
96% and 87% floatingness at first and second month stage 
respectively. 98% fruits of Hernandia sonora remained
floating for first month while 88% fruits remained floating 
for second month. Seeds of Hibiscus tiliaceus and Thaspesia 
pppulnea showed quite different pattern of buoyancy. 90%, 64% 
and 55% seeds of E- tiliaceus remained floating for first, 
second and third month respectively. In case of X- populnea 
86% seeds were found floating for first month. Then the 
sinking was fast and only 52% seeds remained floating for 
two months while 50% seeds were found floating at the end of 
third month. Mericarp of Pandanus odoratissismus showed 100% 
floating capacity which decreased drastically up to 72% and 
20% at second and third month respectively. Mericarp of 
Clerodendron inerme showed continuous decrease in buoyancy 
as the duration of floating advanced. At one month stage 55% 
seeds were floating while at second month stage only 22% 
seeds remained floating.

From the present investigation it is revealed that 
the buoyancy ten I. of Uaasalplnla arista given nome what 
identical results to that of ligna marina, and Hernandia
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sonora. which are also the coastal halophytes.

C) Germinability test.

Germination performance of Caesalpinia crista seed 
presoaked in sea water has been shown in fig .5. 100% 
germination was observed in case of control, while it was 
reduced to 70% and 60% when sown after soaking in sea water 
for one month and two months respectively.

At the same time, time required for seed 
germination is also increased considerably due to soaking in 
sea water for one and two months fig.5. At IB1' day 50% 
germination was observed in control while 20% and 0% 
germination was observed in seeds sown after soaking in sea 
water for one month and two months respectivity .

Since the coastal halophytes grow in close vicinity 
of sea water in estuarine region, their propagules are 
frequently dispersed through the water current. But in this 
situation an additional constraint is imposed on the 
propagules due to saline nature of the medium.If the 
survival of plant species in such an environment is to be 
considered, then the prerequisite for such survival would be 
maintainance of viability of propagules even after continuous 
exposure to saline water. According to Ungar (1978) one of 
the important principal characteristic of halophyte seeds, is 
their ability to remain viable for long periods under 
extremely high salinily stress and then to germinate at a
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later Lime wlutn soil water potentials are raised.

Darwin (1857) found that seeds from 87 species of 
plants varied in their ability to tolerate soaking in sea 
water. 25% of the species studied did not remain viable after 
a 23 day soaking period. However, seeds of Beta vulgaris were 
found to retain their viability after 100 days Immersion in 
sea water.

Dalby (1963) has found that the seeds of Salicornla 
pusllla retain their viability and germinate directly on the 
spike when the entire fruiting spikes were kept floating on 
sea water for three months.

Lesko and Walker (1969) have demonstrated that, 
seeds of Scaevola iaccada and Heaafirsflhmldla argsnJLaa were 
tolerant to long term immersion in sea water, (30 to 120 
days.) without any significant loss in their ability to 
germinate. Germination % of seeds increased for both species 
after floating in sea water.

This was tested in the laboratory with several 
inland halophytes including Suaeda depress a,. Salicornla 
rubra, S.,.europae.a, Hard sum .iubatum Puccinellla nuttalliana 
Sesuvium verrucosum and Iva annua and it was found that 
soaking of seeds at high salinities was not inhibitory and in 
some cases it appeared to stimulate germination when seeds 
were returned to the distilled water treatment. It has been 
found to be true for coastal halophytes species. Iva annua



(Ungar and Hogan, 1970), Atriplex palulu. (Ungar,1971), 
Atriplex halimas. (Zid and Boukhris, 1977), SpxQlralus. 
yixgiaifius. (Breen g± ai^ 1977), Sallcaxiiin. europ.aea. (Ungar 
1977), Crithmum maritimum (Okusanya, 1977).

Laboratory results of Zid and Boukhris (1977) 
indicate that seeds of Atriplex halimus do not germinate when 
exposed to 4% or 5% NaCl, and germinate up to 85% to 99% 
after returning in distilled water. Germination of Sporobolus 
yirainicus. was completely inhibited by 2% NaCl. Viability of 
this species was not reduced even after 7 week storage period 
in 12% NaCl. (Breen at al. 1977).

In the germination test for Ip_omaa gxacillls., Vignn. 
marina, Saphoxa. tomantoxa, CalQP.hy.llma iix.Qphy.il,urn, Eongamia 
pinnata and Terminalia catappa. Sokar and Rohlf (1981) 
reported that there was no significant difference between the 
germination of the control seeds and those exposed to sea 
water. These results indicate that soaking of halophytic 
seeds at high salinities is not permanently toxic as they 
recover from low water potential treatments and germinate 
when placed in distilled water.

Nakanishi (1988) divided some halophytic species in 
two groups which did show a statistically significant
difference. In the first group, germination was reduced by 
immersion in sea water, this included Clerodendron inerme. 
Bandanas, odoxast la almas, and Suaayela lxull.Qna.ena • In the
second group, germination was increased, this included



Ganavalia. maritima, Ipomaa coar_capxaa, Mad el la blflora^ 
Mqa a q r acJimidi a arttonioa. Quottard aplnoaa Hihiacua liliacaua 
and Thespesla Bopulnaa-.. However in both groups, the change in 
germinability was not great. It is evident from our 
observations that Caesalpinia crista belongs to first group 
since in this species germination is reduced due to soaking. 
But at the same time it was noticed that the soaking of seeds 
in sea water does not cause any adverse effects on the 
overall growth (fig.6a) of the Caesalpinia crista seedlings. 
Thus it is quite obvious that Caesalpinia crista very clearly 
shows this adaptive feature which has been advocated by Ungar 
(1978) to be an important survival strategy in halophytes.

D) Characters of seeds.

Seed characters of the two seed lots of Caesalpinia 
crista are shown in fig. Cb and table 2. The results clearly 
indicate that there is great morphological variation in the 
two seed lots of £L_ crista. Thus the seeds can be divided 
into two categories : Large and small seeds. The Large seeds 
have considerably higher thickness than the small seeds. The 
large and small seeds also differ in their weight and 
moisture percentage. Hundred seed weight in case of large 
seeds is almost double that of the small seeds. The moisture 
percentage of the large seeds is also considerably higher 
than that of small seeds.

It must be mentioned here that the pods of C. 
crista are always single seeded and the two lots of seeds



Table Ho
Seed characters of Dimorphic seeds of

Cat?«a I pinl a cr i nta L .

Seed
type

Average 
ma ximum 
length

Average 
maxim u m
breadth

Aver age 
t h i c k n e s s

100 seed 
weight

Moisture

cm cm cm g %

large 2.9418 2.225 0.742 345.45 28.43

±0.179 +0.162 ±0.0976

Sma 1 1 2.5454 1.9272 0.44 8 150.90 11.39

+0.169 +0.099 ±0.0522



have been collected from pods from the same plant. This again 
indicates that there is distinct dimorphism in the seeds of 
this species. The pod collection during the two different 
seasons revealed that seed dimorphism was more prominent 
during December-January than during April-May period.

In view of Stebbins (1976) among the most 
significant factors by which natural selection can guide the 
direction of evolution in higher plants, are those concerned 
with seed size, as it affects the vigor and establishment of 
seedlings in new locations.

According to Harper ei £lL_ (1970) and Harper 
(1977) somatic seed polymorphism is useful to plants while 
growing in an unpredictable fluctuating environmental 
conditions, as it decides the direct response of different 
seed morphs in changed environmental conditions. Bhat (1973) 
found that in two varieties of Indigofera glandulosa the 
emergence force is closely related with the seeds weight. 
Higher emergence force by virtue of heavier seeds ’ is an 
asset to varieties distributed mostly in arable fields 
where seeds are buried due to cultivation practices as 
compared to other varieties distributed in grass fields.

Although variations in seed shape are classically 
interpreted almost wholly as adaptations, some features of 
shape may be imposed upon a seed by the conditions inside the 
ovary in which it develops. A study of the interaction 
between size, number and shape of Cocoa seeds suggest that
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t.ho ovnry .-somek l mnn ronl.r lot.a (Jin nlmixin in which rnioda 
develop and the shapes they attain,(Uelendinning, 1963). 
Much of the great variety in seed shape is obviously related 
to dispersal. The potential for diversity and modification of 
shape is greatly increased by the incorporation of extra 
ovular structures in the dispersal units, although testa out 
growths do show some diversity as plumes or the testa may be 
expanded to form wings. The shapes of seeds relative to 
predation has been reviewed by Harper oi al. (1970). The 
role of morphology of seeds to minimise predation was studied 
by Pulliam and Brand (1975). They found that the seeds with 
smooth outline are difficult for ants to carry, while seeds 
with conspicuous awns, hairs or projections, usually require 
husking by sparrows, and are easily carried by them.

Besides shape and surface variation, seeds also 
possess different colours. Seed colours are generally 
adoptive in respect to visually orienting seed predators.

Beadle (1952) found that the ratio of seed morphs 
was variable among the Australian Atriplex species. The 
ratio of small black to large brown seeds in /L. semibaccta 
was from 10:1 to 1.3:1 and in A^_ inflata the range was from 
6:1 to 1:2.5 Ungar (1984) reported a ratio of 60:1 and 6:1 
for triangularis seeds in less saline habitat and in 
hypersaline habitat respectively.

Somatic polymorphism implies the production of 
seeds of different morphologies or behavior on different



parts of the same plant. Number of biotic and abiotic factors 
are responsible in the production of the different sizes of 
the seeds. Many species of Atrlplax are known to bear 
polymorphic dispersal units. Becker (1913) reported that 
A.hortensis has four kinds of flowers, each giving rise to 
fruits of different colours and shape. Seeds of iL_ 
dimorphostegla also bear dispersal units of different size 
which vary in their germination behavior. Beadle (1952) noted 
that even in similar dispersal units seeds of Atrlplex 
exhibit polymorphism and vary in germination.

Maun and Carvers (1971) correlated the weight of 
the seeds and the position of the flower in the inflorescence 
in Rumex crispus. Seeds produced on flowers that were closer 
to the main axis were larger than those produced on terminal 
portion of the branches.

Ungar (1979) noted that each flower of Salicornia 
enropaea produces a single seed and in an 'Inland North 
American Population' the median flower at a node produced a 
large seed while lateral flowers produced small seeds. 
The distribution of lengths of seeds from lateral and median 
flowers was bimodal. Seeds from the large median flowers were 
1.8 + 0.1 mm long and those from the lateral flowers were 1.1 
+ 0.1 mm. Weights of air-dry seeds also fitted a bimodal 
distribution and could be divided into two general classes 
based on the flower types. The mean weight for large seeds 
was 0.78 +0.1 mg and that of small seeds was 0.24 ± 0.04



mg. These data indicated that seeds of £L_ europaea were 
dimorphic. Although the seeds of S.europaea differed in size 
and shape, the analysis of Austenfeld (1988) revealed that

61

seed dimorphism in Salicornia was reflected neither by the 
composition nor by the concentration of the nutrient 
reserves. Due to the different size of the seeds, only the 
total amount of nutrient reserves per seed was slightly 
higher in the larger seeds.

In case of Eastinaca. sativa the position of the 
flowers in the inflorescence decides the size of the seeds 
(Hendrix, 1984). Seeds from primary umbels were double in 
weight than those from tertiary umbels. It was also noted 
that the relation between the size of the plant and the 
weight of the seeds produced on them was in direct 
proportion.

Interspecific competition is the another biotic 
factor affecting seed polymorphism. Baker and O'Dowd (1982) 
had shown that the size of Hvpochoeris glabra seeds was 
affected by the level of competition. Plants grown at high 
densities produced the unbeaked animal dispersed seeds in 
higher proportion than the plants grown under low densities, 
which produced more beaked wind dispersed achenes.

Sher Mohammed and Sen (1991) have recognized 
the seed polymorphism in some characteristic halophytic 
plants. They found that seeds of Cressa cret.i ca T
S.alsoia barycsma, Se.suvi.um sesuviod.es, Suaeda fruticosa.



Trianthema. trique.tra, and Zygophyllum simpler differed in 
morphological characters like seed weight, size, viability 
and germination behavior.

Ungar (1984) noticed that the ratio of small to 
large seeds on the plant was apparently controlled by 
environment. Small plants of Atriplex growing in highly 
saline habitats were having a lower small : large seed ratio 
than the larger plants growing in less saline habitat. The 
number of seeds produced per plant ranged from 67 
seeds/plant from most saline sites to 2515 seeds/plant from 
less saline sites.

Our observations reveal that similar to above 
halophytic species, the seed dimorphism does prevail to some 
degree in the leguminous halophyte Caesalpinia crista.

The germination performance of the two seed types 
of £L- crista is depicted in Table 3. It is clear that these 
seeds not only differ morphologically but their germinability 
and growth pattern also differ . Large seeds germinate early 
and the germination percentage is 90% which is three times 
more than that of small seeds. It is evident from the 
table 3. that the seedlings raised from the large seeds are 
superior to the seedlings raised from small seeds with 
respect to various growth parameters as well as biomass.

There are several studies which indicate that seed
dimorphism also reflected in germination behavior.
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Table No. 3
Germination p _■ r f v ; m a •, _ e : ii no r ph i c seeds of

yj it or i s til L .

!7* i? £ d ling growth *
Seed
type

Seed
Germination

Root |length |
i1l1

Shoo t 
! eng th

N u m b e r 
o f

!eaves
Total
number

of
Ieaflets

B t omass 
fresh 

weight

% cm j m g/plant

large 90
r i

14.06 |
l

4 ? . h 0 12 81 11.375

S rn a 1 1 30 10.03 |
i

'''J p_ O O 11 75 08.660

* Average of 10 se e d1 in g s



Tho Inrgm1 .nruulft i>ro<|u<>fvl by bol.li LI. aurop.nua nnd A.. 

Lrlangulurla aw npjmroiiUy dormant. and germinate more 
rapidly than smaller seeds.

Ungar (1979) studied the effect of photoperiod 
and stratification requirement of dimorphic seeds. Exposure 
of seeds to a 12-hr photoperiod did not significantly 
influence the percentage of germination for large seeds, 
while small seeds had higher germination in light. 
Germination of large seeds of JL. europaea was stimulated by 
a cold treatment. Small europaea seeds were also 
initially stimulated by stratification, but differences in 
the response of small seeds occurred when they were not 
stratified, indicating both an inhibition of germination and 
no reduction.

Hendrix (1984) noted that small seeds of 
A-triplex pa tula could fall and germinate more quickly than 
the large seeds, but it is not true during spring when the 
overall seed germination percentage of small seeds is low.

It is also noticed in some cases that the large 
and small seeds differ in the salt tolerance potential 
at germination stage. Ungar (1979) noted that the larger 
seeds of europaea were more salt tolerant than the small 
and also yield higher germination percentages at all tested 
salinities. Of the ungerminated large seeds originally 
immersed in 5% and 10% NaCl, 87% seeds germinated after 
immersed in distilled water for 42 days, indicating that



germination inhibition due to salt stress was transitory. 
Khan & Ungar (1984 a, 1984 b) found that large seeds of iL. 
triangularis were more salt tolerant than the small seeds 
produced on the same plant.

According to Ungar (1982) one advantage that 
plants with polymorphic seeds have in unstable environment 
with changing soil salinity stress could be that this 
morphological character is associated with physiological 
differences which provide for multiple germination periods. 
An entire population of plants might be eliminated by 
increased salinity stress and with only a single highly 
synchronized germination period, no seed reserve could be 
available. Both Atriplex triangularis and Salicornia 
europaaa have prolonged germination periods under field 
conditions (Me Mahon and Ungar 1978; Ungar ai al 1979). 
These extended germination periods running from February to 
June and sometimes later into the summer, are probably 
related to both, the response of dimorphic seeds in these 
species and fluctuating soil salinity stress under field 
conditions, which at times may be beyond the salt tolerance 
of these plants.

Although growth of the seedlings raised from 
dimorphic seeds is worth investigating, only one report is 
available which indicates that Atrlplex patula var. hastata 
plants arising from larger seeds has faster root and shoot 
growth than seedlings from 3inall seeds which germinate at the
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same time (Baker, 1974).

In case of Caesalpinla crista, it is apparent that 
the germination potential of large seeds is higher and the 
seedlings raised from these seeds are more vigorous in 
growth. However the salt tolerance of the large and small 
seeds at germination stage has not been Investigated in the 
present study. But at the same time it is quite probable 
that the seeds with higher germination capacity and better 
seedling vigor, would tolerate the higher salinity doses 
more effectively.

E) Seed Germination under Saline Conditions .

Effect of NaCl salinity on germination of 
Caesalpinla crista seeds is shown in fig 7. Highest 
germination was observed in fresh water and the germination 
percentage decreased as the NaCl salinity increased. In 
1.00% NaCl salinity only 20% seed germination was observed 
and death of the seedlings occurred after few days. Seeds 
could not germinate above 1% NaCl salinity. Not only 
decrease in the germination percentage but delay in 
germination was also noticed. The period required for seed 
germination increased with improvement in the salinity 
level. Days required for seed germination in 1% NaCl 
salinity were nearly double to those required for 
germination in fresh water, (fig.7)

The phase of seed germination and seedling
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establishment is one of the most critical stages in the life 
cycle of halophytes. The behavior of halophytes at this stage 
of development is rather poorly understood (Waisel,1972). 
Surface soils may have salinities 2 to 100 times that of the 
subsoil and present much more extreme environments to seeds 
of halophytes than a vigorously growing plant may be exposed 
to, and this presents a serious problem at the germination 
stage which must be overcome by a species to successfully 
establish in a saline environment.

Since sodium chloride is a dominant salt, present 
in the saline habitat, various workers have investigated 
its effect upon the seed germination in halophytes. The 
results show that the great majority of halophytes 
germinate best under fresh water conditions, (Seneca, 
1969; Onnis and Bellettato, 1972;Breen oi al.,1977; Okusanya, 
1977; Ungar,1977,1978; Zid and Boukhris, 1977; Dietert and 
Shontz, 1978; Partridge and Wilson, 1987.) but that some 
germination can be expected in up to 2% NaCl. Germination 
of seeds is found to be usually retarded in saline medium. 
The response of seeds or the degree of inhibition differs 
from species to species.

Waisel (1958) studied salt tolerance in germination 
of some halophytes at 20*c. He recorded that seeds of 
Afi lur.QB.ua. repens and Mesembryanthemum nodiflorum could 
tolerate 0.1% NaCl salinity while Nitraria retusa. and Juncus 
maritimus seeds could germinate in a medium containing up to



0.2% NaCl salinity. Suaeda monoica and Salicornia harbacea 
seeds germinated in 0.4% NaCl, on the other hand Halocnemum 
at, rob i lacaum seeds could tolerate up to 0.6 % NaCl.

A similar correlation between the ability to 
germinate under saline conditions and zonation of plants in a 
salt marsh was also reported by Ungar (1965,1967). The 
halophytes Suaeda dfepraeiSA and Tamarlx pentandra germinated 
in salt solution up to 4% NaCl while semihalophytic species 
Hablopappus pJiy.llQfi.aphalus and lya annua tolerated up to 2% 
NaCl at the time of germination. Germination percentage of 
Aster tripoli.um and IxiglPighin maritime, seeds were extremely 
low in sea water. El ant ago, maritime had not tolerated 
sea water concentration about 75% while Atriplex, hastata, 
Beta maritima and Plantago coronopua above 50% sea water.

Urigar (1962) reported that seeds of Atriplex,. 
Salicornia and Suaeda germinate better in 0.5% NaCl than in 
distilled water. Macke and Ungar (1971) noted the sharp 
decrease in germination in seeds of Euccinellla nut.talli.ana 
at-12 bars. He further reported that recovery in 
germination is possible in - 42 bars, indicating the 
temporary inhibition in seed germination. Ungar (1974) 
studied the effect of salinity on seed germination of 
Hordeum iubatum. He noted that seeds of fcL_ .iubatum were 
highly tolerant of salinities up to 1%, with little 
reduction in germination. Each increase in salt concentration 
delayed the time of germination.



69
Okusanya (1977) reported that in Crlthmum maritlmum 

seeds, the germination of seeds, was reduced and delayed with 
increase in sea water concentrations.

Seeds of Atrlpiex hallmus did not germinate when 
exposed to 4% NaCl and germinated at 85 to 90% when returned 
to distilled water (Zid and Boukhris 1977) Germination of 
Sporobolus ylxjglnfo.ua was completely inhibited by 2% NaCl 
(Breen fit. al.,1977).

Joshi and Iyengar (1977) reported that seeds of
Suaeda nudifloxa germinated well up to 5,000 ppm. sea
water. In higher concentrations the germination was
retarded remarkably.. The highest germination percentage was
achieved in 1,000 ppm. sea water.

tolerant 
salinity 
decrease

Waisel (1958) noticed that besides intergeneric 
differences, interspecific and intervarietal differences also 
exist with respect to salinity tolerance at germination 
stage. Thus the salt tolerance limits of various Tamarix 
species namely Tamarix gallica var. maris-mortui and 2L_ 
gallica var. eilanthesis seeds tolerated 0.6% NaCl 
salinity.T.deserti and T.Jordanis var. negevensis 0.7% NaCl 
salinity, T.meyeri could tolerate 0.9% NaCl salinity 1% NaCl

Germination of seeds of a highly salt 
halophyte Balicornia fiuropaaa remained inhibited in 
level above 5% NaCl and germinated in following the 
in salinity had been reported by Ungar (1977).



salinity was tolerated by T. amplexcaulis . I,,, aravensis. and L_ 
aphvlla at germination stage. He further pointed out that 
plants growing naturally in sites with a high salt content 
showed a higher salt resistance in germination than plants 
from less salty sites.

Perennials mostly reproduce vegetatively in number 
of species. A more detailed study of this aspect has been 
recently made by Partridge and Wilson (1987). These workers 
studied effect of HaGl salinity on 9 halophytic and 2 
glycophytic species. They recorded that Atriplex prostrata, 
Cotula coronopifolia. Elagianthua. divaricatus, Elaatago 
coronopus, Polypogon monsp-ellensia., Sslioamia nitnas., Saliiera 
radicans. Soergularia media. IriglocMa 3trlatum germinated 
close to full potential in upto 0.5% NaCl Between 0.5% NaCl 
and 0.35% NaCl, differences in salt sensitivity were noted. 
All species examined had slower germination rates, the higher 
the salinity. Perennials like Suaflda., J-Uncua., Sarcocornia 
schoenus, TrlglocMn. SaULLaxa. etc. were more sensitive for 
germination than for growth. They only germinate in 
salinities much lower than their adult tolerance. Amongst 
the perennials, germination sensitivity decreases only slowly 
with an increase in adult tolerance. Partridge and Wilson 
(1987) concluded that seeds of perennial halophytic species 
are more sensitive to salinity at germination stage than at 
growth and reproductive stage. According to these workers 
the perennials can afford to wait for rare low salinity 
conditions for their occasional seedling establishment.



In the view of those workers need ftorm.innt.lon in saline 
environment ordinarily occurs during the spring or in 
a season with high precipitation, when soil salinity 
levels are usually reduced. In the light of these 
findings when we examine the germination performance of 
Caesalp.1 nla crista under saline conditions we can notice 
that this species exhibits considerable salt sensitivity 
at germination stage and this may be possibly related to 
perennial nature of this species.

3) Mineral nutrition

A) Inorganic constituents in different plant parts.
a) Sodium
Sodium contents of different parts of Gaesalpinia 

crista and their seasonal variation are shown in fig.8. An 
appreciable amount of Na+ is observed in roots of £L_ crista 

during all the three seasons monsoon, winter and summer. 
Highest accumulation being observed in summer. Relatively 
less amount of Na is noticed in the stem tissue in monsoon 
and summer. But in winter sodium level in the stem tissue is 
higher than that in other parts. In leaf and rachis Na 
accumulation takes place nearly in equal amount during all 
the three seasons. It is evident from the fig.8 that as 
compared to other plant parts the leaf tissue contains 
lesser amount of sodium, although during summer season 
sodium level in leaf tissue is higher than that recorded for
other seasons.
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Sodium is an essential micro-nutrient element for
some species and is beneficial element (at much higher 
concentrations) for some others. Sodium at high levels 
stimulates the growth in some species mainly members of 
chenopodiaceae and some mangroves. Other plants like wheat, 
oat, barley and cotton etc. show the response to sodium in a 
deficiency of potassium and cotton in a deficiency of 
calcium. Atrinlex ya.aic.aria. was the 1 plant for which 
sodium was shown to be essential as a micronutrient 
(Brownell, 1965). The growth responses to Na are more 
related to the function of K particularly osmoregulation 
and enzyme activation. Sodium at high levels has been shown 
to affect some plants qualitatively. Increase in the 
concentration of sugar have been recorded in sugarbeet (El- 
Sheikh and Ulrich, 1970) and the quality of fiber crops 
including flax and cotton improved by application of salt of 
sodium (Treggi, 1951).

Sodium has been shown to be essential for C4 
species in families, Gramineae, Cyperaceae, Amaranthaceae, 
Chenopodiaceae and Portulacaceae (Brownell, 1968). The 
Crassulacean Acid Metabolism species, Brvophvllum tubiflorum 
show essentiality of sodium under short-days with large 
diurnal temperature variation as the bulk of CO2 assimilated 
gets taken up in the dark, involving the C4 dicarboxylic 
system (Brownell and Crossland, 1974). It seemed likely 
that sodium was required for the functioning of the C4 
dicarboxylic CO2 fixation system operating in C4 and CAM



species (under certain conditions) but was not required in C3
species, which lack this system. The signs of sodium
deficiency are similar in all species for which it is 
essential. Leaves become chlorotic and in severe cases 
margins and tips become necrotic. An early response by 
sodium deficient leaves of C4 Atriplex to sodium was an 
increase in the rate of respiration as oxygen uptake or CO2 
out put. It is quite obvious that under saline conditions
the problems due to sodium excess arise and not due to
sodium deficiency.

In contrast to glycophytes, halophytes show
appreciable levels of sodium within their tissue. But even 
among various halophyte species, Na concentration varies 
substantially.

It is mentioned by Walsh (1974) that salt
"f"secreting species were having high Na content [ Acanthus 

ilicifolius 3%, Aegiceras cornlculata 2.3% Avicennla alba 
3.6%, A.t. marina 5.06%, A^ officinalio 2.33%]. Balt non 
Hoarding species also contained Na', comparable with that 

of salt secreting type [e.g. Bruguiera carvophvlloides 2.77%, 
C.eriops can do lie ana. 3.66%, Khizophoxa mucronata 2.28%]. In 
some salt accumulating species such as Lumnitzera racemosa 
and Sonnexatia ap.e.tala he recorded 4.3% and 1.49% sodium 
respectively. At the some time relatively low levels of 
sodium were also noticed in some mangroves species such as 
Rhizophora mangle. [1.11%], IL brevlstyla [0.98%] and



Exoecaria agallo.cha [0.48%]

Joshi [1975] also recorded Na levels in leaves 
of mangroves and associate halophytes of estuaries in 
Maharashtra. According to him salt secreting mangroves
Avicennia officinalis. A., alba, Aeglcexaa coxJxLculat.a
contained high Na+ content [5.30, 3.11 and 2.35 g/100g

respectively]. Salt accumulating species like Acanthus 
ilieifolius. Lumnl.taera rac.einpaa, Sonneratla alba and 
Exoecaria agalloeha contained 3.46, 5.54, 5.04 and
3.26 g/100g Na+ respectively. Relatively lower values were 

recorded in salt excluding types Rhizophora mucronata
[2.57], Ceriops tagal [1.57], and Kandelia caudal. [1.20]. 
The mangrove associates like Saiy.ad.Qra perslca, Aalumpiis. 
lagQBQidaa., Thaapasia populnea. and Glerodendron inarma. also 
contained quite high amount of sodium.

Very little information is available about 
sodium nutrition in leguminous halophytes. Walsh [1974] 

mentioned that the leaves of Perris uliginosa contained 
1.23% Na+. On the other hand Mohite [1990] noticed that Na+ 
contents in leaves of two Perris species Dl. trifoliata and 
EL. acandejaa. growing in coastal areas of Ratnagiri were 0.55% 

and 0.24% respectively. It is noticed in the present 
investigation that Caesalpinia crista plants grow in close 
contact with D_^ trifoliata. Their leaves also contain very 
low levels of sodium comparable with D.scandens.

Cassidy [1970] had opined that the ion



concentrations in plant tissue should be expressed in 
equi.m plant water because this is a more meaningful 
basis for considering osmotic relations than the 
conventional dry matter basis. Storey and Wyn Jones [1977] 
had supported this view and added one more point that values

_3expressed in equi.m plant water, facilitate inter-species 
comparison.

Albert and Popp [1977] found that the ionic 
composition varies substantially among the halophytic species 
and many a times a specific pattern of ion content can be 
found within the specific taxon. They found extraordinary 
accumulation of sodium in the leaves of dicotyledonous 
halophytic plants like Chenopodlum b.o try odea, CL. glaccum , 
A triplex hastata, Cfomphorosma siuius , Suaeda maritime,
pannonlca. Salicornia BrQg.tr.ata, SBsrguiaria media. Lep.ldi.um 
grass.!folium,
tripolium, Sonchus arvensls ranging from 150 equi.m ^ {in

-3Sonchus arvensls) to 869 equi.m plant water [in Salieornia 
prostrata1 In contrast very little sodium was accumulated in 
the leaves of halophytic monocotyledonous species like 
Crypsis aculeata, Euccinellia distans, Agrostis stolonifera. 
Phragmites australis, Carsx dig.tana., Bolboschoeus maritiraus 
and Jnnc.ua, gerardii. The range of Na+ concentration was only

_3from 23 equi.m fresh water content [ in Carex dig-tans. ]

Artemisia monogyna, Aster
■3

to 141 equi.m [ in ] . They further
concluded that the reduced salt content especially Na salts
gives the impression that salt exclusion mechanism persists
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in these plants in contrast to the other halophytes having 
high salt content.

Gorham at £lL [1980] studied the chemical 
composition of some salt marsh plants. They also noted 
comparatively low values of Nn* in leaves of 

monocotyledonous halophytes in contrast to dicotyledonous
*4*halophytes. They found that Na concentration among

_3Cyperaceae members ranged from 17 equi.m plant water [Carex
_ 3aerarla] to 167 equi.m CElaocharis. unigl.umia]. In

i -3Grarnineae the Na concentration ranged from 48 equi. m
-3rAgr.op.yr.on. pungan] to 177 equi.m [Phragmlt.es Cfimmuais.] ■ In

the family Juncaceae the Na concentration ranged from 65
-3 -3equi.m f Juncus inflexus] to 155 equi.m [ J uncus.

artloulatua]. Few exceptions to this trend were Spartina
anglica [346], Triglochin maritima [279] and Zostera
marina [608] from Grarnineae Juncaginaceae and Zosteraceae
respectively where Na+ concentration was very high. They also

recorded that in dicotyledonous salt marsh plants the Na
concentration was very high [i.e. Suaada maritima 547 and
Sali-cornla aar.op.aaa, 8200 from Chenopodiaceae, Sp.argul.aria
media 615 from Garyophyllaceae, a Prlmulaceae member G1&UX.
maritima 237]. At the same time very low Na+ concentration

was noted in Umbelliferae member Qenanthe laahenalii [92 
-3equi.m plant water]. According to these workers the low

4values of Na clearly indicate that the salt exclusion 
mechanism must be present in many monocotyledons and Qenanthe 
lachenalii from dicotyledons.



|’ii|.)|,» j 11)B4| had nnalynad n<»mn Aunl.rnllmi ih.miuji’ovoh

1‘iii’ l.lirjl) I ni > t Han 11: Ion oml.eiiL lllie iml.ed vary high valuer* 
of Na+ content in the leaves of salt secreting mangrove 

species such as Aeglatllis annulata [540], Aegiceras
_3corniculata [550] and Avicennia marina [500 equi. m plant 

water]. These values were higher than the Na contents
recorded for salt non secreting species e.g. Rhizophoraceae 
members Bruguiera exaristata [475], Ceric PS. tagai [320], 

apiculata [360], R.. laraarekii [350], R_
[400]. The salt accumulating species were found to accumulate

+high amount of Na in their leaves, as seen in 
Lumnitzera racfimoaa [670], XzlocarBiia granatum [540], JL_ 
mekongensls [460], Acanthus, iliciioilua [480]. Comparatively 
lower concentrations of Na+ were seen in Excoecaria agallo.cha 

[260], Qsbornea octodenta [360], Scyphiphora hydrophylacea 
[220], Hibiscus tiliaceus [50] and Heritiera littoralia 
[20]. She noticed that the lower concentrations were 
associated with both habit and physiological features. 
Hibiscus tiliaceus and Heritiera littoralia are regarded as 
brackish water species or mangrove associates. Brackish

-J-water contains substantial Na concentration. According to 
Popp this is possibly similar to some monocotyledonous 
halophytes which are able to maintain low Na+ concentrations 

in their shoots. The other three species 1. Excoecaria

octodenta near Ceriopa. tagal. and 3. Scyphiphora hydrophylacea 
found to occur in normal mixed mangrove strands, differed



from their neighbouring species in their ion concentration.
"f*Hence in opinion of Popp [1984] these low Na containing 

plants were the salt excluding type of halophytes.

In the light of above findings when leaf sodium 
content in Caesaloinia crista, is expressed on the tissue

_3water basis, the values ranged from 13.71 to 223 equi.m 
plant water. When these values are compared with the values 
recorded by other workers for various halophytic species, it 
is clearly evident that the plant adapts the strategy of 
sodium exclusion from the leaf tissue as seen in mangrove 
species and associates like Excoecaria agallocha.,... Scyphiphora 
hydrophylacea* Hibiscus, tlliaceus and Haritiera littoralis.

Although ion regulation in halophytes has been 
extensively studied, most of the studies are restricted to 
leaf analysis and very few attempts have been made to analyse 
other plant parts. It is mentioned by Walsh [1974] that as 
compared with the leaves, the stem contained much less Na+ 

content in salt secreting and salt non secreting types such 
as Ay.icennla nl.ti.da, RhiaoBhora mangle, and EL_ brevistvla.

-fSpain and Holt [1980] have recorded the Na concentration in 
stem of seven mangrove species Afigiceraa corniculatum■ 
Avicsnnia marina, Carlops tagai, Excaecarla agallocha, 
Qsbornea oetodenta, Rhlzophora stylosa., Xvlocarpus
australaa.ic.ua.- Values of Na were ranging from 0.16 to 0.73%
in Excoecaria agallocha and Avicennia marina respectively. 
But in Perris trifoliata and scandens. Mohite [1990]



recorded comparatively higher Na^ content in stem than the
leaves. Similar trend .is seen in CaenalKinla crJL&ta during

+rainy and winter seasons. But in summer season leaf Na 
content is considerably higher than the stem Na+ content.

The legumes like Perris and Caesalpinia have 
got compound leaf with prominent rachls. Rachls of EL_ 
trifoliata and D.sgandena. was found to contain more Na than 
the foliar tissue (Mohite 1990). Similar trend is seen in 
Caasalpinia crista during rainy season. During winter and 
summer the Na^ content of loaf and rachls was almost 

identical. It is suggested by Karadge and Chavan [1983] that 
in salt tolerant legume Sesbania aculeataf rachls functions 
in accumulating sodium and lessening salt toxicity in foliar 
tissue and this may be considered as one of the mechanism of 
salt tolerance. However such situation does not prevail in 
Caasalpinia crista.

Very little information is available regarding
sodium status of the root tissue. Walsh [ 1974 ] mentioned

+that root Na content in salt secreting type \Avicennia 
niiida] and salt non-secreting type mangroves rRhizophora 
mangle, Conocarpus erectusl was less than that of leaves, 
clearly indicating that there is no accumulation of salt 
in root zone but it is transported to leaves via stem. Joshi 
[1976] also recorded that as compared to stem and 
leaf of Rhizophora mucronata the different parts of
young and old roots contain lower levels of sodium. However



opposite trend was noticed in leguminous halophyte Perris 
trifoliata by Mohite [1990] who found marked accumulation of 
sodium in the root tissue. Similar pattern is also found 
in Caesalpinia crista and the accumulation of salt in root 
region is more pronounced during summer season as compared 
to the other seasons.

From the above discussion . it is very clear 
that Caesalpinia crista has different pattern of Na+ 

distribution in the plant parts than that of salt 
secreting, non-secreting and salt accumulating type of 
halophytes which are present in the vicinity of C.cristaf 
but it shows salt evading tendency similar to Prosopls 
farcata [Waisel,1972]. Here the exclusion mechanism seems to 
occur in the retention of salt mainly within the roots, 
stems and rachis to some extent, so as to prevent the

4-translocation of Na to the photosynthetic organ, the 
leaves.

An increase in the external salt concentration 
usually results in salt transport to shoot at higher rate. 
It is well known that during salt transportations in the xylero 
sap water remain untouched and uptake of ions takes place out 
of the flowing sap by shoot cells. But some halophytic 
species selectively accumulate sodium out of the sap, 
resulting the reduction of sodium content in leaves and 
upper part of the shoot. Such selective accumulation has 
been recorded in legume BrosOPis farcata by Eshel [1966].



It is the xylem parenchyma cells which actively and 
selectively absorb sodium.

Similar mechanism of salt exclusion in crop 
legumes like Glycine max, Elaum a&iJLxiim, Phaaeolua species, 
y.iciu faha, Arachia. hyposaea, Clear ariatinum, llano. 
un&ulculaLn, Modlcaao aatlva, Trlfoluiu spoo l on under nnllno 
conditions, has been recorded by Lnuohll [1904J.

Jacoby [1904] demonstrated that bean plants exclude
Na by retention in the basal part of the plants. Retention
of Na+ in the stem becomes gradually saturated with

increasing salt concentration in the medium. Further he
"4*concluded that Na retention in bean stems is energy 

dependent and due to accumulation by cells in vascular 
tissue.

In halophytic legume Canavaila okfausi folia
Scholander, [1968] noticed that the xylem sap tension was
more than -20 atm. similar to other mangrove species and
he further suggested that the xylem sap formation of the 
roots of mangroves and halophytes, including Canavalia 
obtusifolia involves essentially an ultra filtration of the 
sea water combined with an ion transport.

In legumes, Na specific events in the primary
vascular tissues of the proximal region of the roots and the 
base of the stem are of primary significance. Kramer al
[1977] revealed the existence of transfer cell-like xylem



parenchyma cells in the proximal region of the roots of 
Phaseolus coccineus. where the Na+ level is highest. They 

also demonstrated very high Na/K ratios in xylem parenchyma 

cells, in contrast to xylem vessels, where the Na/K ratio is
■f

near about unity. The accumulation of Na in xylem parenchyma 
+is due to Na reabsorption from xylem sap in exchange for K

at the plasmalemma, [Lauchli,1984] and the ultimate result 
+is the Na exclusion from the leaves. In Caesalpinla crista 

we notice a similar trend regarding sodium uptake. Thus 
sodium is mainly excluded from entry into the plant 

possibly due to ultrafiltration process and whatever sodium 

ions that enter in the plant are excluded from the laminar

tissue through their retention in roots. It is further

evident that during summer months the sodium uptake is more 

since the salinity of medium is higher. Such pronounced 

accumulation of sodium during summer season has been recorded 

by Jamale and Joshi [1977] in mangrove species Sonneratia 

alba, A-Yicsnnia officinalis, L+. alba, Aegiceras corniculata, 

agallocha, Rhizophora mu.cx.Q-na.tn and Acanthus 
.. Similar trend was recorded by Smith oi. al [1989] 

in the halophyte Conocarpus erectus during dry season.

b) Chlorides■

of
The values of chloride content from different parts

and the seasonal variations of
chloride contents in these parts are shown in fig. 9. There 

is no tendency of chloride accumulation as seen in other
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halophytes. Chloride accumulation is seen in the root tissue 
in summer. Maximum chloride content in root tissue is very
low. Stem accumulated chloride during winter is higher as 
compared with the rainy and summer season. During summer stem 
had the least chloride level as compared with chloride from 
all other parts during all the seasons. Rachis has highest 
chloride level during summer season which is about double the 
values recorded for winter and rainy season. Leaves of 
C.crista showed highest chloride content. It was very low 
during winter while in summer and rainy season the content 
was relatively higher.

Although chloride is a dominant element in saline 
soil it serves as an important micronutrient in higher 
plants. It is an important anion helpful for photosynthesis 
and stomata! regulation. During photosynthesis chloride ions 
are involved in the splitting of water at the oxidizing cite 
of photosystera II. It is assumed by Kelly and Izawa [1978] 
that chloride acts as a cofactor of the manganese containing 
02 evolving system.

,°2 -

'6 e e
H20--- -------- > PS II------- > PS I------- >

Mn*+ Cl"

The enhancing effect of chloride can be correlated 
with corresponding increase in photophosphorylation. The 
dependence of photosynthetic 02 evolution has also been 
demonstrated with isolated thylakoid membrane [Ball et al.



1984], Chloride also have stimulating effect on Asparagine 
synthetase in nitrogen metabolism.Aspargine synthetase uses 
glutamine as a substrate .

(HH3)
Glutamine ----------------------> Aspargine + Glutamic acid

asparagine synthetase

Each chloride ion enhances this transfer. The plant 
spoeios in which asparagine is the major compound in long 
distance transport of soluble nitrogen, chloride plays an 
important role in nitrogen metabolism.

The normal concentration of chloride in plants is 
between 200 to 2000 mg/100 g which is typical of the level of 
macronutrient but the chloride requirement of plant for 
optimal growth is between 34 to 120 mg/100g dry weight which 
is in the range of micronutrient levels [Marschner, 1986.].

According to Waisel [1972] sodium and chloride are 
taken up by roots of halophytes in non-equivalent quantities 
and they also differ in the patterns of their distribution 
within plant organs.

In Clerodendron inerme, a borderline mangrove, 
chloride in the leaves was 6.24% of dry tissue [Mishra, 1967] 
The succulent halophyte Seauvlum portulacastrum has a large 
amount of chloride ions in leaves as 8.64% and in mangroves 
Ehlaophora macro n.at.a, Bragaisr.a parviflora. Ceriops
candolleana the range of chlorides was 2.5% to 4.4% as 
reported by Chirputkar [1969]. High amount of Cl has been



85
recorded by Joshi [1975] in the leaves of mangroves and 
associate halophytes of estuarine areas in Maharashtra. It 
ranged between 2.03% in mangrove associate Thespesia popuinaa 
to 11.73% in salt accumulating mangrove Lumnitzera racemosa.

Spain and Holt [1980] analysed seven mangrove 
species for their leaf chloride contents. They reported that 
the chloride levels in the leaves of the mangrove species 
they studied, ranged from 3.25% to 6.07% for Xylocarpua 
australasicus and Avicennia marina respectively.

Mohite [1990] has estimated the chlorides from two 
species of leguminous halophyte species Perris. The leaves of 
Harris. asandean [0.3%] were not showing chloride 
accumulation while the leaves of D.trifoliata [2.98%] were 
having distinct accumulation of chlorides. It is evident 
from our work that the leaves of Caesalnlnia crista have 
very low chloride content which clearly indicates the 
exclusion of chloride from the foliar region.

Chloride content in leaves of some monocotyledonous 
and dicotyledonous halophytes has been investigated by Albert 
and Popp [1977].According to them Cl- concentration in
dicotyledonous leaves was more than monocotyledons from 80

-3 -3 equi.m [CHfinapadiura glaccum] to 784 equi.m rSalicornia
_3prostrata] while that of monocotyledons from 32 equi.m

_3[Carer, dlatana.] to 288 equi.m [Bolbochoenus maritimus]. 
Gorham and Wyn Jones [1980] also recorded low levels of Cl- 
in monocotyledonous halophytes. The range was from 48



. -3equi. m
anglica].
Zostera

arenaria] to 315 equi.m 3 [

Exceptionally high 01 content wnti recorded In
-3[731 equi m ]. Higher values were

recorded in dicotyledonous halophytes ranging from 481 to 
-3965 equi m in Spergularia media and Salicornia europaea 

respectively. At the same time quite low values of chloride
_3were recorded in two plants Glaux maritima [225 equi.m ]

_3and Qenanithei lachenalll. [94 equi.m ] by them.

Popp [1983] analysed leaves of number of mangroves 
and mangrove associate for Cl contents. Most of the 
mangrove species were having Cl concentration between 480

_3to 600 equi.m . Only two species XylflcarpaiSL granatum [680
-3 -3equi.m ] and T-- J ^---- r r,nn -- J ~

Cl
[790 equi.m ]has exceptionally high 

levels. Low values of Cl were recorded in Excoecaria
[410], hydrophylafifia, [380], Hibiscus

tiliaceus [160] and Haritiera littoralis [80 equi.m” ].

When the values of Cl contents in the leaves of
-3C.crista are expressed in equi.m lower values 67.57 and

52.65 are seen during rainy and winter season. But during
-3summer season leaf Cl level is 326.42 equi.m which is in 

the range of other mangrove species.

Very little data is available about the chloride 
content in the rachis of leguminous leaves. Mohite [1990] 
recorded that the pattern of chloride accumulation in the 
rachis of two species of Dsrxis. varies. In EL. scandens [0.5%] 
there was little accumulation but in D.trifoliata [1.98%]



accumulation of Cl was appreciable.

Very few attempts have been made to analyse the 
stern for Cl levels. Waisel [1972] observed that the stem 

tissue of Suaeda monoica contained less chloride than the 

leaves. Joshi [1976] recorded that in Sonneratia acida as 

compared to leaves the different parts of stem contain lower 

levels of chloride. He also found appreciable accumulation 

[1.38%] in mature Rhizophora mucronata stem. Spain and Holt 
[1980] Investigated chloride levels in seven mangrove 
npoolon. The vnlunn recorded by l,hem ware Aag.l.caras 
cornlculatum [1.53%], Av.lcerinla marina [1.57%], Carious, 
tagal [0.43%] Erco.ecaria agallogha [0.41%], Qsbornea 

octodonta [0.78%], Rhizophora stylosa [ 1.00%], Xylocarpua 

australasicus [0.87%] Mohite [1990] recorded lower levels 

of chloride in the stem of IL. trifoliata than that of 

leaves, while reverse was the case in EL. scandens.

Mohite [1990] observed equal levels of chloride in 

roots of both the species of Harris., EL. trifoliata and IL. 

scandens [1.0%]. But as compared to other plant parts the 

same value was the smallest in EL. trifoliata and largest in 

D. scandens than the Cl in other parts.

Seasonal variation in Cl content of different 

mangrove leaves has been recorded by Jamale and Joshi [1977]. 

In all the mangroves they recorded Sonneratia alba, 

Avlcennia ol ficlnalis, L*. alba, Aegioeras corniculatum,
agall.QG.ha, Rhizophora mucronata and Acanthus



least chloride contents were recorded during 
monsoon and highest during summer. It is in direct relation 
with the salinity of! estuarine water.

Rajpurohit and Sen [1979] observed seasonal 
variation in Cl in the leaves of six saline parts of the 
Pachpadra salt basin. They recorded that the patterns of 
Cl accumulation differ with species. In Cressa cretica Cl 
level was highest during March [10.37%] and lowest during 
September [2.42%]. In Halpxylon recurvem [November 12.63%, 
March 5.53%] Salsola baryosma [August 12.17% and January 
2.13%], Suaeda fruticosa [January 27.14% and June 13.33%], 
Irianthema trlqustra [July 8.87%, November 4.46%], 
Zygophyllum simplex [July 36.16% and January 13.33%]

Joshi [1982] also noticed the seasonal variation in 
chloride contents of Suaeda audl£exa and S-aliQQriiia

Our observations about C.crista indicate that 
there is remarkable seasonal variation in Cl content and Cl 
levels during summer season are quite high particularly in 
the root tissue. Although chloride levels are high in the 
roots tissue, the plant successfully manages to keep the 
important metabolic center, leaf, away from the toxic effects 
of this anion. It has been noticed by Lauchli [1984] that in 
some leguminous crops like, soybean cv.'Lee' Lupines
anguatlfolia. Trifolium alexandrinum the retention of 
chloride in root tissue can be regarded as a mechanism of ion



regulation. Thus Caesalpinia cxiiita. adapts strategies i.e. 
exclusion of chloride to the considerable degree and 
retention of excess chloride in root tissue in summer season 
when the chloride content in the medium is very high.

c) Potassium.

The distribution of potassium in different plant 
parts of Caesalpinia cr.lsta and their seasonal variation is 
shown in figure 10. An appreciable amount of K in different 
plant parts is seen in winter and the values are quite low in 
monsoon season. It is evident from the figure that as 
compared to root tissue the potassium level in aerial parts 
viz. stem, rachis and leaf are quite high in all three 
seasons. There is not much variation in potassium status in 
leaf, rachis and stem during respective seasons and there is 
no definite trend regarding this uptake pattern.

Potassium is regarded as most essential 
macronutrient and its uptake is highly selective and closely 
coupled with metabolic activity. It is highly mobile element 
in plants at all levels, within individual cells, within 
tissue as well as long distance transport via xylera and 
phloem. K plays important role in activation of enzymes, 
protein synthesis, stomatal movement, photosynthesis and 
osmoregulation etc. [Marschner, 1986]. The deficiency of K+ 
results in stunted growth, leaf damage, decrease in 
photosynthetic activity, and translocation of photosynthates.
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It is indicated by Epstein [1972] that the optimal 
level of potassium in plants is 1% on the dry weight basis. 
It is evident from our observations that only during winter 
season the aerial parts show such optimal levels of this 
element while the values are low during the monsoon months. 
But at the same time it is very clear that these values are 
more than the corresponding sodium contents in aerial organs 
during all the three seasons.

The potassium content in leaf tissue of C.crista 
range from 0.52% to 1.36% . Accumulation of K+ in the leaves 

of number of monocotyledonous halophytes has been recorded by 
many workers [Albert and Popp, 1977, Gorham and Wyn 
Jones,1980, Gleen and 0' Leary, 1984], This is due to an 
alkali ion uptake system which exsists extremely high 
affinity to K even at high Na+ level.[Epstein, 1969].

This is not the case with dicotyledonous 
+halophytes. Role of K in maintaining osmotic potential of

the cell sap is taken over by Na+ under saline conditions
+[Gorham et al.. 1980]. Hence the amount of Na exceeds that

*f 4-of K . Low values of K are noted by number of workers, in 
many salt excreting and salt accumulating halophytic leaves 
[Chirputkar, 1969, Joshi, 1975, Albert,1975, Jamale and 
Joshi, 1977, Albert and Popp, 1977, Gorham et al.1980. 
Spain and Holt 1980, Popp, 1982, 1983 etc.] .

But salt excluder type of halophytes and border 
line halophytes show tendency of preferential K+ uptake, as
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in monocotyledons. It has been demonstrated by Mishra [1967] 
in Clerodendron inonua, Siddhu [cf Walsh 1974] in Hernia. 
uJLLeiaoaa. and Excoccaria agallocha, by HcMtster [Cf. Walsh, 
1974] in Avicennia nitida, Conogarpus. erectus and Rhizophora 
mangle, Joshi [1975] in Kandelia. sandal., Joshi [1976] in 
Excoecaria agallosha, Barth [1982] Popp [1984] in leaves of 
Heritiera littoralis. and Hibiscus tiliaceus and Mohite 
[1990] in Perris seandens and IL_ trifoliata.

Comparatively high amount of K+ is present in 

rachis of CL_ Crista ranging from 0.675 to 1.66%. Very little 
information la available regarding the K* content from

-frachis. High K values are noted by Mohite [1990] in Perris 
trifoliata arid D.„. oaandona the loguminoun halophytes.

The potassium content in the stem tissue of C. 
crista range from 0.495 to 1.30% which nearly equals that of

4-leaf tissue. Accumulation of K in the stem tissue of 
halophytes has been noticed by many workers. Hollister [cf 
Walsh, 1974] noted high K+ content ranging from 0.2% to 2.78% 

in the stem tissue of AyJLcennia niiida, Conocarpus erectus, 
Laguncularia racemosa and Rhizophora mangle. High K+ contents 
in the stem tissue of Rhizophora brevl st.vl a [0.39%] has been 
noted by Golly [cf Walsh, 1974]. Spain and Holt [1980] 
reported the K* levels from branch wood of six different

mangrove species ranging from 0.15% [Osborne a octodenta and 
Rhizophora stylosa] to 0.81% [Excoecaria agallocha]. They 
observed that in E^_ agallocha and Xylocarpus australasicus



than thethe content from branchwood tissue was higher
leaf tissue. Mohite [1990] reported that in leguminous

4-halophytes Parris trifoliata and El_ scandens, the K content 
in the stem tissue were 1.35% and 0.75% But these values are 
lower than the K contents from the leaf tissue of the 
respective plant.

Low potassium contents are observed in root tissue
of [L. crista ranging from 0.2 % to o.74%. But Hollister

+[cf.Walsh, 1974] reported accumulation of K in the root 
tissue of Avicennia nitida [2.9%] . Mohite [1990] found that 
the K+ content in root tissue of Perris, trifoliata and P^ 

scandens was 1.25% and 0.52 % respectively.

d) Potassium j_ Sodium ratio.

Instead of study of absolute concentration of 
monovalent and essential cation like potassium it is always 
desirable to study the fate of this element relative to the 
other dominant but nonessential monovalent cation like 
sodium.

K/Na ratios in different plant parts of
Caesalpinla crista during different seasons are shown in fig.
11. These ratios are computed on the basis of K and Na+

-3values expressed in equi.m plant water basis. It is very 
clear from the figure that C.crista shows high values of K/Na 
ratio in all the plant parts during all the seasons except 
roots in monsoon and summer seasons where it is less than
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unity. During rnonsoon it is 0.92 but during summer season it 
is extremely low 0.232 and at the same time stem shows 
highest K/Na ratio 12.95.

Modification of the ion uptake system under saline 
conditions can be responsible for a high K/Na ratio within 
the plant due to highly selective potassium uptake even in 
presence of excess sodium in the substratum. This has been 
demonstrated by Rain and Epstein [1967] for the mangrove 
Avicennia marina-

Albert and Kinzel [1973] used the term "physiotype"
for describing halophytes whose leaves have a particular type 

+ +of K /Na ratio with a particular taxonomic unit . One
physiotype associated with mcnocotyledonous families like
Gramineae, Juncaceae and Cyperaceae was characterized by high 
+ +K /Na ratio. The dicotyledonous families Chenopodiaceae

and Caryophyllaceae were grouped in the second physiotype 
+ +where K /Na ratio is less than unity. Albert and Popp 

[1977] found that the highest K+/Na+ ratio was 9.7 in Carex 

distans a Cyperaceae member and the lowest value recorded by 
them in dicot halophyte Lepidiam crass. was 0.055.

Gorham a£ al.. [1980] also analysed leaves of number
of monocotyledonous plants. They analysed 21
monocotyledonous plants of which 18 plants were showing high 

4* +K /Na ratio , highest being recorded in Carax. arenaria 14.2. 
They also analysed 5 dicotyledonous plants from 
Chenopodiaceae, Caryophyllaceae and Umbelliferae and found



K+/Na+ ratios less than unity [except in Umbelliferae member 
Oenanthe 1anhenalii with K+/Na+ ratio 1.19]

Popp [1982] compared two halophytes one salt 
accumulated type, Sallcornia rubra from Chenopodiaceae and 
other salt excluder type, Puccinellia airoldes from Poaceae 
for their inorganic constituents. K+/Na+ ratio of Srubra, 
was 0.06 and that of £. alr.Qi.daa. 1.7 which means that in salt

+ 4*excluder type of halophytes K /Na ratio is more than unity.

Barth [1982] found that the K+/Na+ ratios were 

more than unity in brackish water species or mangrove 
associates Heritiera 1,1 tt or alia, and Hibiscus. tillage us. and 
gave rise to the assumption that these two species have 
special ion uptake and transport characteristics. This is 
possibly similar to some monocotyledonous halophytes which 
are able to maintain low Na+ concentration in their shoots.

Low K/Na values [below unity] have been recorded in 
mangroves which grow in the vicinity of C.crista by many 
workers [Albert and Kinzel,1973, Albert and Popp, 1977, 
Popp,1982, Barth,1982.] It is very clear from the above 
discussion that generally monocotyledonous halophytes are 
having K/Na ratios more than unity and dicotyledonous 
halophytes show K/Na ratio less than unity with few 
exceptions like Qanaathe. lachenalii, Heritiera. littoralis. 
Hibiscus tiliaceus. It must be mentioned here that all the 
above values have been calculated from K and Na+ content 
expressed on equivalent /irr’ plant water basis.



In CL_ crista high K/Na ratios are noticed in 
different plant parts in contrast to habitat (Tab.l) 
indicating a preferential potassium uptake in CL_ crista with 
respect to sodium similar to the above mentioned halophytes.

. e) Calcium.

The calcium contents in different parts of 
Caesalpinia crista during different seasons are shown in 
fig.12. It is interesting to note that all the parts of C. 
crista show marked accumulation of calcium. Aerial parts 
contain relatively more calcium than the root tissue.

Calcium is relatively large divalent cation 
required by the plant in macroamount. It enters the apoplast 
and is bound to cell walls tn an exchangeable form and at 
the exterior surface of plasma membrane. Calcium is a 
nontoxic mineral nutrient even in high concentration and is 
very effective in detoxifying high concentration of other 
mineral elements in plants. According to Epstein [1972] the 
concentration of calcium considered as adequate in higher 
plants is 0.05%. The calcium requirement for optimum growth 
is much more in dicotyledons than in monocotyledons. 
[Loneragan and Snowball, 1969].

Calcium plays a major role in cell wall 
stabilisation. In contrast to other raacronutrients, a high

24-proportion of the total Ca in plant tissue is located in 
the cell walls, at two distinct areas, the middle lamella in
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which Ca is bound with pectins and exterior surface of
24-plasma membrane. In both areas Ca regulates the membrane

permeability and related process and strengthens the cell
24-wall. Hence a typical system of Ca deficiency results in

the disintegration of cell walls and the collapse of the
affected tissue, such as the petiole and upper part of the
stem [Bussler, 1963],

*

Calcium is involved in cell division and extension.
2 +It appears that changes in cytosolic Ca regulates the

24-spindle activity [ Wolniak, 1988]. Role of Ca in cell 
extension is not yet clear. Calcium is also involved in 
pollen tube growth. It also plays a fundamental role in 
membrane stability and cell integrity. Calcium stabilizes 
cell membrane by bridging phosphate and carbonate groups of 
phospholipids. [Caldwell and Haug,1981] and proteins at 
membrane surface [Legge ei. al- 1982].

Calcium has recently been recognized as a 
transducer of normal and environmental signals to the 
responsive element of cell metabolism.[Hepler and Wayne, 
1985].

2+

In view of a key role of calcium in membrane 
activity and various developmental processes, understanding 
the relationship between sodium and calcium is of utmost 
importance in search of mechanism for salt tolerance . There 
are several reports which indicate that salinity severely

24-effects Ca uptake and transport so that shoots frequently



show symptoms of calcium deficiency [Cramer at aL, 1989]
especially in salt sensitive genotypes. Even in some

2+halophytes like Galenia pubescens the uptake of Ca is
hampered by salt stress [ Wallace ,1982]. Rengel [1992] has
discussed the effect of salt stress on calcium nutrition
under such situations. According to him uptake of Na+ across

the plasma membrane is very fast, resulting the physiological
effects on extracellular as well as intracellular sites.

2+Sodium reduces binding of Ca to the plasma membrane,
. 2+ inhibits influx while increasing efflux of Ca , and depletes

2+the internal stores of Ca from endomembranes. These changes 
24-in the cell Ca homeostasis are suggested to be the primary 

response to salt stress that are perceived by root cells.
24-Salt would almost instantly reduce the amount of Ca being

24-transferred to the leaf cell, with Ca activity dropping
4-and Na activity rising in the apoplasm of the leaf cells.
24-This Ca signal would be transported to leaves together with 

it not proceeding the signal of limited water supply.
Hormonal signals are likely to be secondary in nature, and

+ 2-fcaused by the Na related disturbance of the root cell Ca
homeostasis.

There are several reports which indicate that 
2+supplemental Ca supply can have ameliorative effects on 

the plants exposed to salt toxicity. [ Bliss,ei al. 1986].

Thus it is clear that the possession of efficient 
calcium uptake mechanism is one of the possible mechanisms of



salt tolerance in higher plants. In CL. crista if we take into 
consideration very low Ca/Na ratios in the supporting soil 
and water (Tab.l) the preferential Cn uptake mochanl.mun is 
clearly noticeable. Thus efficient calcium uptake can be 
regarded as a possible mechanisum of solt tolerance in this 
leguminous halophyte.

According to Waisel [1972] calcium content in
various halophytes is low and usually does not exceed 0.5% of
their dry weight. According to him the calcium content in the
halophytes like Atriplex, Suaada monoica and Aeluropas
litoralis is not affected by the presence of NaCl in the
medium. Although this is the case with the above
halophytes, it has been observed in several mangroves that 

2 +Ca content varies from 0.65 to 2.48% [Walsh, 1974]. Albert
2 +and Popp [1977] noted high Ca level in the leaf tissue of

Praamnites australis a halophyte from Austria. Spain and
Holt [1980] noticed that the calcium levels in the leaves of
mangrove species varied from 0.27 fAegiceras corniculatum] to

2 +2% [ Xvlocarpus australasicus]. High Ca levels from 3
monocot halophytes Caxsx arenaria, I.r.is pseudocorus. 
Ph alar is.. arnndinaca and one dicot halophyte Oenanthe 
lachenalii have been reported by Gorham ei. aJL* [1980]. El-
Ghonemy ai. [1982] analysed some desert halophytes for

2+ 2+ their Ca contents. They recorded the range of Ca in the
leaves from 0.48 % [Jiincua ri-gidus] to 5.70% [Zygophyllum
allum.]. According to them ZL allaim. and Tamarix nilotica

O-f[5.20%] are performing selective uptake of Ca while Juncus



selectively exclude che uptake of Ca2+
2 +reported 1.22% Ca in the leaves of

Teas [1985] 
Recently

Mohite [1990] recorded low calcium levels 0.4% and 0.6% in
the leaves of Perris, trifollata and IL_ s.candens. ■ But in
contrast to the leguminous halophyte Perris, Caesalpinia

2 +crista shows considerable accumulation of Ca in the leaf 
tissue.

2+Walsh [1974] recorded appreciable amount of Ca in 
the stem tissue of Avicennia nitida. Spain and Holt [1980]
recorded Ca 2 + levels in stem tissue of different mangrove
species ranging from 0.23% [Qshornia octodonta] to 1.83%

2+[Rhiaophora stvlosa]. They also recorded higher Ca 
+than the Na

level
level, in stem tissue of Cs.rl.QPa iagai, 

agallocha and Xyla.carpus, aus.tralasicus ■
In the stem tissue of some desert halophytes El-Ghonemy e± ai
[1982] noted the range of Ca2 + from 0.32% [Juncus rieidusl

album]. Teas [1985] recorded 1.29%to 3.54 %
2+Ca from Rhizophora wood. In Caesalpinia crista stem tissue

2+also we noticed marked accumulation of Ca ranging from 1.2 
to 2.02% and these values are considerably more than the 
corresponding sodium values.

Walsh [1974] recorded very high Ca^+ level [2.12%]

in Conocarpus erectus roots as compared to the stem and leaf
2+tissues. Similarly Teas [1985] recorded high root Ca level

in the aerial roots of Rhizophora [1.29%] but low level in
surface roots [0.75%] as compared to leaf tissue Ca24-



100
24-content, but Mohite [1990] recorded the low levels of Ca

in Hexxla. trifoliate [0.32%] and D. scandens [0.42%] as
compared with leaf tissue. In the present investigation it is
noticed that the roots of C.crista contain appreciable amount 

2+of Ga [ranging from 1.5 to 3.2%] although it is less than 
the calcium content in the aerial tissue.

24-Seasonal variation of leaf tissue Ca content has 
been recorded by Joshi and Bhosale [1982] for different

24-mangrove species. They found highest Ga level during summer 
season in leaf tissue of S.,Qim.exfi-lia alia, Avicennia 
officinalis. A^ alba, Aegicaxas. corniculatum., • Excoecarla 
agallo.eha, Bhlaaphoxa mucronata and Acanthus ilicifolius. and

24-lowest during monsoon. Seasonal variation in Ca levels in
Suaeda nudiflora and Salicornia brachiata leaves have been
studied by Joshi and Iyengar [1982]. They recorded highest 

2+Ca during winter, while calcium contents were minimum 
during monsoon.

In contrast to the above observation in C.crista we
24-observed the highest Ca levels in all the parts during 

monsoon and lowest values during winter except in rachis 
tissue. Thus it is clear that there is no uniform trend among 
different halophytic species with respect to calcium uptake 
during different seasons and its distribution with the plant. 
This may be possibly due to differential requirement of this 
element during different climatic conditions as well as 
differential availability.



Fig.13 shows magnesium content of different parts
2 +of Caesalpinla crista and their seasonal variation. Mg 

level in leaf tissue is more than the other plant parts.

Magnesium is small and strongly electropositive
divalent cation important in plant metabolism. The major

2+function of Mg is in the synthesis of chlorophyll and 
cellular pH control. This divalent cation forms central core 
of the nucleus of the chlorophyll molecule, as well as a 
cofactor in almost all enzymes involved in phosphorylation 
process. Magnesium also plays an important role in 
aggregation of ribosome subunits during protein synthesis. It 
is also essential for enzyme activation and energy transfer 
reactions. Thus magnesium plays key role in plant metabolism 
and overall plant growth [Marschner, 1986] .

Inspite of its key role in plant metabolism very
24-little attention has been paid towards the role of Mg in

salt tolerance process. Atkinson e±. &L [1967] have speculated
that this element maintains the salt balance in the leaves of
Aegialitis. a mangrove species. Furthermore , Bernstein
[1975] has postulated that the salt tolerance of a species
for a particular salt, reflects the ability of the species

2+ 2+to absorb nutritionally adequate level of Ca and Mg from 
the soil. In this respect the report of Konigshofer [1983], 
that non-halophytic species of Plantago tended to exclude

24-sodium from leaf tissue by enhancing Mg uptake for charge
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balance under saline condition, appears interesting.

Magnesium requirement of the plant for optimal
growth is 0.5% of the dry weight of the vegetative parts
[Epstein, 1965]. It is evident from the fig.13 that values of 

2 +Mg contents in all the parts of C.crista are much less
during all the seasons. The values in the leaf tissue are 
ranging from 0.155% to 0.186%. When these values are compared 
with the values of leaf magnesium status recorded for other 
halophytic species it can be seen that the leaf magnesium 
status is really poor in C.crista.

2 +Walsh [1974] mentioned that Mg content in
different mangrove leaves were ranging from 0.23% to 1.45% in

2 +Avlcennia nitida and Rhlaophora mucronata respectively. Mg
contents in the leaves of different mangroves and associate
halophytes of estuaries in Maharashtra have been recorded by

2+Joshi [1975]. The Mg content was in the range 0.04%
rClerodendrum inerme] to 1.64% [Aeluropus. laeopoides]. Spain

2+and Holt [1980] also determined the Mg levels in the 
foliage of seven different mangrove species such as Aegiceras 
eorniculntum, Avlcennia marina, Ceriops. iagal, Excoecaria 
agallocha, Qshornia oc.tQd.Qnta, Rhiaophora stylosa and 
Xvlocarnus australasicus. They recorded the range from 0.39% 
[Xy.locarpus. australasicus] to 2.94% rCeriops tagal]

It is evident from our observation that G.Crista is 
having considerably low magnesium uptake potential when 
compared with other halophytes. Magnesium and calcium are



divalent cations and it is indicated in many studies that
2+ 2+there is a strong competition between Ga and Mg . This is

2+because of low affinity of the highly hydrated Mg for 
binding sites at the root plasma membrane [Marschner, 1986], 
As we have seen earlier the calcium levels in various parts 
of Caesalplaia cri.S.t.a are quite high and this may be one of 
the reasons for lower levels of magnesium in £L_ crista.

Very little information is available regarding the
2+Mg levels in stem zone. Walsh [1974] mentioned relatively

24-low levels of Mg contents in stem of Avicennia nitlda
[0.308 to 0.365%], Cano carpus, arectus [0.24 to 0.34%],
Lagunaulnrin ra.cajnaaa. [0.12 to 0.18%] Lumnitiaara recemosa
[0.34], Rhizophora brevistyl.a [0.1 to 0.29%] and that in BL_
mangle [0.28%]. Spain and Holt [1980] recorded the Mg^+ of

stems of different mangrove species. They mentioned the range 
2+of Mg content from 0.08%fCeriops taeal and Xylocarnus

ausiralasians.] to 0.22% [ Aeglaeras corniculatuml which are
considerably lower than those in the foliage of corresponding
species. Recently Mohite [1990] observed the same trend in
Perris species stem tissues, which were having very low 

2 +levels of Mg as compared to root and leaf tissue. Our 
observation with Caesalpinia crista also reveal the same

24-trend of Mg content in the stem tissue.

M 2 +Mg levels in the roots have been mentioned by
Walsh [1974]. He noted that Mg^+ contents in roots of
Av-icennia nilida and Conocarpus erectus were 0.37% and 0.716%



2 +respectively. About 0.3% Mg content was recorded by Mohite
[1990 ] in the roots of the leguminous halophytes Perris
tr.ifollata and H_ scandens. As compared to the above values 

2 +the Mg content in root tissue of £L_ crista is relatively 
low.

2+Seasonal variation of Mg content was studied by
Joshl and Iyengar (1982). They reported a peak of Mg in the
leaves of Suaeda. nudiflora during winter and in the leaves of
Sal icornia. brachiata during monsoon while least during summer
in both the plants. Joshi '1975) also reported seasonal
variation from Aegiceras roaJus, Acanthus illcifo.lius and.
Avicennia officinalis leaves He noted that there is not a

2+common trend in seasonal variation of Mg level in these 
three plants. It varied with the species. Smith et al. (1989)

2-t-reportad a decrease in Mg level in the old leaves of 
Avicennia ge.riai.nans and Conoccxpus erectus from rainy to dry 
seasons. Our observations about Caesalpinia crista leaves 
indicate a peak during monsoon and least during winter 
season. The other plant parts also show seasonal variations 
but the trend varies.

g) Phonpiiorus.

The phosphorus contents of different parts of 
Caesalpinia crista and their seasonal variation have been
shown in fig.14. There is not much variation in the 
phosphorus contents of different plant parts. Leaves and 
roots contain nearly equal amount of phosphorus except in
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winter where leaf phosphorus level is slightly higher than
the root phosphorus level.

Phosphorus is an important macronutrient of plant. 
It is a structural constituent of most prominent nucleic 
acids DNA and RNA. It plays major role in energy transfer 
during plant metabolism like glycolysis, respiration, 
photosynthesis in the form of ATP.NADP and also in cell 
division and expansion. In inorganic forms of RuBP, PEP, 
phosphorus controls photosynthesis and carbohydrate 
metabolism. Inorganic phosphates in the form of phytate plays 
significant role during seed germination and early stages 
of seedling growth. Phosphorus is involved in the formation 
of cell membrane lipid, which plays a vital role in ionic 
regulation [Bieleski and Ferguson, 1983].

The phosphorus requirement of plant for optimal 
growth is 0.2g/100g of plant dry weight during the 
vegetative growth [Epstein,1972]. Waisel and Ehel [1974] 
analysed Suaeda monoica leaves using X-ray microanalyzer. 
They have localized negligible amount of phosphorus inside 
the vacuole of the leaf cell and high concentration in the 
cytoplasm. Though there is very low phosphorus concentration 
in the soil solution, an additional mechanism i.e. an 
unexploited growth of roots for the absorbtion of phosphorus 
is present. At the same time he noted the stimulative effect 
of light on the uptake of phosphorus in the leaves of 
submerged marine angiosperm Zostera marina. Golley [cf Walsh,
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1974] recorded the similar type of light induced phosphorus 
accumulation in Rhizophora brevistvla. He recorded 0.9g/100g 
phosphorus in the leaves directly exposed to light and 
0.8g/100g phosphorus in understory.

Siddhu and Hollister [cf. Walsh, 1974] recorded 
phosphorus levels from different mangrove leaves ranging from 
0.14 to 0.41g/100g in Rhlaophora mangle and Exc.Qe.carla 
aaallocha respectively. Derris. heterophylla plants growing 
in Mumbra and Deogad creeks were analysed by Kotmire and 
Bhosale [1979] for their leaf phosphorus levels and found 
to have 0.05 to 0.11g/100g phosphorus respectively. Data 
presented by Spain and Holt [1980] also gives the range of 
phosphorus from 0.09 [Ceriops tagall to 0.21g/100g 
[Excoecaria agallocha] when they analysed seven mangrove 
species for leaf phosphorus content. The phosphorus contents 
of the leaves of different desert halophytes have been 
investigated by El-Ghonemy ch. al- [1982]. They found that the 
element content varied from 0.069 % [Salsola, tetrandral to 
0.44% fZvgophyllum album]. In Rhizophora leaves Teas [1985] 
recorded high phosphorus level 0.9 g/100g. In Perris 
trifoliata Mohite [1990] recorded relatively high 
phosphorus level than IL. scandens [0.46 and 0.22 g/100g 
respectively. Our observations indicate that CL. crista leaves 
contain 0.125 to 0.215 g/100g phosphorus which vary 
seasonally.

Mohite [1990] observed relatively low phosphorus in



rachis tissue than leaflet tissue in D.trifoliata and 
D.scandens. In C.crista rachis tissue also, similar pattern 
of phosphorus content during all the three seasons is 
noticeable. This is quite understandable if we consider the 
significant metabolic role of the laminar tissue.

The branchwood phosphorus levels have been recorded 
by Spain and Holt [1980], The values ranged from 0.01 to 
0.11 g/100g [Ceriops lagal and Excoecaria agallochal 
respectively, where each value was less than the values 
recorded for their respective leaf tissue. Stem tissue 
phosphorus levels recorded by El-Ghonemy at aJL* [1982] 
from different desert halophytes ranged from 0.05 to 0.8% 
in Salsola tetragona and Nitrarla retusa respectively. But 
Teas [1985] recorded 0.9 g/100g phosphorus in stem tissue of 
Rhizophora which was equal to the leaf tissue phosphorus. 
Mohite [1990] recorded relatively low phosphorus content in 
the stem tissue of D.trifoliata and IL_ scandens than that of 
respective leaf tissue. In the present investigation we 
have observed phosphorus content in stem tissue ranging from 
0.12 to 0.21 g/100g. dry tissue.

There are only few reports of phosphorus analysis 
from root tissue of halophytes. Teas [1985] reported 
0.7 g/100g phosphorus from Rhizophora surface roots. Mohite 
[1990] reported phosphorus content in root tissue of 
IL-.trifoli.ata as 0.24 g/100g and D.scandens 0.2 g/100g.

Not much data is available about influence of



different seasons on phosphorus status in halophytes.

Seasonal variation of phosphorus content in 
different plant parts in Ayicennia. marina and Rhlaophora 
mucronata has been investigated by Subramanian and 
Venugopalan [1983]. In /L_ marinaleaf tissue they recorded 
peak in August [0.12g/100g] and minimum in June 
[0.045g/100g]. Similar trend was observed in fL_ mucronata but 
values ranged from 0.015 to 0.065 g/100g. The stem tissue 
phosphorus content in iL_ marina showed peak in April and 
minimum in October. No significant variation has been noticed 
in phosphorus level of A^_ mucronata stem tissue except a peak 
during April. Root tissue of iL_ marina shows a peak in 
August and minimum in November while IL_ mucronata root 
tissue showed not much seasonal variation except a peak in 
March.

Phosphorus content in different parts of £L_ crista 
during different seasons do show great variation. Thus 
during summer season phosphorus content in the leaf, raohis 
and root is quite low as compared to winter phosphorus 
status. These observations indicate a possible negative 
influence of salinity on phosphorus nutrition in Caesalpinla 
crista plants since during summer months the salinity of the
medium is maximum. Only an elaborate sandculture experiment 
will throw more light on this aspect.
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h) Iriill

The iron contents in different parts of Caesalninia 
crista and their seasonal variations are shown in fig. 15. 
Roots contain high amount of iron during all the three 
seasons, extensive accumulation being observed in winter. All 
the aerial parts i.e. leaf, petiole and stem contain 
relatively low amount of iron.

Iron is one of the important micronutrients 
required in plant metabolism. The formation of chelates and 
its reversible oxidation- reduction action constitute the 
major metabolic function. There are two major iron 
containing proteins hemoprotein and iron sulphur proteins. 
[Sandmann and Boger, 1983]. Cytochromes are hemoproteins 
containing heme-iron porphyrin complex as a prosthetic group, 
hence plays a major role of electron transport in 
respiration. Iron also plays major role in the biosynthesis 
of chlorophyll. In green leaves 80% of the iron is localized 
in the chloroplasts. In iron sulphur proteins most prominent 
is ferrodoxin, which occurs in chloroplast and acts as an 
electron transmitter. In respiratory electron transport 
process also several iron sulphur proteins are involved. 
Other heme enzymes are catalase and peroxidases. In iron 
deficient roots decrease in peroxidase activity is much 
greater than catalase. As a consequence cell formation and 
lignification are impaired, phenolics accumulate in the 
rhizodermis [Romheld and Marschner, 1981]. The iron 
containing enzymes are xanthin oxidase, aconitase in TCA
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cycle and coporphyrinogen oxidase. The possible role of iron 
in protein metabolism has been suspected from the findings 
of number of authors who have observed that in iron 
deficient plant the protein fraction decreases 
simultaneously with an increase in the level of soluble 
organic nitrogen compounds [Perur q£ ai, 1961], The short 
term experiments with alga Euglena gr.a.cilli-S indicate that 
iron is directly implicated in nucleic acid metabolism 
[Price al. 1972]. According to Mengel and Kirkby [1982] 
the iron content of green plant tissue is low as compared 
to macronutrient content and is generally in the order of 
about 100 ppm in dry matter.

According Waisel [1972], unless precipitated as 
sulphides,iron is maintained in marshes in their reduced and 
more soluble divalent form, which suggests a possibility of 
higher content of iron in salt marsh plants. However Gorham 
and Gorham [1955] recorded that some salt marsh plants like 
S.il.ene, mar l.tim.a, Llmonlum hljaervoaum, k*_ vulgarae. L^. 
humilfi., As-tar trip.Qlium, S.alicQrnia perennis and [L_ stricta 
have very low iron concentration than in woodland or in 
freshwater swamp plant. It may be due to a high NaCl 
content of the medium which antagonizes uptake and reduces 
assimilation of iron by such plants. According to Waisel 
[1972] some plants like Arthac.nsmum glaucum and Saliccrnla 
horhacea may require low amount of iron, and thus avoid the 
problem. But it is not true for all marsh plants. Plants 
like Spar-tima. alterniflora require a high amount of iron



and they can grow under reducing conditions. Oxygen 
diffusion out of plant roots oxidizes some of the 
precipitated iron sulphides to ferrous sulphate and makes 
it available again to plants. Wallace ei al [1982] studied 
the effect of NaCl salinity on the Fe levels of different 
parts of some desert Atriplex species. They recorded 
increase in Fe level in /L_ polycaroa with increase in NaCl 
salinity in soil culture. Thus there are two groups of 
halophytes 1] having low iron requirement, 2] having high 
iron requirement.

There are only few reports regarding the iron 
content from different parts of halophytes. Morton [1965] 
found that the iron content from the leaf tissue of 
Rhiaophora mangle, was 0.15 ug/g where as Golley and Hollister 
[F. Walsh, 1974] observed the difference in iron content 
depending on their position on the plant. They noted the 
highest range from 0.08 to 0.69 ug/g in Rhizophora brevistyla 
overstory and understory respectively. The halophytes from 
Deogad and Murabra creeks were analysed for their leaf tissue 
iron content by Kotmire and Bhosale [1979] and have recorded 
the iron content from Perris heterophylla ranged from 0.26 to 
0.52 ug/g El-Ghonemy si al*[1982] analysed leaves of seven 
desert halophytes for mineral contents. They recorded Fe 
levels ranging from 0.35 ug/g to 1.52 pg/g in Salsola 
tetragons and Halo.gms.mon sixabilaceuia respectively. In 
Rhizophora species Teas [1985] recorded 0.07 ug/g iron in 
leaf tissue. In two species of leguminous halophyte Perris.



iron content was 0.24 ug/g in D, .trifoliata and 0.2 ug/g in 
scandens [Mohite, 1990], In comparison to this legume the
leaf iron content in Caesalrinia crista is quite high in all 
the three seasons.

In rachis tissue Mohite [1990] recorded iron level 
0.32 ug/g in D.trifoliata and 0.36 ug/g in IL_ acandena• In 
the present investigation we have recorded quite high 
levels of Fe in rachis tissue.

Golley, Hollister [cf.Walsh, 1974] noted the 
difference in iron content of overstory and understory stem 
from different halophytic plants. The maximum range they 
noted in IL_ brevistyla was 0.036 to 1.00 ug/g. Stem tissue Fe 
levels noted by El-Ghonemy ei. al- [1982] from different 
desert halophytes ranged from 0.36 [Tamarix nilo.li-G.aJ to 
0.97 ug/g [ Sal sola tetrandra] Wallace at aJL. [1982] recorded 
much lower Fe levels in stem tissue of Atriplex uolvcarpa and 
A. canescens in soil culture and Soufi and Wallace [1982] 
recorded in hvmenelytra in solution culture than their 
respective leaf iron levels, but there was no correlation 
between stem iron level and salinity. Teas [1985] noted that 
stem tissue iron level of Rhiaophora species was 0.042 ug/g 
Mohite [1990] noted iron contents from the stem of D. 
irifoliala [0.84 ug/g] and IL. acandena [0.2 ug/g]. 
Caesalpinia crista stem tissue is relatively richer in iron.

Root tissue iron contents were found to be 0.465 
ug/g in Ay.ics.nni a nltida and 0.979 ug/g in Conocarnus



erectus. [Golley, Hollister, cf . Walsh, 1974]. Soufi and 
Wallace [1982] recorded higher accumulation of iron in root 
tissue of plants grown in solution culture with various NaCl 
concentrations than the control. At the same time they 
recorded decrease in Fe levels with increase in salinity 
ranging from 2.08 ug/g to 1.365 ug/g. Teas [1985] recorded 
high iron content [1.0 ug/g] from surface roots of 
Rhizoohora- Roots of Perris trifoliata and D.scandens also 
showed higher iron contents 0.98 and 0.7 ug/g 
respectively.[Mohite ,1990]. Our observations regarding 
Caesalpinia crista, also indicate accumulation of iron in the 
root tissue. It has been suggested by Untawale eh. ah- [1980] 
that this is probably related to less efficient 
ultrafiltration mechanism.

Seasonal variation of iron in the leaves of seven 
mangrove species was recorded by Untawale si ah. [1980]. They 
recorded pre-monsoon peaks in Brugulera gvmnorhiza. EL. 
parviflora and Rhlzophora mucronata and monsoon peaks in 
Perris trifoliata, Acanthus ilicifolius. Sonneretia alba and 
Avicennia officinalis. During winter season Fe levels were 
low in all plants. They recorded the range of Fe from Nil [A. 
ilicifolius, IL. trifoliata, EL. paryiflora and EL. mucronata] 
to 22.0 ug/g in B.gymnorhiza. Subramanian and Venugopalan 
[1983] also noticed seasonal variation of Fe in Avicennia 
marina and Rhizophora mucronata leaves. Leaf tissue of A. 
marina showed peaks during winter and summer season and least 
Fe during pre-summer [0.45 and 0.175 ug/g] R.mucronata leaf
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tissue showed peak during summer and least level during 
winter [0.375 and 0.050 ug/g]. In the present investigation 
we have observed the seasonal variation of leaf tissue iron 
status in Gaesalpinia crista, with a significant peak in 
summer [1.55 ug/g]

The rachis tissue of CL. Crista also shows seasonal 
variation • In monsoon highest iron level [2.85 ug/g]is seen.

Subramanian and Venugopalan [1983] observed that in 
stem tissue Fe accumulation showed two peaks during winter 
and monsoon and least amount was observed during pre-winter 
season [0.26 and 1.05 ug/g] in iL_ marina. In mucronata 
stem, peak of iron level was recorded during summer and least 
value was recorded during monsoon [0.29 and 0.02 ug/g] In 
both the plants stem tissue Fe content was less than the leaf 
tissue iron. In CL_ crista stem tissue iron contents are 
relatively low during winter.

Subramanian and Venugopalan [1983] found high 
levels of iron in root tissue of iL_ marina and JL_ mucronata. 
They further noticed maximum accumulation of iron in root 
tissue during winter season. In case of C.crista also similar 
trend is seen. The iron levels in all plant parts are 
relatively higher. One possible reason for such heavy 
accumulation of iron may be the fact that the plant grows 
under water-logged conditions for some period and this leads 
to greater availability of reduced iron in the medium. The
other possible reason might be a greater iron requirement of



this halophyte for its growth and metabolism.

i)

The manganese contents in different parts of 
Caesalpinia crista during different seasons are shown in 
fig. 16. It is clear from the figure that the manganese 
levels in the root tissue during all the seasons are 
relatively higher than the leaf, rachis and stem tissue. The 
stem tissue shows minimum manganese contents during all the 
seasons.

2 +Manganese is absorbed mainly as Mn and is
translocated as free divalent cation in the xylem from the
roots to the shoots. [Graham, 1979]. As a rnicronutrient,

2+manganese plays very important role in plant metabolism. Mn
is mainly involved in the photosynthetic O2 evolution, as a
component of enzyme which catalyzes the reaction of O2
evolution in PSII [Edwards and Walker, 1983]. Manganese is
essential for the activities of other enzymes like super
oxide dismutase, acid phosphatase, decarboxylase and
dehydrogenases of TCA cycle. An Increase in peroxidase
activity is a typical feature of manganese deficient tissue.
Manganese deficient leaves exhibit exponentially high IAA
oxidase activity [Morgan ei. al.. 1976] which might lead to

2+enhanced auxin [IAA] degradation in the tissue. Mn can 
2+replace Ca in its role as a bridge between ATP and enzyme

complexes phosphokinase and phosphotransferase. It also plays 
an important role in the synthesis of proteins,carbohydrates
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and lipids. Its presence in highly essential during coll 
division and expansion. According to Crarner and Novak [1992] 
manganese deficiency reduces photosynthetic electron 
transport capacity, photosynthesis, net assimilation rate and 
finally relative growth rate.

According to Epstein [1965] the average level of
manganese sufficient for adequate growth of plants is 50
ug/g. There are only few reports regarding the manganese
nutrition of halophytes. In Rhizophora mangle Morton [1965]

2 +noted 30 ug/g Mn in the leaf tissue. Golley and Hollister
[ f. Walsh, 1974] observed that the manganese content in the
leaves of halophytes varies from 50 ug/g [C.onocarpus
erectus] to 387 ug/g rRhizoohora brevistyla]. Bhosale [1979]

2 +reported minimum Mn in the leaf tissue of Aegiceras
corniculatum 25.8 ug/g] and maximum in Aylcennla. officinalis
[158.7 ug/g]» among nine coastal halo phytes they have
studied. In Perris. halerQP-hylla a leguminous halophyte, the
manganese content in the leaves varied from 14 to 20 ug/g.
Spain and Holt [1980] analysed 7 different mangroves for

2+their leaf Mn status. They recorded the range from 16.8
ug/g to 318 ug/g in Os.bQ.rnla. QCLtodonta and Rhiaophora stvlosa
respectively. Joshi and Bhosale [1982] reported that
manganese content in the leaves of mangroves varied from 2.5

2+to 15.8 ug/g. Mn levels from seven desert halophytes were 
investigated by El. Ghonemy e±. gJL.. [1982], Leaf tissue showed

24-range of Mn content from 28 to 187 ug/g in Zvgophvllum
album, and Salsxila. tfitrandra. respectively, exceptionally high



117
2 +Mn level 745 pg/g in Halocmemon strobilaceum leaf tissue

was recorded. Wallace el. al [1982] recorded increase in leaf 
? •Mu' level with increase in salinity in Atriplax. PO.Iy.caxpa.

grown in soil culture but Soufi and Wallace [1982] recorded
2 +decrease in Mn level with increase in salinity in A. 

hvmenelvtra grown in solution culture. In Rhizophor.a species 
Teas [1985] reported very high manganese level [740 ng/g] 
Mohite [1990] reported quite opposite trend in manganese 
levels in two species of Perris. EL_ trifoliata leaf tissue 
contained minimum manganese [3.8ug/g amongst all other 
parts, while IL_ scandens contained highest manganese [280 
Ug/g] . Our observations regarding the leaf tissue manganese 
contents of Caesalpinia crista match with the observations 
made by other workers for leaves of different halophytes. The 
leaf tissue Mn2+ level is much less than the root tissue Mn2+ 
level, but is higher than stem and rachis tissue.

Very little information is available regarding the
2 +Mn content from rachis tissue. Mohite [1990] recorded that 
2 +Mn levels in IL. trifoliata and scandens rachis were 4 

and 180 ug/g respectively.

Stem tissue manganese levels have been reported by
2 +a few workers only. Spain and Holt [1080] recorded lower Mn

levels in the stem tissue of different mangroves than in
their respective leaf tissue. According to them the values of 

2+Mn contents in stem tissue ranged from 4.5 to 278 ug/g 
[Qsboxina oo-todonta and Rhizophora stvlosa respectively].



Stem tissue Mn levels from desert halophytes were
investigated by El-Ghonemy aJt al. [1982], They found that the 

2+Mn contents ranged from 28 pg/g [Juncus rlgldis] to 124 
ug/g [S.als.ala tfiirandra3 . Wallace at. al. [1982] recorded an

2 iincrease in Mn J content with increase in salinity of soil
culture medium in Atrfplex polycarpa and A^_ canescens stem
tissue. But Soufi and Wallace [1982] recorded decrease in 

2 +Mn content with increase in salinity of A^_ hymenelytra
2 +grown in solution culture. Teas [1985] reported that Mn

level from Rhizophora species stem tissue was 165 ug/g Perris
2+trifoliata and IL_ scandens stem tissue Mn levels 3.8 ug/g 

and 27.5 ug/g respectively have been recorded by Mohite 
[1990]. Our observations with Caesalpinia crista reveal that 
as compared to leaf tissue the stem tissue is quite low in 
manganese content.

Root tissue of Atriplex hvmenelvtra showed decrease 
24-in Mn content with increase in salinity of solution 

culture medium. This has been recorded by Soufi and Wallace
24-[1982]. Mn level in surface roots of Rhizophora has been 

analysed by Teas [1985] and was found to be 95 ug/g which was
24-less than the corresponding Mn level in aerial plant parts. 

Mohite [1990] showed comparatively higher absorption and
2-t-accumulation of Mn in root tissue than the aerial parts in

2+Perris trifoliata■ Our findings regarding the Mn levels in
the root tissue also indicate the higher absorption and

2-4-accumulation of Mn than the aerial parts particularly in

24-

winter. The reason for heavy accumulation of manganese in



root zone are obscure. Thus during seasonal variation there 
are changes in salinity of medium which can definitely 
influence the Mn uptake and distribution in plants.

Seasonal variation of Mn contents from different 
mangrove leaves was recorded by Untawale ai al. [1980]. In
Perris trifollata they recorded highest concentration 4320 
ug/g during September and least during February [3637 ug/g]. 
In Brugulera gvrnnorhiza maximum Mn level [318 Ug/g] in 
February and minimum [36 ug/g] in July. In IL_ parviflora 
manganese values ranged from 428 ug/g in December to 3184 
ug/g in February. Manganese from Acanthus, iliclfollus did 
not show seasonal variation except a peak in October [2657 
ug/g]• In Sonneretia alba manganese showed the highest 
concentration 4432 ug/g in February and lowest [80 ug/g] in

24-May. Mn from Avicennia officinalis showed peak in November
2 +[6600 ug/g and sudden decrease to 499 Ug/g in April. Mn 

showed very low values during monsoon and peak in winter 
ranging from 500 to 7000 ug/g in Rhiapphora mucronata■ 
Thus it clear that there is no definite pattern of seasonal 
variation in manganese contents of leaf tissue in
different mangrove species. Our observations indicate that 
during summer months leaves have highest manganese content 
among the three plant parts. On the other hand root tissue 
accumulates considerably larger amount of manganese during 
rainy season and winter. Thus even during summer season when 
the salinity is high, the leaves of crista do not suffer 
from a manganese deficient condition.
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j) Zinc.

Zinc contents in different parts of G.crista and 
their seasonal variation are shown in fig.17. It is clearly 
evident from the figure that leaf tissue contains slightly 
higher amount of zinc than the root tissue. Highest amount of 
zinc is accumulated in rachis during monsoon and in stem 
tissue during summer.

Zinc is taken up predominantly as a divalent cation
and at high pH as 9 monovalent cation. High concentration

2+ 2 +of Ca inhibits the uptake of Zn to some extent.
According to Clarkson and Hanson (1980) zinc is not
oxidized or reduced and it's functions are based on its
properties as a divalent cation with a strong tendency to
form tetrahedral complexes. Zinc acts in different ways as a
metal component of enzymes, as a functional, structural or
regulatory cofactor of a large number of enzymes. Alcohol
dehydrogenase, Cu-Zn superoxide dismutase (SOD), Carbonic
anhydrase (CA) and RNA polymerase are the enzymes containing
bound zinc. The activity of SOD is much lower under zinc
deficient condition which can be restored by addition of zinc
to the assay medium (Vaughan ei. a1- 1982). CA is localized in
cytoplasm and in chloroplast. The function of chloroplast CA,
in photosynthetic CO2 assimilation, is not yet clear.
According to Edwards and Walker (1983), CA has an effect on
CO2 equilibria in green cells.
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C02 S===- HC03 + H+

But substrate for RUBP carboxylase is CC>2, and not 
the HCC>2- Hence there is no direct relationship between CA 
activity and photosynthetic CO^ assimilation, but still CO2 
assimilation per unit leaf area is affected by very low CA 
activity.

Zinc is required for the activity of various types 
of enzymes, such as dehdrogenases, aldolases, isomerases, 
transphosphorylases and RNA and DNA polymerases. Hence zinc 
plays an important role in carbohydrate metabolism protein 
synthesis and also in sexual fertilization and the 
development of reproductive parts. Zinc is required for the 
synthesis of amino acid,tryptophan, a precursor of IAA. Hence 
zinc deficiency shows stunted growth and little leaf which 
are related to disturbances in the metabolism of auxins, IAA 
in particular.

According to Epstein (1965) average zinc
concentration required for adequate growth of plant is 20
Ug/g. There are few reports about the zinc contents from
different parts of halophytes. Morton (1965) reported 43 ug/g 

2+Zn from the leaf tissue of Rhtzophora mangle while
Hollister ( cf Walsh, 1974) reported 146 ug/g Zn^+ from the

same species. Golley, Siddhu, Hollister (cf walsh, 1974)
2 +reported leaf tissue Zn content from different mangroves 

ranging from 11 ug/g (Ehiaophora breyistyla ) to 176 ug/g
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(Lurnnitzera racemosa) . They also reported the difference in

2+ 2 +Zn content of overstory and understory leaves. Zn is more
in overstory leaves. According to Bhosale (1979) leaf tissue 

2+Zn content from 9 different mangrove species ranged from
8.3 to 36.5ug/g in Aegiceras cornlculatum and Clerodendron

2 +inerme while she recorded exceptionally high Zn content in
Aeluropus lagopoides leaves (107.1 ug/g) Spain and Holt

2+(1980) analysed Zn from 7 different mangrove species and
they found that it varied from 5.5 ug/g (Rhizophora stvlosa)
to 47.0 ug/g (Excoecaria agallocha). In leaves of two species
of Leguminous halophytes Perris trifollata and D.scandens

2+Mohite(1990) recorded equal and high Zn levels (70 ug/g.)
24-In the present investigation we have recorded moderate Zn 

levels in leaf tissue of C.crista ranging between 28 to 32 
Ug/g during different seasons.

Mohite (1990) has noted the higher accumulation of
2+Zn in rachis tissue of IL_ scandens. Similarly, accumulation 

2 +of Zn in rachis tissue of £L_ crista is noticed during 
monsoon only.

In Ayicannia altida and Conocarpus erectus 
Hollister (cf Walsh, 1974) recorded the accumulation of 1 Zn *
in stem tissue (227 and 180 ug/g respectively) while in 
Laguncularla recsmosa and E3ila.Qph.o.ra mangle he recorded 
intermediate accumulation89 and 120 ug/g respectively) and 
least in R„.,bre.Yiatyla and Lumnitizera racemosa (11 and 25

2-fug/g). Spain and Holt (1980) recorded very low levels of Zn



in stem tissue of seven different mangroves in the range of
1.4ug/g (Ceriops. tagal) to 18.9 ug/g (ExcQ.ec.ar.la agallocha) •

2+In Rhizophora stem tissue also Teas (1985) recorded low Zn
24-content (9.0 ug/g).But Mohite (1990) recorded high Zn

levels in stem tissue of D.trifoliata (135 ug/g) and low in
D. scandens (7.5 ug/g).Our observations regarding C.crista do
not indicate any definite pattern in this respect because 

24-Zn levels in stem tissue are seen in monsoon and winter 
while in summer zinc accumulation in noticed in stem region.

24-High level of Zn in the root tissue have been 
recorded by Hollister (cf Walsh, 1974) in Avicennla nitida 
(121 ug/g) and in Conocarpus erectus (162 ug/g). Teas (1985)

24-also recorded high Zn contents from Rhizophora surface
24-roots . Mohite (1990) recorded the high Zn levels in Perris 

trifoliata. and D,.,scandens (135 and 200 ug/g respectively). 
But our data regarding the C.crista root tissue indicate 
lower levels of zinc which suggest that the plant has the 
capacity to rapidly translocate zinc from root to aerial 
parts.

Gaykar (1991) studied the seasonal variation of
2 +Zn contents from the leaves of six different mangroves. He 

observed that the young and mature leaves of Sonneretia alba. 
Rhiaophora apic.ul.ata, R.mucronata, A-Yiccnnia officinalis and 
Cjar.i.QP.s tagal showed a peak of zinc content during summer 
and lowest Zn values during monsoon. Our observations about 
Zn status in different parts of C.crista do not show much



variations, although in summer months a slight reduction in
zinc contents in leaf, rachis and roots is noticeable.

The copper contents in different parts of CL. crista
during different seasons are shown in fig.18. Copper content
in roots is relatively higher than aerial parts during winter
and summer season while in monsoon all the plant parts

2 +contain nearly equal amount of Cu

Copper is an unstable divalent micronutrient and
mainly takes part in enzymatic redox reactions. It is present
as a main component of the enzymes; cytochrome oxidase, super
oxide dismutase, ascorbate oxidase, phenolase, laccase, amine

2+oxidase etc. More than 50 % of Cu localized in chloroplast 
is bound with plastocyanin which is the component of PSI Cu 
is also required for the synthesis of quinones. Cu plays 
important role in carbohydrate and nitrogen metabolism. 
Legumes receiving a low copper supply are depressed in 
nodulation and N2 fixation (Hallsworth at al. 1964). Copper 
plays a major role in pollen formation and fertilization, 
hence Cu deficiency affects the grain, seed and fruit 
formation, much more than the vegetative growth (Rahimi, 
1970). The copper content in most plants is between 2 to 20 

ppm in dry tissue as given by Tiffin (1972)

2+There are a few reports about the Cu contents in 
different parts of halophytes. Bhosale(1979) has analysed
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p .1.Cu contents from the leaf tissue of nine different
2 +mangroves and mangrove associates with minimum Cu content

in Rhizonhora mucronata and Lumnitaera. racemosa (4.1 ug/g)
and maximum in Clerodendron inerrne (10.8 ug/g). Slightly

24-higher range of Cu 5.8 to 20.1 ug/g in Aefiiceras
corniculatum and Avicennia marina has been reported from
seven different mangrove species by Spain and Holt (1980). Cu
content from leaf tissue of different desert halophytes were
investigated by El-Ghonerny at. aJL- (1982) They recorded the
range from 9pg/g (Salsola tetrandra) to 55 ug/g (slnnsms.

2+rigidus). Teas (1985) recorded 5.9 ug/g Cu in the leaf
24-tissue of Rhizonhora. Values of Cu content in the leaf

tissue reported by Mohite (1990) from two species of a
leguminous halophyte Perris showed very much difference.
D.trifoliata 1.8 ug/g and EL.scandens. 34.5 ug/g- Our results

24-of Cu contents from the leaf tissue range within the 
observations from other halophytes.

24-Substantial amount of Cu in the rachis tissue in 
EL. trifoliata (1.4 ug/g) and IL_ scandens (26.5 ug/g) has been 
noted by Mohite (1990). The values of rachis tissue Cu^+ 

content in the present study are also prominent.

Golley and Hollister (cf Walsh 1974) reported
2+comparatively low values of Cu from stem tissue of

different halophytes ranging from 7 to 15 ug/g in Rhizonhora
brevistyla and Conocarpus erectus respectively. Spain and

24-Holt (1980) also reported low stem tissue Cu contents with



content, from2+respect to their respective leaf tissue Cu
seven different mangroves ranging from 3.5ug/g in Ceriops
taga.l and Qsbornia octodonta and 9.4 ug/g in Avicennia
marina. El-Ghonemy at. al. (1982) recorded slightly higher 

2 +values of Cu in the stem tissue ranging from 17 to 160ug/g 
in Nitraria retusa and Sal^mla. tatrandra respectively. 
According to Teas (1985) the Rhizophora stem tissue contains

24-lower Cu than their leaf tissue. Perris scandens showed
similar trend but in D.trifoliata stem tissue showed same or

2+slightly higher Cu levels (Mohite 1990) Similar trend has 
been observed by us in £L_ crista stem tissue except in 
summer.

24-In tomato plants receiving a large supply of Cu
from the medium, the copper content of roots rises

2 +proportionally to the concentration of Cu in the external
medium, where as transport to shoot remains restricted
(Rahimi and Bussler 1974). Teas (1985) also reported higher 
2+Cu content in the surface roots of Rhiaophora 47.0 ug/g.

24-Mohite (1990) also reported high Cu level in roots of D. 
trifoliata but not in IL_ scandens•Our observations about CL_ 
crista shows this trend especially in winterseason.

24-Seasonal variation of Cu in the leaves of
different mangroves has been recorded by Untawale at. aL

2 +(1980). In Parris. trifoliata Cu content was maximum during
February (84.65 jug/g) and minimum (18.40ug/g) during March.

2+Seasonal fluctuation of Cu in Brumiara was



2+negligible while in EL. paryi flora naximura Cu content was
recorded in April (85 ug/g) and minimum in November 

2+(10ug/g). Cu level in Acanthus ilicifolius leaves ranged
from 27.82 ug/g in October to 77.04 ug/g in August. Typically

2tcyclic pattern of Cu accumulation was noted in Sonneretia
2+alba with lowest value of 11.98 ug/g in May. Maximum Cu 

concentration in Avicennia officinalis observed during 
monsoon was 119.41 ug/g and minimum was 36.81 ug/g in April. 
Rhlzophora mucronata differed from all other species in not 
having a monsoon peak of copper but instead shifted to post 
monsoon.

2+In Caesalpinia crista amount of Cu in different
parts of plant differs seasonally. In monsoon the amount of 

2+Cu is nearly same in all the plant parts. In winter there 
is high accumulation in roots with comparatively less 
accumulation in stem and rachis. But in summer there is 
comparatively low uptake of copper and as a result low level 
of copper, nearly equal amounts are found in different plant 
parts.

B) Effect of leaf age on ionic contents in 
crista leaves.

Changes in inorganic constituents (% over green 
leaves) during senescence of Caesalpinia crista leaves 
(fig.19) are shown in fig.20. Due to senescence there is 
accumulation of sodium, chloride, calcium, magnesium, iron,
manganese, zinc and copper. The increase in zinc content %
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over green leaves in highest (325%) followed by magnesium
(226%) while that of other elements ranged between 145% 
(iron) and 171% (chloride). The decrease in potassium and 
phosphorus content during aging of leaves is considerable.

It has been argued by Albert (1975) that shedding 
of salt saturated old leaves is one of the mechanisms of salt 
tolerance in some halophytic species. Karmarkar (1982) noted 
that several changes during senescence which are useful as an 
effective mean for regulation of salt in the plant tissue. 
There are some reports about the redistribution of mineral 
elements during senescence from halophytic plants. Joshi and 
Mishra (1970) have reported that there is accumulation of 
sodium, chloride and calcium content and withdrawal of 
Potassium in Clerodendrum inerme leaves due to senescence. 
Similarly leaves of mangrove species aci&Su.

agaliocha ami Lunmitzer.a raaemsiaa accumulate 
sodium and calcium and loose potassium and phosphorus during 
aging (Jamale and Joshi, 1976). Increase in sodium, chloride 
and calcium content with decrease in potassium, magnesium and 
phosphorus in leaves during senescence has been reported by 
Amonkar (1977) in Salvadora perslca and by Lokhande (1983) in 

cynanchoi.de a. Kotmire and Bhosale (1985) in 
populnea are noted the increase in sodium, 

chloride, calcium and magnesium content during senescence 
with decrease in potassium and phosphorus content. Smith si 
ai- (1989) also recorded the increase in chloride, calcium 
and mangnesium content due to senescence of Conocarpns



leaves.

It has been observed by some workers that in the 
senescent leaves there is alteration in the micronutrient 
.status also. Wnufjhman and lie I J amy (1SHJ1) reported abongoa in 
micronutrionts such as Zn, 13, Mo, Cu, etc. during senescence.

Our observations also indicate that there is an 
appreciable increase in both sodium and chloride in senescent 
leaves. Hence the strategy indicated by Albert (1975) and 
Karmarkar (1982) does operate to some degree in C.crista. At 
the same time it must be mentioned here that the proportion 
of senescent leaves in this plant during different seasons 
was found to be very low. Marked overall senescence was never 
noticed throughout the year. Hence even though there is 
accumulation of salt to some extent in senescent leaves, the 
plant being salt evader does not follow the strategy of 
overall shedding of salt saturated leaves.

4) Organic Constituents.

A) Moisture percentage

The moisture percentage in different parts of 
Caesalpinia crista during different seasons is shown in 
fig.2 1. It is evident from the figure that during summer 
moisture percentage in all the plant parts is low. During 
monsoon leaf and root tissue contain peak of moisture % and 
stem and rachis show a peak during winter.
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The water status of most of the plants is governed 

by the extent of water availability and the rate of water 
loss during transpiz’ation. According to Albert (1975) 
increase in the water content to dilute the salt accumulated 
in the cell sap to minimise their toxic effect is one of the 
adaptive features of some halophytes such as Suaeda.Sesuvlum.

The shoot of vascular halophytes is reported to 
increase succulence and salt content as a response of saline 
environment (Flower el sl«, 1977). But in £. crista the values 
of moisture percentage during different seasons indicate that 
there is no such succulence development. On the other hand 
with the increase in the salinity of medium, the amount of 
water absorbed and stored in the plant tissue decreased 
during summer. This may be due to increase in water absorbed 
and stored in the plant tissue decreased during summer. This 
may be due to increase in waterloss from plant surface as a 
result of high temperature and greater light intensity during 
summer.

B) Chlorophylls.

The analysis of chlorophylls in the leaves of 
Caesalplnla crista revealed that it contains high amount of 
chlorophylls. The level of chlorophyll a(110.89 mg/100g) was 
found to be more than of chlorophyll b(48.142 mg/100g) and 
chlorophyll a/b ratio was 2.303

In higher plants chlorophylls are important because 
they play a key role in the process of photosythesis on which



the survival of plants depends. Since chlorophylls takes part 

in the conversion of solar energy into chemical energy, their 

level in the leaf tissue is one of the important feature 
governing photosynthetic efficiency of plants. Chlorophyll 

content in the leaves is dependent on endogeneous factors 

like rate of pigment synthesis, rate of pigment degradation, 

stage of leaf development etc. and some environmental factors 
like shade, light, temperature, drought, waterlogging, soil 

salinity etc. Waisel (1972) reported that leaves of 
Salicornia plants turn light green when plants are grown in 
high salt concentrations due to decrease in chlorophyll 
content. Bhosale (1974) and Bhosale &1.. ( 1983) stated that 

chloride salinity reduces total chlorophylls. It is further 

shown that NaCl salinity affects the chlorophyll b to greater 

extent. There are few reports which indicate that salt stress 

promotes the activity of enzyme chlorophyllase. Svistev ai. al. 

(1973) noticed that in the salt sensitive plant chlorophyll 

degradation is more rapid because of the fact that 
degradative enzyme chlorophyllase is found to be stimulated 

by salt. Such a stimulation of chlorophyllase under saline 

conditions has been confirmed by Sudyina and Fornishyna (1974) 

and Gururaja Rao and Rajeswara Rao (1981). Joshi and Bhosale 

(1982) reported seasonal variation in chlorophylls from 

different mangroves. The chlorophyll contents were higher 

during the winter and lower during summer and monsoon. In 
summer there is bright light and high temperature while in 

monsoon the light is poor and temperature is high. In summer
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.salinity of sea water is high. These factors way inhibit 
chlorophyll synthesis while moderate light and temperature 
might promote chlorophyll synthesis.

The chlorophyll contents in the members of coastal 
ecosystem have been analysed by some workers. Jarnale (1975) 
observed that chlorophyll contents in mangrove leaves varied 
from 23.26m.g/100g (Sonneretia anetala) to 190.26 mg/100g 
(Excoecaria agallocha). Kathireson and Kannan (1985) observed 
variation in chlorophyll contents among the three Rhlsouhora 
species with value ranging from 47 mg/100g to 95mg/100g fresh 
weight of R. muorcmata and R.lamarckii respectively. Mohite 
(1990) found that chlorophyll contents in two species of 
Perris growing in same habitat differed. (D.trifoliata 
23mg/100g, H. scandens 22.2mg/100g). It is shown by Mishra 
(1967) that in Clerodendrum inerm^ chlorophyll content was 
reduced to half under saline conditions as compared with the 
garden plants. Similar observations were recorded by Kotmire 
(1983) in Thesnesia populnea under saline and non- saline 
conditions.

The high values of chlorophylls in G.crista 
recorded in the present investigation may be due to the low 
chloride salinity in the leaves of C.crista in contrast to 
other halophytes. The high levels of chlorophylls may lead to
higher pho l.onyn I,ho 1.1 < i ol'I'h.! I.mmy In l.h I ri hn 1 opliy l,n .



C) Organic Acids

Titratable Acid Number (TAN) of leaves of C.crista 
is 159.57 which is high as compared with the TAN value of 
other plants.

Absorption of cations by plants is balanced by 
simultaneous absorption of inorganic anions and partly by 
endogeneous synthesis of organic anions. During growth 
process when nitrate and sulfate are assimilated or when 
cations are absorbed in excess of anions, organic acids 
balance the cations. Organic acids are produced as 
intermediates of a central metabolic pathway, TCA cycle. 
According to Strogonov ei al- (1970) organic acids are helpful 
in binding of excess of ions in the plant cell regulating the 
ionic balance of plants, maintaining the electrical 
neutrality of the cell and finally neutralizing basic 
compounds. An organic acid balance of excess cations, 
principally of oxalate, was found in many halophytic species 
(Waisel, 1972). Besides conventional TCA cycle intermediates, 
sometimes the organic acids like malonate, oxalate, glycolate 
and tartarate accumulated to a high degree in some plant 
species. Albert and Popp (1977) analysed some halophytes for 
their chemical composition. They recorded malate and citrate 
in case of chenopodiaceae members and oxalate in 
caryophyllaceae members. These organic acids are of 
quantitative importance, among the organic anions. The total 
organic acid content varies substantially among plants, most
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conspicuously in oxalate plants, 7.3% to 65.0 % of total 

anions in Sita&da pannonicici and C.ojBB.}io.x.asma. annua 
respectively. Malonate, furaarate, succinate and tartarate are 
detected to be ubiquitously distributed among plant species, 
in small concentration.

TAN values give a general idea about the organic 
acid level in the plant tissue. The titratable acidity status 
of leaves of various mangrove species has been determined in 
our laboratory. Joshi al. (1962) found that salinity 
inhibits organic acid metabolism. Joshi and Mishra (1970) 
observed that the TAN of Clerodendrum inerme leaves was 
48.21. Jamale (1975) found that TAN values of Sonneretia 
acida and Lumnitzera racemosa were 88.12 and 69.52 

respectively. Kotmire and Bhosale (1978) recorded TAN values 
of Thespesia populnea from saline and nonsaline habitat where 

they noted low TAN in plants from saline area having more 

salt in their metabolic environment in contrast with the 
plants growing in non saline area having low salt in their 
metabolic environment and high TAN value. Higher TAN value in 

Avloennia officinalis as compared with A.- marina was recorded 
by Kotrnire (1983) where A- marina was shown to have more salt 
in their metabolic environment. Similarly Karkar and Bhosale 
(1985) based on the results of inorganic constituents of 

mature leaves of RhlZQPhQ.r.a aP-lculata and Kandelia candel 
noted that lower TAN value of K.candel is due to more salt 
content in the metabolic environment in contrast with
R • apicuiata..,.



In case of C.crista it is seen that the organic 
acid level (as indicated by TAN values) in the leaf tissue is 
quite high as compared to the leaves of other mangrove 
species. As we have already seen, leaf tissue is relatively 
low in sodium. Hence heavy accumulation of organic acids in 
C.crista leaves is not a consequence of salt accumulation but 
probably the organic acids are playing an osmoregulatory 
role.

D) Carbohydrates

The level of various carbohydrate fractions 
(reducing sugars, nonreducing sugars, and starch) in 
different parts of Caesalninia crista are recorded in fig.22 
It is well evident from the figure that the amount of 
reducing sugars in leaf, rachis and root tissue is more than 
the non-reducing sugars, but in stem tissue the amount of 
reducing sugars is very low as compared to the non-educing 
sugars. Starch content in all the plant parts is quite high 
ranging from 7.163% (in leaf tissue) to 10.055% (in rachis 
tissue.)

Carbohydrates are of vital importance as they are 
the ultimate product of photosynthesis and the precursors for 
respiration. When stored they act as the main source of 
energy for growth and development of plants. Soluble 
carbohydrates play important role in osmotic adjustment of 
plant growing under saline conditions (Flowers, 1977). Albert 
and Popp (1977) demonstrated a higher content of soluble
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carbohydrates in the monocotyledons than in the
dicotyledonous halophytes. Briens and Larher (1982) showed 
the accumulation of specifically sucrose, fructose and
glucose in higher levels in some plants like PIantago

(a sorbitol accumulator), and Juncus maritimus.
and Scirnus • These sugars

equalize the relative water potentials of cytoplasm and 
vacuole and lower the internal potential. In glycophytes also 
amongst various sugars present in plants, glucose and sucrose 
have been considered osmotlcally active under stress
conditions. Popp (1984) analysed 22 mangroves for low 
molecular weight carbohydrates (LMWC) and he noted that those 
mangroves which adapt osmotically by accumulation of LMWC, 
accumulate primarily sucrose, glucose and fructose. There was 
only one mangrove Xvlocarpus granatum which derived its LMWC 
concentration by storing these three sugars and all other 
mangroves which extensively accumulated sugars were 
comparatively low in total LMWC concentration. Polyol and 
cyclitol occurred in limited mangroves. Popp &£. al (1985) 
noted that in most of the mangrove species, mannitol or 
pinitol are the dominating compounds in the LMWC fractions.
Gorham at al- (1980) extensively studied the chemical
composition of some salt marsh plants and found that 
halophytes contain high level of glucose and fructose more 
than the glycophytes. They are of the opinion that it is 
possible that the hexoses, rather than sucrose, may be 
involved in osmoregulation in the most halophytic species.



Our findings with also indicate a similar trend
since reducing sugars (probably glucose and fructose) 
dominate over nonreducing sugars (probably sucrose).

There are some reports about the analysis of 
reducing sugars, total sugars and starch content mainly from 
leaves of different mangroves. Shetty (1971) reported more 
starch in Acrosticum aurem growing in saline area than in the 
plants growing in non saline area. Starch content from 
different mangrove leaf tissue has been recorded by Jamale 
(1975). He noted the starch content ranging from 1.88% 
(S.acida) to 2.76% (E- agallccha)■ In the leaves of Avicennia 
officinalis, and A-marina Kotmire (1983) observed 3.16% and 
5.04% starch respectively. From leguminous halophytes Perris 
scandens a D.trifoliata Mohite (1990) recorded the starch 
contents 7% and 8% respectively. Our observations about 
C.crista leaf tissue show considerable accumulation of starch 
as compared with the starch contents from leaf tissue of 
other halophytes.

High starch content in the root tissue than in the 
leaf tissue in D.trifoliata and D.scandens has been recorded 
by Mohite (1990). But stem tissue shows quite different pat
terns of starch accumulation when compared with leaf tissue. 
Stem tissue of D.trifoliata contain slightly lower and H- 
scandens contain higher starch than the leaf tissue. Our 
observations about C.crista shows high starch content in 
rachis, stem and root tissue than the leaf tissue. Thus it is
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very clear that the perennial climbing habit of the plant 
leads to accumulation of starch in plant organs other than 
leaf. Since leaf is metabolically a more active center, more 
rapid turn over of starch might be occurring in this organ in 
contrast to other plant parts.

Total sugars from leaves of different mangroves has 
been recorded by Jarnale (1975) and noted the range from 0.54%

leaves of Avicennia Q.ffi.cin.a.lia and A. marina Kotmire (1983) 
observed 1.13% and 0.59% total sugars respectively. Sugars 
from three different species of Rhlsophora were analysed by 
Kathireson and Kannan (1985). The amount of total sugars 
ranged from 0.85% (R.apiculata) to 0.338% dry weight 
(R.mucronata) since sugars are the major photosynthetic 
products, the amount of total sugars can be correlated with 
the photosynthetic productivity of the leaf tissue.

Briens and Larher (1982) recorded total soluble 
carbohydrates from different halophytie plants. They recorded 
some plants like Sallcarnia. e.urapa.ea..,. Suasda ma.Qr.Q.g.arm.t-

having high amount of total soluble carbohydrates in the stem 
and root tissue than the leaf tissue. But the plants like 
Ejs.slu.cia. rubra.,.. Phragmiles dommunis. and Fuccinellia maritima 
were having low amount of total soluble carbohydrates in the
stem and root tissue than the leaf tissue. Mohite (1990) 
recorded relatively lower total sugar content in stem and



root tissue of D.scandens than the leaf tissue. Our
observations about the C.crista shows lower total sugar 
content from rachis, stem and root tissue than the leaf 
tissue and this situation is similar to one noticed in

c.Q.mmunisEucc.ihsllia roarltima and

E) Total Nitrogen

The total nitrogen content from different parts of 
Caasalpinia arista are shown in fig. 23. The leaves of 
C.crista contain highest nitrogen followed by roots, rachis 
and stem.

Nitrogen is a gaseous element which cannot be 
directly utilized by the plants but it gets fixed by number 
of bacteria forming nitrate and ammonium ions. These ions are 
the major sources of inorganic nitrogen taken up by the roots 
of higher plants. Most of the ammonium gets incorporated into 
organic compounds in the roots where as nitrate is motile in 
the xylem and can also be stored in the vacuoles of roots, 
shoots and other storage organs. Leguminous plants contain 
nodules on their roots in which symbiotic nitrogen fixing 
bacteria rhizobium are present. Hence in general such plants 
are rich in nitrogen contents. But C.crista plant do not have 
root nodules, so one can not expect any special accumulation 
of nitrogen in plant parts of this species.



Figure : 23
Total nitrogen and free pro line content in different parts of

Causa I pinia crista L.
(expressed on dry weight basis)
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Nitrogen plays very important role as a structural 

and chemical component in the plant. Nitrogen is an essential 

building block of protein which is the basis of chemical 

reactions in the plant metabolism. Hence without nitrogen aLl 

the life processes are impossible. Proteins are also 

necessary as the structural and functional component af 
plasrnamembrane. Nitrogen occurs in different forms in the 

plant cell such as nitrate, nitrite,amino acids, nucleic 

acids, pigments, alkaloids, quaternary ammonium compounds 

etc. Under different environmental stresses some nitrogenous 

compounds like free proline and other amino acids, quaternary 

ammonium compounds like glycine betaine etc. play the 

protective role.

Depending on the plant species, developmental stage 

and organ, the nitrogen content required for optimal growrh 

varies between 2 to 5 % of the plant dry weight. Joshi and 

Bhosale (1982) recorded seasonal variation of nitrogen in 

mangroves and recorded low N contents in summer when light 

intensity, temperature and salinity are high in contrast to 

high nitrogen content in monsoon. It appears that salinity 

and temperature control nitrogen metabolism in the estuarire 
plants.

There are several reports about the nitrogen 

analysis from leaves of the halophytic plants. Spain and Holt 

(1980) reported the total nitrogen content from different 

mangrove leaves varied from 0.78 % (Rhlzophora stvlosa') to
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1.85% (Xvlocarnus australasicus ~1 . Leaves of 7 desert
halophytes were analysed by El-Ghonemy q±. al_* (1982) and their 
data shows the range of N% from 0.60 (Zveophylluro album and

nitrogen content of the leaves of some mangrove ranged from 
0.96% (Sesuvium nortul acastrum ) to 3.00% (AlhUlfijmla 
(Bhosale, 1985).

Popp ei al.(1984) carried out exhaustive work on 
nitrogenous compounds of 22 mangrove species from Australia. 
They observed the total nitrogen content varied from 0.62%

to 2.53% (Avicennla marina) and
. They also noted that in general young 

leaves contain more N than the old leaves with few exceptions 
of Aegialitis annulate. Lumnitzera littorea. L. racemosa.

leaves of two species of a nitrogen fixing leguminous 
halophyte Perris scandens and D.trifoliata Mohite (1990) 
recorded the range of N% from 1.5 to 2.55% and he further 
noted that young leaves contain more N% than mature leaves. 
Our observation about C.crista leaves indicates that leaf 
tissue has moderate nitrogen content (1.63%) as compared to 
other halophytic species.

There are few records about the total nitrogen 
analysis from the other plant parts. Spain and Holt (1980) 
recorded relatively low values of N content from the stem 
tissue ranging from 0.12 % to 0.41 % in
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and Excoecaria agallocha respectively, than the leaf tissue. 
Similarly from desert halophytes El-Ghonemy ei &1. (1982)
recorded low levels of N with only exception of Halocmemon 
st.robilaoeum where they recorded slightly higher N% in stem 
than leaves. The range was 0.5% (Zygophyllum album) to 0.97% 
(Salsola tfitrandra). Relatively low N content in the stem 
tissue than the leaf tissue has also been recorded by Mohite 
(1990) in Perris trifoliata and P. scan,dens • In the present 
investigation also very low levels of stem tissue N in 
comparison to the leaf tissue are clearly noticeable. This is 
certainly because of the key role of leaf in the overall 
plant metabolism in contrast to stem tissue.

Zahran and Wahid (1982) observed that root tissue
of Kochia Indlca had low nitrogen as compared to the shoot
tissue. But Mohite (1990) observed nearly equal amount of N
in Perris trifoliata and higher amount in P. scandens with
respect to aerial parts. It may be possibly due to the
presence of root nodules on Perris species. In contrast N% in

3rdroot tissue of Q., crista is only 1/3 of the N% of the leaf 
tissue. Since the plant does not have any nitrogen fixing 
capacity due to lack of nodules on its root system the 
relatively lower level of nitrogen in the root tissue is 
quite understandable.

F) Free Proline

The free proline contents of the different parts of 
C.. exist a are shown in fig. 23 . It is very clear from the



figure that highest accumulation of proline is in leaves.
Stem, rachis and roots show comparatively low proline 
accumulation.

Many biochemical reactions in plants get altered 
under saline environment, as a result of which many 
intermediate products such as amino acids, polyols, betaines 
etc. are formed. Free amino acids include mainly free 
proline, aspartic acid, glutamic acid, alanine, glycine, 
serine etc. According to Strogonov (1973) survival of plants 
in saline environments depend upon the altered biochemical 
reactions and on the quantitative ratio between toxic and 
protective compounds. According to him proline is one of the 
protective substances. He noted proline accumulation between 
20% to 83% of the total amino acids from different 
halophytes.

Effect of seawater salinity on free amino acids in 
S.uaeda. nudiflora has been studied by Joshi and Iyengar (1987) 
and pointed out that there is increase in proline content 
with increase in salinity. Voetbery and Steward (1984) noted 
that in nonhalophytic excised barely leaves there is direct 
relation between the amount of proline accumulation and the 
amount of sodium taken up by the plant.

Heavy accumulation of free proline takes place not 
only due to salinity but also because of the other 
environmental stresses such as drought, high temperature, low 
temperature, mineral deficiencies, pathogenesis etc. Proline



plays several important roles under salt stress conditions. 
Proline has been proposed as a cytoplasmic osraoticum in a 
number of halophytes by Steward and Lee (1974). It also acts 
as a protector of the cellular enzymes and membrane proteins 
against dehydration and conformational changes and thus 
maintaining their activity (Paleg £±. al. 1981). Proline also 
serves as a source of carbon and nitrogen for biosynthesis of 
variety of compounds during a post stress recovery.

There are several reports about proline 
accumulation in halophytes. Treichel (1975) found proline 
accumulation due to salinity stress in Salicornia fruticosa. 
A&.tsr tri^oljLum and Ile.a&ro br.y_an.lhamum nadiiLtomm. High proline 
levels were noted by Gorham ei al- (1981) only in four

_3species Puccinellia maritima (56.0 equi.m plant water),
Spergularda madia. (32.9) Zo.stera marina. (21.2) and Triglochin
rnaritirna (17.5) out of 27 species they have studied. They
further noted that the accumulation of proline may be
characteristic of certain genera, if not of whole families.
Popp and Albert (1980) analysed 19 species of halophytes
mainly Chenopodiaceae and Poaceae members for their free
amino acids. All the plants except Phragmit.es contained
proline, but high amount of proline which can serve as
cytoplasmic osmoticum was detected only from Lepidtum

-3Crassifoliuro (37.47 equi.m ), Artemisia monogyna (21.06) and 
Triglochin maritimum (12.00) Osmoregulation in 16 higher 
halophytic plants was studied by Briens and Larher (1982). 
They observed high leaf proline levels in Trlgloehin maritima



(116 equi.m plant water),
pungens (36.5) and Limonium 
communis (15.0) and

(88.5), 
(46.0), 

(14.5) .' Popp
(1984) analysed the chemical composition of number of
Australian mangroves. They noted high concentration of

-3proline in two Xvlocarpus species X.granatum (75.95 equi.m 
plant water) and X,. mekongensis (56.74) and Afigialltis, 

(28.49). High levels of proline in Spergularia 
F ran ken i a panciflo.ra, Samolus rap.ensExc.oc.arp.us. 

aphvlla. Nitraria billardierei and Puccinollia stricta 
growing in saline habitat were noted by Poljakoff - Maber ai 
al. (1987). Although storage of proline is very abundant in
many halophytes, it is less frequent in mangroves (Popp a±. 
alf 1985). According to them only 2 species of Xvlocarpus out 
of 23 mangrove species studied stored proline in a 
concentration high enough for functioning as a compatible 
solute in cytoplasm.

The free prollne content in Caesalpinia crista 
-3leaves is 16.88 equi.m plant water which indicates that 

there is substantial amount of proline in the leaf tissues of 
this species as Xvlocarpus species as noticed by Popp ei al, 
(1984).

Ruduller si al. (1902) have analysed amino acids in 
different parts of legumes growing in coastal environments. 
In leaves of AtLthy.llis vulnerlarla, proline was not detect
able. On the other hand in leaves of the



proline reached the level of 41 nmole/g dry tissues. The 
proline level recorded in leaves of other legumes namely
Medicago lupulina, Melio.tus. officinalis, Loins. c..omic.ulatus., 
Ononis rapens and Vicia sativa were 16, 40, 10, 21, 11 and 3 
nmole/g dry tissue respectively. If on the above basis the 
proline content of Caesalpinia crista is expressed it is 18 
yx mole /g dry tissue and this indicates a appreciable proline 
accumulating capacity in leaf tissue of this legume.

It was further reported by Rudulier ei al. (1982) 
that in Anthyllis vulneriana in contrast to leaf, stem
tissue showed quite high levels of proline (21 ju mole /g dry
tissue) These workers further noticed that stem of Meliotus 
officinalis and Ononis repens also contained appreciable 
amount of proline (31 and 15 ju mole /g dry tissue) on the
other hand rhizome tissue of bolus corniculatus was quite
low in proline content (5 y mole /g dry tissue). The stem 
tissue of Caesalpinia crista also contain very low amount of 
proline (4 ja mole /g dry tissue).

Briens and Larher (1982) reported that stem and 
root tissue of some halophytes were having high proline level 
as compared with the leaf proline and some were having lower 
proline content in stem and root than the leaf proline. In 
case of Caesalpinia crista stem and root tissue contain less 
proline than the leaf proline and this situation is similar 
to the one reported in case of Affropvron pungens. Juncus
mar.lt linus... I'ragmlia. communis.*- liuccliiQllia mari.t±mau.



147
Salicornia europaea. Scirpus mar.iti.maSuae da ma.cr.Q.earp.a and 
Triglochin maritima by Briens and Larher (1982). The glutamic 
acid is generally a major precursor of proline biosynthetic 
path way and the synthesis involves expenditure of ATP as 
well as reducing equivalents like NADH and NADPH. In the leaf 
tissue the photosynthetic process can provide these compounds 
for proline biosynthesis. Hence substantial accumulation of 
free proline in the major metabolic center leaf rather than 
stem and root is quite understandable.

G) Polyphenols

The total level of polyphenols in the leaf tissue 
of Caesalplnia. crista is 3.86 g/100g.

The polyphenols are the aromatic compounds of 
secondary metabolism. The plant phenolics are widespread and 
extremely diverse and include the flavonoides, hydroquinone, 
coumarine and cinnamic acid. Less common are catechol, 
phloroglucinol and pyrogallor. Tannins are also derived from 
phenolics. The secondary metabolites in plats are important 
in repelling and discouraging predators and pathogens. 
Phenolic compounds have been implicated a role in plant 
growth regulation process (Gallstone, 1969). The tannins are 
also commercially important for their use in leather industry 
and ink industry.

The mangroves are rich in polyphenols. Hence they 
are regarded as valuable source of tannin which are mainly



extracted from their bark. Most of the studies on mangrove 
polyphenols were restricted to the samples of bark. The 
polyphenols were also analysed from fruits and leaves which 
are good storage houses of polyphenols.

Humpries (1967) has reported that the polyphenol 
contents up to 35% and stated that the mangroves in spite of 
more salt concentration, contain large amount of water 
soluble tannins. The extensive work of Jamale (1975) 
indicated that the polyphenol content in the mangrove 
leaves varied from 0.96% to 9.3% of fresh tissue of Avicennia 
alba, and Rhizophora rouc.r.O.nat.a and there were seasonal 
variations in the polyphenol levels. His work indicated that 
the average level of total polyphenols in mangroves is about 
3.013% of £resh tissue. Kotmire (1983) recorded as high as 
22% polyphenols in the leaves of Avi.Cfinni.a. officinalis on dry 
weigh basis. Karkar and Bhosale (1985) also reported more 
polyphenols in the leaves of Rhizophora aniculata and 
Kandfilia. candel (3.52% and 1.74% of fresh tissue 
respectively.)

According to Strogonov (1964) salinity causes 
number of metabolic changes in plants and the prominent among 
these changes is stimulation of secondary metabolism. This is 
very well reflected in case of mangroves since their leaves 
are rich in polyphenols. It is evident from our observations 
that Caesalpinia crista which grows in close company of
mangroves is also not an exception to this trend.



5) Seed Analysis 
A) Organic constituents.

The levels of various organic constituents of the 
seeds of Caesalpinia crista are shown in Table 4. The 
moisture percentage of C.crista seeds is quite high, as 
compared to the moisture percentage from other halophytic 
seeds. The seeds of Poneamia pinnata contain 19% moisture 
(Wealth of India.) and that of Kochia seeds is 10.86% 
(Zahran and Wahid, 1982).

Starch is the major carbohydrate in C.crista seeds. 
Similar observations are recorded by Austenfeld (1986) for 

euronaea seeds, Mulik (1987) for Acanthus 
seeds and by Mohite (1990) for seeds of two 

species - H- trifoliata and J2. scandens. On the other 
hand quite low starch content is recorded from Pongamia 
pinnata seeds 6.6% (Wealth of India). The total carbohydrates 
from Kochia indica seeds recorded by Zahran and Wahid (1982) 
are also quite low (5.167%). Amount of reducing sugars and 
non-reducing sugars in the seeds of C.crista are nearly 
equal. In Salicornia euronaea Austenfeld (1986) observed high 
amount of non reducing sugar sucrose as compared to that of 
reducing sugars. In H. trifoliata non-reducing sugars are 
dominant while in D.scandens reducing sugars are dominant in 
seeds (Mohite,1990).

The amount of total nitrogen and crude protein in 
seeds is quite appreciable. Earl and Janes (1962)
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Organic

Table No. 4

constituents in seeds of CaesaIpinia crista L. 
(on dry weight basis).

Moisture %

Starch.

Reducing sugars 

Nonreducing sugars 

Total sugars 

Total Nitrogen 

Crude protein

20. /i30 

11.500 % 
0.100 % 
0.109 % 
0.217 % 
2.372 % 
15.420 %

Total lipids 17.100 %



reported that protein content in halophytic seeds varied from
5.4% (Atriplex canescens.) to 31.2%
crystaliuml. The protein content from Pongamia pinnata seeds 
is 17.4% (Wealth of India,). In the seeds of Kochia canescens 
Zahran and Wahid (1982) recorded 21% crude protein. O'Leary 
et al.(1985) recorded 28.6% protein in the seeds of Cakile 
edentula while Mohite (1990) recorded in derris trif-Oliata 
and D.scandens 22.63% and 26% crude protein respectively. 
Under sea water irrigation seeds of the terrestrial 
halophytes Salicornia bigelovii were found to contain 30-33% 
protein (Glenn ei at. 1991). It is very clear from the above 
observations that C.crista seeds contain intermediate amount 
of crude protein.

The amount of total lipids in C.crista seeds is 
quite high (17.1%). Data of Earl and Jones (1962) and Jones 
and Earl (1966) represented that the subfamily 
caesalpinoideae contain on an average 6.4% oil and 
specifically in tribe eucaesalpinieae the oil content ranged 
from 3% to 13%. The oil contents Caesaloinia bonduc kernel, 
Derris scandens seeds and Pongamia pinnata seeds were 20-24%, 
10% and 27.5% respectively (Wealth of India). But Mohite 
(1990) recorded quite low levels of total lipids from seeds 
of p. tr.ilolia.t.a. (106%). In terrestrial halophytes Salicornia 
bigelovii seeds Glenn al al- (1991) recorded the oil content 
ranging from 26 to 33% when plants were irrigated with sea 
water. These findings indicate that the halophyte C.crista 
can be considered as a possible oil yielding species.



However only a detailed study of oil characteristics will 
show the ways in which the oil can be utilized.

The seeds of C.crista contain relatively less total 
polyphenols when compared with the leaf tissue. At the same 
time these values are slightly more than the values (0.6%) 
recorded for seeds of another halophytic legume Perris. txllLO-a 

liata by Mohite (1990).

B) Inorganic Constituents

The inorganic constituents of the seeds of 
crista are shown in figure 24. It is very clear 

from the figure that among the macronutrients calcium is the 
major cation in the seeds. Calcium is followed by potassium 
and magnesium in dominance, while sodium level in the seeds 
is least. Amount of chloride in the seeds is substantial and 
considerably higher than that of sodium.

There are some reports about the inorganic 
constituents of different halophytic seeds. In Lumnltzera 
racemosa seeds Anjal and Bhosale (1985) reported accumulation 
of calcium in the seeds, in spite of low level of calcium in 
the substratum. They further noted that, calcium is followed 
by potassium and sodium being the least. Though sodium level 
is low, they have reported quite high level of chloride 
similar to our observation. In contrast to above trend in
Sonneretia alliA they recorded accumulation of potassium 
followed by sodium and least amount of calcium. They also
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recorded the presence of chloride in substantial level 
considerably more than that of sodium. Similarly Mulik and 
Bhosale (1985) analysed inorganic constituents in seeds of 
Acanthus ilicifolius from different localities and noted the 
accumulation of potassium followed by calcium and sodium; 
chloride was found to be present in appreciable amount. In 
all the above three plants the trend of mineral accumulation 
in seeds is quite different than the leaves where 
accumulation of sodium and chloride was seen. But in 
Caesalplnla crista we observed the same pattern of mineral 
distribution in the leaves and seeds having calcium as a 
dominant inorganic constituent.

Accumulation of potassium and very low levels of 
sodium in seeds are also noticed by Yeo (1981) in Suaeda 
mari.tirna, Austenfeld (1986) in Salicornia euronaea and 
Mohite (1990) in Perris tri.f.o.lla.t.a and D. scandens. It is 
clear from the above observations that the plants are 
growing in highly saline areas the amount of Na and Cl is 
minimum in seeds. It may be because of the restricted 
translocation of these elements from vegetative parts to 
reproductive parts.

It is evident from fig. 24 that Caesalp.inia crista 
seeds contain high amount of phosphorus (196.7 mg/100 g) , it 
may be due to higher requirement of active participation of 
phosphorus in various metabolic processes during future phase 
of seed germination.Mohite (1990) has recorded phosphorus
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levels quite low is halophytic legumes Perris trifoliata and 

D.scandens 41.4 and 45.9 mg/100g respectively.

The analysis of mieronutrients in C.crista seeds is 
also represented in figure 24. The seeds are rich in iron 
followed by zinc, manganese and copper. Not much is known 
about micronutrient status of halophytic seeds. Mohite (1990) 

from our laboratory recorded that D.,exr,i,S. trif-QllAJia seeds are 

rich in iron, similar to C.crista seeds.


