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PRODUCTIVITY OF THE PLANT COMMUNITIES IN SALT AFFECTED
AREAS OF THE INDO- GANGETIC PLAINS

Go.N, CHOUDHURI & S.P. VARSHNEY*

RESUME

Une étude systématique a été effectude sur les par-
celles a sols salés des plaines indo-gangétiques du sous-
continent indien. Ces biotopes sont couverts par une végéta-
tion herbacée clairsemée, qui comprend plusieurs espéces mon-
trant des degrés divers d'halophytisme facultatif; ces der-
niers résultant soit d'une plasticité écologique, soit d'une
spécialisation €co-génédtique, ou des deux & la fois. Les com-
munautés établies sur sols salés montrent une productivité
primaire inférieure & celle des végétations correspondant aux
conditions normales des plaines indo-gangétiques. Ce fait a
été attribué &§ des Ffacteurs limitants tels que les faibles
précipitations, l'évapotranspiration élevde et Je développe-
ment de hautes pressions osmotiques dans le milieu édaphigue,
suite a la présence de sels solubles dans 1'eau. La biomasse
totale maximale s'observe en saison de moussons et coincide
avec la période d'activitd vdgétative la plus élevéde. Il
existe une corrdlation significative entre la variation men-
suelle de la teneur en eau du sol et la biomasse de la cou-
verture végédtale,

ABSTRACT

A systematic study was conducted on the patches of
salt-affected habitats in the Indo-gangetic plains of the
Indian sub-continent supporting sparse grass covers, certain
elements of which show facultative halophytism of varying
degree either by virtue of wide ecological amplitude or
through genecologic specialization or both.

A comparison of the primary productivity of the
communities of these specialized habitats with that of nor-
mal grass covers of the Indo-gangetic plains indicated infe-
riority of the former. This has been ascribed to the 1imi-
ting factors such as low rainfall, high evapotranspiration
and development of high osmotic pressures in the edaphic en-
vironment due to predominance of water soluble salts. Maxi-
mum total standing crop bhiomass in monsoon season coincided
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with the highest vegetative activity during this part of
the year. Based on regression and correlation analysis, mon-
thly variation of moisture in the profile and the standing
crops biomass of the surface feeding plants were shown to be
significantly related.

INTRODUCTION

The semi-arid alluvial tract of land extending from Punjab through
Haryana, Uttar Pradesh and part of Bihar in the Indian sub-continent is
interspersed with patches of salt-affected areas which, because of being
unproductive from an agricultural view point, constitute the 'Usar'
(salt-affected) soils of India (GUPTA & REGE, 1973). The total expanse
of this unproductive 'Usar' areas, according to one recent estimate,
amounts to 2.5 million hectares (ABROL & BHUMBLA, 1971), which upon a
successful reclamation may yield more than 10 million tonnes of food
grains to feed the hungry mass of the country (MEHTA, ABROL & YADAV,
1975)

Besides having an excess of water soluble salts which results a
high osmotic potential in the edaphic environment, these habitats are
also characterized by high pH, poor soil structure and disturbed aera-
tion. All these factors have an apparent adverse effect on germination,
establishment, nutrition, growth and reproduction of most of the terres-
trial plant species (CALDWELL, 1974; CHOUDHURI & VARSHNEY, 1975; UNGAR,
1974).

Depending upon the biologic potential of the species, plants were
classified into halophytes and glycophytes as early as in 1895
(DAUBENMIRE, 1974). The halophytes have a high osmotic potential in
their internal environment, which enables these plants to absorb water
and nutrients from habitats under salt-stress (ASHBY & BEADLE, 1957),
and such habitats are mainly found bordering either salt lakes or seas.,
The glycophytes normally remain confined to non-saline inland habitats.
However, many of these species often reveal a successful ecesis in ha-
bitats characterized by certain degree of salt-stress either by virtue
of their wide ecologic amplitude or through genecologic specialization
in response to salt-stress with or without recognizable morphological
differentiation (CHOUDHURI, 1968; WAISEL, 1972),

Ecology of some such glycophytes, which by virtue of their salt-
adaptive potential occur as facultative halophytes in habitats suffe-

ring salt-stress, comprises the present communication, The parameter
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used here in the primary productivity both because it keeps up a con-
sonance with the IBP programme as well as because the process is sen-
sitive to water-stress (RABINOWITCH,1945), Information available so

far on the aspect is extremely meagre,

SITE CHARACTERISTICS

Location

Three salt-affected habitats i.e., sites I, IT and ITI, were se-
lected for the present study within a hundred kilometer radius around
the Banaras Hindu University campus. Site I was situated at the villa-
ge Babhnoti, about 9 kilometers off Tahsil Bhadchi (25° 23" N and 82°
34' E), site II and III were at the villages Hamidpur and Patnawa, res-
pectively, about 5 kilometers off Ramnagar (25° 16' N and 83° 2' E),
The general features of these sites were reflected in the presence of
extensive white or greyish-white crystallized salts on the surface -du-
ring major part of the year subsequent to the monsoon, The climate of
the area is tropical and the year is divisible into three main seasons
viz,, Winter, Summer and Rainy seasons., About 85 % of the total annual
rain is received by these habitats during the monsoon season,

Edaphic environment

The soils of these areas usually remain dry for about six months
or more when the moisture in the profile falls below wilting point and
moist for about five or more months in a year (SHARMA, 1977)., The ionic
constitution of the soils of the three habitats were determined from the
saturation extracts prepared from the composite soils samples (MOODIE,
SMITH & HAUSENBUILLER, 1963) taken to a depth of 30 cm from the soil
profile by the methods described by RICHARDS et al, (1954), Based on the
ionic constitution, the sites were classified into two principal types.
Site I was sulphate type where Cl~ and S0, "~ were the dominant anions
with Na* representing 36 %, ca* 14 % and Mg++ 11 % of the total metal-
lic cations, Sites II and IIT were of carbonate types. In site II, car-
bonate and bicarbonate ions together represented about 81 % of the to-
tal anions and the sodium above 96 % of the total metallic cations., The
carbonate and bicarbonate anions together at site IIT amounted over
87 % of the total anions and sodium went almost to 100 % of the total

metal cations (Tab, I).
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pH and ionic Si Site II
constitution

pH 7.8 8.9 10,1
Cations Ka' 82.55 68.57 172.0
K* 0.41 0.61 2.10
ca™t 18.0 1.20 1.84
Mg 14,6 0.76 0.64
Anions €O, " 0.40 37.32 89.78
HCO 4~ 3.00 24,80 69.50
c1” 33,50 5.17 16.60
S0, 73.65 9.36 7.60

Tab. I : pH and ionic constitution (meq/1) of the saturation extracts
of' the soils of three salt-affected habitats,

Floristics

A record of floristic composition was maintained throughout the
year. The maximum number of species was in monsoon season when the com-
munities attained their optimum stage of development. The plant identi-
fication was based on the Flora of BOR (1941), DUTHIE (1960) and
MAHESHWART (1963). Difference in the floristic composition of three com-
munities is discernible from a glance to Table IT, Species such as Cyno-
don dactylon, Sporobolus diander, Bothriochloa pertusa, Dichanthium an-
nulatum, Convolvulus arvensis and Eragrostis tenella were found to occur
at all the three sites, Dactyloctenium aegypticum and Euphorbia prostra-
ta were found only at sites I and 11, while Evolvulus alsinoides at si-
tes IT and III. Phyia nodiflora, Pluchea lanceolata, Eclipta alba and
Chloris harbata were found to occur at site I only, Setaria glauca, Pa-
nicum humile, Bonnaya brachiata and Alysicarpus monilifera were found to
inhabit site IT only. Even in spite of the fact that these species are
all members of the flora of the Indo-Gangetic plains of this continent,
their restricted occurrences among the three habitats reflect an eco-
logic selection which appears to be governed by the salt-stress charac-

teristically associated with these habitats,
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Species Site I Site II Site III
RW S R W s R Ww s

Alysicarpus monilifer DC +

Bothriochloa pertusa A, Camus. + + + + + +

Bonnaya brachiata Link & Otto. +

Chloris barbata Sy, +

Convolvulus arvensis Linn, + + +

Cynodon dactylon Pers, + + + + + + + + +
Dactyloctenium aegypticum Beauv. + +

Dichanthium annulatum Stapf. + o+ +

Eclipta alba Hassk, + +

Eragrostis tenella Roem. + + + + +
Buphorbia prostrata Ait, + +

Evolvulus alsinoides |Linn, + +

Panicum humile Nees, +

Phyla nodiflora Linn, + + +

Pluchea lanceolata (1 + + +

Setaria glauca Beauy. +

Sporobolus diander Beauy, ; + + + + + + + +
Vernonia cinerea |ess, + + +

Total No. of species 13 8 4 13 5 3 8 2 2

Tab. IT : Species composition of the three plant communities at three
salt-affected habitats round the year (R, W and S represent
Rainy, Winter and Summer seasons, respectively) + sign indi-
cates presence of species,

METHODS

For primary productivity studies, the species were arranged under
two categories on the basis of the extent of their existence in the com-
munity round the year, Species occurring throughout the year were regar-
ded as the major species, while those which could grow only for a part
of the year were considered together to represent the "other species'
group (Tab. III), Net primary productivity was estimated by the short-term-
harvest method (ODUM, 1960). Standing crop biomass which refers to o-
ven dry weight of plant material from a unit area at a given time, was

estimated every month, At every sampling, three monoliths at each site,



Site 1 Site Ii Site 171

i, Cynodon dactylon Cyniodon dactylion

2. Sporobolus diandsr Sporcbolus diander Sporobolus diander

3, Phylea nodiflora Bothriochloa periyss

4, Pluches lanceolata

Tab. IIT : Major species of the communities of three salt~affected ha-
bitats,

were dug. Each monolith was of 25 x 25 x 30 cm dimension. The litter
present on the soil surface was collected carefully prior to digging

the monoliths and subsequently, the species were segregated. Aboveground
and underground parts of the plants were separated carefully. Afterwards
both aboveground as well as underground biomass values of individual spe-
cies and of litter were determined through oven drying at 60° C for 48
hours, Values for total standing crop biomass of various species were
then estimated by adding the aboveground, underground standing crop bio-
mass plus the litter biomass values. The standing crop biomass was ex-

pressed per meter square basis,

The net primary production wes estimated by adding all monthly in-
crements in the aboveground, underground, and total standing crop bio-
mass for the communities. The study period was extended for thirteen
months in order to have a complete estimate of the net primary produc-
tivity of these habitats for one whole year, Pluchea lanceolata was a
deep rooted species, Net primary production of this species was determi-
ned only to a depth of 30 cm in order to maintain a consistent confor-

mity in estimations relative to other species,

RESULTS

Monthly variation in the standing crop biomass

The total aboveground standing crop biomass of the communities at
three sites ranged between 109,73 g/m? (May) and 251.45 g/m? (Sept.) at
site I; 76.16 g/m* (May) and 221.48 g/m? (Sept.) at site I1, and 62,14
g/m? (May) and 183,19 g/m” (Sept.) at site IIT, Variance analysis indi-

cated a significant degree of within site variation (P < 0,05). For all
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the three communities two peak values of aboveground standing crop bio-
mass were observed, The peak values were noticed in September and in
January for communities at sites I and 1T, and in September and in Fe-
bruary for the community at site III, The trends in biomass fluctua-
tions round the year were more or less similar at all three sites

(Tab. IV),

The total underground standing crop biomass of the comnunity ran-
ged between 93.73 g/m? (June) and 156.55 g/m? {Sept.) at site I; 58,88
g/m?* (June) and 144,08 g/m? (Sept.) at site 11, and 54,61 g/m* (May)
and 161.11 g/m®* (Sept.) at site IIT. A significant (P < 0.05) within
site variation was observed. In this case also two peak values were re-
cognizable, one of which coincided with the monsoon, while the other
mid-winter. The underground biomass was higher for the community at si-
te I relative to that for its counterparts at sites II and III (Tab, IV).

The total standing crop biomass of the community ranged between
206.60 g/m? (June) and 407.99 g/m? (Sept.); 137.11 g/m? (May) and
365,56 g/m* (Sept.) and 116,74 g/m” (May) and 344.27 g/m*> (Sept.) at
sites I, II and III, respectively. Of the communities studied at three
sites under salt-stress, the highest total standing crop biomass was ob-
served for site I and the lowest for site II (Tab. 1V).

Cynodon dactylon and Sporobolus diander were the major species
to contribute maximum organic matter throughout the year at site II and
III. Contribution of C. dactylon, however, was more than that of S.
diander, Among the four species playing a significant role in contribu-
tion to total standing crop biomass of community at site I, Pluchea
lanceolata showed superiority year round and C. dactylon came next at
this site. Contribution of standing crop biomass by Phyla nodiflora
was higher relative to that of 5. diander at this site during major part
of the year. Contribution of "other species" remained confined during
rainy season only, But except for site I, contributions to the total
standing crop biomass by the species of this group never exceeded appre-

ciably that due to any of the major species of the communities.
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Monthly net primary production

Aboveground primary production

Increments in the aboveground standing crop biomass of the communi-
ties were observed from July through September and again in the month of
June for all the sites. In winters monthly aboveground production was no-
ticed in November and January at site I, December and January at site II,
and January and February at site III. The maximum monthly aboveground
production of the communities were 55.76 g/m?/month; 64.83 g/m?/month,
and 56,73 g/m®/month in July at sites I, II and ITI, respectively. The
corresponding minimum values were 5.55 g/m?/month in November, 4.53 g/m?/
month in December and 13.45 g/m?/month in January at sites I, II and III,
respectively. The annual aboveground primary productions for these commu-
nities were estimated to be 175.90 g/m?/year; 200.63 g/m?/year, and
177.67 g/m*/year at sites T, IT and III, respectively, OF the communities
studied at three salt-affected areas, the highest annual aboveground pri-
mary production was observed for site 11, while the lowest for site I.
None of the communities showed increment in the aboveground standing crop

biomass during summer months (Tab. V).

The underground production was observed from July through September
and from November through February at site I; from July through Septem-
ber and in the months of January, February and June at site III. The ma-
ximum and the minimum monthly underground productions were estimated to
be 27.81 g/m?/month in September and 3.86 g/m?/month in December for si-
te I, 48,91 g/m*/month in August and 0.395 g/m?/month in September for
site II, and 45.695 g/m?/month in July and 5.889 g/m?/month in June for
site III (Tab, V).

The positive increments in the total standing crop biomass of the
communities were found to remain confined principally to rainy season
i.e., June through September at all the sites, Additionally, some months
of winter i.e., November and January at site I; December and January at
site 1T, and January and February at site III, were also found effective
in this respect, The maximum monthly total primary productions of the
three communities were estimated to be 77.719 g/m?/month and 102.423
g/m?/month in July at sites I and III, respectively, and 111.692 g/m%/.
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month in August at site II, The minimum values of monthly total produc-
tion of the communities at sites 1, 11 and III were 7.573 g/mz/month in
June, 11.738 g/m?/month in December and 33.057 g/m?/month in January,
respectively, Ho monthly primary production was observed during summer
months. The annual total primary production for the communities were
253,637 g/m*/year, 316.053 g/m?/year and 312,203 g/m*/year for sites I,
Il and IIT respectively, The highest total annual primary production was

noticed at site II, while the lowest at site I.

The consistent monthly observations on the standing crop biomass
for the communities under salt-stress relative to the per cent moisture
content in the profile yielded a significant positive correlation for
sites II and 111, where the vegetation consisted of only surface feeding
species. The correlation did not appear significant for site I because
the major species contributing to the standing crop biomass was Pluchea
lanceolata, which by virtue of its deep root system is able to circum-

vent the stress beyond a depth of 30 cm (Fig, 1).

DISCUSSION

Although the habitats considered under present investigation repre-
sent extcnsions of the grasslands of the Indo-Gangetic Plains, a compari-
son of the primary productivity of these specialized habitats reveals
their inferiority to normal habitats even being under general climatic

environment (Tab, VI), The potential level of primary production is not

Habitat Communi ty Annual net primary Author

production (g/m?;

Normal Mixed grassland 728.760 to 764.050 Singh, J.S. (1967)
Normal Mixed grassland 1358.760 Maurya, A,N. (1970)
Normal Mixed grassland 519,709 Tripathi, J.3. (1970)

Salt-affected

Site I Mixed grassland 253.637 }

Site 1T Mixed grassland 316,053 } Fresent
investigation

.Site III Mixed grassland 312,203 }

Tab, VI : Primary productivity of the plant communities in salt-free
and salt-affected areas in Indo-Gangetic plains,

130



oy

*(9) IT @37Ts

pue (q)

II e3ts

“(e) I ®31s a4 (, wd) ssewoiq doad BuTpuels A1TUNUWOOD DUE SUOT}ETJEA SJINGSTOW PTETJ USaMiaq SUOTIBTSII0) | 314
amnisiow iog 4% alnistow |10g 4 ainsiow |10g %
0t o o 0 0y 0 0 o 0 9 0t w o 0
L 1 L. L L el L L. 1 L I 1 i
08 004 noz
a o]
\(s_ q
Wu 00 ”
50°0L = g 4 P ]
196+ / . -
(100°0=>d) 60~ ° L ) ) 11e=49 93
. (1000 >d) £870 : ! . S g
el (L0000 =>d) Iy g-= © s
™ w
= 0 z
=
3 Fooz = o .-
00z < r=} 00 &
s o
= S °© g
= o o] =2
2 ° % =) © ~
o5z 057 2
@ A I 04¢
S~
m [5=3
r 3
~No
oae oge
o .
0y
o / e o
05¢ \
o ose
o sy
o
0 L \ -g e

ooy

131



achieved in these habitats because of limiting factors characteristi-
cally associated with their edaphic environment. Besides the usual low
rainfall coupled with a rapid evapotranspirational loss of moisture,
these habitats suffer from an additional stress due to predominance of
water soluble salts in the edaphic environment., All these together cau-
se simplification of the community structure, Only a limited number of
species equipped with special adaptive mechanism, which may either be
due to their wide amplitude or preadaptation towards the stress, suc-
ceed in standing the stresses which gradually creep into these habitats
subsequent to the rainy season. The maximum values of the total standing
crop biomass for the community with the progress of monsoon reflects the
extent of amelioration of the environment stresses on the process caused
by the rain water. During rainy season, the salt-stress is brought to

_ the minimum both by dilution effect as well as by downward movement of
salts along with percolating rain Water, and at this time, the communi-
ties attain their optimum stage of growth, Subsequently, evaporation en-
hances build up of salt-stress in the surface layer through capillary ri-
se of water soluble salts together with a steady depletion of moisture
in the profile. The species are thus subjected to a gradual build up of
a total stress and the weaker ones failing to keep up with this, drop
out. The contribution of such species to primary productivity is eviden-

tly limited just to a part of the year only.

High regression and correlation coefficients between monthly varia-
tions of soil moisture in the profile and total standing crop biomass of
the communities indicated a positive and functional relationship between
these parameters for sites II and III. The nonsignificant correlation
between these parameters for site I might be ascribed to the deep tap
root system of Pluchea lanceolata which by virtue of its deep feeding
habit could circumvent the menthly variation in moisture in the surface

layers of the profile,

With gradual increase in soil moisture-stress the primary produ-
cers are subjected to acute internal water deficit which eventually af-
fects on physiological processes (WOODHAMS & KOZLOWSKT, 1954; KRAMER,
1963). Photosynthesis is more sensitive to dehydration than any other
metabolic process (RABINOWITCH, 1945), This is reflected in the loss of
biomass even by major species in the community from October onwards when
the moisture content in the soil profile drops down around permanent
wilting point. This is supported by the observation of ASHTONM (1956),

who found that in the case of sugarcane photosynthesis decreased when
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soil moisture attained a value between field capacity and wilting point.
Further lowering of the soil moisture lowered photosynthesis rapidly ap-
proaching zero as permanent wilting point reached, The moisture stress
slowed down leaf expansion before photosynthesis is affected, and roots
being close to the source of limited available water were able to beco-
me a dominant sink for assimilates (BROUWER & DE WIT, 1959). Whatever
biomass was synthesized during these periods appeared to be invested in
the maintenance for perennation only. The increments in the standing
crop biomass during mid-winter reflected the rejuvenation triggered by
the winter rains, but this as such was a very transient process, as the
s0il moisture content still continued maintaining its depleting trend.
The successful species were dormant during these months through buil-
ding up of their tissue osmotic pressure in response to dehydration

with a minimum shoot volume, and regained their normal productive poten-

tial in the absence of water stress in monsoon,
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