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Richness, Diversity and Evenness of Vegetation upon Rehabilitation of Gypsun-
Mine Spoiled Lands in the Indian Arid Zone
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Abstract: Richness, diversity and evenness of vegetation, after rehabilitation of
gypsum mine spoils at Barmer were investigated in plots protected and planted
one year and four years ago. There were four water harvesting treatments, viz.,
half-moon terraces, micro-catchments with 5% slope, ridge and furrow and control,
wherein, indigenous and exotic trees and shrubs were planted at 5 x 5 m spacing.
Sampling of the planted and natural vegetation, using quadrats and transacts, revealed
much less species richness in unplanted control as compared to all treatments and
in all the years. The species richness that increased initially (within one year)
gradually declined over time (during four year), though the extent varied in different
treatments. The water harvesting treatment showing maximum initial increase in
richness also showed maximum decline over time, though decline was more in
annual species. Two perennial species increased in richness with time. This was
further proved from the trends in diversity and evenness indices. It was concluded
that natural successional process was accelerated by rehabilitation providing stability
to the habitat.
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Surface mining of gypsum leaves large = Materials and Methods
areas devoid of plant cover and fertile top
soil, making it a barren land. Since such  The study area
barren areas are prone to wind erosion,
especially in arid areas, their phytorecla-
mation is desirable. This also helps start
succession on these lands. With successional
progression, dynamic changes occur in the
ecological diversity in terms of species rich-
ness, diversity and evenness. This write
up discusses such trends in ecological di-
versity upon rehabilitation of gypsum mine
spoil lands in Barmer district in the Indian
arid zone.

The gypsum mines at Kavas (25.5°
N, 71.4°E, 14 km NE of Barmer on Jodhpur
- Barmer highway) were taken up for re-
habilitation in 1992. The average annual
precipitation at this site is 265 mm with
12-33 rainy days, mainly during June to
September when 90% of the rainfall is
received. The temperature ranges from
48.6°C in summer to almost 1°C in winter
causing frosts. Gyp%um is present here as
sedimentary deposits in layers intercalated
"USGS, Denver, U.S.A. with clay bands, sand and silt.
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The réhabilitation work

The rehabilitation of these lands had
been carried out in four plots of 1 ha
each in 1992, and additional four such plots
were added every year in 1993, 1994 and
1995. Each cluster of plot in each year
had four different water harvesting treat-
ments.

Control: Pit (60 cm3). was dug at 5x5
m spacing and filled with a mixture of
pond silt, farm yard manure and local soil
(2:1:1). The pit was planted with tree sapling
and watered 10 L plant‘l.

Half moon terraces: Pit of the same
size and at the same spacing was dug as
in the control, but the soil from dug out
pit was raised as mound in the shape of
half-moon to harvest rain water in the pit,
which were planted with same species sap-
lings as in control. The half moons were
so made as to utilize the local-slope for
harvesting water.

Micro-catchments: Two opposite micro-
catchments of 3.5 m width on either sides
and with 5% slope were structured to drain
water into single row of plants. A total
of 13 micro-catchments could be developed.
Here, 60-90 cm auger holes of 10 cm width
were made. The farm yard manure mixed
with soil was refilled and planted with
saplings and watered as in other treatments.

Ridges and furrows: 30 cm high ridges
at 5 m distance were developed. These
ridges had adjoining furrows, to receive
water from the plot and the ridge. Plantation
was carried out in furrows at 5 m interval
in 1995 and by direct seeding in 1992.

Field sampling for ecological diversity

Sampling for presence and density of
species was carried out in nested plots.
Ten quadrats of 10 x 10 m size abutting
each other in a row were laid diagonally
(Kent and Coker, 1992) in each of the
four treatments of the 1992 and 1995 plan-
tation. Woody perennials in each quadrat
were noted. The herbaceous vegetation was
sampled for density in 1 x 1 m quadrat
nested in one comer of each of the 10
x 10 m quadrat. Further, the cover of her-
baceous vegetation was measured along a
line transact (Curtis and McIntosh, 1950).
This sampling was repeated for unplanted
control paddock of the year 1995. The pres-
ence of species in all these sampling units
was tabulated in order to arrive at the total
species richness per hectare. The data in
respect of woody perennials was subjected
to analysis of richness using Menhinicks
(1964) and Margalef’s (1958) index. Di-
versity was estimated using Simpson’s index
(Simpson, 1949), Hills diversity numbers
NI and N2 (Hill, 1973) and Shannon’s
index (H’) (Shannon and Weaver, 1949).
Evenness was calculated using Pielou’s
evenness index (Pielou, 1977), Sheldon’s
evenness index (Sheldon, 1969), Hill’s even-

-ness index (Hill, 1973) and Alatalo’s modi-

fied Hill’s ratio (Alatalo, 1981).
Results and Discussion

Species richness

Comparing total number of species in
each treatment revealed that the unplanted
control of year 1995 (UC) had the lowest
number of species, i.e., 15. The total species
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Table 1. Species richness in different rehabilitation plots at Kavas

VRES PC MC HM RF
RP-1** RP-4 RP-1 RP-4 RP-1 RP-4 RP-1 RP-4

Regenerated Annuals
Grasses 4 5 5 3 6 4 4
Legumes 0 2 3 2 3 1 1 2 2
Others 1 1 6 2 2 3 5 1
Total 5 8 11 14 8 9 8 13 7
Regenerated Perennials
Grasses 4 5 2 5 2 6
Legumes perennials 3 3 2 3 3 3
Other woody perennials 5 6
Total 10 11 10 14 11 12 11 14 15
Planted Perennials
Legume woody perennials - 4 6 5 3 5 5 6 5
Other woody perennials - 4 5 5 4 3 5 2 3
Total 0 8 11 10 7 8 10 8 8
Sedges - - - 1 - - - - =
Grand Total 15 o e T R R 30
*UPC = Unplanted control ** RP-1 = Rehabilitated plot 1 year ago
PC = Planted control RP-4 = Rehabilitated plot 4 years ago
MC = Micro-catchment
HM = Half moon terraces

richness increased by 33% in planted con-
trol (PC), 40% in half-moon (HM), 80%
in ridge furrows (RF) and 100% in mi-
crocatchment (MC) treatments of year 1995.
Much of this increase in species richness
has been in respect of annual grasses in
the same order (Table 1). There has been
an increase in perennials richness, again
in the same order but increase was not
as much as in annuals. The higher increase
in species richness after one year of pro-
tection and plantation in microcatchment
appears to be due to extensive soil working
and land shaping that exposes the buried
seed bank, as also the loosening of soil
that offers a favourable niche to air borne
propagules to germinate. Soil working is

comparatively less in ridge furrows and
still less in half moons and almost absent
in planted control. This resulted in appear-
ance of species like Euphorbia granulata,
Polygala erioptera in microcatchment and
ridge furrow only.

By and large, different annual species
appeared in different treatments. Strikingly,
annual legumes which appeared in all the
four treatments, were absent in the unplanted
control.

The richness of naturally regenerated
perennials also followed the same trend.
The increase in richness of perennials in
microcatchment was maximum, i.e., 50%
over unplanted control, followed by that
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The richness of annuals and perennials
showed different trends in four-year-old

The decline in annual species in RP-4 com-

plots (RP-4) after protection and plantation.
pared to RP

1 was maximum in ridge fur-

followed by that in micro-

)

rows (46.15%

(11.11%)

moons,

half-
and an increase of 37.57% in planted control.
The perennial species richness declined by

catchments (42.85%),
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showed opposite

trends. Richness of perennial grasses de-
clined in RP-4 by over 60% in all treatments

however,

over RP-1,

which showed an

except ridge furrows,

rich-

On the other hand,
ness of naturally regenerated woody per-

increase of 7.14%.

in planted

control, followed by 28.5% in half-moons

ennials increased by 33.3%

atchment, and a de-

in microc
cline of 10% in ridge furrows.

and 12.5%

regen-

When both perennials (naturally
erated and planted) and annual species were

4 over RP-1 was

maximum, i.e., 33.3% in microcatchment,
14.3% in ridge furrows, and no decline

in half-moon and an increase of 18% in
planted control (Fig. 1). These trends,
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Impact of these trends on diversity and
evenness were analysed for perennial vege-

Fig. 3. Evenness in different rehabilitation

plots at Kavas.
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tation because all planted species were per-
ennials.

Simpson’s index (), indicates concen-
tration of dominance. Lower the value of
A, better is the sharing of dominance by
many species. The naturally regenerated
vegetation had higher A than that of the
planted species in both RP-1 and RP-4,
and it declined when both naturally re-
generated and planted species were con-
sidered (Fig. 2). It thus, emerged that with
rehabilitation plantations, more species start
sharing the dominance. That most adaptive
will survive over time giving, dominance
to fewer species as is characteristic of
stressed habitats (Whittaker, 1965), is
proved by higher values of both natural
and planted woody perennials in RP-4 com-
pared to RP-1, except in ridge furrows.
This was also supported by Hills diversity
number N1 and N2 (Fig. 2). N1 indicated
abundant species and N2 the most abundant
species. Both N1 and N2 were less in
RP-4 than in RP-1, in case of both mi-
crocatchment and half-moon, indicating
fewer species becoming abundantly domi-
nant and hence higher. The N1 and N2
for RF and PC were more in RP-4 than
in RP-1, still indicating a response of initial
succession. The real clue, however, came
from the trend of evenness indices. Almost
all, E1 and ES decline in respect of mi-
crocatchment and half-moon and increase
in respect of ridge furrows and planted
controls (Fig. 3). But when natural species
and planted species were considered sepa-
rately, all the evenness indices showed de-
cline in RP-4 over RP-1 in all the treatments
except in half-moons (Fig. 3).

It is, therefore, inferred that total species
richness increased rapidly upon protection
and plantation. The increase was more in
respect of annuals, characteristic of early
succession. Ecologically, these were early
successionals which build organic matter
when they die at the end of season. The
maximum increase in richness in a treatment
was followed also by maximum decline
in that very treatment. The decline in rich-
ness is more in respect of annuals thus
providing ecological niche to perennials to
dominate, as was expected in succession
(Shankar and Kumar, 1988). This richness
of perennials especially of grasses continue
to increase in ridge furrows even after 4
years of plantation indicating an early
successional trends. This is also proved

by lower A, higher N1 and N2 and EI
teRES.

Over four years time, the richness of
perennials also increased in microcatch-
ment, half-moon and planted control. Con-
comitantly, instead of decline in A, and
increase in evenness, reverse trends were
observed. This indicated ecosystem nfaturity
that sets in mid successional populations,
especially in stressed habitats (Huston,
1980). The diversity of perennials in post
rehabilitation plot of rock phosphate mine
overburden in Dehradun has been reported
to be between 1.36 to 1.75 (Soni et al.,
1989) while in gypsum mining areas of
Kavas it ranged between 1.43 to 1.85 after
one year and 1.41 to 2.03 after four years
of rehabilitation. Considering less favour-
able rainfall and moisture conditions at
Kavas, than that at Dehradun, it can be
safely inferred that the rehabilitation at
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Kavas site had accelerated the process of
natural succession to such an extent that
even maturity trends were visible.
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