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JOSHI, M. 1995. Seasonal changes in species diversity, phytomass and net primary
production in a temperate grassland in Kumaun, Central Himalaya, India. Species
diversity, plant biomass and net primary productivity are presented for a temperate
grassland of Kumaun, Central Himalaya, India. The species diversity declined from a
maximum in September (2.5) to a minimum in December (1.7). The monthly live
shoot biomass exhibited a unimodel growth pattern with peak live shoot biomass of
278 g m-2 that was attained in September. The seasonal pattern showed that
maximum (84%) above-ground production occurred during the rainy season and
minimum (< 1%) during the winter season. The below-ground production was
maximum (52%) during the winter season and minimum (11%) during the summer
season. The annual net shoot production was 361 g m"'2 and total below-ground
production was 193gm2. Of the total input, 65% was chanelled to above-ground parts
and 36% to below-ground parts. Transfer of live shoots to dead shoots compartment
and dead shoots to litter compartment was 51% and 72% respectively. The total dry
matter disappearance was 48% of the total input within the annual cycle. The grassland
showed a net accumulation of surplus organic matter, indicating the serai nature of
this grassland.
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JOSHI, M. 1995. Perubahan bermusim pada kepelbagaian spesies, fitojisim dan
keluaran primer bersih dalam padang rumput beriklim sederhana di Kumaun, Himalaya
Tengah, India. Kepelbagaian spesies, biojisim tumbuhan dan daya pengeluaran
primer bersih dibentangkan untuk padang rumput beriklim sederhana di Himalaya
Tengah, India. Kepelbagaian spesies merosot dari maksimum pada bulan September
(2.5) ke tahap minimum pada bulan Disember (1.7). Biojisim pucuk hidup setiap
bulan mempamerkan pada pertumbuhan unimodel dengan sebanyak 278 g m-
biojisim dicapai pada puncak hidup di bulan September. Pola pertumbuhan
bermusim menunjukkan bahawa pengeluaran atas tanah yang maksimum (84%)
berlaku semasa musim hujan dan yang minimum (< 1%) berlaku semasa musim sejuk.
Pengeluaran bawah tanah yang maksimum (52%) berlaku semasa musim sejuk dan
yang minimum (11%) berlaku semasa musim panas. Pengeluaran pucuk bersih
tahunan sebanyak 361 g m"2 dan jumlah pengeluaran bawah tanah sebanyak 193 g
m"2. Dari keseluruhan input, 65% disalurkan pada bahagian-bahagian atas tanah dan
36% pada bahagian-bahagian bawah tanah. Pemindahan pucuk hidup ke bahagian
pucuk mati dan pucuk mati ke bahagian serap masing-masing sebanyak 51 % dan 72%.
Kehilangan jumlah jirim kering adalah sebanyak 48% daripada keseluruhan input
dalam kitaran tahunan. Padang rumput menunjukkan pengumpulan bersih jirim
organik berlebihan yang menunjukkan sifat sere padang rumput ini.

* Present address: G.B. Pant Institute of Himalayan Environment and Development, Kosi, Ahnora -
263 643, (U.P.), India
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Introduction

The vegetation in the Himalaya ranges from tropical dry deciduous forest in the
foot hills to alpine meadows (generally between 3000-4200 m elevation) above the
timber line. The grasslands below 3000 m elevation have resulted from extensive
clearing of natural forests due to cultivation, burning and heavy grazing pressure.
Such grasslands have developed around human settlements and their areas are
increasing with the receding forest boundaries (Joshi 1991). All these grasslands
constitute feeding grounds for livestock of the inhabitants of the adjacent villages.
The present study was undertaken to illustrate seasonal changes in species
diversity, biomass and net primary production in a temperate grassland in Kumaun,
Central Himalaya, India.

Study site

The study was conducted in Kumaun Central Himalaya, India (29° 27' to 29"
29'N and 79° 23'to 79° 25'E ) at an average elevation of 1800 m.

The soil of the study area (0-30 cm depth) was residual, shallow and sandy in
texture (sand 76%, silt 14% and clay 10%). Water holding capacity was 40%, bulk
density 1.21 g cm"3 and pH 5.9. Total nitrogen and organic carbon were 0.16% and
2.0% respectively (Joshi et al 1994a).

Climate

A meteorological station is located at an elevation of 2000 m near the study
area. Of the total annual rainfall of 2441 mm, more than 75% occur from mid-
June to mid-September. The mean daily maximum temperature varies from
12.5 °C (January) to 23.8 "C (May), and the mean minimum from 7.2 "C
(December) to 17.0 °C (June) (Figure 1). Depending on climatic variations, the
year is divisible into (1) a dry and warm summer season (March to May), (2) a wet
and warm rainy season (June to September), and (3) a dry and cold winter season
(October to February).

Materials and methods

A grassland of an area of 2 ha was secured for the study. For biomass estimation, the
herbaceous component was divided into the following compartments: live shoots,
dead shoots, litter and below ground live component. Then live shoot compart-
ment was separated species-wise. The shoot biomass was harvested as close to
the ground as possible from ten randomly selected 1 X 1 m plots at 30-day intervals
during September 1988 to September 1990, and no plot was harvested more than
once. Litter was collected from each harvested plot and was washed through
flotation. The samples were placed in perforated paper bags, brought to the
laboratory, oven-dried at 80 "C till constant weight and weighed. The below-



Journal of Tropical Forest Science 7(4): 521 -531 (1995)

ground plant material was collected from one monolith (25 X 25 X 30 cm) from
each harvested plot, subsequent to above-ground components. The monoliths
were brought to the laboratory and washed with a fine jet of water using 2 mm and
0.5 mm mesh screens. The samples were dried at 80 "C to constant weight and
weighed. Species diversity (H) was calculated on the basis of live shoots biomass
as described by Smith (1980), viz.

. H = 3.322 [log,,, N-( 1 /N I N. log,,, N.)]

Where N is the total shoot biomass and N. is the shoot biomass of species i,both
in g m"-.
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Figure 1. Climatic diagram (average of three years, i.e. 1988 -1990)
for the study area
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Net above-ground primary production (ANP) was determined as sum of
positive changes in above-ground biomass plus mortality (Singh & Yadava 1974).
Dry matter which had been produced and disappeared within a sampling interval
could not be estimated in the present study. Thus, the production estimate was
considered as minimum. The below-ground net production (BNP) was estimated
by summation of the positive changes in the below-ground biomass (Singh &
Yadava 1974). Difficulties and errors involved in the estimation of BNP are
discussed by several authors (Schuuroman & Goedewaagan 1964, Head 1970, Sims
& Singh 1978b).

Turnover rate of below-ground biomass was calculated using the formula as
proposed by Dahlman and Kucera (1965):

Turnover = Below-ground net production
Maximum below-ground biomass

Net accumulation and disappearance rates for dry matter were calculated only
for one year (September 1988 to September 1989).

Biomass values for September 1988 were taken as initial values. The rates were
calculated following Sing;h and Yadava (1974), and Sims and Singh (1978c) as
follows:

- Transfer of live shoots to dead shoots was calculated by summation of the
positive change in dead shoots on successive sampling date;

- Transfer of dead shoots to litter was calculated by summation of negative
changes in the dead shoots;

- Disappearance of litter (LD) was calculated as:
LD = (initial amount of litter + litter production) - (amount of litter at the

end);
- Disappearance of below-ground biomass (BD):

BD = (initial below-ground biomass) + (BNP) - (final belowground
biomass);

- Total disappearance (TD):
TD = LD + BD

Results

The data of September, December and April (Table 1) representing the rainy,
winter and summer seasons respectively indicated that during the rainy and
summer seasons, Cymbopogon distans (grass) was the dominant species with maxi-
mum density and IVI (Table 1). However, during the winter season, the grassland
was dominated by Dicliptera roxburghiana. The total density (individuals m~2) was
maximum (1235) in September and minimum (26) in December.



Table 1. Herbaceous vegetation in the rainy season, winter season and summer season
as analysed in September, December and April respectively

Rainy season Winter Season
(September) (December)

Growth forms/species

Tall forbs
Cmniotome furctita
Gnaphalium hypoleucum
Scutellaria angulosa
Swertia cardala

Short forbs
Dicliptera roxlrurghiana
Micromeria bijlora
Reinwardtia indica

Cushion and spreading forbs
Oxalis curniculata

Grasses and sedges
Arthraxon lanceolalns
Arundinella nepalensis
Chrysopogon serrulatus
Cymbopogon distans

Density
(individuals

nrs)

1.6
2.4
6.0
0.8

2.8
11.2
2.0

2.0

68.8
16.8

456.0
664.8

IVI* Density IVI*
(individuals

m--')

8.1
9.0 0.8 14.4

12.6 3.2 60.2
8.6

13.5 7.2 97.9
14.9 12.4 81.6
10.7 2.0 47.8

7.7 • -

21.8
10.5
79.2

103.4

Summer season
(April)

Density IVI*
(individuals

m")

-
-

6.0 39.2

15.6 54.3
16.0 41.6
2.8 14.7

-

-

9.4 67.4
16.4 82.5

8
3a

: Importance value index

ND
O'
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Biomass and production

The monthly biomass of live shoots, dead shoots, litter and below-ground
compartments is illustrated in Figure 2. Analysis of variance (ANOVA) (Snedecor
& Cochran 1975) indicated significant differences in the biomass of live shoot, dead
shoot, litter and below-ground component between months (p < 0.01 in all cases)
but not between the years. The following description on biomass and productivity
is based on the average of two years.

300 n

100-

S O N D J F M A M J J A
Months,

Figure 2. Monthly biomass of different above and below-ground
compartments during the study period. Vertical bars

represents ± 1 SE

The biomass of live shoots ranged from 15 to 278 g nrL> in different months.
The live shoot biomass decreased from September (peak) to January (minimum)
whereafter it increased gradually during the summer season and then rapidly
with the commencement of the rainy season.
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The amount of live shoots biomass was positively related to monthly rainfall and
temperature as follows:

y, = 57.142 + 0.282 x, (r = 0.719, p < 0.01)
y, = -120.273+ 15.020 x, (r = 0.633, p < 0.05)

Where y, and y9 are the live shoot biomass (g m~2); and x, and x2 are the monthly
rainfall (mm) and temperature in ("C) respectively.

The dead shoot biomass ranged from 24 to 167 g m'-. The dead shoot biomass
increased from September to attain peak in November, thereafter it declined
continuously in subsequent months.

The litter biomass ranged from 21 to 56 g m"2. The litter biomass increased
continuously from September to March and declined in subsequent months.

It is apparent from the foregoing that the above-ground biomass structure
continuously changes with the change in season. During winter and early summer
biomass production was primarily of dead tissues, and during rainy season from
June to September, of live tissues.

The below-ground biomass ranged from 153 to 308 g m"2. The minimum value
was found in March and maximum in November. The below-ground biomass
increased from September to November whereafter it decreased until March, and
increased again in subsequent months.

The above-ground net primary production was 361 g m"2. The seasonal pattern
showed that maximum production occurred during the rainy season (84%) and
minimum during the winter season (<1%) (Table 2). The total net below-ground
production was 193 g m"2. Maximum root production occurred in the winter
season (52%) and minimum in the summer season (11%). Below-ground produc-
tion contributed about 35% to the total net production of 554 g m"2 in this grass-
land (Table 2).

Table 2. Seasonal above-ground net production (ANP), below-ground net production
(BNP) and total net production (TNP). All the values are in g m2 and the values

in parentheses are per cent of total annual

Season
Above-ground net

production
(ANP)

Below-ground net
production

(BNP)

Total net
production

(TNP)

Rainy 301.2 71.2 372.4
dune-September) (84) (37) (67)

Winter 1.0 100.6 101.6
(October-February) (0.3) (52) (18)

Summer 58.9 21.6 80.5
(March-May) (16) (11) (15)

Annual 361.1 193.4 554.5

ANP, BNP and TNP are significantly different (p<0.01) in the rainy season from the summer
and winter seasons.
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Discussion

Though individual species varied in growth phenologies, their cumulative effects
resulted in an increase of community biomass from january to September. In most
herbs, growth began in June with the advent of monsoon rains. That explains why
most increment in biomass of the community was during the rainy season, when
temperature was optimal (the mean monthly temperature being 18 - 23 °C) and,
more importantly, soil was consistantly moist. The decline in temperature and soil
moisture brought about a cessation in new growth and gradual decline in the live
shoot biomass during winter months.

The botanical composition of the community biomass changed as the growing
season advanced (Table 3). The number of species and plant diversity declined
from maximum in September to minimum in December (Table 3). Most of the
species in this grassland commence and complete their growth cycle during the
rainy season (Joshi et al. 1994 b). A large number of species contributed signi-
ficantly to shoot biomass. If the definition of dominants is arbitrarily narrowed
down to species contributing > 1% to total above-ground production, then the
number of dominants would be 11 for the present grassland. Kumar and Joshi
(1972) recorded 12 to 18 such dominants in a semi-arid grassland, and Singh and
Yadava (1974) found 17 dominants in a dry sub-humid tropical grassland at
Kurukshetra. Ram et al. (1988) and Sah and Ram (1989) have reported 14 and 12
species respectively from temperate grasslands of India.

Table 3. Live shoot biomass of different growth forms as per cent of community biomass,
number of species and species diversity in rainy season, winter season and summer

season as measured in September, December and April respectively

Rainy season Winter season
(September) (December)

Tall forbs
Short forbs
Cushion and spreading frobs
Grasses and sedges
Number of species
Species diversity

9 24
10 76

1
81
12 5
2.5 1.7

Summer season
(April)

13
17

70
6
1.9

The peak growth rate of net accumulation in live shoot biomass is an index of
net photosynthetic efficiency of vegetation under given environmental condition
(Ram et al. 1989); it also indicates when optimum growing conditions occur at
various sites (Sims & Singh 1978a). In the tropical grasslands of India the peak
growth rates may be as high as 14 -15 g m"2 day ' occurring towards the end of the
monsoon season in September (Singh & Yadava 1974, Gupta & Singh 1982b). The
peak growth rate of live shoot biomass (2.4 g m"2 day"1) in the present grassland
is within the range (1.2 to 6.5 g m~2 day "2) given by Sims and Singh (1978a) for
various temperate grasslands of the Western North America.
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The accumulation of biomass in below-ground parts showed a bi-modal pattern
of growth and a second peak in November. Such bi-modal patterns of below-ground
biomass have also been reported by Singh and Krishnamurthy (1981) and Sah and
Ram (1989) from different Indian grasslands. The turnover of below-ground
biomass in the present grassland is rather rapid with as much as 62% of below-
ground biomass being replaced each year.

There is a wide range of the above-ground production in the temperate
grasslands and the values range from 51 to 679 g rrr2 (Sims & Singh 1978b, Singh
etal 1983). The estimated value of above-ground production in the present study
(361 g m^) is within this range, and lower than the value (1184 g mr2) reported by
Sah and Ram (1989) for a temperate grassland of Central Himalaya. The above-
ground production in this study was higher than the below-ground production,
and it was higher than the values reported by Kumar and Joshi (1972) and Sah and
Ram (1989) for alpine and semi-arid grasslands respectively, and lower than the

. values reported for a tropical grassland (Singh & Yadava 1974).

Figure 3. Diagram depicting net dry matter flow through diferent compartments.
Number in boxes are the mean standing crop (g m-2 y '); number in circle

are total net primary production and disappearance; number
on the arrows are net flux rates in g m - day"'

The net accumulation and disappearance of dry matter in the present grass-
land are shown in Figure 3. The season-long mean biomass values of live shoots,
dead shoots, litter and below-ground parts are given in boxes. The net flux rates are
indicated on arrows. Of the total input of 1.52 g m2 day -' into the system, about
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65% was chanelled to the above-ground parts and 35% to the below-ground parts.
Transfer of live shoots into dead shoots compartment and that of dead shoots to
litter compartment was 51% and 72% respectively. The rate of disappearance
of litter was 33 g m-2 day-1 (i.e. 92% of the litter input) and that of below-ground
was 0.40 gm-2 day-1 (100% of the BNP). The sum of these values, which represents
the total output, was 0.73 g m-2 day-1, which was 48% of the total input (TNP). Thus
the present grassland showed a net accumulation of surplus organic matter,
indicating the serai nature of the grassland. This situtation is similar to the
successional tropical grassland described by Gupta and Singh (1982a, b), where
accumulation of surplus organic matter which could result in the advancement of
the serai grassland to woodland condition is rather massive.
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