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ABSTRACT

We studied  tree species richness, diversity, community composition and biomass densities on farmland and forest sites of Kosi

watershed, Kumaun Himalaya. For phytosociological analysis, sampling quadrats (n=60) of 10 x10 m size were randomly placed

in three farmlands and three forest sites of the watershed. On farmlands, Quercus leucotrichophora was the dominant tree species

with the highest IVI of 83.13 followed by Grewia optiva (76.09). On the forest sites, IVI ranged from 11.89 (Cupressus torulosa)

to 145.36 (Pinus roxburghii). Tree density (N ha ) ranged from 460 ± 25 to 510 ± 23 and 720 ± 34 to 860 ± 56 under farmlands-1

and forest sites, respectively. Species richness varied from 13-14 and 06-10 in farmlands and forests, respectively. Tree species

diversity (Shannon diversity index) ranged between 2.10 to 2.40 and 1.51 to 1.95 under farmland and forest sites, respectively.

Biomass densities (Mg ha ) of tree species varied from 156.79 to 161.14 in farmlands while 208.93 to 639.29 in forest sites.-1

Practicing agroforestry i.e. growing trees in farmlands can be a useful strategy for biodiversity conservation as the species diversity

was comparatively higher under farmlands.
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INTRODUCTION

Biodiversity conservation has been established as an
important and urgent environmental goal in recent
decades as diverse species ensures natural sustainability
for all life forms. During recent period, mountains are
receiving priority for biodiversity conservation due to
their exclusive and inimitable diversity of flora and
fauna. There is a great diversity in the floristic pattern of
Himalayan region due to altitudinal variation and rainfall
(Arora 1995, Zhang et al. 2006). The mountain eco-
system is very fragile with biodiversity and vegetative
cover threatened by various drivers such as increase in
anthropogenic activities, habitat loss, overexploitation of

natural resources, invasive alien species, pollution, agricul-
tural expansion into forest lands and climate change
(Kumar and Ram 2005, Xu et al. 2009, Tse-ring et al.
2010, Rashid and Romshoo 2013). Further, vegetation
diversity of Himalaya is influenced by topography, soil,
climate and geographical location of the region. To
achieve the goal of sustainable development in
Himalayan region, conservation of biodiversity is
prerequisite as it offers food, shelter and other ecosystem
services for humanity. Apart from ex-situ and In-situ
biodiversity conservation strategies involvement of local
communities in such programmes can be beneficial on
account of their traditional knowledge and rich
experience about local culture and environment.
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In the Kumaun Himalya, traditionally farmers
maintain naturally regenerating tree species (e.g.,
Bauhinia variegata, Grewia optiva, Mangifera indica,
Quercus spp.) on the edges of crop fields to meet their
requirements of firewood, fodder and fruits. This system
is well known as indigenous agroforestry system (Ram
and Singh 1996). Agroforestry, as practiced in the
Kumaun Himalaya, is a typical example of land sharing.
This type of landscape is globally common and covers
more than half of the global agricultural land (Nair 1993,
Zomer et al. 2009). Agroforestry practices have wide and
promising potential to enhance soil fertility, reduce
erosion, improve water quality, sequester carbon,
enhance biodiversity and increase aesthetics (Garrett and
McGraw 2000, Garrity 2004, Acharya 2006, Williams-
Guille´n et al. 2008, Nair et al. 2009, Yadava 2010). 

Inspite of significant impact of agroforestry on
Indian economy, natural resources and environment, it
has not become as popular among farmers as it should
have been. Various experiments and trials are being
conducted all over the country to evolve suitable
agroforestry models for specific site condition of right
species for specific locality, their socio-economic
feasibility and adaption by farmers. Adoption of a
system or a variant combination system will depend on
the resource base of the farmer, given agro-climatic
conditions and returns from the system as compared to 

other options. Traditional agroforestry plays a funda-
mental role in livelihood support for the farmers of
Kumaun Himalaya. Therefore, agroforestry system could
have a favoured place among other rural development
programmes. The present study makes a quantitative
analysis of variations in species richness, diversity,
Importance Value Index (IVI) and biomass production of
agroforestry and forest tree species in different elevation
(800-1750 m) of Kumaun Himalaya.

STUDY AREA

The study was conducted during 2015 in the three
representative farmlands and forest stands viz. Dabra-
Saonral (Site 1), Dhaniyakot (Site 2) and Kantli (Site 3)
of Kosi watershed, Kumaun Himalaya located between
elevations of 800-1800 m (Figure 1). Total area of the
watershed was 1868 km  and characteristic features of2

the study sites are given in Table 1. Climatically, the
watershed fall under sub-tropical zone following the
Koppen (1900) classification. The watershed has three
main seasons; summer (April-June), rainy (July-
September) and winter (November-February). During the
study period annual air temperature ranged from a
maximum of 32.1 C (June) to minimum -0.8 C° °

(January) and the mean annual temperature was approxi-

Figure 1. Location map of the study sites 
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Figure 2. Precipitation and temperature conditions in Kosi watershed

Table 1. Characteristics of the study sites

Parameters Site 1 Site 2 Site 3

Latitude (N) 29 32336½ 29 29331½ 29 50355½o o o

Longitude (E) 79 13331½ 79 26357½ 79 33357½o o o

Altitude (m) 839 1064 1750

Agricultural land area (ha)   44.8    63.1   38.7

Distance from nearest forest (km)   06    04   03

Total household (HH) 100 212 117

Agroforestry practicing HH (%)   51    57   54

Livestock population 223 370 136

Figure 3. A view of a farmland (Site 2) with trees, settlement and

agricultural fields 

Figure 4. A view of a forest (Site 2) dominated with Pinus roxburghii 

mately 18 C. Rainfall varies from 3 mm (November) to°

287 mm (August) across the year (Figure 2). The
farmland of the study sites consists of settlements, crop
fields, and trees on private land (Figure 3). The forest
sites of the study area have mixed vegetation with
dominance of  different species; for instance, site-1 was
dominated with Shorea robusta whereas site 2 and site
3 were dominated with P. roxburghii (Figure 4). Agri-
culture is the prime occupation of majority of the
population residing in the study area.  More than 50 %
households have maintained tree species in their
farmlands like G. optiva, Ficus glomerata, Phoenix
sylvestris, Mangifera indica, Q. leucotrichophora, Q.
glauca, etc., to meet their needs such as fodder, fuel-
wood, fruits, etc.

METHODS

Sixty 10 x 10 m size quadrats were placed randomly in
the farmland and forest of the study sites. Within each
sampling quadrat, tree cbh (circumference at breast
height, 1.37 m above ground level) was measured and
species number was recorded.  The individuals were
categorized into trees (cbh > 31.5 cm), saplings (10.5 -
31.5 cm cbh) and seedlings (< 10.5 cm cbh) following
Knight 1963. The importance value index (IVI) of tree
species was calculated following Curtis and McIntosh
(1950). Shannon diversity index (H) was calculated
using formula given by Shannon and Wiener (1963).
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iwhere S = number of species; P  = Proportion of
individuals or abundance of the i species expressed asth 

a proportion of total cover; and ln = log base n.
Concentration of dominance (Cd) was calculated

following Simpson (1949). Evenness (E) was calculated
using formula given by Pielou (1966).

E= H/ln S

where, H= Shannon-wiener index, S= species richness
Biomass of the tree species was estimated using

allometric equation in the form of 

       Y = a + b Ln X

where, Y= dry weight of component (kg); X= mean cbh 
(cm); a= intercept and b= slope and Ln is natural log.

`Regression equations for each species were used
following Singh and Singh (1992). The biomass of the
tree species includes bole, branch, twig, leaf, stump root,
lateral root and fine root. Regeneration pattern was
assessed following Shankar (2001).

RESULTS AND DISCUSSION

Density, Species Richness and Diversity

Tree density (N ha ) ranged from 460 ± 25 to 510 ± 23-1

and 720 ± 34 to 860 ± 56 in studied farmlands and forest
sites of the watershed respectively.  Sapling density
ranged between 120 to 260 saplings ha in farmlands and-1 

440 to 600 saplings ha in forestswhile seedling density-1  

ranged between 11 to 20 seedlings ha  in farmlands and-1

520-690 seedlings ha  in forests. Total basal area (m-1 2

ha ) of the tree species varied from 31.55 to 140.54!1

under farmland while it was 19.21 to 91.32 across the
forest sites, respectively. Species richness varied from
13-14 and 06-10 in farmlands and forest sites,
respectively. Species evenness was found to be ranging
from 0.91-1.05 and 0.65-0.85 in farmlands and forest
sites, respectively. The value of Shannon- Wiener
diversity index ranged 2.10 to 2. 43 and 1.51 to 1.95 in
farmland and forest sites, respectively. Concentration of
dominance (Cd) ranged between 0.10 and 0.16 under
farmlands while Cd varied from 0.19 to 0.29 in forest
sites. The regeneration status was poor under all the
farmlands while it was fair in various studied forest sites
(Table 2).

Dominance of Tree Species (IVI)

Under studied farmlands, IVI ranged from 6.46 (Ficus
palmata) to 76.09 (Grewia optiva), 9.27 (Celtis
australis) to 47.67 (Mangifera indica) and 9.51 (Prunus
persica) to 83.13 (Q. leucotrichophora) at site-1, site-2
and site-3, respectively (Figure 5). Across the studied
forest sites, Shorea robusta was the dominant tree
species with highest IVI of 106.04 followed by
Mangifera indica (46.88) at site-1, while at site-2 and
site-3 P. roxburghii was recorded as the dominant tree
species with the highest IVI of 125.79 and 145.36,
respectively (Figure 6).

Biomass of Tree Species

Under the studied farmlands, total biomass densities (Mg
ha ) of tree species varied from 156.79 to 161.14. At-1

site-1, maximum biomass (Mg ha ) was estimated for-1

Boehmeria rugulosa (69.12) followed by Ficus
glomerata (31.14) and minimum for Ficus palmata
(0.45). At site-2 and site-3, maximum biomass (Mg ha )-1

was estimated for Mangifera indica (38.95) and Quercus
leucotrichophora (79.51), respectively. In the forest
sites, total biomass densities ranged from 208.93 to
639.29 Mg ha . At forest site-1, maximum biomass was-1

estimated for Shorea robusta 559.34 Mg ha  followed-1

by Mangifera indica (20.02 Mg ha )  and minimum for-1

Melia azedarach (5.48 Mg ha ). At forest site-2 Pinus-1

roxburghii had the maximum biomass (135.64 Mg ha )-1

followed by Pyrus pashia (17.24 Mg ha ) and minimum-1

biomass was estimated for Eucalyptus tereticornis (2.01
Mg ha ). At forest site-3 tree species biomass (Mg ha )-1 -1

ranged from 3.24 (Myrica esculenta) to 153.55 (Pinus
roxburghii) (Table 3).

Growing naturally regenerating tree species along
the edges of agricultural field is an age-old practice in
the Indian Himalayan region. Like other parts of the
Himalaya, in Kosi watershed of Kumaun Himalaya,
farmers have maintained tree species on edges and
boundaries of terraced agricultural fields under lower
density. Agroforestry is one of the sustainable appro-
aches to land-use management where both agriculture
and forestry combine into an integrated production
system to get maximum benefits (Kidd and Pimentel
1992, Nair 1998, Bammanahalli et al. 2016). There are
a variety of multipurpose tree species grown and
managed for subsistence requirement of local commu-
nities (Vishvakarma et al. 1998, Maikhuri et al. 2000)
such as fuelwood, fodder, timber, fiber, fruits etc.
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Table 2.Population structure and diversity indices in farmland and forest sites of Kosi watershed

Parameters                    Farmland Forest

Site 1 Site 2 Site 3 Site 1 Site 2 Site 3

Tree density (N ha ) 460 ± 25 470 ± 33 510 ± 23 860 ± 56 720 ± 34 810 ± 44!1

Sapling density (N ha ) 120 ± 23 200 ± 38 260 ± 26 440 ± 42 570 ± 28 600 ± 32!1

Seedling density (N ha ) 20 ± 02 15 ± 05 11 ± 03 690 ± 30 540 ± 12 520 ± 40!1

Total basal area (cover m  ha ) 140.54 40.16 31.55 91.32 30.11 19.212 !1

Species richness 13 13 14 09 10 06

Species evenness (E) 0.91 1.05 1.04 0.85 0.84 0.65

Shannon (H) 2.10 2.43 2.40 1.95 1.94 1.51

Dominance (Cd) 0.16 0.10 0.12 0.19 0.21 0.29

Regeneration status Poor Poor Poor Fair Fair Fair

Figure 5. Importance value index of tree species under farmlands of Kosi watershed

Figure 6. Importance value index of tree species in forests of Kosi watershed
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Table 3. Biomass densities (Mg ha ) of tree species in various studied farmlands and forest sites-1

Species       Family               Farmland                     Forest

Site 1 Site 2 Site 3 Site 1 Site 2 Site 3

Bauhinia variegata L. Caesalpiniaceae 01.42 11.71 S S S S

Bixa orellana L. Bixaceae S S S 5.89 S S

Boehmeria rugulosa Wedd. Urticaceae 69.12 S S 12.60 S S

Bombax ceiba L. Bombacaceae S 5.99 S S S S

Carica papaya L. Caricaceae 1.74 S S S S S

Cassia fistula L. Fabaceae S S S 7.88 S S

Celtis australis L. Cannabaceae S 2.32 7.07 S S S

Citrus limon L. Rutaceae S S 5.36 S S S

C. medica L. Rutaceae S S 6.70 S S S

Cupressus torulosa D.Don Cupressaceae S S S S 15.37 S

Debregeasia longifolia Wedd. Urticaceae S S S S S 7.06

Eucalyptus tereticornis Sm. Myrtaceae S S S S 2.01 S

Excoecaria acerifolia Didr. Euphorbiaceae S S 4.73 S S S

Ficus clavata Will. ex Miq. Moraceae 2.50 S S S S S

F. glomerata Roxb. Moraceae 31.14 S S S S S

F. palmata Forssk. Moraceae 0.45 3.39 3.44 S S S

F. roxburghii Wall. Moraceae 2.38 S S S S S

Grewia optiva J.R.Drumm. ex Burret Tiliaceae 30.40 30.57 8.63 S 8.31 S

Jacaranda mimosifolia D.Don Bignoniaceae S S 2.85 S S S

Juglans regia L. Juglandaceae S S 2.32 S S S

Lyonia ovalifolia (Wall.) Drude Ericaceae S S S S S 30.14

Mangifera indica L. Anacardiaceae 12.46 38.95 S 20.02 S S

Melia azedarach L. Meliaceae S 9.79 S 5.48 S S

Morus alba L. Moraceae S S 8.89 S 4.35 S

Myrica esculenta D. Don Myricaceae S S S S 5.91 3.24

Phoenix sylvestris (L.) Roxb. Arecaceae S 27.64 S S S S

Pinus roxburghii Sarg. Pinaceae S S S 6.83 135.64 153.55

Prunus armeniaca L. Rosaceae S 6.65 S S S S

P.cerasoides D.Don Rosaceae S S 10.80 S 6.33 S

P. persica (L.) Batsch Rosaceae S 6.60 2.28 S S S

Psidium guajava L. Myrtaceae 3.75 2.65 S S S S

Punica granatum L. Punicaceae 0.63 S S S S S

Pyrus pashia L. Rosaceae S 4.55 S S 17.24 12.39

Quercus glauca Thunb. Fagaceae S S 16.79 S S S

Q. leucotrichophora A. Camus Fagaceae S S 79.51 S 9.04 S

Rhododendron arboreum Sm. Ericaceae S S 1.76 S S 9.32

Schleichera oleosa (Lour.) Merr. Sapindaceae 0.79 S S S S S

Shorea robusta Roth Dipterocarpaceae S S S 559.34 S S

Syzygium cumini (L.) Skeels. Myrtaceae S S S 6.20 4.75 S

Toona ciliata M. Roem. Meliaceae S 7.73 S 15.05 S S

Total 156.79 158.54 161.14 639.29 208.93 215.70

Studies indicate one important attribute of indigenous
AF system is to reduce pressure from the natural forest
(Vishvakarma et al. 1998, Singh and Lodhiyal 2009).
The vegetation characteristic shows dominance of one or
more species in the forests. At higher and middle altitude

zone of Kosi watershed, forests were dominated by
Pinus roxburghii while at lower altitude Shorea robusta
was the dominant tree species. Sharma and Tiwari
(2014) recorded Pinus roxburghii was the dominant tree
species in the forest of central Himalaya between an
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altitude of 800-2000 m and below 1000 m Shorea
robusta was limited in patches over the Sivalik hills.
Total tree density varied from 460-510 trees ha  on-1

farmlands and 720-860 trees ha  in forests of Kosi–1

watershed. Reported tree density of central Himalayan
region by several researchers (Singh et al. 1994, Semwal
2006, Singh et al. 2014) varied from 250 tree ha  to–1

2070 trees ha . In the present study, the value of total–1

basal area of different species under farmlands and
forests were lies between 31.55–140.54 m ha and2 –1 

19.21–91.32 m ha , respectively. It was little higher2 –1

than reported TBA for this region. The tree basal area for
several Central Himalayan forest was reported in the
ranged of 16.6–69.5 m ha (Saxana and Singh 1982,2 –1 

Tewari 1982).
Different studies on the temperate forests revealed

that the tree richness ranged from 3–43 species (Baduni
and Sharma 1996, Rikhari et al. 1997, Ghildiyal et al.
1998) which is comparable to the present study. Rawat
et al. (2010) in Lahaul velly of Himanchal Pradesh
recorded species richness were higher under agroforestry
system as compare to forest that support the present
study. Samant (2007) reported that high richness may be
due to diverse habitats and suitable edaphic and climatic
factors supporting growth and survival of the species.
Lower values of Cd were recorded under AF system as
compare to forest by Rawat et al. (2010). Whittaker
(1965) and Risser and Rice (1971) reported concen-
tration of dominance for tree layer in the range of
0.10–0.99 for temperate forests. Saxena and Singh
(1982) and Tiwari and Singh (1985) reported the value
of 0.11 to 1.00 for different forest in the Kumaun
Himalaya. Species diversity under farmlands and forest
system are comparable with values reported for most of
the low elevation Central Himalayan forest (0.33 – 2.95)
by Saxena and Singh (1982), Upreti et al. (1985), Bargali
et al. (1987), Tripathi et al. (1987) and Rikhari et al.
(1989). Monk (1967) and Risser and Rice (1971)
obtained 2–3 as the highest values for species diversity
of temperate forest. Species diversity was higher in
farmlands and low in forests of all the study sites. Rawat
et al. (2010) and Sharma and Vetaas (2015) also
observed more species diversity under AF system than
forest at Lahaul valley of HP and mid-hills of central
Nepal, respectively. For forests, the value of evenness
was 0.65 to 0.85. These values were more or less similar
to the values (0.73–0.85) reported by Holmes (2008) for
riparian areas of North-eastern Ohio. Evenness value was
recorded 0.69–0.81 by Burton et al. (2005) for riparian
woody plant diversity and forest structure along an urban

rural gradient. In the present study, evenness under
farmlands ranged from 0.91 to 1.04 which is higher than
the forest.

Higher biomass in all the forest sites can be
attributed to greater density of tree species in forests as
compared to farmlands. However, total basal area of
trees was higher in farmlands. Biomass distribution
pattern might be dependent on species richness, diversity
and age of the stands (Singh and Ramakrishnan 1982,
Mishra and Ramakrishnan 1983). In general, biomass
production in agroforestry or forest ecosystems is species
specific as well as growth performance (Gairola et al.
1990). The value of forest biomass has been noted to
remain high (500-600 mg ha ) upto 2600 m altitude,–1

with gradual decline with increasing altitude (Singh et al.
1994, Garkoti and Singh 1995, Gairola et al. 2011,
Sharma et al. 2016). Some species may produce better
biomass in wide growth ranges while some may be site
specific for better biomass production (Maikhuri et al.
2000). Moreover, biomass production in early succes-
sional species has been noted to be greater than that of
late successional tree species (Shukla and Ramakrishnan
1984). In agroforestry, potentially higher basal area
could be due to capture of more growth resources i. e.
light, water and nutrients applied to improved soil
fertility. Several studies (Srivastava and pant 1979,
Shekhawat et al. 1988, Tokey 1997) conducted in
different parts of India suggested that agroforestry is
more profitable to farmers than agriculture or forestry for
a particular area of land.

CONCLUSION

The study reflects that practicing agroforestry i.e.
growing trees in farmlands can be a useful strategy for
biodiversity conservation in the central Himalayan
region as the species diversity was comparatively higher
under farmlands. Grewia optiva was the most successful
tree species under AF system of this region. However,
selection of tree species is site specific and higher bio-
mass can be obtained if grown in suitable climatic zones.
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