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Abstract 

Our objective to observed the crop composition of pasture based agroforestry systems and their influence 

on biomass production in North-Western Himalaya under Sirmaur district of H.P. The study area had 

four prevailing pasture based agroforestry systems viz. agri-silvi-pasture, silvi-pasture, pastoral-

silviculture and pastoral-silvi-horticulture system at three altitudinal zones representing three categories 

of farmers. The results showed that maximum above ground biomass (23.01 t ha-1) and below ground 

biomass (6.63 t ha-1) were accumulated by silvi-pasture (SP) system under zone I. Medium farmers 

category recorded highest biomass production as compare to marginal and small farmers categories due 

to better management of tress and pastures. 
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Introduction 

Agroforestry is one of the potential options to increase yields, productivity, food security, and 

resilience. The role of agroforestry in improving and maintaining soil productivity and 

sustainability is well documented (Shibu 2009) [44]. As are the positive effects on nitrogen in 

the soils in the tropics (e.g. Nair and Latt, 1997; Young, 1997; Buck et al., 1998; Schroth and 

Sinclair, 2003) [30, 49, 2, 41]. And water infiltration into the soil (Nyamadzawo et al., 2008) [34]. 

Agroforestry also contributed to increase biomass and ultimately carbon sequestration to 

overcome Global warming. Globally the number of people practicing agroforestry is estimated 

at 1.2 billion (Dawson et al., 2013) [8]. 

The deliberate introduction of trees into agricultural or pasture lands, in an agroforestry format 

(low density of trees with crops and/or animals), has resulted in diversified products and 

ecosystem services (Jose 2009; Nair 2011) [18, 28]. These ecosystem services are derived mainly 

as a result of integrating the perennial tree component into the agro-ecosystems (Thevathasan 

et al. 2014) [46]. Agroforestry systems have the potential to combine agricultural production, 

the supply of woody biomass and the provision of numerous environmental services, such as 

carbon storage, conservation of biodiversity and soil protection (Jose 2009) [18]. Aboveground 

woody biomass playsa decisive role considering the economic value of the agroforestry 

systems as well as the carbon storage (Huber et al. 2014) [14]. 

One of the commodities in agroforestry is well suited to producing is biomass for bio-power 

and bio-fuels (Jose et al. 2012) [18]. Vegetation biomass is a crucial variable for understanding 

the potential future changes of the climate system. Depending on the quantity of biomass, 

vegetation cover can have a direct influence on local, regional, and even global climate, 

particularly on air temperature and humidity (Bombelli et al. 2009) [3]. Biomass and carbon 

storage in forest ecosystems play an important role in the global carbon cycle (Li et al. 2013; 

Zhao et al. 2014) [23, 50]. Soil carbon, whereas, depends on the aboveground input received from 

plant litter and on the decomposition of fine roots belowground (Rasse et al. 2006) [39]. The 

aboveground tree biomass and belowground root biomass both need to be assessed to enable 

better estimations of total carbon (Hamburg 2000) [13]. 

The incorporation of trees or shrubs on farms or pastures can increase the amount of biomass 

compared to a monoculture field of crop plants or pasture (Sharrow and Ismail 2004; Iirby and 

Potvin 2007) [42, 15]. In addition to the significant amount of aboveground biomass, agroforestry 

systems can also store belowground biomass. Several other factors such as quality of C input, 

climate, and soil physical and chemical properties further determine the rate of decomposition 

and thus stabilization of soil organic carbon in a particular ecosystem. Since modernization of 

agriculture in the 19th-century, soil carbon pool has gradually depleted because of several  
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Factors such as deforestation, intensive cropping and biomass 

removal, soil erosion, and unsustainable agricultural practices. 

Most of the decline in soil organic matter has been observed 

in regions under intensive crop production such as continuous 

row cropping or monocropping. Depletion of soil carbon has 

been documented to result in decreased productivity, poor soil 

physical and chemical proper- ties, and negative secondary 

environmental impacts. It has been well documented that 

conversion of degraded agricultural soils into agroforestry 

systems can rebuild soil productivity. 

Biomass assessment is important for national development 

planning as well as for scientific studies of ecosystem 

productivity (Pandey et al. 2010) [36]. In the agroforestry 

systems the amount of biomass stored is determined by the 

structure and function of systems which to a great extent, are 

determined by vegetation pattern viz. tree species and system 

management (Albrecht & Kandji 2003; Pandey et al. 2010; 

Rajput et al. 2015) [1, 36, 38]. 

Himalayan region has a long custom of pasure land under 

agroforestry system, based on people’s needs and site-specific 

distinctiveness numerous native agroforestry systems have 

been developed over the years (Chinnamani 1993; Yadav & 

Bisht 2014) [6, 48]. The vast potential of smallholder 

agroforestry system for biomass storage remains 

underexploited and proper utilization, management and 

innovative policies can make this an effective approach for 

carbon sink besides fulfilling the diverse needs of rural 

livelihoods (Nath & Das 2012; Yadav & Bisht 2013) [31, 47]. 

Therefore, the present study was designed to estimate crop 

composition of agroforestry system and their role in above 

ground as well as below ground biomass production in 

identified pasture based agroforestry systems in the North-

Western Himalaya. 

 

Material and Methods 

The study was carried out in Sirmaur district of H.P., bounded 

by latitude 30°22'30"–31°01'20"N and longitude 77° 01'12"–

77°49'40"E having elevation range from < 1000 m to >2000 

m in Sirmaur district of North West Himalaya (Himachal 

Pradesh), India. The climate of Sirmaur district is sub-tropical 

to temperate depending upon the elevation. Three major 

seasons that is the winter season extends from November to 

February, summer season from March to June followed by the 

monsoon period extending from July to September end. 

Maximum precipitation in the form of rain occurs during July 

to September. Average annual rainfall in the district is about 

1405 mm, out of which 90% occurs during monsoon season. 

In the non-monsoon season precipitation as snowfall also 

occurs in the higher reaches above 1500 m. During winter 

period rainfall also occurs in lower hills and valleys parts. 

Mean maximum and minimum temperature of 30°C and 

below 0°C respectively. 

The entire study area was delineated into three altitudinal 

zones viz. Z1 (<1000 m), Z2 (1000– 2000 m) and Z3 (>2000 

m), in each zone, four sites (approximately) were selected for 

identification of agroforestry systems, sampling of crops and 

measurement of trees. All the four sites in each elevation zone 

were surveyed. In total, 180 households according to farmer’s 

category representing 12 panchayats were surveyed. Out of 

180 households, 60 was marginal category (< 1 ha), 60 was 

small category (1-2 ha) and 60 was medium category (2-5 ha). 

In each altitudinal range, three agroforestry systems viz. agri-

silviculture, agri-horticulture and agri-silvi-horticulture were 

selected. This experiment was laid out as randomized block 

design (factorial experiment).  

 

Estimation of vegetation biomass  

The grasses biomass was harvested by laying out quadrat of 

size 50 cm × 50 cm. The soil was gently removed by tapping. 

Roots of different species were segregated and stored in 

different paper bags. All plant samples were oven dried at 

70°C till a constant weight was achieved. The dried samples 

of root and shoot of each species were weighed to determine 

aboveground and belowground biomass of each species. 

The estimation of above ground tree biomass was done by 

non-destructive method using local volume equation 

developed by (FSI 1996) [9]. For the biomass study, the tree 

falling in the plot (30×10 m2) were enumerated. The diameter 

at breast height (dbh) was measured with the help of tree 

caliper and height was measured with Ravi’s multimeter 

(Chaturvedi & Khanna 2013) [4]. The above ground biomass 

was calculated by multiplying stem wood volume with wood 

density and biomass expansion factor (BEF). Total above 

ground biomass of trees were calculated by using the formula 

given by (Deb et al. 2015) [7]. 

 

 
 

Local volume equation developed for specific tree species, 

specific gravity of tree species and biomass expansion factor 

(BEF) were undertaken from available literature. 

Belowground biomass of a particular tree species was 

calculated by multiplying its aboveground with the root-shoot 

ratio. Root-Shoot ratio of different tree species were collected 

from available literature. In unavailability of the root-shoot 

ratio, using the simple default value of 25% (for hard wood 

species) and 21% (for soft wood species) to the total above 

ground biomass recommended by (Simon et al. 2006) [45]. The 

sum of aboveground and belowground was taken as total 

biomass of tree. 

 

 
 

The data obtained were subjected to statistical analysis as per 

the procedure suggested by Gomez & Gomez (1984) [10]. 

 

Results and Discussion 

Crop Composition 

In altitudinal zones four pasture based agroforestry systems 

have been identified among different farmers category. These 

systems were Agri-silvi-pasture (ASP), Pastoral-silviculture 

(PS), Silvi-pasture (SP) and Pastoral-silvi-horticulture (PSH), 

Outh of these systems, Agri-silvi-pasture (ASP) system was 

absent in altitudinal zones II and III. In each agroforestry 

systems, crop composition are shown in Table-1, 2 & 3. 

Under pasture components in altitudinal zone I (<1000 m) 

among all farmers category were Chrysopogon martinii, 

Heteropogon contortus, Chrysopogon montanus, 

Dichanthium annulatum, Panicum coloratum and Panicum 

maximum etc. Under horticulture and forestry components 

Mangifera indica, Citrus Limon, Psidium guajava, Citrus 

sinesnis, Litchi sinensis, Citrus aurantifolia, Carica papaya, 

Juglans regia, Toona ciliata, Bauhinia variegata, Acacia 

catachu, Morus Alba, Terminalia bellerica, Grewia optiva, 

Eucalyptus spp., Anogeissus latifolia, Shorea robusta, Melia 

azedarach etc. were mainly consisted in altitudinal zone I 

(Table-1).  



 

~ 1794 ~ 

International Journal of Chemical Studies 

Table 1: Crop composition of Sirmaur District under altitudinal zone I (<1000m) 
 

Agroforestry 

systems 

Crop composition 

Pasture/ Crops 
Tree species 

Crops Pastures 

Agri-silvi-pasture 

system(ASP) 

Maize, sesame, turmeric, chili, 

Wheat, barley, mustard, potato, 

garlic, onion, cauliflower 

Heteropogon contortus, Chrysopogon 

montanus, Cymbopogon martinii, Panicum 

coloratum 

Toona ciliata, Shorea robusta, Eucalyptus 

spp. Celtis australis, Bombax ceiba, 

Anogeissus latifolia 

Silvi- Pastoral(SP) - 

Chrysopogon montanus, Dichanthium 

annulatum, Panicum coloratum, 

Chrysopogon martinii 

Anogeissus latifolia, Butea monosperma, 

Melia azedarach, Celtis australis, 

Eucalyptus spp., Diospyros melanoxylon, 

Shorea robusta, Leucaena leucocephala 

Pastoral-silviculture 

system(PS) 

- 

 

Chrysopogon martinii, Heteropogon 

contortus, Chrysopogon montanus, 

Dichanthium annulatum, Dichanthium 

annulatum, Panicum coloratum, Panicum 

maximum 

Diospyros melanoxylon, Butea 

monosperma, Terminalia bellerica, Celtis 

australis, Shorea robusta, Anogeissus 

latifolia, Melia azedarach, Eucalyptus spp. 

 

Pastoral-silvi-

horticulture 

system(PSH) 

- 

Chrysopogon martinii, Heteropogon 

contortus, Chrysopogon montanus, 

Cymbopogon martinii, Dichanthium 

annulatum, Panicum coloratum, Panicum 

maximum 

Psidium guajava, Leucaena leucocephala, 

Bauhinia variegata, Mangifera indica, 

Eucalyptus spp., Anogeissus latifolia, 

Grewia optiva, Melia azedarach, Citrus 

limon, Butea monosperma 

 

Table 2: Crop composition of Sirmaur District under altitudinal zone II (1000-2000m) 
 

Agroforestry systems 

Crop composition 

Pasture 
Tree species 

Heteropogon contortus, Cymbopogon martinii, 

Dichanthium annulatum, Apluda mutica, 

Heteropogon contortus 
Silvi-Pastoral(SP) 

Anogeissus latifolia, Albizia lebback, Pinus roxburghii, Ficus 

palmata, Quercus leucotrichophora, Bauhinia variegata, 

Moringa oleifera, Eucalyptus spp. 

Pastoral-silviculture 

system(PS) 

Chrysopogon montanus, Dichanthium annulatum, 

Apluda mutica, Heteropogon contortus, 

Cymbopogon martinii 

Celtis australis,Pinus roxburghii, Bauhinia variegata, 

Eucalyptus spp., Moringa oleifera, Sapindus mukorossi, Ficus 

palmata, Quercus leucotrichophora 

Pastoral-silvi-horticulture 

system(PSH) 

Themada anathera, Cymbopogon martinii, 

Chrysopogon montanus, Heteropogon contortus, 

Apluda mutica, Dichanthium annulatum 

Anogeissus latifolia, Bauhinia variegata, Ficus palmata, 

Psidium guajava, Juglans regia, Leucaena leucocephala, 

Grewia optiva, Pinus roxburghii, Citrus limon, Eucalyptus spp. 

 

Table 3: Crop composition of Sirmaur District under altitudinal zone III (>2000m) 
 

Agroforestry 

systems 

Crop composition 

Pasture 
Tree species 

Ischaemum aristatum, Cymbopogon martinii, 

Apluda mutica, Ischaemum spp., Themada 

anathera, Arundinella nepalensis 

Silvi-Pastoral 

(SP) 

Ficus palmata, Bauhinia variegata, Pinus roxburghii, Cedrus deodara, 

Quercus leucotrichophora, Celtis australis, Bombax ceiba, Quercus dilatata 

Pastoral-

silviculture 

system(PS) 

Apluda mutica, Ischaemum spp., Themada 

anathera, Arundinella nepalensis, Ischaemum 

aristatum, Cymbopogon martinii 

Pinus roxburghii, Cedrus deodara, Rhododendron arboreum, Quercus dilatata, 

Ficus palmata, Picea smithiana, Quercus leucotrichophora, Bauhinia 

variegata, Celtis australis 

Pastoral-silvi-

horticulture 

system(PSH) 

Apluda mutica, Ischaemum spp., Themada 

anathera, Arundinella nepalensis, Ischaemum 

aristatum, Cymbopogon martinii 

Bauhinia variegata, Quercus leucotrichophora, Juglans regia, Bombax ceiba, 

Prunus armeniaca, Pinus roxburghii, Prunus domestica, Cedrus deodara, Ficus 

palmata, Malus domestica, Quercus dilatata, Juglans regia 

 

In the altitudinal zone II (1000-2000 m), the crop composition 

under pasture components in all farmers category were 

Apluda mutica, Heteropogon contortus, Cymbopogon 

martinii, Chrysopogon montanus and Dichanthium 

annulatum, where as under horticulture and forestry 

components Prunus domestica, Prunus persica, Pyrus 

communis, Prunus armeniaca, Litchi sinensis, Psidium 

guajava, Citrus limon, Juglans regia, Toona ciliata, Bauhinia 

variegata, Morus alba, Grewia optiva, Eucalyptus spp., Celtis 

australis, Anogeissus latifolia, Bombax ceiba, Leucaena 

leucocephala, Salix alba etc. (Table-2). 

The crop composition in altitudinal zone III (>2000 m), 

irrespective of all farmers category under pasture components 

were Arundinella nepalensis, Ischaemum aristatum, 

Cymbopogon martinii, Apluda mutica, Ischaemum spp. and 

Themeda anathera. Under horticulture components Prunus 

domestica, Malus domestica, Pyrus communis, Prunus 

armeniaca and Juglans regia were identified as functional 

units. The forestry components in this altitudinal zones 

consisted of Grewia optiva, Toona ciliata, Bahunia variegata, 

Morus Alba, Celtis australis, Bombax ceiba, Populas 

deltoides, Ficus Palmata etc. (Table-3). 

The Sirmaur district of Himachal Pradesh has highly diverse 

agro-ecological conditions due to wide altitudinal range, 

accompanied by variation in properties of edaphic strata viz. 

soil pH, fertility, soil structure, slope, aspect etc., therefore 

these agroforestry systems may be attributed. Kumari et. al. 

(2008) [22] who has reported that the traditional agroforestry 

practices to some extent have helped people in meeting their 

diverse needs viz. food, fodder, fuel wood and timber. 

Further, they identified prevalent AFS in Lahaul & Spiti and 

Kinnaur District (H.P). viz. AH, AS, Agri-silvi-pature (ASP), 

PS, PH. Rajput (2010) [37] reported Silvi-pasture system 

(Grewia, Chir pine, Bauhinia and grasses) in Kullu valley of 

Himachal Pradesh. Nayak et al. (2011) [32]. In Lahaul & Spiti 

area identified and categorized different types of agroforestry 
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systems. These identified agroforestry systems were agri-

silvi-pastoral, silvi-pastoral and horti-pastoral. Results were 

also close conformity with the findings of Murthy et al. 

(2013) [27]. 

 

Biomass production (t ha-1) 

Above ground biomass among three altitudinal zones and 

three farmers category (t ha-1) 

Figure-1 reveals that maximum above ground biomass 

production under pasture based agroforestry systems was 

recorded in the SP system (20.31 t ha-1) while as minimum 

was found in PS system (13.54 t ha-1). The maximum biomass 

in SP system is associated with structure and composition of 

vegetation (tree species, size, and height, density etc.) which 

affects the above ground biomass (Nair et. al., 2009) [29]. Tree 

based pastoral agroforestry systems have been reported to 

produce more biomass as compared to pasture based system 

(Sanneh, 2007; Minj, 2008; Gupta and Chib, 2011 and Khaki 

and Wani, 2013) [40, 26, 12, 20]. Above ground biomass of 

pastoral agroforestry systems in three different altitudinal 

zones were observed significantly decreasing trend from zone 

I (17.21 t ha-1) to zone II (14.04 t ha-1) and there after it 

showed increasing trend with increasing altitude, zone III 

(18.14 t ha-1). Altitude zone III recorded higher above ground 

biomass due to this zone attributed large trees mostly conifers. 

The result was closely comparable to the findings of Masoodi 

(2010) [25] and Mahato (2013) [24]. Interaction between pastoral 

agroforestry systems and altitudinal zones has a significant 

effect on the above ground biomass production. The 

maximum above ground biomass of pastoral agroforestry 

systems was noticed in SP with zone I (23.01 t ha-1) and 

minimum was recorded in PS with zone II (12.74 t ha-1). 

Different agroforestry practices have different potential, 

depending upon their species composition and different 

ecological and environmental variables (Kumar and Nair, 

2011 and Isaac et al., 2005) [21, 16]. Along elevation gradients, 

biomass is higher in the upper elevations than lower because 

of higher stand density. Similar result was also noticed by 

Olsson et. al. (2009) [35]. Maximum above ground biomass of 

pastoral agroforestry systems was recorded in SP system 

(20.27 t ha-1) and minimum above ground biomass of pastoral 

agroforestry systems was recorded in SP system (13.68 t ha-1) 

(Figure-2). Increased aboveground biomass under SP system 

was due to more trees as compared to grasslands (Chib, 2005) 

[5]. Above ground biomass of pastoral agroforestry systems 

among three farmer categories indicated that medium farmers 

have a maximum above ground biomass (17.43 t ha-1) which 

was statistically at par with marginal (16.92 t ha-1) farmer 

category and minimum above ground biomass was observed 

in small farmer category (15.35 t ha-1). While in interaction, 

between pastoral agroforestry systems and three farmer 

categories showed significant difference on the above ground 

biomass. The maximum above ground biomass was recorded 

in the combination SP system, marginal farmer category 

(23.11 t ha-1) which was statistically at par with medium 

farmer category under SP system (22.66 t ha-1) and minimum 

above ground biomass was recorded in PS with medium 

farmer category (13.09 t ha-1). However, these values are 

much closer to finding of Sharma et. al. (2008) [43]. 

 

 
 

Fig 1: AGB (t ha-1) of pasture based agroforestry systems at three altitudinal zones of Sirmaur District (H.P.) 

 

 
 

Fig 2: AGB (t ha-1) of pasture based agroforestry systems among three farmers category of Sirmaur District (H.P.) 
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Fig 3: BGB (t ha-1) of pasture based agroforestry systems at three altitudinal zones of Sirmaur District (H.P.) 

 

 
 

Fig 4: BGB (t ha-1) of pasture based agroforestry systems among three farmers category of Sirmaur District (H.P.) 

 

Below ground biomass among three altitudinal zones and 

three farmers category (t ha-1) 

Figure-3 indicate that maximum below ground biomass was 

observed in the SP system (5.75 t ha-1), which was statistically 

at par with PSH system (5.09 t ha-1) and minimum was 

recorded in ASP system (4.40 t ha-1). Maximum below 

ground biomass of pastoral agroforestry systems among three 

altitudinal zones was observed in zone III (5.92 t ha-1), which 

was statistically at par with zone I (5.04 t ha-1), while 

minimum in zone II (4.27 t ha-1). Below ground biomass of 

trees was 25 per cent (for hard wood species) to the total 

above ground biomass recommended by (Simon et. al., 2006) 

[45], hence followed the above ground biomass trend. 

However, the interaction between pastoral agroforestry 

systems and altitudinal zones had a significant effect on the 

below ground biomass. The maximum below ground biomass 

of pastoral agroforestry systems was recorded in SP system 

under zone III (6.63 t ha-1), which was statistically at par with 

SP system, zone I (6.34 t ha-1), whereas it was recorded 

minimum in PS system under zone II (4.17 t ha-1). The 

biomass production depends upon a number of factors viz., 

growth habit of the species, site quality, soil on which trees 

are growing, stand age, management practices and their 

interactions with belowground components (Graham et. al., 

1992; Niu and Duiker, 2006 and Jana et. al., 2009) [11,33,17]. 

The maximum below ground biomass was recorded in the SP 

system (5.68 t ha-1) and it was recorded minimum in ASP 

system (4.40 t ha-1) (Figure-4). On the other hand among three 

farmer categories, medium farmer category produce a higher 

below ground biomass (5.20 t ha-1), which was statistically at 

par with marginal farmer category (5.09 t ha-1) in pastoral 

agroforestry system, whereas minimum below ground 

biomass was found in small farmer category (4.74 t ha-1). 

Interaction between pastoral agroforestry systems and three 

farmer categories significantly influenced the below ground 

biomass. The highest below ground biomass was noticed in 

the SP system under marginal (6.54 t ha-1) farmer category, 

which was statistically at par with SP system in medium 

farmer category (6.22 t ha-1) and minimum was noticed in 

ASP system, marginal farmer category (3.90 t ha-1). 

 

Conclusion 

In India, North-Western Himalayan region where people’s 

dependence on forest resources is high, agroforestry systems 

can play an important role in environmental and ecological 

sustainability. Agroforestry systems in this region can reduce 

the pressure on natural forests by providing the much needed 

fuel and fodder requirements of the peoples and can reduce a 

significant amount of atmospheric carbon through storage of 

standing biomass. In the present study, vegetation pattern and 

biomass in cropping system, agri-silvi-horticulture system 

(ASH) under zone I indicated highest biomass production 

both above ground and below ground. Our study reveals that a 

considerable amount of biomass is stored under agroforestry 

system, which not only fulfill the demand of people but also 

acts as an additional carbon sink in the region. 
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