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Abstract: The present study was conducted on herbage carrying capacity of silvipastoral systems in 12 representative
villages in all four agro-climatic zones of Himachal Pradesh. The study revealed that there is a great disparity between the
carrying capacity and stocking rate of existing silvipastoral systems in Himachal Pradesh. The mean carrying capacity (ACU
ha® year!) and stocking density (ACU ha® year') in agroclimatic zone I, 11, I1l and IV of Himachal Pradesh were 0.40 and
1.52, 0.57 and 2.17, 0.17 and 6.99, and 0.50 and 1.90 respectively. The higher stocking density of silvipastoral land than
carrying capacity in long-term will significantly affect if this pattern continues, it will lead to overgrazing and land
degradation. Thus, the study suggested introduction or integration of fast-growing multipurpose leguminous trees and high-

yielding nutritive grasses, along with the development of climatically suitable silvicultural models.
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INTRODUCTION

Rearing and nurturing livestock is major
occupation of individuals residing in rural and
tribal areas of India. Despite the availability of
grazing resources, there is not enough biomass to
meet the demand for fodder. The carrying capacity of
grazing pastures has alarmingly decreased as a result
of uncontrolled grazing purposes, which has also
seriously degraded the surrounding ecosystem.
Farmers rely on trees for fodder widely and most
heavily during the time of year that is lean to fix the
feed deficit (Dev et al., 2012; Katoch, 2019).

Himachal Pradesh is one of the north-western
Himalayan states of India covering 55,673 km?, or
1.69% of India's geography and 10.5% area of the
Indian Himalayan Region. The majority of the state
is drained by five major streams: Chenab, Beas,
Satluj, Ravi and Yamuna. With agriculture and
horticulture serving as the main economic drivers,
the state is predominantly an agrarian one. With 5.5
million cattle and 7.7 million people living there, the
state has a population of around 7.7 million people.
At the moment, environmental issues are also a
concern, in addition to a lack of food, fuel, fiber, and
other resources. Plant foliage is a major source of
protein and energy for ruminants (Katoch, 2009) and
during winter’s tree foliage provide almost 80% of
the fodder to local communities. Although at present
the state is surplus in green (43.9%) and dry fodder
(55.9%) availability, these extra fodders are not
adequately utilized due to challenging topography,
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resulting in a practical shortfall (Roy et al., 2019). As
a result of invasions of Pinus roxburghii, Lantana
camera, and other obnoxious weeds onto Common
Property Resources (CPR), fodder production
continuously declined (Pathania & Dev, 2011).

As per India State of Forest Report (ISFR) 2021,
5738.25 km’ area of the state fall under Above
Ground Biomass (AGB) class >150 tonnes/ha,
indicates healthy and very dense forest. The ages of
the perennial woody component, the nature and
distribution of different system components, and
other abiotic factors primarily influence the
production of bhiomass (above ground, below ground,
and total biomass). In Himachal Pradesh, silvi-
pasture system reported the highest above-ground
(118.8 tonnes/ha) and total biomass output (143.29
tonnes/ha) among all agroforestry systems. In
majority of agroforestry systems, Zone IV (High hills
dry temperate/Alpine zone) generated the maximum
biomass. Because, the predominant component of a
grassland is herbage, while trees and shrubs are
scattered and contribute very little to the production
of biomass (above, below, and total biomass) (Gupta
et al., 2017). There were three main livestock rearing
systems in the state: sedentary, semi-migratory, and
migratory. In zones | and Il, animals were raised
using a sedentary approach. In zones Il and IV,
livestock rearing was semi-migratory. The Gaddi and
Gujjar tribes of the state adopted the migratory
system. The sheep and goats leave the plain in March
and travel upward, arriving in the sub-alpine and
alpine pasture in May or June. They graze there until
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August or September (Dev et al, 2013).
Approximately 30 to 50 percent of all animal feeds
and fodder comes fromgrasslands and forests. Grass,
bushes, tree leaves, and other herbaceous plants
provide green biomass, which is fed to animals. The
energy that the animal absorbs from the feed is
redirected into milk, ghee, meat, hides, wool,
manure, and traction power. However, grazing,
trampling, cutting ground herbage, and lopping of
trees and bushes for fodder are major human
pressures and threats to this essential interaction
today (Islam et al., 2022). Grazing pasture without
proper soil conservation and animal management
often results in poor soil quality and decreases
production due to trampling-induced compaction.

Currently 43.11% (24 million ha) of the total
geographical area of the state is facing
desertification/land  degradation  problem and
vegetation degradation is mainly responsible for it.
Therefore, taking into account all of these factors,
agroforestry is the only practical choice to lessen the
burden on already-existing forests and to improve
land productivity, which would make up for a lack of
cultivable land resources and strengthen the economny
of the natives of Himachal Pradesh. The review of
literature revealed that, in general, few studies are
available on the silvipastoral land use system of
different parts of world (Jansen et al., 1997; Peri et
al., 2001; Auad et al., 2010; Souza et al., 2010;
Varella et al., 2016., Silva et al., 2017; Rodrigues et
al., 2023) and in India mainly in arid and semi-arid
ecosystem (Yadav et al., 1997; Keshwa & Mahindra,
2004; Patidhar, 2008; Rai et al., 2008; Rai, 2012
Yadav et al., 2014; Roy, 2016; Topoo et al., 2021).
In Himachal Pradesh few studies on silvipastoral
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systems have been carried out by (Dev et al., 2014;
Dev et al., 2016; Rao et al.,, 2015; Lata et al., 2023;
Lata et al., 2024) but studies on carrying capacity of
silvipastoral systems of Himachal Pradesh have not
been carried out so far. So, we did a study to find out
carrying capacity of silvipastoral systems of
Himachal Pradesh.

MATERIALS AND METHODS

Study area

The study was conducted in Himachal Pradesh. State
shares borders with Ladakh UT and Jammu &
Kashmir UT in the north, Uttarakhand in the
southwest, Haryana in the south and Punjab in the
west. It is located between latitudes 30°22'44"N to

33°1220"N  and  longitudes  75°4555"E  to
79°0420"E.  Climatically, Himachal Pradesh is
different from most plain states of India.

Topographically, the territory of the state can be
divided into three prominent zones, namely the
Shiwaliks (Outer Himalaya), mid-mountain (Inner
Himalaya) and the alpine zones (Greater Himalaya).
Himachal Pradesh experiences three seasons i.e.,
winter, summer and rainy. From mid-November to
mid-March comes winter. The rainy season begins at
the end of June and lasts until mid-September. The
summer season lasts from mid-April to the end of
June. Alpine, sub-alpine, temperate, tropical, and
sub-tropical plant varieties make up the majority of
the vegetation. On the basis of physiographic and
climate conditions, the state is divided into four agro-
climatic zones viz., i) Sub tropical sub montane &
low hills ii) Sub humid mid hills iii) Wet temperate
high hills iv) Dry temperate high hills (Fig. 1).
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Fig 1. Map of location of study sites
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Selection of study sites
Extensive field surveys were conducted in four
agroclimatic zones of Himachal Pradesh and multi
stage stratified random sampling was used to select
sites/representative villages. Twelve villages viz.,
Jogipanga (Una), Masiyana (Hamirpur), Bhakra
(Bilaspur), Shiun Khas (Kangra) of zone I; Naun
(Mandi), Banalgi (Solan), Keela Kalanj (Sirmour) of
zone II; Ghiaghi (Kullu), Jarashi (Shimla), Kundi
(Chamba) of zone I1ll, and Roghi (Kinnaur), Muling
(Lahaul-Spiti) of zone IV representing all twelve
districts were selected for the present study after the
discussion with forest officials of respective districts.
To study the carrying capacity, grass samples were
collected from three experimental plots of one
hectare area selected in each village. Thus, total
number of experimental sites (treatments) available
from which observation was taken as:
Number of selected villages: 12
Number of experimental plots in each village: 3
Total number of study sites in Himachal Pradesh:
12x3=36
Carrying capacity
Herbage carrying capacities of different silvipastoral
systems were worked out on a per-unit-area basis
after lying out quadrates of 1x1 m’ area randomly in
CPR and Community land using the formula given
by De Leeuw & Tothill (1990) and Hocking &
Mattick (1993). The carrying capacity of silvipastoral
systems was expressed in ACU and the concept of
Adult Cattle Units (ACU) was used to compute
silvipastoral system carrying capacity (Kumar and
Vinod, 1987). The same area's carrying capacity may
differ from year to year and season to season because
of variations in fodder production. Additionally, not
all plants on silvipastoral land are utilized by
livestock since some are preferred by them, others
are rejected by them, and extra loss occurs as a result
of animal trampling. Therefore, 30% correction
factor was used, as recommended by Cossins &
Upton (1987) for assessment of actual biomass
available to animals. In experimental plots of
selected silvipastoral systems of all 12 selected
villages of different agro-climatic zones, three
quadrates of 1x1 m were laid for harvesting herbage
during the period 15" August-30" September. The
herbage samples were brought to the lab, cleaned
thoroughly under running water, and placed in
different paper bags. For 48 hours, these samples
were dried at 80 °C in an oven, to a consistent
weight. Each sample was weighed on a top-pan
balance once it had reached a constant weight, the
data tabulated, and the secondary data required for
the study, viz, livestock, land holding, and
population details, obtained from the Animal
Husbandry Department, Revenue Department, and
Panchayat Secretariat of the respective villages. The
carrying capacity of herbage production systems was
calculated using the formula given below, based on

the adult cattle body weight (320 kg average body
weight):
Total amount of
forage X Correction

Carrying Capacity= factor
Average yearly feed
requirement of
ACU
Where, ACU=Adult Cattle Unit; Correction

factor=30%; Daily requirement of dry matter per
adult cattle unit=2.5% of body weight
Stocking rate for the  Total Adult Cattle Unit
year (ACU/ha/year) = Total grazing area

RESULTS AND DISCUSSION

The carrying capacity of herbage in silvipastoral
system of Himachal Pradesh are represented in the
Table 1 and Fig. 2 and described as under.
Agro-climatic zone-I

A perusal of data on carrying capacity of herbage in
table 1 revealed that in agro-climatic zone I value of
silvipastoral land varied from 16 to 275 ha; adult
cattle unit varied from 26.0 to 176.5; dry matter
varied significantly from 33533 to 38333
kg/halyear; carrying capacity varied significantly
from 0.10 to 0.79 ACU/hal/year, whereas stocking
rate varied from 0.44 to 3.26 ACU/ha/year. However,
the average value of drymatter, carrying capacity and
stocking rate were 3549.7 kg/halyear, 0.40
ACU/halyear and 1.52 ACU/ha/year respectively. In
the agroclimatic zone I, maximum value of carrying
capacity 0.79 ACU/halyear recorded from Jogipanga
(Una) with stocking rate 0.44 ACU/hal/year whereas
in  minimum value of carrying capacity 0.10
ACU/halyear recorded from Bhakhra (Bilaspur) with
stocking rate 3.26 ACU/halyear.

Agro-climatic zone-II

In agro-climatic zone II, silvipastoral land varied
from 54 to 396 ha; adult cattle unit varied from 100.0
to 240.0; dry matter varied significantly from
3264.4 to 3482.2 kg/halyear; carrying capacity varied
significantly from 0.08 to 136 ACU/halyear,
whereas stocking rate varied from 0.92 to 4.44
ACU/halyear. However, the average value of dry
matter, carrying capacity and stocking rate were
3391.83 kg/halyear, 057 ACU/halyear and 2.17
ACUT/halyear respectively. In zone-1l maximum value
of carrying capacity 1.36 ACU/hal/year recorded
from Banalgi (Solan) with stocking rate 0.92
ACU/halyear whereas minimum carrying capacity of
0.08 ACU/halyear recorded from Naun (Mandi) with
stocking rate 4.44 ACU/halyear.

Agro-climatic zone-llI

In agro-climatic zone Ill, silvipastoral land varied
from 38 to 86 ha; adult cattle unit varied from 82.0 to
636.0; dry matter varied significantly from 3383.3
to 3794.4 kg/halyear, carrying capacity varied
significantly from 0.02 to 0.40 ACU/halyear,
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whereas stocking rate varied from 0.95 to 159
ACU/halyear. However, the average value of dry
matter, carrying capacity and stocking rate were
3569.23 kg/halyear, 0.16 ACU/halyear and 6.98
ACU/halyear respectively. In zone-lll, maximum
value of carrying capacity 0.40 ACU/halyear was
recorded from Ghiaghi (Kullu) with stocking rate
0.95 ACU/halyear whereas in minimum value of
carrying capacity of 0.02 ACU/halyear was recorded
from Kundi (Chamba) with stocking rate 159
ACU/halyear.

Agro-climatic zone-1V

In agro-climatic zone 1V, silvipastoral land varied
from 27 to 736 ha; adult cattle unit varied from 92.5

to 276.0; dry matter varied significantly from
3292.2 to 3327.8 kg/halyear, carrying capacity varied
significantly from 0.09 to 090 ACU/halyear,
whereas stocking rate varied from 0.37 to 3.42
ACU/halyear. However, the average value of dry
matter, carrying capacity and stocking rate were
3310.0 kg/halyear, 0.49 ACU/ha/year and 1.89
ACU/halyear respectively. In zone-1V, maximum
value of carrying capacity of 0.90 ACU/ha/year was
recorded from Roghi (Kinnaur) with stocking rate of
0.37 ACU/halyear whereas minimum value of
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Fig 2. Carrying capacity of biomass and stocking rate in silvipastoral systemin different agro-climatic zones
(ACU=adult cattle unit.)

In the present study the herbage forage yield data
showed considerable variation in forage yield
varying from 3264.4 to 3833.3 kg/ha/year. Among
all agro-climatic zones maximum herbage carrying
capacity 136 ACU/halyear recorded in Banalgi
(Solan) with stocking rate 0.92 ACU/halyear in agro-
climatic zone-ll followed by Roghi (Kinnaur) 0.90
ACU/hal/year with stocking rate 0.37 ACU/halyear in
zone-1V, Jogipanga (Una) 79 ACU/halyear with
stocking rate 044 ACU/halyear, Masiyana
(Hamirpur) 0.50 ACU/halyear stocking rate 0.77
ACU/halyear in zone 1, Ghiaghi (Kullu) 0.40
ACU/halyear with stocking rate 0.95 ACU/halyear in
zone-lll, Keela Kalanj (Sirmaur) 0.28 ACU/halyear
with stocking rate 1.16 ACU/halyear in zone-1l and
Shiun Khas (Kangra) 0.22 ACU/halyear with
stocking rate 1.62 ACU/halyear in zone-lI. Minimum
carrying capacity 0.02 ACU/ha/year recorded from
Kundi (Chamba) with stocking rate 15.9
ACU/halyear followed by Naun (Mandi) 0.08
ACU/halyear with stocking rate 4.44 ACU/halyear,
Jarashi (Shimla) 0.08 ACU/hal/year with stocking
rate 411 ACU/ha/year, Muling (Lahaul & Spiti)
0.09 ACU/halyear with stocking rate 3.42
ACU/ha/year and Bhakhra (Bilaspur) 0.10

ACU/halyear with stocking rate 3.26 ACU/halyear.

Herbage carrying capacity in zones | and Il of the
Himalaya ranges from 0.1 to 1.4 ACU/halyear,
according to Palsaniya et al. (2011). The herbage
carrying capacity in the current study, which ranges
from 0.08 to 1.36 ACU/halyear, is in line with the
previously reported values. In Himachal Pradesh,
grasslands and pastures have a carrying capacity of
only 1.31 ACU for subtropical regions, 1.21 ACU for
temperate regions, and 0.64 ACU for alpine regions,
according to Katoch & Dogra (1999). These values
are marginally greater than those found in the current
research. According to Sharma & Minhas (1993),
stocking rate in different tehsils of Kinnaur district
varied between 0.2 -0.77 ha™. In the current study
stocking rate in the studied village of Kinnaur district
was 0.3 ACU halyear! and falling with in the
previously reported value. The results of herbage
carrying capacity varied significantly in all agro-
climatic zones. This result is consistent with Singh,
1975; Singh, 1988; Singh et al., 1980; Singh et al.,
1985; Ahuja et al., 1985; Singh, 1987; Das, 1995;
Guleria, 1996; Katoch and Dogra, 1999; Dev et al.,
2006, 2012; Rao et al., 2015; Meshesha et al., 2019;
Sewade et al., 2017).The study also revealed that the
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among all studied sites Kundi (Chamba), Naun
(Mandi), Jarsahi (Shimla), Muling (Lahaul & Spiti)
and Bhakra (Bilaspur) has high stocking rate in
comparison to existing carrying capacity. If the
current pattern continues, these areas will face

will be affected but also led environmental
problems. Therefore, optimization of tree density and
spacing by more plantations, introduction/
integration of fast growing multipurpose leguminous
trees and high yielding nutritive grasses is suggested
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overgrazing and land degradation pressures in the along with development and introduction of
future due to which not only livelihood of the locals climatically suitable Silvipastoral models.
Table 1. Carrying capacity of herbage biomass in Silvipastoral systemin different agro-climatic zones
Agro- [ Villages/Districts [Silvipastoral| Total | Dry Matter | Dry Matter | Total Dry | Dry matter|Carrying |Stocking
climatic Land (ha) | ACU (g m-?) (kg/halyear)| Matter |requirement Capacity | Rate
Zones (kg year™)| ACU/Year |(ACU ha™ |(ACU ha
year?) | year?)
Zone 1 |Jogipanga (Una) 275 121.5 [339.89+5.23 [3398.9+52.39(280409.25 [354780 0.79+0.22[0.44
Shiun Khas(Kangra) [16 26.0 361.33+5.23 |3613.3+52.39 |17343.84 75920 0.22+0.22 |1.62
Masiyana (Hamirpur) (88 68.0  [383.33:5.23 [3833.3:52.39 [101199.12 [198560 0.50+0.22 [0.77
Bhakra (Bilaspur) 54 176.5 [335.33t5.23 [3353.3+52.39 [5432346 [515380 0.10+0.22 [3.26
Zone 2 [Naun (Mandi) 54 240.0 [348.22+5.23 3482.2+52.39 [56411.64 [700800 0.08+£0.22 [4.44
Keela Kalanj(Sirmaur) [86 100.0 [326.44+5.23 [3264.4+52.39 (8422152 [292000 0.28+0.22 [1.16
Banalgi (Solan) 396 102.0 [342.89+5.23 [3428.9+52.39 [407353.32 [297840 1.36+0.22 [0.92
Zone 3 |Ghiaghi (Kullu) 86 82.0  [379.44+5.23 |3794.4+52.39 (9789552 [239440 0.40+£0.22 [0.95
Jarashi (Shimla) 38 156.5 [338.33+5.23 |3383.3+52.39 |138569.62 456980 0.08+0.22 4.11
Kundi (Chamba) 40 636.0 [353.00+5.23 [3530+52.39 [4236000 [1857120  [0.02+0.22 [15.9
Zone 4 [Roghi (Kinnaur) 736 276.0 [329.22+5.23 [3292.2+52.39 |726917.76 (805920 0.90+0.22 |0.37
Muling 27 025  [332.78+5.23 [3327.8+52.39 [26955.18 [270100 0.09+0.22 [3.42
(Lahaul & Spiti)
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