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Introduction

As in many other mountain areas worldwide (Maselli
1995 and 2001), livestock production plays a central
role in land use systems in northern Pakistan (Figure 1;
Inam-ur-Rahim 2002). The herders assess the quality of
rangeland mainly in terms of livestock output, usually
striving for maximum benefit. Ecologists and conserva-

tionists on the other hand usually aim to preserve biodi-
versity and pay less attention to the local population’s
livelihood systems. Livestock consume plants according
to preference and availability (Huston and Pinchak
1993), thereby affecting the composition of plant com-
munities and the quality of grazed areas through a nat-
ural feedback mechanism: the more intensive the graz-
ing, the more the preferred species are reduced and
ultimately replaced by non-palatable ones (Briske
1993). Consequently, plant communities are modified
(McNaughton 1983); fortunately, they appear to be
rather stable and resilient vis-à-vis external impacts such
as grazing and burning. After a certain threshold is
crossed and an unpalatable state is reached, it is diffi-
cult to reverse the change, even if grazing ceases.

The goal of sustainable rangeland management is
to secure—and if possible improve—the quality of graz-
ing lands as a component of sustainable natural
resource use. This requires knowledge of the critical
threshold of manipulation and grazing (Archer and
Smeins 1993). If this threshold is not respected, the
proportion of less palatable plants will increase and
reduce the flow of nutrients through the grazing food
chain, thus diminishing the potential for livestock pro-
duction (Ensminger and Olantine 1978). Furthermore,
the availability and distribution of forage species with
varying qualitative characteristics directly influence the
grazing pattern (Molinillo and Monasterio 1997). Land
quality indicators are needed to reflect the capacity of
land to support biological systems for specific human
use (Benites et al 1996). Indicators play a fundamental
role in sustainable development as pointers to reveal
conditions and trends in development, and to guide
users and planners in making decisions about resource
use (Bie et al 1996). By categorizing forage plants with
regard to their grazing value, and by periodically assess-
ing the composition and status of plant communities,
mitigation measures for overgrazing can be taken
before degradation is irreversible. A practical monitor-
ing tool can help to improve sustainable management
of grazing areas and identify long-term trends in plant
community composition influenced by herbivory (Lusi-
gi et al 1986).

The data usually collected to analyze grazing pres-
sure are often inadequate to explain grazing dynamics
and estimate carrying capacity (Molinillo and Monaste-
rio 1997). To assess the impact of grazing on rangeland
condition, vegetation needs to be assigned to signifi-
cant forage groups (Lusigi et al 1986). Analytical mod-
els of species balance in these groups may provide
quantitative information on the differences in stability
and resilience between sites and within a site. However,
the inherent problem in developing such models is
illustrated by factors influencing the interpretation of
the dynamics between palatable and unpalatable grasses

By combining research
on individual forage
plants and plant com-
munities, significant
information about the
changing condition of
rangelands under spe-
cific management
practices can be pro-
duced; this has rarely
been done to date. On

the one hand, studies on individual plants provide rather
mechanistic, isolated insights, making it impossible to
identify interactions and the properties of plant commu-
nities relevant for adequate vegetation management. On
the other hand, plant community analysis alone only
reveals shifts in the composition of species and bio-
mass, but does not explain cause-and-effect relation-
ships related to the impact of grazing at species level.
The combined and participatory approach suggested in
this paper describes how a more tangible, quantifiable
relationship can be established between individual plant
and community level processes. Such an approach,
which involves herders in expert assessment and data
collection, enables better monitoring and forecasting of
those changes in plant community composition that are
relevant for livestock husbandry and sustainable
resource use. In this study, the highest dry matter pro-
duction (DMP) was recorded at altitudes between 1200
m (with 1945 kg/ha) and 1600 m (with 1921 kg/ha). In
“freely grazed rangeland”—where access is not limited
and no manual improvement measures are taken—the
proportion of palatable forage species is much lower
than in “fenced rangeland,” where access is limited and
the stocking rate reduced to one third. Such integrated
assessment of rangeland conditions ultimately provides
the baseline for evaluating changes in ecosystems over
time; it also provides a sound basis for negotiation
among stakeholders with different interests.

Keywords: Livestock production; pastoralism; participa-
tory natural resource management; rangeland; integrat-
ed assessment; Hindu Kush; Pakistan.
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(Noy-Meir and Walker 1986). A better understanding of
livestock’s (relative) preferences for specific forage
plants provides useful information to assess trends and
monitor rangeland conditions over time. This is why
palatability, digestibility, adaptability, and availability
(expressed as “yield capacity”) of different forage
species determine the importance of forage plants for a
particular range site. They have to be considered in
their dynamic relationship when rating the condition of
a particular range site (Lusigi et al 1986).

The key issue of sustainable rangeland management
consists in knowing how to maintain a high proportion
of useful, palatable and nutritious forage species, and
how to replace undesired, useless, or even harmful
species by more desirable ones, without compromising

natural ecosystem functions including biodiversity. To
this purpose, plants have to be recognized and catego-
rized accordingly (Love and Eckert 1985). The objective
of this paper is to present an approach to quantifying
and integrating basic elements of rangeland manage-
ment that can be applied by local resource users to 1)
optimize the utilization of rangeland, (2) optimize live-
stock output, and (3) secure the sustainable use of the
natural resources needed for grazing.

Current management practices

Livestock management in the Hindu Kush–Himalayan
mountain range is characterized by a multi-spatial and
multi-temporal pattern of surfaces with different char-
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FIGURE 1  Map of Pakistan with location of Chagharzai valley, the research area. (Map by Andreas Brodbeck)
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acteristics, uses, functions, and institutional arrange-
ments or rules (Figure 2). The criteria used by herders
to evaluate the quality of forage species concern yield,
adaptability to local conditions, and palatability and
digestibility for the animals (4 parameters). Herders’
assessment of forage desirability differs—at least partial-
ly—from the selective grazing of their animals. The lat-
ter search for palatable and digestible plants irrespec-
tive of a species’ yield capacity or adaptability to a given
site, and make their selection according to conditional
preferences or avoidances (Malechek and Balph 1987).
This is true for whole plants, structural parts of individ-
ual plants, and physiological age of tissues (Huston and
Pinchak 1993). Hence, independently from a particular
stocking rate, the proportion of unpalatable forage
increases as a function of increasing defoliation of
palatable plants (Archer and Smeins 1993).

Accessibility and the perceived forage output
potential are the two main criteria determining the
total amount of labor input that a family is prepared to
invest with regard to an expected livestock output.
These factors basically determine the intensity with
which a family will manage a site for free grazing, pro-
tection for haymaking, cropping on terraces, etc. The
manual removal of less desirable forage species to cre-
ate space for preferred species simultaneously provides
fuel if shrubs and green manure are extracted. Sites

that are less accessible are less manipulated and used
rather for free grazing throughout the year. Distant
range sites are freely grazed even if they have more har-
vestable forage. Mobile pastoral groups have mixed
sheep and goat flocks. They increase the number of
goats in the flock when shrubs dominate, and increase
sheep when grasses dominate after prolonged goat
browsing.

“Fenced rangeland” or barkha has a relatively high-
er forage output potential compared to “freely grazed
rangeland” or warshow (Figure 2). Hence farmers are
willing to afford labor input to manually remove less
desirable species in “fenced rangeland” in order to
increase the output. On so-called marginal land, unsuit-
able for cropping, and in areas near field boundaries,
where the output potential is higher mainly because of
deeper soils, better moisture availability and soil fertili-
ty, farmers sow desirable forage species. These sites are
protected from grazing during 75 to 90 days in July,
August, and September for later harvesting of hay 
(Figure 3), and grazed during spring and fall.

According to local classification, da ghar wakha or
“rangeland grasses” (RG), growing on “freely grazed
rangeland,” are adapted to stony sites with shallow soils,
while da pulu wakha or “grassland grasses” (GG), grow-
ing on marginal land and “fenced rangeland,” are
adapted to surfaces with relatively deep soils. Distant

FIGURE 2  The Chagharzai farming system. The traditional spatial distribution at different altitudes makes optimal use of available natural resources. Manual
improvement by herders increases forage productivity in the fenced rangelands. (Computer sketch by Simone Kummer, based on a drawing by Inam-ur-Rahim)
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rangelands with limited output potential are leased out
to either sedentary or mobile non-owner pastoral
groups. These rangelands are also “freely grazed range-
lands,” with mainly RG and shrubs. The intermediate
level of land contains combinations of both types of
grasses. It is protected during years of drought, freely
grazed during good years, and is occasionally improved
by removing shrubs.

The rehabilitation of degraded lands is a complicat-
ed and long-term issue that requires the integration of
various technical, social, and political aspects (Atiq-ur-
Rehman 1995). Obviously the community’s highest pri-
orities are usually related to their immediate concern
for survival and improving their livelihoods (Fussel
1995), while other concerns are less important.

Approach

Participatory data collection
The first step of the approach consists in identifying the
main forage species and their corresponding spatial dis-
tribution patterns; thus the forage species best adapted
to different ecological conditions (freely grazed range-
land, fenced rangeland) are identified. Data collection
is conducted with the herders in a participatory way,
drawing on their traditional ecological knowledge
(TEK; Ramakrishnan et al 2000). Plants are classified
into 5 forage groups (“excellent,” “good,” “average,”
“fair,” “poor”) before assigning them a pastoral value
(see below).

Indicators
This participatory first step provides information for
indicators at individual plant, species, and plant com-
munity level that are later combined to assess and moni-
tor the quality of rangeland:

1. P = “palatability,” an indicator for the preferential
consumptive behavior of livestock based on physical
appearance (eg with/without thorns) and chemical
composition (eg with/without repelling acids);

2. D = “digestibility,” an indicator for the nutritional
value influenced for example through the propor-
tion of physiologically exploitable material related to
different stages of growth (eg, young vs old leaves, or
fibrous nature of a plant);

3. A = “adaptability,” an indicator for the ecological, on-
site appropriateness of a species (eg, capacity to cope
with harsh climatic conditions);

4. YC = “yield capacity,” an indicator for the grazing
value influenced in particular by soil fertility and
the degree of protection from overgrazing, for
example.

Analytical methodology

Sampling
Investigations were carried out at three altitudinal
zones (‘low’: >800–1200 m; ‘middle’: >1200–1600 m;
‘high’: >1600–2000 m) and along two transects (N/S
exposition) of the Chagharzai valley (Figure 1). Each

FIGURE 3  Collective hay harvesting during autumn on fenced rangelands. Haymaking is a celebratory occasion with dancing and music, which helps increase peo-
ple’s efficiency. (Photo by Akbar Shahid)
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test site was sampled separately and the Importance Val-
ue (IV, see below) and the Dry Matter Production
(DMP) were assessed using plots of 1 m2. Data were col-
lected between mid August and mid September, just
before the harvest. In each altitudinal zone and on
both expositions, 3 double 30-m transects were laid out
randomly in fenced-off pastures, resulting in 12 tran-
sects for each elevation. Along each transect, 10 1-m2

plots were systematically selected and the Relative Fre-
quency (RF), the Relative Foliar Cover (RFC), and the
Relative Basal Cover (RBC) of all plants calculated (see
below). The harvested forage was measured using
spring balance and the DMP/ha. A total of 360 plots
were sampled and analyzed.

Importance Value (IV)
The IV indicates the adaptability of a forage to a given
site. By adding the RF [%] and the RFC [%], the impor-
tance value IV is obtained (Hussain 1989): IV = RF [%]
+ RFC [%]; with RF [%] = frequency of a particular
species × 100 / total frequency for all species; and RFC
[%] = foliar cover of a particular species × 100 / total
foliar cover for all species.

Pastoral Value (PV)
The quality of rangeland vegetation is ideally character-
ized through a combination of the 4 indicators P
(palatability), D (digestibility), A (adaptability), and YC
(yield capacity). After giving equally spaced, compara-
ble weighted values from 1 to 10 in descending order,
the geometric mean is calculated to obtain the PV of a
forage on a given rangeland site.

Output Value (OV) and Net Pastoral Value (NPV)
The OV expresses the relative contribution of a forage
species at a range site for livestock output; it was deter-
mined as follows:

OV [%] = DMP × PV × 100
Total harvestable dry matter × 10

The OV of the analyzed forages at a specific range site
were aggregated to indicate the NPV of a site for live-
stock output.

Yield Capacity (YC)
The YC is the average DMP potential of a plant per sur-
face unit [gr/cm2 of basal cover]. It indicates the genet-
ic capacity as well as the suitability of the environment
for the species concerned. Hence a species may be fre-
quent and cover a wide area, but the per-plant DMP
may still be very low, and vice versa. The YC was derived
by dividing the respective DMP by the RBC in percent
(basal cover of a particular species × 100 / total basal
cover for all species).

Relative Preference (RP)
For determining the RP [%] of forages, 4 representa-
tive, local, mature young sheep were selected. They
were trained by offering daily test samples alone or in
pairs. The RP was evaluated following the procedure
used by Atiq-ur-Rehman (1995) and was determined by
offering forage species in pairs, until all possible combi-
nations had been studied. The test consists of a set of 4
consecutive periods of 1-minute duration separated by
intervals of 10 minutes each. A 1-hour gap was observed
before a new set of comparisons was started, with a max-
imum of 4 tests per day. The containers with the forage
species compared in pairs were interchanged for each
successive comparison to avoid bias. The RP for a spe-
cific forage species was determined using the standard
procedure developed by Bell (1959) related to two
choice tests, where the intake is expressed as a percent-
age of combined intakes of both test and standard for-
age: RP [%] = amount of test forage eaten [g] × 100 /
amount of test + standard forage eaten [g]. The
obtained values for a particular test forage compared to
all other forages in the group were added and averaged
for each individual sheep.

In Vitro Dry Matter Digestibility (IVDMD)
IVDMD, which is comparable to ‘in vivo’ dry matter
digestibility, was calculated using the standard proce-
dure developed by Tilley and Terry (1963).

Results

Spatial distribution of livestock-relevant productivity
The contribution of various forage types to the har-
vestable dry matter varies considerably depending on
both altitude and exposition (Table 1). In the lower
zone the “rangeland grasses” (RG) are dominant
(84–93%), while all other forage types play only a mar-
ginal role. The productivity is moderately higher on
south-facing (S) slopes (26%). In the middle zone the
relative proportion of RG decreases to 38-66%, while
the contribution of most other forage species increases.
This is because in lower zones, water harvesting for irri-
gation is easier. Hence surfaces with deep soils are
cropped while for haymaking more stony surfaces are
protected. The “grassland grasses” (GG) become even
more important than the RG on the north-facing (N)
slopes (46% compared to 38%), probably due to higher
moisture and less evaporation during growing season.
Herbs account for 5–13% of the total harvestable mat-
ter. In the higher zone the overall productivity dimin-
ishes on N slopes and herbs become more important.

In general RG are more frequent and dominant on S
slopes in all 3 altitudinal zones compared to GG. This is
due to higher solar radiation reducing moisture and hin-
dering the formation of deeper soils. Herbs are also more
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frequent on S slopes due to the higher inflow of sun ener-
gy. The productivity of S slopes in both middle and high-
er zones is quite similar. However, the maximum produc-
tivity was recorded on N slopes in middle zones. The pro-
portion of shrubs considerably increases with the altitude;
the same is true for non-palatable and toxic species.

The early onset and late termination of winter with
temperature as the main limiting factor hinder a higher
productivity at higher altitudes. Meso-climatic condi-
tions such as slope, aspect, and inclination also affect
plant population distribution (Rozzi et al 1989; Squeo
et al 1993). They have to be taken into consideration
when managing the grazing of a whole area. This
includes in particular the timing of grazing as well as
the ideal or maximum number of animals.

Possible differences between the animals’ prefer-
ences and the herders’ quality appraisal become evi-
dent in Table 2, where animals are shown to prefer
Apluda mutica to Chrysopogon montanus and Arthraxon pri-
onodes, while this order corresponds to the descending
ranking order of 5, 1 and 10 in the herders’ appraisal.

Dry matter production, output value, and stocking rate
The proportions of the various Pastoral Value (PV) class-
es and the corresponding Dry Matter Production (DMP;
indicated in % of the total DMP of a given surface) vary
considerably (Tables 2 and 3; Inam-ur-Rahim 2002). In
the lower zones on S slopes, for example, excellent for-
age species account for an Output Value (OV) of 37.6
and 64.2% of the total DMP. Good quality forage species
have an OV of only 8.3 (16.8% of the total DMP). The
OV of average quality forage species is 5.4 (14.4% of
DMP) while the OV of fair quality and poor quality for-
age species is negligible (0.73 and 0.04% of DMP,
respectively). On N slopes the good forage species are

dominant (34.2% of DMP). In the higher zones on S
slopes no excellent forage species are available at all,
while they account for 12.9% of DMP on N slopes. The
good forage species are generally dominant on all N
slopes (34.2, 31.8 and 27.4, respectively). The highest
DMP, however, is achieved both on S and N slopes in the
middle zones (1945 and 1921 kg/ha, respectively).

While the variation of DMP is basically a function
of ecological factors such as soil and moisture availabili-
ty, grazing practices and vegetation management addi-
tionally influence OV. A high OV will correspond to a
higher frequency and cover of high-quality edible vege-
tation. Keeping in mind the preferential consumptive
behavior of animals, an appropriate stocking rate would
allow to consume all “excellent” and “good,” and half
the “average” biomass forage species. This means that
in the lower zone on S slopes 1192 kg (86% of total
DMP) and on N slopes 1115 kg (93% of total DMP) is
palatable per ha (Table 3), making it possible to feed
12–13 sheep or goats during 100 days (calculated on an
average need of 90 kg/animal/100 days). These values
are almost equal to those of a sown fodder crop and are
the result of preferential vegetation manipulation by
the local inhabitants. By comparison, on freely grazed
rangeland where manipulation does not take place,
only 8–35% of the DMP lies in the classes “excellent”
and “good,” thus reducing the stocking rate from 1/3
to 1/10 compared to fenced rangeland (Inam-ur-Rahim
and Shah 2004). Higher stocking rates would lead to a
gradual uprooting of the remaining “excellent” fod-
ders, thus encouraging the non-desired fodder species
to proliferate and take over. Pasture management
should therefore be directed to maintaining a balanced
mixture of the most commonly exploited species within
a site. However, according to Quraishi et al (1993) the

Zone and exposition

Forage group

Lower zone Middle zone Higher zone

S N S N S N

Rangeland grasses (RG) 1302 1032 1318.5 818.5 945 659

Grassland grasses (GG) 16.5 121 363 1000.5 505 750.5

Herbs 26 8.5 253 101 345 136

Others 38 38 22.5 219 114.5 176.5

Shrubs 0 1.0 14 1.5 77 83

Leaves from fodder trees 6.5 0 0 0 0 0

Non-palatable/toxic species 14.5 22.5 18.5 39 55.5 82.5

Total harvestable dry matter 1403.5 1223 1989.5 2179.5 2042 1887.5

Total consumable forage 1389 1200.5 1971 2140.5 1986.5 1805

TABLE 1  Harvestable dry matter and consumable forage of various forage types in different altitudinal zones and expositions (kg/ha).
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available forage production is estimated at 40–60% of
the total biomass production while the most common
range use intensity is set at 50% irrespective of the rela-
tive proportion of palatable and non-palatable species.
This cannot be considered sustainable.

Discussion

The spatial distribution of livestock-relevant productivi-
ty is a result of both natural conditions and human
activity. This becomes evident for example in the mid-
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RG 2
Chrysopogon 
aucheri

40.1 26.1 55.0 58.5 3 7 7 8 5.86 220.5 9.21

RG 3
Digitaria 
decumbens

55.0 19.0 82.2 46.5 4 5 10 5 5.62 115.5 4.62

Total 868 37.56

RG 4

G
oo

d

Heteropogon
contortus

34.1 25.4 69.8 48.6 2 7 9 6 5.24 197.5 7.37

GG 5 Apluda mutica 100.0 1.4 71.3 60.2 7 1 9 9 4.88 15.0 0.52

RG 6
Panicum 
antidotale

93.3 3.7 80.2 43.4 6 1 10 5 4.16 14.0 0.41

Total 226.5 8.3

RG 7

A
ve

ra
ge

Cymbopogon
jawarancusa

26.2 17.7 28.2 50.4 2 5 4 6 3.94 165.0 4.63

H 8 Lespedeza spp. 27.7 6.7 32.4 55.0 2 2 5 8 3.56 23.5 0.60

T 9 Celtis australis 43.3 4.0 69.4 41.0 3 1 9 4 3.22 6.5 0.15

Total 195 5.38

GG 10

Fa
ir

Arthraxon 
prionodes

10.0 1.3 54.6 60.4 1 1 7 9 2.82 1.5 0.03

H 11
Cynoglossum 
lanceolatum

50.0 1.1 41.8 25.0 3 1 6 1 2.06 2.5 0.04

Total 4 0.07

RG 12

P
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r Aristida poaceae 16.4 6.6 02.5 44.2 1 2 1 5 1.78 57.5 0.73

Total 57.5 0.73

Aggregated net DMP (harvestable dry matter) and aggregated net OV (Net Pastoral Value) 1351 52.04

TABLE 2  Pastoral Value (PV), calculated as the geometric mean of the 4 weighted values “Yield,” “Adaptability,” “Palatability” and “Digestibility,” 
and Output Value (OV) of forage species in the lower zone on S slopes (significant differences in bold).
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dle and higher zones, where deeper soils, higher mois-
ture, and certain managerial measures (removal of less
desirable vegetation to create space for preferred
species) contribute to increasing the overall productivi-
ty of grasses in the fenced rangelands. On the other
hand, the lower zone suffers from more shallow soils,
less moisture, and more frequent free grazing; more-
over, there is no labor input to improve productivity in
this zone. Here, collaborative efforts by the community
could help. This requires a shift in perception that
could be stimulated through joint assessment and moni-
toring of rangeland management using the participato-
ry approach presented here. Awareness and clear assess-
ment of the differences between the animals’ prefer-
ences and the herders’ appraisal of the value of fodder
species lead to a modified understanding of the condi-
tion of rangeland and pave the way for a more sustain-
able use of plant resources.

In fact, good estimates of the forage production
capacity of grazing lands are essential to developing
more effective grazing practices. Once reliable esti-
mates of total usable forage biomass per hectare exist,
prediction of the ideal number of animals per unit is
possible (Sprague 1979). Though tested only in fenced
rangelands, the participatory methodology is also appli-
cable to freely grazed rangelands. In fenced rangelands
results are keyed to qualitative improvement of forage
through manual intervention on the vegetation, while
in freely grazed rangelands, modification of stocking
management to maintain the relative proportion of

desirable species is the aim (Figure 4). According to the
local farmers vegetation diversity is crucial to ensure
sustainability in long-term biomass production. In dry
years, drought-resistant species may dominate and in
cold years frost-resistant or fire-resistant ones may take
over, or vice versa. Vegetation manipulation in fenced
rangeland should therefore not lead to promoting sin-
gle forage species. This would both trigger higher risks
and require more intensive care.

Family labor input seems to be the most important
compelling factor in adapting a rangeland management
strategy in subsistence farming. In fenced rangeland
with higher DMP, farmers frequently opt for manipulat-
ing vegetation. Where the DMP potential is lower, farm-
ers do not invest in manipulation. Hence they are
forced to harvest, process, transport, and store less pro-
ductive forage species.

Conclusions and recommendations

The approach and the methodology tested and present-
ed in this paper provide different stakeholders such as
rangeland users, soil and water conservation specialists,
and nature conservationists with an improved tool for
joint assessment, monitoring, and knowledge-based
intervention. Traditionally herders simply strive for a
higher proportion of palatable, digestible, high-yield-
ing, and easily adoptable forage species commonly eat-
en by the corresponding livestock, and tend to neglect
the negative effects of overgrazing.

Forage quality group
Lower zone Middle zone Higher zone

DMP [kg/ha] OV [%] DMP [kg/ha] OV [%] DMP [kg/ha] OV [%]

South-facing slopes

Excellent 868 37.6 378.5 10.6 – –

Good 226.5 8.3 455 10.5 762 21

Average 195 5.4 1043 20.7 899.5 19.5

Fair 4 0.1 58 0.9 133.5 2.5

Poor 57.5 0.7 14 0.1 77 1.0

Aggregated DMP & NPV 1351 52.1 1948.5 42.8 1872 44

North-facing slopes

Excellent 186 8.5 – – 369.5 12.9

Good 895.5 34.2 1517 31.8 1115 27.4

Average 67 1.95 305 4.8 80 1.4

Fair 13 0.3 99.5 1.2 61.5 0.9

Poor 1 0.01 – – 2.5 0.03

Aggregated DMP & NPV 1162.5 44.96 1921.5 37.8 1628.5 42.63

TABLE 3  Overview of Dry Matter Production (DMP) and Output Value (OV) / Net Pastoral Value (NPV) of forage species in the lower, middle, and upper zones on
south-facing and north-facing slopes.
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The proposed indicators for assessing rangeland
conditions facilitate collaboration with herders, allow-
ing for a stronger participation compared to the fre-
quently imposed external “expert approaches” that
focus mainly on purely ecological aspects of “protect-
ing” a resource from the main social groups that
depend on this resource for their livelihoods. In this
context long-term land tenure arrangements that make
long-term resource use by the same actor possible play a
crucial role in empowering actors and encouraging
them to share responsibilities. Far-sighted vegetation
manipulation may eventually lead to an improvement of
the output from a given resource base, which is hardly
to be expected when ad-hoc occupation with shifting
tenure arrangements trigger short-term, profit-oriented
behavior leading to rapid resource degradation.

The approach presented can thus serve herders to
better monitor their fodder resources, assess trends in
the productivity of their rangeland, secure a more
diverse and resilient plant composition, and become
more sensitive to (un)sustainable resource use and the
need to adjust livestock numbers accordingly. Maintain-
ing the diversity and relative proportions of desirable
forage species in rangelands in the long term con-

tributes to ensuring optimized livestock output as well as
maintaining the functioning of watersheds concerned.

As such the participatory tool can help generate
useful information to facilitate the decision whether it
makes sense to promote key forage species to improve
OV (requesting labor input), with the aim of maintain-
ing or even increasing stocking rates, or else to reduce
the number of grazing days and/or animals. In all cases
the approach contributes to a substantial increase in
awareness of where sustainable use of rangelands is still
a challenge. It also helps bridge the gap between scien-
tific and traditional ecological knowledge, and transfer a
scientific understanding and tool from external
“experts” to herders who become empowered managers
of their rangelands. Based on experience gained by the
authors in the Hindu Kush–Himalayan region, it is pro-
posed to promote short on-the-job training courses of 1
week at valley level, primarily involving female herders
who are strongly involved in livestock and herding activi-
ties in the traditional management system. Seen from a
broader socioeconomic development policy perspective,
the approach bears the potential to contribute to liveli-
hood improvement and empowerment of marginalized
mountain communities, in particular women.

FIGURE 4  Separation of fenced (right) and freely grazed land (left). In the fenced area edible grasses are strategically manipulated and shrubs removed for fuel,
while in the freely grazed niche, non-edible shrubs are dominant. The soil conditions are similar but management differs. (Photo by Akbar Shahid)

Downloaded From: https://complete.bioone.org/journals/Mountain-Research-and-Development on 28 Mar 2024
Terms of Use: https://complete.bioone.org/terms-of-use



Research

133

ACKNOWLEDGMENTS

The authors would like to acknowledge the herders who collaborated, the
staff at the Batara Civil Veterinary Dispensary in Chagharzai valley for sup-
porting the fieldwork, the Nuclear Institute for Agriculture and Biotechnolo-
gy for the mineral analysis, Dr. Jehandar Shah, Vice Chancellor of
Malakand University for identification of plants, the Swiss National Centre
of Competence in Research (NCCR) North–South: Research Partnerships
for Mitigating Syndromes of Global Change for providing support in prepar-
ing this synthesis and elaborating the illustrations, and last but not least
the anonymous reviewers for their appreciated comments and inputs.

AUTHORS

Inam-ur-Rahim
HUJRA, Opposite Government Degree College for Girls, College Colony
Saidu Sharif, Swat, NWFP, Pakistan.
irahim33@hotmail.com or hujra@swat.pol.com.pk

Daniel Maselli
NCCR North-South, c/o Centre for Development and Environment, Universi-
ty of Berne, Steigerhubelstrasse 3, 3008 Berne, Switzerland.
Daniel.Maselli@cde.unibe.ch

REFERENCES

Archer S, Smeins FE. 1993. Ecosystem level processes. In: Heitschmidt
RK, Stuth JW, editors. Grazing Management: An Ecological Perspective. Port-
land, OR: Timber Press, pp 109–140.
Atiq-ur-Rehman. 1995. The Potential for the Use of Saltbush in Sheep Graz-
ing Systems During Summer and Autumn in a Mediterranean Climate [PhD
dissertation]. Crawley, Australia: University of Western Australia.
Bell FR. 1959. Preference thresholds for taste discrimination in goats.
Journal of Agricultural Science 52:125–29.
Benites JR, Shaxson F, Vieira M. 1996. Land condition change indicators for
sustainable land resource management. FAO Land and Water Bulletin 5:57–70.
Bie S, Baldascini WA, Tschirley JB. 1996. The context of indicators in FAO.
FAO Land and Water Bulletin 5:19–24.
Briske DD. 1993. Developmental morphology and physiology of grasses.
In: Heitschmidt RK, Stuth JW, editors. Grazing Management: An Ecological
Perspective. Portland, OR: Timber Press, pp 85–108.
Ensminger ME, Olantine CG Jr. 1978. Feeds and Nutrition—Complete. Clo-
vis, CA: Ensminger Publishing Company.
Fussel W. 1995. Treating the causes not the symptoms. Ileia News Letter
11(3):30–31.
Hussain F. 1989. Field and Laboratory Manual of Plant Ecology. Islamabad,
Pakistan: National Academy of Higher Education.
Huston JE, Pinchak WE. 1993. Range animal nutrition. In: Heitschmidt RK,
Stuth JW, editors. Grazing Management: An Ecological Perspective. Port-
land, OR: Timber Press, pp 27–64.
Inam-ur-Rahim. 2002. Identification, Yield, Palatability and Nutritional Evalu-
ation of Consumable Forage Species at Various Elevations and Aspects in
Chagharzai Valley of Malakand Division in Trans-Himalayan Range [PhD dis-
sertation]. Faisalabad, Pakistan: University of Agriculture.
Inam-ur-Rahim, Shah IH. 2004. Developing a Pasture Management Plan for
Khoeengol and Gabral Pastures. Report on an IUCN–World Conservation
Union project. Available from Inam-ur-Rahim.
Love RM, Eckert RE Jr. 1985. Rangeland ecosystems and their improve-
ment. In: Heath ME, Barnes RF, Metcalfe DS, editors. The Science of Grass-
land Agriculture. Iowa City, IA: State University Press, pp 479–486.
Lusigi W, Nkurunzize JD, Mashetic S. 1986. Forage preferences in the arid
lands of northern Kenya. In: Joss PJ, Lynch PW, Williams OB, editors.
Rangelands: A Resource under Siege. Proceedings of the Second Internation-
al Rangeland Congress. London, UK: Cambridge University Press, pp
123–125.

Malechek JC, Balph DF. 1987. Diet selection by grazing and browsing live-
stock. In: Hacker JB, Ternouth JH, editors. The Nutrition of Herbivores.
Orlando, FL: Academic Press, pp 121–132.
Maselli D. 1995. L’écosystème montagnard agro-sylvo-pastoral de
Tagoundaft (Haut-Atlas occidental, Maroc): Ressources, processus et
problèmes d’une utilisation durable. Geographica Bernensia A12:1–198.
Maselli D. 2001. Land degradation in the High Atlas—blaming the victims?
In: Mountains and People: An account of Mountain Development Pro-
grammes. Berne, Switzerland: Swiss Agency for Development and Coopera-
tion, pp 22–23.
McNaughton SJ. 1983. Physiological and ecological plant environment. III.
Physiological plant ecology. In: Lange OL, Nobel PS, Osmond CB, Zieglers
H, editors. Encyclopedia of Plant Physiology. Berlin: Springer, pp 657–673.
Molinillo M, Monasterio M. 1997. Pastoralism in Paramo environments:
Practices, forage, and impact of vegetation in Cordillera of Merida,
Venezuela. Mountain Research and Development 17:197–211.
Noy-Meir I, Walker BH. 1986. Stability and resilience in rangelands. In:
Joss PJ, Lynch PW, Williams OB, editors. Rangelands: A Resource under
Siege. Proceedings of the Second International Rangeland Congress. Lon-
don, UK: Cambridge University Press, pp 21–25.
Quraishi MAA, Khan GS, Yaqoob MS. 1993. Range Management in Pak-
istan. Faisalabad, Pakistan: University of Agriculture.
Ramakrishnan PS, Chandrashekara UM, Elouard C, Guilmoto CZ, Maikhuri
RK, Rao KS, Sankar S, Saxena KG, editors. 2000. Mountain Biodiversity,
Land Use Dynamics and Traditional Ecological Knowledge. New Delhi, India:
Oxford & IBH and UNESCO [United Nations Educational, Scientific and Cul-
tural Organization].
Rozzi R, Molina JD, Miranda P. 1989. Microclima y períodos de floración en
lederas de exposición equatorial y polar en los Andes de Chile Central.
Revista Chilena de Historia Natural 62:74–85.
Sprague HB. 1979. Management of rangelands and other grazing lands of
the tropics and subtropics for support of livestock production. United
States Agency for International Development Agriculture Technology for
Developing Countries Technical Series Bulletin 23:5–41.
Squeo FA, Veit H, Arancio G, Gutierrez JR, Arroyo MTK, Olivares N. 1993.
Spatial heterogeneity of high mountain vegetation in the Andean desert
zone of Chile. Mountain Research and Development 13(2):203–209. 
Tilley JMA, Terry RA. 1963. A two-stage technique for in-vitro digestion of
forage crops. Journal of the British Grassland Society 18:104–111.

Downloaded From: https://complete.bioone.org/journals/Mountain-Research-and-Development on 28 Mar 2024
Terms of Use: https://complete.bioone.org/terms-of-use


