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Abstract: Agriculture encroachment over alpine pastoral land is posing serious threats to the sus-
tainable use of natural resources and agro-pastoral systems in the upland environment. This study
aimed to understand the scenario of agriculture encroachment within a sustainable land management
context in Northern Pakistan’s uplands (Buhrawai). Both quantitative and qualitative methodological
approaches were used for the primary data collection on the pattern of cropland expansion, crop-
land productivity, agrochemical inputs, and perceived socio-ecological system. The results showed
that off-season agriculture has emerged as a cash-earning livelihood activity, largely adopted by
decade-old and influential tenant communities in the study areas. During the last few decades, this
off-season agriculture regularly expanded from lower- to higher-elevation (2980–3800 m) areas, and
extensively encroached on accessible pastoral areas in the bottomlands. Cultivation of the two major
vegetable crops, i.e., peas and potatoes, occurred on a total of 417.4 ha of pastoral land, where pea
cultivation predominantly occurred on 367.2 ha and potato cultivation on 50.2 ha of pastoral land.
We found that repeated cultivation of the same crops, without crop rotation and land management
practices, significantly reduced land productivity with time; the crop productivity was recorded
to be the highest in the virgin cultivated land (pea: 1.8 tons/ha and potato: 14.8 tons/ha) and the
lowest in the old-cultivated land (pea: 0.6 tons/ha and potato: 8.2 tons/ha). As a result of this trend,
farmers are abandoning unproductive agricultural land and subsequently starting cultivation in other
marginal areas, even cultivating crops on steeper slopes beyond the permissible level (16◦). These
findings revealed that farmers have extensively used key pastoral areas for cultivation, and they
have deprived landless pastoralists of their traditional grazing land in the uplands. Furthermore,
this agriculture encroachment imposed serious pressure on the pastoralists’ livelihoods and the
upland ecosystem on which they rely. Therefore, policies and regulations that promote sustainable
land management are much needed to ensure socio-economic equity and ecological integrity in the
uplands of Northern Pakistan.

Keywords: agriculture; pastoralists; uplands; socio-ecological system; mountains; ecosystem

1. Introduction

The Hindu Kush-Himalayan (HKH) uplands including those in Northern Pakistan,
remain inaccessible for a six-month period each year due to heavy snowfall and harsh
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climatic conditions in the winter. These harsh climatic conditions of the uplands have
restricted livelihood activities to just 4–5 months of the year [1]. In the summer season,
pastoral households move to the upland areas, where they rely on land-based natural
resources for their livelihood activities [2,3]. Generally, these households have sustained
integrated crop–livestock systems in the low or mid-lands, while they use high-altitude
uplands as summer pastures for their livestock grazing [4,5].

The inaccessible high-altitude uplands of the HKH region are traditional summer
homes to approximately 25 to 30 million pastoral and agro-pastoral households [6,7].
The ecological and socio-cultural environments of these uplands vary greatly across the
HKH region. In this heterogeneous landscape, these households have shaped complex
socio-ecological systems for their livelihood subsistence [4,8,9]. Within these systems, agro-
pastoral households often manage natural resources through their indigenous knowledge,
local institutions, and seasonal mobility. For a long time, they have produced valuable
goods for human use, and have balanced various ecological services in the upland con-
text [10].

The Himalayan uplands have great potential to produce off-season vegetable crops,
due to agro-ecological suitability, improved access, technological advancements, and vast
infrastructure development [11]. This off-season vegetable-based farming provides high
remunerative returns, improves food security, and enhances the well-being of the marginal-
ized pastoral societies [12–14]. Yet, the opportunities and consequences of this vegetable-
based farming vary across different socio-cultural and ecological settings, which need to
be addressed.

During the past few decades, the upland pastoral areas of Northern Pakistan have
been extensively used for the production of off-season vegetable crops (also known as high-
value cash crops or commercial crops). This vegetable-based farming was largely adopted
by a locally settled and influential community in the Naran valley (Buhrawai), as this
community abandoned their traditional herding system in favor of off-season vegetable
production. Initially, these vegetable crops were mainly cultivated on productive and
accessible bottomlands, and, later, this cultivation extended toward high-elevation areas
and steep hillside slopes.

The consequences of vegetation production in the uplands are still being debated.
On one hand, off-season agriculture encroachment is driven by the growing demand for
vegetable crops in the lowland markets, which provide diversified income opportunities,
engage surplus labor, and ultimately contribute to poverty alleviation and socio-economic
development [15,16]. On the other hand, this agricultural encroachment has become a key
driver of land use change, having profound consequences for the socio-ecological systems
in the uplands [8]. These consequences are still poorly assessed. Therefore, this paper aims
to understand the spatio-temporal pattern of agriculture encroachment, and to study the
perceived socio-ecological impacts caused by pastoral land transformation to agriculture in
the Naran uplands in Northern Pakistan.

2. Study Area and Methodology
2.1. Naran Uplands

The study was carried out in the Naran uplands (Buhrawai) of District Mansehra
(Khyber Pakhtunkhwa Province), situated at the extreme western boundary of the Hi-
malayan region in Northern Pakistan. The Naran uplands are bounded by Gilgit Baltistan
in the north, Azad Kashmir in the east, and Kohistan in the west (Figure 1). In the Naran
uplands, the average annual precipitation is recorded as 1600 mm, with a cumulative depth
of snow up to 6 m [3]. Furthermore, the mean minimum temperature of this area is −8.9 ◦C
(recorded in January), while the mean maximum temperature during July and August
is recorded as 24.6 ◦C. Topographically, the landscape of the area is rocky and rugged,
with steep slopes, and is largely dominated by alpine grasslands and shrubby vegetation.
These alpine grasslands and shrubs are valuable natural resources, which attract pastoral
households for livestock grazing during the summer season.
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The Naran uplands are owned by an influential tribe (Syed), living in Kaghan town
(administrative unit of District Mansehra). This tribe rents these uplands to the local agro-
pastoral and landless pastoral households on an annual tenancy basis, through a middle
man (Muqaddam). Traditionally, these households use the uplands as summer homes
from May to October. Farmers usually use bottomlands for off-season crop production,
while pastoralists move to the high-altitude areas for their livestock grazing. Both these
households arrive at the uplands during late May or early June, and start their downward
mobility during late September or early October. Their upward and downward mobility
mainly depends on climatic factors, such as warmer conditions in the spring, and cold or
snowfall in late autumn. This mobile livelihood strategy, in which pastoral communities
seasonally utilize upland and lowland areas, is called transhumance or transhumant
pastoralism [17].

2.2. Household Sampling and Data Collection

The Naran uplands mainly comprise four sub-valleys, i.e., Buhrawai, Saiful Malook
National Park, Battakundi, and Jhalkad. Among these sub-valleys, Bhurawai was selected
as our study area. We selected Buhrawai because it has extensive agricultural and pastoral
activities, and we were also able to interview a sufficient number of farmers and pastoral
households. In all, we randomly selected 102 farmers and landless pastoral households for
interviews in six villages of Bhurawai (Table 1).
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Table 1. Sampling of the households in Buhrawai.

Village
Names

Total Household Type (n)
Total

Interviewed
Households (n) Total

Farmers Pastoralists Farmers Pastoralists

Patho Bella 30 1 31 12 1 15
Kara 50 10 60 17 6 23

Rhviery 38 4 24 15 2 17
Jhoria 44 20 64 17 9 26

Maidan 15 11 26 4 5 9
Daschali 4 19 23 12 2 14

Total 181 65 228 77 25 102

We conducted field surveys during the summer (June to October) of 2020. For data
collection, Global Positioning System (GPS) and Geographic Information System (GIS) tools
were used to study spatio-temporal scenarios of agriculture encroachment in the study area.
Structured and unstructured questionnaires, including focus group discussion (FGDs) tools,
were used to collect in-depth and contextual information on the upland farming systems.

In the Naran uplands, off-season agriculture over traditional pastoral lands has been
adopted in recent decades; cultivation of the off-season crops was initiated during the 1980s
and continued until 2020 in the study area. In order to understand the spatio-temporal
scenario of agriculture expansion, this total period was grouped into 4 decades, i.e., 1980–90;
1991–2000; 2001–2010; 2011–2020. Time- and elevation-wise cropland expansion was
studied by using focus group discussion (FGDs) tools and GPS. During the FGD sessions,
knowledgeable and elderly participants were asked to identify cropland boundaries from
the 1980s to 2020. These cropland boundaries were marked through GPS and digitized
into polygons by GIS to measure the spatio-temporal cropland expansion in each village of
the study area. Furthermore, GIS tools were used for the extraction of contour lines from
Google maps and for digitization. The digitized contour lines were converted into a digital
elevation model (DEM) for measuring the steepness of the slopes used for cultivation in
the study area.

In the household assessment and FGD exercises, household heads, elders, and more
knowledgeable community members were involved, as they were more aware of agriculture
expansion, cropland productivity, land use patterns, and impacts caused by agriculture
land use changes in the study area. However, women were not involved in the household
interviews, due to the prevailing cultural barriers and restrictions. It is important to
mention that this study was performed in a region where women are not allowed to
mingle with male members [18,19]. Hence, this study only covers the perceptions of male
respondents, as it was impossible to capture the women’s perceptions due to cultural and
religious reasons.

2.3. Data Analysis

In this research study, data were collected through both quantitative and qualitative
approaches, as these integrated approaches have increasingly been appreciated and ac-
cepted in the multidisciplinary fields of research [20,21]. Data were entered into MS Excel,
cross-checked for accuracy, processed, and grouped into qualitative and quantitative data
sets. GIS tools were used to measure agricultural land in different time periods and land
slopes used for cultivation. Finally, the results were presented in the form of tables, graphs,
and models with narrative descriptions and analyses.

3. Results and Discussions
3.1. Off-Season Agriculture Encroachment

During the 1980s, off-season agriculture, in the form of vegetable production, was
largely initiated by a locally settled agro-pastoral community in the study area. Over
the past few decades (1980s–2020), this off-season agriculture regularly extended from
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lower- to higher-elevation areas; resultantly, the crop-producing community significantly
transformed the natural landscape from productive “pastoral land” to “cropland”. This
extensive pastoral land transformation to cropland has become a key driver of land use
change in the study area.

Elevation-wise cropland expansion is presented in Table 2. The results revealed that a
total of 417.4 hectares (ha) of pastoral land is currently being used for the production of two
major vegetable crops, i.e., potatoes and peas, in the study area, in which pea cultivation
dominantly occurred on 376.2 ha and potato cultivation on 50.2 ha. The results further
revealed that the cultivation of these crops largely occupied pastoral land in the low-lying
villages, while it has been observed that cultivated land under these crops has decreased in
the high-altitude villages, i.e., Maidan and Daschali (Table 2). This widespread cultivation
in the low-lying villages mainly occurred due to agro-ecological suitability, road access,
and improved irrigations. In contrast, high-elevation areas are usually less favorable for
off-season crop production, due to biophysical constraints, such as a short growing period,
harsh climatic conditions, and rough topography [22].

Table 2. Elevation-wise cropland expansion in the study area.

S.No Villages Elevation
(m)

Cultivated Land under
Off-Season Crops Total

Cultivated
Area

Pea
Cultivated
Area (ha)

Potato
Cultivated
Area (ha)

1 Petho Bella 2980–3000 27.2 10.6 37.8
2 Kara 3001–3180 72.8 9.6 82.4
3 Rhviery 3181–3260 159.3 20 179.3
4 Jhoria 3261–3400 95.6 9.2 104.8
5 Maidan 3401–3530 8.5 0.6 9.1
6 Daschali 3531–3800 3.8 0.2 4

Total 367.2 50.2 417.4

In a mountainous environment, such as Northern Pakistan, off-season agriculture
is mainly facilitated by governmental policies, technological developments, improved
accessibilities, and vast infrastructure developments [16,23,24]. This off-season agriculture
has a complex origin and profound implications for the pastoral communities in the study
area. Over the past four decades, off-season agriculture has increasingly been adopted by
decade-old tenants, who claim their strong land use rights in the Naran uplands. They
were seasonal pastoralists before the adoption of cultivation, and were mainly dependent
on livestock herding for their livelihoods. Initially, they started small-scale crop cultivation
around their settlements and later expanded it to all available patches in the study area.
The motivations for adopting cultivation differed among pastoral communities, i.e., the
crop producers are long-term land users (tenants), claiming their strong land use rights,
and are more motivated toward cultivation. Resultantly, they abandoned their traditional
pastoral practices in favor of off-season crop production, while landless pastoralists are
temporary or short-term tenants, continuously changing their locations to find suitable
grazing areas for their livestock. These people are less motivated to adopt cultivation, due
to their weak land use rights, larger herds, and livestock mobility. We found that the first
group adopted cultivation by choice, while the latter group of the pastoral community
sustained pastoralism for their livelihoods. However, this prevailing cultivation imposed
serious restrictions on open livestock mobility and rotational grazing systems, ultimately
increasing the pressure on landless pastoral livelihoods in the study area.

This off-season crop production provides many cash-earning opportunities and other
socio-economic benefits for the local households. However, these opportunities are short
term in the context of socio-ecological sustainability, and largely vary across the local and
regional landscape.
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3.2. Cropland Productivity Assessment

The cropland productivity assessment showed that the cultivated land (417.4 ha) in the
study area produces a total of 363.5 tons of peas and 546.5 tons of potatoes in the five-month
summer season. The lowest crop productivity was observed in the old-cultivated land,
while the highest productivity was observed in the virgin-cultivated land. We found that
the land productivity for peas and potatoes was recorded as 0.6 tons/ha and 8.2 tons/ha in
the old-cultivated land, while the productivity of these crops was recorded as 1.8 tons/ha
and 16.5 tons/ha in the virgin-cultivated land (Figures 2 and 3, respectively).
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The results further showed that the cultivation of off-season vegetable crops initially
started in the low-elevation villages (Petho Bella and Kara), where crop productivity
substantially decreased, then farmers slowly expanded cultivation to the higher-elevation
villages (Jhoria, Maidan and Daschali). The lack of crop diversification, excessive surface
run-off, loss of important soil nutrients from sloping fields, and poor production of humus
are key factors contributing to cropland productivity loss in the uplands [16,25]. Due to
these factors, old-cultivated land (land cultivated during 1980–2000) in the lower-elevation
villages became unproductive or converted to “agricultural abandoned land” (Figure 4),
which is dominantly encroached by toxic weeds and invasive shrubs (Figure 5).
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3.3. Crop Encroachment on Hillside Slopes

As a result of cropland productivity loss and overuse of the bottomland, farmers are
expanding cultivation to steeper and more fragile hillside slopes, without sustainable land
management or other soil conservation measures (Figure 6). However, regular cultivation
in mountainous areas is permitted on slopes inferior to 16 degrees, with proper terracing
and soil conservation measures [26]. Considering this, in the study area, crop encroachment
on hillside slopes is mainly categorized into permissible (≤16◦) and non-permissible levels
(≥17◦). The results showed that cultivation under these slope categories occurred on
279.6 ha (permissible slope) and 137.7 ha (non-permissible slope) of the total cultivated
area (Table 3). This cultivation on steep hillside slopes beyond the permissible limit is
exacerbating soil erosion, land degradation, and devastating floods [27–29]. Subsequently,
these environmental hazards are affecting rural livelihoods in Northern Pakistan, and
making them more vulnerable to various socio-economic and ecological shocks.
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Table 3. Crop encroachment toward hillside slopes.

Elevation Cultivated Area (ha)

Slope-Wise Categories (ha)

Permissible Slope
Range
(1–16◦)

Non-Permissible
Slope Range

(17–45◦)

2980–3000 37.8 31.4 6.4
3001–3180 82.4 58.7 23.7
3181–3260 179.3 96.3 83.0
3261–3400 104.8 80.0 24.6
3401–3530 9.1 9.1 0
3531–3800 04 04 0

Total 417.4 279.6 137.7
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Crop encroachment toward marginal hillside slopes was mainly complemented by the
fact that intensive cultivation at the bottomland has deteriorated soil fertility, and increased
the demand for agrochemical inputs and hybrid seeds. Consequently, this has reduced the
quantity and quality of the produce, and increased the farmers’ dependency on external
agrochemical inputs.

3.4. Use Pattern of Agro-Chemical Inputs

We found that the farmers in the study area have been extensively using agrochemical
inputs, including fertilizers (diammonium phosphate, nitrophos, and urea) and pesticides
(Belldock, Super Kill, Topas, and biotin). The usage of these agrochemicals depends on the
land use history, i.e., old and virgin cropland (Table 4), as more agrochemical inputs are
required for old-cultivated land to sustain crop productivity, while virgin-cultivated land
is relatively more productive, having rich soil nutrients with which a smaller amount of
agrochemicals is required [30].

Table 4. Types of agro-chemical inputs and their use pattern.

Fertilizer Types

Old Cropland (1980s–2005) Virgin Cropland
(2005–2020)

Application
(Kg/ha) Freq. Application

(Kg/ha) Freq.

Urea 30–40 twice 15–20 once
Nitrophos (NP) 20–26 twice 10–14 once

Diammonium phosphate (DAP) 25–32 twice 10–14 once

The farmers’ interviews revealed that nitrogen fertilizers are applied twice in a season,
i.e., before the crop’s planting and at the earthing-up stage of the crop. Further, it was
noticed that farmers are largely applying urea as (N) a fertilizer, as this fertilizer is more
effective and economically viable for the farmers. However, the usage of this specific
fertilizer is not always possible, due to its non-availability in the local markets, where
farmers are left with no choice, except to use alternative fertilizers, such as NP, diammonium
phosphate, and sulfate of potash (SP). Off-season vegetable crops, such as potatoes and
peas, need a sufficient supply of soil nutrients, inorganic fertilizers, and irrigation water [31].
In particular, an excessive supply of inorganic fertilizers requires more monetary inputs,
which increase the economic pressure on the farmers’ livelihoods. Furthermore, excessive
application of agrochemical inputs in the hillside sloping fields is causing contaminants to
leach into water bodies and subsequently deteriorate aquatic ecosystems [32–34].

3.5. Socio-Economic and Ecological Scenario

In the uplands of Naran, agro-pastoral societies have shaped a complex socio-ecological
system, in which agriculture and transhumance are closely overlapped and influence each
other in profound ways (Figure 7). Within this system, off-season agriculture has been
adopted by an active and influential mountain society (Syed tribe), while century-old tran-
shumance has been sustained and shaped by landless pastoralists for their livelihood
subsistence [8,15].
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The uplands’ grassland ecosystems provide valuable goods and services, such as
forage, foods, timber, freshwater, control of and protection from natural hazards, carbon
storage, and recreation and tourism [35–37]. These key ecosystem services are widely
managed and sustained by pastoralists, whose stewardship toward the environment is
being increasingly appreciated and acknowledged in the world [38,39]. However, off-
season agriculture encroachment is a key driver of land-use change, and often causes
large-scale ecological degradation [40,41] and imposes serious pressure on transhumance
or pastoral livelihoods. Some of the perceived ecological and socio-economic impacts of
agriculture encroachment were assessed in the study area, and are presented in Figure 7.

The uplands in the Himalayan region of Northern Pakistan are ecologically fragile
and economically underdeveloped [25,42]. Cultivation in these uplands usually provides
high-cash income opportunities, accommodates surplus labor, and, most importantly,
increases the farmers’ hold on the land. However, these opportunities and trade-offs
vary within the biophysical and socio-cultural environmental settings. In the study area,
off-season agricultural activities have largely destabilized hillside slopes and triggered
various environmental hazards, such as increased soil erosion, runoff, land degradation,
and devastating floods. Furthermore, this agriculture has significantly reduced the grazing
land for landless pastoralists, increased grazing pressure on the remaining pastoral land,
and imposed serious restrictions on their livestock mobility and grazing systems. These
factors have subsequently exposed landless pastoralists to various socio-economic shocks
and vulnerabilities.
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3.6. Need for Sustainable Land Management

Extensive multidisciplinary research on the Himalayan mountains has brought general
recognition that these upland areas are extremely susceptible to unsustainable development.
In the uplands of Northern Pakistan, agriculture encroachment is one of the developmental
interventions that has continued on an ad hoc basis, in which the participating communities,
particularly tenants, have always focused on their short-term socio-economic benefits, while
ignoring the long-term consequences caused by unsustainable agricultural activities in
the upland environment. Within this context, sustainable land management (SLM) is
an important option that provides multiple opportunities for ecological sustainability,
economic efficacy, and social well-being [43]. SLM approaches have not only been adopted
to deal with the management of areas under various uses, such as agriculture, pastures,
and forests, etc., but also to delineate environmentally critical areas and identify sound
restoration measures for degraded land. We recommend the following SLM guidelines,
which evolved from the basis of the present study:

1. A cross-sectoral and comprehensive land use policy should be devised, particularly for
the upland areas (above 2000 m), which delineates the boundaries between cropland,
pastures, and forests. This sustainable land use policy will reduce or avoid human-
induced pressure on the natural resources of the uplands.

2. Within the land use policy, proper guidelines should be provided to avoid cultivation
on steeper hillside slopes or beyond the permissible limits. This steep slope cultivation,
without proper terracing or other soil conservation measures, is causing large-scale
soil erosion and land degradation.

3. Unclear land tenure issues should be resolved at the community level, through social
dialogues and multi-stakeholder consultation processes. This unclear land tenure
system usually triggers land disputes and overuse of the communal land [44].

4. Long-term agronomic and biological techniques are required to rehabilitate the de-
graded landscapes. A considerable proportion of the geographical area has been
identified as “agriculture abandoned or overgrazed land”.

5. A comprehensive pasture management plan should be devised for sustainable grazing
systems in the uplands. Effective management of mountainous areas provides biodiver-
sity conservation, carbon sequestration, and cultural and recreational ecosystem services.

6. The landless pastoral system should be valued, and needs to be considered in the
land use policy. These landless pastoralists are socio-politically marginalized and the
most deprived of their traditional pastoral land.

7. Awareness should be raised about key ecosystem services that are shaped and main-
tained by the described landless pastoralists.

Based on the above-mentioned facts, it is time to adopt environmentally friendly
strategies for sustainable mountain development and adjoining plain ecosystems.

4. Conclusions

Mountain agriculture, in the form of off-season vegetable farming, is one of the
livelihood activities largely adopted by a locally settled community in the uplands of
Naran, in Northern Pakistan. This community has increasingly renounced traditional
livestock herding in favor of cash cropping, as it offers high-cash income opportunities
and improves social well-being. This study documented the phenomena of off-season
crop encroachment over summer pastoral land since its inception in the early 1980s, and
further highlighted the socio-economic and ecological consequences caused by this crop’s
encroachment in the uplands.

During the past few decades, off-season crop cultivation mainly occurred on tradi-
tional pastoral land (summer pastures) in the Buhrawai valley (study area). Initially, this
cultivation occupied the bottomlands of the valley, but, later, it was expanded to high-
elevation areas and hillside steep slopes. This agricultural encroachment toward marginal
hillside slopes is mainly exacerbated by continuous cultivation at the bottomlands, without
crop rotation. This has deteriorated soil fertility and increased the demand for agrochemical
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inputs. Furthermore, the productivity of the virgin-cultivated land is recorded more, in
comparison to the old-cultivated land. Consequently, unproductive land at the valley
bottom was converted to agriculture abandoned land.

This agricultural expansion on the mountainous steep slopes not only exacerbates the
risk of fertility loss, and the need to apply more agrochemical inputs to compensate for
the loss, but has also increased the grazing pressure on the remaining available pastures.
The cultivation has substantially reduced the available grazing space for the landless
pastoralists. As a result, livestock must graze the remaining pastures for a longer duration,
without rotation grazing systems. This subsequently leads to overgrazing in high-elevations
areas, which are characterized by a shorter growing season and longer grazing duration.

The fragile mountain ecosystems are unsuitable for off-season vegetable cultivation, as
it has caused social discrimination, unequal distribution of socio-economic trade-offs among
mountain communities, and largely destabilized upland ecosystems in Northern Pakistan.
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