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Abstract

Background: The Himalayan country of Bhutan is typically an agrarian country with about 57% of the people
depending on agriculture. However, farming has been constrained by the mountainous topography and rapid
changes in environmental variabilities. With climate change, agricultural production and food security is likely to face
one of the biggest challenges of the twenty-first century. The country has already been experiencing some impacts of
climate change, such as crop loss to unusual outbreaks of diseases and pests, erratic rainfalls, windstorms, hail storms,
droughts, flash floods and landslides annually.

Results: In 1996, rice farmers in high-altitude areas were devastated with 80-90% crop loss to blast disease. Turcicum
leaf blight of maize in 2007 damaged more than 50% of the farmers’harvest. Also, in 2008, a severe windstorm flat-
tened all maize crops belonging to hundreds of households. These were some gruesome reminders of the impacts

of climate change that continues to threaten farming in Bhutan. The current agricultural practices are highly vulner-
able to the impacts of climate change due to their total dependence on monsoon rains and shorter growing periods.
The mountainous topography makes the country more vulnerable due to large climatic swings in the mountainous
ecosystem. Field evidences have also shown that shifts in cropping pattern are taking place across agroecologies, thus
indicating that farming in Bhutan is quite stressed. Further, climate modelling outputs have projected that there is
likely to be marked changes in the pattern of precipitation and upward trend in temperatures.

Conclusion: In the mountainous topography of Bhutan, food production is a challenge and the impacts of climate

change are likely to add to the burdens of farming. Since climate change impacts are already being felt, it is of para-
mount importance to focus on research works to understand and mitigate the impacts. The information generated

food security and climate change in the near future.

from this study could contribute to both short- and long-term planning and policy development works related to
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Background

The Himalayan Kingdom of Bhutan is a land-locked
country bordered by China in the North and India from
the south, east and west. The country is broadly divided
into six agroecological zones and experiences four sea-
sons (Spring, Summer, Autumn and Winter). Agriculture
is the main occupation of the Bhutanese people who gen-
erally undertake subsistence farming. The labour force
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survey report of 2016 showed that 57.20% of the Bhu-
tanese population depend on agriculture [1]. According
to the National Accounts Statistics 2017, the agriculture
sector was the highest contributor to the national econ-
omy with 16.52%, followed by construction industry
and hydropower at 16.28% and 13.38%, respectively [2].
This showed that Bhutan is an agrarian country that is
totally dependent on biophysical factors and highly vul-
nerable to the impacts of climate change. The country’s
climatic and altitudinal variability allows cultivation of
many crops, including year-round production. The main
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cereal crops cultivated by the farmers include rice, maize,
wheat, barley, buckwheat and millet, with total produc-
tion of 176,766 t in 2016 [3]. Among the fruit crops, the
two most important ones are apples and oranges, and
farmers cultivate almost all kinds of vegetable crops due
to the large climatic variability across the agroecological
zones. However, the country continues to import close
to 30% of its food from outside, mostly from India. In
order to improve its food self-sufficiency status, the three
renewable natural resources (RNR) sectors (agriculture,
forestry and livestock) under the Ministry of Agriculture
and Forests (MoAF) have been putting in greater efforts
to increase domestic production. In the last decade, the
country has seen an increasing trend in food production
and, currently, many initiatives and technical interven-
tions are being introduced to contribute to the National
Food Security Programme. According to agriculture sta-
tistics, there has been a steady increase in crop produc-
tion from a low of 131,338 t in 2013 to 176,766 t in 2016
[3]. The livestock production was 92,213 t in 2012 but
had spiked to 99, 875 t in 2014, which is an increase of
8% [4].

The country’s total geographical size is 38,394 km?, of
which cultivable land accounts for just 2.93% of its entire
area [5]. This shows that the country has a limited culti-
vable land due to the geographical and topographic fea-
tures. Further, farming in a mountainous ecosystem is
challenged by inherently low soil fertility coupled with
cold stress and frequent weather swings. Mountain-
ous ecosystems are characterized by frequent extreme
weather events and natural catastrophes [6], thus making
it one of the most sensitive ecosystems of the world. With
climate change, increasing agricultural production in
Bhutan is going to be an uphill task if greater efforts and
investments are not made in the research and develop-
ment of climate resilient farming technologies. Crop pro-
ductivity is directly related to the biophysical factors such
as soil, ambient environmental conditions [temperature,
solar radiation, moisture, carbon dioxide (CO,)], pests
and diseases, and genetic potential of a particular variety.
Researches have shown that weather and climate are the
most serious environmental threats and have large influ-
ence on agricultural productivity [7, 8]. Of late, Bhutan
has been witnessing series of climate change impacts,
such as erosion of fertile land caused by glacial lake out-
burst floods (GLOF) that have posed serious threat to
people and property [9], emergence of new diseases and
pests, increased frequencies of crop damaged by wildlife,
and drought and drying of irrigation water sources [10].
This calls for enhanced research and development (R&D)
in agriculture, specially focusing on the development of
climate resilient technologies. In recent years, the depart-
ment of agriculture has made commendable strides in
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the introduction and promotion of climate smart agri-
culture as one of the priorities to adapt to changing cli-
mate. A number of drought-tolerant crop varieties have
been developed and released for promotion across the
agroecologies. There have also been breakthroughs in
the development and release of higher yielding and dis-
ease-resistant crop varieties in rice, maize and wheat.
The government is also advocating on crop diversifica-
tion, dryland cropping, water harvesting and promotion
of agroforestry and land management [11]. There have
also been major shifts in agronomic practices and water
management, such as site-specific nutrient manage-
ment, organic farming, irrigation, nutrient dense crops
and short-duration crops. As the country moves forward,
it warrants a thorough review of the current practices
and issues. As climate change is already happening, it is
imperative that we take stock of how it is related to the
country’s agriculture. Thus, this paper provides an over-
view of Bhutan’s subsistence farming, achievements,
climate variables, challenges and potential impacts of cli-
mate change on the agriculture sector.

Results and discussion
Changes in climate variables
Warming of the climate system is unequivocal, and
new evidences show that changing weather and climate
extremes have become quite common [12]. The weather
patterns are getting unpredictable with increasing vari-
ability in the frequency, intensity and timing of monsoon.
This could be disastrous for Bhutan as it is characterized
by substantial variations in climate conditions due to dra-
matic changes in topography and altitude over a smaller
area [13]. This will increase the country’s vulnerability
to the changing weather and climate. Such variations are
also partly due to the country’s location at the periphery
of both tropical circulation in the north and Asian mon-
soon in the south [14]. Climatically, Bhutan is divided
into six agroecological zones, which range between ele-
vations of 150 to 4600 m above mean sea level (Table 1).
An analysis of the country’s mean temperature and
precipitations shows that the trend is increasing [14].
Such a trend matches with the findings of the Inter-
governmental Panel on Climate Change (IPCC) which,
unequivocally, reported rising global land and ocean
temperature by 0.85 °C over the period 1880-2012 [12].
These changes are in line with the findings of the fourth
assessment report of IPCC [16] which reported an aver-
age global temperature increase of 0.74 °C in the last hun-
dred years. Therefore, more frequent extreme weather
events are likely to occur with increasing temperature
in the near future. Climate modelling studies on Bhutan
have projected drastic changes in the mean temperature
and precipitation, which have dictated changes in crop
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Table 1 The six agroecological zone of Bhutan. Source: Adapted from MoA [15]

Agroecological zones  Altitude (m) Temperature (°C) Rainfall (mm year“) Remarks

Monthly (max)  Monthly (min)  Annual mean
Wet subtropical 150-600 34.60 11.60 23.60 2500-5500 Agriculture predominant
Humid subtropical 600-1200 33.00 4.60 19.50 1200-2500 Agriculture predominant
Dry subtropical 1200-1800 28.70 3.00 17.20 850-1200 Agriculture predominant
Warm temperate 1800-2600 26.30 0.10 12.50 850-1200 Agriculture predominant
Cool temperate 2600-3600 2230 0.10 9.90 650-850 Agriculture marginal
Alpine 3600-4600 12.00 —0.90 5.50 <650 Livestock predominant

suitability [17]. Simulated projections for Bhutan as well
as for South Asia, where Bhutan is situated, have shown
rising trends in temperature and precipitation in both
winter and summer with large anomalies in monsoon
(Table 2). The simulation models have predicted mean
summer and winter temperature increases of 2.8 °C and
2.1 °C, respectively, over 2040-2069 [13]. Further, simu-
lation models of IPCC [12] for South Asia have indicated
changes in precipitation patterns with rising mean tem-
perature of 1.3-3.5 °C over 2100. In terms of precipita-
tion patterns, winter rains are going to be lesser, while it
is projected to increase in summer. Other studies have
also reported major changes in temperature and pre-
cipitation in the range of 2.9-4.3 °C and 13-34%, respec-
tively, using different models and scenarios [18]. IPCC
[12] also predicted a high likelihood of extreme weather
events, such as heavy precipitations accompanied by
high intensity and frequency, droughts, heat waves and
increased cyclone activities (Table 3). These predictions
corroborate the projections provided by the International
Centre for Integrated Mountain Development (ICIMOD)
for the Eastern Himalayan region [18]. According to ICI-
MOD, a significant warming has been observed in places
situated at higher elevations than lower ones. Such find-
ings would hold true for Bhutan that has experienced fast
receding of glaciers in the mountains [19]. Glacier retreat

was also reported in other parts of the Himalayas [20]
that include Bhutan. Various other studies have reported
reduced frequency and depth of snow [21, 22] which is
an embodiment of reduced glaciers that forms the coun-
try’s water tower. The future outlook of climate and gla-
cier scenarios projected by Rupper, Schaefer [23] warned
that Bhutan would lose large glacierized areas with corre-
sponding reduction in glacier meltwater flux. These find-
ings provide conclusive proof of the negative impacts of
climate change on hydrology and agriculture in Bhutan.

Crop production and technologies

Agricultural development in Bhutan commenced with
the opening of Bhutan’s door to the outside world and
planned development in 1961. However, organized agri-
cultural research in Bhutan started only in early 1980s
with the primary mandate of solving farmers’ immediate
needs [24—-26]. Since then, the country has seen tremen-
dous changes in farming methods, cropping patterns and
crop production technologies. The agricultural research
and development sector has been able to develop and
promote many higher yielding varieties of crops. The
main food crops include rice, maize, wheat and barley [3].
Farmers grow almost all kinds of vegetable crops, ranging
from subtropical to temperate crops. Also, in fruits and
nuts, Bhutan grows subtropical to temperate types, with

Table 2 Simulated changes in climate variables for Bhutan and South Asia. Source: Adapted from National Environment

Commission (NEC) [13] and IPCC [12]

Parameters Simulated changes

Projections for Bhutan

Projections for South Asia

Mean annual temperature
Mean summer temperature Increase by 2.8 °C over 2040-2069
Mean winter temperature Increase by 2.1 °C over 2040-2069

Mean annual precipitation
drier winter

Monsoon mean total precipitation
2069

Winter mean total precipitation

Increase by 2.1-2.4 °C over 2040-2069

Increase by 20% over 2040-2069, wetter monsoon and
Increase by about 350-450 mm/season from 1980 to

Decrease by about 5 mm/season from 1980 to 2069

Increase by 1.3-3.5°Cin 2100

Increase by 2 °Ciin 2100

Increase by 2.55 °Ciin 2100

Decrease by 3% (min) and increase by 37% (max) in 2100

Decrease by 7% (min) and increase by 37% (max) in 2100

Decrease by 14% (min) and increase by 28% (max)
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Table 3 Projections of extreme weather events and their impacts. Source: Adapted from IPCC [12] and NEC [13]

Sl.no. Extreme weather events

Likelihood of further changes Relevance for Bhutan

1 Fewer days of warmer cold days and nights over
most areas

2 Warmer and/or more frequent hot days and nights
over most areas

3 Heavy precipitation events (increased frequency,
intensity, amount)

Likely to virtually certain
Likely to virtually certain

Likely to very likely

Could change crop phenology and yield
Could directly affect crop yield and water productivity

Could lead to increased flash floods, erosion and crop
loss

4 Increases in intensity and duration of drought Likely Will have direct effect on crop yield
5 Increases in intense tropical cyclone activity Likely Increased crop damages/loss
Table4 List of released crop varieties grown has been made to increase the level of mechanization

by the farmers in Bhutan. Source: Adapted from DoA [28]

Sl.no. Crops Varieties

1 Rice 23 Including upland varieties

2 Maize 4 Across ecologies

3 Other cereals 5 Wheat and millet

4 Mustard 5 For low and mid-altitudes

5 Soybean For low and mid-altitude

6 Vegetables 84 Includes varieties of 30 types of
vegetables

7 Fruits 89 Includes varieties of 26 types of fruit

crops

the most popular ones being apples, oranges, walnuts
and stone fruits [3]. Nowadays, farmers also grow many
new varieties of crops in rice, maize, other cereals, veg-
etables, fruits and nuts, oilseeds and legumes (Table 4).
On the production front, except for other cereals (wheat,
barley, buckwheat and millet), rice and maize show an
increasing trend with steady increase in yield from 2009
to 2016 (Fig. 1). Similarly, there are also some notable
achievements in fruit and vegetable production (Fig. 2).
On a smaller scale, the country also exports some agri-
cultural products, of which the top three export crops
are potatoes, mandarin and apples, including some non-
wood forest products [10, 27]. While fruit production is
increasing, the department is also putting greater effort
in value addition and post-harvest technologies. The
Department of Agriculture (DoA) is also focussing on the
sustainable land management programme [28] which is
crucial from the view point of Bhutan’s limited agricul-
tural land and its topography. Bhutan needs to protect its
land resources from degradation and soil losses, which is
an impending issue in the mountainous ecosystem.

In order to reduce drudgery of farming and for improv-
ing labour efficiency, farm mechanization is one of the
priorities of the DoA [29, 30]. Given the topographic
factors and small farm sizes, large-scale and complete
mechanization is impossible. But every possible effort

through a nationwide mechanization drive [29]. Where
possible, the farm mechanisation programme tries to at
least partially mechanize farming activities through the
use of smaller machines. Farmers’ access to machineries
has been ensured through state-owned machinery hir-
ing services and allotment of machineries to the local
government bodies. Farmer-friendly machines, such as
mini-power tillers and reapers, have been made available
at subsidized rates. While there are no nationwide studies
undertaken to assess the level and impacts of mechani-
zation, informal sample field reports have indicated posi-
tive trends.

Land use and farming system

Bhutan is located in the southern slopes of the Eastern
Himalayas between the latitudes 26° 42’ N and 28° 14/
N and longitudes 88° 44’ E and 92° 07’ E. Of the total
geographical area of 38,394 km?, 70.47% is under for-
est cover. Shrubs occupy 10.43%, snow 7.44%, bare
rocky areas 3.20%, and meadows constitute 4.10% with
cultivated area of just 2.93% [5]. It is a country with
good forest cover and is characterized by highly rug-
ged mountainous agroecosystem where farmlands are
scattered. Farming is limited to the river valleys and
are generally seen as small parcels on slopes (Fig. 3).
The generalized land use categories are kamzhing (dry-
land), chuzhing (terraced rice fields) and horticulture
(orchards and plantation crops) with per cent land cov-
erage of 61.90%, 27.86% and 10.24% of the agricultural
land, respectively [5]. Bhutanese farmers, in general,
are small holders who practice sustainable integrated
and subsistence agricultural farming system [31]. The
average land holding of each farmer is just 1.4 ha [4],
and they grow a variety of crops under different farm-
ing practices, including rearing of livestock to meet
their household food security. There are also marked
variations in farming systems and cropping patterns
across the country. However, in general, the farmers
mostly practice rice-, maize- and potato-based farming
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system with multiple crop combinations, including
agroforestry and livestock integration (Table 5). Such
a multiple cropping system offers best opportunities
to the small holder farmers to shift from subsistence to
intensive farming for food and nutritional security [32].
Such an integration is also important to exploit maxi-
mum benefits as well as minimize the risk of farming
enterprise while enhancing the productivity of a farm-
land [33]. Farmers also obtain substantial benefit from
the collection and sale of non-wood forest products for
sustaining their livelihood [4, 27]. The department of

Table 5 Generalized farming systems prevalent in Bhutan

forests and park services also supports and promotes
private and community forests. Records say that farm-
ers in Bhutan manage 600 community forests and 627
private forests spanning over 66,934 and 841 acres,
respectively [4]. Such practices not only help in sustain-
able management of forestry resources but also provide
income and employment to the rural communities.

Climate change and its potential impact
The impacts of climate change are one of the great-
est challenges the country is facing today and would

Farming system Crop combinations Remarks
Rice based Rice—wheat Common in mid- and low altitude
Rice—maize Common in low altitude

Rice-mustard

Rice—potato

Rice-vegetables
Maize based Maize-wheat

Maize-barley
Maize—mustard
Maize-potatoes

Potato based Potato—mustard
Potato-wheat/barley
Potato-turnip

Agroforestry Crop—fodder—-animals
Crop-fodder—trees—animals

Common in mid-altitudes
Common in high and mid-altitudes
Practised throughout the country

Common in mid-altitudes of central and
eastern regions

Common in high and mid-altitudes
Common in low and mid-altitudes
Common in Eastern Bhutan

Common in high altitudes

Common in high altitudes

Popular in high altitude

Common throughout the altitude range
Common in low and mid-altitudes
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continue to be so in the near future. The impacts and
changes are mainly driven by the increased global emis-
sions of greenhouse gases. However, Bhutan is consid-
ered as a carbon-neutral or a carbon-negative country
[34]. Nonetheless, the country is bearing the brunt of
emissions caused by larger global economies of the
world. The impacts of climate change have started to
pose a serious threat to agriculture, biodiversity and live-
lihood of the Bhutanese people. Of late, Bhutan has been
witnessing frequent extreme weather events, causing
widespread damages to crops and livelihoods of the peo-
ple. Evidences of climate change impacts compiled from
various sources show convening climate change impacts
on agriculture (Table 6).

The agricultural production management system of
Bhutan does not show a resilient picture. A brief analysis
of Bhutan’s agricultural system and its potential impacts
to climate change is discussed in the contexts of the three
broad land use categories in subsequent paragraphs.

Climate change and rice farming

In Bhutan, terraced rice cultivation is commonly referred
to as wetland farming, which constitutes 27.86% of the
country’s cultivable land [5]. Rice is known to require
more water than any other crop [38, 39], thus making it
the most vulnerable and highly dependent on climatic
parameters, such as monsoon rains and temperature.
In Bhutan, rice is grown under irrigated, rainfed and
upland ecosystems. Under both irrigated and rainfed
systems, rice farming stands out to be highly sensitive to
climate change since it requires large quantities of water.
In the case of irrigated system, rice cultivation is mostly
dependent on monsoon charged spring waters and
streams fed by glacier melts. Slight delays or changes in
pattern of rain will directly impact both availability and
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amount of irrigation water. In rainfed rice, crop cultiva-
tion is totally dependent on monsoon rain which make it
highly vulnerable and sensitive to the changing patterns
of monsoon. Simulation modelling works for the Himala-
yan glaciers that included Bhutan and Nepal showed sub-
stantial reduction in the fraction of precipitation as snow
despite an overall increase in precipitation in the region
[40]. Further, linear regression models have confirmed
changes in temperature and precipitation patterns across
the high-altitude zones of Bhutan [41]. This is going to
have a direct effect on the snow and glacial-fed rivers and
streams which are the primary sources of irrigation water.
While there are water-saving technologies in rice, adop-
tion has been an issue thus far. A more climate resilient
form of rice cultivation alternative is upland rice, but it
is limited to smaller areas in Eastern and Central Bhutan.

In recent years, rice production has been beset with
other issues such as appearance of new diseases and
insect pests. Though there have been breakthroughs in
the breeding and release of eight blast-resistant varieties
after the rice blast epidemic of 1995-1996 (Table 7), their
resistance has been reported to be breaking down.

Rice intensification through double cropping is not
possible due to cold stress, shorter cropping periods and
unavailability of short-duration varieties. Rice double
cropping would require varieties that would fit into the
shorter growing period. Rice in Bhutan’s condition takes
longer to mature due to cold stress and has a shorter
window period for cropping. Rising temperatures due
to climate change might increase the crop-growing sea-
son, but the combined effect of temperature increases
and changing rainfall pattern would probably counteract
the gains in cropping duration. Thus, the country might
not benefit from climate change since it is going to be

Table 6 Evidences of climate change impacts being felt in Bhutan

Extreme weather events Year Remarks Information
sources
Glacial lake outburst (GLOF) flash flood 1994 Damaged 965 acre of agricultural land [10,13]
Rice blast epidemic 1996 80-90% crop loss in high altitudes [35, 36]
High-intensity monsoon rain, nationwide 2004 Damaged 39 irrigation channels [13,36]
Northern corn blight 2007 >50% crop loss in high altitudes [32,35]
Unusual windstorm 2008 Damaged maize crops of 320 hhs in Eastern Bhutan [13]
Cyclone Aila/flash flood 2009 >100 acre land washed away [35, 36]
Flash flood and landslides 2010 Affected 809 acre of land, damaged irrigation channels [13,35]
Hailstorm in Punakha 2012 30-40% rice crop damaged [35]
High-intensity rain/windstorm 2013 > 100 acre maize crop damaged, erosion and damaged irrigation  [10]
structures

Hailstorm/flash flood 2015 > 100 acre rice crop damaged [37]
High-intensity rain 2016 > 100 acre rice crop damaged [37]




Chhogyel and Kumar Agric & Food Secur (2018) 7:79

Table 7 List of locally bred blast-resistant varieties
developed post-rice epidemic of 1995. Source: Adapted
from Javier [42]

Sl. no. Varieties Agroecosystem
1 Yusi rey Maap1 High altitude
2 Yusi rey Maap?2 High altitude
3 Yusi rey Kaap1 High altitude
4 Yusi rey Kaap2 High altitude
5 Bajo Maap1 Mid-altitude
6 Bajo Maap2 Mid-altitude
7 Bajo Kaap1 Mid-altitude
8 Bajo Kaap2 Mid-altitude

accompanied by erratic precipitation and high-intensity
rains that would negatively affect farming.

Generally, Bhutan is projected to gain some areas in
suitability towards the mid-altitude and northern regions
under future climate scenarios [43]. However, expansion
of cultivation areas is not going to make much differ-
ence due to limitations posed by the geographical terrain.
More so, rice yield in the southern subtropical regions
will be adversely affected by the heat waves, drought and
changing patterns of precipitation. It has been reported
that both rice yield and grain qualities were reduced
under high temperature [44]. Similarly, there were stud-
ies confirming spikelet sterility due to high-temperature
stress in rice which directly contribute to yield reduction
[45]. All these climate-related issues signal a grim picture
for the future of the rice sector in the country. Going by
the IPPC’s projected temperature rise of 2.0-4.8 °C over
2046-2100 under worst scenario of representative con-
centration pathways (RCP) 8.5 [12], small holder farm-
ers in South Asian regions will be devastated, leading to
widespread hunger and famine [46].

Climate change and dryland farming

Dryland constitutes an important land use category that
includes area under cereals, such as maize, wheat, barley,
buckwheat and millet [4]. Together with rice, the dryland
cereal crops are the main staple food crops of Bhutan;
however, the potential impacts of climate change would
make the situation worse by reducing yields and produc-
tions. Considering carbon fertilization effect of increased
atmospheric CO, for photosynthesis, some crop yield
simulation models have shown positive contribution on
the yield of dryland crops [47, 48]. However, the com-
bined effects of CO, fertilization, changing patterns of
precipitation and heat stress would likely have negative
impacts on crop yields [49]. Research findings showed
that changing seasonal temperature and precipitation
accounted for global crop losses of about 40 Mt of wheat,

Page 8 of 13

barley and maize in 2002 due to large yield reduction
[50]. However, a study also indicated likely gains in suit-
ability of crops in the mid- and high-altitude areas due
to warming [51]. Nonetheless, such a climatic suitability
gain might not translate to actual increased production
areas for Bhutan owing to the country’s topography and
narrow crop-growing seasons due to wide variations in
altitude and environmental conditions.

The dryland farming system is basically practised on
upland mountain slopes which make it highly prone to
the vagaries of climatic and weather events, such as soil
erosion, land fragmentation and nutrient loss. Farm-
ers’ low land holdings and subsistence level of pro-
duction make it even more sensitive to the impacts of
climate change. Loss of traditional genetic resources has
been reported in terms of both crop species and varie-
ties [31], thus increasing vulnerability of Bhutan’s farm-
ing to the climatic shocks. Loss of farm diversity and its
vulnerability is evident from the steady decrease in area
and production of dryland crops. According to agricul-
ture statistics, area and production of the four main
minor cereal crops continued to show a decreasing trend
(Fig. 4). In the last 8 years, the total area and production
in these crops decreased from about 22,126 ac and 15,662
tin 2012 to 16,310 ac and 9642 t in 2016, respectively. For
various reasons, such as climate change and socio-eco-
nomic, many traditional varieties of crops are reported to
be disappearing and replaced (Table 8). Some indigenous
crops have disappeared due to diseases and pest inci-
dences. In wheat, leaf and stripe rust diseases have been
reported [52], while maize was devastated by Turcicum
leaf blight in 2006—2007 [32, 35]. Though on a smaller
scale but widely practised across the country, vegeta-
ble farming is competing on both wet land and dryland
farming systems. With low returns from dryland farming,
dryland crops are increasingly being converted to vegeta-
ble farming which is one of the intensively cultivated sys-
tems using conventional technologies. This is ecologically
not healthy and is going to further stress the already lim-
ited land resources. Data compiled from the agriculture
statistics [53] indicate that crop loss to extreme weather
events was annually reported, and with climate change,
the frequency and intensity of such issues would increase
manifold. Projected high-intensity rain in summer and
reduced rains in winters in the Himalayan regions [18]
indicate massive erosions, crop damage as well as crop
loss due to its direct effect on winter crops.

Climate change and horticultural farming

In the last 10 years, the horticulture industry has experi-
enced worse scenarios of fruit loss to diseases and pests.
The citrus industry has been devastated by the citrus
greening, or the Huanglongbing (HLB) disease, since
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Table 8 List of crops displaced by new crops in different districts of Bhutan. Source: Adapted from Katwal et al. [31]

Crops displaced New crops

Districts

Rice Arecanut, cardamom, vegetables and fodders
Maize Ginger, arecanuts, citrus and vegetables

Wheat Potatoes, vegetables and fodders

Barley Ginger, arecanut, citrus, vegetables and fodders
Buckwheat Potatoes, vegetables and fodders

Millet Vegetables, potatoes and fodders

Sarpang and Samtse
Sarpang, Samtse and Dagana

Sarpang, Samtse, T/Yangtse,
Dagana, Paro and Haa

Paro, Haa, Dagana and T/Yangtse
Paro, Haa, Dagana and T/Yangtse
Paro and Haa

2003 [54]. Further, citrus farmers are also struggling with
the drop in fruit production caused by citrus fruit flies
[55]. In the case of apple orchards, woolly aphids, brown
rot, collar rots and apple scab diseases have been reported
in almost all apple-growing northern districts [56]. Simi-
larly, cardamom production has stagnated due to wide-
spread wilt disease. Statistics show apple and mandarin
production have started to decline (Fig. 2) which could be
attributed to biotic and abiotic stresses [10]. Unlike field
crops, fruit are highly vulnerable and sensitive to climate
change mainly because of their longer duration for estab-
lishment [57]. While cultivation of fruits, such as pear,
peaches and walnut, are reported to be picking up, their
area and production is very low [10] and does not make
much impact. Drought during flowering is very sensitive,
and long dry spells make orchard farming very stressful.

Extreme weather, such as hail and windstorms, destroys
the flower buds, fruits and shatters them, rendering the
tree branches barren. Apple orchards in India have also
experienced frequent incidences of hailstorms causing
huge crop losses [58]. The report of increasing hurricane
damages on citrus in the USA [59] highlights the suscep-
tibility of fruit industries to the extreme weather events.
All existing orchards in Bhutan are highly prone to such
weather events, and the issue is going to get worst as
warming continues in the twenty-first century.

Of late, intercropping of orchard soils with vegetables
and fodder crops has also been observed to be getting
popular, which increases the pressure on the orchard
land resources. Owing to topography, plant height and
nature of crops, fruit trees are more prone to risk fac-
tors, such as soil erosion, floods, hail, high-speed winds,
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nutrient mining and land slips. Another alarming issue
with global warming is that of its dramatic effect on the
chilling requirement of the temperate fruits [60]. This is
likely to adversely impact production of fruits and nuts
which are grown in temperate regions of the country.
Studies have projected a decline in the winter chill which
is crucial for many fruits and nuts in temperate countries
[61]. The combined effects of insufficient chill require-
ment, drought, hailstorms, winds and changing patterns
of rain will drastically reduce area and production fruits.
Other than the fruit crops, climate change is also pro-
jected to devastate potato farming. Though potato cul-
tivation is widespread in the country, the crop is rainfed
and highly prone to weather factors. With changing mon-
soonal pattern and rising temperature, potato cultivation
would decline drastically [17].

Challenges and issues

Farming in Bhutan is beset with numerous issues and
challenges. Among them, climate change is likely to
pose the greatest challenge. Ecologically, farming in high
elevation environments is unsustainable and more chal-
lenging due to large fluctuations and weather swings
over the altitudinal gradient [62]. Farming in Bhutan
is also limited by the rough topography, and farmlands
are scattered in a characteristically fragmented parcels
on mountainous slopes and river valleys. These condi-
tions make farm mechanization challenging and increase
cost of crop production. The same condition also makes
development of irrigation and other modern farm struc-
tures very difficult. Farmlands are increasingly being
left fallow, which could be attributed to increasing crop
depredation by wildlife and yield reduction. Agriculture
statistics of 2016 reveal 39% and 10% of the potential dry-
land and wetland, respectively, were left fallow in 2016
[3]. Such issues have likely contributed to rural-urban
migration. Similar issues have been reported in Senegal
where falling agricultural productivity was related to the
exodus of people from farms to the urban centres [63].
Another very important issue is that of invasive weed
species. It has been observed and reported that alien
weed species, such as Lantana camara, Parthenium and
Eupatorium, to name few, have started their spread into
both cultivated and forested areas. Farmers have already
observed colonization of their pasture lands by invasive
weed species that greatly reduce regeneration capacity of
grass species [64].

Contributions by government agencies

While the three RNR sectors hold direct responsibil-
ity for the food security and livelihood of the Bhutanese
people, there are other government agencies supporting
the DoA’s strategies to combat impacts of climate change
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in agriculture. The College of Natural Resources (CNR)
under the Royal University of Bhutan, Ugyen Wangchuck
Institute for Conservation and Environmental Research
(UWICE) under the Ministry of Agriculture and Forests,
Department of Disaster Management (DDM) under the
Ministry of Home and Cultural Affairs and the National
Center for Hydrology and Meteorology (NCHM) under
the Ministry of Economic Affairs are some of the agen-
cies that play increasingly important roles in the con-
servation, management and research on environment
and climate change. The CNR, as an academic institu-
tion, provides a broad-based study programme in the
management of natural resources through inclusion of
environmental studies as a core subject in its curriculum
and research [65]. The UWICE is another pioneer insti-
tute that focuses on the training, education and capacity
building matters related to forest science and technology,
water resources, climate and conservation biology includ-
ing socio-economic and policy sciences. The NCHM is
mandated to provide all information on hydro-meteoro-
logical and cryosphere information, such as climate and
weather forecasting services. Climate change-related dis-
aster mitigation and management services are also sup-
ported by the DDM which is the coordinating agency for
disaster and risk issues in the country [66]. While these
agencies support environment protection and manage-
ment to mitigate the impacts of climate change, the NEC
is an independent apex body mandated to coordinate and
regulate all matters related to conservation and protec-
tion of the environment [67]. It reviews environmental
policies and plays an important role in improving the
food security, health and environmental well-being of the
country.

Recommendations for climate change adaption

Promotion of modern high-yielding crop varieties across
ecologies is one of the short-term measures to adapt to
the impacts of climate change. Varieties that could tol-
erate both biotic and abiotic stresses, such as drought,
heat, diseases and pests, must be made available and pro-
moted. With monsoon becoming more and more erratic
and given short crop-growing window period for Bhu-
tan, short-duration varieties of crops must be promoted.
Short-duration crops are also a best bet for crop intensi-
fication programme, and for this, continuity in research
and extension will be crucial. Given the seasonality of
streams and spring waters, a major focus in building cli-
mate resilient irrigation structures and improvements
in water management practices remains crucial. These
interventions would likely help in sustainably improv-
ing the farm productivity. A recent study in Bangladesh
revealed that adoption of climate smart agriculture has
improved the food security of the coastal farmers [68].
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To overcome crop losses, post-harvest and value addition
must be given due importance. Post-harvest and stor-
age is one of the areas requiring attention of the policy
makers to protect the farmers through buffering from
climatic shocks. Effective extension system and advo-
cacy programme on climate resilient farming practices,
such as alternate wetting and drying (AWD) and direct
seeding in rice, are better options to overcome irriga-
tion water issues. Such practices also have potential to
reduce emission of methane from the rice fields. Further,
the NCHM and DoA must enhance collaborations to
improve weather information and forecasting system in
order to avert crop losses resulting from extreme weather
events.

For the long-term adaptation, there is a need to make
adjustments in crops based on suitability across agro-
ecologies. This should be backed by sustainable farming
approaches, such as organic principles, and maintain-
ing agrobiodiversity across the farm level. For enhanc-
ing resilience of crops, specially the fruit orchards, to the
weather events, plantation of wind breaks and fodder
trees is highly recommended. Further, there should be
targeted research on exploring possibilities of introduc-
ing crops to non-traditional areas, such as alpine mead-
ows and high land pastures, to exploit suitability gains
from climate change. For biotic and abiotic stress, breed-
ing of suitable varieties should be continued with suffi-
cient financial and policy support. Likewise, the DoA, in
close coordination with the DDM, must come up with
a sound sustainable crop insurance policy and contin-
gency plans to protect farmers during disasters. In order
to protect and for the sustainability of agriculture, Bhu-
tan would also require an effective policy to protect agri-
cultural land. All such interventions must be backed by
increased investments in critical areas of farming.

Conclusion

Agriculture is the mainstay of Bhutan that employs
57.20% of the Bhutanese people. However, it is faced
with numerous issues and challenges, among which
the impacts of climate change are considered as the
most serious threat. Global warming-induced climate
change impacts have already been felt, and it is likely
to intensify in the near future. The vulnerability of Bhu-
tan’s agriculture has been showcased during recent
major extreme weather events, such as the increased
frequency of wind and hail storms, erratic rains, gla-
cier outburst floods and appearances of new diseases
and pests. The topographic feature of the country fur-
ther makes farmers more vulnerable to climate change
impacts, thus contributing to the subsistence nature of
farming, which is highly prone to any natural calami-
ties and disasters. Therefore, there is a need to enhance
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resilience of Bhutan’s farming to the impacts of climate
change through stepped-up cross-sectoral strategic
options like policy support, enhanced investment, R&D
and technology generation.
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