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Abstract: Climate change is one of the most important environmental challenges that affect all the natural ecosystems of the forest and
agriculture. This article provides a brief overview of the impacts of climate change and other biological factors on agriculture in the western
Himalayan region based on the perception of local inhabitants and researchers. In this study, questionnaire survey was conducted in which 10%
of total population was interviewed from 7 villages of Aimora district, Uttarakhand, west to their Himalaya. According to responses, significantly
higher proportion of respondents (42.85%) perceive rise in temperature as major sign of climate change and consider deforestation (35.70%) as
major cause of this change. Respondents of the area experienced significantly higher effects of climate change from 10 to 20 years (67.14%).
There has been a significant decrease in the productivity of the main 10 crops such as Triticum aestivum, Echinochloa frumentacea, Oryza sativa,
Zea mays, Glycine max, etc. The comparative study of crops was done between 1989 and 2019, where average production of Triticum aestivum
(5027.84 kg/ha) and Echinochloa frumentacea (4244.02 kg/ha) continuously decreased during the period of ten years. The major future
consequences of climate changes are increasing in agricultural loss and water loss/ scarcity. To mitigate the impact of climate change and other
biological factors are awareness and reforestation and sustainable utilization of resources, forest management and flexible government policy.
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The Indian Himalayan region is home to about 51 million
people, practicing hill agriculture in fragile and diverse
ecosystems, including species-rich forests. The region has a
considerable hydropower potential and feeds numerous
perennial rivers which depend upon the sustainable
existence of glaciers (Gol 2010, DST 2012). Agriculture
forms the main livelihood source for 70% of the Himalayan
region, and was significant contributor to the household food
security of the local communities (Tiwari and Joshi 2015,
Hussain et al 2016). However, the current discourses on
agriculture in the Himalaya have recurrently highlighted the
on-going agrarian distress in the region manifested by
deteriorating land productivity (Ojha et al 2017), declining
yield in the last decades (Negi et al 2012), exacerbating food
insecurity (Gautum and Andersen 2016) and deepening
poverty (Gentle and Maraseni 2012). Farmers, in recent
times, have been a victim of unprecedented climate-induced
social, economic and environmental transitions in the region
(Barua et al 2014, Macchi et al 2014). Climate change
impacts are set to profoundly change global ecological and
social systems, bringing about fundamental changes to
human behavior (Evans 2019). Nonetheless, studies have
demonstrated evidence that communities who are more in
touch with their surroundings are able to accurately detect

environmental changes, such as seasonal temperature and
weather fluctuations (Poudel and Duex 2017, Uprety et al
2017). In addition, high dependence on monsoons,
unavailability of irrigation facilities and small landholdings
intensify the sensitivity of Himalayan farmers (Kuniyal 2003,
Rasul 2014). The climate-related shift in production capacity
has led to changes in crop yield, reduced crop diversity and
increased pest-invasion in the region (Negi et al 2012, Kaul
and Tornton 2014). In the previous years, agriculture sector in
India has been hard hit by extreme natural calamities such as
droughts, floods, heat waves and cyclones (Goswami et al
2006) causing fall in the productivity of food grains,
aggravating the food vulnerability of marginal and small
farmers, leading to food insecurity and poverty (Birthal et al
2014). Although the weather conditions affect the crop
productivity to a considerable extent, soil fertility, varieties of
seeds, pests and diseases are some of the other factors that
are dependent on climatic variations (Khan et al 2009).
Moreover, that too clusters of monkeys and pigs living in
areas closer to agricultural fields and that the monkeys and
pigs populations were increasing (Sahoo and Mohnot 2014).
The objective of the study are: The objective of the study
were to assesses the impact of climate change and biological
factors on agriculture crops of the study area, reduction in
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crop production and to predict the future impacts of climate
change.

MATERIAL AND METHODS

The study area, Almora district, Uttarakhand is located at
79° 44' 35" E longitudes and 29° 32' 55" N latitudes.
Appropriate semi structural questionnaire formats were
developed for gathering the perceptions of people regarding
the impacts of biotic and abiotic factors on crop production. A
total of 7 villages of Hawalbagh block namely Syuna, Jyoli,
Katarmal, Kaneli, Chalar, Udiyari, and Pakhura were
selected for the questionnaire-based surveys. An average of
10% of questionnaires was filled up with the help of out of
total families (households) present in each village. The
information was collected after a long session of discussions
with the expected families such as what was the impact of
abiotic factors (temperature, droughts, precipitation, etc.)
and how they influence your local biodiversity, water
resources, and crop productivity. Moreover, the impact of
biotic factors (diseases, pest pathogens, monkeys, boars
and pigs) on crop productivity was also investigated through
questionnaires during the field investigation. After the
collection of complete information, their suggestions,
recommendations, and future strategies were also gathered
regarding the mitigations and adaptation to fight against
these challenges, and then the data was compiled and
documented.
Data analysis: The survey data collected were analyzed
using one-way analysis of variance to assess the distribution
of sample means from observations at a 95% confidence
level. The IBM SPSS 25 version was employed for
Descriptive statistical analysis of various qualitative and
quantitative parameters.

RESULTS AND DISCUSSION
Response on climate change: The respondents of the
study area understand the concept of climate change and
how this change has impacted their lives. According to their
response, a significantly higher proportion of respondents
(42.85%) perceive a rise in temperature as a major sign of
climate change, followed by erratic rainfall and low snowfall
(24.89%), longer drought spells (19.57%), shifting in
monsoon pattern as well as fluctuating weather conditions
(12.69%) (Table 1). Similarly people's perception-based
findings were also reported in the Himalayan region (Baul et
al .2013). Local communities in the Himalayan region are
seen to have widespread indigenous knowledge about
climate change impacts and they have been successfully
coping with these changes (Byg and Salick 2009, Chaudhary
et al 2011). And have reported various indicators of climate
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change like drying up of water springs, early flowering and
budburst in some species, seasonal change in rainfall,
shifting and adaptation of natural vegetation, pest disease
attack, early crop maturity, loss of livestock population, and
water scarcity (Negietal 2017). In general farmer's thoughts
and experiences are congruence with scientific studies
(IPCC 2007). The study area indicates that long-term
changes in surface air temperature over India during the
twentieth century also broadly agree with earlier
assessments (Rai etal 2012, Vinnarasi et al 2017, Kothawale
etal 2016, Kulkarni etal 2017, Srivastava etal 2019).
Response on the main cause of climate change: The
respondents of the study area state that the main causes of
climate change are deforestation (35.70%) followed by forest
fires (27.15%), urbanization and industrialization (25.72%),
(Table 2). However, no significant variation was exhibited
among the main causes of climate change as reported by
respondents. The related scientific report indicates that
climate change is caused by natural phenomena and
anthropogenic activities (Montzka 2011, Stem 2014). The
respondents of the area experienced significantly higher
effects of climate change from 10 to 20 years (67.14%),
followed by about 20 to 30 years (16.71%) and from 10 years
(14.28%), while 1.87% respondents did not give any
response (Table 1c). Similarly, previous people perception
study indicates that increase in annual temperature and
reduction in annual rainfall, with greater unpredictability in
comparison to 30 years ago (Baul et al 2013). The previous
scientific study indicates that the Kosi River basin also
examined the rainfall status for the past 34 years (1981-
2015) and decreasing trend was observed (Shrestha, 2019).
Similarly, the HKH experienced a significant decline in
snowfall (Ren et al 2015, You et al 2015) and glacial area
(Kulkarni and Karyakarte 2014, Wester et al 2019) in the last
4-5 decades. Most of the Western Himalayan (WH) stations
recorded a significant warming trend from 1975 onwards
(Dimari and Das 2012, Negi et al 2018). Significant rise in
surface temperature was observed throughout the HKH
region during the past six decades (Kulkarni et al 2013,
Rajbhandari etal 2016).

People's responses to the impact of climate change on
agriculture: According to the responses of the people in the
study area, the impact of climate change has been seen in
agriculture is mostly witnessed to low crop productivity
(37.98%) and early maturation (22.04%) (Table 2a).The main
impact of climate change was observed in agriculture
production attributed to lack of rain, the presence of insects,
pests, and unwanted invasion. Similar findings were also
reported on the basis of people perception's (Suberi et al
2018, Dalal et al 2018). Intergovernmental Panel on Climate
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Change (IPCC)'s report shows that the crop yield in many
countries of Asia has declined, partly due to the rising
temperature and extreme weather events and rainfall
variability (Cruz et al 2007). The changes in climatic events
such as temperature and rainfall significantly affect the yield
of crops (Mahi 2021). The previous study indicates that,
historically, low precipitation events have been attributed to
many of the largest falls in crop productivity (Kumar et al
2004, Shivakumar et al 2005); agriculture is considered the
most endangered activity, adversely affected by climate
changes (Ali et al 2019). Furthermore, climate change-
induced diseases and pests have also negatively impacted
crop yields (Bhatta et al 2015), thus contributing to a reduced
agricultural output (Paudel etal 2016).

Impact of other biological factors on agriculture: Apart
from climatic parameters, some factors affect crop
productivity as per respondents included mainly animal
attacks, most importantly monkeys (45.72%), wild boars
(30%), rodents (14.28%), and birds (10%) (Table 2b). The
respondents agreed that they observed the effect of biotic
factors most significantly, (65.72%) respondents feel it from
15 years, then (18.56%) from 10 years, (11.43%) from 5
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years and (4.29%) respondents from 20 years. Similar
findings were also reported by earlier workers crop damaged
by rodents (Parshad 1999, Sridhara and Tripathi 2005), and
wild boars damaged crops (Rao et al 2002, Dalal et al 2018).
In other studies, outside of the region, people also reported
an increase in the incidences of crop damage by wild
animals, including monkeys, boar, deer, bears, and rodents
due to anincrease in their population. Animals that engage in
these activities are often labeled 'crop raiders' and their
actions as "crop raiding' (Humle & Hill 2016). Crop raiding is
commonly used to mean the action of, or results of, wild
animals damaging standing crops by feeding on or trampling
them (Hill 2017).

Reduction in agricultural production: According to the
perception of the people, there was a significant decrease in
the productivity of the main 10 crops due to climate change
and other responsible factors like monkeys, boars, rodents,
and birds. A comparative study of crops was done between
1989 and 2019, the production of Triticum aestivum was
5027.84 kg/ha, now reduced to 2009.14 kg/ha between 2010
and 2019. There has been a reduction of up to 3018.7 kg/ha
in Triticum aestivum production. Echinochloa frumentacea

Table 1. People's response regarding to climate change and causes of climate change

Response Rising temperature

Erratic rain & low snowfall

Long drought spells Shifting monsoon period

Understanding of climate change

Proportion (%) 42.85+0.69° 24.89+0.52"
F=4.57

Main causes of the climate change

Response Deforestation Forest Fire

Proportion (%) 35.70+0.39 27.15+0.35
F=2.65

Villagers response to climate change from

Response 10 — 20 years 20 - 30 years

Proportion (% 67.14+1.25° 16.71+£1.01°

F=21.80

19.57+0.27° 12.69+0.21°
p= 0.04*
Urbanization & Motor vehicles and others
industrialization
25.72+0.36 11.43+0.11
p=0.06
<10 years No climate change
14.28+0.79 1.8710.02
p< 0.001***

Table 2. Responses of people to the impact of climate change and other responsible factors on agriculture

Impact of climate change on agriculture

Response Low crop productivity  Early maturation Reducing shape and  Invasion of alien plant  Diseases, pest and
size species pathogen
Proportion (%) 37.98+0.99° 22.04+0.87° 14.64+0.55° 13.29+0.36° 12.05+0.44°
F=3.77 p<0.01**
Other responsible factors which affect the crop productivity of people
Response Monkeys Wild boars Rodents Birds
Proportion (%) 45.72+2.23° 30.10+2.03" 14.28+0.85° 10.23+0.26"
F=7.93 p<0.001***
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Table 3. Showing the average reduction in crop production (Kg/ha)

Major crops

Average crop production (Kg/ha)

Average reduction in
crop production (Kg/ha)

1989- 1999 2000 -2009 2010-2019 1989-2019
Wheat (Triticum aestivum) 5027.84 3225.47 2009.14 3018.7
Rice (Oryza sativa) 3991.88 3244.92 1505.86 2468.88
Maize (Zea mays) 2098.83 1472.47 777.84 1320.99
Maduwa (Eleusine coracana) 4014.30 2407.78 1759.49 2254.81
Madira (Echinochloa frumentacea) 4244.02 2260.28 1259.70 2984.32
Kala bhatt (Glycine soja) 3020.69 1616.48 1010.55 2010.14
Soya bean (Glycine max) 3759.17 2020.60 1403.21 2355.96
Gahat (Macrotyloma uniflorum) 1500.38 1003.07 302.96 1197.47
Urad (Vigna mungo) 1159.54 711.57 477.97 1145.26
Masoor (Lens esculenta) 1282.62 912.38 507.76 774.86

was gradually decreased and the production between 2010
and 2019 was only 4244.02 kg/ha. Thus, a decrease of up to
2984.32 kg/ ha was observed in the production of
Echinochloa frumentacea. Earlier scientific studies indicate
that, in recent decades, the area under traditional crops has
drastically declined (>60%), and many of the crops are at the
verge of extinction, such as Glycine spp., Hibiscus sab-
dariffa, Panicum miliaceum, Perilla fruitescens, Setaria
italica, Vigna spp. (Maikhuri etal. 2001; Negi and Joshi 2002).
Currently, climate change has a negative influence on food
security as various predictions indicate a significant decrease
in the productivity of different crops (Thompson et al., 2010).
Many studies already found that climate change can reduce
the yield of wheat by 3.5 to 12.9% (Gammans et al 2017), of
maize by 34.6 to 35.4% (Li et al 2014), and of paddy by 10 to
15% (Nelson et al 2009, Li et al 2018). The IPCC (2007)
concurred that higher temperature is also the reason for
reduction in cereals (e.g., rice and wheat) production
especially in South Asian countries. Comprehensive review
around the globe is pointing to clear evidence of a decline in
the yields of important cereal crops under climate change
conditions (Mall et al 2006, Lobel, and Gourdji 2012, Timsina
and Humphreys 2006).

Future impacts of climate and suggestions of villagers to
reduce these impacts: According to the people's
responses, climate change will have more negative effects in
the future. Most of these effects will result in loss of
agriculture, followed by water scarcity, more drought, and
migration of people, epidemics, and problems of inflation.
While people suggested reduction strategies for impact of
climate change and people provided some suggestions to
reducing the impact of factors effecting crop productivity. The
impacts of climate change are one of the greatest challenges

the country is facing today and would continue to be so in the
near future (Chhogyel and Kumar 2018). Many climate
models have predicted a decrease in precipitation with an
increase of dry periods (Maloney et al 2014, Chadwick et al
2016, Duffy et al 2015). The IPCC report projects that in the
coming decade's climate changes will increase in all regions.
For 1.5°C of global warming, there will be increased heat
waves, longer warm seasons, and shorter cold seasons. At
2°C of global warming, heat extremes would more often
reach critical tolerance thresholds for agriculture and health
(IPCC 2021). Inorderto reduce the vulnerability impressions,
people gave their important suggestions, the main ones
being aware, afforestation, and conservation of water
sources less use of oil gas and chemical fertilizers. Besides,
the mixed cropping pattern is the best option for reducing the
impact of climate change. This pattern has been started for
few times by villagers.

CONCLUSION

Agriculture and livestock are one of the main livelihood
sources of the marginal living people of the Himalayan region
who are straightway exposed to climate and therefore most
affected by the climatic variability. The respondents
interviewed in the study area agreed to recognize that rises in
temperatures, precipitation patterns, longer drought spells,
and shifting monsoon patterns have been feeling for the
previous twenty to thirty years. Moreover, respondents also
believed that for some years the number of main wild animals
like monkeys and boars is also increasing, which is causing
more damage to agricultural production. Due to both these
reasons, crop production has reduced drastically in the last
ten to fifteen years, and some people have stopped growing
these crops. Due to this, the economic and social conditions
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of the people have also been deteriorated, which is not a
good sign for the future. Respondents of the study area have
given their valuable suggestions regarding reducing the
impact and vulnerability to climate change and other
responsible factors which included community awareness,
adaptive measures, reforestation, conservation of water
resources, and less use of oil-gas and chemical fertilizers.
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