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Abstract: This research aimed to find out possible patterns of land use change to mitigate
human-elephant conflicts in Kaeng Krachan National Park. A survey and questionnaire were used to
collect data from 381 farmers in the problem area. The results of this study revealed that almost all
farmers traditionally planting pineapples had experienced crop raids by wild elephants, as the
pineapples are a favored food of the elephants. Moreover, farming areas were located within the
elephants’ habitat, along their routes for finding food and water. The majority of the farmers had begun
to change their patterns of agricultural land use, but they faced similar problems of farming cost with
another group that was also willing to make changes to land use practices. Integrated farming
represents a possible land use pattern that is congruent with farmers’ attitudes. The potential crop
species were rubber and lime, as well as raising cattle.

Keywords: Land use change, human-elephant conflict
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Figure 2 Proportion of land-use change in association with crop-raiding
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Tablel. Land use patternin research area (1 rai = 0.16 hectare)
Species Area (rai) Percentage
Pineapple 736 3772
Rubber 652 2684
Banana 545 2572
Cattle 439 5.27
Lime 424 445
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Abstract: This research aimed to find out possible patterns of land use change to mitigate human-
elephant conflicts in Kaeng Krachan National Park. A survey and questionnaire were used to collect data
from 381 farmers in the problem area. The results of this study revealed that almost all farmers traditionally
planting pineapples had experienced crop raids by wild elephants, as the pineapples are a favored food of
the elephants. Moreover, farming areas were located within the elephants’ habitat, along their routes for
finding food and water. The majority of the farmers had begun to change their patterns of agricultural land
use, but they faced similar problems of farming cost with another group that was also willing to make
changes to land use practices. Integrated farming represents a possible land use pattern that is congruent
with farmers’ attitudes. The potential crop species were rubber and lime, as well as raising cattle.
Keywords: land use change, human-elephant conflict
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Introduction

Human-elephant conflict (HEC) is a
problem found in many countries in both Africa
and Asia. This problem takes many forms that
result in the loss of agricultural crops and
houses, as well as injury and loss of life of both
humans and elephants (WCS Thailand 2007,
Wongsaroj, 2017; Desai and Riddle, 2015).

In Thailand, human-elephant conflict
has a long history in at least 20 conservation
areas such as Kaeng Krachan National Park in
Petchburi province, the site of this research. This
national park is the largest in Thailand, and is
located on the lower Tanaosri cordillera, and
covers an area of 7202384 acre or
approximately 2,915 km? in Phetchaburi and
Prachuap Khiri Khan Province. This area is an
important corridor for animal and plant species
between the northern and southern areas of
Thailand.

Human-elephant conflict in the Kaeng
Krachan National Park is experienced in the
southern area, from Pa Deng, Kaeng Krachan
District, Phetchaburi province to

Bueng Nakorn, Huai Sat Yai subdistrict,
and Nong Phlap subdistrict, in Hua Hin District,
Prachuap Khiri Khan province. This forested
area is divided into two sections, divided in the
center by an area of human settlement and
agricultural activity. This area was originally the
livelihood area of two villages until 1968, when
lowland communities began to encroach upon
both sides of the Pran Buri river to do serious
agricultural activities. In 1977, the government
recognized that this area was threatened and

involved the farmers in the Royal Initiative

Project and established agricultural areas in the
southern lowlands of the National Park, in
parcels of approximately 7.90 acre. In the initial
stages, farmers did not experience problems
with wild elephants, but in 1992 the first cases of
elephants coming out of the forest to eat and
destroy crops were seen. Since then, the
problem became more frequent and has
continuously increased in intensity (Buaban et
al, 2016; Wanghongsa et al, 2007).

After 15 years since the appearance of
human-elephant conflicts in this area, the most
common form of conflict is economic loss from
the destruction of agricultural crops and
psychological loss from concern  for
encountering wild elephants. The loss of life and
property have created negative attitudes about
wild elephants. During this period, numerous
organizations, such as the Wildlife Conservation
Society (WCS) Thailand and local government
administration organizations in the region have
researched ways to mitigate the problem with
passive deterrent methods, such as constructing
electric fences, danger warning signals, as well
as active deterrent methods such as directly
chasing the animals away and vehicles to help
chase the animals away. In addition,
compensation for losses have been paid to
farmers. However, all of these are simply short-
term approaches to alleviating the problem and
have not been effective because farmers still
experience losses of life and property, while
elephants continue to be harmed and killed.

This research attempts to analyze the
potential for land use change as a way for

farmers to productively use the land while at the
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same time alleviating conflict between humans
and wild elephants for the long term. The
research is also seen as an important tool in all
areas of national development that will
strengthen communities, create a livable society
and result in sustainable economy (Tatiyakavee,
2015; Sirisumphand, 2013).

Materials and Methods
Population used in the research

The population used in this research
was a sample of 381 farmers (100 percent) in
the area experiencing human-elephant conflict.
The sample was divided geographically into

Farmers living in Nong Phlap subdistrict
(36 people), Huay Sat Yai subdistrict (132
people) and Bueng Nakorn subdistrict (8
people). These areas are located within Hua Hin
District of Prachuap Khiri Khan province

Farmers living in Pa Deng district,
Kaeng Krachan District of Petchburi province
(205 people)

Study area

This research collected data from
farmers who experienced losses in the areas of
the Kaeng Krachan National Park (Figure 1).
Tools used in data collection

Two tools were used in data collection
for this research:

Survey form to collect basic information
and data on farmers’ land use in the past, in
order to identify crops and livestock that are
appropriate for the area but are not preferred by
elephants; this feeds into the effort to reduce the
problem of crop loss by farmers in human-
elephant conflict

Questionnaire on farmer attitudes
regarding the potential for using land use change
by crop and livestock type, as derived from the
survey above
Data analysis

Data were assessed with descriptive
statistics  methods, including frequency,

percentage, mean and ranking.

nInszewvesulasinsaInIIud lAdunInudomys mx‘lxym-ﬁ:u- wWoASNwu 2547 Be wapniau 2550 Banghok

Figure 1 Problem area
Source: Wildlife Conservation Society (WCS) Thailand (2007)
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Results

Situation of natural richness in the area

The survey of the research area
focused on land, moisture and rainfall, and found
that the area is suitable for agriculture. The area
along the southern edge of the Kaeng Krachan
National Park, between forested and cultivated
areas used by the villagers, consists of the
following: Phu Sana Series (Ps), Lat Ya Series
(Ly), Kamphaen Saen Series (Ks) and the Chan
Tuk Series (Cu). Organic material is average,
while phosphorous and nitrogen, which are
beneficial for agriculture, are quite high. The
average annual rainfall for Petchburi province is
988.8 mm. The maximum precipitation for
November is 286.7 mm, while the low
precipitation for December is 1856 mm. The
average relative humidity high and low for
Petchburi province in the past 18 years is a high
of 92 percent in October and a low of 35.5
percent in July.
Socio-economic situation of the farmers

Survey respondents were mainly male
(78.50%), married, average age of 53 years,
completed primary education, and had an
average household size of 4 people. More than
one half (57.80%) of farmers had an average
income from crops of 2,973.82 $ per year, with
average income from livestock of 3,458.41 $ per
year. Land ownership averaged 12.16 acre per
household, of which agricultural land is almost
completely located within the Kaeng Krachan
National Park (87.90%). Average land holdings
increased from the original 7.91 acre per person
allocated by the government in 1977 as farmers

encroached on national park land, which may be

one cause of the reduction of habitat area of
elephants as compared to the past. Almost one
in three farmers (28%) have income from
supplementary livelihood activities such as wage
labor and small-scale trading, and averaged
1,483.31 $ per year. The average total income
from of the 64 farmers engaged in crop planting
was 5,367.17 $ per year. The remaining group of
farmers, which received financial support from
their children, was 4.70%, while farmers living off
of pensions was 2.80%, averaging 2,659.98 $ per
year. Average monthly household expenditures
were 13357 $, while monthly agriculture
expenditures were 173 $ per month.

Average start-up cost for agricultural
activities was 106,541.09 $, of which most
consisted of purchase of machines and tools,
including tractors and trucks, and construction
costs, such as houses, water storage ponds and
water tanks. The next most significant cost was
breeding animals, crop seed and land
preparation, including plowing, soil improvement
and soil maintenance. Land degradation is
particularly problematic for farmers who plant
pineapples for a long period of time, as the land
loses its ability to produce at the original levels.
Farmers must invest heavily in soil improvement
in order to enable sustained production. Next
was expenditure for water pumps, for farmers
who experience water shortages, and milking
machines for farmers who raise cattle. The
remaining expenditures were capital for
purchasing equipment such as grass-cutters

and sprayers.
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Patterns of land use change

A number of problems were faced by
farmers using land in the Kaeng Krachan
National Park area, including Bueng Nakorn
subdistrict, Nong Phlap subdistrict, Huay Sat Yai
subdistrict, in Hua Hin district of Prachuap Khiri
Khan province, and Pa Deng subdistrict in
Kaeng Krachan district of Petchburi province. In
the past, most of the farmers doing agriculture in

this area had begun to change their land use

80 63.89

practices. The proportion of farmers who had
changed their agricultural land use practices
because of crop destruction from elephant
intrusion was 25.76% of farmers in Huay Sat Yai
subdistrict, 63.89% of farmers in Nong Phlap
subdistrict, and 62.50% of farmers in Bueng
Nakorn in Prachuap Khiri Khan province. In
Petchburi province, 42.93% of farmers in Pa
Deng subdistrict had changed agricultural land

use practices because of elephants (Figure 2).

62.5

y |
60 42.93
40 25.76 -4
20 '

Huai Sat Yai

Nong Phlap

Bueng Nakhon Pa Deng

Figure 2 Proportion of land-use change in association with crop-raiding

Farmers in Huay Sat Yai Subdistrict
began to plant mostly bananas, followed by para
rubber and beef production. Others started to
plant lime and pineapple (Figure 3). In the Bueng
Nakorn area, almost all farmers changed to
pineapple and para rubber, with less that 2% of
the 84.21 acre being used for jackfruit (Figure 4).
In Nong Phlap subdistrict agricultural lands,

most farmers changed to pineapple, followed by
para rubber and palm oil, with a small area under
mango production (Figure 5). In Pa Deng
subdistrict, most farmers changed to beef and
dairy production, as well as banana. These were
followed by para rubber planting, pineapple, and
lime (Figure 6).

(Unit: number)
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Figure 3 Land-use patterns in Huai Sat Yai
(Unit: number)
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Figure 4 Land-use patterns in Bueng Nakhon
(Unit: number)
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Figure 5 Land-use patterns in Nong Phlap
(Unit: number)
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Figure 6 Land-use patterns in Pa Deng

Agricultural land use alternatives to production/marketing capacity standpoints,
reduce the risk of damage from elephants, which include planting para rubber, banana, lime and
are feasible from land suitability and mixed beef or dairy cattle (Table 1).

Table 1. Land use pattern in research area (1 rai=0.16 hectare)
Species Area (rai) Percentage
Pineapple 736 37.72
Rubber 652 26.84
Banana 545 25.72
Cattle 439 5.27
Lime 424 4.45

Awareness of impacts and intensity of the case for fields prepared for planting other
human-elephant problems fruit crops. Elephants cause soil compaction

Most farmers are aware of the serious when they step, which makes it more difficult
problems that wild elephants can cause for and time-consuming for farmers to carry out
agricultural activities. However, the loss of life their farming activities. Research on economic
and houses is not so serious, when compared to damage from wild elephants in the area of the
losses to crops. Even farmers who primarily raise Kaeng Krachan National Park carried out by
beef and dairy cattle or pigs are aware of these WCS Thailand (2007) found that there were 52
problems. Farmers who plant fodder grasses for types of damage. These can be divided into 24
their cattle are particularly aware of these types of fruit damage (46%), 5 types of field
problems as they suffer losses when wild crops (10%), vegetables (27%), and 9 types of
elephants come out of the forest in search of industrial tree crop (17%). The total amount of
food at night. Fodder grass fields are damaged damage was 256,374.33 $, or a yearly average of
when elephants walk through them, as is also 101,955.24 $.
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In addition to these economics
problems, there are also psychological problems
that result from the night-time trumpeting of
elephants when they are in the area, which
causes stress and disrupts the rest of farmers
after their daily heavy physical labor in the fields.
Some farmers stated that wild elephants
prevented them and their families from getting
sufficient rest. The farmers that did not report
damages to daily livelihood activities were those
that raise livestock and live away from the travel
routes of the elephants that are used by
elephants that come out of the forest looking for
food and water. Some farmers did not believe
that it was a problem for them, because they had
experienced the problem for a long time and
decided to change their land use and livelihoods,
engaging in wage labor or small-scale trading.
Farmers that chased the elephants away by
themselves used fireworks or equipment that
makes loud noise when the elephants intrude
into their individual lands.

Farmers that experience problems with
wild elephants also form look-out groups, and
rotate the keeping watch so that they can give
warning signals when the group needs to come
together to chase elephants away from the
village area. Of the farmers, 20.45% have not
been able to solve their problems, and they
decided to plant crops that are not preferred by
elephants, such as lime and para rubber. One
farmer suggested that even switching to
alternative crops does not contribute much to
solving the problem, because just walking by
elephants cause the land to be uneven, as well

as hardening and compacting the soil. This

makes it impossible to plant other crops. Young
crops area also particularly vulnerable to this
type of damage. The percentage of farmers
shifting to livestock was 2.27%, and included
chickens, fish and pigs. The remaining 2% did
not know how to prevent these problems.

Respondents to the survey identified a
number of agencies that were involved in the
efforts to solve these problems, including local
government administration organizations and
WCS Thailand. Assistance consisted of advice
on technical approaches to preventing
problems, as well as budgetary resources for
constructing look-out structures and signal
fences.

Factors presently influencing
agriculture

The original land use patterns of
farmers in the area have been passed down
through the generations, in families and
neighborhoods within communities. The most
important factor in crop selection is marketing.
Whether or not there is a market for the crop is
critical analytical indicator of a crop’s potential
success. Market price is also an important factor
that gives farmers confidence in continuing their
original land use management practices, while
discouraging people from considering options
for changing. The groups in the research faced
different problems regarding capital. Decisions
depended upon market conditions. When there
is market demand and good, stable prices,
farmers are happy to plant or raise livestock that
are relatively easy to take care of. The market
accessed by farmers in this study was mostly

through middlemen who purchase produce at
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farm gate. Additionally, there is a cooperative for
farmers raining dairy cattle. Pineapples planted
by farmers are purchased by local factories that
produce canned pineapple.

The  most  important  problem
associated with agriculture presently is capital.
Next is the difficulty of complicated planting
practices and the high price of seed. Problems
with capital have particularly large impact on the
agricultural activities of farmers in this study,
because most of them use capital that is
borrowed. Although there is a proportion of
individual capital invested in these activities, it
only represents a small amount of total
investment funds. Therefore, the options
available to farmers are often quite limited, and
this can make it very difficult for farmers to
change their agricultural land use practices. This
is especially relevant for small-scale farmers.
The changes can take a long time to implement,
even with the networking assistance of outside
agencies that cooperate in terms of capital,
seed, breeding animals and development of
marketing to provide a stable outlet for products.

The high price of planting material is a
problem, as mentioned above, for example with
regards to expensive para rubber saplings.
Farmers engaging in livestock raising also face
problems because breeding animals are
expensive, at approximately 619.08 to 928.62 $
per head. For these reasons, we can conclude
that capital is a key obstacle to farmers’ capacity
to change their land use patterns. There are also
technical constraints; for example, farmers find
that cattle raising techniques are complicated

and difficult, in addition to requiring high levels

of capital investment. There are only several
examples of farmers switching to dairy cattle
raining, even if they may be interested in
principle. Many farmers shifted to para rubber
planting after they experienced losses from
elephant damage, with the assistance of
technical advice from many agencies,
particularly those planting pineapples and
bananas. However, some individuals are not
able to follow the advice because they are
concerned about market access and price
stability of para rubber. Rubber markets that are
currently accessed by farmers may be located in
other subdistricts at some distance from their
fields, which means that those farmers that do
not have trucks to transport the rubber to market
have difficulty in making the shift. There are
technical problems associated with harvest, as
most small-scale farmers do not have tools and
equipment. As their area of planting is
comparatively small, they lack funds needed to
invest and expand their production. It was also
found that farmers in the study generally lacked
labor required during the harvest season,
because the majority of potential household
labor have moved to other provinces to find
work. The remaining people in the household
tend to live off of money sent by relatives who
have gone to find work, but still have agricultural
land to take care of. The largest problem in
marketing of agricultural products is the lack of
price stability during the periods in which
products hit the market in large quantity.
Normally, prices will gradually decrease, as is the

case with rubber. These dynamics indicate the
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decision-making processes employed by
farmers in their various agricultural models.
Thus, in addition to support that is
needed in the initial stages of investment, as
discussed above, there is still need for extension
services to support agricultural groups. This may
be in the form of cooperatives, such as rubber
planting groups, beef cattle production groups,
or dairy cattle production groups. The important
impact is increasing farmers’ power in
negotiations with middlemen and the market so
that they are able to manage their operations
systematically on their own, making investments
so that they can pool their product and process
on their own in the future. This is one long-term
the

problems faced by farmers in the Kaeng

solution to human-elephant  conflict
Krachan National Park area.

Needs and obstacles in patterns of land
use change

The proportion of farmers who have
made changes to their agricultural land use
practices amounts to 70%, while 29% have not
changed because they experience problems
with capital and pre-existing debt, even if they
would like to make changes in the future.
Farmers planting pine trees (7.48%) did not

make any statement about their desire to make

changes in their agricultural land use practices
in the future, because they are located in an area
that does not experience problems with wild
elephants. Most of this group plants pine trees,
followed by bananas and lime, para rubber and
pineapple, tomato and cow-pea. Moreover,
1.90% of farmers raising fish, chickens and pigs
also explained that they get sufficient income
from their original farming patterns, and that the
damage sustained from elephants intruding into
planting and residential areas is not severe.
Farmers would like to change the crops they
plant or animals they raise, but do not has
sufficient funds. 80% of farmers stated that the
main problem holding them back from making
rapid changes to their agricultural practices is
the lack of capital. This indicates that the capital
shortage problem and pre-existing debt problem
is major, and farmers do not want to increase
their debt burden. The main existing source of
capital for farmers is loans from the Agricultural
and Cooperative Promotion Bank. Some farmers
use their own capital together with borrowed
capital. Additionally, 35 individuals stated that
they have not changed their production systems
because the marketing channels and price

stability for existing crops are better (Table 2).

Table 2 The main obstacles to widespread adoption of alternative land use

Problem/Obstacle Number Rank
1.High start- up costs 80 1
2 Marketing channel 35 2

Most the farmers that adapted new
mixed farming patterns planted rubber and

pineapple, rubber and palm oil or rubber and

beef cattle. Some farmers planted lime together
with other crops and livestock, such as lime with

palm. Some planted lime with beef cattle. A
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small number of farmers started raising beef and
dairy cattle together. Although this is the solution
that can make the largest contribution to
alleviating the wild elephant problems, this
option also requires the highest capital
investment. The factors that facilitated mixed
agriculture most was the existence of market
outlets and ease in planting; for livestock, the
factors included ease in finding breeding
material locally, fast growing varieties, ease in

marketing and high prices.

Discussion and Conclusion

From this research, we can conclude
that most of the farmers who have experienced
human-elephant conflict problems in the area of
the Kaeng Krachan National Park over the past
30 years are committed to and are in the process
of changing their customary agricultural land use
practices to new options. There are several clear
trends that can be observed. Mixed farming
practices are being adopted, with lime and para
rubber together with beef and dairy cattle
contributing the most important elements in the
shift away from pineapple monocropping. These
alternatives are suitable for the land and are
preferred by farmers. Some farmer groups have
also increased planting of these crops together
with the traditional main crop of pineapple, in
order to reduce the risk of loss to destructive
activities of wild elephants. The availability of
market channels is the most influential factor in
farmers’ decisions about changing their
agricultural land use patterns. The largest
problem faced by farmers, which is considered
to be the biggest obstacle in changing land use

patterns, is the lack of capital for investment.

This is because most of the farmers are small-
scale land holders, with small-scale agricultural
activities, and use simple machines and
equipment. Farmers also experience problems
with limited labor availability during harvest
season. Even through there are many
organizations that have provided assistance and
support, because farmers lack capital they are
often not able to overcome these problems and
obstacles.

Thus, mixed cropping, based on crops
that are not favored as food by elephants, is the
alternative for reducing the severity of problems
resulting from human-elephant conflicts in the
Kaeng Krachan National Park. Alternatively,
crops not preferred by elephants could be
planted as a buffer zone. This would include
para rubber and lime, as well as livestock options
such as beef and dairy cattle. This is in line with
the recommendations of WCS Thailand (2007),
which states that farmers who experience loss
and damage from the conflicts must be
participants in the efforts to solve elephant
conflict problems. This forms the heart of
different approaches that can lead to
community-based conflict mitigation, including
creation of a crop buffer zone in which crops that
are not preferred by elephants are planted
around the periphery of elephant habitats, as
well as constructing fences and strengthening
mutual assistance mechanisms for chasing
elephants away when they approach. These
findings support the research of Buaban et ai.
(2016) which concluded that permanent fences
can be successful in preventing wild elephants

from coming out of the forest to destroy crops to
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a certain degree. In any case, these must be
used in conjunction with other approaches, and
the research recommended that permanent
fences should be constructed to encircle the
areas that experience human-elephant conflict.
This is also supported by the findings of the
project to solve human-elephant conflict
problems in the Phu Luang Wildlife Sanctuary in
Loei province. Based on observation of elephant
prints on both sides of fences constructed, it was
found that electric fences can be effective in
keeping elephants from coming out of their
habitat area. WCS  Thailand  (2007)
recommended the creation of mixed buffer
zones with the cooperation of local guards, as
well as building fences that are constructed from
materials that can be found locally. It was found
that these can be constructed for 494.34 $ per 1
km and maintained with 324.34 $ per 1 km.
Moreover, support to farmer groups
that experience human-elephant conflict
problems in the area of the Kaeng Krachan
National Park enabling them to make changes to
their agricultural land use patterns must rely on
the participation of agencies in all sectors in
terms of investment, marketing and forest
management. By improving the richness of
forest areas through enhancement planting,
development of water sources, grasslands and
salt licks, humans can provide sufficient and
comfortable living spaces for elephants and
other animals. This will in turn reduce the need
for elephants to come out of the forest in search
of food, as well as creating standards for the
limitation of agricultural area expansion, which

may encroach on elephant habitat forest lands

(Thunhikhorn et al, 2011; Srikrachang, 2008;
Pratumthong et a/, 2007). This is in line with the
recommendations of Wongsaroj (2017), as well
as the conclusions and recommendations of
Chokcharoen and Sukmasuang (2012), which
state that, although the elephants in the Phu
Wua Wildlife Sanctuary of Buengkan province
are able to live in an area that is of appropriate
size for the population, it is still necessary to
improve the forest area with water sources and
salt licks so that elephants can meet their needs
year around without having to leave the area.
This is one approach to keeping elephants from
coming out of their forest area to eat the crops
of farmers. There should be cooperation
between the government and the people in the
conservation of remaining wild elephants,
decreasing activities that disturb or hurt the
elephants. It is important that the people and the
elephants of Thailand area able to coexist in

peace.
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