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Factors Influencing Variations in the Density, Extent of 
Canopy Cover, and Origin of Trees in Paddy Fields  
in a Rainfed Rice-Farming Village in Northeast Thailand

Watanabe Moriaki,* Patma Vityakon,** and A. Terry Rambo***

Paddy fields in Northeast Thailand are unusual in that they contain large trees.  In 
recent years, however, in concert with major changes in the agricultural system of 
Northeast Thailand, including the shift from subsistence to cash crops, mechaniza-
tion, use of chemical fertilizers, and increased reliance of rural people on manufac-
tured consumer goods, the role of trees in paddy fields has also been changing, 
leading to a decline in tree densities.  This study was conducted in Khok Kwang 
village, Khon Kaen Province, in order to examine factors influencing variations in 
density, canopy coverage, and origin of trees in paddy fields there.  In recent years, 
the rate of tree cutting appears to have been increasing and the density of trees 
declining.  This decline reflects many changes in agricultural practices in the village.  
Farmers now rely on chemical fertilizer rather than litter from the trees to maintain 
soil fertility.  They no longer value any increase in rice yield during dry years in the 
parts of their fields that are close to the trees because they are now able to pump 
irrigation water to maintain productivity; and trees are seen as an impediment to 
the use of four-wheel tractors, which have difficulty working efficiently in paddy 
fields with many trees.  In addition, several farmers have begun to plant their paddy 
fields with sugarcane, which is less shade tolerant than rice.  The density of trees 
in paddy fields planted with sugarcane (5.7 trees/ha) is much lower than in fields 
where rice is cultivated (9.6 trees/ha).  In upper paddies that are still planted with 
rice, the trees are retained because they provide valuable goods and services to the 
farmers and rice yields there are in any case low and unstable.  This study illustrates 
at the micro level how changes in farmer goals, choice of crops, and production 
technology that are part of the agrarian transformation of Northeast Thailand are 
reshaping the rural landscape.

Keywords: agroforestry, traditional land use, landscape ecology, tree-crop 
interactions, farmer knowledge
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Introduction

Paddy fields in Northeast Thailand are unusual in that they usually contain large trees.  
These fields are not just rice paddies but multi-resource systems providing a wide vari-
ety of goods and services to the rural people (Heckman 1979; Grandstaff et al. 1986; 
Rambo 1991; Patma 1993; Buared 2000).  The trees provide food and medicine, firewood, 
lumber, small timber, non-timber products, and shade (Grandstaff et al. 1986; Buared 
2000).  They contribute organic matter to the soil (e.g., Sunee et al. 1992), which serves 
as a nutrient reserve and leads to higher cation exchange capacity (Patma 1993).  Trees 
also provide fodder and shade to livestock as well as serve as habitat for various wild 
species, including insects, birds, and other animals (Grandstaff et al. 1986).

In recent years, however, in concert with other major changes associated with the 
ongoing agrarian transformation of Northeast Thailand—including the intensification of 
rice production, shift from subsistence-oriented farming to raising cash crops, mechani-
zation, use of chemical fertilizers, and increased reliance of rural people on manufactured 
consumer goods—the role of trees in paddy fields has also been changing, leading to a 
general decline in tree density.  However, only a few surveys have been made of the 
density of trees in paddy fields in Northeast Thailand and central Laos (ibid.; Watanabe 
et al. 1990; Buared 2000; Kosaka et al. 2006; Matsushita et al. 2011).  They found a wide 
variation in number of trees per hectare, ranging from none to more than 150.  A recent 
survey of tree density in paddy fields for the whole of the Northeast region revealed the 
mean density of trees in paddy fields was 12.1 trees/ha (Watanabe et al. 2014).  In general, 
the northern part of the region has much lower densities of trees than the southeastern 
part.  Density was found to be influenced by multiple factors: (1) the history of land 
development, with older fields displaying lower densities than newer fields; (2) topogra-
phy, with fields located at higher positions in the toposequence having higher densities 
than those located in lower areas; (3) access to natural forest resources, with areas close 
to forests having higher densities than areas farther away; (4) amount of annual rainfall, 
with areas of higher rainfall having higher densities than areas of lower rainfall; and (5) 
landholding size, with areas of larger-sized landholdings having higher densities than 
areas of smaller-sized landholdings (ibid.).  The kinds of crops planted in the paddy fields 
(in the past almost always rice but recently sometimes sugarcane or cassava) also influ-
ence density since trees reduce yields of shade-intolerant crops.  Rice is more tolerant 
than field crops such as cassava and sugarcane, which leads farmers to cut down trees if 
they plant these field crops (Patma 2001).  Although the degree of shading in fields is 
related to the extent of the trees’ canopy coverage, no studies have been published on 
this aspect of trees in paddy fields.
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The trees in paddy fields in Northeast Thailand have different origins: (1) forest 
survivors that have persisted from the original forest; (2) volunteers that have naturally 
generated from seeds brought into the system through various means; and (3) trees that 
were intentionally planted by the farmers (Patma 1993; 2001).  Because tree management 
in paddy fields gradually evolves from a state of high tree density with little human care 
to one of low tree density with intensive human intervention, forest survivors come to 
be replaced by volunteers and planted trees with the passage of time (Grandstaff et al. 
1986; Kosaka et al. 2006).

Although some studies conducted in Laos have described spatial variability in the 
occurrence of trees in paddy fields at both the community and plot levels (Kosaka et al. 
2006; Matsushita et al. 2011), no systematic surveys of variability in tree density, canopy 
coverage, and origins of trees in paddy fields have been done at the community and plot 
levels in Northeast Thailand.  Therefore, we undertook this study to investigate the 
density, extent of canopy cover, and origin of trees in paddy fields and to identify factors 
influencing these variables in a single rainfed rice-farming community in Northeastern 
Thailand.

Methodology

Research Design
Of the five factors found by Watanabe Moriaki et al. (2014) to influence the density of 
trees in paddy fields, three factors (access to natural forest resources, amount of annual 
rainfall, and landholding size) are not differentiated in the study community of Khok 
Kwang village, so they cannot be a source of variation in tree densities in various parts 
of the village.  Therefore, only two factors, i.e., the history of land development and 
topography, were examined in the present study.  The paddy fields in the village were 
classified into three zones based on their history of clearance and their topographical 
position in the landscape.  The density and canopy cover of trees in paddy fields were 
calculated in each zone by analyzing satellite images downloaded from Google Earth.  
The origins of the trees in selected plots in paddy fields in each zone were recorded based 
on information provided by the farmers.  The effects on tree density of the recent change 
from growing rice to sugarcane in paddy fields was also investigated in the selected plots 
based on observation and interviews with farmers.

Study Site
Khok Kwang village, Khok Ngam Subdistrict, Ban Fang District, Khon Kaen Province 
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(Fig. 1), was selected for study for three reasons: the first author has a long-term rela-
tionship with the villagers, which facilitated the collection of reliable information; it is a 
community with a relatively low density of trees; and it is easily accessible.

Khok Kwang village (16°32′N, 102°38′E) was established in 1920 by seven house-
holds that moved there from other areas.  An unpaved road to the village that was usable 
only in the dry season was constructed in 1967.  Access to the village during the rainy 
season became easier after the road was paved in 2007.  According to the basic village-
level information database (NRD-2C) of the Community Development Department, there 
were 100 households and 448 people in the village in 2005.

There is a difference in elevation of about 30 meters between the highest (220 m 
above mean sea level) and lowest (190 m) points in the village.  Fig. 2 shows the pattern 
of land use in Khok Kwang village.  Forests are located in the northern and southern 
areas and on the top of hilly areas.  Most of the lower areas have already been developed 
into paddy fields.  All of the forests belong to the Royal Forest Department, which planted 
eucalyptus trees in both areas in 1977.  The villagers are not allowed to cut trees without 
permission from the forest department but are permitted to collect firewood and graze 
cattle in the forests.  The villagers like to collect mushrooms in the forests at the begin-
ning of the rainy season.  The main stream, Huay Yai, flows from the northeast to the 
southwest of the village.  A Huay Yai weir, was constructed in 1975–76.  However, the 
weir collapsed two years later and was reconstructed only in 1986.  Since then, about 

Fig. 1 Map Showing the Location of the Study Site of Khok Kwang Village in Khon Kaen Province
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67 ha (400 rai) of the lower paddies have been irrigated from the weir (Fukui and 
Hoshikawa 2009).

The total area of agricultural land in the village is 165.4 ha.  All of the arable land is 
paddy fields.  The mean landholding size per household is 1.65 ha.  According to the 
NRD-2C for 2005, there was little or no differentiation of landholding size among the 
villagers and no household had more than 3.5 ha.  All households engage in rice cultivation 
and also raise cattle and buffalo.  They can grow rice only once each year in the rainy 
season.  All farmers plant the popular RD6 variety of glutinous rice and make use of 
chemical fertilizer and pesticides.  According to the NRD-2C for 2005, only rice was then 
planted.  However, since that time sugarcane cultivation in the paddy fields has been 
expanding.  This is because growing sugarcane requires less labor and brings about much 
higher profits per hectare than rice.  In recent years, shortage of agricultural labor has 
become a serious problem for the villagers because many younger adults have left the 
village to seek non-farm employment in the city.

Fig. 2 Map of Land Use in Khok Kwang Village
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Research Procedure
Obtaining Satellite Images

A high-resolution satellite image (QuickBird) obtained from Google Earth was used in 
this study.  The resolution is sufficiently high to allow the identification of the boundaries 
of paddy fields and the location of trees within these fields using the naked eye.  The 
satellite image covering Khok Kwang village was taken on November 7, 2004 and down-
loaded in October 2010.

Identifying the Boundaries of the Village and the Paddy Fields
The boundaries of the village and the individual paddy fields were identified by checking 
the satellite image with the help of key informants from the village.

Collecting Information on the History of Land Development
Key informants who were knowledgeable about the history of the village were inter-
viewed about the history of land development, especially that of the paddy fields.  They 
divided the agricultural area of the village into two types: (1) the area where most of the 
paddies were developed before 1945 (154.2 ha), and (2) the area where most of the 
 paddies were developed after 1945 (11.3 ha).  A map showing these two types was made 
using ArcView (Fig. 3).

Collecting Information on Topography
The elevation above mean sea level was determined using Google Earth.  Based on their 
elevation, paddy fields of the village were divided into four areas—<195, 195–200, 201–
205, and >206 meters—and the boundaries of these areas were mapped using ArcView 
(Fig. 4).

Delineating Zones Based on the History of Land Development and Topography
The paddy fields were divided into three zones based on information on the history of 
land development and topography (Fig. 5).  Zone A includes the areas with an elevation 
of 200 m or less where the paddy fields were developed mostly before 1945.  Zone B 
includes the areas with an elevation of 201 m or higher where the paddy fields were 
developed mostly before 1945.  Zone C includes the areas developed after 1945 that have 
an elevation higher than 201 m above sea level.

Calculating Density and Canopy Cover of the Trees in the Paddy Fields in Each Zone
All of the trees inside the boundaries of the paddy fields, including those on the bunds 
around the fields, in the satellite image were counted using the naked eye.  In a few cases, 
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when several trees formed a single cluster and it was not possible to count each tree 
individually, the whole cluster was counted as one tree.

The density, the share of the total area of the paddy fields covered by canopies, and 
the mean area of canopy cover per tree were calculated using ArcView with the following 
formulas:

Density of trees in paddy fields (number/ha) = Total number of trees in paddy fields/
area of paddy fields (ha) in each zone

Share of area occupied by canopy cover (%) = Total area of tree canopy cover (m2)/
area of paddy fields (m2) × 100 in each zone

Mean area of canopy cover (m2) per tree = Total area of tree canopy cover (m2)/total 
number of trees in paddy fields in each zone

Observing Paddy Fields in Each Zone and Interviewing Their Owners
Twenty-nine households were randomly selected from the 100 farm households in the 

Fig. 3 Map Showing History of Development of Paddy Fields in Khok Kwang Village
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village, and one plot for each sample household was randomly chosen from their holdings.  
The 29 plots had a total area of 10.7 ha, accounting for 6.5% of the total area of paddy 
fields in the village.  Of the 29 plots, 11 (3.1 ha) were in Zone A, 11 (5.6 ha) in Zone B, 
and 7 (2 ha) in Zone C.  They were kept under observation from October 2010 to July 
2011.  Members of households who owned the plots were asked to identify the names 
and origins of all of the trees standing in their plots.  They were also asked about the 
reasons they retained the trees and their future plans for them.

Results and Discussion

Characteristics of Trees in Paddy Fields in Different Zones
Density of Trees in Paddy Fields

The overall mean density of trees in paddy fields in Khok Kwang village was 7.3 trees/

Fig. 4 Map Showing the Elevation of Paddy Fields in Khok Kwang Village
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ha.  The densities in Zones A, B, and C were 5.1, 12.4, and 18.4 trees/ha respectively 
(Table 1).  Photographs showing trees in paddy fields representing each zone are shown 
in Fig. 6.

Fig. 5 Map of Zoning of Paddy Fields in Khok Kwang Village

Table 1 Density of Trees in Paddy Fields of Each Zone in Khok Kwang Village

Zone
Zone A  

(old lower  
paddies)

Zone B  
(old upper  
paddies)

Zone C  
(new upper  

paddies)
Total/Average

Time of reclamation Before 1945 Before 1945 After 1945
Elevation (m) <200 >200 >200

Area of paddy fields (ha) 123.6 30.5 11.3 165.4
Number of trees 627 378 208 1,213
Density of trees in paddy fields  
(trees/ha) 5.1 12.4 18.4 7.3

Share of total area of field  
under tree canopy (%) 2.6 7.3 10.0 4.0

Mean area of canopy per tree (m2) 52.7 59.0 54.4 55.0
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Extent of Tree Canopy Cover in Paddy Fields
The mean area of canopy cover per tree was 55 m2, and the total area under canopy 
accounted for 4% of the total area of the paddy fields.  The share of the total field area 
occupied by tree canopies was much lower in old lower paddies in Zone A (2.6%) than in 
old upper paddies in Zone B (7.3%) or in newer upper paddies in Zone C (10%).  Trees 
in Zone B had a higher mean area of canopy cover (59 m2) than those in Zone A (52.7 m2) 
or in Zone C (54.4 m2) (Table 1).  Table 2 shows variations in the area of the canopies of 
individual trees in paddy fields in each zone.  The difference in the area of canopy cover 
in Zone B compared to Zones A and C is highly significant (|p| ≤ 0.01) according to the 
Mann-Whitney U test.

Fig. 6 Trees in Paddy Fields in Each Zone in Khok Kwang Village
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Origins of Trees in Paddy Fields
In 10.7 ha of the 29 sample plots, there were a total of 79 trees belonging to 27 species 
(Table 3).  Of these trees, 13 (16.4%) were planted trees, 30 (38%) were volunteers, and 
36 (45.6%) were forest survivors.  The volunteers are supposed to be generated from 
seed provided by nearby forest.  However, forest trees in this village have been replaced 
by eucalyptus.  Therefore, the forest is not a source of seeds for trees in the paddy fields.  
The origin of trees in each zone seems to be different (although since the 29 plots were 
not selected in proportion to areas of the zones, testing for statistical significance is not 
possible).  In Zone A, 38.9% were planted trees while the forest survivors were only 
22.2%.  On the other hand, in Zone C only 4.5% were planted trees and 54.5% were for-
est survivors (Table 4).  Thus, it appears that multipurpose resource systems have been 
kept mainly in upper paddies.  The villagers said that they expected to keep 72 of the 
existing 79 trees (91.1%) in their fields in the future.

Factors Influencing Density, Canopy Cover, and Origin of Trees in Paddy Fields
History of Land Reclamation

Details of the process of land reclamation cannot be reconstructed with precision because 
the villagers do not remember when each paddy plot was reclaimed.  However, according 
to some key informants, the oldest paddies are located in lower-lying parts near Huay 
Yai Stream and were established around 1920.  Many villagers agreed that they started 
reclaiming lower areas first and then expanded the area toward upper ground little by 
little.  The process of paddy field reclamation in the village was quite similar to what has 
been reported elsewhere in Northeast Thailand (Takaya and Tomosugi 1972; Fukui 1993; 
Patma 1993; 2001; Buared 2000).  Thus, we can say with some confidence that the vil-
lagers first developed the paddies in lower parts of Zone A and then expanded them into 
middle and upper parts of Zone B.  The higher land in Zone C was only developed much 
later.  The density of trees in paddy fields clearly reflects this history of land reclamation, 

Table 2 Area of Tree Canopies in Different Zones

Area of  
Canopy (m2)

Zone A  
(old lower paddies) 

(%)

Zone B  
(old upper paddies) 

(%)

Zone C  
(new upper paddies) 

(%)

Total  
(%)

0.0–19.9 4.6 2.9 5.8c 4.3
20.0–39.9 42.7 32.8 38.9 39.0
40.0–59.9 23.8 28.3 26.4 25.6
60.0–79.9 12.6 16.4 13.0 13.8
80.0–99.9 7.2 7.4 6.3 7.1
>=100.0 9.1 12.2 9.6 10.1

Total 100.0 100.0 100.0 100.0
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Table 3 Tree Species Observed in Paddy Fields in Khok Kwang Village (29 sample plots)

Origin of 
Trees Scientific Name Local  

Name
English  
Name

Number of Trees

Main UsageZone*  
A

Zone*  
B

Zone*  
C

Planted  
trees

Bambusa arundinacea Phai Bamboo 3 1 – Food, materials
Cocos nuicifera Mak Phao Coconut 1 – – Food
Mangifera indica Muang Mango 1 3 – Food, timber, shade
Sesbania grandiflora Kae 2 1 – Food
Tectona grandis Sak Teak – – 1 Timber

Total 7 5 1

Volunteers

Azadirachta indica Sadao Neem 2 – – Food, timber, shade
Borassus flabeliifer Taan – 5 – Food
Cassia fistula Khun – 1 – Timber
Ceiba pentandra Ngiu Kapok – – 1 Food, fiber
Samnea saman Samsa Rain tree 1 1 – Shade, lac
Schleichera aleosa Kho 1 1 3 Food, shade, fuelwood
Spondias pinnate Makok – 2 3 Food
Strebluus asper Ton Khoi 2 2 1 Medicine, shade
Tamarindus indica Makham Tamarind – 1 – Food
Unknown Tunka – 1 – Timber, fuelwood
Unknown Iram 1 – 1 Timber, fuelwood, shade

Total 7 14 9

Forest 
survivors

Dipterocarpus intricatus Sabaeng – 1 – Timber, fuelwood
Dipterocarpus obtusifiius Saad – 4 3 Timber, fuelwood
Dipterocarpus tuberculatus Kung – 2 1 Timber, fuelwood
Ficus sp. Pho 1 – 1 Shade
Irvingia malayana Kabok – 2 – Fertilizing trees,  

food, fodder
Parinarium anamense Phok 1 1 – Fuelwood, shade
Pterocarpus macrocarpus Pradu 1 4 7 Timber, fuelwood, 

 shade, fodder
Shorea obtuse Chik – 1 – Timber
Teminalia alata Seuak – 1 – Timber, fuelwood
Xylia xylocarpa Daeng – 4 – Timber, fuelwood
Zizyphus jujube Phud Saa 1 – – Food, shade

Total 4 20 12

Note: * Zone A: Old lower paddies; Zone B: Old upper paddies; Zone C: New upper paddies

Table 4 Origins of Trees in Paddy Fields in Different Zones (29 sample plots)

Zone*
Planted Trees Volunteers Forest Survivors Total

Number (%) Number (%) Number (%) Number (%)

Zone A (11 plots, 3.1 ha) 7 38.9 7 38.9 4 22.2 18 100
Zone B (11 plots, 5.6 ha) 5 12.8 14 35.9 20 51.3 39 100
Zone C (7 plots, 2.0 ha) 1 4.5 9 40.9 12 54.5 22 100

Total 13 16.4 30 38.0 36 45.6 79 100

Note: * Zone A: Old lower paddies; Zone B: Old upper paddies; Zone C: New upper paddies
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with the oldest paddies having much lower densities than the more recently developed 
ones (Table 1).

The history of land development is reflected also in differences in the origins of 
trees, the area under canopy cover, and mean canopy area per tree.  Zone A has the low-
est percentage of forest survivors (22.2%) and highest percentage of planted trees 
(38.9%).  The share of the area under canopy cover is highest in Zone C—10%, compared 
to 7.3% in Zone B and only 2.6% in Zone A—but the mean canopy area per tree is larger 
in Zone B (59 m2) than in both Zone A (52.7 m2) and Zone C (54.4 m2) (Table 1).   Somluckrat 
Grandstaff et al. (1986) and Kosaka Yasuyuki et al. (2006) have pointed out that large-
trunked trees have high lumber value so tend to be retained by the farmers, whereas 
smaller trees are cut down little by little.  Therefore, it is likely that in old upper paddies 
in Zone B the small canopy trees were selectively cut down, leaving only clustered trees 
and individuals with larger canopies.  In the oldest paddies in Zone A, however, the forest 
survivors have mostly been replaced with smaller canopied volunteer and planted trees, 
which are younger with smaller trunks.

Topography
Topography itself may be a direct determinant of the density of trees in paddy fields.  
Although more than 65 years have passed since the reclamation of paddy fields in Zone 
B, the density of trees there is still much higher than in Zone A, where the paddies were 
developed only slightly earlier.  This difference may in part reflect the differences in 
native vegetation.  It is likely, although it cannot be proven, that the lower-lying fields in 
Zone A were established by draining wetlands that had never supported very many trees.

It is probable that both topography and the history of land use influence the canopy 
cover and the origin of trees in paddy fields.  Because topography and the history of land 
development of paddy fields tend to co-vary, it is difficult to separate the effects of one 
factor from the other.  It is evident, however, that in the lower paddies in Zone A, many 
of the larger-canopied trees that have a negative impact on rice have been cut down and 
smaller-canopied ones have been planted in their place.

Positive and Negative Aspects of Trees in Paddy Fields
Every farmer interviewed stated that trees in paddy fields have a negative impact on rice 
yield.  Although rice plants in the vicinity of trees may exhibit excellent vegetative 
growth, this rarely translates into improved grain yield since the increased plant height 
makes the rice plants susceptible to lodging.  Moreover, the excessive vegetative growth 
produces fewer tillers and a smaller number of grains per panicle.  These findings are in 
agreement with previous studies (Grandstaff et al. 1986; Craig 1988; Sunee et al.1992; 
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Patma 1993).  Although some farmers in other parts of the region reportedly believe that 
the yield from rice plants close to the trees is higher than in other parts of the field in dry 
years (Grandstaff et al. 1986; Craig 1988; Patma 1993), the farmers in Khok Kwang village 
think that having no trees in paddy fields is the best option for rice production.  Even if 
tree shading actually increases the yield in dry years, this is no longer important, at least 
in the lower paddies, because the lower paddies can be irrigated by the weir constructed 
in 1986.

Although farmers used to value trees because their litter fall helps improve soil 
fertility (Grandstaff et al. 1986; Patma et al.1988; Sunee et al. 1992; Patma 1993), most 
farmers now rely mainly on chemical fertilizer rather than litter from the trees.  The use 
of four-wheel tractors and combine harvesters has become popular in the lower paddies 
in recent years.  The machines have difficulty working efficiently in fields with many 
trees.  As a result of these changes in technology, there are few incentives to keep trees 
in lower paddies anymore; consequently, these paddy fields are being shifted to single-
purpose resource systems that just produce crops.

Farmers who have upper paddies also plant the RD6 rice variety, use hand tillers 
for preparing the land, and apply chemical fertilizer in the same way as they do in the 
lower paddies; but because soil fertility, nutrient retention capacity, and water availabil-
ity in upper paddies are all inferior compared with the lower paddies, they do not expect 
to get a high yield of rice from the upper paddies.  In spite of the negative impact of trees 
on rice yield, upper-paddy farmers tend to retain them because the value of the foregone 
rice yield is not so much as it is in the lower paddies.  The benefits provided by the trees 
surpass the value that might be gained from the potentially higher rice harvest if they 
were cut down.  Thus, the upper paddies are still kept as a multi-resource production 
system.  The sustainability of the system, however, is questionable.  Since the villagers 
can now purchase many of the goods that the trees in paddy fields provide, the value of 
such trees appears to be declining.

The difference in tree density between Zones A and B may be a reflection of differ-
ences in the relative rice-producing capabilities of the upper and lower paddies.  The 
lower paddies are thought of as having more reliable water, more fertile soils, and better 
responsiveness to fertilizer inputs (Table 5).  Consequently, farmers are less willing to 
tolerate reduction in rice yield caused by tree shading in the lower paddies than the less 
productive upper ones.

Changes in Cultivated Crops
In recent years, especially after the access road to the village was paved in 2007, farmers 
began to plant sugarcane instead of rice in both upper and lower paddy fields.  This change 
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was driven by their increasing need for cash income.  Farmers could earn much more 
cash by selling sugarcane than rice.  Because sugarcane is less shade tolerant than rice 
(Yaowalak et al. 1987), villagers tend to cut down trees in paddy fields when they start to 
grow sugarcane.  They selectively cut down trees with larger canopies.  Consequently, 
the density of trees in paddy fields where sugarcane is cultivated (5.7 trees/ha) is lower 
than in fields where rice is cultivated (9.6 trees/ha) (Table 6).

Summary and Conclusion

This study found that many factors affect the retention or cutting of trees in paddy fields 
in Khok Kwang village.  The history of land development, topography, adoption of mod-
ern agricultural technology, and kind of crops grown are the main factors influencing 

Table 5 Farmer Evaluations of Upper and Lower Paddies in Khok Kwang Village

Item Upper Paddies Lower Paddies

Zone* B, C A
Tree density Higher Lower

Rice variety RD6 RD6

Land preparation Use hand tractors Use four-wheel or hand tractors

Fertilizer application Chemicals Chemicals

Water availability Lower Higher
Soil fertility Lower Higher
Nutrient retention capacity Lower Higher

Note: * Zone A: Old lower paddies; Zone B: Old upper paddies; Zone C: New upper paddies

Table 6 Comparison of the Density of Trees in Paddy Fields Planted with Different Crops in Khok 
Kwang Village (29 sample plots)

Zone* Cultivated 
Crop

Number of  
Plots

Total Area  
of Plot (ha)

Number of  
Trees

Density of Trees  
in Paddy Fields  

(trees/ha)

Zone A
Rice 6 1.8 12 6.5
Sugarcane 5 1.2 6 4.9

Zone B
Rice 4 1.2 13 10.6
Sugarcane 7 4.3 26 6.0

Zone C
Rice 6 1.6 20 12.4
Sugarcane 1 0.4 2 4.5

Total
Rice 16 4.7 45 9.6
Sugarcane 13 6.0 34 5.7

Note: * Zone A: Old lower paddies; Zone B: Old upper paddies; Zone C: New upper paddies



Watanabe M. et al.322

density, canopy cover, and origin of trees in paddy fields.  In general, older, lower- 
elevation paddies have lower tree densities, a smaller share of the total field area covered 
by canopies, and smaller areas of canopy per tree, as well as a smaller percentage of 
forest survivors and a much larger share of planted trees than more recently developed 
upper paddies.

It was also found that recent changes in the production technology of rice, especially 
the use of chemical fertilizer, pumps for supplementary irrigation, and tractors and com-
bine harvesters, as well as the replacement of rice with sugarcane in some fields, are 
leading to a decline in tree density.  Farmers now rely on chemical fertilizer rather than 
litter from the trees to maintain soil fertility, and trees are seen as an impediment to the 
use of four-wheel tractors and combine harvesters.  Moreover, sugarcane is a less shade-
tolerant crop than rice.  Because of all these factors, farmers think reducing the number 
of trees in paddy fields is the best option for increasing crop production (Table 7).  Despite 
this negative view, trees in the upper paddies may be retained because they still provide 
valuable goods and services to the farmers and the resulting reduction in rice yield is not 
seen as critical because rice yields are in any case low and unstable.  However, if farmers 
choose to plant shade-intolerant cash crops such as sugarcane and cassava in the upper 
paddies, even these trees may be cut down rapidly.

The recent decline in the density of trees in paddy fields in Khok Kwang village 
illustrates how changes in farmer goals, choice of crops, and production technology are 
reshaping the rural landscape.  This is another aspect of the agrarian transformation in 
Northeast Thailand.
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Table 7 Relationship between Agrarian Transformation and Decrease in Tree Density in Paddy Fields in 
Khok Kwang Village

Agrarian Transformation Reason to Use Benefit of Using
Change in Significance  

of Trees in Paddy 
Fields

Effect on Tree 
Density

Changes in 
technology of  
rice production

Use of chemical 
fertilizer

Low soil fertility
Higher yield of  

rice
Litter fall from trees  

is less important.

Cutting trees  
in paddy fields

Use of irrigation 
pumps

Unstable rainfall
More stable rice 

production

Trees have a negative 
impact  
on rice yields.

Mechanization Shortage of labor
Saving labor and 

time

Trees interfere with  
use of tractors and 
combine harvesters.

Replacement of rice with  
cash crops

Farmers’ increased 
need for cash to 
buy consumer 
goods

Higher cash  
income

Sugarcane and cassava 
are less shade tolerant.
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