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Multiple Cropping after the Rice Harvest in Rainfed  
Rice Cropping Systems in Khon Kaen Province,  
Northeast Thailand

Arunee Promkhambut* and A. Terry Rambo**

Cropping intensification in rainfed rice-based farming systems through multiple 
cropping after the rice harvest by using residual soil moisture and supplemental 
irrigation offers a way to increase agricultural productivity and boost rural incomes 
in Northeast Thailand.  This study identifies localities, planted areas, types of crops, 
and number of households growing crops after rainfed rice in Khon Kaen Province; 
it also analyzes some of the physical and social factors associated with the occur-
rence of this system.  A questionnaire survey was conducted in 2013 of 198 agricul-
tural extension officers in each subdistrict (tambol) in the province to collect data 
on multiple cropping.  An area of 10,384 ha (2.9% of the total rainfed rice area) was 
used for multiple cropping by 16,184 households (10.9% of all rainfed rice farming 
households).  Both field crops (e.g., cassava, crotalaria, field corn) and vegetables 
(e.g., sweet corn, watermelon, Chinese radish) were grown.  These crops generated 
USD414–49,072 per hectare per crop for a total revenue of USD32 million, which 
is three times higher than the value of rice grown in the same field area.  However, 
the area that can be utilized for multiple cropping in different subdistricts may be 
limited by physical conditions, including availability of irrigation sources and soil 
texture, as well as social and economic factors such as availability of markets, insti-
tutional support, and farmer skills.

Keywords: agricultural intensification, diversification, crops grown after rice, 
spatial distribution of crops

Introduction

In rainfed rice fields in Northeast Thailand, only a single crop of rice is commonly planted 
in the rainy season.  Moreover, the yield of rice is generally low, averaging 1.7 t/ha.  The 
low productivity coupled with low and fluctuating prices and high input costs severely 
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limits the profitability of rice production and keeps many farmers trapped in poverty.  
Cropping intensification through multiple cropping could be a way to increase productiv-
ity and boost rural incomes.

In the past, multiple cropping was rarely practiced in Northeast Thailand due to the 
limited biophysical resources (e.g., low and erratic rainfall, infertile sandy soils, limited 
availability of surface water supplies, serious problem of insect pests, long duration of 
the rice crop) (Terd et al. 1976a; 1976b; 1978a; 1978b; Aran et al. 1977a; 1977b; 1977c; 
KKU-Ford Cropping System Project 1982; Rambo 1991; Viriya 2001).  Even when experi-
mental multiple cropping systems were agronomically successful, farmers did not adopt 
them (Vichain and Aran 1990), mostly due to social and economic constraints, including 
limited markets for crops, labor competition, and lack of capital and knowledge (Rigg 
1985; Vichain and Aran 1990).  Although the factors limiting the adoption of multiple 
cropping were well understood in the context of rainfed agriculture in the 1980s, the 
situation in the Northeast has undergone rapid change since then.  The context for mul-
tiple cropping is now quite different from what it was in the past.  Key changes include 
the widespread adoption of the drought-tolerant RD6 glutinous rice variety and use of 
diesel pumps to provide supplementary irrigation water from newly dug farm ponds, 
which have helped to stabilize rice yields in years of low rainfall.  The resulting higher 
and more stable yields of glutinous rice have allowed farmers to plant a larger share of 
their land with non-glutinous KDML105, which is raised as a cash crop, providing rural 
households with a new source of income.  Agricultural intensification is occurring to an 
extent unimaginable just a few years ago.  Relying on remittances sent back to their 
families by migrant workers, as well as cash earned by engaging in off-farm employment 
in new factories and service jobs in local urban centers, Isan farmers have been rapidly 
adopting modern agricultural technology, including increased use of chemical fertilizers, 
pesticides, and farm machinery (Grandstaff et al. 2008).  Multiple cropping and cultivation 
of high-value crops to supply growing urban markets are also more commonly practiced 
(Rambo 2012).

In Khon Kaen Province, farmers now employ a variety of locally developed double 
cropping systems to grow cash crops after the rice harvest and thus raise farm incomes.  
Some farmers grow high-value vegetable crops after the rice harvest, such as Chinese 
radish (Patcharaporn and Orawan 2011), tomato for seed production (Prapatsorn and 
Wareerat 2010), glutinous corn (Uraiwan et al. 2010), and various green vegetables, which 
provided a net income of USD7,727–12,733 per hectare per season.  Even though some 
examples of multiple cropping after rice have been reported, there have been no detailed 
studies on the localities, planted areas, types of crops, and number of households adopt-
ing these systems; nor has there been any detailed analysis of the factors associated with 
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the occurrence of each system of multiple cropping.  This research, therefore, was under-
taken in order to identify localities, planted areas, types of crops, and number of house-
holds growing crops after the harvest of rainfed rice in Khon Kaen Province and to 
identify physical, social, and economic factors associated with the occurrence of these 
cropping systems.

Methodology

Study Area
The study area was the whole of Khon Kaen Province, Northeast Thailand.  It is located 
between latitude 15°40′ to 17°5′N and longitude 101°45′ to 103°45′E.  The province has 
an area of 10,886 km2 and had a population of 1,774,816 in 2013.  It is divided into 26 
districts and 198 administrative subdistricts (tambol) (Khon Kaen Provincial Office 2013).

The topography of Khon Kaen Province can be divided into two main types: lowlands 
and uplands (hills or mountains).  Most parts, over 80%, are flat to gently undulating land 
101–200 m above sea level and include the broad floodplain along the Chi River.  This 
plain is dotted with inselbergs (isolated and flat-topped mountains with nearly vertical 
cliffs) and inselberg ranges as high as 900 m above sea level in the northern and western 
parts of the province (Geo-Informatics Center for Development of Northeast Thailand 
2009).

There are 34 soil series in the province (IGES n.d.).  Generally, the upland soils have 
been formed from parent material composed of fine-grained sandstone and shale.  Soil 
groups distributed in the province are varied due to the topography.  Tropaquepts with 
fine textures are found in the floodplain adjacent to the Chi River.  Paleustults with sandy 
texture cover a large part of the northern and western parts of the province.  Paleaquults 
are distributed mostly in the depression of undulating land and nonflood plain (Viriya 
2001).  The climate of Khon Kaen Province can be classified as Tropical Savannah accord-
ing to the Koppen Climate Classification System.  The average annual temperature is 
27°C, and the mean maximum and minimum temperatures are 32.8°C and 22.4°C, respec-
tively.  The rainy season extends from May to October, with almost no rainfall in the 
remaining months.  Rainfall is unevenly distributed within the year and varies from 
year to year (ibid.).  Average annual rainfall during 2000–13 was 1,290 mm (Northeast 
Meteoro logical Center [Upper Part] 2014).

The total cultivated area of Khon Kaen Province is 699,047 ha (64.19% of total area), 
of which only 98,349 ha (14%) is irrigated.  In 2012, wet season rice was the major crop 
grown, accounting for 58.9% of the agricultural area.  Sugarcane and cassava were the 
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second- and third-most widely planted crops, covering 12.9% and 4.6% of the agricultural 
area, respectively (OAE 2014).

Data Collection
Data on the locality, planted areas, types of crops, and number of households practicing 
multiple cropping after the rice harvest during the 2012–13 growing season in every 
subdistrict (tambol) were collected using formal questionnaires distributed to the agri-
cultural extension officers in each tambol in 2013.  The questionnaires were pretested in 
three selected tambol in order to examine their reliability and validity.  After the ques-
tionnaires had been revised accordingly, they were distributed by mail or e-mail to the 
agricultural extension officers in every tambol.  Follow-up telephone calls were made to 
ensure that the questionnaires were completed and returned to the researchers.  Ulti-
mately, 100% of the questionnaires were returned.  Field observations were also made 
in selected subdistricts to verify the information provided by agricultural extension 
officers, and follow-up interviews were done with 28 farmers.  These farmers were asked 
about the yields of crops they obtained per unit area and the price they sold them for, in 
order to calculate income per unit area.  Physical and social factors determining the types 
of crop they grew were also ascertained.

Provincial information about rice planted area, number of rice farming households, 
and the farm gate price of rice in the 2012/13 growing season were obtained from online 
databases of the Office of Agricultural Economics (2014) and Department of Agricultural 
Extension (n.d.), Thailand.

Data Analysis
All of the tambol having multiple crops after rice were identified, along with the crop 
species grown, the area planted with each crop, and the numbers of households growing 
each of these crops.  The crops were then classified into two groups according to their 
characteristics: (1) field crops (non-perishable products, low water and nutrient require-
ments, and extensive management) included peanut, field corn, cassava, crotalaria, and 
mung bean; and (2) vegetable crops (perishable products, high water and nutrient require-
ments, and intensive management) included sweet corn, chili, watermelon, cucumber, 
eggplant, yard-long bean, sweet potato, tomato, Chinese radish, Chinese cabbage, cab-
bage, and other green vegetables.  Percentages of multiple cropping area to total rice 
area, and rainfed rice farming households planting multiple crops to all rice farming 
households were calculated using Excel spreadsheets.  The spatial distribution of mul-
tiple cropping according to the percentage of total rice area planted with multiple crops 
in each tambol was mapped using the ArcInfo GIS program.
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Results and Discussion

Types of Crops Grown after the Rice Harvest in Khon Kaen Province
Of the 198 tambol in Khon Kaen Province, 178 (90%) planted a crop after the harvest of 
rainfed rice.  As shown in Table 1, the area devoted to multiple cropping after rice was 
relatively small; multiple crops occupied only 10,384 ha, which is 2.9% of the total rainfed 
rice area in the province.  The share of farm households engaging in multiple cropping 
was considerably larger, however, with 16,184 households planting crops after rice, which 
is 10.9% of the total number of rainfed rice farming households in the province.

There is considerable variation among tambol in terms of the share of the rice area 
that is multiple cropped.  Most of the tambol (84%) planted less than 5% of the total rice 
area with multiple crops.  However, about 11% of the tambol planted multiple crops on 
5.01–20% of their total rice area while about 5% planted multiple crops on more than 
20% of their total rice area.  The spatial distribution of the multiple crops planted after 
the rice harvest is shown in Fig. 1.  Tambol having multiple crops on less than 5% of their 
total rice area are scattered throughout the province, while tambol having multiple crops 
on 5–20% of their rice area are located mostly in the southern part of the province and 
tambol with a higher proportion of multiple cropped area are in the northern part of the 
province.

Field crops and vegetable crops are planted after the rice harvest in rainfed paddy 
fields in Khon Kaen Province.  Field crops occupied about 2% of total rice area.  About 
81% of the total multiple cropping area is planted with these crops, including cassava, 
crotalaria, field corn, peanut, and mung bean.  Vegetable crops, including sweet corn, 
chili, watermelon, cucumber, eggplant, yard-long bean, sweet potato, tomato, Chinese 
radish, Chinese cabbage, cabbage, and other vegetables, occupied 19% of the multiple 

Table 1 Characteristics of Multiple Cropping after the Rice Harvest in Rainfed Paddy Fields in Khon Kaen 
Province in the 2012–13 Growing Season

Characteristic Amount

Total number of tambol in province a 198
Total number of tambol having multiple cropping b 178 (90%)
Total rainfed rice area (ha) c 360,641
Total multiple crop area (ha) b 10,384
Proportion of rainfed rice area planted with multiple crops after the rice harvest (%) 2.9
Total number of rainfed rice farming households in 2012–13 c 147,779
Number of rainfed rice farming households planting multiple crops b 16,184
Proportion of households planting multiple crops to total number of rainfed rice farm households (%) 10.9

Sources: a Data are from the online database of Khon Kaen Provincial Office.
b Data are from our 2013 questionnaire survey.
c Data are from the online database of Office of Agricultural Economics (2014).
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cropping area, or only about 0.5% of the total rice land (Table 2).  Although the area 
occupied by field crops is much larger than that occupied by vegetable crops, the number 
of rainfed rice farming households growing vegetables is almost as large (7,374 house-
holds) as it is for field crops (8,810 households), with households growing vegetables as 
a multiple crop accounting for 45.6% of all farm households engaging in multiple cropping 
(Table 3).

Economic Value of Multiple Cropping
Data from Table 4 show that total gross income per area of multiple crops grown after 
rice varied according to type of crop.  Field crops, except field corn and peanuts, provided 
income lower than USD1,000 per hectare.  Vegetables generally had a much higher return 
than field crops, ranging from USD1,055 to USD49,072 per hectare.  The variation in 
income per hectare of different crops depends not only on the yields and prices of the 
different crop species, but also on the purposes for which the crop is produced.  Field 
corn, watermelon, tomato, and chili were mostly grown under contract to produce hybrid 

Fig. 1 Spatial Distribution of Multiple Crop Area to Total Rice Area Grown after Rainfed Rice in Each Tambol 
(subdistrict) in Khon Kaen Province during 2012–13
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seed.  Hybrid vegetable seed production was first established by a few companies in a 
limited number of places in Northeast Thailand in the late 1970s but nowadays has spread 
to many additional places, with several competing local and international companies 
 (Rosset et al. 1999).  V. Benziger (1996) has indicated that contract farming is a program 
to help small farmers make a transition into high value-added crops.  It provides revenues 
per area 6.5 times higher than those obtained by traditional farmers.  In addition to con-
tract farming, many other multiple cropping farmers engage in independent growing of 
vegetables such as yard-long bean, eggplant, Chinese radish, and cucumber to supply 
rapidly growing urban markets.  These high-value crops give gross returns of USD7,023–
14,180 per hectare.

When the total gross annual revenue generated by multiple crops after the rainfed 
rice harvest was calculated based on area planted to each species, it was found that about 
USD32 million was generated in 2013, which is three times higher than the value of rice 
grown in the same field area (Table 4).  Table 5 shows the different amounts of revenue 

Table 2 Planted Area of Multiple Crops Grown after the Rice Harvest during the Dry Season under Rainfed 
Conditions in Khon Kaen Province during 2012–13

Crop Types
Planted  

Area 
 (ha)

% of Total  
Rice Area a

% of Total 
Multiple  

Cropped Area

Number of  
Tambol Planting  
Multiple Crops

% of  
Tambol Planting  
Multiple Crops

Field crops 8,398 2.08 80.86 174 97.76

Cassava 5,571 1.38 53.64 60 33.71
Crotalaria 2,254 0.56 21.7 43 24.16
Field corn 318 0.08 3.07 30 16.85
Peanut 169 0.04 1.63 38 21.35
Mung bean 86 0.02 0.83 3 1.69

Vegetable crops 1,986 0.48 19.14

Sweet corn 466 0.11 4.48 109 61.24
Chili 410 0.10 3.95 70 39.33
Watermelon 338 0.08 3.26 31 17.42
Tomato 232 0.06 2.23 30 16.85
Sweet potato 97 0.02 0.94 6 3.37
Cucumber 89 0.02 0.86 53 29.78
Yard-long bean 89 0.02 0.86 74 41.57
Other vegetables b 77 0.02 0.75 14 7.87
Eggplant 69 0.02 0.66 46 25.84
Chinese radish 49 0.01 0.47 3 1.69
Cabbage 38 0.01 0.37 2 1.12
Chinese cabbage 32 0.01 0.31 3 1.69

Total 10,384 2.57 100 615 345.53

Notes: a Includes both rainfed and irrigated rice areas.  Data on the area of only rainfed rice are unavailable at 
the tambol level.

b Other vegetables include Chinese kale, gourd, pumpkin, snake gourd, musk melon, and cowslip creeper.
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generated by various multiple crops.  Field crops, particularly mung bean, generated only 
30–65% more revenue compared to vegetable crops, which generated 65–98% more 
revenue than rice alone.  The higher return per unit of land from crops grown after rice 
compared to rice mono-cropping has also been reported by G. Kar et al. (2006).  The fact 
that growing vegetable crops provides the highest returns may explain the popularity 
among the farmers of vegetables as a multiple crop.  Despite the high returns generated 
by vegetables, farmers still plant a much larger area with cassava, which provides lower 
returns per unit land.

Possible Factors Associated with Distribution of Multiple Crops Grown after Rice
Information from farmer interviews and field observation by the authors showed that 
physical factors, such as availability of irrigation sources, suitable soil texture, and having 
a shallow water table, are the most important factors determining the presence of mul-
tiple cropping in an area.  It was found that all vegetable crops except sweet potato relied 
heavily on the availability of irrigation.  Farmers indicated that hybrid seed production 
required having a farm pond for irrigation.  However, the supply of water from farm ponds 

Table 3 Number of Rainfed Rice Farming Households Growing Crops after Rice during the Dry Season under 
Rainfed Conditions in Khon Kaen Province during 2012–13

Crop Types Number of Rainfed Rice Farming  
Households Growing Multiple Crops

% of Rice Farming Households Doing 
Multiple Cropping Growing This Crop

Field crops 8,810 54.44

Cassava 5,204 32.16
Crotalaria 2,282 14.10
Peanut 669 4.13
Field corn 564 3.48
Mung bean 91 0.56

Vegetable crops 7,374 45.56

Sweet corn 1,821 11.25
Chili 1,606 9.92
Yard-long bean 820 5.07
Cucumber 626 3.87
Tomato 555 3.43
Watermelon 504 3.11
Other vegetablesa 477 2.95
Eggplant 469 2.90
Sweet potato 197 1.22
Chinese radish 127 0.78
Chinese cabbage 93 0.57
Cabbage 79 0.49

Total 16,184 100.00

Note: a Other vegetables include Chinese kale, gourd, pumpkin, snake gourd, musk melon, and cowslip creeper.
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is very limited, so the area that can support intensive cultivation is restricted accordingly.  
Water from the ponds is used mostly for supplemental irrigation of the main season rice 
crop during short-term droughts and to grow small quantities of vegetables and fruit on 
the bunds around the ponds (Ogura and Somsak 2002).  If the water storage capacity of 
the ponds could be increased, it might be possible to expand the area planted with high-
value multiple crops.

Besides farm ponds, streams, rivers, public water bodies, and shallow wells are other 
sources of water that farmers rely on for multiple cropping.  Growing peanuts after rice 
without irrigation depends on having a shallow water table and soil with good texture 
(Vichain and Aran 1990).  Farmers also report that good soil texture is the main factor 
needed for growing sweet potatoes.  Soil texture plays a significant role in the presence 
and availability of soil moisture and the availability of oxygen in root zone (Gines and 

Table 4 Economic Values of Multiple Crops Grown after Rainfed Rice Compared to Main Season Rice in 
Khon Kaen Province during 2012–13

Crop Types Planted Area  
(ha)

Gross Income  
(USD/ha)a

Total Gross Value  
(USD)b

Field crops

Cassava 5,571 788 4,389,948
Crotalaria 2,254 598 1,347,892
Field corn 318 4,614 1,467,252
Peanut 169 1,797 303,693
Mung bean 86 414 35,604

Vegetable crops

Sweet corn 466 4,688 2,184,608
Chili 410 9,141 3,747,810
Watermelon 338 7,695 2,600,910
Tomato 232 49,072 11,384,704
Sweet potato 97 5,990 581,030
Cucumber 89 8,525 758,725
Yard-long bean 89 14,180 1,262,020
Other vegetables 77 7,023 540,771
Eggplant 69 14,063 970,347
Chinese radish 49 19,531 957,019
Cabbage 38 2,344 89,072
Chinese cabbage 32 1,055 33,760

Total 10,384 – 32,655,165

Main season rice grown 
on multiple cropped area 10,384 982c 10,197,088

Sources: a Calculated from farmers’ interviews on crop production, farm gate price as of 2012.
b Calculated from gross income per area of each crop multiplied by planted areas.
c Calculated from the reports on rainfed rice yield and farm gate price from Office of Agricultural 

Economics (2014) and Department of Agricultural Extension (n.d.), Thailand, respectively.
Note: USD1 = 32 Thai baht
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Kaida 1982).  Vichain Kerdsuk and Aran Patanothai (1990) found that soil type was one 
of the important factors affecting farmers’ adoption of multiple cropping systems.

Availability of adequate labor supply is another important constraint on the adoption 
of multiple cropping.  Only those households that have sufficient labor power are likely 
to engage in cultivation of intensive crops such as vegetables and hybrid seeds.  Cassava, 
which requires relatively less labor, can be planted by more farmers.

Availability of markets and institutional support were the next most important 
 factors contributing to the existence of multiple cropping.  This is especially the case 
with regard to contract farming of hybrid seed.  Farmer skills are also an important factor 
in high-value specialty crop production.  For example, production of hybrid tomato seed 
requires a good supply of highly skilled workers to emasculate the flowers (Wareerat 
2014).

In the case of cassava, there appear to be no especially important physical or insti-
tutional determinants; instead, farmers adopt this multiple cropping system as an adaptive 
strategy to cope with losses of rice yield caused by drought, as explained by A. M. S. Ali 
(1995).

Table 5 Gross Income of Rice and Some Multiple Crops Grown after Rice under Rainfed Conditions in Khon 
Kaen Province during 2012–13

Crop Typesa Gross Income of  
Each Crop (USD/ha)

Total Income of  
the System (USD/ha)

% Increase from  
Rice Mono-cropping

Main season riceb 982 982 0
Cassava 788 1,770 44.53
Crotalaria 598 1,579 37.84
Field corn 4,614 5,596 82.46
Peanut 1,797 2,778 64.67
Mung bean 414 1,395 29.66
Watermelon 7,695 8,677 88.69
Tomato 49,072 50,054 98.04
Corn 4,688 5,669 82.68
Chili 9,141 10,122 90.30
Sweet potato 5,990 6,971 85.92
Cucumber 8,525 9,507 89.67
Yard-long bean 14,180 15,161 93.53
Eggplant 14,063 15,044 93.48
Chinese radish 19,531 20,513 95.21
Cabbage 2,344 3,325 70.48
Chinese cabbage 1,055 2,824 65.24
Other vegetables 7,023 8,602 88.59

Sources: a Multiple crops other than rice calculated from farmers’ interviews on crop production, farm gate 
price as of 2012.

b Calculated from the reports on rainfed rice yield and farm gate price from Office of Agricultural 
Economics (2014) and Department of Agricultural Extension (n.d.), Thailand, respectively.

Note: USD1 = 32 Thai baht
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Although individual factors may sometimes affect the existence of specific crops in 
multiple cropping systems, usually there are multiple factors involved.  For instance, in 
the case of crotalaria, farmers are supplied with seed by the Land Development Depart-
ment, which also provides them with a guaranteed market for their crop.  But in addition 
to such institutional support, only rice fields located in the lower part of the toposequence 
with good soil moisture and relatively loamy soil are suitable for this crop.  Therefore, in 
order to assess the possibility of extending multiple cropping systems into other areas, 
we need to identify all of the interrelated factors affecting each crop.

Conclusion

Although still practiced on only a small share of the total area of rainfed rice, multiple 
cropping after rice is now widespread in Khon Kaen Province.  It is found in 90% of all 
subdistricts and is practiced by almost 11% of all rainfed rice farming households.  The 
recent expansion of multiple cropping is part of the ongoing agrarian transformation that 
is reshaping the economy and society of rural Northeast Thailand (see Rambo, this issue).  
As part of this transformation, agriculture is simultaneously undergoing intensification 
and diversification.  Farmers who formerly grew only a single low-yielding crop of gluti-
nous rice in lowland paddy fields for home consumption, and cultivated cassava in upland 
fields to sell for cash, have greatly intensified their land use.  They have intensified rice 
production by adopting new higher-yielding varieties of glutinous rice, using part of their 
paddy area to grow non-glutinous rice for sale, shifting from plowing with buffalo to plow-
ing with tractors and from hand harvesting to the use of combine harvesters, and greatly 
increased their use of chemical fertilizers and pesticides, among other changes.  At the 
same time, upland cropping has been diversified by the adoption of new crops, including 
sugarcane, eucalyptus, and rubber.  The widespread adoption by farmers of multiple 
cropping after rice is part of this general trend to generate more cash income from their 
land.  Although income earned from growing field crops after rice is relatively low, veg-
etable crops provide very high returns per hectare, making a substantial contribution to 
the economy of rural families.

Although multiple cropping after rice can be a successful strategy for improving the 
livelihoods of rainfed rice farmers, its further expansion in Khon Kaen Province appears 
to be limited by many physical and economic factors.  For example, only certain restricted 
areas within the province appear to be suitable for growing high-value vegetable crops.  
Further investigation is needed to identify locally specific factors (e.g., soil moisture, soil 
fertility, availability of supplemental irrigation sources, household composition and labor 
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supply, and alternative local employment opportunities) that may facilitate or constrain 
the engagement of individual farm households in multiple cropping in different localities.
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