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Abstract 

A field experiment began in 1992 at the Ubon Rice Research Center, in northeast Thailand, on 
an infertile acid sandy soil (Aeric Paleaquult). The objective of this study was to evaluate the 
effect of legume residues, lower quality rice straw, and inorganic fertiliser, on soil fertility, soil 
carbon and the growth of rice. The inclusion of cowpea (Vigna unguiculata) within the rice system 
was also evaluated for its potential to produce seed and biomass for incorporation. The treatments 
were in a complete factorial design consisting of three rice cropping systems (rice alone, rice with 
cowpea and rice followed by cowpea), two leaf litter rates (0 and 750 kg/ha of raintree (Samanae 
saman) leaves, two fertiliser rates (18:14:13 and 50:14:13 kg/ha NPK) and two crop residue 
treatments (rice stubble removed and returned), wilh three replications. Generally. the application 
of the higher fertiLiser rale resulted in 14%- 39% increases in rice yields but no effect on the 
growth of cowpea. Annual additions of raintree leaf litter improved rice yield from 1994 and 
cow pea yields from 1996 indicating a buildup in soil fertility. The Carbon Management Index 
(CM1) refl ected this improvement in soil fertility by increasing from 12 in 1992 to 29 in 1996. The 
retention of rice straw, however, did not impact on rice yield until 1998 (six seasons of rice straw 
retention) and was critical for the success of the cowpea sown after harvest. This was almost 
definitely related to the mulching effect of the straw reducing soil water loss and protection of the 
cowpea seedlings. Raintree additions also positively influenced cowpea yields sown after rice in 
later years of the trial. The benefit, in terms of cash and biomass, that mung beans or cowpea may 
provide whe n included in the traditional rice system. depends almost entirely on seasonal 
conditions. As these legumes are sensitive to waterlogging, good early season rains reduce legume 
growth. The success of legumes sown following the rice crop depends on stored water in the 
profile and the occunence of late season rains. The variable environment in northeast Thailand 
makes the inclusion of legume crops in the rice system a ri sky option. 

THAILAND is a rice-growing country in which 70% 
of the total population are rice farmers. Thailand 
presently produces rice in excess of its local con­
sumption and is thus a major exporter of milled rice. 
Total rice production of the country in 1991- 1992 
was estimated at 20.4 million tonnes (OEA 1992). 
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Thailand is divided into four regions: north, north­
east, central and south. The northeast is the largest of 
the four regions, covering about one third of the total 
land area of the country. The area of land in rice pro­
duction in the northeast is also the largest, at approx­
imately 2.7 million hectares. However, average rice 
yields are the lowest in the country. The average rice 
grain yield of Thailand is 2.2 t/ha compared to an 
average of 1.7 t/ha in the northeast and 3.0 t/ha in the 
more fertile central region. Infertile sandy soils, with 
some salinity problems, low use of fertilisers and 
erratic rainfall account for the lower yields achieved 
by northeast farmers. 



Large increases in rice yields have been demon­
strated with applications of fertiliser, farmyard 
manure, rice straw, other rice residues and the use of 
green manuring technologies, such as Sesbania 
rostrata and Aeschynomene afraspera (Hen'era et al. 
1989). Generally, these increases are only obtained 
at unacceptably high costs in terms of cash outlay, 
the fertility of other regions or labour. A combina­
tion of relatively low cost technologies is required to 
produce increases in yie ld and result in long term 
restoration and subsequent maintenance of the soil 
resource base. Careful management of residue 
quality and quantity, combined with the judicious 
use of inorganic fertilisers , allows management of 
organic matter and nutrient dynamics to produce 
systems which should prove to be more sustainable. 

Another constrai nt to rice production in the north­
east is that 95% of paddy fields are in rainfed areas. 
The annual rainfall varies between 1000 and 
2000 mm. In addition, and perhaps more critically, 
the distribution of rainfall varies considerably. 
Delays in the onset of the rainy season in May and 
June, dry spells in mid season (late June and July) 
and short tlooding periods later in the season (Sep­
tember and October) can be s ignificant constraints. 

In the past, transplanting of rice seedlings was the 
normal practice, but now direct seedi ng is gaining in 
popularity because of the shortage of labour. Land 
preparation is usually carried out by animal power or 
small farm tractors, as soon as there is sufficient 
moisture. Some farmers apply chemical fertili sers, 
but a large part of the rice growing area is still 
cultivated without the application of any fertil iser. 
The cost of chemical fertili sers in Thailand is 
relat ively high compared to other countries. Even 
those fa rmers who use ferti lisers apply low amounts ; 
common applications are in order of 40, 11 and 
10 kg/ha of NPK as 16: 16:8 compound ferti liser 
and urea. 

In the face of these constraints, farmers in 
Thailand must combine technologies for optimal 
production, A system is described in th is experiment 
that demonstrates the long-term impact of the 
management of different organic residue sources on 
soil fertility and yields. 

Materials and Methods 

A field experiment was commenced in 1992 at the 
Ubon R ice Research Center, in the northeast of 
Thailand, on an infertile acid sandy soil (Aeric 
Paleaquult) of the Roi Et series-a widely dis­
tributed soil used fo r rice production in northeast 
Thailand. The Roi Et series are acid (pH H20 4.2) , 
sandy (sand = 85.4%, silt = 10.5%, clay = 4.1 %) 
soils derived from sandstone. The site of the experi ­
ment had been cleared in 1971 and fanned to rice for 
at least 20 years prior to the experiment. 

This field experiment was established to evaluate 
the effect that small amounts of relatively high 
qual ity legume residues with different breakdown 
rates, lower qual ity rice straw, and inorganic ferti­
liser had on soil fertility, soil carbon and the growth 
of rice. The inclusion of mung bean or cow pea as a 
cash crop within the rice system was also evaluated 
for its potential to produce seed for harvest and bio­
mass for incorporation. The treatments were in a 
complete factorial design consisting of th ree rice 
cropping systems [rice alone, rice with mung 
bean/cow pea (Vigna radiataNigna unguiculata) and 
rice followed by cowpea (Vigna unguiculata CP-4-3-
2-1)], two leaf litter rates (0 and 750 kg/ha of 
Samanae saman leaves), two fertil iser rates (1 8, 14, 
13 and 50, 14, 13 kg/ha NPK) and two crop residue 
treatments (rice stubble removed and returned), with 
3 replications. The sowing and harvesting dates of 
the rice and legume crops fro m 1992- 1998 are 
di splayed in Table I. 

Table 1. The sow ing and harvest ing dates of the rice and legume crops from 1992- 1998. 

1992 1993 1994 1995 1996 1997 1998 

Rice 
Sowing 17 .June 9 June 17 June 22 June 12 June 9 June 3 June 
Flowering date 50ct 18 0ct 170ct I Oct 70ct 100ct 90ct 
Harvest 11 Nov 15 Nov 15 Nov 9 Nov 11 Nov 12 Nov 4 Nov 

Mung bean/cowpea with rice 
Sowing 17 June 9 June 17 June 14 May 12 June 9 June 3 June 
Sampling 24 July 12 July 5 Aug 20 June 16 July 14 July 7 July 

Cowpea al"ter rice 
Sowing 13 Nov 24 Nov 18 Nov 10 Nov 18 Nov 14 Nov 10 Nov 
I SI Harvest 2 Feb 11 Feb 2 Feb 29 Jan 10 Feb 19 Jan 8 Feb 
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