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ABSTRACT

Residue burning in highland maize production is detrimental to soil fertility
and contributes to Southeast Asia’s haze problem. This study first determined residue
production of four common grain legumes — lablab, rice bean, cowpea and mung bean —
when intercropped with maize at Pang Da Royal Project Station in Chiang Mai, Thailand;
the maize-lablab intercrop produced the largest amount of residue with the highest
concentration of nitrogen. Then, this intercrop was evaluated for its effect on soil erosion
compared to the farmers’ practice of growing maize with residue burning, as well as maize
without residue burning, on 33-48% slopes in Santisuk district, Nan province, northern
Thailand, in the wet season of 2014 and 2015. Growing maize without burning significantly
reduced soil and nitrogen loss in the first year, and with the maize/lablab intercrop reduced
them considerably more by the second crop year, to only 11% of the soil and 14% of the
nitrogen lost under the farmers’ practice of burning the maize residue. The effects of
intercropping with lablab and not burning were associated with 64% more residue after
two crop years and 24% higher maize grain yield by the second crop year compared to
growing maize alone with residue burning — the farmers’ practice. Intercropping highland
maize with a legume such as lablab without residue burning effectively reduced soil erosion
and increased soil fertility and maize grain yield, while offering the additional benefit of not
contributing to the region’s haze problem.
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INTRODUCTION

The expansion of maize production into the mountainous areas of Southeast Asia
that covers Thailand, Lao PDR, and Myanmar (Boundeth et al., 2012; Kitchaicharoen et al.,
2015; Woods, 2015) has many undesirable environmental effects. Highland maize is grown
by sowing the seed into fields cleared by burning crop residue from the previous season.
Burning destroys organic matter, removes the nutrients nitrogen and sulfur, which volatilize
in the fire, and deprives the soil surface of protection against the elements. Since most of the
highland maize crop is grown on steep slopes, the removal of the crop residue by burning
exposes the soil to erosion by water (Hurni, 1982; Hill and Peart, 1998). Residue burning
in the highlands also contributes to haze in the dry season, a problem in Southeast Asia. In
the highland provinces of Chiang Rai, Chiang Mai, and Nan in northern Thailand, a center
of slash-and-burn maize production in the mountainous region of mainland Southeast Asia,
peak concentrations of atmospheric particulate matter of 10 um in diameter or less (PM,)
have been recorded at more than four times the safe standard of 120 pg /m?® during the burning
season (Pollution Control Department, 2012).

Intercropping is a traditional practice, still common in many parts of the world, of
growing more than one species of crop on the same land at the same time (Brooker et al., 2015).
Maize/legume intercropping, one of the most common, has been shown to utilize resources
efficiently (Okigbo and Greenland, 1976; Beets, 1982; Francis, 1986; Ofori and Stern, 1987).
When well nodulated with appropriate nitrogen-fixing bacteria, legumes are independent of
soil and fertilizer nitrogen. Cowpea (Vigna unguiculata), mung bean (V. radiata), rice bean
(V. umbellata), and lablab (Lablab purpureus) are among grain legumes commonly grown
in the highlands of Thailand (Rerkasem and Rerkasem, 1987; Yimyam, 2006; Chaiwong,
2013). Most local varieties with indeterminate growth habit continue to produce new shoots
and leaves and accumulate more biomass after flowering; and have been shown to produce
large amounts of biomass (Rerkasem and Rerkasem, 1988; Devkota and Rerkasem, 2000,
Chaiwong et al., 2012). This study evaluated the potential of maize/legume intercrop to reduce
soil erosion and eliminate burning in highland maize production in northern Thailand.

MATERIALS AND METHODS

The study involved two experiments. Experiment 1 (Exp. 1) evaluated residue
production of lablab, rice bean, cowpea, and mung bean, and their impact on maize yield when
intercropped with maize at Pang Da Royal Project Station in Chiang Mai, Thailand (18.86°N,
98.76°E, 700 m above sea level), in a field with an 8% slope. The five cropping systems — the
four maize/legume intercrops (without residue burning) and the farmers’ practice of growing
maize as a monocrop on fields after residue burning — were grown in 5 x 6 m plots separated
by a 0.5 m wide space in a randomized complete block trial with three replicated blocks.
The seed of maize hybrid CP888, commonly used in the highlands, was sown in May at
0.50 x 0.75 m spacing with two plants/hill. Basal nitrogen fertilizer of 72 kg N/ha (as urea)
was applied one month after sowing, followed by 25 kg N and 14 kg/ha of phosphorus (P)
(as ammonium phosphate) one month later. In the intercropped plots, the seeds of locally
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available legumes were sown between the maize rows at the rate of 50 kg/ha, one month
before the maize harvest, and grown without additional fertilizer. The experiment took place
during the wet season over three growing seasons from 2012 to 2014. Grain yield at 14%
moisture and residue dry weight were recorded for both the maize (2.25 m? area/sample) and
legumes (1 m? area/sample) at maturity. Residue N concentration for the cropping systems
were derived from the maize and legume residue in 2014 that were separately ground and
analyzed for Kjeldahl N.

Experiment 2 (Exp. 2) evaluated the effect of maize/lablab intercrop (determined in
Exp. 1 as the cropping system that produced the largest amount of residue with the highest N
concentration) in farmers’ fields at Na Lou village, Santisuk district, Nan province, Thailand
(18.89°N, 100.97°E, 321 m above sea level) during the wet season of 2014 and 2015. Maize/
lablab was compared with the farmers’ practice of growing maize as a monocrop after residue
burning, as well as maize as a monocrop grown without residue burning. Each of the three
cropping systems were grown in 4 x 10 m? erosion plots (Wilson et al., 2008), arranged in
completely randomized block in fields on 33%, 41%, and 48% slopes for each of the three
replicated blocks. The erosion plots were bounded by 0.30 m strips of galvanized iron sheet,
with a 200-liter sediment trap (0.54 m diameter, 0.88 m deep) at the bottom of each plot. Basal
fertilizer applied included 58 kg N/ha (as urea) at sowing and ammonium phosphate, which
added 20 kg N plus 11 kg P ha/ha 60 days later. The CP888 maize hybrid was sown in the
same way as in Experiment 1 under three conditions: after residue burning following farmers’
practice and with no burning of either the intercrop or maize as a monocrop. The maize seed
was sown into the ash-covered soil from the residue burning in the farmers’ slash-and-burn
treatment, and into the stubble without tillage in the maize monocrop with no prior residue
burning. In the maize/lablab treatment, the seed of a local lablab variety (called Paeyee or Pae
Lor, local name for grain type Lablab purpureus, to distinguish from the vegetable type called
Tua Paeb), was sown between the maize rows at the rate of 50 kg/ha one month before the
maize harvest, and grown without additional fertilizer. During the growing season rainfall and
the volume of water plus sediment in the sediment traps were recorded daily. Samples of the
sediment loaded water in the trap were taken for determination of soil and total nitrogen loss.
Grain yield and residue dry weight of the maize and lablab were determined as in Exp. 1.

Statistical analysis of data was conducted with Statistix 8 (SXW), with analysis of
variance and mean separation with least significant difference (LSD) at P<0.05.

RESULTS

Exp. 1 — Production of residue and accumulation of nitrogen, and the effect on maize
yield by four legumes intercropped with maize.

The four legumes in this study differed markedly in the length of their growing season,
with mung bean reaching maturity in 75 days, cowpea in 100 days, rice bean in 120 days, and
lablab in 180 days from sowing. Examination of the roots at flowering found all legumes to be
well nodulated with healthy pink nodules. Intercropping maize with the legumes significantly
increased the maize grain yield, with the different legume intercrops differentially affecting
the amount of residue and its N content (Table 1).
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Table 1. Grain yield, residue dry weight, and nitrogen concentration of the residue from
four maize/legume intercrops compared to farmers’ practice of residue burning of
maize monocrop (Exp. 1)

Grain yield' Residue dry weight! Cropping system
(t/ha) (t/ha) residue nitrogen?
Maize  Legume Maize Legume kg N/ha % N
Farmers’ practice 4.17a 3.18a 20.4a 0.69a
Maize/lablab 6.34c 0.52 4.60c 3.94c 131.7¢ 1.51b
Maize/rice bean 5.89bc 0.48 4.36¢ 2.41b 72.5b 1.19ab
Maize/cowpea 5.56b 0.60 3.61b 1.27a 62.5ab 1.18ab
Maize/mung bean 5.46b 0.43 4.23c 1.13a 62.5ab 1.05ab

Significant effects of cropping system by analysis of variance
P<0.01 NSpos P<0.001 P<0.001  P<0.001 P<0.05

Note: 'Means from 2012, 2013, 2014;
2From 2014, significant difference by LSD,,s within same column indicated by different letters.

Maize grain yield averaged over the three crop years was higher in the intercrops
than in farmers’ practice with residue burning, with the highest yield from maize/lablab. The
intercrops produced legume grain yields of 0.43-0.60 t/ha/yr. Among the legumes, the largest
amount of residue was produced by lablab with 3.94 t/ha, followed by rice bean with 2.41 t/ha,
cowpea with 1.27 t/ha, and mung bean with 1.13 t/ha. All of the intercrops left more residue
behind after the grain harvest than the farmers’ practice — by 169% in maize/lablab, 113%
in maize/rice bean, 69% in maize/mung bean, and 54% more in maize/cowpea. In addition
to producing more crop residue, the maize/lablab residue contained twice the nitrogen of
the other three cropping systems. In the farmers’ practice, the small amount of residue that
remained from the maize monocrop was lost to burning before sowing the next season’s
maize.

Exp. 2 — Effects of maize/lablab intercrop on soil and nitrogen loss by erosion.

Rainfall from June to November at the site of Exp. 2 was 819 mm in 2014 and 888 mm
in 2015 (Figure 1). The cumulative rainfall increased progressively from June to September,
and tapered off in October and November, with most of the rain falling in July to September.
No record was kept after November, as there was little rain in the dry season.

Maize grain yield from the cropping systems were indistinguishable in the first crop
year (2014), but were differentiated by the second crop year (2015) (Table 2).
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Figure 1. Monthly and cumulative rainfall from June to November during the two
experimental years at Na Lou village, Santisuk district, Nan province, Thailand
(Exp. 2).

Table 2. Grain yield of maize and lablab (14% moisture) in three maize cropping systems at
Na Lou village, Santisuk district, Nan, Thailand (Exp. 2)

Maize Lablab
Cropping system Grain yield (t/ha)
2014 2015 2014 2015
Maize/lablab intercrop 3.6 4.2¢ 0.8 +0.2! 0.2+0.03
Farmers’ practice, with burning 3.5 34a 0 0
Maize without burning 3.5 3.9b 0 0
Significant difference? NS(P<0.05) P<0.01

Note: ! + Standard deviation (n = 3);
By analysis of variance, significant difference by LSD, ;s within same column indicated by different
letters.

In the first crop year (2014), the maize yield in the three cropping systems were in the
same range at 3.5-3.6 t/ha, but by the second crop year (2015), the maize yield was lowest
at 3.4 t/ha in the farmers’ practice of maize monocrop with residue burning, 15% higher in
the maize monocrop without burning, and 24% higher in the maize/lablab intercrop without
burning. Lablab grain yield was 0.8 t/ha in the first year (2014) and 0.2 t/ha in the second year
(2015). Active nitrogen fixation in lablab was indicated by well nodulated roots. Crop residue
differed little in maize monoculture with or without burning or between the first and second
year, averaging 3.7 t/ha; the maize/lablab residue was significantly higher with 6.4 t/ha/year,
2.5 t/ha of which was the nitrogen-rich lablab residue (Table 3).
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Table 3. Dry weight of maize and lablab residue in three maize cropping systems at Na Lou
village, Santisuk district, Nan, Thailand (Exp. 2).

Maize Lablab Total
Cropping system Residue dry weight (t/ha)
2014 2015 2014 2015 2014 2015
Maize/lablab intercrop 3.8 4.0 25+£02" 2.5+0.3 6.3b 6.5b
Farmer’s practice, with burning 3.6 3.6 0.0 0.0 3.6a 3.6a
Maize without burning 3.7 4.0 0.0 0.0 3.7a 4.0a
Significant difference? NS NS P<0.05  P<0.05

Note: ! + standard deviation (n = 3);
By analysis of variance, significant difference by LSD,,; within same column indicated by different
letters.

The effect of not burning the crop residue in reducing soil and nitrogen losses by erosion
was significant in both years of the experiment, but the additional effect of intercropping
became evident only in the second year (2015) (Table 4). In the first year (2014), a similar
amount of soil (33-34 t/ha) was lost by erosion under either system without burning — the
maize monocrop or maize/lablab intercrop, representing close to a 60% reduction from the
77.5 t/ha lost under the farmers’ practice of burning last season’s residue. In the second year
(2015), 52.5 t/ha of soil was lost under the farmer’s practice with residue burning; without
burning, the loss was reduced by almost 90% with the maize/lablab intercrop and 60% in the
maize monocrop. Nitrogen loss associated with erosion under the different cropping systems
followed the same pattern as the soil loss. In the first year (2014), a similar amount of nitrogen
(57-58 kg N/ha) was lost by erosion under maize without burning, whether the monocrop or
maize/lablab intercrop, representing close to a 70% reduction from the 183.1 kg N/ha lost
under the farmers’ practice with residue burning. In the second year (2015), the 113.4 kg N/ha
that was lost under the farmers’ practice was reduced by 40% in the maize monocrop without
burning, and by almost 90% under the maize/lablab intercrop without burning.

Table 4. Soil and nitrogen loss due to erosion in maize cropping systems at Na Lou village,
Santisuk district, Nan, Thailand.

. Soil loss (t/ha) Nitrogen loss (kg N/ha)
Cropping system
2014 2015 2014 2015
Maize/lablab intercrop 33.8a 7.5a 56.6a 13.0a
Farmer’s practice, with burning 77.5b 52.5¢ 183.1b 113.4¢c
Maize without burning 33.1a 20.6b 58.5a 41.2b
Significant difference’ P<0.01 P<0.01 P<0.01 P<0.01

Note: 'By analysis of variance, significant difference by LSD,,; within same column indicated by different
letters.
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DISCUSSION

The maize/legume intercrops produced more grain yield and residue containing large
amounts of nitrogen that was retained, compared with the farmer’s practice of growing maize
with residue burning. The performance of the intercrop, however, varied with the legumes
and their growth habit, with lablab having the largest positive effect on the three parameters
measured: increasing maize yield, producing the most residue, and accumulating the most
nitrogen. Lablab was followed by rice bean, with cowpea and mung bean having equally
small effects. Lablab, with its trailing and twining growth habit (Murphy and Colucci, 1999),
continued to grow and accumulate biomass for five months after the maize was harvested,
compared to three more months for rice bean, two for cowpea, and one for mung bean.
Preservation of crop residue, a key practice in conservation agriculture, is known to positively
affect soil fertility (Fowler and Rockstrom, 2001; Hobbs, 2007). The cover provided by the
maize/legume intercrops, both live during the growing season and as dead mulch, physically
protected the soil surface against the elements, while biological activities that improve soil
fertility were stimulated by the input of nitrogen-rich organic residue. A separate study on
the impact of maize/legume intercrops on increasing soil biological diversity is reported
elsewhere (Punyalue et al., 2018).

Flowering habit in plants has been classified into (a) determinate, in which the main
growth axis ends in a flower, and (b) indeterminate, in which there is no terminal flower (Coen
and Nugent, 1994). For the grain legumes, the indeterminate growth habit allows the plant to
continue to grow new shoots and leaves after flowering, in contrast to the determinate type
that stops growing vegetatively after flowering. Other researchers have also demonstrated the
ability of lablab and rice bean in the highlands to accumulate large amounts of biomass and
nitrogen (Chaiwong et al., 2012). However, their aggressive growth can be detrimental to the
companion crop in intercropping, with lablab depressing maize grain yield in intercropping
when sown at the same time (Devkota and Rerkasem, 2000). The harmful effect of legumes
on maize yield was avoided in the present study by delaying sowing the legume until one
month before the maize harvest. This practice of relay planting, i.e., sowing one crop into
a standing crop of another, is known practice among some highland farmers in northern
Thailand (Ongprasert and Prinz, 2004).

The higher maize grain yield from the intercrops than from the farmers’ practice
over the three years of Exp. 1 indicated a long-term effect of maize/legume intercrop; this
suggested the potential of the maize/legumes intercrop in contributing to the sustainability
of highland maize production in the long run. Crop legumes that are well nodulated with
appropriate nitrogen-fixing bacteria are able to acquire nitrogen efficiently and economically
from the atmosphere (Peoples and Craswell, 1992; Peoples et al., 2009). Intercrop legumes
have been shown to be stimulated to become more dependent on biological fixation of N, from
the atmosphere by depletion of soil nitrogen by the cereal growing with them (Rerkasem et
al., 1988; Jensen, 1996). The higher maize yield was also indicative of improved soil fertility
under the maize/legume intercrops, with the acquisition of more nitrogen as well as the
physical fertility from the input of nitrogen-rich organic matter (Fujita et al., 1992), in contrast
to the loss of crop residue by burning in the farmers’ practice. The need to clear the soil surface
by burning, which is essential with the much smaller volume of residue from maize alone, was
eliminated by the mulching effect of the intercrop residue.
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This study has demonstrated how soil and nitrogen loss by erosion in highland maize
production in northern Thailand can be effectively reduced by intercropping the maize with
lablab. The rainfall pattern differed only slightly in the two years of Exp. 2; results from the
second year are here considered the cumulative treatment effects over time. Comparison with
no-burn maize as well as the farmer’s practice of growing maize after residue burning allows
the effects of intercropping to be differentiated into (a) the elimination of burning and (b) the
beneficial effects of adding legume to the cropping system. Not burning had an immediate
effect in reducing soil and nitrogen loss by 60% in the first year (2014), and approximately
the same again in the second year (2015), and a cumulative effect in raising the maize yield
over the slash-and-burn maize by 15% in the second year (2015). With little difference in
the residue dry weight in residue burning maize and no-burn maize in the two years of the
experiment, the no-burn effects were achieved with the retention of some 3-4 t/ha biomass,
along with the nitrogen and other volatile nutrients it contained, but were lost in the fire in
the slash-and-burn maize. The additional benefits of introducing an intercrop legume into the
system, with higher maize yield and greater reduction in soil and nitrogen losses by erosion
in the maize/lablab intercropping than no-burn maize, were not realized until the second year
(2015). Over the two seasons of the experiment, 12.8 t/ha of residue was added by maize/
lablab, containing almost 200 kg N/ha, assuming the residue nitrogen content at 1.51% from
Exp. 1. The higher maize grain yield in maize/lablab in the second year (2015) was thus
indicative of the responsiveness of the hybrid maize to the additional nitrogen made available
by the legume, over and above the moderate rate applied as fertilizer.

In conclusion, this study has shown how intercropping maize with legumes in the
highlands of northern Thailand increased maize grain yield over time and reduced soil erosion,
all while eliminating the need to burn the crop residue with its associated detrimental haze
effects. The additional harvest of legume grain may also provide farmers with an immediate
economic incentive. However, where and when the legume grain yield is too low to offset the
management cost of intercropping, farmers’ adoption of maize/legume intercrops may need to
be considered a provision of ecological services that need to be paid for by society at large. An
integrated program in which strict enforcement against field burning, already in operation in
the lowlands, is combined with provision of material support and technical advice may enable
the practice to be adopted more widely and sustainably.
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