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Nutrient balance of highland rice - legume crop rotation in

Northern Thailand
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ABSTRACT: Highland farmers in Thailand grow one rice crop per year. However, these farmers
lack soil maintenance measures as well as crop rotation. A rice-legume crop rotation could therefore
be a way to improve land use in these areas. With the objective to evaluated grain yield and nutrient
balance in rice - legume crop rotation. On-farm experiment was executed in the Mae Wak village,
Mae Chaem district, Chiang Mai province at an altitude of 670 m (MSL) (April 2016 to March
2017). A randomized complete block design was used with five treatments and three replicates.
The treatments were: 1) rice (Oryza sativa) monoculture 2) rice - navy bean (Phaseolus vulgaris)
3) rice - kidney bean (Phaseolus vulgaris) 4) lablab (Lablab purpureus) - rice - navy bean and
5) lablab - rice - kidney bean. The experiment showed that grain yieldand crop residue of rice
and legume was not-significantly different between the treatments. Total nitrogen retaining in
the soil was significantly different between treatments. Nitrogen retained in the soil increased by
99.2 -116.0% in rice-kidney bean /navy bean and 165.0 - 167.6% in lablab-rice-kidney bean/
navy bean when compared to rice monoculture. Nitrogen balance in the experiments showed
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anegative balance and rice monoculture had the highest negative N balance (-8.3 kg. N/rai). Therefore,
rice - legume system base reduced the nutrient removal from the rice field for highland sustainable

agriculture.
Keywords: rice, legume, nutrient balance
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Table 1 Grain yield and crop residue of rice and legume (kg/rai) in rice — legume based cropping

systems at Mae Chaem district, Chiang Mai, northern of Thailand

Treatments Grain yield (kg/rai) Crop residue (kg/rai)
Lablab Rice Legume Lablab Rice Legume
1. Rice monoculture 0 894.5 0° 0° 647.9 0°
2. Rice - Navy bean 0 889.3 249.4° 0° 618.7 280.0°
3. Rice - Kidney bean 0 891.8 156.1° 0° 620.3 343.2°
4. Lablab - Rice - Navy bean 0 922.0 246.4° 73.1° 638.6 281.5°
5. Lablab - Rice - Kidney bean 0 914.5 203.9% 68.1° 633.3 308.6°
mean 0 902.4 171.7 28.3 631.8 242.7
F-test ns * > ns >
LSD 61.67 24.6 106.03

05

ns = not — significantly different, ** = significantly different at P<0.01, means in the same column followed by different

letters indicate significantly different at P<0.05
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Table 2 Nitrogen in grain yield of rice and legume (kg/rai) in rice — legume based cropping systems
at Mae Chaem district, Chiang Mai, northern of Thailand

Treatments Nitrogen in grain yield(kg/rai)
Lablab Rice Legume

1. Rice monoculture 0 20.5 0°
2. Rice - Navy bean 0 20.5 7.7°
3. Rice - Kidney bean 0 20.5 5.2°
4. Lablab - Rice - Navy bean 0 21.2 7.6%
5. 1l ablab - Rice - Kidney bean 0 21.0 6.8

mean 0 20.8 5.4

F-test ns >

LSD 1.94

05

ns = not — significantly different, ** = significantly different at P<0.01, means in the same column followed by different

letters indicate significantly different at P<0.05
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Table 3 Nitrogen in crop residue of rice and legume (kg/rai) in rice —legume based cropping systems

at Mae Chaem district, Chiang Mai, northern of Thailand

Treatments Nitrogen in crop residue (kg/rai)

Lablab Rice Legume Total
1. Rice monoculture 0° 4.3 0° 4.3°
2. Rice - Navy bean 0° 4.1 4.5° 8.6
3. Rice - Kidney bean 0° 4.1 5.2° 9.3°
4. Lablab - Rice - Navy bean 2.8° 4.2 4.4° 11.4°
5. Lablab - Rice - Kidney bean 2.6° 4.2 4.7° 11.5°
mean 1.08 4.2 3.8 9.01

F-test > ns **
LSD 0.96 1.58 2.18

.05

ns = not — significantly different, ** = significantly different at P<0.01, means in the same column followed by different

letters indicate significantly different at P< 0.05

Table 4 N balance in rice — legume based cropping systems at Mae Chaem district, Chiang Mai,

northern of Thailand

Treatment N Input (kg/rai) N Output (kg/rai) N balance
(kg/rai)
fertilizer  fixed N* total yield Residue*™  total
1. Rice monoculture 15.5 0° 15.5° 20.6° 3.2 23.8° -8.3°
2. Rice - Navy bean 27.9 0° 27.9° 28.1° 3.1 31.2° -3.3°
3. Rice - Kidney bean 27.9 0° 27.9° 257° 3.1 28.8° -0.9°
4. Lablab - Rice - Navy bean 27.9 2.3° 30.2° 28.8° 3.2 31.9° 1.7%
5. Lablab - Rice - Kidney bean 27.9 2.5° 30.4° 27.8% 3.1 30.9° -0.6
mean 25.4 0.9 26.4 26.2 3.1 29.3 —2.96
F-test . ok . ns . .
LSD 0.84 0.84 2.21 1.92 1.98

.05

*Nin legume root 45 % (Peoples et al., 2009), % N fixed lablab 89 % (Devkota, 1993)

** N Output in residue were calculated in rice straw.

ns = not —significantly different, ** = significantly different at P<0.01, means in the same column followed by different

letters indicate significantly different at P<0.05
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