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The effects of chemical fertilizer and rhizobium biofertilizer management
in soybean-rice cultivation system on nitrogen fertilizer application rates of
paddy field in sandy loam soil at Chiang Mai province
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ABSTRACT: The paddy field is highly dependent on the use of chemical nitrogen fertilizers. This is because the
nitrogen content in the soil is lost along with the product removal from the area, burning of debris, and leaching
with water or sublimation in the form of ammonia gas. The purpose of this research was to study the effect of
rhizobium biofertilizer combined with various chemical fertilizers in soybean cultivation on the use of nitrogen
fertilizers at different rates in the next season of paddy field. This research was carried out in 2019-2021 at Chiang Mai
field crops research center using split plot experimental design with 4 replicates. The main plot factor was three
treatments of the management of chemical fertilizers and rhizobium biofertilizer in soybean cultivation and the subplot
factor included the use of nitrogen fertilizer in rice paddy with 4 rates at 0, 25, 50 and 100 percent according to soil
analysis recommendation rate. This research found that the amount of soil organic matter before rice planting in 2020
was the highest and differed from those in 2019 and 2021. Within each year, height, number of pods per plant, number
of seeds per plant, 100 seed weight, and shoot fresh weight per rai of soybeans did not differ between treatments. The
grain weight and the grain weight per rai of rice in each subplot within each year were not different either. Meanwhile, the
shoot weight of rice per rai in each year of the treatment with 100 percent nitrogen fertilizer at the recommended rate
according to the soil analysis was higher than that of the treatment without nitrogen fertilizer. However, it is not dissimilar
to the treatment of applying nitrogen fertilizer at a rate of 25 or 50 percent of the recommended rate. Therefore, the
management of chemical fertilizer and rhizobium biofertilizer in soybean planting before rice planting (main plot) had no
effect on 100 seed weight and seed weight per rai of rice which grown in sandy loam soil with nitrogen fertilizer application
at 0, 25, 50 and 100 percent according to soil analysis recommendation rate. If the soybeans are not tilled back into the
planting area, the nutrients in the area will be lost with a yield equal to 21.54-5.67-11.19 kg of N-P,0s-K,O per rai per
growing season. As for shoot and root of rice tillage, nutrients returned to the soil were 8.59-5.40-29.91 kg of N-P,0s—K,O
per rai per growing season.

Keywords: nitrogen fixation; nutrient uptake; soil chemical properties
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Figure 1 Soil organic matter (A), available phosphorus and exchangeable potassium concentrations (B) of each

main plot treatment before soybean (S) and rice (R) cultivation in 2019 - 2021
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Figure 2 The number of nodules (A) and nitrogen fixation rate of rhizobium in soybean nodules (B) planted with 3

chemical fertilizer and rhizobium biofertilizer managements in 2019 - 2021

Table 1 Growth and yield component of Chiang Mai 60 soybean varieties planted with 3 chemical fertilizer (NPK)

and rhizobium biofertilizer managements in 2019-2021

Main plot Height Pod /stalk  Grain/plant  Weight of 100  Grain yield Shoot fresh
treatment (cm) grains (g) (kg/rai) weight (kg/rai)
- NPK 2019 24.33 b 12.48 c 2335 ¢ 14.15 b 185.63 ¢ 426.25 d
- NPK 2020 45.40 a 3243 a 67.78 a 18.23 a 376.25 a 957.50 ab
- NPK 2021 44.08 a 22.08 b 44.08 b 18.15a 281.88 b 725.00 c
+ NPK 2019 25.05 b 14.58 c 27.90 c 1393 b 183.75 ¢ 431.88 d
+ NPK 2020 44.73 a 28.28 ab 61.50 a 18.08 a 381.88 a 1,037.50 a
+ NPK 2021 44.80 a 26.30 ab 54.00 ab 18.00 a 304.38 b 711.25 ¢
PK+Rhizobium 2019 2355 b 12.65 ¢ 2390 c 14.90 b 169.38 ¢ 43375 d
PK+Rhizobium 2020 4583 a 28.25 ab 59.13 ab 17.58 a 394.38 a 1,065.63 a
PK+Rhizobium 2021 48.30 a 27.73 ab 57.13 ab 18.03 a 328.75 ab 798.75 bc
F-test o " " *x *x o

CV. (%) 12.0 21.0 21.5 4.1 159 14.9
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Note: ** = significant at P< 0.01. Means in a column followed by the same letter are not significantly different at 5% level by DMRT.
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Figure 3 Grains weight (A) and shoot fresh weight (B) of San Pa Tong 1 sticky rice varieties when applied with 4

nitrogen fertilizer rates at 0, 25, 50 and 100 percent according to soil analysis recommendation

Table 2 Nutrient concentration in each part of soybean and rice planted in sandy loam soil (Average from all treatments)

Plant part Dry matter Nutrient concentration (%) Amount of nutrient (kg/rai)

(kg/rai) N P K N P,Os K,0
Soybean Grain 289.58 6.08 0.64 1.13 17.59 4.25 391
Shoot 256.20 0.63 0.13 0.72 1.60 0.79 221
Pod shell 374.86 0.63 0.07 1.13 2.35 0.63 5.07
Root 73.59 0.81 0.07 0.45 0.59 0.11 0.40
Rice Grain 730.00 1.14 0.29 0.29 8.31 4.86 2.55
Shoot 1137.92 0.65 0.17 2.01 7.39 4.48 27.42

Root 266.50 0.45 0.15 0.78 1.20 0.92 2.49
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