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Changes in Rice Yield and Soil Properties under Continued

Application of Chemical Fertilizer for 50 Years in Paddy Soil

Byeong-Yeol Yeon, Han-Kang Kwak', Yo-Seong Song', Hee-Joong Jun', and Chong-Ho Kim®

Ginseng & Medicinal Plants Research Institute, Eumseong 369-873, Korea.
'National Institute of Agricultural Science and Technology, Suwon, 441-707, Korea
2Kongju National University, Kongju, 340-800, Korea

This study was conducted to investigate the effect of long-term continuous application of fertilizers for rice
cultivation. Changes of physical and chemical properties of paddy soil and the rice yield by continuous
application of NPK fertilizers, ammonium sulphate, and urea over fifty years, from 1954 to 2003, were
investigated. The rice yield index of each treatment were 100 of NPK plots, 84 of ammonium sulphate plots,
81 of urea plots, and 62 of no fertilizer plots. The variance of yield was large according to the quality of
irrigation water. Nutrient uptakes by rice plants in ammonium sulphate and urea plots were significantly
smaller than those in NPK plots; 86 and 75% in T-N, 79 and 82% in P20s, 64 and 58% in K:0, and 94 and
90% in SiO2, respectively. Bulk density of soil in NPK plots significantly decreased compared to those in no
fertilizer, ammonium sulphate, and urea plots, whereas CEC in NPK plots increased compared to other
plots. Soil pHs of all plots were higher than that before experiment which was 5.2; 6.0 in no fertilizer, 5.9 in
urea and NPK, and 5.4 in ammonium sulphate plots. The available phosphate in soil increased by 2.5 mg
kg'1 yr'1 when 70 kg ha” of P fertilizer applied for rice cultivation, and decreased by 1.8 mg kg'1 yr'1 when

no P fertilizer applied.
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Table 2. Chronological application rates of chemical
fertilizers.

Year Nitrogen Phosphate Potassium
kg ha'

1954~1970 75 75 75

1971~1978 100 75 75

1979~1985 150 86 86

1986~2003 110 70 80
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Table 1. Chemical properties of soil used in the experiment in 1954.

Exch. cation
pH oM Av.P20s Av. SiO2
K Ca Mg

1:5,H0 gkg’ mgkg' 0 s cmole kg~ e mg kg

52 16 120 008 34 - -
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Table 3. Chemical prosperities of irrigation water.

Treatments pH EC POs-P NHs-N K Ca Mg Na SiO2
L5 dsm’ mgL’
Seoho
. 72 1.00 0.30 30 90 22 6.0 48 56
reservoir
Groundwater 78 032 0.01 0.1 22 14 6.0 24 6.0

Table 4. Amount of nutrient uptake by above ground part of rice with continuous application of chemical fertilizers from 1984 to
2003.

Reatments T-N P:0s K20 CaO MgO SiO2
kg ha'

NoPoKo 45549)"a*t 33.3(60)a 75.5(63)a 22.3(59)a 11.7(51)a 402(90)a

A PoKo 79.2(86)b 43.5(79)b 77.7(64)a 32.1(85)b 18.6(81)b 420(94)a

U PoKo 69.1(75)c 45.6(82)b 70.3(58)a 31.0(82)b 18.4(81)b 406(90)a

NPK 92.5(100)d 55.3(100)c 120.5(100)b 37.6(100)c 23.0(100)c 449(100)a

" Index of the amount of nutrient uptake to the NPK plot.
t Means with the same letter within a column are not significantly different at 5% level of DMRT.
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Table 5. Changes of soil physical properties with 50 years of long-term continuous application of chemical fertilizers in 2003.

Bulk Phase distribution

Treatments . - — CEC Hardness

density Solid Liquid Gaseous

Mg m® Yo cmole kg mm
NoPoKo 1430 538b 36.8¢ 94b 78 138a
A PoKo 146b 550b 324b 126a 80 14.1b
U PoKo 146b 552b 330b 11.8 ab 8.1 142b
NPK 134a 504 a 395a 10.1 ab 9.0 14.0 ab

" Means with the same letter within a column are not significantly different at 5% level of DMRT.

Table 6. Changes of soil chemical properties with 50 years of long-term continuous application of chemical fertilizers in 2003.

Exch. cation

Treatments pH OM Av. P:0s Av. SiO2
K Ca Mg
1:5,H:0 gkg' mgkg' 0 e TS g — mg kg
NoPoKo 6.00a' 18b 40b 0.10b 50b 09a 89a
A PoKo 540 ¢ 20a l4c 007b 44a 08b 69 a
U PoKo 593a 18b 24 be 0.08 b 52b 09a 76 a
NPK 563b 2la 194 a 0.12a 47a 09a 44b

" Means with the same letter within a column are not significantly different at 5% level of DMRT.
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Fig. 2. Changes of available phosphate content in soil with
long-term continuous application of chemical fertilizers.
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