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Management of renewable organic resources is important in attaining the sustainability of agricultural
production. However, nutrient management with organic resources is more complex than fertilization with
chemical fertilizer because the composition of the organic input or the environmental condition will influence
organic matter decomposition and nutrient release. One of the most effective methods for estimating nutrient
release from organic amendment is the use of N mineralization models. The present study aimed at
parameterizing N mineralization models for a number of organic amendments being used as a nutrient source
for crop production. Laboratory incubation experiment was conducted in aerobic condition. N mineralization
was investigated for nineteen organic amendments in sandy soil and clay soil at 20°C, 25°C, and 30°C. N
mineralization was facilitated at higher temperature condition. Negative correlation was observed between
mineralized N and C:N ratio of organic amendments. N mineralization process was slower in clay soil than in
sandy soil and this was mainly due to the delayed nitrification. The single and the double exponential models
were used to estimate N mineralization of the organic amendments. N mineralization potential N, and
mineralization rate k were estimated in different temperature and soil conditions. Estimated N, ranged from
28.8 to 228.1 and k from 0.0066 to 0.6932. The double exponential model showed better prediction of N
mineralization compared with the single exponential model, particulady for organic amendments with high
C:N ratio. Itis expected that the model parameters estimated based on the incubation experiment could be used
to design nutrient management planning in environment-friendly agriculture.
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Materials and Methods

ol
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Table 1. Total N, total C, and soil texture of the soil used for aerobic incubation experiment.

Total N Total C

Soil texture

Soil type . . WHC (%)

P (gke™) (gkg™) Sand (%) Silt (%) Clay (%) %)
Sandy soil 1.04 12.3 25.6 4.1 213
Clay soil 1.19 12.3 472 20.9 26.6

"WHC represents water holding capacity.
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Table 2. Total N, total C, and C:N ratio of organic amendments
for the aerobic incubation experiment.

Total N Total C C:N

Organic amendment (%) (%) ratio

Green manure

Hairy vetch 3.5 41.7 11.9
Chinese milk vetch 2.9 423 14.6
Rye 22 383 17.4
Sorghum 2.6 41.9 16.1
Sudan grass 24 37.2 15.5
Crotalaria Juncea 2.8 40.6 14.5
Crotalaria Spectabilis 2.9 40.0 13.8
Crop Residue
Rape 4.8 34.6 7.2
Maize residue 2.0 42.6 213
Rice straw 0.7 372 53.1
Agricultural by-product
Rapeseed oilcake 5.4 47.5 8.8
Rice bran 2.1 40.5 19.3
Compost
Rice Straw compost 1.9 23.9 12.6
Chicken manure compost 1.9 28.7 15.1
Pig manure compost 22 323 14.7
Cattle manure compost 2.0 372 18.6

High grade commecial compost 2.1 26.9 12.8
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Fig. 1. Nitrogen mineralization during 90 days of aerobic
incubation at 20°C (a), 25°C (b), 30°C (c) for several organic
amendment and sandy soil mixtures.

Table 3. Analysis of variance for inorganic N in organic matter amended soils during the incubation.

Source df Mean Square F-value Prob>F
Organic amendment 19 179,750 2,771.65 <.0001
Incubation time 10 40,093 618.22 <.0001
Soil type 1 53,537 825.51 <.0001
Temperature 23,982 369.78 <.0001
Replication 11 0.18 0.8376
Organic amendment X Incubation time 190 3,322 51.23 <.0001
Organic amendment x Soil type 19 1,740 26.82 <.0001
Organic amendment X Temperature 16 1,566 24.15 <.0001
Incubation time x Soil type 10 1,649 25.42 <.0001
Incubation time x Temperature 20 1,415 21.82 <.0001
Soil type x Temperature 2 250 3.85 0.0215
Error 2,414 65
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Fig. 2. NO5-N mineralized from various N sources in sandy soil (a) and clay soil (b) mixture incubated at 25°C.
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Fig. 3. NH;"-N mineralized from various N sources in sandy soil (a) and clay soil (b) mixture incubated at 25°C.
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Fig. 4. Relationship between inorganic N at 90 days of
incubation predicted by the model and C:N ratio of organic
amendments in aerobic incubation.
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Table 4. Mineralization parameters of the single exponential model in aerobic condition at 25°C.

Sandy soil Clay soil
Treatment N, k ¢ . ) Np k ¢ : 5
(mgkg!) @y P TSR R gy e RYVBESOR
kg™) kg™) kg')
Control 342 0.1256 27.8 4.54 0.863 28.8 0.0688 13.4 3.61 0.884
Urea 135.6  0.6932 27.7 18.22 0.827 1582 0.6932 13.6 21.72 0.821
Green manure
Hairy vetch 83.9 0.0619 34.1 6.75 0.949 84.5 0.0500 21.1 9.48 0.903
Chinese milk vetch 99.5 0.0349 242 6.25 0.964 88.5 0.0378 6.2 7.99 0.930
Rye 1285 0.0144 2.1 10.34 0.894 92.4 0.0142 0.0 6.66 0.910
Sorghum 116.8  0.0142 29.9 8.65 0.907 71.4 0.0263 19.2 4.78 0.953
Sudangrass 83.0 0.0279 44.5 12.09 0.816 60.8 0.1431 24.9 10.67 0.779
Crotalaria juncea 77.9 0.0291 30.9 7.91 0.904 73.2 0.0197 24.6 10.89 0.769
Crotalaria spectabilis 103.8  0.0294 23.6 6.48 0.961 70.9 0.0364 10.9 447 0.964
Crop residue
Rape 94.8 0.2296 25.7 9.79 0.902 83.0 0.3559 15.5 8.46 0.898
Maize residue 228.1  0.0066 0.1 11.42 0.888 94.6 0.0110 2.6 6.22 0.903
Rice straw - - - - - - - - - -
Agricultural by-product
Rapeseed oilcake 98.4 0.0489 19.2 6.16 0.967 86.4 0.0497 4.7 9.48 0.906
Rice bran 1444 0.0149 0.6 9.59 0.928 91.0 0.0211 0.0 8.67 0.897
Compost
Rice straw compost 42.1 0.0398 35.0 6.14 0.838 36.0 0.0297 22.6 4.92 0.839
Chicken manure compost  58.6 0.0125 39.2 9.38 0.645 37.4 0.0202 18.1 3.27 0.908
Pig manure compost 60.2 0.4769 232 15.82 0.565 57.8 0.3755 15.0 8.53 0.807
Cattle manure compost - - - - - - - - - -
Commecial compost 45.8 0.2416 28.1 9.64 0.686 46.2 0.2052 17.0 7.71 0.782

T
RMSE represents root mean square error.

Table 5. Mineralization parameters of the double exponential model in aerobic condition in sandy soil at 25°C (continued).

Sandysoil Remark®
Treatment £ 2
Nap ka Nsp ks c RMSE R
Control 20.4 0.6932 23.7 0.0331 23.6 3.00 0.942
Urea 1356  0.6932 0.0 0.0110 27.7 18.22 0.827 Single
Green manure
Hairy vetch 25.5 0.6932 74.2 0.0399 24.0 4.60 0.977
Chinese milk vetch 48.0 0.0721 83.7 0.0110 21.7 5.98 0.968
Rye 0.0 0.6932 128.5 0.0144 2.1 10.34 0.894 Single
Sorghum 7.9 0.6932 127.2 0.0115 24.9 8.57 0912
Sudangrass 33.4 0.6932 105.4 0.0110 25.0 9.04 0.897
Crotalaria juncea 12.1 0.6932 78.1 0.0229 24.0 7.51 0.916
Crotalaria spectabilis 0.0 0.6932 103.8 0.0294 23.6 6.48 0.961 Single
Crop residue
Rape 76.4 0.4141 60.3 0.0110 23.0 5.81 0.967
Maize residue 0.0 0.6932 155.4 0.0110 0.0 11.30 0.883 Single

Rice straw - - - - - - - Not fitted
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Table 5. Mineralization parameters of the double exponential model in aerobic condition in sandy soil at 25°C (continued).

Treatment Sandysoil : i Remark®
Nap ky Nsp ks c RMSE’ R
Agricultural by-product
Rapeseed oilcake 98.4 0.0489 0.0 0.0110 19.2 6.16 0.967 Single
Rice bran 0.0 0.6932 144.4 0.0149 0.6 9.59 0.928 Single
Compost
Rice straw compost 21.8 0.6932 553 0.0110 23.7 3.26 0.955
Chicken manure compost 20.6 0.6932 50.7 0.0110 23.6 7.49 0.773
Pig manure compost 50.2 0.6932 354 0.0110 234 14.61 0.628
Cattle manure compost 1.1 0.6932 61.9 0.0110 23.6 9.94 0.613
Commercial compost 35.0 0.6932 20.7 0.0343 24.7 8.49 0.764
Oilcake + rice straw, C:N ratio 20" 0.0 0.6932 134.7 0.0110 1.2 10.04 0.875 Single
Oilcake + rice straw, C:N ratio 307 0.0 0.6932 722 0.0110 0.0 12.70 0.563 Single
TAdjested C:N ratio to 20 and 30 by mixing rapeseed oilcake and rice straw.
*RMSE represents root mean square error.
$Failure for model fitting or converged to the single exponential model for some treatments.
Table 6. Mineralization parameters of the double exponential model in aerobic condition in clay soil at 25°C.
Treatment Clay soil T 3 Remark®
Nap ka Nsp ks c RMSE R
Control 18.2 0.1521 24.7 0.0110 11.8 3.14 0.915
Urea 158.2 0.6932 0.0 0.0110 17.2 21.72 0.821 Single
Green manure
Hairy vetch 15.0 0.6932 80.4 0.0374 15.0 9.17 0912
Chinese milk vetch 50.9 0.0646 61.5 0.0110 4.5 7.99 0.932
Rye 0.0 0.6932 92.4 0.0142 0.0 6.66 0.910 Single
Sorghum 8.7 0.6932 73.5 0.0206 14.4 441 0.961
Sudangrass 44.1 0.6932 42.4 0.0233 14.8 6.34 0.924
Crotalaria juncea 18.7 0.5405 86.8 0.0110 13.2 9.98 0.813
Crotalaria spectabilis 0.0 0.6932 70.9 0.0364 10.9 4.47 0.964 Single
Crop residue
Rape 66.9 0.6932 30.3 0.0295 14.1 5.10 0.964
Maize residue 0.0 0.6932 94.7 0.0110 2.6 6.22 0.903 Single
Rice straw - - - - - - - Not fitted
Agricultural by-product
Rapeseed oilcake 543 0.0835 59.9 0.0110 2.8 9.18 0.915
Rice bran 0.0 0.6932 91.0 0.0212 0.0 8.67 0.897 Single
Compost
Rice straw compost 15.4 0.6932 46.3 0.0110 13.7 3.09 0.937
Chicken manure compost 7.2 0.6932 44.6 0.0118 13.7 2.81 0.934
Pig manure compost 479 0.6932 35.8 0.0110 14.1 6.12 0.901
Cattle manure compost 0.0 0.6932 41.6 0.0110 7.3 3.63 0.836 Single
Commercial compost 334 0.6932 453 0.0110 13.8 4.14 0.937
Oilcake + rice straw, C:N ratio 20" 0.0 0.6932 84.0 0.0110 0.0 8.44 0.812 Single
Oilcake + rice straw, C:N ratio 30" 0.0 0.6932 21.8 0.0110 0.0 7.59 0.249 Single

TAdjested C:N ratio to 20 and 30 by mixing rapeseed oilcake and rice straw.

I
RMSE represents root mean square error.

$Failure for model fitting or converged to the single exponential model for some treatments.
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