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Soil Nutrient Release Characteristics and Response Simulation of Cadmium
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LI Zhuanling'® LI Peiling’ HUANG Guogin' MUHAAMAD A'
(1. Ecological Sciences Research Center, Jiangxi Agricultural University, Nanchang 330045, China
2. Department of Economic Management, Jiangxi Youth Vocational College, Nanchang 330045, China
3. College of Land Resources and Environment, Jiangxi Agricultural University, Nanchang 330045, China)

Abstract; Soil nutrient availability is an important factor influencing heavy metal enrichment plant. The
characteristics of soil nutrient slow-release and the tendency of cadmium accumulation of mustard were
studied. A complete combination design of fertilization rate (0, 20% , 40% , 70% and 100% of the
benchmark fertilizer application amount respectively, and the benchmark fertilizer application amount was
N 350 kg/m>, P,0, 180 kg/hm” and K,O 180 kg/hm”) and carbon application ratio ( carbon fertilizer
quality ratio of 0, 3% and 9% ) were set up in the experiment. The results showed that the soil nutrient
slow-release characteristics and cadmium enrichment trend were well fitted based on the Logistic curve
model, and the measured root mean square error ratio was 3.29% ~8.37% , and R® was no less than
0.957 0. The fertilizer proportion of soil nutrient with high efficient and slow-release under combined
application of carbon fertilizer was 0.99% ~ 55.18% , the maximum sustained-release efficiency of
nitrogen and phosphorus was increased by 49.17% ~90.00% , 13.25% ~37.35% , respectively, and
the soil nutrient content was increased by 17.38% ~ 40.93% , compared with that without carbon
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application. The biomass of mustard with cadmium concentration was increased by 119. 65% ~263.36%

through efficient slow-release of soil nutrients, and the maximum efficiency value of the biomass in the

aboveground part was increased by 166. 67% ~ 300.00% compared with the biomass in the root part.

The content of cadmium and enrichment coefficient of mustard greens was increased by 97.79% ~

201.96% in the highly efficient slow-release interval of soil nutrients. Therefore, in order to meet the

requirement of both high efficiency and high concentration of mustard cadmium and fertilizer

conservation, the combined application strategy of carbon fertilizer was optimized as follows; the

proportion of nitrogen, phosphorus and potash fertilizer under 9% carbon was 60.58% , 61.32% and

21.48% .

Key words: mustard; mixed application of bio-carbon and fertilizer; soil nutrients release; cadmium

enrichment
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Tab.2 Regression model parameters and soil nutrient content under mixed carbon-fertilizer treatment
T WS> B S5 BT RiR 2/ (mgekg 1)
i e b — R =
R K/(mg-kg™") a b 2016 4 2017 48
Cco 79.93 4.09 0. 06 0.9956 1.8858 4.5169
AR C1 102. 10 4.00 0.07 0.9910 3.3714 3.8050
c2 113. 80 4.50 0.08 0.988 8 3.268 6 4.5862
Cco 66. 42 4.23 0. 05 0.9951 0.641 1 2.592 4
3 C1 74.93 4.19 0. 05 0.993 6 0.340 4 0.7777
Cc2 75.95 4.18 0. 06 0.9835 0.5551 2.2323
Co 763.00 4. 06 0. 05 0.987 6 8.3394 15.1455
AR C1 772.20 4.08 0. 05 0.993 0 4.2232 10.9333
Cc2 825.20 4. 14 0. 05 0.9911 13.836 6 12.038 2
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Fig. 1 Changing trend of soil nutrient content under combined application of carbon and fertilizer
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Tab.3 Characteristic parameters of soil nutrient efficient sustained release under mixed fertilizer-carbon application
i HIEBH I PR R O (kg )
[ Y Y : - e ——
X/ % X/ % Xo/ % Vi IR (E SERE BESTIE
Co 1.53 45.43 23.48 1.20 16. 86 63. 96 40.75
HRA C1 0.99 38.62 19. 80 1.79 21.53 80.52 50. 80
C2 2.34 35.26 18. 80 2.28 24.07 90. 14 57.43
Co 2.50 55.18 28. 84 0.83 14. 10 53.02 33.70
£ R C1 2.31 54.99 28. 65 0.94 15.87 66. 20 46. 99
Cc2 1.89 45.79 23. 84 1.14 16. 10 72. 15 51.54
Co 1.68 54.36 28.02 9.54 121. 40 531.18 368. 36
A5 C1 1.78 54. 46 28.12 9. 65 131.53 623.50 448. 65
Cc2 2.07 54.75 28.41 10. 32 166. 80 672.92 535.48
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Tab.4 Model parameters and characteristic parameters of mustard biomass accumulation in response to soil nutrients

S FRA T AR A RO
H b HLHR R HLHR Ho | AR
K/(g#k™") 16. 95 2.48 11.07 2.59 15.71 3.50
- a 4.23 6.54 7.37 6.53 12.22 9.87
REASH b 0. 04 0. 05 0.08 0. 09 0.01 0.01
R 0.9570 0.997 6 0.9805 0.969 3 0.987 1 0.9829
2016 4F 0.288 1 0.046 6 0.2310 0.065 1 0.1958 0.048 0
TR G (e B 2017 4 0.4233 0.050 7 0.422 1 0.070 5 0. 423 4 0.0557
X,/(mg-kg™") 3.13 11.22 8.51 6.22 118.61 97.25
X,/(mg-kg ") 68. 98 63.90 41.43 35.48 382.00 360. 65
FE S X,/ (mg-kg™") 36.05 37.56 24.97 20. 85 250. 31 228.95
Ve 0.17 0.03 0.22 0. 06 0. 04 0.01
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Fig.2 Response trends of biomass accumulation of mustard to soil nutrients
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Tab.5 Model parameters and characteristic parameters of mustard cadmium enrichment in response to soil nutrient
s AR R AR
Hiy b3 R Hiy b3 R Hiy b3 R
K/(mg-kg - 62.79 123.90 63.29 130. 20 77.12 180. 30
a 5.00 4.78 15. 65 9.24 23.46 15.75
b 0.05 0. 04 0.11 0.09 0.01 0.01
i R? 0.995 1 0.990 5 0.9818 0.9730 0.9847 0.990 8
2016 4F 1.8258 1.8258 1.5795 1.417 1 1.4171 2.6023
RMSE/ (mg-kg™") 2017 4F 2.8557 2.8557 3.4147 3.3845 3.3845 2.114 1
K 33.90 57. 86 76. 06 84.73 55.75 72.70
a 4.88 4.11 11.73 6.26 8.24 5.14
e b 0.03 0.03 0. 05 0. 05 0.01 0.01
AR A R? 0.974 3 0.9824 0.9785 0.9811 0.989 1 0.9957
2016 4 0.7430 0.7430 0.7588 0.2572 0.2572 0.8528
RMSE 2017 4 1.416 4 1.416 4 1.158 4 1.0617 1.0617 1.2718
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Fig.3 Response trends of cadmium content and enrichment coefficient of mustard to soil nutrients
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4 BN e e AR (1) BB, A R I i i o 8 4
F14 3¢ S JEE e SR W% = C2 19 B0 R A S8 A SOl AT 3L
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Tab.6 Characteristic parameters of response of cadmium accumulation in mustard plants to soil nutrient content

- HHRGR AR e el
i 1 R i 1 ML b5 HEFHR

X,/(mg-kg™") 6.22 5.76 13.03 10. 07 183. 83 143.99
o X,/(mg-kg™") 62.26 67.01 36.98 39. 34 447.23 407.38
maf X,/ (mg-kg™") 34.24 36. 38 25.00 24.71 315.53 275. 68

Vi 0. 74 1.33 1.74 2.93 0.19 0.45

X,/(mg-kg™") 8.94 3.22 22.90 10. 34 79.20 32.01
o X,/(mg-kg™") 96. 74 91.01 75.58 63.02 342. 60 295. 40
LS X,/ (mg-kg™") 52.84 47.11 49.24 36. 68 210. 90 163.71

Vi 0.25 0.43 0.95 1.06 0.14 0.18
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