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Abstract The characteristics of nitrogen (N) and phosphorus (P) release from slow-release urea,
developed based on urea (U) as fertilizer core and struvite (S) and biochar ( B) as coating

materials, are significant for evaluating the application of high N and low P fertilizer in agriculture
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system. In the present study, the hydrostatic test and soil column intermittent leaching experiment
including five treatments ( CK, U, S coated urea (USR), S+low proportion of B coated urea
(USBI1R), S+high proportion of B coated urea (USB2R) ) were carried out to investigate the N and
P release from individual S coated U and S combined with B coated U in calcareous soil based on
analysis of TN, TP, NH;-N, NO;-N, and PO} . The results showed that release rate of N in slow-
release fertilizers based on hydrostatic test was not higher than 15% within 24 h and 80% within
28 d, which meets the standards of the slow-release fertilizer ( GB/T 23348—2009 ). The release
rates of N and P in the three slow-release fertilizers swiftly increased in soil for the first 7 days, and
then gradually decreased. The release rates of P in the three slow-release fertilizers were in the
decreasing order; USBIR (50. 9% ) >USB2R (38.3% ) >USR (10.0% ), and the release rates of N
were in the order; USB2R (86.2% ) >USBIR (83. 1% )>USR (74.0% ). The release rates of N in

slow-release fertilizers were lower by 9-21 percentages than that in urea. The individual S coated

938 %

urea and S combined with B coated urea showed slow release of N and P in calcareous soil. The

actual efficacy of the developed slow-release fertilizers needs to be further verified.
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Table 1 Amounts of added fertilization, added N and
P in soil column, and increasing concentrations

of N and P in various fertilized soils

A A AT A} AN P Ry

e &% BE/% IRy (mg/AL) (mg/kg 1)
ekl N P05 P N P

U 46.00 0 870 400 0 0 3077 0
USR  34.35 2.62 1160 400 71 31 3077 238
USBIR 30.33 2.81 1310 400 74 37 3077 285
USB2R 24.39 2.64 1640 400 86 43 3077 331
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Fig.1 Cumulative release rate of nitrogen in slow-release

fertilizers under hydrostatic culture
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Table 2 Dynamics of inorganic phosphorus leaching amount ( pg/soil column) in different fertilized soils
iR /d CK U USR USBIR USB2R
1 0.41 +0.06 d 1.03 £0. 17 ¢ 4.39 +0.15b 4.71 £0.21 a 4.56 +0.27 ab
3 1.76 £0.28 ¢ 5.82+0.45b 2.03 +0.34 b 6.64 +0.22 a 6.16 +0. 38 ab
7 0.47 £0.07 d 2.49 £0.31 ¢ 5.55 +0.96 a 5.54+1.04 a 4.39+£0.62 b
14 0.70 £0.05 d 1.82+0.32b 1.25+0. 15 ¢ 2.96 +0.36 a 1.40 £0. 16 ¢
21 1. 07 £0.06 e 1.74 £0.21 ¢ 1.39 £0. 15 de 2.04 +0.31 ab 2.15+0.31a
28 1.12 £0. 06 cd 1.42 +0. 21 ab 1.09 £0. 04 cd 1.64 +0.35 a 1.06 £0.07d
it 5.53+£0.49d 14.34 +1.29 ¢ 19.66 £1.21 b 23.53 £1.68 a 19.73 £1.18 b
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Table 3 Dynamics of total nitrogen leaching amount ( mg/column) in different fertilized soils
A al/d CK U USR USBIR USB2R
1 3.40 +0. 18 d 14.74 £1.09 a 8.27x1. 14 ¢ 8.38+0.19 ¢ 10.49 £1.52 b
3 2.68 +0.50 d 15.56 +0.81 ¢ 18.46 £0.25b 18.45 +0.15b 19.54 £0.38 a
7 3.42+0.20 ¢ 6.65 +0.56 b 16.05 +1.96 a 15.03 1. 16 a 16.98 £2.58 a
14 2.68 +0.62 e 4.71 £0.42 d 9.66 1. 14 a 7.84 £0.54 b 6.66 +0.39 ¢
21 1.60 +0.38 d 4.37+1.20 ¢ 8.22+1.28 a 6.05 +0.69 b 5.94 +0.88 b
28 0.38 +0.08 d 2.89+0.33 ¢ 6.51 +1.03 a 4.23 +0.60 b 4.60 £0.54 b
it 14.14 +1.42d 48.92£1.39¢ 67.16 +4.79 a 59.99 £2.31b 64.22 +4.59 ab
AH 1AL AN [ SRR i ] 25 S R 40 #r
a a cd ¢ c
3 b a a
7 a b b
14 b c c c
21 c c cd d de
28 d d d e e
Ab 3 p<0.01
1] p<0.01
Qb B <] [R] p<0.01
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Table 4 Dynamics of NH;-N leaching amount ( pg/column) in different fertilized soils

A1) /d CK U USR USBIR USB2R
1 1.68 £0.23 b 530.58 £11. 86 a 2.03+0.18b 2.31+0.08 b 1.65+0.22b
3 32.50£1.99b 2 415.76 +66.77 a 53.54 £4.07b 70.48 £11.26 b 70.01 +4.52b
7 2.82+0.08 e 2236.24 +47.29 a 318.98 +21.43 d 493.02 +69. 25 ¢ 708.90 +£53.36 b
14 2.99 +0. 16 e 178.97 +42.06 ¢ 1896.41 +95.12b 1477.87 +34.85d 2 282.44 +69. 00a
21 3.57 £0.37d 68.25 +£3.92d 3045.43 £205.92 a 2 331.81 +£38.22b 1 884.84 £72.90 ¢
28 0.83 +0.22d 45.31 £4.94 d 2 637.87 x111. 16 a 2343.30 +£134.25b 1723.79 +40. 14 ¢
Fit 44.39 +1.83d 5475.13 £132.01 ¢ 7 954.28 +252. 64 a 6718.79 £154.62 b 6 671.68 £160. 58 b
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Table 5 Dynamics of NO;-N leaching amount ( mg/column) in different fertilized soils
KE/d CK U USR USBIR USB2R
1 0.93+0.03b 0.98 +0.03 b 1.20 +0. 06 a 1.01 £0. 12 b 1.25 +0.06 a
3 0.28 +0.06 b 0.32+0.03b 0.56 0. 17 a 0.30+0.02b 0.32+0.02b
7 0.28 +0. 05 cd 0.29 +0.02 cd 0.36 +0. 14 be 0.50 +0. 03 ab 0.46 £0. 11 a
14 0.13+0.01d 0. 66 +0. 00 ab 0. 64 +0. 07 ab 0.20 +0.02 cd 0.65+0.12a
21 0.21 £0.02 d 1.80+0.33 a 1.42+£0.15b 1.20 £0.22 b 0.52 +0.01 ¢
28 0.17 £0.00 d 0.94 +0.08 ¢ 2.37 +£0.50 a 0.67 +0.01 ¢ 1.32£0.06 b
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Fig.3 Concentrations of TN, NH;-N, NO;3-N, and Olsen-P in different fertilized soils collected after the leaching experiments
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