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Study of composites of three kinds of environmental materials on the synergism of soil moisture conservation

and nitrogen—phosphorus fertilizer efficiency

MA Yan', LIU Zhen-hai', LIU Lu—han'?, SHI Yan—jun', HUANG Zhan—bin"

(1.School of Chemical and Environmental Engineering, China University of Mining and Technology (Beijing ), Beijing 100083, China; 2.Bei-
jing Capital Environmental Investment Limited, Beijing 100083, China)

Abstract : This study aimed to determine the simultaneous effects of soil water and nitrogen—phosphorus fertilizers based on the functional
complementarity of different environmental materials. Super absorbent polymer (A ), humic acid(B), and zeolite (C) were selected, and soil
column leaching was performed to identify the main and secondary targets and combination optimization of composites of three different en—
vironmental materials on soil moisture and nitrogen—phosphorus fertilizer. Eventually, the optimal combination of soil moisture and nitrogen—
phosphorus conservation synergism was obtained, and the effective mechanism of different environmental materials on soil moisture and fer—
tilizer conservation was analyzed using the process analysis. The results showed that composites of three kinds of environmental materials
had significant effects on soil moisture and nitrogen—phosphorus fertilizers, and the optimal combination of soil moisture conservation and
nitrogen—phosphorus fertilizer efficiency was A;B;C,(with super absorbent polymer, humid acid and zeolite of 1.5, 1.5 g-kg™ and 9.0 g-kg™,
respectively ). Compared with those of CK, the water leaching was reduced by 3.5%, the leaching rate of nitrogen was decreased by 12.1%,
and the leaching amount of phosphorus was increased by 65.5% in A;B;C,. Comparative analysis revealed that zeolites had the maximum in—
fluence on the pH and EC values, whereas humic acid had the minimum effect. The addition of environmental materials could increase soil
porosity, improve soil aggregate structure, and help improve soil properties. The results provide an important basis for new fertilizer research
and development.

Keywords: super absorbent polymer; humic acid; zeolite; moisture conservation; nitrogen—phosphorus fertilizer synergism
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Figure 1 Soil column leaching experiment equipment
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Table 1 Soil column leaching experiment design

JbFRA BIKFHI(A) JESHIRR(B) Wac)
1 A,(0.05%) B.(0.05% ) C1(0.30%)
2 A,(0.05%) B(0.10%) C»(0.90% )
3 A,(0.05%) B;(0.15%) C5(0.60% )
4 A»(0.10%) B,(0.05%) C»(0.90%)
5 A»(0.10%) B»(0.10%) C5(0.60% )
6 A5(0.10%) B;(0.15%) C,(0.30%)
7 A3(0.15%) B.(0.05%) C3(0.60% )
8 A5(0.15%) B,(0.10%) C(0.30%)
9 A5(0.15%) B;(0.15%) C,(0.90% )
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Figure 2 Changes of the leaching solution volume of different treatments
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Table 2 The orthogonal analysis of the results of the total volume of

leaching solution
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Table 3 The orthogonal analysis of nitrogen accumulated amount of

different treatments

TiH PR JE AR v i H oK) JE AR il
K, 25233 25089 2529.1 K, 1394.98 1 469.48 1 440.84
K, 25203 2 508.5 2 4957 K, 1 408.27 1431.74 1 413.59
K, 2 486.7 25129 25055 K; 1 45471 1356.74 1 403.53
k; 841.1 836.3 843.0 k, 464.99 489.83 480.28
k, 840.1 836.2 831.9 k, 469.42 477.25 467.84
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Figure 3 Changes of nitrogen leaching amount of different treatments



2017 € 12 A

B WF, 55 R IREE RN A K N PR R A5 G L 5 R 2475

BER MR /g

Qb PR
C58 Tyamkys B 28 VG B2 5 MUk &80 IV Oamis
4 AEEBRKHENTL

Figure 4 The changes of phosphorus leaching amount of different treatments
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Table 4 The orthogonal analysis of phosphorus accumulated

amount of different treatments

TGS JEA R , LA 5 A 378 1 1O/ GR) AT A R 5
G AsBLCy, B 3 PRI IARE X WG TR B
S AL 530 1.5.1.0 g-keg™ F1 9.0 g-kg ™',
2.4 REMBN BRSSPI LAS ST

X AN [ Ak B A SRR TR AR R i Rk
SR T 22030 (R 5) 0 3 FhEREE BRI R % i
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XT3 AN FEEARIR, 25 B R R AT X T /K,
PR ABsCy; WETE AL A AsB.Cos KA IREFF N
AsB.Coe ST TFINZE C,3 A4 FEBHEFR IR KX K
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Table 5 Variance analysis of leaching solution volume
and the amount of leaching nitrogen and phosphorus

under different treatments

febr FERIR EETOR AME  FE Sig(BEMN)
g (sl JEEAH R WA WA KR 892.276 2 9.138 0.002
K, 4 409.78 475873 4068.98 B s 5.426 2 0056 0.946
K, 4 698.05 4771.58 557730 i 650.549 2 6.560 0.006
Ks 5028.83 4 606.35 4 490.38 AL Ak 1 649.887 2 0.654 0.531
ki 1 469.93 1 586.24 1 356.33 B JEAE R 6 920.821 2 2.744 0.089
ks 1 566.02 1 590.53 1 859.10 ) 765.165 2 0.303 0.742
ks 1676.28 153545 1 496.79 BERWRH oK 189 765.192 2 5.236 0.015
W R 206.35 55.08 502.77 B g 14841343 2 0410 0.669
B/l C>A>B WA 1200864270 2 33.137 <0.001

Z?ki As B, G e A AL SRR YRR 2 RSV S KT8 0.05

LA AsB,C,

WA s A [l b PRARUER I £ S A TE 2 K-y 0.10 I BET
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T R R E R
W T SRR HEAERE ST, X TR PR A RS 2
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Table 6 The orthogonal analysis of pH in four times’ leaching of different environmental materials

5 51 vibk o5 ks o Wk H IV
A B C A B C A B C A B C
K, 24.80 24.81 24.63 24.45 24.60 24.22 24.64 24.75 24.60 24.40 24.40 24.39
K, 24.85 2491 25.08 24.51 24.59 24.85 24.76 24.75 24.97 24.39 24.39 24.46
K 24.87 24.80 24.81 24.73 24.50 24.62 24.86 24.76 24.69 24.44 24.44 24.38
k; 8.27 8.27 8.21 8.15 8.20 8.07 8.21 8.25 8.20 8.13 8.13 8.13
ks 8.28 8.30 8.36 8.17 8.20 8.28 8.25 8.25 8.32 8.13 8.13 8.15
ks 8.29 8.27 8.27 8.24 8.17 8.21 8.29 8.25 8.23 8.15 8.47 8.13
2 R 0.02 0.04 0.15 0.09 0.03 0.21 0.07 <0.01 0.12 0.02 0.02 0.03
F R C>B>A C>A>B C>A>B C>A=B
&7 AENEMEHES I ERMBR EC BB ERZ 2
Table 7 The orthogonal analysis of EC values in four times’ leaching of different environmental materials
i o 1Ok 435 11V 55 Uil HVUkiE
A B C A B C A B C A B C
K 13.04 13.74 13.52 9.35 9.01 8.42 11.20 11.38 10.98 4.23 4.50 3.99
K, 13.80 13.73 14.65 9.01 9.21 9.37 11.40 11.47 12.01 4.37 4.17 4.79
K 14.97 14.34 13.64 8.68 8.82 9.25 11.83 11.58 11.44 442 4.35 4.24
k; 4.35 4.58 4.51 3.12 3.00 2.81 3.73 3.79 3.66 1.41 1.50 1.33
k, 4.60 4.58 4.88 3.00 3.07 3.12 3.80 3.82 4.00 1.46 1.39 1.60
ks 4.99 4.78 4.55 2.89 2.94 3.08 3.94 3.86 3.81 1.47 1.45 141
W2 R 0.61 0.20 0.37 0.23 0.13 0.31 0.21 0.07 0.34 0.06 0.11 0.27
FEWIF A>C>B C>A>B C>A>B C>B>A
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Figure 5 Scanning electron microscopy of soil with and without

environmental materials addition
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