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Selection of Multi-functional Fertilizer Formulation and Its Effects on
Soil Properties and Fertilizer Profits
ZHOU Jun™, ZHOU Rukao?

(1. Agricultural Water-saving and Soil Fertilizer Management Station, Zhangye, Gansu 734000, China;
2. Xingshuo Biological Technology Co., Ltd, Zhangye, Gansu 734000, China )

Abstract: Selection of multi-functional fertilizer formulation and its effects on fertilizer profits and soil properties
were studied in Zhangye City by field experiment. The optimum formulation was potato specific fertilizer of 0.741 0:
furfural residual of 0.235 5: polyving alcohol of 0.023 5. By using multi-functional fertilizer, bulk density, pH and fungi
decreased by 7.63%, 3.43% and 1.56%, respectively, compared with traditional fertilization, while the total porosity,
aggregate and saturation moisture capacity increased by 7.45%, 17.54% and 7.45%, respectively. Soil organic matter,
alkali nitrogen, available phosphorus and available potassium increased by 9.41% , 0.35% , 0.47% and 1.27% ,
respectively. Bacteria, actinomycetes and the total pathogen increased by 25.86% , 21.69% and 24.12% . Sucrase,
phosphatase, urease and polyphenol oxidase increased by 53.64%, 30.43%, 4.58%, and 10.76%, respectively. The
yield and fertilizer profit increased by 5.80% and 4 600 Yuan/ha. The regression equation between multi- functional
fertilizer usage and poato yield was: y = 32.850 0 + 9.165 5x - 1.430 2x*. The optimal fertilizer rate was 2.89 t/ha with the
theoretic yield of 47.38 t/ha.
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Table 1 Ls(3°) orthogonal experiment design

pissi! A B C
Treatment L INE Potato fertilizer MRS Furfural residue IR 25T Polyvinyl alcohol
1 1(1062) 1(225) 3(67.50)
2 3(3186) 1(225) 1(22.50)
3 2(2124) 1(225) 2(45.00)
4 2(2124) 2(450) 2(45.00)
5 3(3186) 2(450) 3(67.50)
6 1(1062) 2(450) 1(22.50)
7 3(3186) 3(675) 1(22.50)
8 1(1062) 3(675) 2(45.00)
9 2(2124) 3(675) 3(67.50)

TE: 55 BRI HE (ke/hm®) - 555 AN I E ARG A i

Note: Data in bracket (kg/ha) are the designed experimental data and data outside the brackets are coded values in orthogonal experiment.
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®2 L(F)EXIKEHHT
Table 2  Analysis of L«(3’) orthogonal experiment

b A B C 774 (/hm?)
Treatment LA IR Potato specific fertilizer BT Furfural residue 5 2} Polyvinyl alcohol Yield (t/ha)
1 1(1062) 1(225) 3(67.50) 18.18 dD
2 3(3186) 1(225) 1(22.50) 3532 bB
3 2(2124) 1(225) 2(45.00) 36.36 bB
4 2(2124) 2(450) 2(45.00) 35.32bB
5 3(3 186) 2(450) 3(67.50) 35.84 bB
6 1(1062) 2 (450) 1(22.50) 26.49 cC
7 3(3186) 3(675) 1(22.50) 15.07 dD
8 1(1062) 3(675) 2(45.00) 28.57 ¢C
9 2(2124) 3(675) 3(67.50) 47.79 aA

T 355 AR R (kg/hm?) , $5-5 MR A IEASIRIR A (B 7 55 AR NS FIRE S84 530K 0.05 F10.01 /K F- 3%, LSR
%o T,
Note: Data in bracket (kg/ha) are the designed experimental data and data outside the brackets are coded values in orthogonal experiment. Yields fol-

lowed by different small and capital letters are significant difference at 0.05 and 0.01 levels of probability, respectively, as tested by LSR method. The

same below.
xR3 AEFEZHREERENDRBLEFUESH
Table 3 Doses of multi—functional fertilizer for potato economic benefit analysis
TR () P B ) o o
AP A (vhm?) 58 it (1/hm?) JLBRIEAS (GC/hm?) BRI (GT/hm?)
Marginal yield ~ Marginal output value
Treatment  Fertilizer (/ha) Experimental yield (t/ha) Marginal cost (Yuan/ha) Profit margin (Yuan/ha)
(t/ha) (Yuan/ha)

1 XFHR(CK) 32.85 ¢G - - - _
2 0.57 36.80 {F 3.95 7 900.00 1024.70 6 875.30
3 1.14 40.45 eE 3.65 7300.00 1 024.70 6275.30
4 1.71 43.55 dD 3.10 6200.00 1024.70 5175.30
5 2.28 46.03 cC 2.48 4 960.00 1024.70 3935.30
6 2.85 47.27 abAB 1.24 2 480.00 1024.70 1455.30
7 3.42 47.76 aA 0.49 980.00 1 024.70 -44.70

T RMEE10 000 0/t; KaS0. 2 000 7G/t; CO(NH.), 1800 C/t; (NH.),HPO, 3 600 JG/t; HEMEE 40 0/; ThA4 2% FAE 2 096.22 S0/t CFf
CO(NH,),, (NH,).HPO,, K,SO,H A% 0.451 7:0.116 6:0.431 7H4), ZINRELIRIE 1 797.72 5ChCl A4 L HIIE . BRI . R ZHFREX
FHE L HA%0.741 0:0.235 5:0.023 STRA) ; 20124 A4 2 000 70/

Note: Polyvinyl alcohol 10 000 Yuan/t; K:SO., 2 000 Yuan/t; CO(NH,).1 800 Yuan/t; (NH,).HPO,3 600 Yuan/t; Furfural residue 40 Yuan/t; com-
pound fertilizer specified for potato (CO (NH,)., (NH,) ;HPO, and K,SO; mixed in 0.451 7: 0.116 6: 0.431 7 weight ratio) 2 096.22 Yuan/t: Multi—func-
tional compound fertilizer (compound fertilizer specified for potato, furfural residue, and polyvinyl alcohol mixed in 0.741 0, 0.235 5, 0.023 5 air dry

weight ratio) 1 797.72 Yuan/t; Potato market price 2 000 Yuan/t in 2012.
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Table 4 Effects of multi—functional fertilizer on soil physical properties and water holding capacity
AbFR A H (g/em®) LB (%) > 0.25 mm FRR (%) HIAIFEK i (Vhm?)
Treatment Bulk density Total porosity >0.25 mm Aggregate Saturated water capacity (t/ha)
XHR CK 1.33 aA 49.81 bA 29.71 bB 996.20 bB
1’5%1{3}3 . . 1.31 aA 50.57 bA 29.82 bB 1011.40 bB
Traditional chemical fertilizer
I PV =N =]

FIRELLIIE 121 bA 54.34 aA 35.05 aA 1086.80 aA

Multi-functional fertilizer
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MFE S5 AT, AN[AALBE 435 pH oK F)/NE 4L
FINF AR - X > AR G4 E > Z2 DR R IR
B, ZUaeR IR SESAE RN B LES, pH 4
HIRFAK 3.43%F13.69%, %5 EE(P<0.05). A
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9.41%F19.54%, 57 E#E(P<0.05); ZIHERIR
NE SR GACAE LR, TR . SRR E S 43 )
B 0.35% . 0.47% M 1.27% , 2% A8 (P>
0.05); HXTRE LA, B RN SRS 4y i 3
19.04%H117.10%, 25 B3 (P <0.01), HAH
H419.88%, 2=RWE(P<0.05)(5K5).
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HF R 1.56%, HESAREEP>0.05), 4.
il £ TR AN TR AR AR 43 3 0 25.86% . 21.69% Fl
24.12%, S RBEP<0.05); SR, HEKE
544.49%, ZEFWBEP<0.01), 405, RLEM
BRI BRI 30.36% . 26.25%F128.65%, 255+
BE(P<0.05), ZYREEIRESESIIEE, 1
TR FIRERR I 73 3511 53.64%130.43%, 225347 ik
F(P<0.01), JIRMEGHZ By A AR5 5113 0 4.58% i1
10.76%, 2S5 (P<0.05); SR LE:, ReEwE
ity . JOK T R0l 12 il 3 531 38 h0 56.64% . 31.73%
57.89%, =S EE(P<0.01), 284S 0B
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Table 5 Effects of multi—functional fertilizer on soil organic matter content, available nutrients and pH

AbFR FHLF (g/ke) A & (mg/kg) U (mg/kg) HRG (mg/kg)
pH
Treatment Organic matter Alkali N Available P Available K
XFIE CK 16.14 bA 41.12bB 7.37 bB 151.88 bA 7.59 aA
L5 AL B Traditional chemical fertilizer 16.16 bA 48.78 aA 8.59 aA 164.77 aA 7.57 aA
ZYJRER IRNE Multi—functional fertilizer 17.68 aA 48.95 aA 8.63 aA 166.88 aA 7.31 bA
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Table 6 Effects of multi—functional fertilizer on soil microbes and enzyme activity
e HF il R WIRESE R i DR Z AL
) (x10'g) (x107/g) (x107/g) (x107g)  (mg/g-d)  (mg/kg-h) (g/kg-d) (mL/g)
Treatment
fungi Bacterium  Actinomycete Total Sucrase Urease  Phosphatase Polyphenol oxidase
X HE CK 2.27 aA 1.12 bA 0.80 bA 1.92 bA 2.56 bB 1.04 ¢B 0.19 ¢B 0.64 bA
1
{g/jﬂtHE e 1.28 bB 1.16 bA 0.83 bA 1.99 bA 2.61bB 1.31 bA 0.23 bB 0.65 bA
Traditional chemical fertilizer
Théka e
EIRESRIE 1.26 bB 1.46 aA 1.01 aA 2.47 aA 4.01 aA 1.37 aA 0.30 aA 0.72 aA

Multi—functional fertilizer

12.50%, Z52%E(P<0.05),
26 ZMEEEREMNSEELFERRE~EMiH
BB 58 B9 20

e SRR 25, F20144F9 A 20 H 544
BRI BAE AT A, AR T 2 AR

By s A AR R fr KBV R . 2
NREEIRIE > £ 540 e, ZohaER IR 515451k
NEECAS, THEREVIHE | R R E A R
FEE AN 5.14% . 9.31% 1 5.80% , % F W #H(P<
0.05), JHEAEFEE N4 586.50 JG/hm* (£ 7).
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Table 7 Effects of multi-functional fertilizer on potato economic characteristics, yield and fertilizer profit

SRR E R (k) (b R HaHE it N B A Jite AT 1T
)75 (t/hm . o o
AbEg (g) Tuber weight Vield (t/hm?) (JG/hm*) (JG/hm*) (JG/hm?)
ielc
Treatment Average tuber per plant (tha) Increased yield Increased value Fertilization cost Fertilization profit
t/ha
weight (g¢/plant) (t/ha) (Yuan/ha) (Yuan/ha) (Yuan/ha)
Xt i CK 131.04 cB 456.21 cB 33.18 ¢B - - - -
-7
1"54%“355 . . 160.76 bA 603.54 bA 45.35 bA 12.17 24 340.00 4450.00 19 890.00
Traditional chemical fertilizer
Thék e e Multi=
ZIRESIE Muli 169.03 aA 659.70 aA 47.98 aA 14.80 29 600.60 5123.50 24 476.50

functional fertilizer

37 i
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RERIRNLIG, pHA T TRE, HIRNZRZIRER R
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eI VA B, S LR DR R 22 D e TR AE P Y
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