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Abstract: The pot and field experiments were conducted to investigate the effects of multi-functional compound fer-
tilizer for com seed production on soil physical and chemical properties and to determine its optimal fertilization rate in
Hexi irrigation area. The results showed that, with the increase of the multi-functional fertilizer rate, the total soil porosi-
ty, aggregate structure, EC (conductivity), organic matter, alkaline hydrolysis N, available P and available K in-
creased, whereas the bulk density and pH decreased. The rate of multi-functional fertilizer was positively correlated with
the botany traits, economic traits and yield of com, but was negatively correlated with the yield increase per unit fertilizer
input. The marginal yield and marginal profit of corn seeds declined with the increase of fertilizer rate. When the fertiliz-
er rate continued to increase on the basis of 1875 kg*hm ™2, the benefit became a negative value . The regression equation

between yield and multi-functional fertilizer rate was: y =3043.18 + 1.0109x - 0. 0002088x>, and the fertilizer rate
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with best economic benefit (%) was 1874.81 kg hm 2, at which the predicted production of com was 5672.34

kg*hm™2. It was concluded that, in the sand soil, the multi-functional compound fertilizer could improve effectively the

soil physical, chemical and biological properties, and raise the output and profit in com seed production.

Keywords: com seed production; multi-functional compound fertilizer; physical and chemical property; optimal

fertilization rate
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HE T MENB RN —RZHBCY 5406 B
#|9-10] (NH,),HPO, .ZnSO, - 7TH,0, CO (NH,), A# ¥
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1.1 A8

1.1.1 #HKBALE LEZE. 5406 & A .
(NH,),HPO, .ZnS0, - TH,0 .CO(NH,), JRE & K 6 1
REFAREE, EFELR LEOHRITRAE, ME
HEA3INKFE, HoNMbE(ERD . HRPHAE
H R 9 PR IRAE

£1 LIF)EXRAREITR
Table 1 The Ly(3°) orthogonal experiment design

A B

F

RELE C D E

it REIE)  cron e B )y ((NHOLHPO)  (ZSOCTHO)  (COUNE)) o
1= A,B;C,D;E|F, 1 (66) 3 (300) 2 (1666) 3 (300) 1 (1635) 1 (6666)
2= A,B,C, DL EF) 2 (132) 1 (100) 1(833) 2 (200) 3 (4905) 1 (6666)
3 = A;B,C;D(EyF, 3 (198) 2 (200) 3 (2499) 1 (100) 2 (3270) 1 (6666)
4 = AB,C,D;E,F, 1 (66) 2 (200) 1 (833) 3 (300) 2 (3274) 2 (13332)
5 = A;B;C;D,EsF, 2 (132) 3 (300) 3 (2499) 2 (200) 3 (4905) 2 (13332)
6 = A;B,C,D,E|F, 3 (198) 1 (100) 2 (1666) 1 (100) 1 (1635) 2 (13332)
7= AB,C3D1EFy 1 (66) 1 (100) 3 (2499) 3 (300) 3 (4905) 3 (19998)
8= A,B,C,D,E F; 2 (132) 2 (200) 2 (1666) 2 (200) 1 (1635) 3 (19998)
9 = A;B;C,D\E; Fy 3 (198) 3 (300) 1 (833) 1 (100) 2 (3270) 3 (19998)

EESAHEIENREHE (mg 10kg™ 1),

Note: The data in brackets mean test levels (mg* 10kg ™" soil) .

1.1.2 &XBH#AREE K EBRHHFH R
1MW RAEEHHSFHHNERBETHMNK
UIHEIER —HAHFHEKE 0~20 eom )3,
TMEAMEERI AT 13.5 g kg™, BB N
343 mg-kg™ !, P6.14 mg-kg™', HE K 126.6
mg-kg~',pH {H 8.43,

KX HREFATHERLE KRBT E
ELTIERFTAELAR WEELERATIARIER
L HMEARIRE) AERSET R 55
FEA KRR Y 10 A, AR AT IR B RE R

EBILCEATAHBRFREIAR , 2ZHNLE ST, 4
RERAESAEYR 76%,2 N0.61%,%2 P0.36%),
£K1.18%,pHEHR 2.1, 8% 0.5~1.00 nm; R &
5,4 F & 5500 ~ 7500,pH 6.0 ~ 8.0, K5 12 ~
16,6042 0.05 mm, RH M ZAFH M B AR L™
;5406 HFl, AMEREE =2.010 ¢, AL FEER
gAY TREMR A M;CO(NH,y),, & N46%;
(NH,),HPO,, & N 18% , P,05 46 % ; ZnSO, - TH,0, &
In23% ;X E XK BA R AL B 958(FB 58 x & 7 -
2); FHA% 042 30 cm, €4 28 cm, & 35 cm,
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I F 2009 4 7E I VG 2 B AF A B 25 S B 4R T
BERE T, LB ATFRE 10 kg i 10 mm 5 8 X
FEmMAZHRN, &L ARSAFRROMERLE,
B EY 1/3 FEABUR IE, 2009 4 4 A 20 H #%
FEES cm, BEEM S K, BERSdEEHEK
3000 ml, ffi +EEH RS KEAP 30%, B G EH,
BAE 3K, 23 EREERKTHE S EKER.

FoRWORa I AR AL E , B Ak B
Wk K AR BT A R A B ' # TSI

KA IE AR B B W4 i, 4 5 i 3B JEORkHE Y
T{EM R &, 8 EFER B REH S, 48R H #EXK
LURERRIER Y .

1.2 HEHRE

1.2.1 RBEHHAZT KRBT 20102011 F1E
H A& e H M XV s A — A AT,
FTEER S FZRRB MR, RIE 2R LA
¥ R 24 BE. 5406 B F . (NH, ),HPO, . ZnSO,
7H,0 .CO(NH,), R M E B IL 47:107:891:71
(1750 : 7134 R A, 22N B 7, & F LK
54.21% ,N 9.65% ,P,054.10% ,Zn 0.16% , & 31§
B =500 F-g '

ZI e & IR & KX %t 0(CK), 375,

750,1125, 1500, 1875,2250 kg*hm =2 7 4038, 4
MHHEEE 3R, RN AHES .
1.2.2 #Bad£ RKBPXEEN 32 n’(8 mx4
m), BA/NK U E S IE, T 40 em, I 30 em, £
ThEe ZRAE 1/3 7 KRB ATBURIEREA 0~ 20 cm
TE2BEEXRETHEAEKER, i EX
A SRR E, B E R 2010 4 4 F 22
HFI2011 4£ 4 A 18 B, B A EHKE 25 cm, 1THE
50 cm, AWK BEE , BRI 50 cmo 2 AIFE E KK
WA A R AR REK 1R,
BNNKEKEHE,

E KU R 4 B FE IR B8 /N X Y ALK £ 30 B
B, 0 E M R A B R, B4/ X AL
FOBNAXFRITASRAW'RHFAGTRIT N E
SR 245, T 201149 A 26 H ERWARSE, &
RE/DRAE STEA L, REFHZ(0~20 cm) £HE S5
kg, DDy 45 ) 1 kg IBA +4E, TR EEZE N#AT
AR, B HEAE T EARE . LEBEY A
TIRAER L, RETRT

WAE . HIEAERAR IR LR E R AT

B ARERARBE BRI KERBHTE;
HHFECRA RSB E; BB N RABRSEY 8%
EXPRABBRENER—AHBI LA BHY K
F A KM pH R 501 K R IL B4R, pH—
2F BUF pH 1€ ; EC(HB 3 % ) % A 88, 7 %, DDS—
11 e S A A0+ Sk W R R A E AR
BB uk; TR AR MR AR F R E# T
H,105CHA A F 30 min, 0CH T EHE,

1.2.3 &BEH%IFE HIEAMER BVEMR
M FAKEYFERRAELBRRIHE A8
BWEREEHRALELR, ISR RE, KIE
Z2FHEBEREETE AR v = [(p./p,) - b1/
2¢ RIBZIEE SR IE R AEMEAE 8 (xo)[' IR HE ALK
B EAFTER y=a+ br+ o’ , KBEZWEER
AE B A M AR B A 1 R R = B ()1,

2 RS0t
2.1 AREERARALEBEMNEARZEFERM=E
89 % M

#2009 £ 9 A 28 H E KUK G I & 45 R W] LA
EH CAERKBEN(R)ZEC>E>F>A>D>B, i
MEMEXEFERHERAMTTERRRRE
(NH,),HPO, > CO(NH, ), > B E®& > B LGB . Zn-
S0, 7H,0 > 5406 B, HEEZHEHEARAKFH T
B, AT UEE Ty, > T > Ty, BWHEXRZFHERM
FRERCEERMEMNE K MEMN, ERIHEER
Bt 132 mg- 10kg ™'+, EXZTFHRAFE X
MRZEEARENERKMENR. Tn > Ta > T, Te
> Tey > Tea » A8 5406 B 7 #1 (NH, ), HPO, KY3& H H
B4y %1% 300 mg- 10kg ™! & 1 2499 mg- 10kg™" +,
Tpo > Tot» Tos < Tpp» BEBH K G HF MR ™= B BE Zn-
SO, 7H,0 FI & KX K1 3 fin, 1 ZnSO, - TH,0 A1 &
#it 200 mge 10kg ™' 5, EREFHR A 82 XBE
ZnSO, - 7TH,0 A E HI KRR . T > Ter > Tt » Trs
>Tp > Ty, A EXREFHRMTEHEE CO
(NH,), FidEEs s B KW m, NERRENT
HA LB L, BERREHA R ABGDEF (R
Z1BE 132 mg, 5406 B 7] 300 mg, (NH,),HPO, 2499
mg,ZnS0, * TH,0 200 mg, CO(NH, ), 4905 mg, B i
19998 mg. ENZR Z M 5406 B . (NH,),HPO, .Zn-
S0,*7H,0.CO(NH,), KEEE & 4 & W fl 2 7 b 47:
107:891:71:1750:7134(F% 2),
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Table 2 The Ly(3%) orthogonal analysis

reatments per ear/g per ear /(kg-hm~?2)
1= A;B,C,,EF, 1 3 2 3 1 1 21.4 102 1712
2 = A)B,C,D,EF, 2 1 1 3 1 35.4 169 2832
3 = A;B,C;D|E,F; 3 2 3 1 2 1 39.3 188 3147
4 = AB,C,D;E,F, 1 2 1 3 2 2 36.5 175 2917
5= A;B,G;D,E5F, 2 3 3 2 3 2 62.5 299 4996
6 = A;B,C,D,E\F, 3 1 2 1 1 2 29.2 140 2333
7 = A|B,C;D,E;F; 1 1 3 3 3 3 47.1 225 3770
8 = A;,B,C,D,EF,s 2 2 2 2 1 3 32.6 156 2609
9 = A;B,C,D,E,F; 3 3 1 1 2 3 49.8 238 3986
RN E
Grain weight per ear
T, 104.9 111.6 124.5 118.3 83.2 96.1 353.8
T, 130.5 108.4 83.2 130.5 125.6 128.0
Ts 118.3 133.6 148.9 104.9 144.9 129.5
R 25.6 25.2 65.7 25.6 61.7 33.4 —
FEBL3
Grain number per ear
T, 502 534 595 566 398 459 1692
T, 624 519 398 624 601 614
Ts 566 639 712 502 693 619
R 122 120 314 122 295 160 —
7= & Output
T, 8399 8935 9964 9465 6654 7690 28300.3
T, 10437 8673 6654 10437 10048 10246
T 9465 10694 11913 8399 11598 10364
R 2038 2021 5259 2038 4944 2674 —

E:ARZHE, B.5406 B, C.(NH,),HPO,, D.ZnS0,*7TH,0, E.CO{NH,),, F.BEE &,
Note: A. PVA; B. 5406 bacterium agent; C. (NH,),HPO,; D.ZnSO,-7H,0; E.CO(NH,),; F. Furfural slag.

MERIAUEL , LHEEREEEESER kg hm 268, 5B (CK) L, E 28 EKE
bRE EH ARKEE B EHEE B EWSTEE  BFHEPOEE TESHEM0.26 m.4.48 mm.
EMK, XA (r) A H N 0.9374,0.9881. 2.61 mm-d~'.174.41 g-#k "' .55.01 g- ¥ ',
0.7671.,0.9520.0.9503, % Tk & 1B IE it IE & 2250

3 sUHESREMNEXREYFEERNEN

Table 3  Effects of multi-functional compound fertilizer on botany characters of comn

it A & R e ERKEE W ERHEF (g B ) WEBTE (g%
Fertilizer rate Plant height Stem diameter Growth speed Above-ground fresh Aboveground dry
/(kg*hm~2) /m /mm /(mm-d~") weight/(g-plant ") weight/ (g-plant ')

0 1.48g 33.11g 7.8%h 662.33g 216.04g
375 1.59f 33.70f 9.89¢g 742 .72 241.61f
750 1.63de 35.11de 10.08ef 759.02¢ 246 .91e
1125 1.65d 35.82¢d 10.21cd 775.65d 252.08d
1500 1.69¢ 36.16be 10.28be 801.38¢ 260.37¢
1875 1.72ab 36.92ab 10.36ab 818.88b 265.97b

2250 1.74a 37.59a 10.50a 836.74a 271.05a
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MERATLUEL, ZRERIEHEERS EX
BAR ERE ARE. CEEFMEX, HEEK
(r)4r 514 0.8956.0.9002.0.8717.0.9293, B Ijfk
SIRAEHEAE & 2250 kg- hm ™ 28¢, 5% BB (CK) tL &%,
PR EAE BRE. RSN 50.50 k.

24.64 g.5.67 g.2700.83 kg-hm ™2, {HHAAI(1 kg) %
Tk S IR AL B 5% 7 B I B A 45 o Rk R TR AT M AR &
WANTR R, PR R, A EENEREE
.4 LSR R ik 3 B F MR 8 EAFE,

R4 BHREREHEXRSFERT=ROTW

Table 4  Effects of multi-functional compound fertilizer on economic characters and output of corn

AR BB B B E BHE [l g AR RS E
Fertilizer rate Grain number Grain weight 100-seed Yield Yield increase Yield increase rate of
/(kg*hm~?2) per ear per ear/g weight/g /(kg*hm~?) /(kg-hm~?) fertilizer/ (kg-kg™!)

0 204.62¢ 41.18¢ 20.12¢ 3043. 18¢ — -
375 233.58f 53.86f 23.06f 4090.70f 1047.52 2.79
750 238.66e 58.54e 24.53f 4817.38e 1774.20 2.37
1125 243.73d 60.97d 25.02¢d 5254.13d 2250.95 1.96
1500 248.94c¢ 62.86¢ 25.25bc 5515.88¢c 2472.70 1.65
1875 252.30b 64 .35ab 25.51ab 5672 .94ab 2629.76 1.40

2250 255.12a 65.82a 25.79a 5744 .01a 2700.83 1.20

2.2 ZThEESREX T HRYEBMA SRR ME
MESATLEE, EMiAR#T2HEE, BES
THRER RIEHERE BRI, + & /K8 FUBR B (e
ROEEEREM, HAEE N 2250 kg-hm~28f, 5%t R
(CK)WH, HAREGKE  BFLBRE A 38 i 5.23% .
7.17% FEMEMK0.19 grem™®, X~ R=4%
WRHEZNRERE DSBS,
KT HEABRE BT HRARE, MEL I
RIEEGIEEME M, L EARKRH L, Kb, %
IhEEE IR AE & A 2250 kg hm 20, 5 X B (CK) Ho

BOBREHM10.97%, 2 X—SFRT4ABE
H,—REURERETHNRZEBER-MBEEY
B, Al /N HRORE— B REB R ER B,
TREZMERRIE R EHE YRR
TERTTERER BHETHBREE BE . F
R KE RE BESIRABRER ARG
i8R B T VG E B A R ME LR Cat, Cat
R—MBREVER , AHTHEARKHER, 4LE
HMMERBEN, 2 ISREEXEEEMREEK
o

£S5 ZDHHESREXNTRYEHROKMN

Table 5 Effects of multi-functional compound fertilizer on soil physical properties

i AE £ AREkE AE BB >0.25 wm B B &
Fertilizer rate Natural moisture Bulk density Total porosity >0.25 mm aggegates
/(kg-hm~?) content/ % /(gem™?) /% /%

0 11.67¢ 1.56a 41.13fg 21.91g
375 12.63f 1.53ab 42 . 36ef 25.78f
750 13.32de 1.51bc 43.39de 27.05de
1125 13.62d 1.49ce 43.77d 28.18cd
1500 14.80c 1.44f 45 .66¢ 29.98be
1875 16.34ab 1.39g 47.55ab 31.23ab
2250 16.90a 1.37gh 48.30a 32.88a

ME6ATIN, ZMEEREKIERS L% EC.
BHLE BE N ER P FEN K EBEFME, M
REB(r)4r 54 0.9795.0.9560.0.9940.0.9981 .
0.9718, ZIBEEIRIEA & H 2250 kg hm 2B, 5
SRR, + 3 ECA VLR M NGER PLEERL K
S 0.99 mS+em™'.1.48 g-kg™'.10.00 mg*

kg '.1.47 mg kg "M 16.01 mg-kg™', EHEE LI
REERESEFEMWAINENARS BMEST
THANEHRYGFSWER, SURERERE
Y5 pH B0, HXRE(r) R -0.9966, 241 AE
B 2250 kg-hm ™28}, + 3% pH LY IR T 0.12
AL EET R ZIREE IR TR R —
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Table 6 Effects of multi-functional compound fertilizer on soil chemical properties

s RE B EC HHLK WEN EX P #E3 K
Fertilizer rate pH . Organic matter Alkali-soluble N Available P Available K
/(kg-hm™?) /(mSem™") /(gkg™") /(mg-kg™") /(mg-kg™") /(mg-kg™")

0 8.43a 2.86g 13.45g 34.27g 6.14g 126.57g
375 8.40b 3.15F 14.03f 36.85f 6.45¢ef 132.21ef
750 8.39bc 3.25¢ 14.29¢ 38.39de 6.67de 133.56e
1125 8.37c 3.34d 14.444d 39.58cd 6.95d 136.29d
1500 8.35d 3.45¢ 14.73be 40.79¢ 7.19¢ 139.07¢
1875 8.33e 3.55b 14.75b 42.49b 7.38b 140.48b
2250 8.31f 3.67a 14.93a 44.27a 7.6la 142.58a

2.3 HThEESBEX T HAENHRR W

ANERTAUER, ZEEZRLCELRS 18
HE AE HEH FHELBETFMHX MHXERE
(r)43 5% 0.9387.0.9935.0.9909.,0.9959, fift&
2250 kg-hm 28, 5T R LR, LEP HE HE .
MAW BELESHIEM 159.5%.51.5% .
43.8% 48.3%, X —HRFENFER—-RZ
ThEE R P BB AR RS I T A i g B,
TRENESREEYHEBERESEEENEIE,
HEEMAEDAERKE TR T HRE, B M T
YR RCE

®7 SHHEERRMNIMNEDBROER
Table 7 Effects of multi-functional compound

fertilizer on soil microorganism quantity

HE e & HH M BRE BE

Fenilizer rate Fungi Actinomyces Total
/(kgrhm™2) /(x10*g"") /(x107g7 ") /(x 107 g~ ) /(x107-g™")

Bacteria

B 1875 kg hm 28T, K 1 7= S50 #0485 B 23 L4
(% 8),

BENEEREARKGRER S EX~BEKX
EZRFEEBNEE TR y= e+ bx - &’ BE 17
A EIHFTRE ¥ =3043.18 + 1.0109x — 0.0002088
AAEATRETEESHMR, F=19.34"", >
Foo=16.45,r=0.985"" B ERAFBEER
., ZMEEREME(PIN1.14 T -kg™', EX
Yrks(P,)K 5.00 T kg™, K (P,) (P . HETT#
Mo Mc, RAZHBEBRERERTELAK x =
[(P,/P,)-b]/2¢c, RIBZRRERIEEFHAE &
MR B (o) K 1874.81 kg-hm ™2, ¥ xo RARIH
F 2 y=3043.18 + 1.0109x — 0. 0002088, K 8 £
KB B R(y)H 5672.34 kg-hm 2, HBERYS
H a3 4h 78 6 VI & (£ 8).

3 vHE S4iE

0 1.48¢ 1.36¢ 0.98¢ 2.34g

275 - | St | 0of 2 60f ZHERBREEES T HAH HAE 0K
750 | 86 1 S8 _— 2 760 B EGEEREEFHX FE-REUIRERESTH
1125 2.76d 1.69d 1.23d 2.92d 5406 B T L RMMAYNEE;, _—REIRER
1500 2.91¢ 1.86¢ 1.29 3.15¢ RETPHBBRESAEEMANE, v T EMEY
1875 3.80ab 2.01ab 1.35ab 3.38b ARKERBRETRE, MESTRERICERZEK
2250 3.84a 2.06a 1.41a 3.47a B, S ALBE A REK EC. A VLE RME N &

2.4 ZTHEESRIBX ERAIETHE R RERKE
BRWE
KRAEFFREHTHNAUEL EELY

EEREEEEMNE N, EXOEEAETH

1047.52 kg-hm 2, 3% 3 5 71.07 kg- hm ™2, FF & H B

WA, NATTRREMRE, LR E G 4810.10

JChm 2,3 B -72.15 T -hm "2, B EE R B L1

JE& 7 1875 kg-hm > A & &k |, 3% fm 375 kg -

hm =2, 38 H B, AT 0, 2 T BB 1R A e AE

3 PEA K EW K, WA EM pH ERIK; 2R
RIEHERS EXREDEER EFER B2 E
ML, SEMAATERE=EEAMHEXHEES
NEE ERACHEIE & B3, £ KAk = A bR
i, ZhEE S IREMEIE & 7 1875.00 kg-hm ™ *fY
ERE L, EM 375.00 kg-hm ™2, W3S A RAE: &
RE R IRAE 5 £ oK 7= B E) Y JE R 0L el 3 5 B 2
y =3043.18 + 1.0109x - 0.0002088 x>, Z T RE & 1B I
BUFRBBRAEMAC R (x,) K 1874.81 kg-hm ™%, £k
=8 (y) N 5672.34 kg-hm ™%,
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Table 8 Effects of multi-functional compound fertilizer on maize yield increase and economic benefit
e it bl e G A
Fertilizer rate Yield Yield increase Marginal yield value Marginal cost Marginal profit
/{kg*hm™?) /(kg-hm™?) /(kg-hm™?) /(kg~hm~?) /(5 -hm-1) /(76 hm™?) /(JC-hm™?)
0 30431856 — — - — —
375 4090. 70fF 1047.52 1047.52 5237.60 427.50 4810.10
750 4817.38¢E 1774.20 726.68 3633.40 427.50 3205.90
1125 5254.13dD 2250.95 436.75 2183.75 427.50 1756.25
1500 5515.88¢BC 2472.70 261.75 1308.75 427.50 881.25
1875 5672.94abAB 2629.76 157.06 785.30 427.50 357.80
2250 5744 .01aA 2700.83 71.07 355.35 427.50 -72.15

¥ (IT -t 1) : CO(NH,), 2000; (NH, ), HPO, 4000;ZnS0,* 7H,0 4000; 5406 Hi 7 20000; S BE #& 100; B Z 45 B 26000 # # £ >k 5000, R Z

$ 82 5406 B . (NH,),HPO, .ZnSO, * TH,0.CO(NH, ), ME RS ¥t & 8 41 & L1 4> 5124 0.0048:0.0106:0.0892:0.0071:0.1750:0.7133, FL ! 9 £ Th fiE
E RSN 1143 .33,

Note: Price (yuan-t™'): CO(NH,),: 2000; (NH,),HPO,: 4000; ZnSO,+7H,0: 4000; 5406 bacterium agent: 20000; furfural slag: 100; PVA: 26000;

seed corn: 5000. The price of multi-functional compound fertilizer, in which the composition ratio of PVA, 5406 bacterium agent, (NH,),HPO,, ZnSO,+7H,0,

CO(NH, ), and furfural slag is 0.0048:0.0106:0.0892:0.0071:0.1750:0.7133, is 1143.33 yuan+t~',

8 X K B 5 (1], 8RR ¥ ,2010,38(14) :7251-7253.
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