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Effects of Different Organic Substitution Reducing Fertilizer
Patterns on Maize Growth and Soil Fertility
HE Hao, ZHANG Yutong, WEI Changzhou, LI Junhua

(College of Agronomy, Shihezi University, Key Laboratory of Oasis Eco-Agriculture ,

Xinjiang Production and Construction Corps, Shihezi, Xinjiang 832003)
Abstract: The effects of different organic substitution reducing fertilizer patterns on maize (Zea Mays 1.)
growth and soil fertility were studied, which provided economic and feasible fertilization scheme and theoreti-
cal basis for reducing fertilization and increasing benefits in maize production. Five treatments were set up in
the field experiments, which were no fertilizer (CK), conventional fertilization (CF), humic acid organic
fertilizer + reduction of 10% nitrogen fertilizer + phosphate and potassium fertilizer (HF), fertilizer syner-
gist + reduction of 10% nitrogen fertilizer + phosphate and potassium fertilizer (BN), commercial organic
fertilizer + reduction of 10% nitrogen fertilizer + phosphate and potassium fertilizer (OF). The results
showed that compared with CF, HF, BN and OF promoted maize growth, increased plant height and stem
diameter at different growth stages. Meanwhile, HF, BN and OF effectively improved maize ear traits and
yield components, maize yield increased by 11.12% ,6.47% and 14.43% ,respectively,net income per hectare
increased by 217.24 yuan, 564.99 yuan and —506.46 yuan. The above three treatments increased the contents
of soil alkaline nitrogen (AN) ,available phosphorus (AP) and available potassium (AK) in the growth peri-
od of maize,and increased fertilizer recovery efficiency (RE), partial factor productivity (PFP) and agronom-
ic use efficiency (AUE). Among them,the recovery efficiency of nitrogen fertilizer significantly increased by
8.15%, 9.34% and 14.08% (P <(0.05), respectively, and potassium fertilizer significantly increased by
15.92%, 21.13% and 29.36% (P <C0.05), respectively. Therefore, HF and BN treatments could promote
maize growth, increase yield and efficiency, improve fertilizer use efficiency and soil fertility, and provide
economical and feasible fertilization scheme and theoretical basis for reducing fertilization and increasing ben-
efits in maize production.
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s HH#:2019-03-28

FEITIE [ F & A& RIS H (2017YFD0201808, 2018 YEFD0200406) ; [l 5 11 X Rl 2 5 4 5 H (31660598,31360501)
E—1EE I (1993—) B FEEM A EENFEMY S FAMALSMS . E-mail: hehao8303@163.com
BEEE FREA972), 5, 88, W44 30, 2N FHH A RS AR GEACE AR PF5E . E-mail:1jh630703@163.com



282

KRR R

%33 &

FORJE TR F B AR A AR AR AR R R
ol S g ie -0 AU R R S QUESY; W S E s
Jiti FH ZUIE 2 B i 7 B T B ARk 1R TR AR
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i I A el 75 G (] AL TR L 38 U0 B A AE
P T2 R A ™ R A R Wi 43 2k L i 20 A M it
PR A AT R K R 1 i NS A

AUERA 5 BFR M s AL
J5T A FERA Wy B TE AT Bl A o B R 1
TtiAT MUAE A Az 7 v AR - S 2R 7 T il /> A RS T
FIAT LA A i o A AT 55 7 A HILAE 5
JEEFE AT HILIE B mT LA AR A 0 2R A 4R v 7 4 L 384
FERE ) T 238, 85 HE b 398 90 PR 05 3 1 L A
FEH L IR 2GR 32 T LAY A0 A A B A1
TREAE A IR AR AL 5 g DR AP AR S BRI . 2 R 2%
HU5 N BCHE I n] LR R R R K e AR 2R K
B AR AR BOSCOR I R AT
FFALNE -5 A AU = AL A 35 28000 e e 3o 4 4 AR L
e i VYN E SRS AN AR DN €
I8, HAP R Z A RE B A L A BT 5 (5 7 el I
ARt ICTE AT ATLAE s A K 1 258500 77 T 4 AR DG F 5 4
Ao P AT ST T 88 B K2R ™ rh il A7 0 AR
FALAE AN 08 AR e I A B4R, O 3 i 1 ARl A
B SR M T RCR AR L AL ) T R A ), A B s
FIAS TR A L A AE J7 37 R Bt 6K 8 7 A2 ™ AiT $2
T 2 i AR R 2 R R ik B
e 3ok P ] 338 AR5 AN ] A AL AR HE 7 2% oK A
K& 7B R AL T 89520, O 25 M K A2
ok IS 8 255 4R A3 28 5 T AT 1 it AT Dy 8 R BB AR A

L MRSk

(43°55'N, 81°33'E, #iF#k 683 m), % BB IR H <
i, A AR RN o SRR IR T4 AR 2R 10,6 °C
A Al 35.8 °CL A B /K 4t 250~551.7 mm, JCFE
154~184 d,=>10 ‘CHMFUE 3 621.2 °C., R X+ 13
TR TR S A - B )2 (020 em) 38 1 FEAS 3 Ak 7k
Fi.pH A 7.71, A AL & iR 12.73 g/keg, A F BN
0.96 g/kg A A S H M 85.95 mg/kg, WA B &= N
23.94 mg/ kg, A F iR 229.24 mg/kg.
1.2 f#ikarR

PRI LB AL S IR 2 (5 N 46.0%0) B R — 8%
(F N 18.0%,P, O; 46.0%) BRERHH (% K. O 51.0%0) 5
mAHUE(N+P, O, +K, O =5% A ML =45%) ;
JERRAHLIE(N+P, 0, +K, O =5% . A PR & &
=60 %, JEHE R =28 Y0 ) 5 NE L 4059 (P IR 25 4R — f
BE) BT R RN AOR , AN 2—FH —6— =&
FH S I I A OB o0 7 ol 200 g/ L B A4S R kL
YAy Tl 3 P )
1.3 RIigit

I TF 2018 4F 4—9 H #E47, N H RN XG55
BEEAE P F oK SRR B E 507, HE 5 AL .
(DA AR 2 [ (CKD 5 (2) 8 BUME AL (CF) 5 (3) Ji§ # R
AHUIE A+ AR 10 %0 + BB IE (HEF) 5 (4) JE B3
R+ AU s 10 %0 -+ B8R IE (BND 5 (5) R & A L
JE -+ A i 10 %6 + BE AL COF) . 36 b g 7K F-
P51 3% SR B, R 58 4 Bl AL X AL HES , A b 2R
W 3AELE M 15 N/PX, BA/DNXEF 33.2 m®
(4 mx8.3 m), T 2018 4F 4 A 28 H HEATHLHHE Fb
R 50.0 em SF4T HE N AN 7 =0 BRBE 21.5 em .,
FRIEPREL 9.3 X 10" Kk /hm? , B8 7 =X 10 9E , HoAth
T 45 B 5 24 W ML B O — B, BB AR E
HEC2018 4F 4 H 22 HO |, B AH R A HUIE , NERL Y 2%
5 PR ZFEA) 7 b A HLIEAE S 25 I8 it AL 40 90 AU

1.1 RIE R R SR A A A it A bl 4x 60 90 R AESR TN T
PN VA ST 2 = AW S| -2 NP N A | it R 3R BTt S N I 22 WLk 1,
F1 FELEEESR Yl kg/hm?
JEIE ‘ o
- o — 3 AL
N P,0O; K, O ARFA N N P,0O; K,O
CK 0 0 0 0 0 0 0 0
CF 120.0 180.0 60.0 0 180.0 300.0 180.0 60.0
HF 90.0 180.0 60.0 600.0 180.0 270.0 180.0 60.0
BN 90.0 180.0 60.0 0.6 180.0 270.0 180.0 60.0
OF 90.0 180.0 60.0 1800.0 180.0 270.0 180.0 60.0

TE R PRI J7 50 HE 9 5 A HLAL s BN g AL AHE 280G CREREME T 528 3 L/hm? AR T 0.6 kg/hm?) ; OF i db A HLAL .

1.4 HmRERMNEHER
I TT 48 1 B4R < S”IE R I K 020
em BRI E - EIEAR PRAL SR bR . A ORI (2018

5 28 B HRITHI(2018 4E 6 A 18 H) L A WL
O 2018 47 A 6 H) itz (2018 4 7 A 20 H)
I (2018 4F 8 H 28 H) , B4 /N % B K #4 1y
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5] 10 BRI K, D KBk AT 2R R O AR R RO
ZEFEEE 1 W ED s BEAS /N R ICE A AR E 3 R E K
HEATSRAE I 5 He b b 35 1 ) o o Ol e 20 4 K
RLEE) FIAR PR U B0 5 B A/ X LA 4 ST P
SRR 020 cm T BE WA - S0 AR 2R | S0 R Ak
B, FOKRBUEE BN IR IR 3438 5 10 PR K
HEAT 25 FRII 7, D R BRI AT kLR
A7 80 RO TR, JBORL BE TS FRE L TN X
7 (TR K 1400)

A A R S R P AT RO L 1 A A
R JHPIL TG E R0k o 398 o 200wl I o SR T 4H B8 BT 1L (8
5o LSRRI 1 KO O B R A BB e
FHE B R — AN ARGE , 3 pH D& R 47 T
KA 2.5 = 1), EKH &84 ot A 4L 3% D
SE L HEREE S 28 HL SO, — H, O, 14 &5 » 4 &I a2 R
FHZR IR e 875 A Wi o R AH B8 BT LE 5725, 4 0 0
R U KM G R IE
1.5 HELE

UI6 K R SPSS 17.0 B4 b B 43 T L A [F]
AP R Duncan ¥ #4722 % MK 56 (P <<0.05),
Microsoft Excel 2010 il {E K 3%,

ORI R A

FE53F . (recovery efficiency, RE , %) = (Jiti
JIES Kb R ) A AR R 0 A VA e — A it IS Ak 3R %) A R 5 0
W) /R SR A B A B X100 %

350 r @3 cx CF
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THe

2
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0

'i"i‘:El*TH/J\E?&K?%KHLIE@%EE%@<P<0.0o)o A

F2 0 A2 72 77 (partial factor productivity, PFP,
kg/kg) =K ki it/ FR M A B

TR A% 2% B I 34 % (agronomic use efficiency,
AUE, kg/kg) = Gifti AE 4b B /IN DXOFF R ™ 5 — AS it JE FF
K= i) /IR AR
2 gR50M
21 AEAEMABEERAERKSIZHNZIG

P 1 AT AT A L AR IE A Ak $ AT DL R oK
AH AR SR ZOM . A5 A0 B OK bR L B T B
255 (P =>0.05) 5 #7591 3 4 o, i 093 m 1
139.71% ~ 224.08% ., It B 3 22 53 fe W &5 & 795 )
EpNU NSRS Sy BB R N R 7 =R B LS
Y 39.06 % ~47.99 % , KWW B S Bk K 22
18 s BRI 52 1k A it AR AL B CF L HEF VBN Al OF 45
CK 4b #2002 3 8 17 7.25%.,12.66% ., 11.49%,
13.08 % (P<20.05) , {H 45 4b B[] TG i 3 2% 5% (P =>0.05) ,
AN b B AR 85 KNI S OF > HF >BN>>CF >CK,
25 b ¥R SR TG B 2 25 R (P >0.05) s 4K 19 T
T, A 143 B B0 29,1296 ~50.15 %% It B 3 22 5 i
HFY S 5 ORI I 30 2k 22 00 348 0 0, o 228 U el G 3o e
fI% i AEAL B CFLVHF BN Al OF % CK 43 i 36 1
11.77%,20.17 % ,12.89 % ,23.79 % (P<C0.05) , H:/f OF #I
HF 4b3 & %5 T CF F1 BN 43 (P <C0.05) , A [a] &b
P /MY K OF>HF>BN>CF>CK,

3 r @k B CF
30 | B HF i BN

a
ba
[0 OF babaa ba;E |£ =
25 | o - B
g a 1 E 0 I=
920 Faaar2 [ g d E

BB }Eﬂﬁ%jﬁ"ﬂ%%% ﬂi%% ﬁﬁ%‘hﬁﬁ

B1 ARESAENFAEREETHERKSMEZHENZME

22 AELEXNEXi EBTFURENZ NG

2% 2 AT AT HLE AR IE A Ak 2 A ) T K HE
R o R S (R B AE R OK AR RS I e A AL
H PR TR A AR B AR KX IR IR Y S R A
PR K M FR ) o o v G B 25 R (P >0.05)
AT IITE 4 1 o, v A LR AQUIE 40 B HE BN
OF 4b#R% CK Fl CF 4b B 4 o B 4k 25 22 55 K il
1309 TR A L AR T 8 166.68 %6 ~215.36 % 5 122
IR N2 BRI 1 I3 i 57.60 %6 ~97.06 4 5 LA
W AR AL FE CFLHF BN Fl OF % CK 4B & 1m 1
45.29%,59.68 % +60.42 % F170.81 % (P <C0.05) , A~ 7] 4b 3

(4 13 T 9 Bt A RN T Sy OF>HF > BN >
CF>CK, Buhf A 25 5 i B 5 B3 B0 6 OKOF R 5 384 Jn
THGHL , i [ 8T 4 R FE Y 54.09 %6 ~58.29 %6 . Jiti A ik
F# CF.HF.BN il OF % CK kb3 & 81 55.00%,
63.17%,65.56 %5 F1 69.12% (P <0.05) , AN [A] &b B k¢4
RN OF>HF>BN>CF>CK,
23 AREAEXFERBERE I

H 2 3 AT it A AL BRAR AN 25 1 2 ek T
KA (P <0.05) , Jifi 8 Ab 3 22 1] T Wk 35 25 5 (P
=0.05), # CF 43, HF BN fl OF &b 2 i fi 4 | f
FH AT BRI AT R £ 4 S T 0.33%,0.76 %,
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1.27%.—0.70%,0.72%, —0.48%5.1.83%,3.20% ,
411% F —1.11%,1.62%,3.15% , F o 4% 4b B A9

TR R AT B A SR B s SRR K e T
18.09%,4.39% ,—18.01%,

£2 AELENERSETHREOEM g/ b

b 3 i1 W 1 S e k22 41 kil
ST S A N

CK 0.7240.10a 20.32+3.56¢ 64.07+6.49¢ 100.97+9.59d 240.17+11.12d 131.2247.24b
CF 0.68+0.08a 28.46+2.06b 75.91+11.70bc 149.58+9.08¢ 348.93+12.62¢ 203.38+11.63a
HF 0.75+0.14a 32.27+2.39ab 91.90+13.69ab 172.49+13.27ab 383.49+8.41b 214.10+13.84a
BN 0.66+0.10a 31.92+1.36ab 88.87+8.49ab 170.15+12.55b 385.27+11.10b 217.25+13.06a
OF 0.78+0.12a 34.53+0.33a 101.84+12.86a 183.57+15.33a 410.23+19.16a 221.91+15.26a

TE R B - B (E AR iR 22 5 A TR /NG B AU SR A () A L) 22 5 8 25 M (P <<0.05) . Tl

R 3 TEAIE X E K FEER MR B0 20

Qb3 K /em ML/ em FTRK /em FRATHL/ HL TR %/ 17

CK 17.1840.92b 4.7240.03b 4.0240.15a 14.2740.70a 27.87+1.50b
CF 20.20+0.99a 5.08+0.17a 1.53+0.34b 14.60+0.72a 39.10+t1.45a
HF 20.36+0.59a 5.12+0.03a 1.60+0.47b 15.07+0.99a 39.73+0.81a
BN 20.27+0.15a 5.0540.05a 1.81+0.46b 14.8740.42a 38.67+1.72a
OF 20.46+0.24a 5.06+0.14a 1.26+0.38b 15.204+0.35a 40.33+0.93a

24 AEALEBXNERFERFTEMHERZZM 1.12% . JWEAEAbEE CF,HF,BN fil OF & CK A4b# &

FH % 4 ] %, it JIE A EE RS it IE A Y ek
T EKRF=EM B (P <C0.05) , 5 A Ab B 2 0] 6 8 3 22 %
(P>>0.05), # CF 43, HF BN 1 OF &b 3 iy 47 &%
FRBC BRI B, TR E A N N T 1.53%.2.24%,

FIIN T F KA (P<C0.05) . BB AIN T 66.51%,
77.63%,72.98% ,80.94 % , A1 ML B AR A 4b ¥ HF,
BN il OF ¢ CF b3, F K™ it 3 m 7 11.12%,
6.47% . 14.43% o A~ [a] &b B 7= 5 K /N5 ok OF >

2.24%.0.74%,4.98%, 7.49% . 0.88% F1 0.31%, HF>BN>CF>CK,
®4 FARALEXEKTEBRTEMEMNE N
s A R/ TR %R/ TR/ 7R/ 1R/
(Jif « hm ™) i g (t*hm *) %

CK 8.31+£0.11b 397.01+£13.17b 310.25+7.19b 10.24+0.62b

CF 8.494+0.11ab 585.87+36.34a 352.13+32.49a 17.0541.53a 66.51

HF 8.62+0.11a 598.13+26.92a 353.21+12.95a 18.1940.39%a 77.63 11.12

BN 8.68+0.11a 574.41+13.39a 355.23+18.83a 17.71+£1.09a 72.98 6.47

OF 8.6840.11a 612.91+10.78a 348.18+16.35a 18.5341.06a 80.94 14.43
2.5 BFBEmEH 366.03.2 582.28 JL/hm” . itz I T 217.24.564.99,

H e 5 TN, AN A AR AN R Y F K= E S 23 955.11~
26 030.93 JC/hm” , A HLE LI 40 3 HE BN Fil OF
B CF AT 1 599.52,931.02,2 075.82 JC/hm® ; A [|) &b
PHREAC A S 2 577.15~5 159.43 J6/hm? . 45 HLEE AL
JEALFE HE BN Fl OF %8 CF 4bF 45 AR 71 382.28,

—506.46 JC/hm?, Hrh OF &b 3 7= 8 5 &, 10 i I8 4%
At T H A A B 5 SO0 A B GRS A, AT G A
AbFE L BN Ab B K 77 {H fe A% T it AT 48 AR T A
AbHR T BOF R R L L AS TR LR AR IR Ak B
Hlzs R/ANIUY iy BN>HF>OF,

xS FELEBZFHZESN

7= it IR A . "
= ” y 5 Tt {%q&ﬁﬁ/
Qb ¥ FEH/ F={E/ Ha/ Jifl A A / B CF 8/ (5% k")
. . . . JL * hm -
(t* hm %) (JC * hm %) (JT » hm %) (JC *« hm %) (JC » hm %)
CF 17.05 23955.11 2577.15
HF 18.19 25554.63 1599.52 3959.43 1382.28 217.24
BN 17.71 24886.13 931.02 2943.18 366.03 564.99
OF 18.53 26030.93 2075.82 5159.43 2582.28 —506.46

B AR R [ A1, H A 45 R4 AH ] 5 Herb 2018 AE R K 1.8 T/ kg MR — %k 3.3 70/ kg, BLR#F 3.3 7T /ke. JEFH R A HLIE 2.5 JT/ ke, NE R 4L

FICREREY161.25 Jo/L, i A HLIE 1.25 76 /kg; 2018 4E E K Wi 54 1.4 76/ kg.
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2.6 AEAEXTTEEEARE M

Al 2 B AT, 45 Ak B A 9 A A ST SR BT
WG 1 3 2 5 (P =>0.05) 5 AW WA 11 J B e S Ach 8 I8 25
m T CK AR FE (P <20.05) , Ho 5 ML AR D8 IE b B HEF
BN il OF % T CK Fl CF kb B ; i 22 J 1k R [, 55k
T 31980 T 9.29 %6 ~19.03 % 5 B A Bir 3G
JEAE AL B CF, HF BN F OF % CK 4b @ 8 T
37.55%,48.30% . 64.43 % ,59.06 % (P <0.05) , A [7] b B
SR A KM BN>OF>HF>CF>CK,

A A 7 R i A Ak B ) A B R T CK
AEHE(P<0.05) , 45 4b B 1Y 1 58 s A0 % , 75 i 4R
A B Th s BT 3 2 k2 )T R R 0 1 4
WIRFE T 12.05%~18.47% ,12.04 % ~12.60 %4 ; I AH
XHEESE i AR AL 3 CFLHF BN Fil OF # CK 4b 38 i 2% 1
T 27.92%,35.68%,29.17 %% ,45.69 %% , AS ) Ab 3 +- 392 33k
W KM OF>HF>BN>CF>CK,

A AR IR - SRR P I 2R R W 1 TG 2
S(P=>0.05), KW WA T30 B 458 4 45 01 R B T 2.73 %6~
9.02%0 s KWW\ T HH 22 p s8I 20 4, 22 DT e it A Ak
B CF.HF.BN A1 OF % CK &b P 5 Z A0 T 17.18%.,
24.03%,16.50 %5 ,25.30 % (P <C0.05) s A~ [ kb B - 478 5 2%
BRI A OF>HEF>CF>BN>CK,

2.7 HERRAREI EXKFHF AMEMNZ G

H 2 6 AT A HUE AR AL 3 HE BN Fil OF #%
CF Ab 3, 2008 F0 B0 IE A 2653 5 i & 4 1 8,152,
9.34%4,14.08 %51 15.92%6,21.13 %4 ,29.36 % (P<C0.05) , &
JE R AR A 28 /N IR 35 24 BN>> OF > HF > CF >
CK AR R AR 8 T 4.02%,2.31%,5.79 % ; AL B
HEL BAE i 2 7 43 B e T 18.66 %6, 15.49 %46, 20.77 %
6.65%, 3. 91%., 8. 66% F1 6.65%, 3. 87% . 8.66% ;
RAE WENE BRI A 2 R T3 o 4 i 1 29.52 %,

22.03%,35.24%.16.93%,9.79%,21.69% Fl 16.74%,
9.69%,21.67% ., 4540 B B NE A FH 2, 3% 50 D 2E 7=
T3 RNFE 0 A% 2 B H R KNI T 35 OF >HF >

BN>CF>CK,

140 - g cK CF B HF
F‘wlzo | a E BN El OF abaa
= T a2aaa ab-
5,100 |, Sl T i
g 2k & bEERT
~ 80 | 51 | o 1)
™~ . ' 1 b“ kg
ﬂm 60 |- : 1 :’3 '
po N : & !
& 40 FERERY : <] uf
& i | ' :.3 |

- 3! 1 . o
® 20 rENE - s ol
0 — ' L= : L ." — 3 L : J
EH O ORTH RKWNOH 2y RS
EEH
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o~ a 1 BN, [0 OF a
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2250 3ba'?1‘tEE abfrh
: gunzy N 4o
80200 |rigEs b ! 5
g = i) " ut
= ‘] 5 1N
mm 150 | go: :.3 I :,3 I
pu % o ! ut
& 100 | 4 ::: N ::: '
] ) ! 1,
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b 1 EA B N f411

HH OETH j(ﬂ
B2 ARALEMNTREFTHNTERINTEL

WO ke ] B
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Fo6 MIELEXNEXFSMANENZI

e IOy HME RE/ % FO3 L 77 71 PFP/ (kg » kg ) TR EFI R AUE/ (kg » kg D)
N P, O; K,O N P, O; K,O N P, O; K,O
CF 35.61b 16.72a 65.30b 56.83a 94.72a 284.17a 22.70a 37.83a 113.50a
HF 43.76a 20.74a 81.21ab 67.36a 101.05a 303.14a 29.44a 44.16a 132.48a
BN 44.95a 19.04a 86.42a 65.60a 98.40a 295.21a 27.68a 41.52a 124.55a
OF 49.69a 22.51a 94.65a 68.62a 102.93a 308.79a 30.70a 46.04a 138.13a

3 W

CLA R ZES T R B R R A BLAE S A R
A HLIE 5 40 AR BE A e 5 BB A RL 8 3% 2 14 A R
T A A K X 3% A3 1 3K I B IR W
REURL 38 R (PERED 5 AR 45 & I - RUAE 2% 18 TRl
A R T AE Y WA A A% T AR IR L DA I 4
PR SRR A R — B, 5 UL (CF 4
M L AN R A HLE AR AR Jr X (HF BN #l OF 4b

O DR FRAERER . NN T AR A F
S PN R v AN 2L AR T T R B T
FEY B FRAERKMAE AKX F oW, k% T
PRSP bR R o T A T 5 RN B AR B ) L 38
T R ORI R TR ER, IR I T R K
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