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Fertilization Effect of Wheat Under Different Soil Fertilities
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Abstract: [ Objective] The data of 1 247 “3414” field experiments, conducted in Henan Province during 2005-2013, were
collected in this paper to evaluate effects of nitrogen (N), phosphorous (P) and potassium (K) fertilizer application on wheat yields,
economic benefits and fertilizer use efficiencies under different soil fertilities, aiming to clarify the response of fertilization effect to
different soil fertilities, and to provide reference for reasonable fertilizer application. [Method] The five treatments, including
NoPoKy, NoP,K;, NoPoK,, N,P.Ky and N,P,K,, were chosen. According to the wheat grain yield of NoPoK, treatment, the soil
fertilities were classified into four grades: <<3.0 thm?, 3.0 to 4.5 thm™, 4.5 t0 6.0 thm™>, and >>6.0 thm™. The yield responses to

N, P and K fertilizers, gross income, fertilizer profit, input-output ratio, and the agronomic efficiency (AE), partial factor
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productivity (PFP), the fertilizer contribution rate (FCR) and contribution rate of soil fertilities were also compared. [Result]

Compared with NoPoK, treatment, the wheat yields with fertilizer application were increased significantly, and the yield increase
and yield increase rate showed a significant downtrend with increasing soil fertilities. The yield increase rate of NPK and N, P, and
K fertilizers application were 126.07%, 75.98%, 24.93% and 17.73% under soil fertilities <<3.0 t-hm?, respectively, while which
were 24.35%, 15.39%, 10.36% and 8.70% under soil fertilities >6.0 t-hm™, respectively. The gross income, fertilization cost,
fertilizer profit and input-output ratio of all treatments increased with the improvement of the soil fertilities level. The gross income
and fertilizer profit of NPK treatment was the highest under the soil fertilities >6.0 tthm™, which were 19.64x10* yuan/hm? and
18.24x10° yuan/hm?, respectively; the gross income and fertilizer profit of -N treatment was the lowest, under the soil fertilities <<
3.0 thm™, which were 8.52x10° yuan/hm?, 7.87x10° yuan/hm? respectively. In terms of fertilizer use efficiency, the AE and FCR
generally decreased when the soil fertilities improved. The contribution rate of soil fertilities was 63.72% averagely, and increased
with the increase of the soil fertilities, the contribution rate of soil fertilities of different soil fertilities (<<3.0 thm?, 3.0 to 4.5 thm?,
4.5 t0 6.0 thm™, and >6.0 t-hm'z) were 43.57%, 57.80%, 70.29%, and 80.34%, respectively. The FCR of the NPK treatments or N,
P and K fertilizers decreased with the increase of wheat yield under the CK treatment or corresponding fertilizer omission treatment,
indicating that enhancing soil indigenous fertilities could reduce the yield dependence on chemical fertilizers. [ Conclusions]

Improving soil fertilities could increase the yield and income of wheat, reduce the dependence of wheat yield on chemical fertilizer
application. Therefore, it was important to improve the soil fertilities, and apply fertilization rationally according to soil fertilities

levels to ensure high and stable yield, increase fertilizer profit, and improve the fertilizer use efficiency in wheat production in

Henan Province.

Key words: wheat; soil fertilities; fertilization; yield; economic benefit; fertilizer use efficiency; Henan Province

0 35lF

QTE20=9"® RUNE R0k Fi- MY AN S
Xof B 5K (0 Dk — L T A A, A R R R e
AJ7T, RERSCREMERN, NP R
It B A AT A, 1987—2016 4EM 4 /N
BT 1.9 6%, (ISR T 5.3 57, MEAA
P I SR, IE AN 23 3 IR B RR T
(R, RS ARNAERIRE R fa 0, & Bt
JES 95 B A 38) DRT b 1), AN [ ) b KT 3 A [
ML AR . DR, BIFTEIR] A8 AN ) T 7K R N
00710 & 220 B G sy 3 AR I /S E R SR DT
PEHUAEAE, X SCIL/NE W e A, AR U .
[RT ABFFRERET 2005 4R, 764 EYEHE N IFRE T
By eI H , HEAE TR 34147 [HE
5, T AT H B2 AL (0 0K S A0 T R A [ DX 3 1 it
NEWEFE TAEP S, TAETRIA “34147 Hdisss 7
IR 2 2 2 DX/ 2 it A 7 N s ke N TR
“34147 B LT RE X B PG DG X /N 22 1) 5
SIWRC R HERL A P SR AR S i s T B 5 OVR A AR
AT 1110 4> “34147 W5, VPN T & RA ToK1I0
it JE SR B R R P 26, B8 M I EE RSPt A, 2
JERLR I SR . X 75 4R 25 OV T T K S A 4
PE TR /N RN K M ) DR E IR AR, R IR 2R
Jb KA R At /N 224 - R Sl e ) 34 I R

Beo s R 32 AR E A R T T L
e ) A AT X N F2 L K 7 i AR A B 5
Wi, W A 0 N L FOKSRAS e AT AR
H, JOud 7= () SR AR IR T IR STk . i)
pliiboR Tl ALk Y TR we = B i e WA NS o VA
AHEAE AR, PP T St b g i NE XS 2K A 7
(IREI . S LR v At ) A B T AKORE S B e A
7o DARWFFIUIN GG Y AN AT il 48 55— KA A
W, oADK PREE RS R, DME BT SR
FEAN [ Tt AL 1 Tt ) /N2 7= Je AL D IR S0, B0
TR 48 /N Z B ) TS ARONE | e BRI RS A IR
PR 2 18] % 8 I FUE A AR E S DR T 2R T EAS ) S A
b T3 1R/ 2 Tt AL AR SR AR S/ 22 DR b it S A A5
NERE, CAUMIFR P ¥ S B i) 7 ] AT 730 e 48 B -
P 5 it A I AE AT R 4 A BV 34147 H TR, 73
IR ;W e NP N 2K <A N 9 E 2 N 7N Tt )
WP RUR S Ut RLat s AURIM IR, IR A
PEALHE Iy 5 ALK Tk A< (1 56 R AT T WTTT, DLW A
I 5 it 3t /3 9] R A /N A2 TR il 28R A AR
RIVSRANT ) 7 A

1 #RIEA;
1.1 iRt

AWFFTIEEL 2005—2013 A5 50 - e 77 it A0 1
HAET A ER 1 247 AN/INE “34147 WA IERNL



4078 i & B} 51%

5o I A 2 AL pRE, WF I R T R 111
AEX, R L (n=586) M 1 (n=257) .
Wit (n=135) |« WPEE L (n=143) %, R XH
E+ 5 pH N 49—88, V¥ 7.6£0.8, HHLN
1.1—42.1 g'kg™", V1 (15.6+5.0) gkg!, 2% N 03—
1.9 g'kg™, 1 (1.0+£0.2) gkg”, A %% N 1.4—118.7
mgkg”!, 1) (16.8.0+11.8) mg-kg”, H A4 N 24.0—
330.0 mg'kg!, P (116.4+47.5) mgkg'. Lk
M R 49 (n=238) | B 18 (n=185) .
HAZ 9023 (n=163) . &L 58 (n=144) | fEJE 4110
(n=67) %%,

AHFST T 0 “34147 350 10R 56 B 45
R W B3 INE, HAKE4S 0. 1. 20 3) K,
L 14 A KB RERRR K Beit o 0 RSP ANt AR Ak
H, 2 KPR MR AR R, B YR BT AR
Hbsr= i, fE T i, e e B e 22 i A > 5%
LOERHIEHIE . 1 KT 3 KFHh 2 KF 0.5
f5F0 1.5 £ . AWPFUERAEEE 1 (NPKy)  AbFE 2
(NgP,Ky) + AbBE 4 (N,PgK,) « ALBE 6 (N,P,K,)
AL 8 (NPKo) » RUANHEAEALEE (CKD  aAb
FOCND) o BREEALEE (-P) . BREPALFE (-KD) R
PRACHEAREE (NPKD Kb T8R4, b &4~ b B
MIFEAR —3, FEUEATEE 2 HT A& AS R RS T R
WAERAT bR . AHEST BT EEH (0 $ds R I oA N
75.0—240.0 kg-hm?, 4 (190.6+32.4) kg-hm™?; fif
JEEN P,Os 60.0—240.0 kg'hm?, ~“F#  (107.0+
21.8) kg-hm?; HFAEA]IE N K,0 60.0—180.0 kg-hm?,
S (99.6£19.2) kgrhm™, -G 25 AR FH A jti FH AH Y (1)
JEE, LR PR IR FH £ 5 12 6 e e it FIE A LA
FE— 50 R 50 BT AL BT 20 PR 35 (5 N 46% )
REREIRES (P05 12%) FIEALER (& K0 60%) o
o BAERT 40% UL T4 R AT HE I, R T 60%M%
JET /NG, JFEAT G B AR, A
EHRAYIRAEE. B R,
1.2 HREESNE

FRE ST/ N RN ETEL 0—20 em IHHE 135,
W5 - SRR . FH R VRI s 4 pH KLk
25: 1) 5 HEMRMAEENCHEIUR; HEHE
TFEVEME 4% H 0.5 mol-L! NaHCO, B #4144t
Eb 03220 5 A5 %% 1 1 mol'L! NH,OAc =4-K I
e BT s A

AN BRSNS T S 2
75, BRI EKE 13%I077 5 .

1.3 HIRALES SR

ANHENE S AT A 7= 5 SO T B it 4k
NEBET), ABFFUTATEACALEE (NgPK ) 7 B[R
ARV /NS it FIE 5 B REURELAR) FH 56 4 5 2 OR T A
AR,

JERIA 22 % (agronomic efficiency, AE, kgkg™!)
fia A NS B T G NN e, B, AE = (Y-Y)
/F;

NE B A= 7= 5 (partial factor productivity, PFP,
kgkg) FRBEN AN AR AE =/ =, B, PFP
=Y/F;

kL 5Tk 2 (contribution rate of fertilizer, FCR)
it FHAE ARG i) /N2 = i by o s i A o b, B,
FCR = (Y-Yy) /Yx100%:;

b S TTHRE (contribution rate of soil fertilities, %)
FRASHNE I /N2 = i 5 IR /N 22 = = ) 4y b B
Hb ) TTHREE= Yo/ Y 100%;

FENEAE  (net profit, yuan/hm?) & b P28 5 i
NERiA 2 22, B, JERER]E =N 22 77 i</ 2 A s - i A
X NERM S 5

FeHLE Ginput-output ratio) =Jit AE A3 /it AE %
NS
X, Y ARENEX N 5, Yo BB N =i,
F it .

/NN 2.50 yuan/kg TF, N. P,0s. K0 1
4390 3.30. 4.18 Fll 3.58 yuan/kg.

X% JH Microsoft Excel 2010 %44 5 R A B i 56 5
i, 1 SPSS20.0 #KfF4eih 34T, LSD XA g Ak B A]
£ P<<0.05 /K[ 2557 & 1k

2 R

2.1 AEENEREMHZERL S

T g4 /N LA ) e R 2.08—7.74 thm?,
4 4.60 thm™, 2553 2500 30.1%. HEPE LA IR0
K& P 22177 1% <3.0 thm™. 3.0—4.5 thm™.
4.5—6.0 thm™. >6.0 thm™ ¥ HEht i S EL15 H 4
AN, M4 AN SR FEAR 53] B FEA
15.11% (n=189) . 30.63% (n=382) . 38.60% (n=481) .
15.65% (n=195) (E 1) .
2.2 AEHAKFETEIEHR

/N R ARt Ak BB LU ANt A A B T34 36 7= 2.50
thm?, 285 RECh 44.05%, BP0k 63.85%,
S RHON 58.2%. HEFA. B BRALIIE SRR



21 3 IRESE: AN ) AT 1N AT 4079

50

N
(=}
T

(%)
(=]
T

553
(=}
T

>
:

3 Distribution frequency (%)

<30 3.045 4560 >6.0
A3 2%

Classification of soil fertilities (thm™)

1 SARANERM NS mIE
Fig. 1 Distribution frequency of soil fertilities of wheat in the

Henan Province

7 -
NPK
Aé_
a a
=1
55_ o ob
Fl o
S 4t 1 |
g |
s & d
> o T
W 2| l
5 |
=y
o o i.
0 1 1 1 1

<3.0 3.0-4.5 4.5-6.0 >6.0

7= 28 1) B M KPR i R B G 2D o R
1 <3.0 thm™? EFH#>6.0 thm™?, 4 b))%
G L8t FH U R I PR G e B2 D 30184 2,79,
2.36 il 1.65 thm?, H &l a2 B, 1
FERARA A Y e AR — B, Bt IR
(1) 38 7= 22 B M T K BB s T B, 25 1 KT TR
FESE .

B W IR B RO B A T A
Jitn, FCrh DAl AL AR O e, e G
40 1.86 thm?, 39.19%; BEIERZ, i
0.99 t-hm™. 17.40%; FALIRAR, 734 0.72 thm™>.12.22%
(B 3) o Bl ACPI$E e, s . #IEM
A S ERE Lt — 25 A5 KT ok
S it U PR 7 B 1 = 2R Bt ) AP T IR
Pl B, P K <3.0 thm? RO~ &, 1
PR 2.30 thm®, 75.98%, >6.0 t-hm™ I ({14

NPK
—_ a
3 200F O
g ]
g
2 150 H b
S 0o
5 —e— ]-
=1
< 100 c
6} | 0
= —a—
% sop O y
0
0F (o]

<3.0 3.0-4.5 4.5-6.0 >6.0

/34344 Classification of soil fertilities (t-hm?)

FETEAE (R 92 2RI 5 3l s B SR TR A PS8, BRIl 55 R s BRI 25%1 75% Rr5r 8 b KPR R m B R 5% 95%
DXTA), AEAE LR R 20 50 2 B AR Kt IME AR R AF . IR 2242 BIBIN/INE F-BER IR AR D KSR 1 22 5 2% (P<<0.05) o T

The horizontal solid lines and squares inside boxes indicate the median and the mean of dataset, the upper and lower limits of box represent 25% and 75%
of dataset, the upper and lower short lines outside box indicate the 5% and 95% of dataset, the upper and lower dots outside box indicate the minimum and
maximum, respectively. Letters above histogram indicate statistical significance among different classification of soil fertilities (P<<0.05). The same as

below

B2 AREEMMt KT T ARG NERHREERIE=E, BeX

Fig.2 Wheat yield increase and yield increase rate of NPK fertilizers under different soil fertilities in Henan Province
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Fig. 3 Wheat yield increase and yield increase rate of N, P and K fertilizers under different soil fertilities in Henan Province
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Table 1 Agronomic efficiency and partial factor productivity of N, P and K fertilizers in wheat under different soil fertilities in
Henan Province

LhEE FE At b ) #2234 % Agronomic efficiency (kgkg™) 227 77 Partial factor Productivity (kg-kg™)
Treatmen Soil fertilities (thm™) Jill Range T Mean [l Range T4 Mean
NPK <3.0 2.71—16.70 10.05+3.29a 9.39—30.27 18.31+4.39b
3.0—4.5 1.38—17.61 8.35+£3.42b 9.73—34.38 20.11+4.85a
4.5—6.0 0.00—17.58 6.07+3.18¢ 10.71—34.59 20.39+4.79a
>6.0 0.00—12.50 3.4542.32d 10.60—31.91 20.46+3.87a
N <3.0 0.00—32.67 14.93+7.42a 18.60—49.44 36.22+8.47b
3.0—4.5 0.00—29.71 12.13+6.29b 20.10—63.50 41.23+9.16a
4.5—6.0 0.00—24.03 8.75+£5.58¢ 15.74—69.94 42.52+10.46a
>6.0 0.00—25.78 5.81+4.76d 24.73—59.70 42.99+8.01a
P <3.0 0.00—44.25 13.06+9.65a 37.56—98.88 69.71+15.15b
3.0—45 0.00—34.43 13.01+£8.45a 40.20—120.25 76.21£18.24a
4.5—6.0 0.00—34.78 10.43+7.41b 40.12—135.22 78.34+19.80a
>6.0 0.00—20.00 7.38+5.46¢ 49.61—119.40 78.54+15.70a
K <3.0 0.00—30.63 10.774£8.12a 32.55—142.83 72.78+21.33b
3.0—45 0.00—33.80 9.28+7.43ab 36.46—155.25 78.59+21.60a
4.5—6.0 0.00—28.80 8.48+6.57b 50.44—138.35 80.28+19.60a

>6.0 0.00—16.19 5.35+4.58¢ 48.24—153.75 79.67+18.44a
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Fig. 4 The relative contribution of soil fertilities to wheat yield under different soil fertilities
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Table 2 The economic benefit of wheat under application of N, P and K fertilizers under different soil fertilities in Henan Province

JOSE] el ) A AT A A PR
Treatment Soil fertilities Gross income (x10° yuan/hm?) Fertilizer cost (x10° yuan/hm?)  Net profit (x10° yuan/hm?) Input-output ratio
(thm™) Jifl Range P Mean Jiffl Range “F¥J{H Mean Vu[l Range “F¥J{H Mean JE[ Range “F¥{H Mean
CK <3.0 5.21—7.47 6.42+0.70d
3.0—45 7.50—11.23  9.36+1.12¢
4.5—6.0 11.25—15.00 13.05+1.06b
>6.0 15.00—19.14 16.53+1.14a
NPK <3.0 9.46—21.65 12.84+3.00d 0.33—2.00 1.14+0.33¢c 8.14—20.54 13.69+3.02d 5.01—22.50 11.78+3.31b
3.0—4.5 10.28—25.00 16.45+2.78¢ 0.33—2.00  1.18+033c 8.98—23.21 15.274+2.76¢ 5.73—24.94 13.03+3.48a
4.5—6.0 9.44—24.00 18.53+2.72b 033—1.91  1.32+0.31b  7.72—24.16 17.21+2.74b 6.38—27.48 13.3443.65a
>6.0 11.13—24.00 19.64+2.67a 0.86—2.18  1.39+0.25a 9.60—23.19 18.24+2.63a 6.30—25.77 13.36+3.04a
-N <3.0 6.00—17.27  8.52+1.64d 0.23—0.93 0.63+0.20¢ 5.01—16.57  7.87+1.65d 5.37—38.22 13.93+6.81d
3.0—4.5 6.00—20.85 11.44+2.21c 0.23—0.93 0.67+0.20¢ 5.17—20.15 10.79+£2.19¢ 5.55—46.52 17.73+7.04c
4.5—6.0 8.91—21.14 14.90+2.05b 0.23—1.11 0.74+0.19b 8.21—20.44 14.15+2.03b 8.97—37.90 19.73+5.47b
>6.0 9.12—21.34 17.18+2.11d 047—1.40  0.81+0.16a 8.42—20.41 16.37+2.10a 9.69—40.13 21.40+5.72a
-P <3.0 8.06—19.20 12.49+2.85d 0.21—1.22  0.81+023c 7.04—18.28 11.69+2.86d  6.80—22.87 14.44+3.91d
3.0—45 8.00—21.99 13.69+2.67c 0.21—1.23  0.83+0.23¢ 7.21—20.99 12.86+2.67c 6.42—30.23 15.74+4.48¢
4.5—6.0 8.51—21.00 16.24+2.29b 0.21—1.35 0.92+0.22b 7.49—20.38 15.32+2.30b 6.12—31.50 16.98+4.49b
>6.0 8.16—22.00 17.9+2.44a 0.57—1.44  0.97+0.16a 7.34—21.06 16.94+2.43a 8.98—33.50 18.05+4.52a
-K <3.0 8.81—19.78 13.04+3.02d 0.22—1.29  0.86+0.24b 7.84—19.56 12.19+3.06d 6.10—24.38 14.15+4.34¢c
3.0—4.5 9.11—21.08 14.65+2.49¢ 0.22—1.30  0.88+0.24b 7.94—20.03 13.78+2.49¢ 6.80—30.31 15.83+4.30b
4.5—6.0 9.48—23.00 16.84+2.35b 0.22—1.47  0.99+0.24a 8.41—23.06 15.86+2.36b 7.87—33.50 16.53+4.50ab
>6.0 12.37—23.66 18.56+2.21a 0.62—1.54  1.04+0.18a  11.40—22.57 17.52+2.19a 8.20—30.02 17.38+3.93a
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