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Evaluation on Fertilizer Application and Its Economic-Environmental
Benefits Associated with Fertilizer Reduction Potential for Dryland
Wheat in Loess Plateau of Southern Shanxi Province

MA HongMei" %, CAO HanBing" % XIE YingHe"**", LI TingLiang" %, LIU Kai', ZHANG QiRu', JIANG LiWei',
CAO Jingl, SHAO JingLinl, WU WenYuel, LI WenQi1

'College of Resources and Environment, Shanxi Agricultural University, Taigu 030801, Shanxi; “National Experimental Teaching

Demonstration Center of Agricultural Resources and Environment, Shanxi Agricultural University, Taigu 030801, Shanxi

Abstract: [Objective] The aim of this study was to clarify situation of the farmers’ nutrient application, so as to provide a theory
base for the realization of stable and high yield, high nutrient use efficiency, and lower environmental pollution in dryland wheat
production. [Method] A 9-yr survey of 984 farmers was carried out, and a yield based fertilizer recommendation method were used
to analyze and evaluate their nutrient applications and the fertilizer reduction potential and economic-environmental benefits in Loess
Plateau. [Result] The farmers’ wheat yield was lower, with the average of 3 711 kg-hm™, and they were allocated into three groups
as: low (<3 200 kg-hm™?) and moderate (3 200-4 220 kg-hm™), respectively, accounting for 56.0% and 18.1% of the total farmers.
Farmers® nitrogen (N), phosphorus (P,Os) and potassium (K,O) application were very high, with the average of 292.3 kg N-hm™,
159.8 kg P,0s-hm™? and 92.0 kg K,0-hm™. And the proportion of the high-application farmers were N 68.7% and P,0s 65.1% and
K,0 57.9%, respectively, which was large in low-yield level. Generally, these high-application farmers were recommended to reduce
24.1 kg N-hm? 12.8 kg P205-hm'2, and 6.2 kg K,O-hm?, and the reduction range was N 15.9%, P 16.7% and K 16.7%, respectively,
but these very high-application farmers were recommended to reduce 250.9 kg N-hm?, 205.7 kg P,Oshm™, and 124.6 kg K,0-hm™,
and the reduction range was 66.5%, 76.7%, and 80.0%, respectively. Then, their economic effects increased by 251 yuan/hm? and
3 425 yuan/hm?, 4.0% and 55.0%, NPK agronomic efficiency increased by N 18.8%, P 23.2%, and K 22.1% for the high farmers,
and N 192.5%, P 321.3%, and K 388.1% for the very high farmers. NPK partial productivity increased by N 20.2%, P 23.7%, and K
19.2%, and N 210.4%, P 317.9%, K 388.1%, respectively. According to the estimation, the environmental impact of reducing
nitrogen application was that emission of the N-pollutant reduced, such as N,O emission decreased by 0.3 kg N,O-hm™ and 6.3 kg
N,O-hm™, 11.2% and 72.5%, NH; volatilization decreased by 14.1 kg NHy-hm™ and 90.7 kg NHy-hm™, 20.8% and 62.8%, and NO;
leaching decreased by 3.1 kg NOs-hm? and 231.1 kg NOs-hm™, 4.9% and 79.6%, respectively. Total nitrogen pollutants (including
N,O emission, NH; volatilization and NO; leaching) reduced 17.4 kg-hm™ and 328.1 kg-hm™, with 13.1% and 74.0%, respectively.
In total, 12.5 kg N-hm™ and 130.9 kg N-hm™ with 65.0 yuan/hm? and 683.3 yuan/hm* were saved, respectively. [Conclusion] In
this paper, based on the wheat yield, the farmer's fertilization was evaluated, and the potential of reducing excessive fertilization was
estimated, and the economic benefits and the effect of the reducing nitrogen-pollutants emission were analyzed through reducing
fertilizer application. It was known that the farmers with high and very-high fertilizer application not only had different potential for
reducing fertilizer application, such as 24.1-250.9 kg N-hm?, 12.8-205.7 kg P,Os-hm™, 6.2-124.6 kg K,O-hm™, but also farmers'
economic benefits was improved by 251-3 425 yuan/hm?, and fertilizer agronomic efficiency was improved by N 18.8%-192.5%, P
23.2%-321.3%, K 22.1%-388.1%, and partial productivity was improved by N 20.2%-210.4%, P 23.7%-317.9%, K 19.2%-388.1%,
and the emission of total nitrogen pollutants (including N,O, NH; and NO;) was reduced by 17.4-328.1 kg'hm'z. This study
comprehensively and systematically revealed the resource and environmental problems, challenges and opportunities in the current
dry wheat production, which provided a certain theoretical basis for an environment-friendly fertilization with saving cost and
increasing efficiency.

Key words: Loess Plateau; winter wheat; nutrient application; fertilizer reduction; economic-environmental effects
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YRR N TR BENIUR, X M A EA /N2 Jh A1
B TARBESCRI R AR RS e R . [T
NAEFCEEET B 1980 4 LAk, e E A0 Lt F o 5~ 1)
BRHELL 4.1%M3 ) ETF, 2014 R4 EALAEF- 1 ) 1
o4 337.2 kghm™®, 2L AEIRES 2 A BI{E (289.1
kg-hm™) [f) 1.2 £50, RUAFAS )44/ X IR 2 6] e e
SRS ZE SRR, AREUYE 17 MRS R, 16
ANE WA, i LA S U — R AR
JRRE: 2 3L HE SR AT [ 1070 BRI AR ZE P LN AR
FUNEREE AR S it AR AR A i
B 3 it e ) 2 R R /NS A P T
FHOG A BF AR A 1 17 A8 14 000 AR 46
75% A N AR Rt R =Y Ak, B AR
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AN R R 323 kg Nhm?, 7 52%FR0A4% /7 jiti
U B AL N AR R 188 kg N-hm?,
69.0% 1) 4 7 it ik 5, P2 125 kg P,Oshm?,
91.4% (A 7 it F ok s e i O Hp /s 22 51 249 it G
210 kg N-hm™, 55%UA b (¥54 /it i 3o 425 P340 it i
183 kg P,0s'hm™, £ 60%![1) 4/ jiti il it =12, Jar b
RN R RN T3 FH R 262 kg N-hm 2,
188 kg P,Os-hm™ H1 52 kg K,O-hm?, 43 4T 92%.94%
H42% A i F =P bR, I i
AL, AR REGREIG NN =1, IS BRARE R
IR, 180 - B 2% B Rk, LAWY
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1 #RIERZE
1.1 AR XEBER

WX FZEAHE L PE 2 R 3 i 7 B (kA
VY. TS IR IR, pE . E) o iZXEAE
B 12.6°C ity , AP & 550 mm Aidy, 27
RSN, BEKEBAERALE 7—9 . Z&/NEHHERI L
KNSR X, B4 9 N AyEk 10 A WIIT L6 46F,
WAE 6 H Ak,

1.2 AMAESHAA

M 2009—2017 FF3ELL 9 FFTE LA B 7 AN ELgET 2 45
R IR R R EIERE 13 A28, A
SRR 625 M, BASFIERE 5—20 N/ EEFiE
o JCEWT T 121 AR 984 KA. LLIR S AT
T3 AOESR A S AT B, /N i R SO0 B AR R
By MEACE S MR A AT A F ) A
A5 . ANSCERRIFR BTGB A BB IR0 )5 1 2655 34
i B R AT ST A
1.3 EitEAZE
1.3.1 FELHR TR A NEZETY
F¥PRiP= & 3 711 kgrhm?, LA 3 700 kg-hm™ 2 3% 55 5
PRANE RGP RRS, 1 FIFS) 500 kg-hm /F 4
e B, LA 1000 kegrhm? AR & HAK T (<2200
kg-hm™) L f i (2 200—3 200 kg-hm™) . F177 (3 200—
4200 kghm™) . fhirr (4 200—5 200 kg-hm™) Fl g
(>5200 kghm?) 5 MEL .
1.3.2 #FEMIEERKP BEER

WEAE BN (recommended fertilizer rate, RF) =
FAR SRR X IR RAX RO IE R AL (1D
XD o, FPEEARAR S PBERS SE B P 57
S RBARFER 100 kg K/ NEXPRIFE R IF7 4 77 oK
o, M ATRRSR S f R AW IR A
NERTERE 100 kg FERI=E A (N fif (P,0s)
A (K,0) HIRE 50 2.8 kg8 1.1 kg1
2.7 kgP'le FEOMRLIE R EUR MR 2 TR K
FROY FHIEARAA L 1), L EAIE DX /N 22 B A 77 40
KIERBfE MR 1.2, 1.5, £ 0.3

TR BN RIS E . LA AR /N = 10 N
FE ML (RF) A, BL 20% K AR IR 1 A 5%
SBNIEF AT, BEET (90%—110%RF) , 7EIEHE
fith b, MEEIE 8 5 DTSN H (R D .

R1 FOBRANERIRE

Table 1 Different levels of fertilizer application

FANER o vt
Different levels of fertilizer application Classification standard
At e No 0

1RAK Very low 0-70%RF

fi& Low 70%-90%RF

& Middle 90%-110%RF

=1 High 110%-130%RF

1R Very high =130%RF
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1.3.3 ERAAZEEST

KRR (kgkg") P= Gili AR = ANt E
¥R ) (kg'hm™) /R0 E (kg'hm™) (2)

A= 1 (kgkg™) =FFRiP=R (kghm™) /3745
BN (kg'hm™) (3)
1.3.4 Z5¥3%

HRN=FFRL B (kghm?) XNEMHS (TT/kg)
~NEEPE A (J6/hm®) 4
X @), ANEEP AR BT B
fs 9 HUERTIA . RIS BT (A 2
1.3.5 R P MEFEIFSL BN Tty 2 3o 4 A

Pn20=0.26e""% (R*=0.19") (5)
Yas=3.2140.068x (R*=0.17") (6)
In3o=4.93e"%™ (R?=0.50"") 7

X5 6 (T ZralE VP AR i IE NLO HE
NH; 4% 5 Fll NO; FIHR G2 B BT, A5 542 X 3 /)N
AR VR NE R PR RN, Horh e=2.71828, x Ayt
i (kghm?) .

2 %R

2.1 NEFEMEEE
GIHT T IR 984 AR P /N A2 7 B At I & m DL
(R 2), X KNEZAEN TR R 3711 kg'hm?,
T IRENZ 77 (4709 kghm™) P 21.2%,
FotH AL RIS E P (JE[H 8 049 kghm™®, fE[H 7 541

kg-hm?, ELFIN 8 096 kg'hm™, V[ 7 243 kg'hm™)
ik 48.8%—54.2%. FBrEAIFEI= 8K 2 146—4 186
kg-hm™?o MRAE AT mRIE 1 5 AP mACE PR
BRI SN PRI, AN PR AL T A
R AARME 3 AP LRI AT 50%—97.3%, £
PN 741%. RIOL, Mt/ =i DL o 32
FAN, AT EERR AR R 83.2—363.9 kg N'hm?, £
SR 292.3 kg N-hm®; A 4E s ] il 49.1—
252.7 kg P,Oshm?, Z4EF1 K4 159.8 kg P,Oshm™?;
A AR BRI A 19.7—153.6 kg K,O-hm™, Z4EF
99 92.0 kg K,0-hm? o BUREHT XA /N 32 7= B A
AR R AR K, H R AT %2 /D R R R I
A5, B LEE A F = 2 ACPAR IR BN
Jrainc st
2.2 ETEs8EREITEMN

GBS KA AR P RN A R (]
l-a) , FEAEFRAFRES, R GRHReD
A LU B BB R, A 2 R HEHEHR AR
(KA P EL B 0 . E <2 200 kg-hm™? 77 E/KF T,
A R S 83.5%, it AU L AR ST ]
12.8%; 1£>5200 kg-hm™ F=8/K 7T, il B«
JULE B BRI 31.2%, 1 il S AN A TR AR T 1 2
51.8%. ik BF, SRR IR 68.7%,
FRASEIN 23.6%, S F IS 7.7%. ] I,
T i IR/ A e e AR P it R ke e

R2 MR KPPNEFEERNFSBRAIRK
Table 2 Winter wheat grain yield and nutrient input in the investigated region
F4 HAH FEEIKPAR S SR FOBAER
Year Sample Farmer’s proportion in yield level (%) Mean yield Nutrient input rate (kg-hm‘z)
<2200 2200-3200 3200-4200 4200-5200 >5200 (kg-hm’z) N P,0s K,;O
2008-2009 150 10.7 26.7 24.0 21.3 17.3 3735 264.2 103.7 28.9
2009-2010 95 32 50.5 242 13.7 8.4 3401 369.3 252.7 153.6
2010-2011 58 12.1 60.3 1.7 0.0 259 3282 207.8 90.3 56.7
2011-2012 84 31.0 13.1 9.5 13.1 333 3525 109.2 91.2 28.8
2012-2013 76 60.5 28.9 7.9 0.0 2.6 2146 83.2 49.1 19.7
2013-2014 150 5.3 247 20.0 26.7 233 4186 202.5 115 40.8
2014-2015 125 12.0 41.6 33.6 72 5.6 3643 250.5 143.5 71.5
2015-2016 138 31.2 43.5 22.5 2.2 0.7 3208 145.3 75.0 40.2
2016-2017 108 0.0 49.1 19.4 13.9 17.6 4111 204.3 95.9 60.7
V) Mean 18.4 37.6 18.1 10.9 15.0 3711 2923 159.8 92.0
Bt All 984
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SR, BEE BT R, M R R
J LA R 7 ARG, 1Tt A A 1D AR LU A3 38 7 18 o €
1-b) o fE<2200 kg-hm™ =82/, il &k
J B EIE 81.7%, MRS AL AN T 15.9%; 71>5 200
kg-hm? F= R R, i B 1A 29.1%, it
BEA LR 53.2%. K LF, B ErA T
Bk 65.1%, FEBEALIIN 24.5%, T I A
10.4%. FJ 0L, RPN AR e o AR P e g i 1ok
G A 3

ST R = BT A P BB A R (&
1-¢) , {E<2200 kg-hm™ P2 5K Rt & Ak

W Ajti No M 1M Very low M fiifik Low

A¢ /- Lb A5 Farmers proportion (%)

30

=
S
Q
a
\%

>5200
All

S
S
a
\%

2200-3200
3200-4200
4200-5200
2200-3200

& Middie M = High

100 - ® 100 - ¢ 100
9 | 90 90 - I
80| 80 ok
70 [ 70 70 -
60 | 60 - 60
50 50 501
40 [ 40 401
[

3200-4200

i 65.9%, HEERASETI AT 26.8%; £ 2 200—3 200
kghm™ PER/KP R, AR R A S LR, R
74.4%, FEAIAEN Y 24.9%; 25, BEETEK P
e A R R A 7 LA W PRI, = /K >5 200
keg-hm i, R AR ST R BR R 19.4%, T tATAS
SERIA P N 75.0%. B4R LA, TR
5 57.9%, HAEBTE<4200 kghm? F=E/KFLUR; i
BRI S 5 5] 38.2%, HEAITE>S 200 kg-hm™ = i
KA FERE AL 4.1%, AP EACEEA K.
AL, AR T LU TR B R,
I HEARAS A Hofol s Tt WA A2 1A LL ol

W 7% Very high

>5200
All
>5200
All

o
S
&
v/

4200-5200
2200-3200
3200-4200
4200-5200

717K Grain yield ranges (kg-hm'z)

BE1 ARAFEKEHRPE (2 . # (b . # (o HEFEANTS
Fig. 1 Distributions of farmers who practiced different N (a), P (b) and K (c) inputs in different grain yield groups

2.3 RAEEH S
2.3.1  ASERAI A oA IR AR it R R
AR (R 3D, Mk B, g s AR
TR 127.1 kg N-hm?, BCGHTE i A &
151.2 kg N-hm? 2D jifi 24.1 kg N-hm™? (J&/b 15.9%) 5 i
BUR R R P10 126.5 kg N'hm?, 54
TR & 377.4 kg N-hm™, 1] 250.9 kg N-hm™
JED 66.5%) RIEAE.

FAN, AN FERACE IR EE A = S, 1

<3 200 kg-hm™ AR =ACE R, il % AR m A

TEUR 453 50k 17.7%—18.1%A1 70.6%—73.8%,
A0 13.0—19.1 F1 134.9—213.3 kg N-hm?,
MI7E>4 200 kg hm™ F=2/KF T, il m AR s Ak
FUR R T 0 12.9%—15.5%F1 62.8%—66.9%,
IR 5N 22.4—39.5 F1 311.2—371.6 kg N-hm™,
F R i FAR AR FAEAR = X Sl U e K, T
TE = X IR I AR AR, B IR R
2.3.2 BEARWEEW S AT LR it ol R A
MR (R 4, BELNE, mBERAm
R PHERE T 64.0 kg PoOs-hm™, 55324 1P 24
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Table 3 Nitrogen input and nitrogen reduction potential

BBRNGTH Ei-tan 7P=B7KF Yield level (kg-hm™)
Ninput level Index <2200 2200-3200 3200-4200 4200-5200 >5200 F3 Mean
ks FF (kg N-hm™) 66.0 85.8 125.8 156.8 248.8 136.6
Middle RF (kg N-hm?) 63.8 84.5 125.1 153.9 247.6 135.0
RN (kg N-hm™?) 22 -1.3 0.7 2.9 -1.1 -1.6
A%) 3.3 1.5 0.5 1.8 0.5 12
= FF (kg N-hm?) 73.6 105.6 148.1 173.6 254.9 151.2
High RF (kg N-hm?) 60.6 86.5 121.6 1512 215.4 127.1
RN (kg N-hm?) 13.0 19.1 26.5 24 39.5 24.1
A (%) 17.7 18.1 17.9 12.9 15.5 15.9
i FF (kg Nhm?) 182.8 302.3 345.3 465.1 591.5 377.4
Very high RF (kg N-hm?) ) 47.9 89.0 121.9 153.9 219.9 126.5
RN (kg N-hm?) 134.9 2133 2234 311.2 371.6 250.9
A%) 73.8 70.6 64.7 66.9 62.8 66.5

FF f ) R0 PR B RF FE9R 2 ETE & RN FadlEf7 RIE i =(FF-RF); A%J5UEIE/E: (FF-RF)/FF. T A
FF: Fertilizer rate used by farmers; RF: Recommended rate; RN: FF minus RF; A%: The extent of reduction: (FF minus RF) /FF. The same as below

R4 BHRNFLRBEE N
Table 4 Phosphorus input and phosphorus reduction potential

BRI R fatn FZEIKF Yield level (kg-hm™)
Pinputlevel Index <2200 2200-3200 3200-4200 4200-5200 >5200 F3 Mean
& FF (kg P,0shm?) 32.8 2.7 61.8 73.4 110.1 64.2
Middle RF (kg P,0shm?) 335 44.6 60.0 747 1129 65.1
RN (kg P,05hm™) -0.8 -1.8 -1.9 -1.2 2.8 -1.0
A(%) 2.3 -43 -3.0 -1.7 2.6 -15
& FF (kg P,0shm?) 36.9 545 71.9 89.7 1313 76.9
High RF (kg P,0shm?) 29.8 447 59.9 754 110.3 64.0
RN (kg P,0shm™) 7.1 99 12.0 14.4 209 12.8
A (%) 19.1 18.1 16.6 16.0 16.0 16.7
R FF (kg P,0shm?) 98.1 187.2 2174 4327 4057 2682
Vet lhigh RF (kg P,Oshm™) 23.7 433 60.2 75.4 110.0 62.5
RN (kg P,0shm™) 744 1439 157.1 3573 2957 205.7
A (%) 75.8 76.9 723 82.6 72.9 76.7
JifdE R 76.9 kg P,Oshm™, A&/ 12.8 kg P,Oshm™ (Y FIAk s AR PRI (R R v ) A A 2

D 16.7%) BN ERFR B AR P AR 62.5  £E<<3 200 kg-hm? = R/KF T, mAREBA K
kg P,Oshm™, B MAT P 268.2 kg P,Oshm?, JOURBAENE P T30 18.6% M 76.4%, i 543 il hy

AR/D 205.7 kg P,Oshm™ (k7> 76.7%) FIBEFEN o 8.5 fll 109.2 kg P,Os'hm™; >4 200 kg-hm™ [ 5 7
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KSR, FAR BN 1 A R i S 4 A
16.0%F1 77.8%, bk srnh 17.7 F1 326.5 kg
P,Oshm™, JEILSEAE 4 200—5 200 kg-hm™ 7 & 7K
T AR BN IR IR Tl R S O S 43 A 357.3 ke
P,0shm™ Fl 82.6%. £ LTk, Jafifk (05 T S R
NIRRT

2.3.3 HRER I A AT LRI AR it R R
JERRE AR (R 5D, m AN IR S HERE A BN
31.0 kg K,O-hm?, B ILYa7-F 3y & 37.2 ke
K,O-hm™, AJ3§/> 6.2 kg K,O-hm™ (b 16.7%) (141

JIE s AR e A P A Mt Rl 31.1 kg K,O-hm™?, 4%
YR R 155.7 37.2 kg KoOhm?, A gk
124.6 kg K,O-hm™ (3> 80%) 140,

F P B KO RI RSN S s R NFE AT
B AR /N T 10 kg K,0-hm?, JfIE 15.0%—
18.2%, ZEFAR/No R MBATR RAE = <4 200
kg-hm? /K- 48.9—85.9 kg K,O-hm™, 7E>4 200
kg-hm™ /= 7K P IS AR £ 200 kg K,0-hm™.

SR L, B AR (1 £ %o i B TR, (H
DR e s, AR A

£5 HEANFIEREZH

Table 5 Potassium input and potassium reduction potential

HRANGE bt PEIKF Yield level (kg-hm™)
K input level Index <2200 2200-3200 3200-4200 4200-5200 >5200 F3 Mean
i FF (kg K,0-hm™) 15.1 203 33.0 363 72.0 353
Middle RF (kg K;0-hm?) 14.9 217 322 36.9 73.0 357
RN (kg K,0-hm?) 0.2 14 0.8 0.6 1.0 0.4
A%) 1.6 7.1 24 17 1.4 -1
i FF (kg K;O-hm?) 15.0 255 36.4 45.0 643 372
High RF (kg K;0-hm™) 12.6 210 299 36.8 54.6 310
RN (kg K;0-hm™®) 24 45 6.4 8.2 9.6 6.2
A(%) 15.7 17.7 17.7 18.2 15.0 16.7
i FF (kg K,0-hm?) 60.4 98.9 114.8 245.5 259.0 155.7
Very high RF (kg K,0'hm?) 11.4 21.6 28.9 373 56.3 311
RN (kg K,0-hm?) 489 773 85.9 208.1 202.7 124.6
A%) 81.0 78.2 74.8 84.8 782 80.0

2.4 BERFAYEREFHEIH

2,41 ALFERE BN & R A AT A B R 1R 2
G R 6 Fran. B4k EmBNAR P Al N ke
JG 1k 6 482 Ji/hm?, B LHT 6 231 J6/hm*, B 251
JG/hm? (4.0%) 5 AR B AR T 4il NS IE 5 6 439
JG/hm?, B AEET 3 014 JC/hm® B9 3 425 JG/hm?
(113.6%) .

FEEACE RN PR, S BRI AN
ARG 132—407 Jo/hm® A1 13.0%—3.1%, HBE
EHIERACT TR, Ao RIS, g
G, B, <2 200 kg-hm™ 27 B /K 4l N\ 1 i
A, h13.0%, >5 200 kgthm™ (#177= G KP4l N
2t B 8 08 K5 AR PN AR IR GBI A B KT

<2200 kg-hm™ #| <5 200 kg-hm™ 25 e, ik
1 488—5 262 Ji/hm’, {77 i 7KF>5 200 kg'hm™ I,
A AN 5 090 Jo/hm?. L5 ERT AN, Ao NI iR
K2 AR
2.4.2 BRI RFRFESN £ 6 KW, WA
Jo o, PN RR m AR R R R 14.9%—
22.4%- 168.9%—400.0%, 3542 18.8%K1 192.5%,
G KL 10 45 . HLA<3 200 kg-hm 7 H K
P EIR R, RIS BN I U AR 22 35K K4 el
T 22%, REBARIANT 241.5%—400.0%2 [ o

B AR SRR, BNERIRE AR, 94
LR 20.4%—28.0%F1 262.7%—470.3%, V¥4
B 232%F1 321.3%. {E<3 200 kg-hm™ f1>5 200



13 4 O P o RN IR BN B 28 DR A RN PR A 2811

kg-hm™ ({72 B KT R E B, B N R4 %
T 25%, AR BN S 325.4%—470.3%, B4R
TR BAK 13—18 fifo

WS, R RN AR E R R 2.2%—
24.1%, V¥ 22.1%. i, <2 200 kg-hm™ =K
S, RS 2.2%, 7F 2 200—5 200 kg-hm? )77 &
IKF2Z 18], R 22.3%—23.8%, 14 387.1%.
AL R, AR BN IR B A A 27 R0 5 4 v s P 2K
Hrh 75 <3 200 kg'hm™ F1>4 200 kg-hm? P~ & KCE R
il % 360.3%—560.8%.

gr b, FBEACIEIES, B B R RCER
P M PR 38 AR NAR R AR
2.4.3  ALAEJRE B R A 7 AT DR AR )
BWZR 6 Fim. 5 ANTEAKT, BB WA
F1F8E R 5 kgkg! (20.2%) o EFXASEIFE BRAK T4
T, ER WA= D5 B A T 14.2%—31.3%, Lt
<2 200 kg-hm? F7EAKER, #25 31.3%, >4 200
kghm™ P2 RO, 258 14.2%—15.1%. FHEZ T,
R E BN A7 01 P $E R R RS IA 202 kekg!

(210.4%) » MEF= 2w =3 161.4%—282.1%, FF
BIHE<3 200 kg-hm? 7B, $EERETE K, A
238.6%—282.1%.

TVt Pl A 7 D3R A, s R i BN P 344
116 kgkg! (23.7%) F146.1 kgkg! (317.9%) .
BN AE AR [F = KT 4 SR 19.3%—
34.1%, Hor, <3200 kg-hm™ P~ B /KF IR i K,
H 26.0%—34.1%, >3 200 kg-hm? i, BT
20.0% o 111 AR ey $ N AEAS 7] 7= B 7K P R $ e
260.7%—471.7%, L, 76 <3 200 kg-hm™> f1 3 200—
4200 kg-hm P=HE KT, $E R KT 300%.
W ERrE, RSN K.

PR, B A s AR = BN P8 A
19.9 kg'kg" (19.2%) F198.2 kg-kg” (388.1%) o MK
FE R R KOE, BN B ZE R R R N
11.1%—23.1%, e, <2 200 kg-hm? P2 8K F
sl /N, h 11.1%, > 2200 kg-hm? =& /K P,
KA 20.0%. HmBANE, Bea A
297.1%—556.9%, H:, <2 200 kg-hm™ 13 200—
4200 kg-hm™ P= KT, $2 R 3B 400%. 5
RBEERFEAR T, R SEN M 2= T 5 A1k
JIETE R

g LTk, GERLURAE,  AERLR R R Bk A
GEAFIRE B 3 s, REE SR

2.5 INEMN ST

AT 5T R AR P 0 217 920k VP A 12 [X 85/ 5 ¢
FHREET i PR RS AL 2. H1 P 2-a AT 4, R RIAR
ERNRAET, E<2 200 kg'hm? &K T N,O
HesonT yk2> 0.02 A10.27 kg N,O-hm?,  H =B /K Pl
RO, #1778 >5 200 kg-hm™? B A]EZD 0.13
M1 3.02 kg N;Ohm™e IV, FAREBANLE 5 A7
B B 0.30 kg N,O-hm™ (11.2%) Al
6.28 kg NoO-hm™ (72.5%) , HAREHN Mg &
K, AEEBEAN 6.5 i

2-b R, HWERTAHL, WA m AR
AFIAE<2 200 kg-hm? P2 BK TR, NOy-N I#kyE &
W/ 0.17 F1 7.51 kg NOy-N-hm?, 7F>5 200 kg-hm™
FE o KR RO Ut = B s B 3.22. 12533 kg
NO;-N-hm?. AR S BN AR P AN ] = KT
e E > 3.05 kg NOy-N-hm? (4.9%) Fll
231.13 kg NO5-N-hm™? (79.6%) . HARmHA Kk
NO;-N ¥k A AR 70 .

2-¢ IR, NH; #EREHRY NO HHEEH
NO;™-N [FbkyEM A, 75 <2 200 kg-hm? P~ & /KFF,
PR L RECRT i AR s BN 4 R b 1.25
9.16 kgNHyhm?, >5 200 kg-hm™ &K V445 K Bk
/> 3.72 A1 26.17 kg NHyhm?. L2 F, WEJG &7~
K B3R 14.05 kg NHyhm™ (20.83%) Al
90.71 kg NHyhm™ (62.83%) ff) NH;, & HHEiRE
M2 6.5 i

S LR 3 B R S R LS 2-d, 5
AT, B FIAR S NIRRT G bk s D HET
(7 EE) 17.40 kg N'hm™® (13.1%) A1 328.12 kg N-hm™
(74.0%) . S TTA% 12.45 kg N'hm? (17.5%) F
130.89 kg N-hm™(68.9%), 1744 65.00 F1683.25 Jt/hm’.
Rk, gi6B 2-a. & 2-b FIE 2-¢ KArHral s, AW
TR RIR AR NOs-N ki, #ikmak
KRR SRS, WESE, R R AR )
V5 G 3 IIRHERONY .
3 it
3.1 {LAEERERT /N E RIS

ARWFFOES: 9 WIS R, e RN
FEB BN T 2 146—4 186 kg'hm™, ZAEFH N
3 711 kg-hm?, L 56.0%04 /7 P2 Ak T2 KF
(<3 200 kg'hm?) o b7~ B HAERR AR IR L
K, F B R B2 28 P A5 5 W 4 B P K AR A K
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Table 6 Effects of before and after fertilizer reduction on wheat yield, economic benefits and nutrient utilization

FHBANGTR WIERT S £t FEEKF Yield level (kg'hm™)
Nutrient input Before or after Index
<2200  2200-3200 3200-4200 4200-5200  >5200 Mean
level fertilization reduced
I JRNE T 4fifit \ Net income (yuan/hm?) 1793 3581 6381 8291 16292 7268
Middl Before fertilizati .
1adie clore IRzaton e megr N 7.9 143 18.9 20.1 25.5 173
reduced . .
Agronomic efficiency
B 159 28.8 38.4 429 57.6 36.7
(kgkg™)
K 345 60.8 72.1 86.9 88.1 68.5
fRA= 11 N 29.1 30.7 30.0 29.0 31.1 30.0
Partial ductivit;
e’ procucivity P 58.6 61.6 61.1 62.0 70.3 627
(kgkg™)
K 127.2 129.9 1145 125.5 107.5 1209
WILE 4l N Net income (yuan/hm?) 1800 3568 6402 8294 16272 7267
After fertilizati ot
CrICTHAZANON e e g N 8.2 14.6 19 20.5 25.6 17.6
reduced . .
Agronomic efficiency
B P 16.6 29.7 38.7 41.7 52.1 35.8
(kgkg™)
K 338 60.4 78.9 85 106.2 72.9
w7 29.8 (N) . 60.6 (P) . 123.5 (K) . FI[f] The same as below
Partial productivity (kgkg™)
[ LT 4l N\ Net income (yuan/hm?) 1015 3346 5815 7995 12982 6231
High Before fertilizati o
E ctore Tertiizalion e ey N 3.6 11.6 15.2 18.1 20.5 13.8
reduced A ic effici
ronomic €riicienc
grono Y oop 73 225 313 350 39.7 27.1
(kgkg™)
K 17.9 48.0 61.8 69.7 81.1 55.7
)] N 22.7 24.8 24.6 26.1 25.9 24.8
Partial productivity
1 P 452 48.1 50.8 50.6 50.4 49.0
(kg'kg™)
K 111.2 102.9 1003 100.8 102.9 103.6
IRAL)E ZUHCA Net income (yuan/hm® 1147 3541 6073 8258 13389 6482
After fertilization ot
reduced AR N 44 14.2 18.5 20.8 242 16.4
Agronomic efficiency
) 9.0 28.8 37.7 43 493 33.4
(kgkg™)
K 183 58.7 76.7 86.1 100.4 68.0
?&I%E {)&HHHU éfﬁll&)\ Net income (yuan/hmz) 908 1044 3241 3115 8576 3014
Very high Before fertilization S
reduced R N 0.1 4.1 6.4 6.9 9.0 53
A ic effici
gronome eHieieney—p 0.2 6.7 102 7.4 13.1 7.5
(kgkg™)
K 0.4 12.6 193 13.0 20.5 132
tEr= 7 N 7.8 8.8 10.5 9.8 11.4 9.6
Partial productivity
B P 14.6 14.0 16.8 10.6 16.6 145
(kg'kg™)
K 234 26.9 31.1 18.8 26 253
WA 4lifit X Net income (yuan/hm?) 580 3593 5980 8377 13666 6439
After fertilizati . )
der : HEALON s (kgkg™) N 0.5 14.0 18.2 207 242 15.5
reauce
A ic effici
gronomic etiieiency — p 1.0 28.5 37.0 422 49.3 316

K 2.0 58.0 75.4 85.9 100.4 64.3
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Fig. 2 Loss of N,O, NH;, NO; and total N-pollutant before and after input reduction at different N input levels and different yield

groups

HAENBEW ALY, HS&NZEKEE R
JHAIEHEC . FT A, K347 BRI AN A 1 7 )
HEKE T 556, FIEAPUCFECIER RN AL
)R BRI b N 22 A 7 o TR A S/ IN A2 P R RE AE
TR O, H32 LB R RO
I, N AP KR . ABFTTH, A
ZENE BEACFIRRAL A 5 2% B &2k 544.1
kg-hm?, 292.3 kg N-hm?. 159.8 kg P,Oshm™. 92.0 kg
K,O-hm™, AR AN & T 5% W () 2 855 22 4 19 . 289.1
kg-hm?, 144.6 kg N-hm?. 72.3 kg P,Oshm™. 72.3 kg

K,O-hm?, T 3RE 2014 42 8ALHE K . it
FH5RE 3372 kghm?. 1742 kg N-hm?. 87.2 kg
P,Oshm™?. 75.8 kg K,O-hm?2, F4h, LR s
A A AR AR LG, ai /N2 A, AR
JIE it FH 3k £ 19 AR 7 LA 23 il v i 68.7% - 65.1% A1
57.9%, 23 ] g/ 24.1—250.9 kg N-hm?, 12.8—205.7
kg P,Oshm™, 6.2—124.6 kg K,O-hm? FIAERHEA .
K H RS 45 SRR W], A A 2 B AT A 2>
MHTAGIE R 30%—60%M 5 F T, Al 4ERE 41D
e RN R 2 2B i, % R RN
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2RO R W, SR ) 1 MU i A ] AT A 7 e
JEAE, [RIRS N PE AR 14.8%—30.9%2, FTLL,
AT FEAE DR = 3G 7= ok, e T e AR
INFEAERE A, E— DR T AT AR S e
SR 7, v ok A N IRy BRI
Y HE,
3.2 {LBAEIEHEXT IR 4> F ARG T A AU R M

A HEAE AR N P AT ek
H, A= EER HZAE 20 tHAD 80 FAH
30%—35%"7, At FREE] 20% L0 P, R T
FOP7KF (33%) o« ANAELEAL, JUHE S B A,
VEMIF= R B G IR0 R RCR L 32 i 2>
AT IR BN m AR s (AR P ARt s, =i
AR PGSR R 4%, FUE. BRI
R EFRERAY IR 19.1% 23.1%F0 22.1%, NEEMmAE
FE 1 R R 20.2% 23.7%M1 19.2%; R B
2B A E i 55%, ZUIE. BEAEFIER AL 1A 222
AR 192.5%. 321.3%M 387.1%, kM
153 R 210.4% 317.9%F1 388.1%. M AT
ORI, A R 315 kg N-hm™ /b %) 180 kg
N-hm? Fd 42.9% MR , NEFEBIFEH
B A2 T 742.7 J0/hm? ENEBNALEY, 2
SRR BN BRI, /N S R n
6.4%—36.4%, HEBGKIEEEL R 5.7%—6.8%). ¥
R SRR I, A P SR B it I I A 7
FIRUR 222 4 79.2%F1 69.1%, B I 2E
FE IR ZE R B R 91.1%. 72.7%5, kg
AR R, B S AER A 65.9 kg N-hm™, ZUIE
7= J1 3 R 34.3%, eBFRREE I N 1002 J6/hm*t2,
ZHAN %52 fH R R Y, e EB N 154 kg
KO- hm? 33 102 kg KoO-hm 2 550K, 7= 81440 300
kg-hm?, fWZE 7 35.3 kgkg! 2 m 5 54.9 kgkg !,
P 55.5%, SHFRkaiEn 959.2 so/mhm. AR R
WSZEFUR I, EoK KRG, NEE 3 B EM R ki
Ji s FIERI AP 3T $E R 31.5%—35.7%, 45
BN 22.1%—27.2% 254 DL 2 f AR IR R R0 A
AHIFFEHE HH PR A sl e J5 1140 28 55 25 2 R AT FH 2k %
AriTE NI VR C b o [ub SR HES AN = 7 1 R B
M TR BAE s, AT RIS B
H—EMTRTE .
3.3 INEALBEIRE X IR A 0

MET, REE A HEHR AR AR I N
I P EE R, A AR = PR O . FRIE N R

FHTRR, A= P A4 i 305 kg N-hm?, &t
FENEF = 74 kg N-hm™ (1) 4 1%, S EHREG IR R
GUIRIBEI L, Ay 24 AT 3 DO [ ] 0123334
AWFFERY, AR SRR EIERE G, NO 1
HEFBOAT 23 ek 11.2%01 72.5%; NH; 3% & 143 )
JRAK 20.8%H1 62.8%;: NO5-N [RIWKSETT 43 I A% 4.9%
H179.6%; WETGHYIIED 174 kghm™ (13.1%)
328.1 kghm? (74.0%) , LRI 12.5 kg N-hm™
(17.5%) F1130.9 kg N-hm™ (68.9%) , T4 65.0
M 683.3 Ju/hm’e HHRERM, 7B K R PR
NEYREf5 47 T AR A Rk B kD> 59.5%—68.2%,
BRI IERAET 60 cm LU 2 BOks & b
24.3%-42.3%7), WEg RHES: 4 IR, 5T
)8R 46.25 kg N'hm? 500, 2 m 158 L 2R
Z A1 277.0 kg NOy-N-hm? F & F| 170.7 kg
NO;-N-hm?, FF#7T 106.3kg NOy-N-hm? P, [A)#E,
Ji% 180 kg-hm™ 1 315 kg-hm? AL, 1EWIERG 0—
200 cm L ZHEESG R T 26.7%—32.2%"; i
& 75 kghm™ 55 300 kg-hm? #I L, A SRR
RIS AR R I 0 I PR T 32.5%H01 30.6%).
AN, IEHE MR 160 kgshm?, {EMIERE 0—300 cm
TSR B E N 327.9 kg NOy-N-hm?, i€ i %
320 kg-hm™ i & E R BN 727.7 kg NOy-N-hm?, H]
bz PSSR ZBURFE T 399.8 kg NOy-N-hm™2P,
HASTH S RS N 4 SER M IARRES, 45 R
AN TR AR A AR 19.4%, NLO HEBCR
0.1%, NO5-N W2k 7 2.7%, T4 Bt it %0 &2 10 189 n iy bk
FHEINCT R R 04 E T 3 R A A P XN R oy
TIRE L (ISSMD HEARMACAR A S 1, T EAT
10 AFECARHE) G KRB, AR 22.9%—
34.9%, i = SEHBEER D 18.6%—29.1%. DA
ARG SR Ry A SRR H I Ak YRt 1 B B O K
MR T AT J) 34, WD UE MR R T BARE
ER it AR K PR 555 11 5 )

4 i

X P AR 984 AN L TR A AT R B, Mt
NEPER DI, AL BERESR BN = 1)
RITHAD 58%—69%, JRALIE IR K. 47 S0
PO, TS RIRR b AR o ORI 5 3 (R F s f
FeRkgs, IR 15.1%—285.0% M1 M AL &5 4
(N,O /B, NOy-N #RyLAI NH; 5 4) HECE, 4
M5 2345 12.5—130.9 kg N-hm™.



13 1) HEUMEEE 3 N A TR BN It 28 R AR N A 2815
%%iﬁk References China. Journal of Environmental Management, 2017, 197:
[11  Esi, SRR, XISk, ZEFHEL 35 4 50 X A /N A [R] it A Ak (7):130-139.
PRI ST R R A, AR, 2009, 29(5): 2551-2559. [9] kg, H3cdy, FMEWE, sRARSL. b B N2 RSP RN
GAOHY,GUOSL,LIUW Z, CHE S G. Soil respiration and carbon FIVFY. 3R, 2008, 39(5): 1049.1055.
fractions in winter wheat cropping system under fertilization practices ZHANG W F, MA W Q, WANG Y F, ZHANG F S. Assessment on
in arid-highland of the Loess Plateau. Acta Ecological Sinica, 2009, farmers fertilization behavior for wheat production in China. Chinese
29(5): 2551-2559. (in Chinese) Journal of Soil Science, 2008, 39(5): 1049-1055. (in Chinese)
[2] S3caEr, kRS Tk D RTIREBHE, M. Mg e fn R [10] HHArH7. YLIRE KRG AN LIR30 7 51N [D]. F st mE L
SRRk, IR, 2005, 27(3): 33-40. Ak KA, 2011.
MA W Q, ZHANG F S, ZHANG W F. Fertilizer production and MA L H. Analysis and evaluation of the current status of rice and
consumption and the resources, environment, food security and wheat fertilization in Jiangsu Province[D]. Nanjing: Agricultural
sustainable development in China. Resources Science, 2005, 27(3): University, 2011. (in Chinese)
33-40. (in Chinese) [11] H5erk, FRIME, B4, S8, R0, KB, wWhE, s,
3] #oe¥, Ak, ¥ TR BRI ER a8 %. R EURE, PR, FEIt. T iR b AT A P S
Ak TR AR, 2010, 26(12): 1-5. W I ARALRE, 2017, 50(14): 2758-2768.
YANG G Y, WANG L, WANG H. Thinking of food security in China CAO H B, WANG Z H, ZHAO H B, MA X L, SHE X, ZHANG L,
based on regional water resources and land cultivation. Transactions PUY J, YANG Z Z, LU H, SHI Y C, DU M Y. Yield based
of the Chinese Society of Agricultural Engineering, 2010, 26(12): 1-5. evaluation on fertilizer application and analysis of its reduction
(in Chinese) potential in Weibei dryland wheat production. Scientia Agricultura
[4] CHENXP,CUIZL,FANM S, VITOUSEK P, ZHAO M, MA W Q, Sinica, 2017, 50(14): 2758-2768. (in Chinese)
WANG Z L, ZHANG W J, YAN X Y, YANG J C, DENG X P, GAO [12] B9k, EarE, mWg, sk D B R /N2 ur e
Q, ZHANG Q, GUO S W, REN J, LI S Q, YE Y L, WANG Z H, FaE F= 5 IER AR, 2016, 22(1): 245-253.
HUANGJ L, TANG Q Y, SUN Y X, PENG X L, ZHANG J W, HE ZHAO H B, WANG Z H, GAO Y J, ZHANG W F. Investigation and
MR,ZHU Y J, XUEJ Q, WANG G L, WUL, ANN, WUL Q, MA evaluation of household wheat fertilizer application in Shaanxi
L, ZHANG W F, ZHANG F S. Producing more grain with lower province. Journal of Plant Nutrition and Fertilizers, 2016, 22(1):
environmental costs. Nature, 2014, 514(7523): 486-489. 245-253. (in Chinese)
[5] SIMS J T, MA L, OENEMA O, DOU Z X, ZHANG F S. Advances [13] ZBFiht, 5k, AL IRA N 25 RO AR R BELAR 73 .
and challenges for nutrient management in China in the 21st Century. HHE SRS, 2010(5): 1-4.
Journal of Environment Quality, 2013, 42(4): 947-950. NIU X S, ZHANG H Y. Fertilizer management status analysis on
[6]  XUEKAL. oo [E 4 M it FH 5 R R B 22 A B I 3 A8 4. A0k TF2 winter wheat and summer maize in North Central China. Tillage and
24, 2017, 33(6): 214-221. Cultivation, 2010(5): 1-4. (in Chinese)
LIU Q P. Spatio-temporal changes of fertilization intensity and [14] Z=RHL, ZRRE, A, R =, BEE. AKX &N
environmental safety threshold in China. Transactions of the Chinese 2SR W RS ILT 5. R IR S5 LR E R, 2004, 10(5):
Society of Agricultural Engineering, 2017, 33(6): 214-221. (in 449-454.
Chinese) LIKJ,LIB G HUKL, CAO CY, ZHEND C L. Modeling kernel
[7]  WERS, $EEE, SRAT, Z50rr. SERP R AR AR X R filling of winter wheat for optimum field management. Plant Nutrition
TRAHIR £h 75 PR, R AMETTFT, 1999, 7(4): 41-43. and Fertilizer Science, 2004, 10(5): 449-454. (in Chinese)
GAO W S, HUANG J Y, WU D F, LI X P. Investigation on nitrate [15] ®75H1, 24, Hp AN [ M X A A it FH e JHE o R 267 () S .
pollution in ground water at intensive agricultural region in b E R, 2004, 37(3): 387-392, 469-470.
Huanghe-huaihe-haihe Plain. Eco-Agriculture Research, 1999, 7(4): ZENG X B, LI J M. Fertilizer application and its effect on grain
41-43. (in Chinese) production in different counties of China. Scientia Agricultura Sinica,
[8] PAN D, KONG F B, ZHANG N, YING R Y. Knowledge training and 2004, 37(3): 387-392, 469-470. (in Chinese)
the change of fertilizer use intensity: Evidence from wheat farmers in [16] E LN, 2258, M2, #¥, EE. £0hE HERRIERGA



2816

doOE kW R %

54 %

[17]

(18]

[19]

[20]

[21]

[22]

[ e AR PRI 5 28 o DG ). v [ RO, 2013,
46(14): 2932-2941.

WANG L G, LT H, YANG L, CUI Z, QIU J J. Simulation of
long-term and regional environmental effects of different N
applications in the winter wheat/summer maize system. Scientia
Agricultura Sinica, 2013, 46(14): 2932-2941. (in Chinese)

AERETE, SRR, B0 L, TRAREL LT R & PR R A
FEBMR A, HEAARNE, 2019, 52(24): 4527-4539.

REN S Y, ZHANG Q S, LI T Y, ZHANG F S. Spatiotemporal
variation of winter wheat yield and nitrogen management in five
provinces of North China Plain. Scientia Agricultura Sinica, 2019,
52(24): 4527-4539. (in Chinese)

HIEK. AR A N IR E RO LD, M. midbR
MEHERE, 2014,

CAO H B. Optimization of fertilizer recommendation technology
based on soil test for winter wheat on Weibei dryland[D]. Yangling:
Northwest A & F University, 2004. (in Chinese)

KB, A, wRRE, S, £, W, EEB. FR0-TE
FEA/NE I L HEAE AT P N HRIE . b RS AR, 2012(1):
7-13.

DUJ,BAIYL, YANGLP,LU Y L, WANG L, WANG H, WANG
Z Y. The application of nutritious balance method for soil testing and
recommend fertilization on winter wheat. Soil and Fertilizer Sciences
in China, 2012(1): 7-13. (in Chinese)

TRARBL, EWE, SR, REIRIE, TR, BB, TR hE
IR B EALEA ] R BUR 53 migte. T2, 2008, 45(5):
915-924.

ZHANG F S, WANG J Q, ZHANG W F, CUI Z L, MA W Q, CHEN
X P, JIANG R F. Nutrient use efficiencies of major cereal crops in
China and measures for improvement. Acta Pedologica Sinica, 2008,
45(5): 915-924. (in Chinese)

LI H, HUANG G, MENG Q, MA L, YUAN L, WANG F, ZHANG
W, CUI Z, SHEN J, CHEN X, JIANG R, ZHANG F. Integrated soil
and plant phosphorus management for crop and environment in China:
A review. Plant and Soil, 2011, 349: 157-167.

PEESE, W, waE, PP, SR, DA, mark, PR
A B R N B R 5 SR R M. B AR R,
2018, 51(14): 2735-2746.

LITL, XIEY H, GAO Z Q, HONG J P, MENG L X, MA H M,
MENG H S, JIA J X. Analysis on yield increasing and nitrogen
efficiency enhancing of winter wheat under film mulching cultivation
in the Loess Plateau. Scientia Agricultura Sinica, 2018, 51(14):

2735-2746. (in Chinese)

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

CUI Z L, ZHANG H Y, CHEN X P, ZHANG C C, MA W Q,
HUANG C D, ZHANG W F, MI G H, MIAO Y X, LI X L, GAO Q,
YANGJC,WANGZH,YEYL,GUOSW,LUJW, HUANGJ L,
LUSH,SUNY X,LIUY Y, PENG X L, REN J, LI S Q, DENG X P,
SHI X J, ZHANG Q, YANG Z P, TANG L, WEI C Z, JIA L L,
ZHANG J W, HE M R, TONG Y A, TANG Q Y, ZHONG X H, LIU
Z H, CAO N, KOU C L, YING H Y I. Pursuing sustainable
productivity with millions of smallholder farmers. Nature, 2018,
555(7696): 363-378.

WREs, SCIEME, MR M RIRA/NER SR REA S L
FIH ZCRTII. K LARRREAR, 2011, 31(3): 190-193.

CHEN L, DANG T, QI R S. Dynamics of phosphorus accumulation
and utilization efficiency of winter wheat on dry highlands of Loess
Plateau. Bulletin of Soil and Water Conservation, 2011, 31(3):
190-193. (in Chinese)

R, LRI, WA, AR, AR, B, W AR
MR ) M AN R RSB R B R RS . v RO
Bla#, 2013, 46(7): 1380-1389.

LI Q, WANG Z H, DAIJ, LI F C,LIM H, ZHAO H B, CAO Q H.
Effects of nitrogen fertilizer regulation and soil surface mulching on
nitrogen use by winter wheat and its residue and leaching in dryland
soil. Scientia Agricultura Sinica, 2013, 46(7): 1380-1389. (in
Chinese)

KRIER, egkin. PRIER fr 2z 2 et B HEE 57 S ALE
4R, 2013, 19(2): 259-273.

ZHU Z L, JIN J Y. Fertilizer use and food security in China. Journal
of Plant Nutrition and Fertilizers, 2013, 19(2): 259-273. (in Chinese)
RIE . REFACRAEHELR, FRER . F At TEIRRRA R
HiAt, 1998.

ZHU Z L. The Status, Problems and Counter Measures of Nitrogen
Fertilizer Application in China. Nanjing: Jiangsu Science and
Technology Press, 1998. (in Chinese)

CUI Z L, ZHANG F S, CHEN X P, MIAO Y X, LI J L, SHI LW.
On-farm evaluation of an in-season nitrogen management strategy
based on soil Ny, test. Field Crops Research, 2008, 105: 48-55.
77, FEI B SR, Jeat: F RS AR, 2011,
TAN J F. Crop Fertilization Theory and Technology. Beijing: China
Agricultural University Press, 2011. (in Chinese)

FRH, AT, SRR, R SRR i RO AN RS RS R
FIZENEF A e sem. i EARES A, 2013, 34(6): 642-647.
WANG C Y, SHI Y H, JING Y B. Effects of decreasing nitrogen
inputs on nitrate-nitrogen in soil and nitrogen fertilizer use efficiency.

Chinese Journal of Agrometeorology, 2013, 34(6): 642-647. (in



13 34 I ZUMEA R B RN 2 IR BN S IR £ 0 A S5 NP 2817
Chinese) 159-166.

[31]

[32]

[33]

[34]

R, (U, B, DURREL, BRETAL, SKERDR, 1. R
BETR /N7 IEREA RS 3R 5% 00 4. M 77 5 I3,
2017, 23(4): 864-873.

ZHAO Y N, SUMM, LU Y, KUANG F H, CHEN X J, ZHANG Y Q,
SHI X J. Wheat yield, nutrient use efficiencies and soil nutrient
balance under reduced fertilizer rate. Journal of Plant Nutrition and
Fertilizers, 2017, 23(4): 864-873. (in Chinese)

RIEEE, WK, VLRI, FRAREN, PRifgik, XIEME. i H %
BRI /N 227 B Je RIS A RIS . LR, 2013,
44(1): 179-183.

ZHU X X, TAND S, JIANGL H,ZHENG F L, LINH T, LIU Z H.
Effect of reducing amount of controlled release N fertilizer on yield of
winter wheat, N efficiency and soil NO3-N. Chinese Journal of Soil
Science, 2013, 44(1): 179-183. (in Chinese)

ZHAN AL, ZOU C Q, YEY L, LIU Z H, CUI Z L, CHEN X P.
Estimating on-farm wheat yield response to potassium and potassium
uptake requirement in China. Field Crops Research, 2016, 19: 13-19.
CUIZL,ZHANGF S,DOU Z X, MIAO Y X, SUN Q P, CHEN X P,
LIJL, YE YL, YANG Z P, ZHANG Q, LIU C S, HUANG S M.
Regional evaluation of critical nitrogen concentrations in winter wheat

production of the north China plain. Agronomy Journal, 2009, 101(1):

[33]

[36]

[37]

ZEOH, EHE, W7, B, LR, R, .
TR AR BT BN - TR AR P i e B RS, AR R
Fh24H], 2020, 39(7): 1558-1567

QIN X C,PANJ T, GUO SF,ZHAIL M, WANG HY, WU S X,
LIU H B. Effects of chemical fertilizer reduction combined with
biogas fertilizer on crop yield of wheat-maize rotation and soil
nitrogen loss in North China Plain. Journal of Agro-Environment
Science, 2020, 39(7): 1558-1567. (in Chinese)

iy, A, )IvE, FOHE, ERIRE. R e
PEERE I s, RS 355 IR R 2E4), 2015, 21(1): 112-120
LIU J S, DAI J, LIU Y, GUO X, WANG C H. Effects of excessive
nitrogen fertilization on soil organic carbon and nitrogen and nitrogen
supply capacity in dryland. Journal of Plant Nutrition and Fertilizers,
2015, 21(1): 112-120. (in Chinese)

JUXT, XING G X, CHEN X P, ZHANG S L, ZHANG L J, LIU X J,
CUI Z L, YIN B, CHRISTIE P, ZHU Z L, ZHANG F S. Reducing
environmental risk by improving N management in intensive Chinese
agricultural systems. Proceedings of the National Academy of
Sciences, 2009, 106(9): 3041-3046.

& SNED)

(DTLmAE




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


