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[ 4582 ] 1)2002—2016 4E[A], dbJ54e/MNE X AR BE 1 Sz s inp s, HPEH3h /125 A 2002 41
4721 kg/hm® 35| 2016 4FH 5828 kg/hm®, AF3438 N0 1.6% , Jili I BE & 48 /22 7= g, (Hit AT 446 7= 3 )
2005 4EJE 5 R, H 2005 51 30.9% FREZE 2016 4F11 20.2%. 2) 2002—2016 4, NERAAR FRCRE R %
#E, B 2002 4EH 9.0 kg/kg FREZR 2010 4R 6.7 kg/kg, 2010 4EJR4EHF1E 6.3~6.7 kg/kg, 3) KT A B
A W BIFEONE W ROV RECTR AP IR A, Hih 2002—2006 4R, fes e R N P,O;.
K,O jifi &4 510 180.5, 107.4, 55.9 kg/hm’; ,Imniﬁﬁﬁgé}ﬁﬂfy 167.8, 102.5. 53.7 kg/hm?; ZFSHIE
(R=0.1) 23514 155.5, 99.9. 52.8 kg/hm*; 2012—2016 4E[A], 2 N, P,O,. K0 jtifHiE 20510 1843,
125.1, 52.4 kg/hm’; LA RS0 1717, 1185, 48.6 kg/hm, ZVAPHEHN 1592, 1149, 47.0
kg/hm?’; L E &M N-P,O,—K,O F 5}y 16-20-8, b MR b Ao B AlEmN 12.0%.
[ 4538 ] M\ 2002 4F5] 2016 4F, dbJ74/INEE X - 3eih J) 7= g Be &, BRI A S 2 By Ak, (g™ 3
FA 2E 3 R E R WK, 2016 4EHEALIE =R K 20.2%, AERIK AR GERITE 6.5 keg/kg, LMK
N-P,0+K,O LBy H7 16-20-8, HEFERAETT S K ALK AL 600 kg/hm®, B % 69 kg/hm’,

XHRIA: A/NEE S AUREER; RN REERCR; HRALECT

Yield effect change of fertilizers in the past 14 years and optimized
fertilization of winter wheat in north of China

JIA Ke'?, LIU Jian-ling", SHEN Bing’
( I College of Resources and Environmental Sciences, Agricultural University of Hebei, Baoding, Hebei 071001, China; 2 China-
Arab Chemical Fertilizer Co., Ltd., Qinhuangdao, Hebei 066003, China; 3 CNOOC Chemical Co., Ltd., Beijing 100029, China )

Abstract: [ Objectives ] Clarifying the winter wheat yield change and the effect of fertilization will set up a
fundamental basis for scientific nutrient management in the winter wheat production in north of China.

[ Methods ] Ninety-six localized field experiments were carried out, in which the treatments were all composed
of no fertilizer control and conventional fertilizer rate, and the yield effect and agronomic efficiency of N, P and K
fertilizers of winter wheat were investigated. The fertilizer optimization experiments were carried out in 120 sites,
using local winter wheat cultivars and fertilizers as tested materials. The experiment used split plot design, with
the main factor of different levels of N, P and K, and the secondary factor was high, middle and low levels of the

other two nutrients. The yield effects of N, P and K were calculated, and the recommended rates were proposed.
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[ Results ] From 2002 to 2016, the supply capacity of soil nutrients were kept increasing. The average soil
fertility yield increased from 4721 kg/hm® in 2002 to 5828 kg/hm’ in 2016, with an average annual increase of
1.6%. Application of N P K fertilizers significantly increased wheat yield, however, the yield increase rate
became lower with diminishing returns (quadratic equation of one variable), the growth rate decreased from
30.9% in 2005 to 20.2% in 2016. The agronomic efficiency of NPK decreased from 9.0 kg/kg in 2002 to 6.7
kg/kg in 2010, and remained at 6.3—6.7 kg/kg after 2010. Based on the yield effect function of N, P and K in
different periods, the calculated average N, P,0O; and K,O rates for maximum yield were 180.5 kg/hm?, 107.4
kg/hm® and 55.9 kg/hm’, and for the economic yield were 167.8 kg/hm’, 102.5 kg/hm* and 53.7 kg/hm’, and for the
reasonable yield were 155.5 kg/hm?*, 99.9 kg/hm’ and 52.8 kg/hm’*, and the optimized formula was 18—18-8 in
2002-2006. The average rates of N, P,0, and K,O for the maximum yield in 2012-2016 were 184.3 kg/hm?,
125.1 kg/hm?, 52.4 kg/hm?, for economic optimal yield were 171.7 kg/hm?, 118.5 kg/hm® and 48.6 kg/hm’, and for
the reasonable yield were 159.2 kg/hm’, 114.9 kg/hm?® and 47.0 kg/hm’, and the optimized formula in 2016 was
16-20-8, the total nutrient input was reduced by 12%, compared with the original formula. [ Conclusions ] From
2002 to 2016, the supply capacity of soil nutrients is kept improving in the main winter wheat yield areas in
north of China. The yield increase rate and the agronomic efficiency are decreased, in spite of the significant
yield effects. The averaged fertilizer yield increase rate is about 20.2%, and the agronomy efficiency is

maintained at 6.5 kg/kg in 2016. The proposed regional compound fertilizer formula of winter wheat is 16—20-8,

the recommended total base NPK fertilizer nutrient rate is 600 kg/hm’, and top-dressing rate is N 69 kg/hm’.
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Fig. 1 Fertilization experimental locations of winter wheat
in north of China

[ (Note) : BREKARREMFIAE M The black dots
represent the locations of agronomic efficiency experiment; A& {f =
JEARE F= U R IR 85 25, The grey triangles represent the locations of
yield response experiment.]

BRSNS R pH ML
FEATIRBLILZE 1,

RIS R A X S, TAMENE LA, B M
HEAKSE-, B b B A 22 40 B 5 K 2 AN 55 A AN R R
K, BRAR. L w3 AR, B A, 3K
R N ZM LA, B/ NIy 40~
60 m?, 56 HLE B 1 m 917, 2002—2006 4E Al
2012—2016 FFHA ] B R g A ok ST, B . #
JE AN, FUIBHGE L 12 071, #5408,
Al R 2 R it AR K- L% 2.

R R EEE S IRE . BER 8 .
R —k . AALER . A0 SN P 2% R
Db K, AR S AR A, JEE 184, 43l
M MHAC 935031, I 12, 14k 664, #1318, (B
JE 4110, M4 D1, £ 733, EAREDL 58,
8% . A 14, W35, £ 828, B 2455 %

*1 FNERELKHIREAMERK

Table 1 Soil properties of experiment locations in North China

pH A HLET Organic matter (g/kg) H %W Available P (mg/kg) HALET Available K (mg/kg)

Ef
Year L H{E +SD L HfE +SD Y H{H +SD L ¥fE £ SD
Range Mean + SD Range Mean + SD Range Mean + SD Range Mean = SD
2002—2006 6.50~8.31 7.52+0.63 9.06~36.0 14.0+6.2 6.90~46.0 27.2+12.0 56.4~270 105 +48.0
2012—2016 6.90~8.03 7.51+041 8.01~28.7 15.0£9.3 18.0~59.0 21.8+11.3 43.3~287 108 +48.3
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Table 2 Levels of main and secondary factors in split-plot design
0y FAbE FALFKT- (kg/hm?) Al abr RIALBHK T (kg/hm?) 0 R
Year Main factor Main factor levels Secondary factor Secondary factor levels  Experiment number
2002—2006 N 105, 135, 150, 165, 180,210,240 K4 Low P and K P,0; 80, K,0 20 19
PR BE Mid P and K P,0; 100, K,0 50
T High P and K P,0;, 120, K,0 70
P,O; 75, 90, 105, 120, 135, 150 =4 Low N and K N 140, K,0 20 20
R 0 Mid N and K N 180, K,0 50
A4 High N and K N 220, K,0 70
K,O 15, 30, 45, 60, 90 % B Low N and P N 140, P,0; 80 21
A Mid N and P N 180, P,O; 100
# Ak High N and P N 220, P,0; 120
2012—2016 N 150, 180, 195, 210, 225, 240 R Low P and K P,0; 90, K,0 20 19
TR BEAT Mid P and K P,0; 120, K,0 50
4 High P and K P,0;140, K,0 70
P,0, 75,90, 105, 120, 135, 150 &4 Low N and K N 150, K,0 20 21
PR ZUH Mid N and K N 190, K,0 50
AU High N and K N 230, K,0 70
K,0 15, 30, 45, 60, 90 ikt %% Low N and P N 150, P,O, 90 20
rF % Mid N and P N 190, P,0; 120
fi %k High N and P N 230, P,O; 140
P58, FL5265, RAL 99, WK 148, VL7595, & IR 4 WM 24 A0 S E 478 Bl 48 4k ik
iEFkZE 9 H 20 H—10 A 10 HEHER, A5 A B, XS AT AR A A), I pH MEEAIE )
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Table 3 Basic situation of winter wheat fertilization test in north of China in 2006 and 2016
Ay Hy B AHUE (g/kg)  A5HE (mg/kg)  HAHP (mg/g) i
Year Province County/City Organic matter Available P Available K Cultivar
2006 Y Anhui M2 Lixin 8.13 11.2 19.6 132 #2215 Huaimai 15
fi M Suzhou 6.54 17.3 183 127 #7476 Wenmai 6
H2F Lixin 7.71 10.1 11.2 60 #EZZ 15 Huimai 15
T4t Hebei R¥E Handan 7.50 17.7 9.8 87 £13#7733 Shixin 733
Bk Xinle 6.90 11.8 13.2 105 115 Shimai 15
& Xingtai 7.14 9.11 14.2 132 138733 Shixin 733
VB Henan K& Xiayi 8.02 11.4 32.0 147 FRF9023 Zhengmai 9023
73X Fangcheng 7.79 16.0 8.1 90 1R 65 Wenmai 6
5 FH Nanyang 8.01 17.6 11.0 95 FF7213 Kaimai 13
114 Shandong  ¥%°T* Nining 6.71 36.0 7.0 126 ¥ 7165 Jining 16
Z8% Tai'an 8.85 9.03 36.2 85 #4212°5 Zimai 12
% Heze 7.43 13.5 15.8 105 HEA9009 Weimai 9009
2016  {LJi Jiangsu M Xuzhou 8.01 17.3 13.8 103 {04419 Yannong 19
Z# Anhui Fi[H Fuyang 8.13 17.0 18.6 156 72 Lianmai 2
M Suzhou 7.95 145 19.7 95 222 Lianmai 2
T4k Hebei AFJE Shijiazhuang 8.67 16.4 22.7 154 i W35 Hengguan 35
SEAE Xinji 8.79 18.7 22.9 149 5265 Ji 5265
K4 Yongnian 7.56 12.1 28.6 126 1R 726 Wenmai 6
1[5 Henan -8 Xunxian 5.05 16.2 12.6 129 #EP158 Aikang 58
i FH Nanyang 5.47 16.9 23.0 156 JEH158 Aikang 58
VFE Xuchang 8.59 13.8 19.5 105 4110
1% Shandong  fEH| Dezhou 9.02 10.0 11.9 93.0 B5 422 Jimai 22
# /M Qingzhou 7.56 12.0 14.0 113 B¥F§17 Jiman 17
UiV Weifang 7.28 23.3 24.3 96.0 K £99 Liangxing 99

x4 BNEHEREBPRLEALRER

it

Table 4 Treatments of N, P,O; and K,O adjustment for winter wheat (kg/hmz)

Jase FEE Basal dressing SEHE
Treatment N P,0, K,O Top-dressing N

2006

R I8 Conventional control (N-P,0~K,0=16-16-10) 96 96 60 69

HEM2%%IE Increasing 2% N 108 96 60 69

HEIN2%H B Increasing 2% P,O; 96 108 60 69

/2% i Reducing 2% K,O 96 9 48 69
2016

# X} R Conventional control (N-P,0,-K,0=18-22-10) 108 132 60 69

/2% A B Reducing 2% N 96 132 60 69

2% HE Reducing 2% P,0, 108 120 60 69

W/ 2%40 I Reducing 2% K,O 108 132 48 69




11

BUAT, A 3T 14 ARAETT A N NERE i kN AR A KA A AE T %6

2037
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FERE TR, 2016 4EMY/NE P H H 2002 473
T 16.8%, ta ALY e /N T [FHIAS T L ) /N A2 1
PR . HAN, IR, 2012—2016 HEA/)N
2% B TR L 2002—2006 RIS 12.6%.

2002 4F % 2010 4EALRIAR 2R B 9.0 kg/kg T
M2 6.7 kg/kg, 4EHF I 0.28 kg/kg, 2010 4FJ5 ALK
P2EROCRYEFFIE 6.3~6.7 kg/kg, ZELIRERUN (G5 6),
22 AL W HAREAKERNZNENFZEN
PSR ST

2002—2006 2 2012—2016 Fi-ANF (] B P Al 56
S5y T RSN SRR y = ax® + b + ¢ AT 3T
(F 6)o FEFEIR, 2002—2006 4F/NAZ FAG B pe

if N, P,O,. K,0 V¥ HHESH 180.5. 107.4,
55.9 kg/hm?; “FHEFRAAEMHE SN 1678,
102.5, 53.7 kg/hm?*; “FHLTFEHHE (R=0.1) 77
14 1555, 99.9. 52.8 kg/hm?, 2012—2016 4/
PAF e EE N, PO, K,0 V-3t it & 5 51 A
184.3, 125.1., 52.4 kg/hm?; V-2 55 e fE 45l
K 171.7. 118.5. 48.6 kg/hm?; “FIJL54 &
(R=0.1) 434514 159.2, 114.9, 47.0 kg/hm’,
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VA PR U S AR AR R . 2B S AR
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4 2002—2006 4FE 5 2012—1016 45 54>k 7] B
L, /NEE AR e i A R 2
2002—2006 4 HAR] /N 22 AR A5 e e 7 o B A 8 HH o 1
BAKTF 2012—2016 40} [ B /N2 R A5 0 i = 1 1
Wi, MRS PR MmA A
FH i AR R
23 ZNEHHAEE L
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Table 5 Wheat yield and fertilizer agronomic efficiency in north of China from 2002 to 2016

G R0 A= (kg/hm?) JEAE =4 (kg/hm?) PR (%) AR 2E30R (kg/kg)
Year Experiment locations Yield in CK Yield in treatment Yield increase Agronomic efficiency
2002 21 4721.1+731.9 5999.3 + 824.0 27.1 9.0+42
2005 24 4856.9 +946.5 6359.0 £ 715.1 30.9 82+29
2006 15 5092.1 £553.2 6421.1 £623.9 26.1 8.0+1.8
2007 27 5390.2 £ 567.7 6632.9+731.2 23.1 7.8+£2.8
2008 36 5472.8 + 880.2 6717.8 £ 666.4 22.7 72+2.1
2009 33 5684.9 £ 537.2 6877.5+661.8 21.0 73+29
2010 27 5758.5+851.7 6941.6 £ 438.6 20.5 6.7+1.8
2011 24 5797.1 + 839.7 7037.5+£729.8 214 63+2.6
2012 30 5805.3 £ 678.3 7132.3 £678.3 229 6.5+2.4
2013 36 5832.0 £ 769.5 7015.4 +599.1 20.3 6.4+2.1
2016 30 5828.3 £799.1 7007.0 £ 612.2 20.2 6.5+1.8

¥ (Note ) : H¥E A F34MH + #5712 The data are mean + SD.
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Table 6 Yield response of winter wheat to N, P and K fertilizer in different experimental periods

NEASHA R 22 5

Coefficient of fertilizer

B (kg/hm?)

Fertilization rate

LAy ESi S response function ST
. R Max. yield
Year Main factor Secondary factor (ke/hm?) BEPE RAEsF fnom

a b c i AE A Hat

Max. Opt. Reas.

2002—2006 N {8 Low P and K 0.0961  28.445 47043 0.9063  6809.2 148.0 137.1 126.7

FREHT Mid P and K 0.0741  29.723 45134 09891  7494.0 200.6 186.4 1723

FEWEE HighPand K 0.0828  31.938  4289.9 0.9934  7369.7 192.9 180.2 167.5

P,O, fCREH Low Nand K 0.5415  94.324 31841 09248  7291.7 87.1 84.6 83.3

PR AM MidNand K 0.1858 45613 4981.0 09186  7780.4 122.8 1155 111.7

EEAM HighNand K 02771 62309 40247 09350  7527.4 112.4 107.6 105.0

K.,0 fRE% W LowNandP  0.7479 84.266 5281.0 09123  7654.8 56.3 54.4 53.6

FR % Mid N and P 0.7662  87.486 5238.8 0.9530  7736.1 57.1 55.2 54.4

FiE AW HighNand P 05211  56.703 54225 09574  6965.0 54.4 51.6 50.4

20122016 N B8 Low Pand K 0.0911  33.660  4709.0 0.9677  7809.2 184.7 173.2 161.9

PR E Mid P and K 0.0739  28.536  5055.0 0.9988  7818.8 193.1 178.9 164.7

FEEA High Pand K 0.0863 30243 49240 09927  7573.6 175.2 163.1 150.9

PO, R4 LowNand K 02628 57.177 44741 0.9905  7584.1 108.8 103.7 100.8

FEZHI MidNand K~ 0.1851 50358 46362 0.9858  8061.3 136.0 128.7 124.7

FiE A HighNand K 0.1822  47.555  4787.5 09773  7890.5 130.5 123.1 119.0

K,O %W LowNand P 03561 35025 67321 0.8537 75933 492 45.1 435

P Mid N and P 0.4147 45607 67206 09526 79745 55.0 51.5 50.0

FfEEWE HighNand P 03781 40.142  6790.0 09348  7855.5 53.1 49.3 47.6

¥ (Note) : 2002—2006 4E 55, . {RER/MH4 220, 180, 140 kg/hm?; 2002—2006 4 . A, ARBEE/ B0 120, 100, 80 kg/hm?;
2002—2006 4EF . H L RETESRAION 70, 50, 20 kg/hm? 2012—2016 45, . (RARS0 230, 190, 150 kg/hm?; 2012—2016 4FF
o ARBEE S 140, 120, 90 kg/hm?; 2012—2016 4R . o7, MREFESH510 90, 70, 50 kg/hm?. High, middle and low N input was 220
kg/hm?, 180 kg/hm?, 140 kg/hm? from 2002 to 2006; High, middle and low P input was 120 kg/hm?, 100 kg/hm?, 80 kg/hm? from 2002 to 2006; high,
middle and low K input was 70 kg/hm?, 50 kg/hm?, 20 kg/hm? from 2002 to 2006; high, middle and low N input was 230 kg/hm?, 190 kg/hm?, 150
kg/hm? from 2012 to 2016; high, middle and low P input was 140 kg/hm?, 120 kg/hm?, 90 kg/hm? from 2012 to 2016; high, middle and low K input
was 90 kg/hm?, 70 kg/hm?, 50 kg/hm? from 2012 to 2016. Max.—Fertilizaiton rate for the maximum yield; Opt—Optimum fertilizer rate;
Reas—Reasonable fertilizer application rate. ARV PR%L Fertilizer effect function: y = ax? + bx + ¢; Wheat 2.0 yuan/kg; N 4.35 yuan/kg; P,O; 5.43
yuan/kg; K,O 5.83 yuan/kg.

R T AR AR B RIS, AR AR B EPRTE 600.0 X 100% = 17.2%, P,0, = 111.6/600.0 x 100% =
SKRE RS FR AT — 25 R 455 A Bt A S A 18.6%, K,O =54.0/600.0 x 100% = 9.0%., HI
Be 7, 18 A&/NEA TR 600 kg/hm? B SR 2002—2006 4ET ] Be 4 & /N BT E A IEE (N) .
AR, LH@:,E:LEIE (N) 69.0 kg/hm?, R4 1.2 Y35, # (P,O,). 4 (K,O0) itttk l 1.0-1.08-0.52,
WATRAA . B, MERILE “hREpE” “dfi| 2012—20164F, & . B, SERILE R
AP AN “EP RBE” W25 & B AR A/ R EER T R P AERE” PSS R E
EREAEPBA. B, S H. 2002—2006 4, X S350k 164.7, 124.7 Fil 50 kg/hm? (3 6), HHEEES
3AMES A 1723, 111.6 Fl 54.0 kg/hm?® (£ 6), W AOAE . B, #&E NN 16.0%. P,0,20.8%. K,0
EHEIEHA. B & ES 50 N=(172.3-69.0)/ 8.3%, MK 2012—2016 4E&/NEE SR (N). B
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(P,0y). # (K,0) Lkt >m 1.0-1.3-0.51,

2006 4FE A R U AR 9 &L (N) . B (P,05). 41l
(K,0) BLEE M 16-16-10, 54 /NEA =i B Be
FC EL AR B, RN RN A9 LA s AIG, T8RS AL B b
IEHTREERAZ 60%., LI AEIE AL I 28 N3
IACE A . BESE, RRIR SR 2016 AER
RAIBUEIC A (N). B (P,0). #1 (K.0) BLILH
18-22-10, SHEISHCHLA L, & . B . #0108 R
%, P LAA /NG AL AR A it IR T 5 R D A
W, F .

2.3.2 Z/NERIEEC AL RS AR /NG
JAEEC Ty oAk g4 2R (3R 7) Al %0, 2006 4F, S5
FREC AL 1 AL, G 2% . YEBE 2% Ab PRS0
KN 5.8% F1 6.8%, 2=FHiAF W E K
s U 2% AbFRrRUNAE P S AR 1A LT AR
fbo BIVFEILT7 & /N2 DX Bt M TE 7 v B4 it 2% A
5% 2% WS RRAL/NAZ ;i W EE RGN, s 2% %
INFEPERE BE W, FIL, &/NEEIEA (N).
W (P,O,). #F (K,0) BL Ik 16-16-10 7] 4 18-18-8.

2016 47, S5H M A A, AL
2% Ja/NF e e R kAR WAL, B AR D
2% A 18 BN WO 5 BRI 2% ffi /N2 7 -
YIHEN 6.6%; VAN 2% AbERTT, 91% R AY/NE
PR KA B EAA, BRI 5%, ik, N
AFEREAEA (N). B (P,0,). 41 (K,0) } 18-22-10 1]
i — WK 2%, BIh 16-20-8, it AR 5 b AR e
TR B BRI 12.0%, RIS AN
iRTA Y

FL#2 2016 4F5 2006 F/NEA =R . B BRE
fEFC &L, BFXTYET T SRR Bk, AT
FEAE 77 R 2 2 I I P i, S RS e A
Jit i, TTEAE AT DUARRRANAS o Al XN A
O A &L (N) . B8 (P,0,) . #l (K,0) tifkiic tb
16-20-8.,

3 ihe
31 BIEMARAE HT U HEEIERERNFE

I it AR AR A AR e R B, SR
A3 BE B M G R 020 1978—2008 4F 30 4F
), AT LI 38 5 SR A% /N A2 A X SRt 1 R
W BIRE SIS T 37.9. 0.7, 2.1 DNE A,

i R L S BRI R R e SR RBLAE ]
AGE Tz R IRBEE RIS b

TP 2001—2005 R EED A . B FAHZE;
RICRCVHr T E 1998 4EREVEIA . W . BRI
L DL EWFgR g Bk B0, IrARE ok b E AR AR e
BRI R R TR, RFROEI, Nz
St P T A AR AR s (FR it A 4 v T
PR, BRI RZAROR | ML R B
BB TR

1986 4F, #7~F A SEURYE 248 £ AR B AU R
B TR I b XN A B B BR TR R
5031 kg/hm?, R HE 7 HITT N, P,Os 70 H
183.3. 160.5 kg/hm?, AHF5ETHEE 2016 4E4 /N B
F7E RN 7796 kg/hm?, 3RAS B 7= R N
P,O, JHHE 3/ 184.3 . 125.1 kg/hm?, 45 HR 15
1986 AF A AR L, B HRmE = =R T 54.9%,
RICH &= —3, B TR 22.0%, Bl 2016 5%
BB 22.0%, [H/NZE P2 i3 77 54.9%, X Ee4k
SULH, b AR T AR, FRARAEAE
RPN, Al R AR MR D 5 o
NE B R R, R W W, R
I B8 A 4 7 R T AL o ok e 5 SR O 2 i 2 it
HE A S S5 B AL T A T B S

TN, AR T AN EAE ) i A
ARLRON RS, HApOR R AR 7 K AR R [ ) £
BALIERE Ty . MlER s R RN, b eSS,
RISV PRECT R A . B 8 5 LRk A K
SR IEASE T AR AR B, X5 20 e
80 A PRI ST 4 R — B X TR
BONE L AN [ it S 7K ST B IS 4 e 7 ke B A
AN, X AT RE S SRS A IS S IR T LA AR
I3, HEMREAR T A B RN A G, AR R
AR AN it AR R A i /N7 R 1 1 T A
i ST LU A i
3.2 HiEk M iERE S

AR Z4E 2 fille, At X A/NER . W,
5 A 2 U it B R 40 0 A 163.1~173.2, 103.7~
128.7. 45.1~51.5 kg/hm?, FHiP & B B S5 HAD
BRI RIAR e, 5o, ARUFIEITHE AR
JE&/NER (N). B (P,O,). 8 (K,0) LAk A
16-20-8, MZ5 R 540 2014 4720 L
15-20-122740 b, A, B L IEAR — S i H i
FEAIC, X AT RS AR R R AP A I &5 5 . AERS AT IR
FH b A b, RS AT rb ) O Bt B E A BRI, £
e b AT R A X D PR B A R
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7 2006 2016 FFENEMWE SRS (kg/hm?®) ZAAX RAC 5 HIIEK R (%)

Table 7 Yield and yield increase of winter wheat in optimized compound fertilizer formula over the original one in north

of China in 2006 and 2016
g BB 7 HTvy VBT
Ay lmﬁ Original formula Increased N formula Increased P formula Decreased K formula
Year Location
(kg/hm?) (kg/hm?) (%) (kghm?) (%) (kg/hm?) (%)
2006 & Anhui FIF Lixin 7795.8 b 82352 a 5.6 8231.4a 5.6 7789.3b 0.1
5 M Suzhou 4954.5b 5311.5a 7.2 5322.0a 7.4 5012.7 a 1.2
FI Lixin 6435.0b 6830.5 a 6.1 6850.0 a 6.4 6469.2 b 0.5
]t Hebei HRHE Handan 5610.0 a 5760.0 a 2.7 5980.0 a 6.6 5730.0 a 2.1
B4R Xinle 7962.0 b 8496.0 a 6.7 8332.1a 4.6 8032.0 a 0.9
JB4 Xingtai 67843 b 7283.0 a 7.4 7197.1 a 6.0 67783b 0.1
g Henan KB Xiayi 6162.0b 6509.0 a 5.6 6634.8 a 7.8 633254 2.8
J7Y& Fangcheng 7563.0b 7857.5a 39 7878.9 a 4.2 7743.0 a 2.4
R BH Nanyang 6003.0 b 6403.5a 6.7 6300.5 a 4.7 6203.5a 3.3
1% Shandong T Jining 8205.0 b 8645.0 a 5.4 8374.0a 162 8314.5a 1.3
Z&'4 Tai'an 7272.0 b 7690.0 a 5.7 7662.0 a 5.3 7309.5a 0.5
T Heze 6399.0 b 6782.5a 6.0 6852.0 a 7.0 6675.0 a 4.3
P-4 Mean 6762.1b 71503 a 5.8 7134.6 a 6.8 6865.8 b 1.6
2016 L7} Jiangsu %M Xuzhou 6166.8 a 6178.0a 0.2 64184 a 4.1 66228 a 7.4
LA Anhui L[ Fuyang 6948.0 a 7012.4 a 0.9 7639.5a 10.0 6955.5a 0.1
5 M Suzhou 7290.0 a 7384.5a 1.3 7679.2 a 5.3 7705.0 a 5.7
it Hebei FA %) Shijiazhuang 7242.0 a 7367.4 a 1.7 7546.9 a 5.6 73455 a 1.4
F4E Xinji 7150.0 a 7349.6 a 2.8 7442.0 a 4.1 71755 0.3
AK4E Yongnian 8673.0 a 8649.7a 0.3 9267.1a 6.8 8709.0 a 0.4
71 Henan % -H Xunxian 8670.0 a 8744.5a 0.9 8792.0 a 8.9 9045.0 a 43
5 FH Nanyang 8875.0a 9121.6a 2.7 9364.5 a 5.5 8912.5a 0.4
& Xuchang 6584.7 a 6673.4 a 1.3 7060.6 a 72 6829.1a 3.7
ILIZ5 Shandong  f#4H Dezhou 6694.8 a 6743.1a 0.7 7041.2 a 52 6886.4 a 2.9
M Qingzhou 7952.4 a 8031.9a 1.0 8643.3 a 8.6 7976.5a 0.1
Y Weifang 6797.5a 6874.2 a 1.1 7264.7 a 8.3 6874.2 a 0.3
-1 Mean 74204 a 75109 a 12 7846.6 a 6.6 7586.4 a 22

1 (Note) : 2006 3G E B EL 7 /0 B R EC Iy 390 2%, I BT/ 2%; 2016 AR50 NPK AP IE R 5080 T 2%, $diE 5 A [H

AN RERIR ] —Hb /N P TN R4 PR ]

22543k 0.05 i /K In NPK treatment of 2006, N and P were added by 2% and K was decreased

by 2%, compared with the original formula; In NPK treatments of 2016 the N, P and K inputs were all decreased by 2%, compared with the original

formula. Different lowercase letters indicate significant difference among treatments in the same location at 0.05 level.

SRR, AT AL 7 9 X A /N A T HE TS Ty
AT T, IR B BT T B AR & /N A X B Fe f
TR T 58 o R ™ et 2000 FHT ) A 6k 2 s AT HE e
B 7 5 0t M 7= 1 S N IR 2 AR AT X F % A
BHEC Ty HEAT )RS, (W) 235 MR A 7 25 R AL
AP S E NERHEC T A7 35 o 7k A4l 2R e

7 oA, A i I 7 S o M A Ty A T
JARE, — 7 MR IEACRHEC D7 B2, 55— 07 THI3E
HERRUAEAL A2 7= I 28, T 4T 2016 AFALRHEC
P22t Bk 00 T RIS Bk AR I, e T
A BE. HILEER 12.0%, AN e, 52
BT AP HOAR 5 TV A = A BLES &
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4

gt

M 2002 4F = 2016 4F, JU 4 /NE HIEAAERE

i, CF¥H 2002 AR R 4721.1
kg/hm? 4 1E] 2016 4E 14 5828.3 kg/hm?, 4E 14
1.6%. Jifi H A B e I 3G 4 /NA i, (H AUk

B

B R SRR BT P OB AR AR OR

i 2002 4E1 9.0 kg/kg BHTFEAR 2 2010 4EJ5 1Y
6.3~6.7 kg/kg, FHIREAL 0.28 kg/kg. 2/NEfAk
N-P,0K,O [ [t 2l 16-20-8, HELEMEAR J7 28 M L0

Jiti F

T AR 600 kg/hm?, 3ETEA 69 kg/hm?,

2 % X #k:
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