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Effects of nitrogen amount and fertilization patterns on crop yield and nitrogen use efficiency on the North
China Plain

CAI Yuan—yuan"?, WANG Rui-qi"?, WANG Li-li*, LIU Hui—fen", YANG Dian-lin*, TAN Bing—chang™

(1.College of Agronomy and Resource Environment, Tianjin Agricultural University, Tianjin 300384, China; 2.Agro—Environmental Protec-
tion Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China)

Abstract: Appropriate fertilization is an important component for ensuring high crop yields and avoiding the disadvantages of non—point
source pollution. We used the North China Plain as the study area and seven long—term experiments to investigate how different nitrogen ap-
plication rates and fertilization modes (no fertilizer CK, fertilizer NPK, organic fertilizer M, organic—inorganic combined application
NPKM) would affect crop yield and the efficient use of nitrogen. We found that there was a parabolic trend between crop yield and fertiliza-
tion amount. The highest crop yield appeared in the combined application of organic and inorganic fertilizers and different fertilization
modes affected crop yield. We found no significant difference between NPKM and NPK treatments for wheat yield, with both higher than
with M and CK treatments. For maize crops, there was no significant difference in crop yield between NPKM, NPK and M although they had
significantly higher yields than with CK treatment. The nitrogen utilization rate decreased with higher nitrogen application and fertilization

modes had certain effects on nitrogen utilization rates. We found no significant difference in nitrogen use efficiency between NPKM and
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NPK treatment for wheat, but they were higher than with M treatment. There was no significant difference in nitrogen use efficiency be-

tween NPKM, NPK and M for maize. This comprehensive analysis of the effects of nitrogen application rate and fertilizer replacement ratio

on wheat yield showed that, in the North China Plain, there was great potential to replace chemical fertilizers with organic fertilizers. This

replacement would not significantly decrease crop yields, and possibly led to higher yields than with purified fertilizer. However, in order to

avoid a significant decrease in crop yields, total N input should be determined when replacing chemical fertilizer with organic fertilizer.

Keywords : nitrogen fertilizer; organic—inorganic combined application; nitrogen use efficiency; crop yield
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Table 1 Basic information of the long—term experimental study area

Hb A AR FHMEmE HHEAERR R i %ﬁmﬁ éﬁ i3] ﬁyﬁ'ﬂ.ﬁug
Location ~ ‘\Veraee ‘“‘““a} Average annual Tillage age  Soil type Soil orgame. Total “‘"ffgen/ PH Treatments Farming
temperature/C  rainfall/mm matter/g- kg g kg system
et B IX 11 600 16 IEFEE 1 11.7 0.64 8.7 CK,NPK,NPKM  /NA-F K
KHEHT R X 12 607 33 T 17.6 10.6 5.7 CK,NPK,NPKM  /NA-TF %
Wb T 13 447 20 e+ 8.7 0.48 8.3 NPK, NPKM INFZ-FOR
b K 13 530 35 -+ 11.5 0.51 8.0 CK,NPK,NPKM,M /hFE-FkK
2R A8 S b 13 570 24 AR+ 4.0 0.57 8.5  CK,NPK,NPKM,M /INAi-TFk
R B B 14 615 27 i+ 10.1 0.45 8.7  CK,NPK,NPKM,M /hF-FK
VLR R X 14 860 31 ThHE T 4 10.8 0.66 8.0  CK,NPK,NPKM,M /NAi-TFk
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Table 2 Stastics of N application, crop yields and N use efficiency of the long—term experimental sites

A4 %L Annual average

INEEALE AE77 i Annual

A SRR

Sites Treatments goke ,‘; ];i f ?\54 ji;% Tr;: ;Jlr ferit;hj;re zno e 357|€ I £7K
cason  season  application _ season/% Wheat  Maize Wheat Maize

Jesi CK 0.73 0 0 0 — 605 1878
AFIX NPK 0.78 150 150 300 0 3530 4831 52 35
NPKM 0.86 364 150 514 59 4022 5379 25 41
1.5NPKM (155 HLAE) 0.87 474 150 624 68 3391 5082 19 38

NPKS(S: f#F) 0.83 171 0 171 12 3509 4901 46

KHETH CK 1.03 0 0 0 — 1658 2482
ESULES NPK 1.26 285 210 495 0 4960 6450 31 34
NM 1.33 414 210 624 31 5045 6520 22 34
NS 1.21 296 226 522 4 3122 4395 13 15

NGM(GM: £/ ) 1.21 377 302 679 24 4029 17

s NPK 1.08 225 225 450 0 6615 7688

FH NPKS 1.05 328 225 553 31 6788 7766

boEl s CK 0.72 0 0 0 — 962 2573
LEa N1P1 ({4 NP) 0.78 45 45 90 0 2734 4404 106 72
N1P1S1(fik i NPHIERFEFF) 080 60 45 105 32 2691 4643 71 82
NIPIS2(fik i NP+ f5FF)  0.81 74 45 119 48 2943 4843 62 90
NIP1S3(fiki NP+ A5 FF)  0.82 104 45 149 65 2971 4899 42 92
N2P2(H1iE NP) 0.78 90 90 180 0 3877 5437 87 57
N2P2S1 (i NPHIREFEFF)  0.79 105 90 195 19 3901 5358 71 55
N2P2S2(Hi NP+ f5FF)  0.82 119 90 209 32 3877 5641 60 61
N2P2S3(rpi NP+ it #F ) 0.83 149 90 239 48 4086 5596 48 60
N3P3 (&t NP) 0.79 180 180 360 0 4825 6161 58 35
N3P3S1( i NPHIREREFF)  0.83 195 180 375 10 4681 6209 50 36
N3P3S2( it NP+ AHFF)  0.82 209 180 389 19 4846 6325 47 37
N3P3S3 (it NP+ it ) 0.82 239 180 419 32 4981 6560 41 39

IR CK 0.59 0 0 0 — 1836 4245
Ak NPK1CH =) 0.79 206 206 412 0 5864 7827 52 31
NPK2(FHHALAE) 0.85 413 413 826 0 5798 7858 26 16
M1CE A HLAL) 1.21 206 206 412 100 4803 8133 39 33
NPK IM 1 (R iE) 0.99 206 206 412 50 5660 8433 50 36
NPK2M2 (& st e ) 1.56 413 413 826 50 5560 8797 24 20

A CK 0.42 0 0 0 — 524 925
HE A NPK 0.51 150 150 300 0 4772 6984 76 71
M 0.71 150 150 300 100 3730 6574 57 66
0.5M+0.5NPK(0.5f5AHLAL)  0.61 150 150 300 50 4684 6887 74 70

TLHE CK 0.66 0 0 0 — 1406 2865
Frifilc NPK 0.90 150 150 300 0 5568 6752 75 46
M 1.33 178 178 356 100 3176 5985 26 31
NPKM 1.44 328 328 656 54 6401 7450 39 25

T FIEH A= Git NS AL b b 20t — A AT AL B B AR ) /2 2Rt U 100%

Note: Nitrogen use efficiency= (Total nitrogen amount of the upper part of crop for the fertilizer treatment—Total nitrogen amount of the upper part of

crop for the non—fertilizer treatment )/Total nitrogen application for the crop seasonx100%.
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10000 NPK——1=10663.7+26.89x~0.041 82x°
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8000 T =1 341.8426.43x-0.043 712*
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There were only three values for treatment M. Therefore , the quadratic
equation curve fitting is not performed. The same below
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Figure 1 Relationship between crop yield and nitrogen

application rate
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Figure 2 Relationship between crop nitrogen use efficiency and

nitrogen application rate
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Figure 3 Effects of different fertilization patterns on crop yield
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R3 BEAESEVRBEREINNEFSHFM
Table 3 Effect of nitrogen application rate and organic fertilizer

ratio on the wheat yield

A AIEERE A A el ]
Total nitrogen ~ Organic  Fertilizer nitrogen .. - Change
application/  fertilizer  application rate/ ka‘;ld/,z rate of
kg+hm™ ratio/% kg+hm™ 8T ield/%
200 0 200 4710 0
10 180 4651 -13

20 160 4591 -25

30 140 4529 -39

40 120 4465 52

50 100 4401 -6.6

250 0 250 5039 0
10 225 5002 -0.7

20 200 4961 -16

30 175 4916 -25

40 150 4867 34

50 125 4815 45

300 0 300 5134 0
10 270 5134 0

20 240 5126 -0.2

30 210 5110 -0.5

40 180 5088 -0.9

50 150 5059 -15

350 0 350 4994 0
10 315 5046 1.0

20 280 5085 1.8

30 245 5112 2.3

40 210 5128 2.7

50 175 5135 2.8

400 0 400 4620 0
10 360 4738 26

20 320 4838 47

30 280 4920 6.5

40 240 4988 7.9

50 200 5041 9.1

VR 475 SN ) FH 25 it 2 16 T e K, -5 A
SFBE AR — 2 (HRAEAM R U A AT
FE A RNEF 2500 TR AR B TR T ST, 1X AT RE S F
FERFLEN AL 5 o ASRFE IR Kol , 139310
5 N AN A AL BR i 4 TR AN WHIEFE , B0 A
JtE AE AL BT Z2 45 33 7= B AR T e 0 o i oA 431
SEUHBIETE R 2~4 AF 1Y F R A B 2518, R
FEEAEAL B, TR THARAR AR TR IR
AR SRS M TR A 1307 %, 2 T RS A F 52
GRS TR A SR
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AR A SR AR R A WL, (HAR S BE A BR , R it
A WL AE - e v AF FE A R BL G0 A 5T A 4 R
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K (Bl 4a) , {H RS F7 22 B 2 FEAR (18] 4b) |, RIS 1
BRI S

(VEW 7 AN 23 L SR 2R 3 T 4 23
e AR, B YA N T REFR R
B PRER A R AR 450, 42 =it 3 1 R AE ML IR (A
Pl , T3 A BB R e A0 R o e 2y
SECE SR BORI AT IR PR A R

(3) e i NOs-N & i3 57, 2 Bk AR 2
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3.2.1 FiA AL 7 i 5 R A 204 5 e
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FFH 5 50 57% . 26% . 39% (K] 2a) , AN1E 7= if J2:
PR 1 A T AR AR A 355 HILICHIL I it Ak B0 (5]
3); E KA &N 150,178,206 kg - hm™, X1 ()77
14 6574.5985.8133 kg-hm (&l 1b) , AIEF| F %43
AR 66% .31%.33% (K 2b) o A7 ik & Z AR H
SRR 55 AT Ak BRI AT AL ICATL Bt A R C 25 25 5 (&
3), SR AER GRS S B 25 R — 3
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