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Fig. 1  Map of Jilin Province with eco—zones delineated
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Table 1 Basic physical and chemical properties of the soils of the experiment fields in different ecological zones of Jilin Province

A LB AR ARk Y

pH Organic matter Alkaline N Available P Available K

Hh X (gkg™) (mgkg™) (mgkg™) (mgkg™)
Region ey PEIME = i T = - A = - T = - FHfE +

1 L bien e L [ o 6 o Fiex L
i 22 i 22 PrifE2E i 22 ik 22

Range Range Range Range Range
Mean + SD Mean + SD Mean = SD Mean = SD Mean + SD

REBIEILIX 3.7~7.2 5.7£0.6 11.1~ 39.0+21.7 63.0~ 191.6+67.0 4.7~ 43.7x28.7 240~ 115.9+58.1

EHMA 123.5 392.2 153.9 374.1
(n=266)
PR IRE T 4.6 ~8.7 6.5+0.8 6.2~ 242x84 361~ 127.8+39.6 44~ 31.8+19.7 342~ 1302x462
JIX 60.1 269.7 103.0 320.4
CSPA
(n=567)
PEHRET R 6.1~8.9 7.7£0.5 56~ 145+50 37.8~  99.6+32.5 14~ 1312102 423~ 1233x40.6
JRIX 31.8 245.6 76.2 292.1
WSPA
(n=277)

i Note: EHMA, Eastern humid mountainous area; CSPA, Central semi—humid plain area; WSPA, Western semi-arid plain area.

F[A The same below

N fertilizer rate (kg hm™)
[ ] <160
160 ~ 180
B 180 -~200
I 200-220
B -2

0 100 200 km
1 1 |

P2 T PR T Rt L A Y DX 2 5

Fig. 2 Regional difference in N fertilizer application rate for maize in Jilin Province

160 kg hm™, F¥4155.2 kg hm >, I3 HH69.9, 74.4F167.6 kg hm™. BRI 5K
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62.2, 72.0f172.2 kg hm™, FHHE (K,0) & M, FARIET ER-Cr06a i, Hofil H E
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Table 2 Maize yield responses of N fertilizer in the different ecological zones of Jilin Province

AFRL™ 1 B R
Hi X Lbyp Grain yield (thm™) Yield increase (t hm™) Yield increaserate ( % )
Region Treatment I EHIE + bRk T EIME + b2 I I £ bR
Range Mean + SD Range Mean = SD Range Mean = SD
PR SR NS -N 2.4~12.7 7.3+1.7
EHMA (n=266) +N 5.3~16.9 9.8+ 1.7b 0.1 ~8.3 2.44 + 1.34a 1.4 ~243.5 38.4+31.9a
r 2 T 30 - JEL X -N 3.1~13.5 8.1+1.9
CSPA (n=567) +N 5.4~15.8 10.5+1.7a ~0.6~9.2  2.40 +1.46a 0~281.6 34.3 +30.7h
PEE T RV E X -N 3.7~11.7 72+1.5
WSPA (n=277) +N 43~14.9 9.4+ 1.7c ~0.7~7.6 2.21%1.26b 0~173.5 33.4+23.8b

. +NANHSEYE G /NS FREFR AR AR AN X Z 6002 5 0 E (p< 0.05) Note: Means followed by different lowercase letters

in Treatments +N indicate significant differences between ecological zones at p < 0.05

http: //pedologica. issas. ac. cn



1468 + tid

53 &

P
Grain yield (t hm™?)
[1<7.0

7.0~85
85—~ 10
M 10-~115
MW =115

0 100 200 km

K3 HpE ERAER (A) SHER (B) AbH™ &YX 2E 5

Fig. 3 Regional difference in maize yield of Treatments -N ( A ) and Treatments +N ( B ) in Jilin Province
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Fig. 4 Regional differences in yield increase ( A ) and yield increase rate ( B) of the maize applied with N fertilizer in Jilin Province

WA, P 2.44 t hm™ (38.4% ) , HIkH
HR S M DX, T P S M X A AR S X R A (3R
2) . MW EKIEZEFER (F4A) , K. PEB
Hiy DXl 14 7 AR R AT 80% M T2% Y
ELi#id2.0 ¢ hm™, PO X A 2 B A I T
2.0 thm?, PAANEADRE, IR BATTRAL,
BEFAAY0.90 t hm™ (11.2% ) , 1 H 30 64 DU ST F%
B (470 t hm™, 87.2% ) . M=K 5Py X
WS HEBHML (E4B) , &K, b, PR X
JER 254 A A3 A ) BT LGB o ) R 85% . T2% N
70%, 1M = T40E 3 s 1 Lo 43 3o 40% . 22%
F10%.
2.3 EMERAESREXRREMARERES
MRS s XK 1 B AR 2= A Wk
7= 1 AR L BTk O 4 B 16.6 kg kgL 65.9
kg kg 'F125.0%, RFESHTH . FEHHX (£3) .

PRI RN X 22 7 Bon (ESA) , KRBk
g, 85%ME T T12.0 kg kg™', Wi, PUHE
AH I B L4020 ) R 66. 7% F150% . 4248 L 3 i &7
i (27.4 kg kg™') M0 AR E EAL T A AR
(5.8 kg kg™') o MW= Hmm (ESB) , &R
FH50%0 H it 6s kg kg™, . PEEBI 451K
22.2%M30%, A VARTRER Bfmm (113.8
kg kg™) MRS A BEAL (422 ke k) o 5
RFEFH R, RETTEEN S Rm . &K
A3 R EF 22T (41.5% ) gk (9.7%) (A
5C) o KR IA E i EUIE DTk R 3 R i
36%, {HAEHUL LmF24%, . PEEBAIRL L5
W°438.9%F130%
24 EREARAFAESRERAHRTESHERT

2. AEEmENXR

ATt AL SV 7 i A LR A RE

i

http: //pedologica. issas. ac. cn



6 1] TS MR R AR S X E R RSO S AR AR 2 = 1469

R3 EHEATRESXERBELHAHE

Table 3 N fertilizer use efficiencies of Maize in the different ecological zones of Jilin Province

X WA= T3 HE R} DTk 5
Ae2E R 2R ) o . o
o Partial factor productivity Fertilizer contribution rate
i [X Agronomic efficiency (kg kg™ ) o
(kgkg™) (%)
Region — — —
Pl FHE + brifE2 I MY + bRz I MY + bR
Range Mean = SD Range Mean = SD Range Mean = SD
ZREBIEIE L X EHMA 0.7 ~78.6 16.6 = 10.0a 32.1~187.3 65.9 +21.8a 1.4 ~70.9 25.012.7a
(n=266)
H B R X CSPA - 0~57.3 13.6 +8.2b 30.1 ~103.0 60.2 = 11.9b 0~73.8 22.8+12.7b
(n=567)
AL+ R HEXWSPA  0~38.5 13.6 £ 7.5b 26.9~92.8 58.2 + 10.6b 0~63.4 23.1+11.4b
(n=277)

H: FHEENNEFHERAFERESEXZENZREH (p< 0.05) Note: Means followed by different lowercase letters

indicate significant differences between ecological zones at p < 0.05

A2 A
Agronomic 2
efficiency (kg kg™)

fhi - i-ﬁj"l‘-"-')'l \

Partial factor

productivity (kg kg') &/
] <80 [ <550
8.0~12.0 55.0~60.0
2.0~ 160 B 60.0 ~ 65.0
M 16.0~200 M 65.0 ~70.0
=200 . =700
0 100 200 km

0 100 200 km

JIERE 57 iR 4%
Fertilizer contribution rate (%)
] <18
18 ~24
. 24~ 30
30~ 36
M =30

0 100 200 km

K5 b EREARFRAE (A) | WA= (B) FACETTERE (C) X255
Fig. 5 Regional differences in agronomic efficiency ( A ) , partial factor productivity ( B) , and fertilizer contribution rate ( C) of N

fertilizer applied to maize production in Jilin Province
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Fig. 6 Relationships between Treatments —N and +N in maize yield in different ecological zones of Jilin Province
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Fig. 7 Relationships between maize yield oftreatments =N and N fertilizer contribution rates in different ecological zones of Jilin Province

Grain yield in -N treatment (kg hm™)

Grain yield in =N treatment (kg hm™?)

Grain yield in —N treatment (kg hm™)

BT A AN ] A 25 DX KA 560 5 ML BT kR A 5 &

http: //pedologica. issas. ac. cn



1472 + %

il 53 %

AR T P R, BEFEiK4.7 ¢ hm ™Yy A
T3 3 AL R A Y B i A oM 23.3 g kg A
116.2 mg kg™, AHiZ =8 HK7.69 t hm™, +HE
R AE P4, iR 163.4 kg hm 5 77 8 2 W 45
ik, AXHEF=1.13 ¢ hm™>, R 2 ) FH 5 R 52 ik
RV ARAL . AR+ EE R A Rl A ™ & 35
10.1 thm?, JEZ150.1 kg hm 2404 F =5 411.9 t hm™,
PRI T 20 A5 26 e i A6 7 005 B A BN it R A
6.8 t hm™, Mi%&235.3 kg hm 57 R KIEREE
9.7 t hm™, {H i Fili &L 2100 5800w A4 7= J1 84K
X U8 I AR ORI XU R R IR R T i — 2
itk TESLAEOLT Al R DXL 4 il 5 B fl
PEARGS &7 BRI AR 20, SR X sk
H5/NAE, BUERNES BEAE, fREmE R M
Gh, WG R BT A A X Bk bR e BAC & B A
BRZERH, B FIEHEOA R AR, HhAR
TOHL DX B L BIE B AR, BT REXT EOK
Rt RUROR T R — o R, fE— AR R R
RNC A RO SR HRCE . ik, RFEX R £
KRN PRIR B45 A S i . ARG S O, SeER
AT, S A B KRR

4 4 it

il FH B S 2 i A 7 26 T DR B AR oK
PR N, (ER R A A X R K i
RS FIEHF BRIy AR W% 22 5% . 7t A
HRR MR - S X g, O ZR IR L X, P
TR S S DX DU RE T i B, 1 it ) 8 7 R A
FAEA AR U T M XA R B g o B0 IX e 3
SRR AR K URE R S A AE TSP Tt DX LA A
VRV TSR AR e i Dt U, JUHOR G, L
£ PFRDLGE AR AR X 7R BUA Al
SRRy 1)) T O i N TR N 1Pk = RS R
GEURAN K7 A BRI 5 9 DX R AT A
BOE, IR SR K HIREOAR, R K AR A 2
O T 7 2 e 7 R

2 % 3 #f

[ 1] Tilman D. Global environmental impacts of agricultural
expansion: The need for sustainable and efficient

practices. Proceedings of the National Academy of

Sciencesof the United States of America, 1999, 96

[6]

[10]

[11]

[12]

(11) : 5995—6000

Ladha J K, Pathak H, Krupnik T J, et al. Efficiency of
fertilizer nitrogen in cereal production: Retrospectsand
prospects. Advances in Agronomy, 2005, 87: 86—
156

Ciampitti IA, Camberato JJ, Murrell ST, et al.Maize
nutrient accumulation and partitioning in response
to plant density and nitrogen rate: I.Macronutrients.
Agronomy Journal, 2013, 105 (3) : 783—795
Sindelar AJ, Lamb JA, Sheaffer CC, et al. Fertilizer
nitrogen rate effects on nutrient removal by corn stover
and cobs. Agronomy Journal, 2013, 105 (2) : 437—
445

Toth V, Meszaros I, Veres S, et al.Effects of the
available nitrogen on the photosynthetic activity and
xanthophyll cycle pool of maize in field. Journal of Plant
Physiology, 2002, 159 (6) : 627—634

Yu P, White PJ, Hochholdinger F, et al. Phenotypic
plasticity of the maize root system in response to
heterogeneous nitrogen availability. Planta, 2014, 240
(4) : 667—678

Ordofiez R A, Savin R, Cossani C M, et al. Yield
response to heat stress as affected by nitrogen
availability in maize. Field Crops Research, 2015,
183: 184—203

Gao Q, Li C L, Feng G Z, et al. Understanding
yield response to nitrogen to achieve high yield and
high nitrogen use efficiency in rainfed corn. Agronomy
Journal, 2012, 104 (1) : 165—168

Hou P, Gao Q, Xie R Z, et al. Grain yields in relation
to N requirement: Optimizing nitrogen management for
spring maize grown in China. Field Crops Research,
2012, 129: 1—6

Shi Y, Wu W, Meng F, et al.Integrated management
practices significantly affect N,0O emissions and wheat—
maize production at field scale in the North China Plain.
Nutrient Cycling in Agroecosystems, 2013, 95 (2)
203—218

T XT3 [ oK 6 1 PR RO B BOR RO R . 1Y
WAL (YA, 2015 (4) 0 1—4

Zhang W J. On the cultivation approach to green
improvement of maize yield and N use efficiency in
China: Dense planting with less N fertilizer (In
Chinese ) . Crops, 2015 (4) : 1—4

Hartmann T E, Yue S C, Schulz R, et al. Yield and
N use efficiency of a maize-wheat cropping system as
affected by different fertilizer management strategies in
a farmer’s field of the North China Plain. Field Crops
Research, 2015, 174: 30—39

http: //pedologica. issas. ac. cn



OB MR R AR S X R RSO S AR AR 2

1473

[14]

[15]

[17]

[18]

[20]

FEIE, R, BRI, S5 E K XA B
7RI R RSRHRC T B . B3R, 2015, 52 (4)
802—817

Wu L Q, Wu L, Cui Z L, et al.Basic NPK fertilizer
recommendation and fertilizer formula for maize
production regions in China (In Chinese) . Acta
Pedologica Sinica, 2015, 52 (4) : 802—817

Ju X T, Liu X J, Zhang F S, et al.Nitrogen
fertilization, soil nitrate accumulation, and policy
recommendations in several agricultural regions of
China. Ambio, 2004, 33: 300—305

FARE G R, HARGETAE 2014, JERT: RS
JiiAt, 2014

Bureau of Statistics of Jilin Province. Jilin Statistical
Yearbook 2014 (In Chinese ) . Beijng: China Statistics
Press, 2014

MR NRBUF. H A ERDaE KR, (2013-
11-06 ) [2016-01-05] . http: //www.jl.gov.cn/zjjl/
fzgh_47966/

The Peoples Government of Jilin Province. The major
function oriented zones planning of Jilin Province (In
Chinese ) . (2013-11-06) [2016-01-05] . http: //
www.jl.gov.en/zjjl/fzgh_47966/

ElETT, XS, sKikE, AR T EOR K ARY
75 BRI AR R PRAR . AR R, 2012,
37.(6) : 9—11

Yan X G, LiuJ Z, Zhang H X, et al. Assessment of
limiting factors on high yield of large—Scale spring
maize production and high efficiency of resource in Jilin
Province (In Chinese ) . Journal of Jilin Agricultural
Sciences, 2012, 37 (6) : 9—11

1 B e A, st RO AR, 2005
Bao S D. Soil and agricultural chemistry analysis (In
Chinese ) . Beijing: China Agriculture Press, 2005
Cassman K G, Peng S, Olk D C, et al.Opportunities
for increased nitrogen—Use efficiency from improved
resource management in irrigated rice systems. Field
Crops Research, 1998, 56: 7—39

TR, &618, GUA, FWdta R, b mREk
R 77 R S IR AR B 5E. R T SRR
2011, 17 (3) : 545—553

Wang W N, Lu]J] W, Lu M X, et al.Effect of nitrogen
fertilizer application and nitrogen use efficiencyof
early, middle and late rice in Hubei Province (In

Chinese ) . Plant Nutrition and Fertilizer Science,

http: //pedologica.

[21]

[22]

[24]

[25]

[26]

[27]

[28]

2011, 17 (3) : 545—553

ARSI, BRHTT, PR, hEEEREYGESER. 1L
A EAIE R AL, 2009

Zhang 'S, Chen X P, Chen Q. Fertilization guidelines
of main crops in China (In Chinese ) . Beijing: China
Agricultural University Press, 2009

A, B, R, S U)I1A AR XK R i
FIRCROETE. L3EA4R, 2015, 52 (1) : 234—241
Zhang 7Z, Wang W N, Li K, et al. Effects of nitrogen
fertilization on rice different regions of Sichuan Province
(In Chinese ) .Acta Pedologica Sinica, 2015, 52
(1) : 234—241

By, skakPh, ERk, SRR B
TIHEACHE BB FHOR. AR R 2244, 2008,
30 (4) : 511—516

Zhao L P, Zhang Z D, Wang H B, et al. Fertility
evolution characteristics and fertilizing technologies
of black soil in the corn belt of the SongliaoPain ( In
Chinese ) . Journal of Jilin Agricultural University,
2008, 30 (4) : 511—516

ISFT, BT, HEE, AR R AL ) R KR
LR, shERRI, 2015, 48 (23) : 4800—4810
Yan L, Wang Y, Feng G Z, et al. Status and change
characteristics of farmland soil fertility in Jilin Province
(In Chinese ) . Scientia Agricultura Sinica, 2015, 48
(23) : 4800—4810

EEE TOHLE I h 5 [ E B2 — s A
BB LR, 1986, 23 (1) @ 10—16
Shen S M. The effect of mineral nitrogen on the
mineralization and immobilization of soil nitrogen-On
the excitation effect of soil nitrogen ( In Chinese ) . Acta
Pedologica Sinica, 1986, 23 (1) : 10—16

Yin G H, GuJ, Zhang F S, et al.Maize yield response
to water supply and fertilizer input in a semi—arid
environment of Northeast China.PLoS One, 2014, 9
(1) : 86099

Lu X J, LiZZ, Bu Q G, et al.Effects of rainfall
harvesting and mulching on corn yield and water use in
the corn belt of Northeast China. Agronomy Journal,
2014, 106 (6) : 2175—2184

RIER. HE R R, LR, 2008, 45
(5): 778—783

Zhu Z L. Research on soil nitrogen in China (In
Chinese ) . Acta Pedologica Sinica, 2008, 45 (5) .
778—783

issas. ac. cn



Eibd 53 %

e

1474 E

Differences in Yield Response and N Use Efficiency of Maize Crops in Different
Ecological Zones of Jilin Province

WANG Yin' GUO Dan' GAO Qiang'" YAN Li' SONG Lixin® LIU Zhengang’

(1 College of Resources and Environmental Sciences, Jilin Agricultural University /Key Laboratory of Sustainable Utilization of Soil
Resources in the Commodity Grain Bases in Jilin Province, Changchun 130118, China )

(2 Soil and Fertilizer Station of Jilin Province, Changchun 130012, China )

Abstract [ Objective] Jilin Province is one of the leading maize production regions in China,
and could be divided into three ecological zones, i.e. Central semi-humid plain area ( CSPA ) , Eastern
humid mountainous area ( EHMA ) and Western semi-arid plain area ( WSPA ) , based on their significant
differences inenvironment includingtopography, landform, climate condition and vegetation. Interestingly,
the maize crops growing in these eco-zones differ in yield, yield response to fertilizationand use efficiency
of N fertilizer. But how it comes about is still not well understood. [Method] Hence, a field experiment,
coded as “3414” , was conducted with plots distributed in all the eco-zones of Jilin Province as a part of
the national soil-test-based fertilization recommendation program during the years of 2005-2013. The field
experiment was designed to have two treatments, i.e. Treatment-N ( No N fertilizer applied ) and Treatment
+N (N fertilizerapplied as recommended ) . The data of the two treatments were collectedfor analysis of
yield response to fertilization and use efficiencies of N fertilizer of the crop relative to eco-zone, and their
influencing factors. [Result] Results show that the crop varied sharply in yield with the eco-zone, being
the highest in the CSPA, medium in the EHMA, and the lowest in the WSPA. On average, the maize yield
of Treatments —N was 8.1 t hm™ in the CSPA (ranging from 3.1 to 13.5 t hm™) , 7.3 t hm™* in the EHMA

(ranging from 2.4 to 12.7 t hm™) and 7.2 t hm™ in the WSPA (ranging from 3.7 to 11.7 t hm™) ; while
that of Treatments +N was 10.5 t hm™ (ranging from 5.4 to 15.8 t hm™) , 9.8 t hm™ ( ranging from 5.3 to
16.9 t hm™) and 9.4 t hm™ (ranging from 4.3 to 14.9 t hm™>) in the three ecological zones, respectively.
Not only was maize yield significantly affected by ecological zone, yield responseof the crop to N fertilizer
was too. The highest maize yield responses to N fertilizer were observed in the EHMA, being 2.44 t hm ™ and
38.4%, on average, in absolute and relative yield increase, respectively. Correspondingly, the absolute and
relative yield increasewas 2.40 t hm™ and 34.3%, respectively, in the CSPA and 2.21 t hm™ and 33.4%),
respectively, in the WSPA. Under the present maize production condition, N use efficiency was significantly
higher in the EHMA than in the others. On average, agronomic efficiency ( AE ) , partial factor productivity

(PFP) , and fertilizer contribution rate ( FCR ) of N fertilizer was 16.6 kg kg™', 65.9 kg kg™' and
25.0%, respectively, in the EHMA13.6 kg kg™', 60.2 kg kg™' and 22.8%, respectively, in the CSPA and
13.6 kg kg™', 58.2 kg kg™' and 23.1%, respectively, in the WSPA. With themaize yield in Treatments—N
rising, Treatments +N showed similar rising trends in yield, but declining ones in FCRin all the three eco-
zones, but more significantly in theWSPA than in the others.The relationships fit the linear correlation
and logarithmic regression models, respectively. The variability of maize yield of treatment +N and FCR
with the yield oftreatment —N were relatively higher in the WSPA, compared with those in the EHMA and
CSPA. [Conclusion] In conclusion, N fertilizer for maize production in Jilin Province should be allocated

and applied appropriately in the light of regional environmental conditions and characteristics of the crop
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responding to N fertilization. It is suggested that the current N application rate be reduced properly in line
with the demand of the crop for N in the CSPA, while it be increased slightly in combination with effective
cultivation practices in the EHMA, aiming to counter the yield limiting factors, such as insufficient light
and low temperature, and in the WSPA, the technology of efficient and water saving irrigation be widely
extrapolated in addition to soil fertility building to bring the coupling effects of water and nitrogen into full
play and thereby to achieve high crop yield and high N efficiency.

Key words Jilin Province; Eco-zone; Regional differences; N fertilizer; Grain yield; Fertilizer use

efficiency
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