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AR 0 A1 B P 7 A0 AR K 2 71 A R T 6 3t i
1T, ZREUEA T 108°24'E. 34°20'N, ik 524.7m, J&
TR ZE R SR X, AP 129 C, £
HET BB KA T 550~600 mm 22 7] (FEAENTE 7. 8.
9 F) , HFFHEKE 1500 mm. %I X 155y
FiE L, 0~100 m L2 HEFKE ORESE FHRD
H 23%~25%, PHEFKEN 8.5%, 0~20cm 12K+
 pH fE20 8.14, AHUFRE A HCY 12.02 gkg, AR
HHCN 0.89 g/kg, MU TR 73 HCh 8.18 mg/kg, TR

& 55.3 mg/kg.
1.1.2 REFMAFAFIENH

H T RetE AL 2 PRRERAER R B RORAE KR R
FERE, AHIFFE M R B R 2 2SI T B R BRSP4 % (P
HITRERISy, B 25%<Pr<<50% A Ak -25%<<
Pr<<25%2 [0} 1E ¥ -50% <Pr<<-25%z [a] J fhi 5 -75%
<Pr<-50%< [A 4 K5 o P IEFRAE 2013 455 KK
RN RARE ) CGRUIIESR, JEIRE) , I 2014
W GRTR S, SIS, PR WER 1 R,

R1 20132014 FEEREBFEFZERS
Table 1 Drought and flood hierarchies of summer maize growth season in 2013 and 2014

06-15—08-05 08-05 it
A August 5 to Maturity
ear PR it FERTHLT e e it W HET e
Rainfall Rainfall Drought flood Rainfall Rainfall Drought flood
/mm anomaly/% hierarchies /mm anomaly /% hierarchies
1EH NS
2013 4F 126.4 -6.9 Normal 84.6 -58.6 Severe drought
. N T 7
2014 361 -66:5 Severe drought 3362 333 Partial flood
2003—2012 4 135.7 — — 252.4 — —
113 XEikat H,80,-H,0, 1A Fill i JL R E 4% (FOSS 2300 A1) il

RIG 7 5T 2013 F1 2014 4E 6—10 ALEPGILARMEL
R B ARNMP K b AR 5 S = e e
TF, 2a 73 EE T bR R AR 6 AN KR, R
BT Ny (0) . Ny (86 kg/hm®) . N, (172 kg/hm®) Al
N; (258 kg/hm®) 4 ANJiRUKT, SEil 24 MAbEE, %3
RES, SRBNXBEHLHES], o Ny W i,
N3 b G ORI Wit . ZUILIEH IR (SR
R 46%) , TP ETHE 30%, PR 70%LEHR T
—MEMESE . MEARE P,Os 138 kg/hm?. K,0 138 kg/hm?,
BVE R TR — R EREN o DX AN 3 mx7 m=21 m’; #%
Rk 60 000 #/hm?, 2a T 6 17 H¥&FH, 2051
410 H 1 HF 10 A 13 HGR, A& 0 e, ¢
S R AL, PRS2 2 FoR.
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Table 2 Treatments for constructing and validating critical
nitrogen concentration curve of summer maize
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i 7 g
A ﬁﬁf"‘ﬂ.ﬁ b N-fertilizer HXHUG&
Classification . Sampling
Year of data points Variety amount times
/(kg-hm?)
A Modeling ﬁi% 9;684: ;EZH
2013 4 RL b s g0 86:172,258 5
WHE Validation o j )
5 F 11
5 Modeling I'f? 9;;; ;l;?
2014 4F jm‘z o ‘#i g0 86+ 172,258 4
WiF Validation L
.20
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B JEUPBRPEERE 5 7k (2013 4F) Fi1 4 Ik (2014
), BE/NXEURE 3 KR, 3 IRER LT 9 BK, £ 105CF
Ht 30 min, BAELE 70°C FHERE SR, WM
BTW, Ba /NN, i 1 mm 5, &

ERR ARG EY,  (gkg) .
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AT BHFRLK 53 T 5 HR 14% I 7= 1
1.2 iRBAHEIR
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o 8 1 0 U T 20 2 0 R T 208 DG Y I T
P, BRGNS BRI 4 A A SONAAE B AL OB AR A
TR o R BRI AR BEA i SCA 38 In R 4 5k 25 184 n
T BAE, AFAERE BB e SOh il A 25 1
TP R A, (HE o SRR A & A, &k
PR ) () e 2 iEaE (SPSS, Ine) 0, B#
PR32 4 0.05.
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RMSE

n—-RMSE = (3

s
s s F My 23 ) A AU R S s n ok B A A4
m A S AR (1 PR . — MO, WS n-RMSE<<10%,
MRS BB LT s W 10%<n-RMSE<<20% I\
BRI RERLF s iR 20%<n-RMSE<<30%, iAW
FEARIBRAPE BE— B Wi n-RMSE =30%IA A A HLPE BE
B,
1.2.2 REHds4Aetast =25
H TS HAEM AT N AR SRR, A
R R 25 724840 (nitrogen nutrition index, NNI)
FVFHY
NNI=N, /N, (4)
A N At EFBA EE e B S . NNT S R AE 4
WRZEEFRIRDL, NNI=1, ZUEFRIRMEE; NNI>1,
RINEFEFREA; NNI<1, RIARZERTH.
AR = B R B T K AN [ B B A T Sk b = i
BRI AP,
1.2.3 REBBERGES
HACKRERRI R MR (Nyy» kg/hm?®) L
Ttk Bt (maximum dry matter, DW . kg/hm?)
Z IR R ] T R Rk

Ko (5) AAZIZ (1) BIWTA3 20 5 K I 7 0B ot
e
N,.=a-DW.’ (6)

s Nype MR, kg/hm®s 1-b A4 KSHL,
R AT B R b b3 B B R 2t
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TRI6 H s K ] Excel 2003 HEAT H0d (1) L fith 42 B RN
WZEVHEL, EERAR I R MR i id SPSS18.0 AT
"1 1) least significant difference (LSD) £ & LU ik 4k
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2o W3R 2 Fram, ARGS9 AR - O EORE (2013
)5 IRA (2014 4D 4 IRVE R EEE A A 2 I S A
FEMhek, T 2a BEWAERIE R AEKZ MW ZES, 2a T
Y FUE L FE 2 BT 1.1~19.6. 0.2~9.6 t/hm* 2 |A],
2013 FH KB EF TSR B E T 2014 4F,
KEEE 2014 FEH T R S EUEY AR ZN, AT K
BAEKIRIR, BAFECTYREK A 0. b,
B TP N, 3 AN SR RS R R N R
K%, 240 b {5 2014 55/ T 2013 45, WE 1 Fis.
ZH a M 95%IMEAE X ILE 2013 41 4[21.86, 22.79],
2014 4F24[19.99, 23.06], " LUEHME ZERAKN, HHE
M JE, HAE K 21.91 g/kg. HIBETT L, BEAERIARS
M2 a fH IR/

Nuplc = Nc .DWnax (5)
_ o N, TR — NFERRmE —— N R
N, Nitrogen dilution curve N_ Critical nitrogen N, Nitrogen

dilution curve

36 - ON, AN~ N, XN,

O N_ =24.74DM**

max

/ N =22.43DM3!

24

O BB 2> $ Mass fraction of nitrogen/(g-kg™")

dilution curve

— 020
= N, =27.12DM

- N=21.4DM*H
24 | S

BT 4> L Mass fraction of nitrogen/(g-kg™")

18 : 18
\\ ~o YN
X AKX =X _ X
12 '><>{>\<\ 12 X L X
x_X O
=4 JAN = 0.
gk S N_=21.07DM*%
6 6
N, =14.83DM*%
0 1 1 1 1 1 1 0 1 1 1 ]
3 6 9 12 15 18 2l 3 6 9 12

i [ #5F4 5 Aboveground biomass/(t-hm?)
a.20134F

Hb_ 13584 Jf Aboveground biomass/(t-hm?)
b.20144E

T+ Nonin F1 N 29 S8R S5 /A KA s 1B o S5 4 5 591 D 25 0T I A B 14 SR 2 25 KT — IBORE sl O B8 s No~Ns 20 500 4 AN TEEUK T 04 86+

172 F1 258 kg'hm™.

Note: Niin and Npay are minimum and maximum of nitrogen content; Data points in figure are dry matter significantly higher than value obtained from last sampling point;

No~N3 are 4 nitrogen fertilizer application rate of 0, 86, 172 and 258 kg~hm'2.

B 1 AT L30T 4R 6916 F RORE A w4

Fig.1 Critical nitrogen concentration curves based on aboveground biomass
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BNEE B SR E T WAL B AR AR 1 e KA R
SPIERY, AR 2 a IEAEGREEE S 22.3 A
26.5 g/kgo 2a HAHT S A SN AR R
1.15 f10.63 thm?®. %5 1, 2 FREERER F = KR AR
Tk ih £kt o Bk 5, sk (7) o

2013E N = 21.9IDM™' DM >1.15 R*=0.94, P<0.01
¢ 1223 DM <1.15

20146 N = 21.91DM™* DM =0.63 R?=0.79, P<0.05
° 1265 DM < 0.63
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WL B oK B AR RN FE I SR 0T, e
AR N ) SR A A AE AR K SRS R A S vk
W 1 P, AR RN IORE H BT A5 0 SGR
WK RAME (N Niwin) > £551) 2 FRERFTAEIE N K
KR FEMREL I RIL X

2013 [ Now: = 2474DM°?  R®=0.94, P<0.01
N, =14.83DM™*  R?>=0.89, P<0.01
2014 | Nows = 27.12DM*  R®*=091, P<0.0l
N, =21.07DM®® R?=0.88, P<0.05
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{HBVIN
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U 2 s, ALK S K A RF 20 E 2013 £E(CHL

14 -
5 121
£ &
g v
g 10 9 3
g X
Z o8t
g S
i o ?ﬁj‘-‘tﬁﬂ?‘ﬂ}[ﬁ Early jointing stage
o6k o °© PRATHIA Late jointing stage
B A :22J] Silking stage
v HEIWIFilling stage
X i Mature stage
041 . - !
NO Nl N2 N3
Jiti % & N application rate/ (kg-hm?)

a. 20134F

=15 F12014 4= (g fi=12) KASKAL PG H
WA KSR RIS
R mARME, BUE 5 2a ARG L, 2558
Kl 2 FioRe 2013 SRR ZE K 8.8%, <10%, ARKUF/KT,
1M 2014 FFAWZEHN 14.1%, T 10%~20% [0, ALK
o TIUL, FTRAERI) 2 BRBERTAERL N G SRR RS 2t
T EHATRUF ARG S, RAATESC T 2 FRRF AR
MG AR R & T — 20 F TR VS TR 12
1:14 1:1 line
RMSE=1.25 g-kg"
21} n-RMSE=8.8% /5

o

1:1£% 1:1 line

RMSE=2.62g-kg’!
n-RMSE=141%

[
&
1

N
3

o

181 g

KA {E Simulate value/(g-kg™)
%

HE4UE Simulate value/(g-kg™)

P S S S 12 : 5 ’ . ,
9 12 15 18 21 24 . 15 18 21 24 27
WA Observed value/(g-kg™) MMME Observed value/(g-kg™)
a. 20134F b.20144

#: RMSE. n-RMSE 435l 4 38 77 iR5% 72 FIbRUEAL 35 T AR R %
Note: RMSE and n-RMSE are root mean square of error and standardized root
mean square of error.

B2 IERRAERME S AR DM s
Fig.2 Comparison of observed and simulated critical nitrogen
values
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it SR F A A T A 2R A RS U SR PR A NINT AR
b, il 3 Pras, NNI Bl A i 08 i 3G nm i n . 2013
A NNI AL X ) 0.6~1.16, Hod No. Ny b BRI <1,
HAE 59 0.7 F10.87, FRIAGREIH] T H L KMTH5R
R FE, Ny AREE R 1.0, RIS A, Ny AR
H>1, RW, HMHERESFROARE, i TIEYRKR
Ay Bt TR G AU 7. 2014 4 NN AR 46X [A]
J50.71~1.31, Hrh NoabBE <1, HAH K 0.84, N, 414 1,
HAEN 0.99, N FI N3 ab3iy>1, DRI AR
T, ZREFIEREHMEETRG, 2014 MR AEEA
AT No~N, Z i

1.4
o
[m] 0 o
5 12 A v
£
=
g v
B o
3 1.0 =
=
= X
) N
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E v X
Z 08 .
= A
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Fig.3 Change in N nutrition index of summer maize during whole growth stage under different N application rates in 2013 and 2014
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Y B 2013 AEHTRAR, (HRILAE RN RIHEER S
(1-b) .SV R T 2013 47, Uk BH B Y A 25 0 B 1K )
R BB, 1T I AR RE 28T Nypee IR
B ZH (1-b) , HAH 2a 73924 0.69 F1 0.86,
N =24.74DM"*®

upmax

=21.91DM*¥

2013%F4 N,
=14.83DM*™

upmin

N
N

9
N  =26.99DM**
N

upmax

=21.91DM"*

upte

20144
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2.6 RAEFBHSHEMTEMXER

FEA7 NNI 5 4H%) 7= & (relative yield, RY) Z [A]H]=%
A, WTUMEMEK R SRR S TR G X
WG, MW 4 TLUE I, BEAE R 130 NN A
RY 2L PE B K3, HE RY ABE NNI 3404
1k, HAREA R (&7 E) B, ZRY HE
KIS NNI 7E 2a 28510 0.98 F1 1.12, X 545 4%
NEALFK) NNT 8225 KT 2013 454 K.

RY=0.72NNI+0.27 if NNI<0.98 RY=0.78NNI+0.08 if NNI<1.12
L1 R=0.89%*

LIr R=0.89%*
RY=1.01 if NNI>0.98 RY=0.97 if NNI>1.12
= R—0.75* N 2z R*=0.46*
2 10p 310 oo
il 2
2 2
k| k|
209) 2 09)
m
L L
£y =
E08 Z 0.8}
07 1 1 1 1 1 1 07 1 1 1 1 1 ]
06 07,08 09 10 L1 12 08 09 10 11 12 13
BETIRH REFri?
Nitrogen nutrition index NNI Nitrogen nutrition index NNI
a. 20134 b. 20144F

T *RIE IR 0.05 F10.01 K2R B
Note: * and ** indicates significance at 0.05 and 0.01 levels.
B4 2013 4= 2014 F 2 2R = F 8 18 RIEHAI X A
Fig.4 Relationship between relative yield and N nutrition index of
summer maize in 2013 and 2014
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3.1 EERIEFREAKRBERHEREI LI

AN T P T R oK AE KT 2 R AE R
TG A ERBE ML, S8 a iR AaKR, P4k 2191
g/kg, WK, TS5 b T 0.27~048 2, HEPK
SRR LSS R, Wk 3 P, AWBCEM AR,
ZH a SRS TN 1 thm? I IORIER S &, R
SEAEAE B VIR AEI T RS, R AR KT, 1
W/, FEARRAEAERS TR RO IR a4y, MR

BRI H BORARE R, 22 UG SV BT B 22.4 A0
26.5 glkg, (HBEHE ZATAA BRI 7 A8, PR
5 S B, LT AR BRI S . %k,
240 a SRR AN P E A B DA B, W AR, X
FREL AR R A O, BRI OGP 5t Tl afy 2= K
AR, E AR, TR K, i R 7
[ e Tl e e v U, AR E AR b TR
PEZEX, AR R, DURR SR 3, AR B
YR IR, S TR FEKRAE I (110 &) AT RRH
(PE[ED FIZRIEHIX (150 &), A= B L KRR R A4
WIS, ok, 240 a HHEACTEAHLE, HAL
WA, BRI S E RERERA R, FIr Rt
b, B R, XA RER S EURALT R
ORI TR i v 1O rh X P B R B G
P54 IE ST B SO LE, SRR, X
RUMER—URXET, 2% a ®AMNEARREN, A
4 B I W 2R ) A T S
£3 TRERMIZESEHR LR
Table 3 Comparison of parameters of critical N dilution curve for
different maize

S S y y SR
b % % =
Variety HBBE Region Ha b Reference
HEK R (4l ], v ) 34.1 0.37 Plenet %513
Spring ) ]
maize T AR Db 36.5 0.48 Li %
34.9 0.41 Bt
o P R
TRk 27.2 0.27 Yue 5
Summer 225 0.27 251 )
maize . ;
RPN 0.31 )
: 21.9 os NG

SR b FER R R AR B 4 5 o )32 9%
%, LRPTERE TRERKNES TR R, &
T K B RR R S SRR B 32 B [N T g5 g 1k -l
S AL BINEA . AWFFT TS S5 b {54 2013 4F24
0.31, SHETAAMLL, EERIZ W, H5 RS X ZIE
I S L SRAR B, (Em K, X AT AR 2013 4EE ok

BERWRKREHEXK, TRIIURAE KR, [P
XF e W R, T SO AR A R SRR R
bk, RICASE b BOK; iAE T — AR 2014 4,
ZH b fHACK 0.14, BB/, TR, ZEH K
BRI E W B Re, AEAE BRI, AT R
HTEMRAERK S EEPY, B2 PR, TRENFZET
Y R E i sE KRR, Wi S E 2R AR N, T
FONTE R A AT ) A, WO S = RS
18 AETEY, HZERMIBEWAL, 2014 ERNT
WAWZ, AMNAEEE, SETYR R SRS, 5
A, BT K Fe A T UL TORAR R s ek g2,
MR T IR E A, g TR A S
IR, BRATESE b BN BB
SR SR RRE 2R B I T 1a RS HE, 182
RIS R, CH RS — PR E R NN E 2
FEEA N AR 2B 24 b (1 RN 2R .
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3.2 BEEKBRAKENTRN

WS E FRA G RNE RN, TUHRKREE®
KAEK KRG IrH s S i, DU ILRR I A6 ),
IR SR e T ke S NGRS, 3 DL SR T U
FERBURI R TR BT AW FT I 2 AN Ny AT Niin)
MR RAE, Npoy UK T RS K SR &), H
SEIZAE T BEIR TP, ATREH T 1D BB MR,
TR EAR B, WA L DT AR AR I B A PRAE
2) EEIFKRAEFEHE T LA ZEHE U AFEN S
W EMRING, FEAEDIIRE I s Noin 8 LI
18 B A AR 2 AE D 008 R AR 2245 R A
231, ARHESTH N AbFE BARTE SRR, {E 2% 8 51 13
ARG E . BB TEIIREER A s —
RYNNZE, N AT e T S20ME
3.3 ETIEREKEHRBHMLINN EXERTEFISH

S TN SRR R I R 1 T i e AR 2
W E S WEYI RS TR, KRRl A R AT
DA H 3k o e T s B ) A RS TR 8 i RV R 1)
VoYL R, 3 B R i e T LS W ORI B
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Simulation and validation of critical nitrogen dilution curve for summer
maize in Guanzhong Plain during different rainfall years

Qiang Shengcai, Zhang Fucang™, Xiang Youzhen, Zhang Yan, Yan Shicheng, Xing Yingying
(College of Water Resources and Architectural Engineering, Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid
Areas of Ministry of Education, Institute of Water-saving Agriculture in Arid Areas of China, Northwest A&F University, Yangling 712100,
China)

Abstract: Guanzhong plain of Shaanxi Province is one of the main productions of summer maize, and faces 2 problems: 1)
Annual and seasonal large rainfall variability can significantly affect dry matter accumulation of summer maize and growth;
and 2) Nitrogen fertilizer is excessively applied because the increase of nitrogen rate application does not synchronize with the
increase of maize yield, but lead to a series of environmental problems. The existing crop nitrogen diagnostic tool is
time-consuming and costly, so exploring simple and practical techniques for scientific nitrogen application is necessary such as
nitrogen dilution curve. In this study, we constructed nitrogen dilution curves and validated its feasibility to diagnose nutrient
status in Guanzhong plain. Six summer maize varieties and four nitrogen levels No(0), N;(86 kg/hm?), N,(172 kg/hm®) and
N;(258 kg/hm?®) were applied to the study. The study was carried out in College of Water Resources and Architectural
Engineering, Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas of Ministry of Education
Northwest A&F University, Yangling, Shaanxi China (108°24’E, 34°20'N) in 2013 and 2014. These two years were different
with normal rainfall at early stage and drought at late stage in 2013 but drought in early stage and flooding in late stage in 2014.
Aboveground biomass, nitrogen content and yield of summer maize were determined. Based on dry matter, the critical nitrogen
dilution curves for summer maize were developed and validated. Results showed that exponential function with two
parameters including critical N concentration for 1 ton dry matter (CC) and changes of critical N concentration (CR) could be
used to describe relationships between the nitrogen concentration and the aboveground biomass in 2 years. In 2013, CC values
were 21.91 and 22.3 for dry matter larger and lower than 1.5 t/hm?’; in 2014, CC values were 21.91 and 26.5 for dry matter
larger and lower than 0.63 t/hm’, respectively; The CR values were 0.31 and 0.14 for the year of 2013 and 2014, respectively.
The models were validated using data of another maize variety. The standardized root mean square error was 8.8% and 14.1%
for the year of 2013 and 2014, indicating that the model fitness was well. The model parameter CC was not affected by years
with different rainfall conditions. However, the parameter CR was greatly affected by years in that the value was higher in
2013 than 2014. Based on the critical N dilution curves, nitrogen nutrition index (NNI) was calculated to quantify the nitrogen
nutrition status in main growth period of summer maize. The diagnostic results showed that NNI increased with N application
rate and it was higher in 2014 than in 2013. The NNI was less than 1 for N, treatment, indicating N deficiencies, but greater
than 1 in Nj treatment, indicating excess N application. By analyzing relationship between NNI and relative yield, it was found
that the optimal N application rate was 172 kg/hm? in 2013. The results can be used for the diagnosis of N nutrition in maize. It
also can provide a key technical approach to precise N fertilization management in summer maize production in Guanzhong
Plain.

Key words: precipitation; nitrogen fertilizers; diagnosis; summer maize; critical nitrogen concentration; nitrogen nutrition
index; Guanzhong Plain



