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1.1

J1 . BURERRBF IR DL 1, P B AR T Tk A K
Z HAEHRE S H R LA 1, TR AT W R A
KR — IR AL AR, /K F0K K i 75 mm PE 45 Jih
P FHRI/NX , 5 75 mm PE 8542 1 4b 42255 K e fER i
i, 32 mm PE MG ERES] 16 mm B . it i
FEHE B K B A, FEAEAT BRI AR, BRI
R VA s ) 2 4T BOR KR 4=, % Sk A #E 4 30 em,
kAL 2.5 L/h, ik TAEEJ7 0.1 MPa, SR GEHE K
5t 5, R AR gk 7 L R S PR
2 (BN>46.4%, Fiia%, TR, #IEREER —=
BR(F52% P,0,F134% K,0), 4B AmmRA (& 52%
K,SO,), BEEPALH & 434 138 #1120 kg/hm?, A B4
R R oK v AL, o3 BB OK G A o A4 1 3L
JE 8 Wk, Aral Bl Lk, SRR WU 3k, dh
Mt 22300 1k, FESRIN 3 vk, VRO AR H R e A 1
EE A5 43 00 R B 10% . KT 2 R MR T 9 45% . il A
22 1] 20% FE R W] 25% ., /NX RN 67.5 m?, 3IKE
i, FPREE FE 2R 9 7 Bk /hm?,

1 HERET®R
Table 1 Field experiments
s g e PR SOV em o mimm  wmer ke REOW MO o BURTEN TR
VNo Year  Site pH mgtter/ Total N/ Available N/ Available  Available K/  Sowing  Harvesting Clul?tivar treatment/ Sampling
: value (g jeo (g'kg") (mg-kg') P/mg-kg') (mgkg') date date (kg-hm?)  stage
) 0

1 2017 FHEE 798 1145 0.8 37.42 19.04 102.52 04-26 09-16 K19 (N0, B 1
90 (V6).

(ND. /hspimie

2 2018 FEEE 777 12.82 0.75 36.82 17.37 95.31 04-28 09-18 KM% 19 180 W(v10),
N2).  Rmiwid

270 (VI2),

32017 KT 844  8.07 0.98 40.47 18.33 106.25 04-22 09-18 19 (N3). T
360 (VT).

(N4)., it 2234

4 2018 KT 857 1483 092 39.44 20.63 111.25 04-20 09-22  FH19 (ﬁg) (R1)

—2017° V-2 2017 average temperature [ 2017F4%/K & 2017 precipitation
----2018-1ik i 2018 average temperature [l 2018[4/K & 2018 precipitation
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Fig.1 Air temperature and precipitation during growth stage of

maize
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TEK Ve BRI, BEAS/NX BB —301 3
B, SRS 250k (075 MK IRLITE) TR HfRLE
i T AR DA T AR AE # (leaf area index, LAI), Ff
B HAT 25, DU ok A RAE H I3 b SR
Bk ¥ 5 F0RE Bk &0 ¥ B (plant nitrogen concentration,
PNC). 4l hzs . A 385, R0 T4 i
e AT, REA IS IR L 1 mm 0, R A RCE L
[AE A E PNC o
1.3 1EAER
13.1 EREREHEAE S

FRAE Justes ZERO4R ) N AR R I ZR 100070k, AR
ABRAT . 1) J7 2250 B R EURE B LATFI PNC A7 i
EES, BHA ARG AMAERBR G4 ; 2) Lkl
A PR A AL HL () PNC T LATEUHE ; 3) | EHLH TRRIE
PR 204k B 2 ] 1) LAT 308 R AR R BURE i e K LAT; 4)
it AR SRAE H 0% A R T8 1R =2 1] 79 38 it A i 2
NAH . 5T LALWIG A R00 B th 2o i =0k

N=aLAI"* (1)
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b R SR BREARKER® (X (6) ), PDM AT LGEE (6)

1.3.2 16 FOREALA B dE
K ¥ R 1R 2 (root mean square error, RMSE)
FFRUEAL I TR 2E (n-RMSE) RS20 PEM #6022
Jamieson %57 H 9 FR#E, n-RMSE < 10%, 550 Fa &
Wl ; 10%< n-RMSE < 20%, i RIfa @ P b5 20%<
n-RMSE <30%, PG E M —M; n-RMSE=30%, Fi%AY
1.4 IeFEARBIMBERIEHR
A Al (N, kg/hm?) mi=(1)# 9k LI PDM,
HHEAAF N, 5 PDM Z ] i1y & R 09,
N, =aPDM'? (2)
A PDM M AR KR T B i i, t/hm?. 55 PR PNC [ DL
N U Bt 8 BB OKRTE R RAE H A AUE R85, sl
(3) fimm:
NNI=PNC/N, (3)
A PNC MM MEE IR E , %; NNIHZUEFRIEH . M4
NNI=18f, YEPECRESE RN ; M NN, FRnaEd
H; YNNI<L, FRBEREENEE.
1.5 ET LAl FOtEHR DM BTN, B2k < 18] K EX AV IR IR HE S
TEAERR AT, oK LAT SRR A 2 W 2 i 3%
IEAHFESE RS, Y LAIFI PDM 2 8] (1 5 Ak KO R I e
1l Z 505 N, F PDM 2 [a] g 5 A 1 06 3 1Y EL A1) 32 B0
EmE, TEAEYIREFRARKI, PR N, LALZ A4 Al fig
TE Rk W e e R0, FHt, EAERRALLFET, N,
FILALZ 8] /%) 2 Z AT DMEGE R
N, =eLAI° (4)
K e IR e MAKRE A MG A AW, kg/hm?,
MLALK LB, S8 e RFEMME N, £ (4) BRiE
BFER LA PDM 0] LIfS 2N, (X (5) ). H1F LAIS PDM

PEEHRA AR (7)) R, Wik, PR (8) AN,
i, 28 FR LA ISR N, B (9)
e o

N,=(eLAI)/PDM (5)
LAI=kPDM¢ (6)
PDM=(LAI/k)" (7)
N, =(eLAD)/(LAL/k)"*= e'LAI“"e (8)
e'=ek'c (9)
Kk 25
1.6 HUBALIE

¥ HI Excel 2013 #/F #E 47 209 #5114, R
SPSS22.0 KA T LR Z O 2T M Z LA, ZERH
Origin2018 4, 4N R 2017 4E305% 170 3 10 %iis
PR, A FH 2018 4F3056 2 A4 A BCE A TAR R GAIE

2 RSO

2.1 MEREHANEREREDNSTHR

22 09 2017 A [ it b At 0K 7R T R T R - i
BUB B AR ZRE M h S B RS R, k2 n s, Bl
HEKRERAEFHBRNHEDLE, HLAIAKE I, i PNC
TRE . I LA 3SR AEAS R  RR R SE T, 3
LAI 1 PNC 9 28 b & S5 2 AH LAY o 78 AN [A] i3 5
LATFN PNC 4 [ 45 Jite 2 2 A 385 I 385 hm, 9 2 i 20 2 ik
B KV, LA NS BT, mis A s
MR B B RS . K 19 5 LAT Y AE AL 35 BBl oA
1.13~6.03, PNC PR fbE Fl R 1.35%~3.24%; T-HL19 (1)
LAI 25 (kT Bl K 1.26~6.21, PNC Y284k Fl R 1.22%~
3.31%. AT AHREE EORAFP T B 19 ) LA = T £,
{H PNCTEA ] d A i A2 f 3/ o

&2 2017 FAREERE T ERMHERERFAERRIRE ST

Table 2 Dynamic changes of leaf area index and plant nitrogen concentration of maize under different nitrogen application rates in 2017

Ei=t 7D A HEF Y Qb Treatment
Index Cultivar Growth stage NO N1 N2 N3 N4 N5
V6 1.13d 1.48¢ 1.72b 2.32ab 2.34ab 2.41a
1 1. 1. 2.44 2.92 01 .
819 V10 37d 65¢ b 92a 3.01a 3.03a
o V12 1.99d 2.65¢ 3.57be 4.01ab 4.09a 4.14a
Tiancil9
VT 2.43d 341c 4.07b 4.85a 4.85a 4.87a
i RS A R1 3.09¢ 4.11bc 4.97b 5.93a 5.97a 6.03a
Leaf area index V6 1.26d 1.57¢ 2.12bc 2.23abc 2.36ab 2.47a
a1 V10 1.44d 1.73¢ 2.55b 3.08ab 3.28a 331a
Ninadan19 V12 2.09% 2.58d 3.69b¢ 4.01ab 4.22a 4292
gda VT 2.58d 3.36¢ 4.49b 5.01ab 5.09ab 5.19
RI 3.35d 4.44¢ 5.27b 6.13a 6.17a 6.21a
V6 2.19d 2.47¢ 2.68b 2.91ab 3.17a 3.24a
W19 V10 2.02¢ 221d 231cd 2.42¢ 2.89b 3.11a
. V12 1.64d 1.89¢ 2.11b 2.65ab 2.79a 2.87a
Tiancil9
- VT 1.51d 1.71¢ 1.89b 2.30ab 2.35ab 2.55a
PRI R1 1.35d 1.51c 1.71b 221a 2.25a 2.28a
Plant nitrogen V6 211e 2.39d 2.66cd 2.87¢ 3.09b 331a
concentration/%
i 19 V10 2.02¢ 2.23de 2.38d 2.55bc 2.69b 2.92a
N.T a1 V12 1.84de 1.98d 2.19¢ 2.39abc 2.48ab 2.62a
fmgdan VT 1.51d 1.71¢ 1.84bc 2.22abc 2.29ab 2.44a
R1 1.22¢ 1.50d 1.69¢ 2.11b 2.21ab 231a

T AT 8 BA R PR A R b B A JE B35 225 (P>0.05)

Note: Data with the same letters along line are not significantly different among treatments (P>0.05).
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N =407 LAI"*¥

©

R>=0.92""

w

N

f=]

I 2 3 4 5 6 7
-1 AL 8L Leaf area index

a. K19
a. Tiancil9

RERER T S
Plant nitrogen concentration/%

® [ A He S Critical nitrogen concentration
o Z BRI N limiting
* {EAUFRH Non-N limiting

N=3.93 LAI"*#
R*=0.97"

0 1 2 3 4 5 6 7

AR T
Plant nitrogen concentration/%

IR EL Leaf area index
b. 719
b. Ningdan19

T NN EIKIE, %, RRNPGEREL. **, P<0.01. R,
Note: N, is critical nitrogen concentration, %. R? is determining coefficient.
** P<0.01. Same as below.
H2 20175 R F) 2K S A7 16 RARF i & b
Fig.2 Comparison of critical nitrogen dilution curves of different
maize varieties in 2017

FeF LATKGEE T R[] i Pl A S0 e il 2Bl ([
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HF5-0.47 F1-0.43, N T #E— 500 24 R 2 80 3
E5, EHK R R T AL EE, B InN =Ina+
bInLAI, KI5 19 F17° BA 19 () 1 £k AL 45 8 3 51 Ky InN =
1.40-0.47InLAI #1 InN.=1.37-0.43InLAL, % ¥ J5 2553
Brorik, 435050 B 2 A R 22 [6] (0 Ak o L5 A ) 22 5
gER RN, K019 F17T 8 19 BER SR EE A P 5> 51
0.957110.648, #FAT0.05, UilH 24Nz 1A &M
Z5. B, B2 LIt E S, B E
K —m A E B (K3), a}3.99, bH-0.45,
[ 2 ?E%ﬂ?ﬂiﬁw

— I R A FEL £k Critical nitrogen dilution curve
- - -95% & (=X |f] 95% confidence intervals

&~

N=3.99 LAl
R=0.96"

Il e S
Critical nitrogen concentration/%
38

0

o 1 2 3 4 5 6 7
I T A5 %X Leaf area index
B3 A Frrmmds iy 2 oRIEF R W&
Fig.3 Critical nitrogen dilution curve of maize based on leaf area
index (LAI)
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FIFH 2018 4305 2 F1 4 1) B8 06 RE T ASHIF 5 Hh i
I PR Bl e AT T 900E, BB 4 n] A, ks gk
P2l 3R AT I B K LAV AG A AR B 26 )5, % Hesk
DUAE FDABTADLE A 101 R f 0 00 2 WA 760 1 481 45 B
PR RIR 22 RMSE 4 0.09, FrifEfbty H iR 2N
4.13%, FRE RN, FRWIARMFIE I T LA A I 57
R R BT H T 7 B 5| B XM R AR E S
IPEAL 512 W

30-

RMSE=0.09 a
. 27F  n-RMSE=4.13%
ES 1:12% 1:1 line
= fis}
S 24t o
on
° o
<
g o
Eﬂl 21+
g o
=18 0B
s . . . . .
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B4 AT 2018 F XI844 16 S RAFH wh &AL A Io
Fig.4 Validation of critical nitrogen dilution curves with data

from experiments in 2018
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Fig.5 Dynamic changes of nitrogen nutrition index of maize
under different nitrogen application rates in 2017
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2.4 FERBEH TEKIEF IR, T RAMMHERRE
PSS

HAERAEK AT, EXKV6OERIAKHE
LAl 5 PDM M #AEK R B ZF (K6, kM 1.10, ¢
$0.75). ElebdER THEIERAAEKZMET, HEHRE
K8 N, AT LAL Z [ i Sl A Ko R 2, Hop,
22.14 kg/hm> f FE B AL BN, B0 i o AR R B0
K i e 1 AL R i 20 W SR

8-

o K19 Tiancil9
A 7719 Ningdan19

I AL HEEL Leaf area index
>~

2t
LAI=1.10PDM"”
R*=0.91"
0 1 1 1 I ]
0 2 4 6 8 10

Hitk T4 it Plant dry matter/(t « hm2)

a. FRE T4 T vs i T AU AL
a. Plant dry matter (PDM) vs leaf area index (LAI)

Tosop
T: o K19 Tiancil9
o 150 A 7 Hi19 Ningdan19
S 5
=2 1of
XE -
= é 90 L BEA
20
a2
% E 60t
£73 N, =22.14 LAI"*
£ 30 R*=0.97"
5]
g 0 . y p "
= 0 2 4 6 8

I 1AL %L Leaf area index

b. i B Bvsii FAUI A
b. LAI vs critical nitrogen uptake (N, )

A6 dAFFRALM T AR RIS, AR T H R Eh et a R
A FREKRRK R
Fig.6 Allometric growth relationship between critical nitrogen
uptake, plant dry matter and leaf area index under non-limited
nitrogen conditions
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3.1 5HMIERRHBHEILER

L PDM A Sl s 1 1 A 200 o o 428 0k FH T 4%
YEY, SR K B0 X 350 2 S5t 2 5% W fs 55 20 ¢ H 4 119 3
FME. LAUSHPICAER © WEAE 25 1 Ve H 45 R
YrF gy AR ) GRS, T IR AR AE DRI
B RO R R KR RS R, FETHE R
KBS B, BEE LALIIG I PNC 2 T, &
X PRI () SR R R B TR e 1E, BB S 1E
YK I A 2, Rk A R4 R H R T
24N AR 1) MR R A, REARK T 2R T AR
ABNZERI A oy b, (AR MR BT 2 A6 REN, 2) R
RRAR I B B I T AR R, 35 06 R O AH DG 1 /43
AKX R, TR e 265 AR RS, A 5% 2R
TV K AR — AR AR A RO R 5 A 2, A BT I0E T T Z 5
HEE X BT LAT AT 3 5ok N BRI R 2 048 (N =

3.99LAI) o MBS MR DE, S8 aRE Y LA R 1
AF A I A SR BE (L, 1 A ks ( 7a), T
I afHAF2.25~3.45 20, MSE b AR THKRK
FEREY AR T REESE, HEE-022~-0372
[ 21517181 A S R 5L T LAT i 2 19 N i e A 70 3%
BaMABE b (3.99 1-0.45) 5ZAiAY A T PDM
(& 72) B2 0 I 28 REEAE R s 22 281 AR
FEF LA N Fi B 26 2505 T I F PDM B 6 S5,
XEZRMTERMEEELET R ENLAIG T
PDM. #Rifi, Bl EKAEFHBEMHEL, BT HE
HSEE R DA R AR e A 2R e AR Ak, S E0F H PDM
B R 11 N, T 28 R0 B (R A AR

ARG A LALEf 2 T 7 B DO EoRE SR A K
011 B Gk s gl A A HOEE R 7E I X Y Zhao
SEOVER X A b S J A ST A R K I R AR R A R AR —
B, RFERTE] (BT ) 2 ik 22 30) 5 Zhao SEPOHURE RS A] K
FOMIA], XU IABIRL A A S KA AR IO YOG
7, AR S8 b 5 Zhao VT H S8 b (EAHIA] ,
HZ¥al (3.99) & T Zhao ZFFE 455 (3.84), i
AH 7 B2 T R ORAE AR 1 8 WCRE T EL B £ FD PR &
KR MCRE Sy, HR R R T T KR
AKRE—RE R T =X, R AERNE A K, B4 B
HB 2 2 FORX KA AR T 2K, 3% 5 Zhao S5 L jifs
50% FI4K T 3B i 50% i A 7 AR, BEIH FOR XA R
WG 2 it A 7 =X 52

4 —o—PlénteZElS) Plénte et all'®!

—o— YueZE" Yue et al”!

—a— ZRIEPEAENS 1] Zhengpeng et al™™!
—v— Zhao™%:? Zhao et all?

2.’\\1\%

0 2 4 6 8 10 12

L
Plant nitrogen concentration/%

RikkTF 45 Plant dry matter/(t + hm=)
a. F=FPDM

a. Based on PDM

—0— B4 Zhao et all®)
4+ —O— ZRHF5E This study

i

HARE
Plant nitrogen concentration/%

o 1 2 3 4 5 6 7 8 9

I FHEE $0 Leaf area index
b. EFLAI

b. Based on LAI
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Critical nitrogen dilution curve of drip-irrigated maize at vegetative
growth stage based on leaf area index

Jia Biao, Fu Jiangpeng
(School of Agriculture, Ningxia University, Yinchuan 750021, China)

Abstract: Nitrogen is a main nutrient element for crop growth but the appropriate nitrogen application and management is
important in the Yellow River Irrigation Area of Ningxia. So, an effective method of accurate nitrogen assessment for maize is
urgently needed in this area. In this study, based on leaf area index (LAI) of maize under drip-irrigated system, a critical
nitrogen dilution curve model was established and its applicability for nitrogen management was assessed. The feasibility of
diagnosing nitrogen nutrition status of maize under a water and fertilizer drip-integrated mode by using nitrogen nutrition
index (NNI) was also evaluated. Six nitrogen application rates with three replicates each were designed including 0 (NO).90
(N90). 180 (N180).270 (N270).360 (N360), and 450 (N450) kg/hm? in 2017 and 2018. The LAIL dry matter and nitrogen
concentration were determined at jointing stage, trumpet stage, large trumpet stage, tasseling stage, and silking stage,
respectively. Then, the quantitative relationship between LAI and plant nitrogen concentration (PNC) were analyzed.
Moreover, the critical nitrogen dilution curve model based on LAI was constructed and verified after analysis of above-
ground biomass accumulation and plant nitrogen concentration of maize from jointing stage to silking stage under different
nitrogen application rates. The critical nitrogen dilution curve model was employed to reveal the effects of nitrogen
application rates on NNI of maize at different growth stages. A theoretical framework was established to reveal the
relationship between LAI and plant dry matter (PDM) curves and to compare the differences between critical nitrogen curve
based on LAI and that based on PDM. The results showed that, as a whole, both LAI and plant nitrogen concentration were
increased as nitrogen application rate increased. However, they increased with two distinct periods, which could be classified
into nitrogen limitation and nitrogen non-limitation periods. The relationship between critical nitrogen and LAI conformed to
a power function model at the vegetative growth stage of maize. Meanwhile, the root mean square error (RMSE) and
normalized root mean square error (n-RMSE) of this established model were 0.09 and 4.13%, respectively. It indicated this
model presented a good stability to predict critical nitrogen concentration of maize as well as to evaluate plant nitrogen
nutrient at the vegetative growth stage. Furthermore, the NNI increased from 0.53 to 1.34 when the nitrogen fertilizer
application rate increased at different growth stages. Hence, NNI could accurately reflect the nitrogen nutrition status of
maize, and 270 kg/hm? was the best application rate of nitrogen in this study. In addition, under non-limited nitrogen
condition, the nitrogen absorption of maize plants presented a positive correlation with LAI and the allometric growth
parameters of LAI and PDM were closer to two thirds of the theoretical value. In conclusion, the established critical nitrogen
curve based on LAI can effectively identify the nitrogen condition required by the plant from the jointing stage to the silking
stage. The critical nitrogen curve based on leaf area index provides an effective evaluation method for precise nitrogen
management of maize under drip-irrigated system in Ningxia.

Keywords: nitrogen; diagnosis; water and fertilizer integration under drip-irrigated; maize; critical nitrogen dilution curve;

leaf area index; nitrogen nutrition index



