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ST PAR MR R, A G S5 FD742 Ny BRI it A AR B B A5 JDRE B 0. 8449, T ) RMSE 24 0. 984 ;41581437
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Abstract: Crop nitrogen status is a key indicator for evaluating crop growth, increasing yield and improving grain quality.
Non-destructive and rapid assessment of leaf nitrogen is required for improving nitrogen management in wheat production.
This study aims at identification of the quantitative relationship between leaf nitrogen accumulation and canopy reflectance
spectra in winter wheat ( Triticum aestivum L. ) using three field experiments with different wheat varieties and nitrogen
levels. Results showed that leaf nitrogen accumulation in wheat increased with increasing nitrogen rates. Canopy reflectance
changed with increasing leaf nitrogen accumulation. Sensitivity bands occurred mainly during visible light and near infra-
red, and strong correlation existed between red light and leaf nitrogen accumulation. The relationships of eight vegetation
indicators and leaf nitrogen accumulation were analyzed using statistical models. Hyper-spectral variables were significantly

correlated with leaf nitrogen accumulation, and the relationships of leaf nitrogen accumulation to SDr/SDb, FD742 and
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AVHRR-GVI were all highly significant with determination of coefficients ( R*) as 0. 9163, 0. 9097 and 0. 9142,
respectively, and standard errors (SE) as 1.165, 1.079 and 1.077, respectively. Tests with another independent dataset
showed that FD742 and REPIG could well predict leaf nitrogen accumulation in wheat with an R* of 0. 8449 and 0. 8394,
and oot mean square error { RMSE) of 0.984 and 1.014, respectively. This suggests that FD742 and REPIG can be used

to estimate leaf nitrogen accumulation, of which FD742 performed best in modeling and testing.

Key Words: winter wheat; hyper-spectral remote sensing; leaf nitrogen accumulation; monitoring model

KRIBERNEYE T P REBRNEERG, G EENA RS REYR TR ARE, Hit, 4
P LERERETENEREYREMBRRG, 7 AN SEBRR2HSHL AR . ANEHEDRRE
075 k7 e ) B IR LA A S VBRI TEA R 2T RO R, BEE RO B RBORIN R &, 75 8 2%
REFEETE e L JRIT , VT LA % M Wy BEAT 10 59 il 22 5 ) 8 B 0, TE ML o R 55 O P SR B 4 B R A
FU IR AT P ERRK ER R, ROGEEREIR A W B M S, T LA 0 A LA
SHCERHEURRDCERR L, RS R AFBI M SR K RFEH DT RS 2 W RBE , B
By FRERGEEER T REEMERFBRHKTE. EEAER—HEERFE, BAZHPHRAIEE, A
TR BRI AE (S B, 7T OB oG MBS O R BRI B R, LA R RS A Rag
B b, S X R R G R B B R BRI AT, W LAHE M R B HE T AN 5 E R 2. MtEREEEt
RO L, B B E R SHEBS RS ED B RS RE NS THRNEA"Y EBRRER
o B BRI R BB SR BB , T 48 B R RS , R 0 A B8 B2 5 TR it DI e AR B 4
BB E R a R E R AE R

HARREERM RS ESHENRR, ERRRBERMET A RS BNFER, LESHEERH AR E
FHIE, MEEPRRESR BRMAASE ENHERE, ZH A ARREKFESRRBENNE, RZ
TMR. B, M R REMEYHAE RS RRA RS R ERNEISE . MK RE BB 2
RESHEY MASREN SR, BNET AR REH SERETAEXD . N BREFE ~ A
MATERR R A AR R EO R, T R RN E R R R SR, Hik, T#n
H RRREHIKF KA, PR A 7= B0 R R = B B R A BEE X PSR R R
AR EZEER, PIREM AR EESERGEZ RN RAXR, ENER RSB RA BREN AN E,

AHIT B R LSRG dbFe RKF B RS Dy 2eal, gt/ M h R AR RR SEERE
EESHERR, UL AR E IR E B EIRERL, B REARTE/ NER R E R LW SRR 12 At 8
WHKIEFSAR SR

1 #RERE
1.1 BBt

APRBEAT T 3 AR, ¥ XBA REG AR KRB SR RAFRERKF. HERREEARRT ST
1

W 1:F 2003 ~2004 SFFEVLHRE R BB (FRITT,118°78 E, 32°04" N) #E47, WIZE/KMEH, ftid
HIEHEF L, BVUR 0.96% , 25K 0. 10% , HHH 40.29 mg-kg ™", B 102.78 mg-kg ™' o Hhi/hE M
NTEIS(REARZTE, AH10%) HEZ20 (FEARSTE, A 12%) M 260(BEAREE, A 15% )
BEIO(PEARSE, A 13%) . B 5 MHRKF, 5512 0.,75,150,225 1 300 kg-hm 4R, B 1L 6:4,
60% fEEAE , SR RIS o 20% , BLiti P, 05 150 kg-hm *H1 K,0 112.5 kg-hm™* , 2F R, DK
ERY 16 m” , BARE N 1.8 x 10°H/bm® 178 25 om, FIERMIX AT, 3 REL ., HBEHEEIER
FEREBSE . RS T RINER MR
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15 B & ETREEBRN/INEHFARRR 25

R 2:2004 ~2005 SEEVLHERB BT, ERRF A TE I S(REHE R, 10%) , % 12 5(F
BEHER,AN12.7%) , BE M (REHER,H15%) , TR BER L, APR2.09% ,2%K0.18% , L
#.150.20 mg-kg ™", EABE 140. 03 mg-kg ™" , AT 113.5 mg-kg ™', FIZEN/KAE, IR 4 MR 4R
0 kg-hm>(NO) , 4% 75kg-hm > (N1) , 4% 150 kg-hm > (N2) , 4% 225 kg-hm "> (N3) , FiijE 80 kg-hm >
P,0,f1 150 kg-hm ™ K, O, B4 JE-43F FIAERLAE , LA _E &L RUIE S0% FRFEFEIE,50% otk B e . X
REBLHESY 3 RER , /NREH 4 x4.5=18 m’ , HAM 1.5 x 10°H/hm’ .17 25 cm, HARIBEHIEMF—
BEreZ . ZRE PO TR AL,

5 3:2005 ~2006 FAEVLIE B IR TR R AL H (L7 X404, 118°83" E, 31°95' N) 347, 4
HmMATEI S (REHES R, N 10%) , BEM(REHESE, N 15%), L HEEH N EERE, AR
1.43% , 2% 0.11% , 33 62.5 mg-kg ™", BB 10. 36 mg-kg ™", TR 82.5 mg-kg™' . BIEENAR, R
B4 MERAF 4% 0 kg-hm > (NO) , 454 90 kg-hm > (N1) , 4% 180 kg-hm > (N2) , 44 270 kg-hm >
(N3) , Fiiifi 150 kg-hm ™ P,0, #1210 kg-hm = K, O, B4 fE 238 VR RLAE, LA b &40 B A B 50% FATERLAE,
50% SRR TTHIBAE ., RBFEYLHES,3 WEE, /DRER S x5.5 =27.5 m* , ZAW 1.8 x 10°#/hm’ , 475 25
cm, HAFRBEBEREHEE —BRrmZH. 25RO T IR,

F1 HEKBERERLRRERY

Tablel Seasons, cultivars, nitrogen rates and sampling stages in three field experiments

£KF LY MEEAF (kg+hm ~?) SREEH ReARR
Season Cultivar Nitrogen rate Sampling date Sample type
T3 9 5 Ningmai 9 R A
Exo.1 2003 ~ 2004 EF 20 Huaimai 20 0/75/150/225/300  Ze B/ 76/ 3 3/ 3 )5 3 Booting/ ot 1
P 1% 26 Xuzhou 26 Anthesis/Mid-filling/Late-filling ez n_g 15;:‘11)}) €
#%3% 10 B Yangmai 10 n=
T2 9 5 Ningmai 9 BT/ R T AL R AT R P YA
Exp.2 2004 ~2005 353 12 5 Yangmai 12 0/75/150/225 J5 #1 Jointing/Booting/ Anthesis/Initial — Training sample
%% 34 Yumai 34 filling/Mid - filling/Late-filling (n=234)
50 5 Nngi A L G T T T
Exp.3 2005 ~2006 % 3 g,“;': 0/90/180/270 /% ¥ 5 ¥ Jointing/Booting/Heading/ Training sample
vt Anthesis/Initial-filling/Mid-filling/ Late-filling (n=168)

1.2 JEHFE
1.2.1 JEiEgcEN<E

NG L JE G & 3% A 3£ E Analytical Spectral Device( ASD) /A &] 4 7= 1) FieldSpec Pro FR2500 B #:5K,
BRI IS SR , BB By 350 ~2500 nm, FH1,350 ~ 1000 nm SEHERAERIFE K 1. 4 nm, 4% HE %N 3
nm ;1000 ~2500 nm JE3ERAERE A 2 nm, J63EHHEER N 10 nm, 572 IEHEIE HEEEAE XSGR\ TCXUER XU
TR/NEFHEAT , B RIEFE 2 10:00 ~ 1400, fF/RGF R EE M T, BB UREA8 25° R ETRERR EA 1.0
m, HE ARG TEEER N 0.44 m, BA/PNXICF 10 ARG, I FSEEN /DR OGS R HE, WE
TR e KB AT AR AR IE (A EAR RO 3 R 1, X AR TR B B AR eIl R TTE M AX R 2R) , X
4 B AR BT S B LS E AR E
1.2.2 RESHPWE

56BN 2 F 8/ MR BUNE 20 BIZSE SR, Sa BT B RS FRAE)  miEiE L
REE, 2ASERIRERENE, HAREHERELNA (g N-m™”) =HHFEFE LNC (%) xHHF
#E LDW (g DW-m™),
1.3 FRSHr5HH

ARRLEES T BB IGESTE L, IF7E MATLAB iIEE B T HEIH, DIRE 2 ik 3 v
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il 3 hE R RS ESHS M A RRREHETHERST, EE SRR RE BE M XA BUR BB R AE
BB, E BE AR SN I R R R M TURER A I TR R 22 (SE) Rl A e REL(RY) Bk
o FIFRIE | BOREXT B 07 36 2 57 RO Y BEAT DU I AR 36, SR 8 R 939 07 1R 22 (RMSE) | 3R RT3k 22
(RE) JHEE (R®) FITER B (A1) 4 MERRIT S ATEE AR E S TIMEZE 1:1 X RE, A3k
BEES B E XN 2,

®2 FXRAMBRESHTIR
Table2 Summary of different hyperspectral parameters used in this study

ESH HEARTEX

Spectra parameter Algorithm formula and definition

DVI (A1,)2) R, -R,"!

MSS-DVI Band4 — a x Band2, a =0.969168!

GREEN-NDVI (Rysp — Rssg)/ (Rysg + Rss ) 1)

MSS-PVI (Band4 — a x Band2 - b) /sqrt(1 +4?) , a =0.96916,b =0.0847268!

MSS-SARVI Band4/(Band2 + b/a) (8]

AVHRR -GVI 1. 6225 x CH2 —2.2978 x CH1 +11.0656['°]

REPy Bl AT RR B 251 A1 Obtained from Inverted Gaussian fitting technique ']

SDr-SDb LI —Bri s BN S B A — B 2 S AN 2B Differential of the red-edge integral areas to the blue-edge integral
areas

SDr/SDb IR —Br M BME5BEHRN— B2 5 f A L {E Radio of the red-edge integral areas to the blue-edge
integral areas

RES LU HL RN I A — B i 6T P A B A f. Maximum first derivate in the red edge

FD742 742nm AE—Br i E e {E The first derivative value at 742nm

2 BR55Wm

2.1 AFEHERAKF T/MEH I RERFIRRL

A REEMEAREEERENDZRZRIH ERI IR, LI 3 4R NBI(R3), WA N, Bi/hZE
AP E AR B I BT A R REXREMER ST 3R & , A R B 892 5 54 7 i TR BN,
~ FRAEAE AR A IS RE AR, BE AR X R 7 SR SR, A R R BFEAL R )3y B &Ko SR IE] bR,
FRRRBEENETMHRIATE I SHTHE 34, MARREEMEAT R HEERRLTHERNE
¥, HAEZR ~ A2 R, M RIERE MInaERE RN JR RE IR B AT R 257
RUAF, T 9 STEMBIIRK, RE T 7.15 15,5 34 ERRHRK, /A T 4.35 15, B EFHNER
WTEI SRTEE M4, XRUTE I SHHEE 34 MRRRDENBR,

#£3 FTAEAAKEFMERHHAFERRENTL (g m?)
Table 3 Dynamic changes in leaf nitrogen accumulation of different wheat varieties under different N levels( Exp.3)

HRAF

e
Cultivar Nitrogen rate Jointing Booting Heading Anthesis Initial-filling Mid-filling Late-filling
0(NO) 1.09bC 1.28¢B 1.15dC 0.83dC 0.76¢cC 0.43cB 0.20bA
THEIE 90(N1) 1.70bBC 4.23bAB 3.92¢BC 3.54¢BC 1.87cBC 0.78bcB 0.47bA
Ningmai 9 180(N2) 2.95aAB 7.01aA 6.48bAB 5.68bAB 3.39bAB 2.14bAB 1.14abA
270(N3) 3.53aAB 7.09aA 9.30aA 7.86aA 5.28aA 3.71aA 2.49aA
0(NO) 1.46bB 1.18¢B 0.94cC 0.90dB 0.72¢C 0.32¢B 0.18bA
BiE 34 90(N1) 1.56bB 2.86bB 3.08bBC 2.32¢B 1.39¢C 0.59¢B 0.36bAB
Yumai 34 180(N2) 3.05aAB 5.12aA 5.11aAB 4.41bA 2.89bB 1.45bAB 0.77abAB
270(N3) 3.61aA 6.53aA 6.13aA 5.78aA 4.48aA 2.63aA 1.37aA

INEFRERRERBE(P <0.05) , KEFRBERFREREEBE (P < 0.01) Values within a column followed by a different letter are
significantly different at P < 0.05( small letter) and P < 0. 01 ( capital letter) ,respectively

hitp : //www. ecologica. cn
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2.2 AEMFRRREEKFT/IEEREEENL

AL 3 T3k 9 SERE R R AR A6, SRR MY 5 BRREEAKF T HAEREFIGE R
SEREIA R (E 1A) 6% T3 9 5 N2 AFH(4E% 180 keg-hm ™) 3115 ZWE KT I 0016 S 5 Fe 1
RZEBRICEREAT R SIAZW(E 1B), B 1A B, @8EHF RREENERBERWERLER
SHRHIE , 74 R e BE XSO TE R N A o SR 63 S 5 #R7E 350 ~710 nm 1 1400 ~2500 nm JEBIRER i+ RAR
FE/KFHIEINTFES, A0 R, 7E 740 ~ 1100 nm B A $2 5, {B7E 1100 ~ 1400 nm P BN RFHH B 2
M, B 1B XIAFRETRERGER R, E T 2R XOEERE R ST RRRERMU, RAN
B AR R BB X IR B T AT W B (350 ~ 710 nm) MR LLAF R 5HF & (740 ~ 1100 nm) X
I8, X i T A T B 2 St R AR A2 AU 2335 R A IR AR AL , IR XD RRIE - A B . A
WA AR RIE R, R B AEE 5 E SR, 7R ~ TR K- R AT 4R
WE B PR R BERRROHERE , oKL B Y MR B I AR B R R, i > W s 3 . BRI, AR A
B BB R R BE X E E S R 7 A T BN , BT B0 TR, T LG X B S A AR B
AR, TRIE LA MK BB+ 5 , TR FFAE IR Bl ) 20 5 30, B i A8 b 5 AR T RTIAAE Lo

04 — ; Zaf# Booting

04 — ‘
A B T e : :
MR Initial-filling
B Heading :
9 03 L 03|
F 3
2 2
3 =
2 E 02
= 2L
o &
& &
=4 ® 01
E
! L ! | 0 1 L L ! |
350 780 1210 1640 2070 2500 350 780 1210 1640 2070 2500
K Wavelength (nm) K Wavelength (nm)

B1 NEREEHERETFRRRE(A) ZEFH(B) KL

Fig. 1 Changes in canopy spectral reflectance with varied leaf nitrogen accumulation levels( A)and different development stages(B) of wheat

2.3 /pENFRERBRESRIAIEHE K —Hr R M

Bdae 2 A 3 BT A T R R R B 5 X0 R R 6 5 3R B — B s i 4R (n =
402) BEAT ARG AR AT (B 24) o i 2A TN, Pl /N T 727 nm AR T 1350 nm 63 REHR S5 A&
MEEE MM, HAP7E 560 ~710 nm B X REAFHE—NBREGES (r < -0.73) ,7E 745 ~ 1100 nm [5]4H
KERPHFE—NBREFE(r > 0.81) ,T7E 726 nm M, M X RECRE T M, BB AR. M RRRE
S—Biionr ik Z B S R $0E (B 2B) =8, 78 480 ~ 510 nm S MK BB BRI K, B —0. 84, 11t
XA F U TE Y 5 76 710 ~755 nm [ARBLIEAR, BRAM K RBPR AT 742 nm fE(r =0.92) , X% 2
K, ZA BRDOGERRIEL, A TADTERE, SEYE K LAL X REY], EEWLSMY 1280 ~ 1340 nm
1500 ~ 1580 nm I SCHHAERKF
2.4 PEHFREZRRESEESHHRA

TR R B RRAE R, A2 R DIEE RO, RIS R RN B R
BAsRr , W LA/ NE RIRE R , R B R A e . MR EE R AR E THEZE5ZHRH
HIESEL B A R R R SGESHIRME T, i 5 S RABUFRSH(R4) Kb RO ER
EIAR LA 742 nm Zh—Br SEAERAER , TR GBEREUF , IRE REE 0.9 ULk, IR R BT IR 4 ik

hitp : //www. ecologica. cn
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09 i

e
R

27 5 B
, i
0.6 - : :3 H
= = = Iz
5 3 03| % F oo
2 2 = i
= = é‘ 3 G -
&3 &3 : = ; :
W S WS 0 b
K E KE  350-d-Ergte s 20a- 632
Z=E z2E BRI g -
e [l SR T HE
S S ir B #
: &5 Ba ]
RERE"H JERCIL SR
S E
o9 L -09 L R
- K Wavelength (nm) ¥ Wavelength (nm)

B2 NEHFRERRESERIGERSE(A) BE—Bsm b4 (B) KX M (n =402)

Fig. 2 The correlation analysis of leaf nitrogen accumulation to canopy spectral reflectance( A) and its first derivative spectra( B) in wheat

HARREESHIESH XA (B 3A.B), AERGINGERMAALESZERBBENEM, SHEKHEX
EARE, B, 1 T 2R EIE S XA AR REE S A FEE G T X 0T IR RIR R, R 3
8 MBS HAURZIEH AR BRI RR(F4) . kAN EGEHEREE M2 ERE 88, AER
BEERAERER S REEIFA, AT BRERAAFEHRL R, T GREEN-NDVI 5 EREEHRXRNE
WEH (R =0.8996) , 4t WA BTN 6 g m /K ATk tH B E AT, B R TR . Hop,
FIF AVHRR-GVI 24, Frgsr i BlRfE B R AA BRI E R AR &IF (B 3D),

R4 NEHRERBEE()) EREARXESE(x ) WERKR (n=402)
Table 4 Quantitative relationships of leaf nitrogen accumulation (y) to individual spectral index (x) in wheat

SHRE HESH EHE R SE
Type of parameter Spectral parameter Regression equation

SDr/SDb y = 0. 1015 0.9163 1.165
, SDr-SDb y = 0.0365x-4" 0.8812 1.241
The ﬁm%ﬁﬁﬁi%ﬁiﬁmves REPIG y = 2x10 %8 x 01550 0.8359 1.547
RES y = 8.8571x-7%8 0.8558 1.331
FD742 y = 10.396x! %73 0.9097 1.079
DVI(NIR,RED) y = 0.0056x%%7 0.8976 1.137
DVI(810,560) y = 0.0037x>%2 0.8870 1.158
DVI(1100,560) y = 0.0007>%" 0.8790 1.309
B MSS-DVI y = 0.0026x% 166 0.8915 1.177
Vegetation indices GREEN-NDVI y = 0.0745¢513%= 0.8996 1.178
MSS-PVI y = 0.0054x%1%3 0. 8968 1.129
MSS-SARVI y = 0.2957x1-262 0.8739 1.076
AVHRR-GVI y = 0.0006x%172 0.9142 1.077

2.5 HAKIASHRE

N T B B R B F] SE MRS P, A 2003 ~ 2004 4R 4 57 i (Exp. 1) X4 bR 857 9 75 18 03 B 3647
WAE, R @A A3 7 MR 2 (RMSE) \HIR$22 (RE) RS RE (R®) VBB (A1) 4 MEREETRE B RH T
BRSNS Fim. HREW, G848, X 5 BRRER TN LA FD742 MAHf BWGESHR
WEAL, T BOXE B8 2031 4 0. 8449 F1 0. 8394, RMSE 43 5124 0. 984 F1 1. 014, Tl 9 A xR 22 4 15. 65% Fl
15.38% ,MERGBEX T 0 T 1, A R B M A R R B B9 TR BA B i e B Ak (R 5.8
4) o FJBFTRF 2004 ~2005 12005 ~2006 #4LE 2a WK FHHH BB, FD742 5 FRR BB XAE
TI(R* =0.9097) , Wil #1f B (REP ) 5 WA R RIS AR 2 (R =0.8359) , HAF FD742 S48 1Y
TR, LB TERE YRR REKF, Hig, #IH FD742 Bt 5 AR RE, TR/ S

hitp : //www. ecologica. cn
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12 — = 01015 ° o 12 3= 10.396x10575
R?=009163
9
6
k-
]
=
e 3
=
=
:
g 0L @ I
QDCJ:J) 0 4.4 88 132 17.6 220 .
€ SDI/SDb FD742
=
5 12 - 3= 2108 x 01551 o8 12 - ¥=0.0006x21972 o°
— RY=0.8359 R?=09142 o ©
Rl
?}g 9L 9 L
i
dr
=
6 - 6 L
3+ 3 b
0 S 0 ~ iiay 1
698 703 708 713 718 723 0 20 40 60 80 100
REP (nm) GVI (AVHRR)

B3 NEM AR RES 5% SDr/SDh( A) .FD742(B) .REPIG(C) # AVHRR-GVI(D) 9% &
Fig. 3 Relationship of leaf nitrogen accumulation to SDr/SDb( A) .FD742(B) .REPIG(C)and AVHRR-GVI(D) in wheat

RS TN B8, F A SDr/SDb Al AVHRR-GVI B GBS 4cxd it i BAR R AT, ik
RSS2 , (BT BB ) IR B mKF , ERSHE PRI OB R R P R B R i . Bk, 7ETR
W BARR 20 SDr/SDb #l AVHRR-GVI 432 &R W 3815, XA 7 TIEA RN = &4 T #— 20
B,
£5 EEFRNERAMBB(n=134)
Table 5 Performance of the model for predicting leaf nitrogen accumulation(n = 134)

3

T%‘y?el;ffgpgmmeter Spiﬁc-riﬁmnugter RMSE RE(%) B Slope
W B S SDr/SDb 1.199 16.64 0.7867 0.9918
The first derivatives and derivatives SDr-SDb 1.127 17.79 0.7804 0. 8982
REPIG 1.014 15.38 0. 8394 1. 0094
RES 1.168 19.54 0.7740 0. 9299
FD742 0.984 15.65 0. 8449 1.0053
DVI(NIR,RED) 1.155 18.09 0.7774 0.9239
DVI(810,560) 1.236 19.05 0.7761 0.9342
DVI(1100,560) 1.543 24.17 0.7291 1.0097
IR MSS-DVI 1.228 19.23 0.7643 0.9553
Vegetation indices GREEN-NDVI 1.462 24.78 0.7489 1.0910
MSS-PVI 1.221 19.06 0.7645 0.9334
MSS-SARVI 1.885 27.74 0.7465 1.2040
AVHRR-GVI 1.138 17.86 0.7779 0. 9425

hitp : //www. ecologica. cn
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12 12 ~
3=0.9754x + 0.0889 3=0.9799x +0.1595
R?=0.7867 ® R?=0.8394
5P
o
9 o oG, o) 9 o
o0 O ° obo P
@ QP o o
(o] & o
6L °3 6L
= Qe © o2
2 @ o
- g% o, 236> ©°
2% @ © SDr/SDb o REP(g
==
= E
= § 0 1 1 1 ] 0 1 I I ]
ﬁg 0 3 6 9 12 0 3 6 9 12
D 12 .
&= y=0.969x + 0.1962 y=0.8593x +0.45
e R*=0.8449 R=0.7779
= 8 o
Q
S o
=
[}
2 8.6,55
6 ggo fo)
o
Sz
@
3L RS
AVHRR-GVI
J 0 I ! 1 J
12 0 3 6 9 12

/NN R R I

Measured leaf nitrogen accumulation in wheat

B4 NEHFRARRETIE S SCIER L E

Fig. 4 Comparison of estimated with measured leaf nitrogen accumulation in wheat

3 SES5iTE

A RRERBAEN A RSB A EENERL, B EA R BN ERTORS, BB E TR E
FORI, FERANE PN . MR EGER A S B A b A YR B LAL 3750 B8 R B, B E R
MR R B BTG E BV A BEE N AME, ALREM KB FBALSTAE, g
SEPFSEFEN, 1220 nm 5 660 nm JFEHATUR G R B/NEN F AR EE, 20T S8 iR K 1220
nm VRSN FES HE S B BT, 15 660 nm PEETZLS , T LI AR B B A X 0 B AR B B
PR, ASCRIFESE 3 FRHIRBYOR, GHEARSFAREEKT, ARERMRRE LS, WHAEER, &
BN T EMENESH ST H ERERINLER, B TRIA AR RS B R M . AR5 R
BB BMETE R LR, T EA LW B A E SRR H A REGESE, LB T ARRER
FIESE TR, ok B S B B A 44 W LK 25 KT AR R DN R R B F R R 38
RABFIHEAR 3, R A GBS EOE M H B B8 58 U8 B RN B R A LA RS T HA
B2,

M4 R I BUR B B R EAE W 6K, A B A 3% B S X SR i i I T B R A R S LA B, T % P R
FRAE TR IEE 441X (2054 nm Al 2172 nm) , FIFAE ARRE LGRS BEAT TR, BT
ST, MELARE FR A BINE AREAK . M TREEMEREEENARIMS MR ESREHFERIFN
KMEARK, BT SR KGEPIE AT TR ZRAH EIEEN . Bonham-Carter' ™ % L T “ 4030 ” fi
BOHFRTON" B 5AELANII. Rock™  Curran 1 Pinar'" 31 % , EWBEA R BOEIE IO “ 4T
W7 BRES R R B G R FEEE B Gitelson™ " SRS “ L0 " i B BB Bk LA, 1R i At A=
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Y&, Moses! " ZTF BT M AREBL T “ai” MBHRRMEEMRETIEN . BEA MRy, B2
S LT R B ERTC R RS R BT P SN, A BEE R R I T < 4T
B MR, BECER” . APIRERLER, A RRBEBEEZMATRWIEI, R4 A, T3 ~ M
BRI, OB BESH A EARERBEEMS G R RES, A REER, ) ARER W
THe, R TR, Bk, ROl A B LA RREN A RRER X IE RGN MRS, &
SCET S THACan” /B g HH A AR BB IR EEETIRh R,

43 R IRUOEHE X 25 550 ~750nm , HHP7E4HIE( 25 550 nm) R4 (£ 680 nm) FHE b1 R 5T RIER &
RO EIERMAR AL , 4 K RN LSRR ISR 58, S BURTE S AR8 , R E RN, ST R A G R
WD, SR, T AR, B, EF KR, A AR ERKTE, ARk E HOsRE,
LI SDr 30, R, R HAA TR E WL, COERED. B TEERNESREKTFERE
A, EITEA SDy WS AL MR 5 400 IRV, T B T AR SDb 7 AL 3 54T i AR 2o S IEAR™
EEBP SHE RN, O E R LT LR AT LAL 03 L3R4 8 . Hansen™ 25 FF 692 nm il 447
nm BB B IH — LI SR /N AR A B, Penuelas'™ ™ 53R 680 nm Al 430nm B PEELE L& i
B LA TR 4 SRPT FlH— 1k (A B3840 NPCI WP R Z R, U EBSEIRR, 6 B B 5 It B e PP A3
KEMRERRYHAER. Bt MEanmRSEAmRE HERZEENSHE, EF I TRESH
BREBHMAEM, AXULETRLLNEE, 5 A TR ERIEEIE S, 7B A B, T E S
B,

41371 (680 ~780 nm) BRI —B i ME WA AR, SH K BRREBM X R BEH L, LR
WRABHODME, HS5HARRERBXRRIICARNY, WA F Miller' " SR 1882011 1 B REP, (8]
BT ) T AR TR BAR B & (R® =0.8394,RMSE =1.014,n=134) , TINS5 HHFRREELRER
T — B MERE LA R , TI7E 742 nm BHE, BB BB LSRRI A B, o AR BB K E#
B L AL TR AL RUBIZL . AR R IR, KFS LAL Al Y8 5 — M6 =2 a1 8 oAl 26 BB 3%
KA BINRATE 743 nm fHE, BB EIEMX™ . Bk, FIFE FD742 5 4 2R EBEEIHM, FRMA
HIF(R* =0.9097,SE =1.079,n =402) ,3EiT B —4E B2 s BB XTE B BEA TR I, B TR IAS B (R” =
0.8449 RMSE =0.984 ,n =134) , RIARBEIZE AR &M T A SRS, RTASCH 8 LB = 1E
—AMEB X EZEKR BRI RN, £ EREEARFAS AN BRI K EE B ERAEY
W5 3WrH B B B FROHE
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