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Monitoring nitrogen content of wheat on basis of
an algorithm on the spectral angle of canopy
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Abstract: Nitrogen is an important factor for crop growth and environment. A search for real-time, rapid and accu-
rate monitoring methods on nitrogen nutrition is a necessary approach for precise fertilization and efficiency enhancement .
In this paper, three wheat varieties (Xinchun 6, Xinchun 17 and Xinchun 22) were selected to investigate the correla-
tions between the canopy hyperspectral characteristics at four nitrogen levels and the leaves nitrogen content (LNC), and
thereby an improved spectral angle (SA) could be utilized for prediction of LNC. The spectral angles of wheat canopy by
different nitrogen treatments were higher with the nitrogen increased and the best spectral angle model for prediction of
leaf nitrogen was y = 0. 3999x°3% | The coefficient of determination R? was 0.6870, and the RE, RMSE and R” were
1.63%, 0.1609, and 0.7515, respectively. Spectral angle was feasible for monitoring differences in leaves nitrogen
content, providing a theoretical basis for precise fertilization in agriculture.

Keywords: wheat; nitrogen content; spectral angle

ARV TARM IS WA OO IR 38,0800 1 PR3kt X PR 55 s i T e o ph g
WAFTE R —AT7 18] AR, E AN M EOEIEE. WORHIEETE (590 ~ 756 nm, 1 096 ~ 1 295 nm, 1 295 ~
RFGFRREFRCWHT T A/NERRSDE 1642 nm) B 5E AR AE TR BE 5 T AR BE DS AR 1 3 %) i
R AR R IER 2 IE /N E BRI Z B sE R A RE S RIETRE  Ex B ORI R Gy
W AR s R AL & T B RAA R RTINS R FE AL AN BEAE Y B R B

Y 5 B 5 :2014-09-01

E4WE = &R R (2012BAH27B04) ; [H 5 H AR 2234 10 H (31071371, 31460326, 31360302) %l , 439 T K25 2 A A T H
(RCZX201217)

EZB N HFA1971—) , % iR EEEN, #0, WE, EZFAEY) w715 BRI S WM A8 58 o E-mail : xiaochunhuaxj @ 163 . com.

BISMEE: T30 (1968—) , W , LRI, BIAFZE A, 14, AR5 5 1o M P = 715 AR U5 M o E-mail : wangki01 @ 163 . coms,



55 4 1]

M AR SR TR O Mk i/ NE R B SR 95

JIES P P B4 N T B 15, T A T DL e B AL T A R
I LB N8 FH 12 1) 398 0 52 559 %63 W A, X — B
GAELOCI BRI R B e & /N )2
FEi B S R R A 2 A 56 R A & B, 820 ~
1 100 nm B OGIE RUpHE S A A ik B TR
HLETEARSE T 1150 ~ 1 300 nm 3 B A OGS SR
St AR GRERE T REMEY, B TRARSRS
S 2 [ i v AR G G e] A P A 0 e 2 S S
FEIEIEA TR E TR PG TG0 W A A R 3RS U
Jit Iy ) A

T AT X R T B BT —
W25 e HIRB R E T B SR A R R
RN 1) i 22 IR A R T 28 B ATl gy
BEAS R AR 0 0 635 A R AE D R G A vl
DLRSh s S i 45 o 6 OGS LT S 1L
GG A I BEAT B RAE B ISR B, 15 O3 A
B SBR[ 43 2
DTG, $ T BRI M2 i, e
T NT S5, 3868 7 F I A b g R 7 %
T AU B 7 VA HEA T AT, £ S 1) T A
— ROETE AT, TR RN LB bR S 1 FR 1 4
AT AR R A R

AR SO AR R SRR B, SR TGS i o BT R
Xt T TR T /N2 01 e R B TR RS T i
PR WY, B A Al 280 250K i FH 42 ik 2 e
FHAR SCHE

LB ik

1.1 MRt

I T 2009—2010 4 78 A 1] 5~ KAy AR 2 Bt 5
353 (44°20'N, 86°3'E) 4T, R E/EY) )& /42,0 ~ 20
em LEAHR T EN 11.6 g- kg™, AR A 42.6
mg kg™, B B 26.5 mg - kg, B ALET 139. 4
mg kg™

VERRAE B IR 19 3 AR il 4k - B
175 (IR Bk 6 5 (BRELE ) B 22
SRR ) . BAMFPES 3 K FEHLHES

BE4 PNEMEAL B 0 kg hm 24, 105 kg hm ™2
4%, 225 kg hm 240 %, 495 kg hm 24 %, 43 5 LA
No NN N3 BRI ENE B IR &, B 4 1K
T, A BEAE 15.63% , 4> BES AL IE 45% ,
TREZEIHEIR 18.75% , HEHK B 588 20.62% . /INFZ 3
H 20 H#ER, FEA 36 ~ 40 J7Fk - 667m =2, 471 20
em, BENELLFENE A | i AL & P,05 9 kg'667m_2O 4

AT WIHEK 280 m*+667m 2, K K, 7 A
15 HIGR .
1.2 Mikm B

TE/NAZ ) ~ A BEI BT R ~ R
W1 AR RTINS 2O [R) AP AR [ A
EFAES B, SRS SR SR R A i, A 5 TH AR 50
emx 50 emo SRAEJGHCA B 43 B, VUSRI 43 FE i
BT 105CHAE F A7 30 min, LA 70°CIEIRHLT 2
TH My E Pl B - 339 BILEG & UL 2 M4
1.3 BEXENE
1.3.1 #&R#F OSLFeE s/ N K EY 5
— 3, ARFME R DAL AT, R B RIE PR TR, T T
P, MK G ZE R EA R , A3 X S )5
1.3.2 BEXERHFEN T (HHEE™ ASD
Fieldspec FR2500 St 1543, £ £ 15 B L 0 XUl XU AR
INB RSB TFINE , IR A 10:00—14: 00, #2556 )2
TR 50 em, fRjan 3 5 /NE )2, I M 25000 .
AL PR E F S, AT S HRKE
1.3.3 kg At ik =R A ) e i - e
£ SCE N ) s A4 2 ) e AR DL 2 2 ]
R F B2 A/N  Ti) S (A) RE R P AR o 8 A it RIS A 3
()7L )22 RS 3 2 AR M, AN [ it 2R dt Ak Bt )2
IS5 AN FAE B G M AR

n

I = cos”!| 2

Jd = cos X (vis , nir) Ni}/( vis , nir) NO
i=1

n n 1

(2 i) (2 i) ]

Y R R 1) Ny N SR AL B 22 P 5
AP iRAR N2 S N Y S

y<R(4l)()~7S()) ’RS[X)~ IIS(D)NE : E1m%%ﬁiiﬁ}§ﬁm%
SIELLAMEBOGTE R %
1.4 #HESH

o G T HCE A B Al 3 ASD ViewSpecPro
WAL P, JLBR R RO B , e ot Ak =X
FH Excel 2000 F1 Spss 10.0 #4758 1H 5087, €246
P2ESHRD R T AR ST I R AR 1Y AR
KT TR A N7 RN 4
2 AR50
2.1 NEMHRRZESEMEAREENTK

HRA RS RERIEEYH AR 24
Fro B 1(a) 3R, Brh At/ 22 5 Fh Bl G A 5 I
R, W P 2R B o AT PR 28 /KT B A ) T e A

[SE



96 T2 X AR A5

:33%

—E 5 AR b Bl A it S 1 1 0 T 2 B
G A EFIHED, AR S E R,
TER IR B K, 5 AR, 7EFLAUIIM & A
e BAKRE A FAF R A S w2k
JEEN 1.37% ~4.39% , A AN M A S
W23 M 0.13% ~1.57%

L(b) W] 7ERe A 5 ANl 6L 3= A 25

(a) —+—No —o-Ni —4+N, -=Ns
500 BEITE 456 F122
Xinchunl7 Xinchun 6 Xinchun 22
_ 450t
=]
§5é’ 4.00}
E‘:’i S 3.50}
N E=]
4 % 3.00}
o
‘\‘jf.‘:‘ 250}
=
—% 200}
= o
= 150}
1000 v v v v
12345 12345 12345

£ 1 Growth period

SRR AL B2 F2 R4 A 7 0 A A 0, B S AR
FRE MRS, I H Nos > No_p > No_1o A [ dh Fif
ZIEERMNHE 1T 5> HFHE2R25>HE6 T, A
[5] i ol o 2] B AR IS AN ), B 17 5 /e 2 R e 3
A, TR 22 5 MR R 6 5 ¥ 7E T 78 301 4 21 Bt
%, 22 f T i b 2 8] R SR AN )

(b) ——No1 —#No2 —4Nos
200, HEITS B A6 BrAR22
a 1.80| Xinchunl? Xinchun 6 Xinchun 22
e 1.
£ 2 1.60
8 1.40
g 120
5 100
= 2 0.80
i £ 060
=% 0.40
8020
OOO 1 1 ! 1 1 1 1 1 1 1 1 1 1 1 ! 1 J
123435 1 23435 123435

A W] Growth period

TE: L 7rBEl]; 2, 5010 3, 2R 5 4, P40 5, 30840 T,

Note: 1, Tillering stage; 2, Jointing stage; 3, Boot stage; 4, Anthesis; 5, Milk ripe stage. The same below.

1
Fig.1

FEEERXFHAFARMNEHRERSE () FRRE (D) HER

Leaf nitrogen concentrations (a) and leaf nitrogen concentration gaps (b) of different wheat

cultivars at different stages under different N levels
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Fig.2  Spectral angles of different wheat cultivars at different stages under different N levels
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