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WO ARERAA R G, BB B R R R B B TSR S R A B A0 A D6 R, B B & T T 4
WA, PIRES, BEETEHREEE(CH.D) MM A EB R & (INA) 4 5176 R 516 # 762 nm 1 763 nm 4k 81 AH % R 3K
KB KA (reup = 0.8845" " F ryy, = 0.7870" " ,n = 47); T — K BSHE MR X CH. D LNA BBURI BRI RETE 750
nm &b (regp = 0.9098° " F ry = 0.9164° " ,n = 47); R 47 PEBEREMN B #2750 nm LW BESHIELR
CH.DBYAHEHLEBTE, MM 47 MRBHANMLER CH.D, BRI CH.D 5 LNA B WA EHX T RAER
WREAR LNA,47 MERBEARK I LNA 5458 LNA RBERMAAR(r = 0.8982" " ,n = 94) , BEF RYMGEIEES
86.3% , L ME S MHMMEH RMSE = 1.0155, HXHRZEH 0.1380. RERTEARBENRESE TSR EE KB RM
M TURAEATRESETFERRRNEWBIR.
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Monitoring of Cotton Canopy Chlorophyll Density and Leaf Nitrogen Accumulation
Status by Using Hyperspectral Data
HUANG Chun-Yan', WANG Deng-Wei'"* , YAN Jie?, ZHANG Yu-Xing?, CAO Lian-Pu', and CHENG Cheng'

(' Key Laboratory of Oasis Ecology Agriculture of Xinjiang Bingtuan/College of Agronomy, Shihezi University, Shihezi 832003, Xinjiang; % Academy of Biological
Engineering, Shihezi University, Shihezi 32003, Xinjiang, China)

Abstract: Chlorophyll and nitrogen contents are important parameters as the indicators of crop photosynthesis productivity,

state of growing and nutrition, and optimal diagnosis for crop nitn fertilizer demands. In practical application

process, testing nitrogen is more complicated than testing chlorophyll, and using chemicals are liable to pollute
environment. Many researches show that chlorophyll content has a positive correlation with nitrogen content, so the status of
nitrogen can be indicated by chlorophyll content or its elements. In the meantime, between chlorophyll content and
hyperspectral characteristics, a positive correlation still exists, the status of nitrogen can be monitored by chlorophyll remote
sensing. Traditionally, the status of chlorophyll density (CH.D) and leaf nitrogen accumulation (LNA) are studied by
utilizing hyperspectral data, mainly focused on crops of wheat, rice and corn, mestly establishing a correlation model
between hyperspectral data and one variable among CH.D and LNA. But it is scarce for combining CH.D and LNA together
in the research, based on hyperspectral data monitoring state of crop canopy nutrition. This paper by utilizing non-imaging
hyperspectral spectrometer, 8 cotton cultivars and two of them with 4 level densities planting in north XinJiang, and
multivariate regression analysis method recorded multi-temporal hyperspectral data of canopy at cotton key growing stages
and analyzed the correlation between reflectance and cotton canopy CH.D, LNA. The result showed that the maximum
correlation coefficients between hyperspectral data and CH.D, LNA occurred at 762 and 763 nm (r¢yp = 0.8845" ",
rna= 0.7870" ", n = 47) respectively; the highest correlation coefficients between the first derivative spectral data
and CH.D, LNA both occurred at 750 nm (rggp = 0.9098" ", riyy = 0.9164™ ", n = 47). Based on the first
derivative data at 750 nm of modeling samples, we established the CH.D linear regression equation and estimated the CH.
D of proving samples, then according to the model function between CH.D and LNA, estimated LNA of proving samples,
correlation between tested LNA and estimated LNA was significant (r = 0.8982" ", @ = 1%, n = 94). The
regression function accuracy was 86.2% , the RMSE was 1.0155, RE was 0.1380. The study shows that the status of
cotton canopy leaf nil lation can be itored indirectly based on cotton chlorophyll density remote sensing.
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BBRERMEYE KRG E BT E, BT
T REEBRBONEE B XBER . &
RS AEWEA H MR, BT RAX
MEHETEEMHSRFARNBREMES5 &
BB 2R R BT AR BB SOREL, AR AR A
BEREY . AEHRARY, EYETHAGT G
R AXREARAENRTERBEFRFHMERRX
7 M AEYH SR AR HERE TH
BUHEYERHEFREMEKES . Hansen E
HRNEBLERFREHRREE NEESE
BRHEREE, AN 879 BB B R PN
BHEEN. Jgo FAMREBERNREBRSNE
LI AN B S PMEHFEEEZEAF R
FRHEXERENTUNESHEEENTSRE
FE™) s Broge 2 IA iy B B A8 5 4 S0P B 4T L B
IETBRHHFEREE, Onisimo"™ %535 i 3% 4
GEREEEEMN T 3 FBERKFH#MESR 550 ~
750 nm FEE N BYGHEZ R, A0 R RAL A L0 R
W Be R AL BRI 2R 3T IR , T LA SF U T 4y
TR HMERE . Hung 7 0B/ 0F 6 17 8%
BYABHAHASE REEE4NPTRROEE
BRIFRE, R H7E0.79 PA b, R BIBLRI T LB K
Bt REARRE . RRUSEL M GESH R
REENWXST, R T RBREKRMABERE
SEFEHNRERR ; B—-RENTRAARKF
A /NEET K — B tE S R REE NN
KATHT SRV 0 K W BETE AT WOG AR LA BB
AEHE, R EOSUE™, BRAOSHELIA
FHWE R/R HLESEEH A RRREREY
TREXR, EREWMTAEIENARERR
wel,

HREMARERREEWICE LR
UEBANEFRENERSH, RENSHEDR
I RBE, HRREBREAXSBAREHN
HHEESST MRRAT LB SR TR A
SHIEEE R MR R . FESEBR B P R R B R W
EBRE, FRHUFARIEDERTRNGE,
Wit R & BRI AR R AR B AR R
HED 10 R A AR S R TR R e AR £
AREFRAL. HERFEAHFARRESHE
RERMEHEREHHZREBIARSTRNR
R, BNHRAEERTENE KB EXE A
AR TRAEBREBESIWIMIESRZ—HX

REZXFISBRAER, ATRWMEREER
HEXRNRARERRAKNTRED . FXFHAFHE
M 761 2 B A 6 O o H09E G A X A I R R
MBBRTEFRZEMRELZH A RRRE, VE
He B AR TR B AR B SRR S IR

1 BHR5HE

1.1 ABEt

BB F 2004—2005 FFEA W FREREB R
]R3 3 (44°20° N, 86°3' E) $E4T, M E A 0. 13
' DNEER O m, T WEHFE,4 AFTHH
LA, 30 cm + 60 cn REFTHM., £4LFPLE
4R,7TH 15 BMENT, HGERRAH,

()2 BF 4 KEHEBEFHRE, RARRKE
it EE R ER, T E R X, 4R SR WA K
B65.85 , FEBEESIN 18 TH m*.22.57
 hm 2,27 T8k bm 20 31.5 Bk hm %5 (2) B
R, KA 3 BRI RARD, RSN E
B1B(RR) . FMF 6. FHRE45.65.75.8
S5 105/ 135, FEKEN 21 HHK m . RE
(OMQ)RAAREAR M AEEE ARET
B3 CH.D.LNA BB 2 5, 000 2 51 )6 3% i ni) Jo7
BE,UAFEREETETHTERNBA.
1.2 FEWE
1.2.1 k#alE RERLEREUER. RAE
B ASD Fieldspec FR 2500 %I BF &} 5 % 48 51 i {% , 56
HEH B 350 ~ 2 500 nm, Y6 i X B 4 B % 350 ~
1 000 nm2¥ 3 nm,1 000 ~ 2 500 nm ¥ 10 nm. 785
KR 11:30 ~ 14:00, BHERA BRI HIHT
RRBEORR S, I ERLNBEY FEY.
TEE I R B R A SR I W )R 6, T
BRIHAARBITIRE, 25U A, EREBHEL R
T.EBEEERE | o, 80LE/NMRKARREE R
MR 10 KR, REEHEER 0.2 5, I T
AR iz AL B R A9 Y60 R SHE .
1.2.2 2HEHRE TE 6T I G X U 2R
FHREHRERATHEYTSREEE) . R THERT
HERTFHESETAEABERR), FUEREY
SWER, S EEEBANSET T AYE
B BEARTHTANEEESE.
1.2.3 st E4 EHAE ( chlorophyll content,
CHL.C) FTTRRT & AL FEBOL 3 2 X 15 s 7E
HEZFEFT  FTHERISERENFHLEF
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HEBEE3KR AEKZE + HEE& 0% BEn
K24 h EFXAEFTRHESHRENSE, P
WETESLEARETF BMHRRSTE,HHE
4% # 45 BE (chlorophyll density, CH.D),

1.2.4 % 4 & (total nitrogen, TN)2-F M & +*
1.2.2 PRF R A, RS L Buchi B-339 Pl E
BXMELREE ITEERMN A ABR B (Leaf
Nitrogen Accumulation, LNA),

1.3 HEAR
1.3.1 k#FRMESH—Br#s
o' ) = [P(Ai+l)_p(Ai~l)]/2AA

RF A BT HBHEK, o Q)HIEK A,
B—Bra i . Ax BEKA,, B A, MEIR.
13.2 %% %EE(CH.D, gm?) = HBRE
BxByHHER ST E
1.3.3 "tHRAREF(INA, gm™®) = HAMER
HFE(IN) x A L ER W FrE

2 BRE5GW

2.1 BABEHEREEMNH A ARRENES
TR

mE L RR TR BEEHEEN, RN
BE L, HEBAD, FURARED  RESEMTH

3 -

25 -
2
15

1 = CH.D

Chlorophyll density (g m™)

0 .
6/2 6/22 72 8/11 821 9/10  9/30
Date (month/day)

M1 WMEHSREEMENEELCHSE
Fig.1  The variation curve of cotton camopy
chlorophyll density with growth stage

f9 CH.D f1 LNA 130 ; MG R EH , T2
FRFASEAMBEL TR FREERE. SHER
B NEERES, EEM H & CH.D M LNA 5
Z 1%, L8 8 MR AE & FF CH.D 1 LNA 7E LI Y
ERABK(CV)AFIHN 36%F 39% , EENETHY
ch 75 g B ok, A A AN B AR BhiE) CH.D #0 LNA 7E MG
EHRENER ; TEMR B K EE (F I8 S
) HAEE L, HEAMK, i A EEEES,
WAEFHEBMEZ M H A CH.D I LNA 4 7 EL 35 35
B 51.5%H 53.5% , BB EEM H# CH.D fl
LNA 3 BICF R 7.9% M 6.7% . WAL E
BHIH CH.D f LNA B AL R -,

21 LWSTMESHITENUHEREENRRAREEL

Tabie 1

The variation of chlorophyll density and leaf nitrogen accumulation of eight cotton cultivars at four growth stages in north Xinjiang

B Full squaring stage

F 7 Blooming sings

P:fm BBE REE FHHE cv BRE BEE  PHE cv

Max Min Mean (%) Max Min Mean (%)

H4¢ R B Chlorophyll density(g m™2) 2.26 1.24 1.67 19.0 3.37 1.95 2.53 19.0
ZBURE Leaf nitrogen accumulation(g m~?) 7.9 4.74 5.61 18.0 1.1 6.21 8.61 18.0

2% A4 B8 Full boll stage - 383 Boll opening stage

Parameter BEE  BNRE  CFME v BHHE REEA  PHE cv

Max Min Mean (%) Max Min Mean (%)

o 4R X BB Chlorophyll density(g m™?) 3.42 1.83 2.73 20.0 2.22 0.86 1.45 36.0
FBUE R Leaf nitrogen Jation(g m~*) 11.1 7.26 9.19 16.0 9.36 3.89 5.97 39.0

22 BAEREBHEREEMHAARRROHEX  BONWE, —AEIBEREE, 5 —HFEIRBE

38T

HRREERIEY TR A LS, B
WEYFRNEESE, S NG T B MEtket
FHERTBRNER SRS THYEEHELE
YRHER, REYARSHOB R, TUR
EHEMEYEEHRTERRREY

AT IR SRS EE R R ENER
EREHRRRL HER 1 MRE 2 WM BELRX
REFHEEHEREENRRRREL U HE

A DEETBRBEAEAN CH.D 5 LNA A9 [E a4
B HRRKEAL LNA, HE 2T, REERY
CH.D 7 LNA MR A KR 1R BEKFE(r =
0.9281"" ,n = 47), RHEMERBZHAMN GEEES
ARARBEEARIFHMEENE.
23 BUBERESHXEEARSARSEENS
REE MHAERRRHEXHH
WHREEIAN, RAZS EHNSHTE, T
BEMNTERUERSBEENEEKLE, R
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¥=3.0259x+0.8698
R=0.8614

Leaf nitrogen accumulation (g m™)

0 0.5 1 15 2 25 3 35 4
Chlorophyll density (g m™)

H2 BEFRHAHSRXETEANERARBOEXXR
Fig.2  Correlation between leaf chlorophyll density
and leaf nitrogen accumulation of cotton canopy

BRI R B RR Y, #—
P So 5 B O 6 0 B (O B AR ) SR 3 S Ml 2 R,
SYES

R A R R 56 3R, 495 cH.
D f0 LNA #AT & 5 HAMEXS T, B EEE CH.D
0 LNA B98O B, 4 31 & & 7E 762 nm A 763 nm
BB (reyp = 0.8845°° Fl ryyy = 0.7870° ", n =
47) AR FBH T AR KL 762 ~ 1 347 nm
1763 ~1 353 nm BBt 4L, B 3 BRHRRHNIE
¥WiES CH.D XX R AR,

1

0.8
06
04
02
0
—02

-0.4
—06 —+-=-99% confidence fevel (0.267)

Correlation coefficient (R)

08 " . s N P L
350 550 750 950 1150 1350 1550 1750 1950 2150 23502550
‘Wavelength (nm)

M3 MERERMEBRSHREREROEXIHN
Fig.3  Correlation analysis between the reflectance spectral
data and chlorophyll density of cotton canopy leaves

BERRRE, MG M T L WE R BET
HIRBE A, MAER R E SR, XHERY
LR AR, EAHERS LS ERERES
LAI.CH.D Z A fAE % 1, R4 145 @ 3 4ot
HEEFESHRETENEXST, BT 52%BA.
BEBEANEXRBATEZETERHEXNSERERR,
BY TS XESHSEEENREMEXY
B, BREBEAELAN - HESCEBIESI NS
CH.D #i LNA # T B MR M, HXEREY

BUR BB 750 om &b, BRHERE (rewy =
0.9098" “ fl ri, = 0.9164° " ,n = 41)¥EH 1%
WBERBKF, BEI,750 nm BT LAE NI
HEEHEE CH.D M LNA 56155 4F I B, B %
SRHEBEAR THAER . EMS5ER CH.D A
LNA B4R %1 B3 A SUROG I B B, W R STtk Ak
I EMRENERSEFRRE. B4
SHEEE SRR EEHLX RN BN,

0.8 —-—--99% confidence level (0.267)

Correlation coefficient (R)

-1
350 550 750 950 1150 1350 1550 1750 1950 2150 23502550
‘Wavelength (nm)

M4 RMEBE—RUEIABSHRRBEORLSH
Fig.4  Correlation analysis between the first derivative spectral
data and chlorophyll density of cotton canopy leaves

24 ETROXEBEABENRREEMARE
RETAR

i P AR TR BAR AR B — B4 D6 3 750 nm B
BRESTEEMERREEHITREMKSNT, HX
REGAF 1R BERBAKF(r = 0.9002" " ,n =
47(H 5),

»=618.83x-0.0769
25 R=08103

Chlorophyll density (g m™2)
o

" . " . L s
0 0.001 0.002 0003  0.004 0.005  0.006

‘The first derivative value at 750 nm

5 MBERMEENRE 750 nm KR —HAHSH
0 B0 3800 55 T 4 0 W S 0 K 0 4R
Fig.5  Correlation between the first derivative spectra at
750 nm and chlorophyll density of canopy leaves of
cotton modeling samples
BIEE 5 MRMEMETE, H 47 MRS KR
A 750 nm —Br AL B AE B CH.D, ¥ CH.D
EREAER ()W AR 2 R EH TR, #mh
41 A RBREFHMIETE LNA, RIR B 45
WIERE LNA LW ESHRENREHELE 1%
Bk BEKF(r = 0.8982°" ,n = 94), RMSE 3}
1.0155, HH5TRE X 0,138, MR HF BIMEBEHE N
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86.2% (1 6). KBRW, MILERE — B hE
i3 AR L T2 o SR R W BE AT LA IR B T A AR
BEHRRAR.

¥=0.7505x+1.8855
R*=0.8067

4 Modeling samples o Testing samples

Estimated leaf nitrogen accumulation (g m™2)

o 2 4 6 8 10 12 14
Tested leaf nitrogen accumutation (g m™)
e MEXZNHARRARRSENHARKRREHEXSH

Fig.6  Correlation between the tested nitrogen accumulation
and

jon of cotton canopy leaves

3 g

BTG L TLEH 2B R, Johnson 2 H,
WA i 752 nm BB AT EA 4 Bl AR R AR B KM 2R AR
A2 LALTN i R XS B (CHL.C)Z2 B 81%,
76%F 67% ™ ; Yoder 2% BF 35 MW 5 B2 St ¥ 55 CH.
C.TN A%tk B4k B3 A B Bt P 7€ 730 ~ 750 nm
Z U A B AR B, — B 5 723 nm
B MM CH.C B KMHERE N 0.85, BB
BRHmA THERMHSREEFEN 130 ;8
KIS TEES BEBMERNAREYTH
CH.D 5—M s 6B g M e, R 7E 720 ~
770 nm BB HME S CH.D WA A BEXT 0.89,
ET 762 nm FEOCIEPES CH.D WEHFTE,
BRGEHEE N 80.6% . ERBIREN, Kiks
TELH 4T HOR B — FhBUIORS BE Bl i 6l A
b7 3

P, fAR S EERREYEEEFRA
KR, BAFERAIERESHERERNOH
gplorees] w2 R ERLEEESEYRRERY
M EREE—RRMUFRERL LS, 230
RAFERER LR R EEEMT AR
EEBRRABRMURE, BERETHEYEFERR
P E AR HT

LS BRBREAR, TULANEYERE
B HR EEM EERNERGERESLH,
LEEREY S BT EBARKERKM, 45, R

REtiEEREy TERBREYER ERHH &
REE. N ARREE N EREIEE B XE
YWERRAKHHEELN, AF HoEENE L

4 i

WMERER LA Mg S5ER
CH.D X & M 8UR BB 4 5124 762 nm # 750
mm, X 5HEHRCEHHT S RBBRBEEAELN
[X 670 ~ 770 nm K945 5, 0 3t F R
2 CH.D.LNA, K 5 6 i R Al 6 A B B 4
S & A TE 762 nm F1 763 nm &b ; 7T — Br i 4 6B 4K
EE5EE CH.D.INA AU SR BRBEERY &
A 7E 750 nm A, BEBH YE A M AR W T B F ]
HERET, FRBEMABEESRRANEEEIE
-

HTFRREITEFAETHAEANCREANNL
AHEABREEBREXNEART HTRESER
HASW KB R B R R, 4R CH.D fl
LNA B BEMIEME(r = 0.9281"" ,n = 47),
WHEETHHEABE -, Bk, &l mit
CH.D fl INA R BR , AR EHEE B T4
—HEUBERTR, 208, KB 86.3%,
IWESHEEM RMSE = 1.0155, HXRE R
0.138, HEHHE — B ¥4 XS MAEERE CH.D
=R HYCE N, B AL T H AT AR, B
WERRHSREERSL, HEEMRELTZH A
AREENRA, RERGHEAEA.
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