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Comparative study of estimation model on chlorophyll content at
jointing stage of spring wheat under different lands
based on hyperspectral indices
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Abstract: In order to establish high spectral chlorophyll content model based on correlation analysis between chloro-
phyll content and five spectral variables of spring wheat under irrigated and dry land, canopy spectral, chlorophyll con-
tent, ground cover, seedling height, leaf width at jointing stage of spring wheat under different land were determined,
and the precision of these model were tested. The result showed a positive correlation between chlorophyll content and o-
riginal spectrum at visible light and near infrared band of sunny and double slopes at jointing stage of spring wheat, and
a negative correlation below 723 nm and a positive correlation above 723 nm for irrigated land and shady slope. There was
markedly significant correlation ( P <0.01) between chlorophyll content and hyperspectral variables of spring wheat un-
der different lands. Regardless of visible light or near infrared wave band, lg(1/R) was significantly correlated with the
leaf chlorophyll content, with a correlation coefficient of 0.98. Shady slope was correlated with first derivative (r =
0.94), while for sunny and double slopes normalized difference vegetation index showed significant relationship. For

each band, lg(1/R), p’, and N were suitable indexes estimating chlorophyll content for all lands of irrigated land,
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shady slope, and sunny and double-sided slope. Although the regression determination coefficient R* was more than 0.

90, precision and accuracy of the proposed for shady slope, sunny and double slope are slightly lower than that of irrigat-

ed land.

Keywords: hyperspectral variables; irrigated land; dry land; jointing stage; chlorophyll content; comparative

study

EDCRER AR 2 Y BB R FT T RR N B
W) O BE PR AR 3 T AT 0 3 2
FE X by IE A7 0055 6 1% 25 57 10 8 = o3 BT 6 4
#2=3 B IR AR B — D EE N AL
JEAS T IR, e R AR AR S R
TS T ARk 5] 4 22 50 B 5 1 P 4
FEIECREE T X T R AR s S R
it FE P SRR R V) B S kAR
IPEM AR 2R 005kt T s I A
W 9 S5 238 38 S 38 RN W IS0 AT A SR 3
i, R OB A SO — B AR 45 PR e i 2 R
M, XPOE T mGisEBORTER g R & i
75 T 2 B B8 KPS AR B T G S R
FEVEPI A 7= i o R W T L 2 Sl = v 11 g
FHDJO

] AT e ik B X E P SR 2R A
MAEARRT ML Bk SRS NEEEY LEA KR
T, B B RCR A m R R S R A
Mo RE ARG AR K S A R B AH S, R T
TSR ] g A L0 O R R R A i S RO
FTe—B i e Al S Pt s A W s S i
e 2 50 DL e T B0 % 7 R TR A B 1 D A Y
FIN2) LT A B 763 nm 4TI BE 670 nm S A
FEAE A Wy 0 2 MU BE 5750 nm 2 — B %4y
i AR R B A N AR B B — Ak A
BEAGEL(NDVE) 3 S T AL B R E M E
Ky A R AR IS N R T 2n G
ISR R AR R MR A0 | DL SR A T LA
B M PRI i A g

DA B B4 A [R]— MBS, T XS /K e b 5
B b AR R — R T 2R i G A A Y
TR o ARSCAESTTAS R MR R R AAE Y e )2
SR TR RN L L T 2RI R
O I 1 DG A AR TR A 0 A Bl AR R
[B] X EL , 235 8 M 3 A K De M AN R L o /N 22 4T
A SRR S A AT H S ST R Pk
TCH G FIORS B 5 IO /K e 5 R s /N2 i R A
BT, S /N i B 7 A A B SRR O S HUE
W AR 18T

1 MRSk

1.1 WREHER

R XA T3 6 8, A H A E /R BIE XA
AEER, KL Ll BRAR B 1A 3 Ll b 7 v e 218 2 AR e
2% (43°25' ~ 45°29'N,89°13" ~ 91°22'E) , 43S I
5.5°C,7 Ay e KR 43°C, 1 H Bt oms B AR IR
—42.6°C. YK 176 mm, 28 & W 2 141
mm, TTFE B 156 K, AFFHRHE 2.9 m-s™ ! B
TR A TRIEYS, U5, & T BB () iy K
FifitE T 5o T R
1.2 FEHbIRRE

2012 4F 5 F 22—24 H 43554 - B X R 1L i
B e 3 B /N M, I GPS iEA T3 /e 17, o
6 B il 22 4 B R, — 3 0 R A3 90 R 700
m Al 1250 mo IIHT R B 3 B /N L 5 R
I CBASE ) stb AL (BAYE) b A4S PG B (BLTE 355 ) b
DX /INAZ iR AL FE IR (K e ) , LU B B X/
7 FEARGERIRBE K (51 o
1.3 HEREENE

g 2R R ) DU 2 ] & figdk SPAD - 502
LRRM AL, EIe—FhINE/INT XY TCHEA Y
M2 R S e I il ik B A TR, 40
3 H SR T = A ER A A i =K, e O
Az R R S
1.4 BENEME HERBEEENNE

FHAG RO 5E 25 FE M AR /N2 A TP e A 5
RT3 FL S 5, DU S R IBOH - B AE iz 3 () %K
it W00 S B R A e B R R, SR AL
5 A SRk s U e s
1.5 XiEBERERLERZE
1.5.1 BEKEm 2 5 4 28 /N3 65 I R 26
[ ASD /A @ ASD FieldSpecPro3 YiEAY , Hoitk BE il
FEI2H 350 ~ 2 500 nm, 23552 A0 5 Wk 75 52 0 AR A 30
R Bt 350 ~ 390 nm £ 900 ~ 2 500 nm, HX 400 ~ 900
nm, X — P BCELAE T B T AT WG RN £1 A0
B, AT R A SO A A R . OGS %I R M 7E g I TG
IR, DR B ) A A6 BB E] 12:00 ~ 16100, il
I R RER SR E R M A 250, PRk R B ek



108 T2 X AR A5

H32%

JZ2 AR i BE2Y 15 emo BRI FEHLBE 30 400
R BEA LN S 3 U, R S (EA R N i
T SCHEL AAE A AR EAT A BRCE AR, DL KRR
I HL LS

R RS B V-0 S PG AT 2 M A T2
BV FCI R A A — iR DI i 2 — 7 v L
FEERPFIE. AR, A3

R, = 2k1+ 1(Ri+1 +Ri_joi+ -+ R+ + Ryy)
(1)

K, R RFEARSS i SRS REME) , i = 1,2,

3,“‘9”0

1.5.2 CRsamHceA IR, FREE

WA G A AR R —E AR
ARV BON BIORN 56 )22 - 2R B TR RRUAR B2 A AR G A AH
SR 5 g3 s ) T A e A b S e R
I —AUAE RS L NDVI) VPR B 2 B i e A, B
AMEA] ISR A AT HEAT W, 38 0] DL D £
TS 5 B AN G I S 3 G B T
MSEREA BRI T LT 4 MoGigsbr->
SR — iy
p'(A) = {p(Aip) = p(ap 220 (2)

Heik B E 2z X = 1g(1/R) (3)
SEREEIRZ MBS = (le(1/R))! (4)
LR =~ - 9B (5)

2R(A)  da
K, A, BB K o' (2,) HIEI A, 1 —B it
TGS p(X,) AP A, AP ETE R REL, AL 2
WA, — 1 E] A, IEIBE . R A SEI SR, R(A) A
700 nm b SEFF
1.6 REEISKIE

BEALI 20 MEAE Ry EAEEAS , 55 41 10 AR A
MR IEREAS 2R F 22 oCZe M [l 43 M 5 125, flE A7 5K
TS SERERT, Y B2 X AR B % Bk
I3 JH— AR AL S MBI R RR S M R SRR
B PR AR A B (R S SE B = [ ) R? {E
M T 1, ARG ) 1280 4 7 MR 2 (RMSE)
Xt AR T ARG R 2 AR

RMSE =\/n? lZ"’(yi — ) (6)
A, Y, JY; 5050 IS FAG T n A REAR R
(AR AR IR AS) o
2 AR50
2.1 AEBEFNERTHEHERERSESREX
ERE X
PeR/NT 723 nm JEHN , K GEHUFT A S0 /)N

ok i SR I O6IE R S SR R UG, HAH
KRBEK (1), 7T A5 RETE 678 nm 4 fie
K, 0.807, 1Ml J5 & B AR R EFE 661 nm 2 K,
A 0.528; MK K KT 723 nm B}, &-34125 5 5 IR 61
PR IEAASE, WIEAE 723 nm B 5 28 B0 AH I 728
AR 32 B 4 27 0] L X ik Z R A i 7
UELTANEE B | SRS 4 2 R R S v . TRl P
IKGEH TR /N ZE ISR S B KB R e (B
2) , 1 BHCAE AT L' I8 B R AT L B T 3T 41 A B I
SRR S35 = T A S b

— — — B14% Shady land
R BH 3% Fn X1 3% Sunny and double-sided land
........ /K% b Irrigated land

500 600 70§ 800 900
# K Wavelength/nm
Ji

M A J;
.

_——

H1 5% Z ¥ Correlation coefficient

Lo ' '

S55055508 ocoooooo

Lo NRnELNIEO—NLEULOS
ST T T T

B1 ARMEFENERTHRBLESHERSENXR
Fig.1 Correlation between original spectrum and chlorophyll content

spring wheat at jointing stage under different land types
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Table 1  The correlation between hyperspectral indices and chlorophyll content of spring wheat

2 Different land p P lg(1/R) (Ig(1/R))’ N
B3 Shady slope 0.85" " 0.94" " 0.91" % 0.92"" 0.83" %
400 ~ 700 nm FH3E FIATE 3 Sunny and double-sided slope 0.80" " 0.91" " 0.93" " 0.91"" 0.94" "
JKBEHL Irrigated land 0.90" " 0.94" " 0.95"" 0.93"" 0.94""
BA3# Shady slope 0.86" " 0.92" " 0.91" " 0.90" * 0.85" "
700 ~ 900 nm FA3E AR Sunny and double-sided slope 0.83" " 0.87"" 0.83" " 0.89" " 0.94" "
JKBEHL Trrigated land 0.93"" 0.96" " 0.98" 0.94" " 0.96" "

T p " B G R AR, p' RO AT B MEL, “1g(1/R)” Fn B Z X HUE, “ (1g(1/ R)) "SR B X B — W M E, “ N7
FR AR R » * IR FEMIE(P <0.01); *« HRFHK(P <0.05).

Note: p, spectral reflectance; p’, first derivative value; lg(1/R), the logarithm of reciprocal; (Ig(1/R))’, first derivative of the logarithm of reciprocal;

N, normalized difference index. * and * * , significant level at P <0.05 and P <0.01), respectively.
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Table 2 The best estimation model and model testing of chlorophyll content in spring wheat under different lands

S Ttem E% miﬂjﬁi KRl R? ST K R
Variable Regression model Simulating R? RMSE Predicting R?
JKBEHL Irrigated land lg(1/R)  y=25.67x +12.361 0.95 0.69 0.96
400 ~ 700mm B3 s Shady slope P y =177744x +16.32 0.94 0.71 0.95
Eﬂﬁ‘jﬂ dﬁ iﬁﬁﬁ?_ﬁ ded slope N y =96272x - 76.936 0.92 0.98 0.92 0
JKBedth Trrigated land lg(1/R)  y=30.825x +35.993 0.98 0.34 0.97
200 ~ S00mm B3t Shady slope P y =29245x +19.519 0.95 0.87 0.94
i
'Sijfjﬂaﬁﬁﬁf_si ded slope N y =5367x +29.409 0.90 0.96 0.91 0
JKBEHL Irrigated land lg(1/R)  y=41.171x +5.6216 0.97 0.59 0.96
400 ~ 900mm B3 s Shady slope » y =74265x + 11.039 0.95 0.71 0.95
PRI 038 N y =1527528.91x - 3.9 0.94 0.78 0.94 0

Surny and double-sided slope

e p" R BT FE— B Y, “lg(1/ R) " (IR 2 W B A, N” R A — AL A W8 SO R . RMSE R 7 iRk 22, P AR
FIR I Y 5B K . P <0.05 Ao KB, P <0.01 A F0M 1 8 257K B K5

Note: p’, first derivative value; lg(1/R), the logarithm of reciprocal; N, normalized difference index; RMSE, root mean square error; P, significant

level test of model; P <0.05 and P <0.01, significant levels.
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