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Abstract

The content of chlorophyll is a very important assessment index in the growing situation of to-
bacco. Thus, estimating the content of chlorophyll in tobacco accurately is effective for rating to-
bacco disease. By use of the ASD Field Spec4 spectrometer to determine hyperspectral data of to-
bacco leaves infected by Phytophthora parasitica var. nicotianae in the vigorous growing period
and HSY-051 chlorophyll meter to measure the SPAD value. Then, the correlation analysis of chlo-
rophyll content with hyperspectral reflectance and its eight transforms was proceeded. On this
basis, the chlorophyll content estimation models were established with the method of multiva-
riate statistical analysis (stepwise regression and principal component regression). The results
indicate that 1) the correlation between chlorophyll content and the eight transforms of original
spectra was higher than that of the original spectral reflectance; 2) the correlation between chlo-
rophyll content and the first derivative or second derivative of each transform was significantly
higher than that of original form; 3) the best model was: Y = 22.415 + 39249.31X; - 13943.06X; -
24807.33X3 + 296102.44X, - 309086.89X5 + 130909.69X; - 7751.45X7, and this model with a cor-
relation coefficient of 0.9335 and R? of 0.8715 was based on stepwise regression. After verification,
the precision of the model is good. Therefore, the research will provide a reference for the better
application of hyperspectral technology in monitoring the chlorophyll content of tobacco leaves.
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1. 5|

JHEE 2 299 (Phytophthora parasitica var. nicotianae) & i AL KidfEh fa H B AT HIHFLZ —, ©
T IR, K — BAR Gy, ARG s R 2R 50T, g5 AR A SR BRI 2k [1] [2] [3].
DRI, R 4 O e I P R A AR 000 35 7 v R AT B R S, e T AR 3 AR T 2R  [X 43 B I g
ITRRES, RIS R A DX B A A o MR R AR G R 5 () — A ) e R R A AR S, MR
BRI TSR R IRISOGREMI T, AMAEME Y AT S ER R DA TSR E R —, 2
TENEP AR R T EEANSH, EERENAERERE. G RIAE FRRGLE T T T H
fRRER[4]. PTLL, MHERE SRR R K I b — TR E A PRGNS, B A M T R R A
MRS R, PR O VA IR S A, S AT R VR BE AR . ARG S
SETT R e, TR AR T DAHER b SR A, (BRI AR TR AR K SR R
BAE TR 270 MELASCILSERT . PRI TEAVRIOR AR W s T e el R AR Dy — RSl PR, o
MEA, FIEABIMEIRI AT, SSIHED AR ICEFRB PR S (5], B, HagRE& s
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Rk IO F 2 (AE A HARER R, B, R T REE R SRR S B IR L Az T 6] [7] [8] [9]-
Daughtry [10]7 FH W5 2876 /2 6 i AR A3 T8 200 78 1 4% 322 & ; Hansen [11]H) F i e /s — 3[Rl I J7VERIE 7% 1
458~884 nm . [H] (1 HE B FE 5 4R R B ISR BRI SL T SRR s A0SR m o R R RS T
ARV AR INE SR B FED 4 3 & R 2R 2 AL, SRR EI SR S e S ]
gtk 2 T A5 () (R A DG PR AT LU, EMI A T M DN RV E P G 3R & B S R A R A [12]: AR
B IE G ISR B L T /KRG Lty iR 2 B B 1 = i A R AL [13]: SRS S T T R G R SR
MK R A DR OR R, i T /K40 Al SPAD B REFE Bl i I B [14]; U
SEOYHT T SESRM R AE 54 R S B SPAD fEHINE R, BT T H A SPAD A4 R ARk
oy HerE 2 [ A DSVE[15]s 2507 M50 T 2 T oGS S K St & N SR g S s I i[16], BUAS T
FUACHAR I ZE R . IBAh, ZERF5 . ZE R BIGERZ W T E R ED R 2R 3RS BT 7R ar
AT 7, BUS TR CR [17] [18] [19].

A5 A — RO A Gt k. AR TNAR (R R —A, TR & (H B &) A 2 AN,
PATAT LLR B A [ VA (19 7 v S o %7V AR R T B R A S RN RS, 6 T A
FETE TR B DT R AR /N B AR B I S B R AR EA SCVERT, STERN I B RS IR . BRI,
REME /D 1 B AR ok AR, (ECRERL () IO A FE AN 23 LU FH il B R R @ R . 2Ry |11
WAL R A 7 2 AR, HEA RO IR A AR R F R s B EHHASED),
FF R KA 2 B 2. BT 5 A AR S R o] BEA7TE ARG, AR K2 S22 5 00 Tl fr v 22
BT S (RS B ] REAE AN U1iZ A5 [0 U3 (9 A B v

g LRk, EWNANCA R Z EE AR S GRS R RN . Tk, KRG, SEREMH SRS E,
RGO R I 2R 3R i G M T AR LA, DRI AR A — i I S Ve R B . AR SR
A [N A RN 3 5o [ A T R 2 S0 G TE oW 7 i BRI SR IR0 IR iR A 0 S R e e — i .
Fridor 4 8 PR b BE S 2R3 (AR R, BRI a & Sme EE A A ZRY , AT D J0R s B8 s s 42
PG T B

2. M55 %E
2.1 R (U8R

R8T 2015 4EAE L AR YT /K B UTIREE AN TE FERREA T, Al b Aoy NC102, MRS RN HH ()45 B b = 3tk
JHEL A T Ge— S0t . A0 T MRS HE KA, 308 38 DR IR s R s L 7Y M R kAT S B SR e, IS 2 B R
AN, BEANX 53 R 60 PR AR PR AT HE REE . Hh 5 AN @A, 14
AN T IR AR A

HP) (X ASD Field Specd (3:1E ASD Al), A ViewSpecPro il b3 #ff; HSY-051 4¢3
I AL IR 2 7).

2.2. BRFRERNSIENE

K H ASD Field Spec4 i 4§ sCh 42738 1 {3 AT S R AR AR ' 1 S S SR B0 (103 52, ASD Fiield Spec4
iy A B 98 K Y Ly 350~2500 nm, Hir, 350~1050 nm SRRE ARG Y 1.4 nm, YeiE4rHEE A 3 nm,
1000~2500 nm REEMIRE A 2 nm, G558 10 nm. LI 0 Zi0e 78 1 B IE 2= 6 B R, I I 1)
RLETEAL SIS A] 11:00~14:00, R, AR EEHSLTE B Ik, SE®REN 1 m, SHRENE 3 X,
R 10 A5, e BOLFIEE AR . MR, 6 10 Bk b AR IE— R AR,
B R DN 5 25 SR 0 R 1
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23 HERSEME

W LR BRI 2R & AN 7 4% (0 B2 (SPAD) LR A W2 (A %1k, SPAD {HREAS R DU 23K
ERERAR, H, R S E G E B SPAD AL —E %M F AR B R S B B E, T
R 2R IR A 5 R A I 2% 35 A S A AT IU[20] 0 ASHITFE R 2 2 35 B X e 2 M HSY-051 i
ZRRNEN (AL SPAD). WEIERET, NIRENENEE, BRI LM, PR ki —
Fribs ARR B R i = AR A A PN I = IR R IO IR i Ak
ROHE, REW TN =R 0 54 MEAREZHER I SR AR
24, BIRAIETE

WS BERR IR A 100 6T R ) F D i A B 414 ViewSpecPro 51l 5 8 5 SR BCT- 2448 I 4t dat SCFF,
FEHERERE S,  thTAN A B RRM LU e (O Rl BO BE R M B 2257, & S BOLRE Hh 247
FE— LIRS, Db Ik S SR R RS FE A IO Dl B HEAT P AR B . F T A R BT
A 2 T AN S 25 Ao 8] A - VR [21] o WIF T T L 1 AR B T 120K 25 B O 1 fbh 2k 15 75 52 )

[22] 3k N
R =0.04xR_, +0.08xR_,+0.12xR _, +0.16xR_, +0.2x R, 0
+0.16xR,, +0.12xR,, +0.08xR , +0.04x R, ,
JURCFIR AL B SRS, FE 0 SR BUR G806 1S S bt 21— Bir 3 8. B 38, 08Bl SO B — B ik

R IR RSP I AR — B e A B iy [23] R AR S AR S AT A SR AT
i3k A A I i AOG G AR B . B JS FIHT DPS f AL SRR S A IR . DL SPAD fE NKAS &, & Ff
SIS TR HUHAT ROV B AR, BATIE A, SREIHIER . VT B AR T R b, SRR
TR EE, AR T B BN E Ny 6 4, Hoh 5 41KE(300 M) T ar A,
1 HHHE (60 M) T XA AT U6, AT Excel2003 A1 DPS #EAT £diE 73 45 o

3. BR5WL
3.1 FRRFEEMREEAER 8 MBREHERSEMRXMEIN

£ Excel 2003 H15e SR 4G 6 8 PR (1) 11 S 5 e R EHATAH G AT, B AH DI (A [y X L
B 1 Frs.

HE L ATRUEH, EIEGIER 8 MARTE 5 4R 3 (A SR T IR AR 6 S 28, &M As e (1) — By
FHAN P RECG IR FEAROCHEAR BAm TIHRETE, XR A T DU OGRS B8, AR

0.8 r
— JFUR
0.6 - o
0.4 IR
W 02 TN
= Ly ' | Al
iié 0 Fr— s s s s ‘\\:fg‘ \1 %A—A;‘_rl
= 23{0‘\550 750 950 1150 1350 1550 1750 1950 150
v
-0.4 A
-0.6
-0.8 - BK

DOI: 10.12677/br.2022.115068 572 JERZIEERTI


https://doi.org/10.12677/br.2022.115068

MRA 2%

— sy
—— XM
% —— IR
=
T
‘ ZBr sy
‘ e s
0.2 ANy Naldb o B IR W
. a.,\, i Jih)
fiﬁ 0 ”;JI rM nil | ;” e [0 1
® JoE 5+ Yss(yhﬂ 0.175[11951M 50 1350/ \|
-0.4 f ! !
70.6 -------------------------------------------

-0.8 - WK

Figure 1. Correlation analysis of original spectrum and its eight transformations
with chlorophyll content

B 1 Rt R E 8 iSRRI ERXNN

T AL PR AVt % 35 A B A AL SRR O T2kt DAL, RIS DR 1 I R] LUKE SR 46 563 DA
J GG TG R BN 7 MR 3o 70 7000 EE A AR (8 — B A A0 B s, W DA H— B s A i ik
NI BIEAR B X B A I R TR Y, T S SRR S R e DO AR AR
450~750 nm Z [ K 6 Fof il o3 A 49 (KR 5% 2R A2 o (B Bi K PR B S SR f gkt SRA W R AL B T 7, LR
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Table 1. The highest correlation combination between transformation forms and chlorophyll

=1L BTREAEHERREEXERSEHSE

WK AR = MR A
713 R 0.623
562 R" 0.654
703 logR" 0.685
713 logR" 0.664
705 (VR ) 0.686
686 (VR ) 0.658

1SR, SIEREE I RARSE I — B -5 B il 5 SR EH DR B 1 B KA AR e T
JFAGETE 1 — B il A0 By SR WO ARAS A TBOK R B 15 R PR
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32. REREEHERRSEHIRE

321 ETERLEFHHERSEMHNRE

Ha S ARHARNELERE R T 0.64 OEHE PRI BRIV i A8 B, Agiit 3 76 Dl k48
B, R EEIA RS AR E R, SE0R BET RE TN A AT FENE W E 76 AR fhiE AR B AT iR,
WO AR R DT KA R, TSR R TR . TR 220 A 75 5 m] DASE B — H [, 32
Al CHBEAA N Bk, FIRZE A AT DA AR Pk O R AR TR A, AT
DB TR, REEBSE . IR/ DPS & RS,

SN BREECY T N, PrE RIS R, PR T AR R AR R AN 2 AR, T
HLILAOR R B g REIEOR, & BIHTT RN

Y =22.415+39249.31X, —-13943.06 X, —24807.33X, + 296102.44 X,

2
—309086.89X, +130909.69X , — 7751.45X,, @

X ZRBR=0.9335, e Z2HR*=0.8715, F=49.4128, P <0.0001, Durbin-Watson = 2.0462.
FREFE X A& R FHARAR MR p H L% 2,

Table 2. Significance analysis of each coefficient

=2 BRYWEZMNN

X 8 (GEES ts e (A p-{E

X, = (R ) r(Y, X;) = 0.6590 6.2575 0.0001
X, =(VRez ) r(Y, Xo) = ~0.6040 5.4117 0.0001
Xy =(y/Ruo) r(Y, Xs) = -0.7087 7.1727 0.0001
X, =logRY, r(Y, Xy) = 0.6273 5.7520 0.0001
X, =logRy, r(Y, Xs) = -0.6351 5.8716 0.0001

X =R r(Y, Xe) = 0.7684 8.4772 0.0001
X, :( /Rm) r(Y, X;) = -0.3174 2.3902 0.0205

Xof EVARE R S W E B K = AN T . — R TR R KCE p MAUVNTET 0.05; RS R
S RBN BB K E/NT2T 0.05; =&, Durbin-Watson St & d /&5 8a T 2. Wtk 7 FEk i,
TR R /K p < 0.0001, Wil T FRIZWTH SR — RUER, GiitEE d = 2.0462 = 2 [AFEH 2 FIRER . H
2 AR, IR RBIRAE O RN B2 K8/ T 0.05, I HLAT 6 AN RE p [E135%] 0.0001, F
AR [ A A 2 2

3.2.2. ETESEIFHHERS EHEMRE

=F 4y Bl A (Principal Component Regression, PCR) & — Ffal /b 48 S 4t B0 B A 0 d7 3%, FIEEfE
PRAFEHE AL 000 7 22 DR K RREAE , DRI )32 R T 3800 o A AR AR 2 37

N 32 B A3 B A SR ARE S S B T RS, B2 1 P M O R B B R, 2B SRR AR
[l EEIE ) 7 AN
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Table 3. Principal component analysis of independent variables

#*3 BXEIMHONE

NO FEAEAE E % ENINERI
1 4.5809 91.62 91.62
2 0.2863 5.73 97.35
3 0.0867 173 99.08

R 3T BEE 4 F Ik 99.08%, R T 99.08%[H1E .
S0 CIVE W ESF

Y =17.645+4313.61(\[Ryg ) +276.24([Rys ) +3348.8310g Ry, +174.03l0g Rigy +229.69R!;  (3)

ZEA, T Ry, IR O MH, W RE, Bk,

Z e, F = 16.938, P < 0.0001, HH5% %% R = 0.693, ¥k & %k R? = 0.480, Durbin-Watson = 2.222.

MCL - E i mT A5, A A O 2R B R AR 2H R 1D 5 — 2R 5 P g A R T A R AN B A

SR Z2R48EE, IR HZE RAGHE ) 7 N EEET R HE . 2 R Z 0T E 7 %
15 99%KY, FEWMANECH 4, FFER R K TTEREE WK 4,

Table 4. Principal component analysis of independent variables

* 4 BEEBEIRHS DR

NO REIEAH B E% RiFA S E%
1 6.1823 88.32 88.32
2 0.5031 7.19 95.50
3 0.2073 2.96 98.47
4 0.0837 1.20 99.66

B 4 TRUEH, R 4N EEEEE T 99.66%M15 5, 584810 DRSS,
AR 873 B E BT A3 7 B
Y =20.071+18.32X, —313.41X,, + 219.96 X, —5898.88X ,

4
—7582.90X,, +59389.72X , +959.25X,, )

K A% R =0.81158, hiE Z % R?=0.6587, F=20.7437, P <0.0001, Durbin-Watson = 2.3346. %
A T 2 B LR 5.

AILAEH, A& by~be ¥ p fE#AS/Z 0.0001, UiEHEFAZ SR EZEAAR, 1M by 1 p HEBRKTH
fthAF B E /T 0.05, KUkt 5648 8 R Mk

PR A 72 (3) (4)FT LA, RIFE D 0] U5 43 B 7 a4t P9 20 8 i 8 S 1900 =8 R 23 [ A 7 2 ) 20 S
TR AR bl o REGR RME A R AR BT @A . FTLL, W9k B R AR &, R
34 HH f AR B SRR AT PR R TN AR . AR IR RE(2) s (4), AR E R RPAI F HI KT
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TifE(4), JEH@)MGIRE d EEGE T 2, D, AR AT R TS R A DT R L AR R T T
I3[R P AR A

Table 5. Significance analysis of variables
#=5 BLEEEMUSN

3 EPSES /e NG fiAR K PR t1H p A
bo 22.0583 2.8951 7.6193 0.0001
b, 35357.7076 23.3803 0.4416 6885.9644 5.1348 0.0001
b, —11673.8724 —7.4684 —0.3611 2879.3799 —4.0543 0.0002
b3 —23628.4143 —16.5947 —0.4762 3704.6679 —6.3780 0.0001
by 353445.1977 10.3182 0.5050 54431.3604 6.4934 0.0001
bs —373685.4075 —11.0700 —0.4689 56285.7918 —6.6391 0.0001
be 136642.5752 1.0477 1.2411 15618.9253 8.7485 0.0001
b, —6663.8284 —0.5638 0.1976 3786.3573 —1.7600 0.0359

3.3. fHMEEEIOTE

ZELh g tr, PRI A A B R T fe AR Dy
Y =22.415+39249.31X, —13943.06 X, — 24807.33X; + 296102.44X,
—309086.89 X +130909.69X; — 7751.45X,

X, & XEWE 2 FAR.

PR AE P 2 R I A I 5 S A 5% 2R 8 v AR 21 5 MR RMSE (Root Mean Square
Error)REGHIE . FIF 7SN/ X 1) 60 ANEE it fr @AY AT R I e, FEAE M G R SEME S A IE 1:1
KARHE.

40.00

35.00 | y = 0.6544x + 7.9917 Q
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Figure 2. Monitoring and inspection results of chlorophyll content of Tobac-
co leaves influenced by Phytophthora parasitica var. nicotianae
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SEE 5 A5 G 2 [ A SE 92 2 r=0.8178, ¥ 2% R =0.6887, RMSE =1.97.
MK 2 ATLLE Y, EESr i SR I B R S B W A R B RPN E RO, thE R R? A F
0.6887. 3 B AR TR X B s J00 5 P 4 255 B LA e PO AV I 285 5

4, 4Eip

ARFFAIHE T SRR ARG B 8 R Al M3 S B SGE, TEULSERY iz 526 ]
VAR 2 3 U S 53 A TSR, SEJE X L 4 5 I TSR D BT T A6
AN T I A I DA R 41

1) REHEACE T B T AT DU NS B, X LE A e BB 8 FRASHAT LI, B S
AW SR B SRS AR B TR SRR, SR, ZH SR
4 25 5 AT S AR 7E 450~750 nm 22 [l

2) WFUR AW SAARHEAT LR, G55, SRS [ e th A e, R e 2
SRR TR B U AR

3) f Heig b [ MU 23 D B T LA 1, AT, RSB U175 v SR T 2%
%ﬁ%;&ﬁ@ﬁﬁ%,%ﬁMWﬁﬂ%u@ﬁ;y(ﬁgj‘@ﬁ;y|m%P|mmw Re, i
(VReoa ) FEAERE, RIS HEFTEE, R I REL R 79 0.9935, ik RECR J9 0.8715. £
Wil RS S R I RO R0 r  0.8178, Yes RECN 0.6887, BLUIRITIIES A7 v i
BB RERF, T LLR I SR AR B 4 3 4 B

E&WE

E R H AP 3E 4 (41171425), 1 R4 5L A 5] 8 S 00 H (2014-7-1), FRRTH M E A & F 5 0 H
(B20211NY1310).
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