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Spectral response characteristics of flue-cured tobacco under
different drought stress at the vigorous growth stage

LI Meng-zhu', LIU Guo-shun', JIA Fang-fang®, YANG Yan-dong®
(1. National Tobacco Cultivation & Physiology & Biochemistry Research Center, Henan Agricultural University , Zhengzhou 450002, China ;
2. Shangqiu Normal University , Shangqgiu 476000, China)

Abstract: Drought directly affects the production and quality of flue-cured tobacco in particular the water critical
period. The objective of this paper was to investigate the water contents of flue-cured tobacco leaves and hyperspectral
features under different drought duration and drought stress by ASD spectrometer, with a model of the flue-cured tobacco
leaf water indexes. The results indicated that the leaf water content and spectral reflectance under different treatments
were reduced with the increase of drought degree. Under different drought duration, the leaf equivalent water thickness
(LEWT) was sensitive, while fuel moisture content (FMC) was stable, suggesting that LEWT may be a suitable indicator
of the water content of flue-cured tobacco leaves. The monadic linear model, multivariate linear model and BP neural
network model were assembled for FMC and LEWT based on spectral parameters, the BP neural network model showed
the best optimal effect, with the R* being 0.8650, 0.9464 and RMSE being 0.0049, 0.0047, respectively. This model
had high precision and excellent stability, which may provide guidance for monitoring the drought disaster and the devel-
opment of digital tobacco using hyperspectral remote sensing technology during the vigorous growth stage.

Keywords: flue-cured tobacco leaves; the vigorous growth stage; water content; spectral index; estimating model

RERER K oy & o BUS R & ey, RO T RO SR R > M R A . o —
JEHIEAEM PR A R R RER ], WK B M BRSERIA T a0 al S o T R, b PR
PRBUK B0 A KR T CERY O R R PO, B W R A g2 HE
PRUFA BT TR i — R . TERER VT RWITT R K o B A B R
KB HIE I RO UK R B BT R MR BeAh, A EkoK BRI A H 45 A sk s i 1)

Y5 B #7:2016-03-20 & 3 B #§:2017-03-12
BEETE : B 5L 32 5 R oA MR 3 R & 35 e B R4 €6 I JBOAR I I &2 351 H (110201101001 (TS - 01) ) 5 1 g HAR Tk A FRZAE A
FRHETH (ZW2014005)

YEE B AT (1993—) , &, W R B RN i, WS O 0] AR R s AR B4R AL o E-mail : pipizhu0128 @ qq. como,
WIS VESE R (1954—) , 55 T Rg vt BN B0, P AR S0, 22 A R 3 A AR ABF S . E-mail: liugsh1851 @163. coms,



%3

ZERAT AT  HEAJUDE JA AN [R]85 3 ) oG i i 165

TR A A 7= SRS HEVE I . PR L, A e o ik
DR R 7K R [ N A 5 A

Thomas 254 % BB M- Fr & 7K B R FR41 40
P EIE N Ceccato ZE15HF 58 26 B I 1 45 3k
JEEE 5 R1600/R820 AHOCHE AP, Eal AL FIH KA
2ELO=TIN N 1450 nm BFIT A4 63 S 5 R 5 /N2 it
FARXS K G i A B R R IE A DG OG R  HHK
RSS2 BRI Rejo/ Rago K W AN [+ 24 5 B0 /K A
- F R IR 25 K SRR . XN TR I RSI
(Rigoz » Razza) A1 NDSI(R 405, Ry ) AT 2 £ W I 7K Fef i
F 7RG s, TR v S Ak 0 4 7K 3 o 1
WFFE I A DL HRGE

i 00 % 3 K326 K 5 4, (H H 1 354y
T BRI R R, A K kKT 2T R 05
TR O SRR, Bt PR 5 5 i P 100 4 #4
A2, HHh BFEAr T BT FEIR AR, B 55
T REY g AR X 24 AR 5 Al T SRR A TR
FRS R, TGS AR AR R IE T, A 100 HESS 24
ST K326, HIULHHTXT T K326 FH A 100 155
PEF S R IFA 2

AR DA B0 X 32 %k 5 B K326 FTrf 4 100
AR BRISTAS ] 35 R T80 068 A8 A B JTAS ] s R RS
() A 2 5B T i K B B S 06 U R S
FERLAE , 53 T Ml /K o Fabs S OGS RA R B (3
2) Z IR FR A B M 77K 43 E s Al S A
R PREHEA RO RO R 7K 3 RO, A KA BRFRS B
R LR AL
U BRI
1.1 &t

R 1:F 2015 FFEW 7 A4 VT B B R AR K
2EVFEALIX (B4 34°017, AR 28 113°49" ) i#E4 T, (I iy
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FKER23.19% , 5 1.39 g-em ™3, iR 48 pH
7.77, 605 9.53 g-kg ™ BAF A 69.74 mg-kg !, K
s 2.74 mg- kg™, HAHP 106.61 mg-kg™ ', i
ALAE A 4347 485 (NH, ),S04 , KNO; I KH,PO,, N: P,0s :
K,0=1:1.5:3,Jifi N 5% 200 mg- kg™ ' F A AR
— IR B IS ERHE A Y5 2. RA
N LBttt 8 B R o F 2015 4F 5
A 15 HBHk, 8 W5 F e d-A7 90K, B KAl
Takeme — 10 7 4 358 7K 43 35 0 48 43 551 00 5 47 ) £
gkt BN AL R BT Gk i

FERPEK T = (BT 340 i 3 /K 2 -

SERR A X i K ) x

BOE 132 0] 5 i 5 K = BoE RIS 5K
i x HEHFK

S e 0 TR S KR = XA KR +
T

I B 2 T R R i ARE RS 647
ST RN 5 d(B ARG 30 ~ 35 d) .25 d(BHE
30~55d)o 4T 5PRA A B TR KR VR
O SRR T BEE , ISR 1 TR A5 AL B 5 6
IRHAZ 3L 96 i, B34l 1 R, AlIRIHEA 75 cm, BEALIX
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F1 HEAE(TESKRSBAEFKENESDLI)/ %
Table 1  Treatments of percentage of soil moisture content

in field water-holding capacity

UL K326 " 100
Treatment 5d 25d 5d 25d
1EH K
Normal water 80 ~ 85 80 ~ 85 80 ~ 85 80 ~ 85
demand
LA RE - B
BET R
Light drought 70 ~ 75 70 ~ 75 70 ~ 75 70 ~ 75
g F
Medium drought 60 ~ 65 60 ~ 65 60 ~ 65 60 ~ 65
-
BT 50 ~ 55 50 ~ 55 50 ~ 55 50 ~ 55

Severe drought

I 2: T I 44 FE PH T 7 3B 4 - el B4 el
X (AAE 1120547, db 46 33°15" ) b4 T , M 4 35 oy i 4
+,pH7.39, F LT 12.01 g kg™, BHA# A 54.09 mg:
kg™, HERUHE 17.91 mg- kg™, BALA 129. 03 mg-
kg™ 'o TRIRALEE I HE AR LA SR B A B i 1 R)
RIS 1o Bbiaae i Bt 1 PN A 76 () A5 565
1.2 AN FENE

ST R RRIG 35 d.55 d I 5E A AR B T SR 4b
PRIEARIT Bk o (S E ASD A Rl A P21 Field-
Spec3 BFAMETE I R AL A 19 F- et 7 Je R 2 ik
e, N B A AT SRR . I B
JEHE R 350 ~ 2 500 nm, U R 46 7 B B G 25 B
DA RAIEA T, MBS 2R 10:00—14:00, Pk &
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- R i - B[] 5 2R

IKEERE 1 grem ™3,

W TR : AEREUCR ARG I DG 1 it i, )
PRAE I AT, B = 1 x 58 x 0.634514]
1.3.3 Sbafdssa gt OLIEREGEh 2B
SR RO 3R D 4L TR, 7E ) e D i i

MR 105CARTE 15 min, S CRUT S, gefb gttt 1, iz 1 45 OB 805 R BRF 1

LI B HEEL Red edge position index

3T HE R B Soil adjusted vegetation index
SR R AR K T HE R

Soil adjusted vegetation moisture index

HASR A B F5 5L Enhanced vegetation index

Do S5 R A K

Optimizing vegetation index of soil regulation
VUi Bt 7K 43 F8 %X Four band moisture index

9 —Afb 22 21 5ME%L Normalized difference infrared index
IH—1b 22 L1 5ME%5L Normalized difference infrared index
IH—1b 22 215550 Normalized difference infrared index
ZATEAE SR EL Triangular vegetation index
IKAT B HEEL Moisture stress index

IKAT B HEEL Moisture stress index

IK 43 r 8 $5 X Moisture stress index

IR BEAEEL Water band index

B IE 3 A Bl AR

Two modified soil adjusted vegetation index

T L L A HE 4L Simple ratio

TR P LB /K 23 F5 8K Simple ratio water index

T L EUAB /K 2348 2L Simple ratio water index
Fetb 2= A B8 5L Photochemical reflectance index

EERKITFEBFEEL Global water vegetation index

IH—1k7K 4345 %% Normalized difference water index
IH—1k7K 4345 %% Normalized difference water index

HE . SHNBBIBR , LA — B (S IEE T, %
VZ A ,‘k b5 3 i B N RN oSy 2T SO
1:3.2 Frth FRARE(LEWD# 2 B NBRTLLE T 190K S
fr : — I e
LEWT = JFH%% “ﬁi CR1E
IR E > IR
R2 AXFRAREESHIIE
Table 2 Hyperspectral parameters used in this study
BIRZLE R £ AR 275 3Lk
Spectral index Abbreviation Calculation formula References
IKIMEEL Water index WI R900/ R970 [15]
IH—AEAE B FE 4L Normalized difference vegetation index NDVI(680,800) ( R800 — R680)/( R800 + R630) [16]
IH—AEAE B FE 40 Normalized difference vegetation index NDVI2(675,895) ( R895 — R675)/( R895 + R675) [17]
IH—AEAE B FE %L Normalized difference vegetation index NDVI3(648,858) ( R858 — R648)/( R858 + R648) [16]
IH— LA B 54X Normalized difference vegetation index NDVI4(670,800) ( R800 - R670)/( R800 + R670) [16]
IH— LA B 454X Normalized difference vegetation index NDVI5(680,900) (R900 — R680)/( R900 + R630) [18]
FHBE K /355X Vegetation moisture index PWI W1/ NDVI [18]
A BEFEEL Red edge vegetation index Red edge NDVI (R750 - R705)/( R750 + R705) [19]

700+ 40( Rre — R700)/( R740 — R700), Rre =

REP (R670 + R780)./2 [20]

SAVI [(1+ L)(Rnir - Rred))/(Rnir + Rred + L), L =0.5 [21]

SAVKI (Rnir = Rred)(1 + L)/( Rnir + Rred + L) [22]

EVI 2.5( Rnir — R680) /(1 + Rnir + 6R680 — 7. 5R460) [23]

0SAVI (1+0.16)( R800 — R670)/( R800 + R670 +0.16) [24]

( R1640/R2130) /[ ( R855 — R555)/( R855 +

SRND R555) ] [25]

NDII(820, 1600) (R820 - R1600)/( R820 + R1600) [26]
NDII2(850, 1650) (R850 - R1650)/( R850 + R1650) [27-28]
NDII3(835,1650) (R835 - R1650)/( R835 + R1650) [28-29]

MTVI 1.2[1.2( R800 - R550) —2.5( R670 - R550) ] [30]

MSI(820, 1600) R1600/ R820 [26]

MSI2(835,1650) R1650/ R835 [31]

MSI3(767,870) R767/R870 [26]

WBI R950/ R900 [32]

MSAVI2 %[(m R800 +1) — v/ 2( R800 + 1)* - 8x ] [22]

SR R895/R675 [33]

SRWI(860,1240) R860/ R1240 [34]

SRWI2(678,1070) R678/ R1070 [26]

PRI (R570 - R531)/( R570 + R531) [35]

[(R820+0.1) - (R1600 +0.02) ]/

GvMI [(R820+0.1) + (R1600 +0.02) ] [36]

NDWI(820,1600) (R820 - R1600)/( R820 + R1600) [26]

NDWI2(860,1640) (R860 — R1640)/( R860 + R1640) [37]

T R GIE % Note: R is reflectance rate.
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Fig.1 Change of FMC and LEWT in flue-cured tobacco leaf under different treatments
R AR R —FN SR 5 A5 A AR RN 4 Duncan [(RZ T ARG 27 B3E (P <0.05), FH.
Note: Different lowercase letters indicate significant difference at P <0.05. The same as below.
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Fig.2  Spectral reflectance of the flue-cured tobacco leaf under different treatments
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W 30 PP E SRR AE 2R (W 3 2) 5 Rt
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FHESES EWT fAH M1 38 B0 i 2 K7 (P <
0.01) , H i 5 — b 48 4% 45 £ (NDVI(670.500) ) 5 EWT
MY A R BN 0,816, 1 30 FiOGIEFRIE
ZAPACE 11 F SR FMC AR OGP I8 B4R
WEKF-(P<0.01), Horr, /i 5 L AR K 73 45 85 (SR-
Wliseo, 1240 )5 FMC BRI Bcif, AHOC R BN 0. 431,
PRI, EWT 5 30 F oG 3% e ik 2 500 AR DG PR 22 41 T
FMC, H AR R B4 XHE AR = T FMC,

x3 BRIEFMESHES LEWT # FMC

ZEHIERX R (n=48)
Table 3 Correlation analysis between LEWT (FMC)
and hyperspectral parameters( n = 48)

TR IES R

Spectral characteristic parameter Fme LEWT
WI 0.398" " -0.267
PWI 0.179 0.784" "
NDVI -0.136 -0.804" "

NDVI2 -0.141 -0.816""
NDVI3 -0.202 -0.719" "
NDVI4 -0.139 -0.816""
NDVI5 -0.142 -0.805""
NDWI 0.426" " -0.508" "
NDWI2 0.422° " -0.499" "
GVMI 0.393" " -0.536" "
PRI 0.121 0.702" *
Red edge NDVI -0.303" 0.131
REP -0.249 0.553" "
SAVI 0.008 -0.747" "
SAVKI 0.008 -0.747" "
EVI 0.229 -0.538" "
OSAVI -0.053 -0.806" "
SRND 0.365" -0.437" "
NDII 0.421" " -0.517""
NDII2 0.422" " -0.500" "
NDII3 0.424" " -0.504" "
MTVI 0.373" " -0.727""
MSI -0.416" " 0.530" "
MSI2 -0.419" " 0.516" "
MSI3 0.148 -0.504" "
WBI -0.361" 0.283
MSAVI2 0.292" -0.668" "
SR -0.127 -0.810" "
SRWI 0.431" " -0.506" "
SRWI2 0.16 0.799" *

TR+ » TR BEMR AR 0.01 BB FH KT, » TR
EHER K] 0.05 A& KT
Note: * * indicate very significant at the 0.01 level, * indicate sig-

nificant at the 0.05 level.

2.3 RILFHEEBS KRN KT IERERNE
AL
23.1 —aLKE@ERERGET SHRAES3
H 5 FMC Fl EWT FHOC F 550 = 1 1 5 LU AELK 53 4
ﬁ(SRWLsﬁo,nm) ) ﬂt‘u Uﬂ g’ﬂﬁ*ﬁ%ﬂzjﬁﬁ ( NDVI(670,800) )
S — TR RIEBR (0 = 48), HHIE 3 AT H, 45
HH M R AR B K S SRW g6, 1240) 22 BRIE HH 56 56
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0.69271 0. 862, ¥ J5 #R 15 2= 43 7l ik | 0. 0069 F
0.0040, LAY A AN A 22 Je 2 Pk [l A5 7Y
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W17 LEWT Lt FMC 5335 & FH R 8 R 05 Jl - 7 i3 7K
A3 R 5T RIE S B AR
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— PR 2 AR AR Z 2T M 4% . T
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# (tansig) ; LA HE A FMC (EWT) 78 i i )2, H
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trainlm, A4 HAE AL IR 249 5550k 66, R I
IR R . QK] 4 BRI R AR
KRB () e sE R B R N 0. 8650, 1 7 AR iR 2
RMSE 2} 0. 0049 %5 K i - 55 350K R BE 1) R* 35 5
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LEWT (1) 500K B2 200 F FMC.
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Fig.3 Regression analysis for estimating water content of the flue-cured

tobacco leaf using hyperspectral vegetation index ( n =48)

R4 BRIBFHAESHAGNEEM R LEWT F1 FMC BIE V3547 (0 = 48)
Table 4 Regression analysis for estimating LEWT (FMC) of flue-cured tobacco leaf using hyperspectral vegetation index (n = 48)

TCAR P [ S A 70
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Multiple linear regression model
Yime = 0.625Xpyy + 0.581 X ysavy + 0. 805 Xnpyiceso,onn) — 0. 869 0.692 0.0069
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Fig.4 The predicted estimation of the BP network model( n = 48)
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