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Precams 80 HEEHERERZIR -
{E i R R E A LR #E B0
R LT REAREER N SR E B
7 8 Y84 (Lichtenthaler 1998) - B 72 45
‘Ryna® % i £ B 16 B S0 B 38 5 1945 7 W e
Kt - K EE 4T 25% (Nangare et al. 2016) -
2RI > EY) B BN R RE U Y
HBOKEEGREET - BERAEEEETT - AItEY) ]
H % 18 75 J7 (Lichtenthaler 1998) o [A [ »
Ry R K RS R E Y ER T - F#IE
F5 51 H. A (S0 5 S /K 2 SR Y 200 S5 (R R oty
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HEEEWMIIEE ~— (Nemeskéri & Helyes
2019) -
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B E R A G KR IR R
IR AR A Ry i /K S AR TR RS - BEGR RO
%% (Fv/Fm) ~ ZX g7 R % (transpiration rate)
fi [F] b 2% (assimilation rate) Fz $& FL &L & (sto-
matal conductance) 4= BB A A 85 - DA
R EHE MKy a8 ~ SN RS PRV 8L R
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& Couture 2020) » B 72 16 1) 4 3 & LAY S 55
W REE > FEARE ] Bt (visible, 400-700
nm) ~ #T 4[ 4P 5% (near infrared, 700—1,100 nm)
FHE AL 9N (short-wave infrared, 1,100-2,400
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YiAEEE L HEHHMERNED - WEs

rere

]

1% 2

(Vitis vinifera L. cv. ‘Rosario Bianco’) F1ZHi
FEEY T WERE IR SR BEE R AR S
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Thuoma & Madramootoo 2020) - £ 5 FH =Gl
BRDET A EER - AR S ER AR
o 4E T B = FE R 4R (collinearity) B
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(linear discriminant analysis) & HAY)F 5
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EHNREHMER 3-4 A 22 BRAE >
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B EHEMERZFE/IL - DLIRE 1 EHE
TEEN 3 R /N A T S EHE -
A LU 2% K FE (AB204-S/FACT, Mettler Tole-
do, Columbus, OH, USA) fEFE/NELER fif &
(fresh weight; FW) » 2 &G T R 8% 2 8
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AR R TR HHE (turgor weight; TW)
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%> DEGZENRTMEER Fv/Fm #1L -
DA1t#R BB > FEESMN 3 RER » LT
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e R R B S SR i [F] 348-1,052 nm Sy & K 211
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% 5 1 HoRT AT SR B R R B IEH £
HIRRE (0) 5 75 pa HH AH & A B8 R A ZE AR
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X=TP'+E (1)
Y=UQ"+G 2)
B PR THON 8 8 X /Y & 1 2 JE [E

(loading matrix) » Q B EEH Y AR &E(a
Y BERER MTHEU TR EXBLY
Y73 BB (score matrix) < E A AHRE Y X
FEMHE AR i oy i 2 1% 0 PTEE AR VB 28 (atent
variables; LVs) 7 i fie [ ik M4 > B 15 B A &
fil () BLE & &R (p) 59/ EZ (orthog-
onal) » & —1{f p A E A R (orthonormal) #Y
Fitk o E 81 G RyEREH -

MR T B Y BTS20 (2) AT R
23

Y=TQ"+F 3)

1M P 81 Q Al i /N7 A S
Q" =(T'T)'T"Y (4)
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VBT B RLNH [F L & TEOAI SR B X B
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EEHEE Y HE - RIEZE B &R 2
B W (loading weights) 277 - L > =X (2) 7
HE—B IR K (6)
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(2018) Wy - RS ENERGTERE
4 (variable importance in the projection; VIP)
(Wold et al. 1993) B B BRI TRHMEUR BZ
() HIPKEE - Hor » VIP 2 BUK 1 H R
B EIURES (Wold et al. 1993) -
PLS-DA H55U TE I R RS2 314 B 58 B
GEER | HEMHE S 1 AR
(true positive; TP) ; ZHEH & 0 B #E &
0 [t EF2 M (true negative; TN) 3 HEHE
By 1 EREALHET R 0 0 I RsffsfatE (false nega-
tive; FN) s HEHE & O ERERIHET K 10 b F
RF5 1% (false positive; FP) o e & B2 LAY
BEH o BERR (X (D] WEREERER
1432 (true positive rate) » BB & 1 (VEE A
TP HYEE B [0 (8)] 5 R REAI R H iz MR
(true negative rate) » BIEE R 0 VEEA T TN
AIEERT [ (9)] -

Accuracy = (TP + TN)/(TP + TN + FP + FN) (7)

Sensitivity = TP/(TP + FN) (8)

Specificity = TN/(TN + FP) 9)

5 R IIT 172 LB (10-fold cross-
validation) » BB LRI /TR 10 T 07 > i
L 9 3 E Ry RS - 1 (o fF R Bpse B
TR - B4 I 10 KRB E R ERER
B ENF R T AR M AT AR -

LS
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H 10 d RSN P RE B IR G MR E 2 B > i
B 11-12 d 1% jis P 4 AE Pk 3R B B 5 1 R UK
N TER IR ~ BB AE i ALK R
RESE(E (B 1A~ B)
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K aEELWE 2 R > mH 5-10 di%
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L TR NRE N E R B IR R BOK R A 2 SNREIEAL o (A) BHRAH SR FHAHBRRE 4~ 7~ 10~ 11
Fo 12 d Bt RREE( L (B) HIRAH SR FHAH R EE 12 d I3 R HYIPREE L (bar = 5 cm) -

Fig. 1.

The phenotypic changes of ‘Rosada’ cherry tomato seedlings in the control and drought treatment. (A) The

changes of the whole plant in the control and the treatment on 4, 7, 10, 11 and 12 d; (B) The changes of the leaves in

the control and the treatment group on the 12 d (bar = 5 cm).
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Fig. 2. The leaf relative water content of the control
and the drought treatment of the ‘Rosada’ cherry tomato
seedlings in the greenhouse when they were treated for
5,6,7,10, 11 and 12 d. Error bar is the standard devi-
ation of the mean (N = 5). The same letter means that

two treatments are not significantly different at 5% level
by unpaired Student’s ¢-test.
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Fig. 3. Biological indicators of the control and the drought treatment of the ‘Rosada’ cherry tomato seedlings when
they were treated for 4, 7, 8, 9, 10, 11 and 14 d. (A) Fv/Fm value; (B) transpiration rate; (C) stomatal conductance;

and (D) assimilation rate. Error bar is the standard deviation of the mean (N = 5). The same letter means that two
treatments are not significantly different at 5% level by unpaired Student’s ¢-test.
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AR [E bR H BB 2 5% > BIR4E (v=32) F
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Fig. 4. Changes of the average values of canopy re-
flectance in the control (N = 32) and the treated (N =
35) ‘Rosada’ cherry tomato seedlings after transpiration
rate, stomatal conductance and carbon assimilation rate
appeared significantly different morphology.
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0.89 ¥ EE Ky 0.95 » #7758 W Eais 2 A1
[ F5 0.90 » BUELE &5 0.87 » R RE 5 0.92 (&
1) o i EHE 5 f5H » 2Bt PLS-DA &R fE
& 8 {E b ik 2 BB BB R o B R R
(misclassification rate) » # & FE RS B o {85 FH
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F50.92 > BURE R 0.89 - RpEE R 0.94 > 47 {EFI5 200 {8 Z R HY R R B - P IE
A B 2 AERERE 1 0.91 > BURNE Ry 0.87 - 5 FIAY JZ Bt &L 45 479-547 nm ~ 682-817 nm k¢
RER0.93 (F 1) o AT AR AV (B 1,016-1,052 nm 55 3 JZE% - AL 3 {5 B F
BT AREERAE 6A ~ B - WIEAIVEEREAM  BFRUL B ME 5 1 PLS-DA SR 111 H
[F] - R7IE G ¢ B AL LSS 40-60 (| ~ 55 100-140  FHMERESE B 0.93 UL & 0.92 > F 5%

F 1. TR NRESERE RERSOKEEAE SR E R PLS-DA BRI HT4E RELEL -
Table 1. Comparison of partial least squares-discriminant analysis (PLS-DA) model analysis results of hyperspec-
tral data collected from the control and the treated ‘Rosada’ cherry tomato seedlings.

Model Spectral band (nm) Process Sensitivity Specificity Accuracy
I 348-1,052 cal” 0.89 0.95 0.93
cv’ 0.87 0.92 0.90
1T 348-1,052 cal 0.89 0.94 0.92
cv 0.87 0.93 0.91
I 479-547 cal 0.92 0.93 0.93
1,8?2:?,1075 ) ov 0.88 0.92 0.90
v 348-506 cal 0.79 0.91 0.87
638767 ov 0.79 0.90 0.86
\Y% 348-388 cal 0.85 0.94 0.91
P ev 0.83 0.91 0.88
937-950
1,026—1,052

“ calibration.
¥ 10-fold cross-validation.

1.0
09 |
08 | @ Calibration

0.7 | B Cross validation

06 |
05 |
04 |
03
02

0.1 F
0.0 ] I ] ] I ] I I I I
1 2 3 4 5 6 7 8 9 10
Components

5 T N ARG R R R PLS-DA TR 5 T A e e A
ST SRR -
Fig. 5. The number of latent variables and the misclassification rate used in the partial least squares-discriminant

analysis (PLS-DA) prediction model of the hyperspectral data collected from the control and the treated ‘Rosada’
cherry tomato seedlings.
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Fig. 6. The regression coefficient and variable importance in the projection (VIP) score of variables used in the par-
tial least squares-discriminant analysis (PLS-DA) prediction model I and II of the hyperspectral data collected from

the control and the treated ‘Rosada’ cherry tomato seedlings. (A) Regression coefficient of model I; (B) regression
coefficient of model II; and (C) VIP score.
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F50.93 >+ X EgEE REREE &5 0.90 » BUEY
&5 0.88 » RFEEE 15 0.92 (1) « 55— J7H »
LAY T FIRBLAY 1T DL VIP 3 8RR 1 R e
Fr ik BV RHEBO BRI B 2 2 (1B 6C) - AL 1
FIF VIP AR HAVFFEOR B By 348-506 nm J
638-767 nm > LA 35 {d {[EF7 B B 17 PLS-DA &
BTV > HETEHERERE £ 0.87 » BUEE £ 0.79
TR 0.91 > A8 RS EREE K 0.86
BRI £5 0.79 > FFEAFE K5 0.90 (R 1) 5 BEALII
FIH VIP JEH H AR EOR B By 348-388 nm -
516-584 nm ~ 655-756 nm ~ 937-950 nm &
1,026—1,052 nm » DLiE 5 {7 BY 217 PLS-DA
PRIV > HTEHE S 55 0.91 - SRS B 0.85 »
R Ry 0.94 > +3758 WEpss S Ky 0.88 »
BRRNIE £y 0.83 » FrEE K 091 (R 1)

E]

K FEMA 2, NRF TR OKE
EFE&GKEHE BN ER A - B
BRK R EARE T IMNE P B R UK E R
Kiy&aE -~ Fv/Fm -~ ZHURSE - RILEE AR
EMLREEHEE > FERRETIERIRMEER K
SOEREERHEE - HRAEIE &R DL PLS-DA #E
TR T LS O B B % - AT — AR
B /NG 7 it FR A /K 0 35 TR Y -

FhHERKHUKEREE  EREHKTE
EEEHE 11 dEFTREE 79% > il iaag
HIREAE R WAAEE 12 dIFTHEE 62%
(& 2) > B ‘Arvento’ FHF(EGRAKBET T » B
FfH & K 2 82% [ 2 50% 1Y 45 FAH (M
(Zhou et al. 2017)  [L4h > EEYIEZEEK -
SRR SR PSI A 4Ry D1 EHE
Z BRI P A% > 22 Fv/Fm {H T & > Fv/Fm
EL{E NS R EME )78 2 A ) i b i PR A
B4 3 F541E 2 — (Poudyal et al. 2019; Parkash
& Singh 2020) o A 5% 45 FER 0 Fv/Fm B
TEpREE 7 d BRRIH B T o 30 BB P 3 B R
HY 38 h0 - Fv/Fm (BN [RS8 BLET A
FeE AR N K W R A ER R T HE R — 2L
(Nangare et al. 2016; Liang et al. 2020) - 7 BH

AT 2 GRoK R > o] A R & Al H IR
AER AR A A THARRE - W BRI Fv/
Fm ([HERIAEE R HE K 2 EMEL -

{538 Nemeskéri & Helyes (2019) %245
Ho BEVEETUKEE > SHIEEEHERE
SR ARG - DIRES SRS EYESE
H AR E - Eif/KE R R IHEE # LR
A] GV AR TR R E - 35 B AR R N BT /K A2
PR EEEE R Rl e LR FLRART - M
R K7 KREIHE 80% 2 HRAFLAR > FHILHR
FLEAPH S HIHIK 3 A A E R K & &
SRFLIH P B B AT I BB 5 o CO, #E AZE R 4
i o S & SR [EM L3 (Law-
son & Matthews 2020) o5& /K iyt de A F s
B EIINEE o PRI 2208 38 e H I HR 7]
S A THERE - WEER FEE - HL84 R3S
{EFEEZHEBRET - 45 b HEKZERTSE
A] B DLR R AT B AR AR RE O 8 Ry — i A MR Y
HRE o AkbahHinE R WAERERNRALE
FEy ARG KEEE 8 d f1 9 d (R T » 1
i [E B R R A R 10 d BEA B BE T -
FH AR GR /K 20 55 v 2 0 25 AR PR A bR 2 K 52
BEAh o ORE - BEEEFEEYMERZER&RES
AR ZTgHEMBEEEEZE > DA
— AR B K R TR A S (R

Ak B B OYIER B I — 7 A Sl /K 2 B FE N
R > 5 S A1 5% B RB 48 AR e 888 i B AT S B
i S O ARG K 2 5 A BIRAE - DL
KRR KRR ST - A AR E A H
RALE S B R B AT BRI R K R A e
(Fernandez-Novales et al. 2018) » 4Rl » 7&54¢
RERRZE Ky ARG EHE TEIN - e
RIS FIE VPD FEIRB R T » Rt g
HIETIE (Tu et al. 2021) « [R5} > FEARWFFEUR
EERAEP TSR > DEHERI AL S
AR EBAE RN TS ER G R ETRE
— X LB EE R E RS R R AR IR
R ERZ > BEMEHRREEMERETE
P REAE K R A B AR - (R AR S B DA
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(B B BN IR & /KA E AR Rt e
PLZIT47 48 (binary classification) &4y &l
A A FEAE K A B R AE ([ 3) -

Carter (1991) 5% T 6 f& K [E 5 9 1y B
FRERENKSEETHERLERNFE
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stk 4y BERY I 92 (Thuoma & Madramootoo
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A F50.93~0.87 ~0.91 » 758 i ad AR
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530-570 nm ~ 700-750 nm ~ 1,380-1,420 nm %
1,450-1,590 nm ¥} /2 7K 73 7B E A R AL L EHYET
fEEEHEE - Elvanidi et al. (2018) W32 45 5
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Water Deficit Stress for Cherry Tomato Using
Hyperspectral Data
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Abstract

Tu, Y. K., H. W. Chen, M. K. Chi, S. L. Fang, M. H. Yao, and B. J. Kuo. 2022.
Establishment of the early prediction model of water deficit stress for cherry tomato using
hyperspectral data. J. Taiwan Agric. Res. 71(2):87-99.

Hyperspectral data collection is a kind of non-destructive detection method, which can be
applied to determine the physiological status and disease occurrence of plants. Tomato (Solanum
lycopersicum L.) is an important vegetable in Taiwan, and proper water management during growth
process has crucial impacts on quality and yield. In order to establish a method for predicting the
early stage of water deficit stress for tomatoes, ‘Rosada’ tomato seedlings were administrated with
drought treatment and physiological parameters including the transpiration rate, stomatal conductance
and assimilation rate were determined. During the period of experiments, the hyperspectral reflec-
tance data of the leaf canopy were collected as well. The physiological status of tomato was further
determined by the results of physiological parameters. Coupling with the hyperspectral data, the par-
tial least squares-discriminant analysis (PLS-DA) was constructed to predict the early stage of stress
status induced by drought treatment. The results showed that the transpiration rate, stomatal conduc-
tance, and assimilation rate were significantly lower than those of the control group 8, 9 and 10 d after
drought treatment (P < 0.05), while the morphology appeared obvious phenotypic variation 11 d after
drought treatment. We concluded that the early physiological response to water deficit stress occurred
approximately 10—11 d after drought treatment. The prediction accuracy, sensitivity and specificity
of the PLS-DA models obtained from 348—1,052 nm were at the range of 0.90—0.93, 0.87—0.89 and
0.92-0.95, respectively. The results indicated that the PLS-DA model possessed acceptable prediction
performance. Furthermore, four important characteristic bands, 348—584, 638—817, 937-950 and
1,016—1,052 nm, which were selected from the regression coefficients and variable importance in the
projection (VIP) scores. We established additional PLS-DA models by these characteristic bands, and
the prediction accuracy, sensitivity and specificity were 0.86—0.93, 0.79-0.92 and 0.90—0.92, respec-
tively. These results showed that PLS-DA models established by the characteristic bands had no sig-
nificant improvement to the model performance. However, the models could reduce the cost of data
collection and subsequent operations.

Key words: Hyperspectral data, Cherry tomato, Water deficit, PLS-DA.
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