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Abstract

The objective of this study was to diagnose the temperature stress of paprika seedlings
based on visible/near-infrared (VIS/NIR) hyperspctral image and chlorophyll content data. As
the partial least squares (PLS) regression model was applied to the calibration data, seven
significant wavelengths of 477, 501, 543, 647, 680, 704, and 751 nm were selected and in the
stepwise multiple linear regression (SMLR) model, three wavelengths of 680, 704, and 803
nm were selected. The coefficients of determination of the PLS regression model and SMLR
model for validation data were 0.70 and 0.59, respectively. The root mean square deviations
of the PLS regression and SMLR model were 6.89 and 8.01, respectively. These results
show the potential of VIS/NIR hyperspectral imaging technology with a proper model as a
nondestructive method for detecting temperature stress of paprika seedlings.
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Results and Discussion
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Fig. 1. Variation of SPAD values in paprika leaves for 18 days after temperature treatment.

( 2/ Leaf color of paprika seedlings grown for 18 days after temperature treatment. (A) 10/5°C, (B) 25/20°C,
C 35/30°C

mtme|7t 2ol 23 54

400950 nm2] VIS/NIR @ ol ohx )7} 5 A 12 G 2] - guibe-2 54 Algo] Bguat E41F f-AksHE 5 400-
700 nm®] 7HA3G GG ollAl = mhgol w2 HhaRg-9] 2ko]7} QI oLt tiE-R 0.2 o|5tE WA LERTHFig. 3). 31, 680-
730 nm 2] red edgel| A= HHARE0| FAFHA| 4551 AL, 730950 nme] 4 2] F F Yol M= 0.6-0.7 A=E FAISHACH
A} % 2] tol| A o] HhARE-2 Tz tol| HShA] A LRt o H o]ejdt Adte 2% X2] At Y47t S7IEE THAE
2 22 ol G oA E A LERETE 7RAIG ol A 12 2 2] Fte] Riap EAL tixtet Bl wE wf 2 *po] 7} gl
oL}, 2 Q)Y ol A= thztol| H]s A & LrERTh
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Fig. 3. Spectral reflectance of the first true leaf of paprika seedlings according to different temperature
treatment and number of days. (A) 6 days, (B) 12 days, (C) 18 days
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Fig. 4. B-coefficients determined from calibration dataset using partial least square analysis

LEAEH A Xdo] §53h oS Aeistalat 2 Ao A= Al B2 Aoiigho] 1.0 019 71&s A&tk 124
T}477, 501, 543, 647, 680, 704, 751 nm2] 77} T7go] MEbE] Q) 2 I Lof| A Z]-8-H SMLRT} PLS 3] & EAof| A 680
nme} 704 nm7} 354 F& oY O 2 LrERT

o|A7IA] g TlolEl 2R AAY] 17} AFElE EASHAU 582 e T gt AleEA AFAYA -
(normalized difference vegetation index, NDVI), & Z-4~Z|4>(chlorophyll vegetation index, CVI)E- 7] & FE) = A-8-5}01 o] 5 ¥
Pt olg] 270] A 47} ARR-E| 1 I THGitelson et al., 2003; Jiang et al., 2006). NDVI= 2] A3 of o 1} LA Al of o of| A 2]
HRALE-S 0] 83t ZEo 2A] UHFH O 2 680 nm@t 800 nmOl| A1 2] HFARE-O] X| 4= A Ato]| AL-E-E|tH(Wang et al,, 2016), 2HE-2
Z50] W} 680 nm THAI0]] 640 nm = 670 nm7 F AFR-E] 7] & S} (Katsoulas et al., 2016). 2HE2-2] 245} 525630 nm,
640-660 nm, 705 nm, 730 nm, 930 nmOl| A1 2] BEARE: Ato]of] - /FhkA| 7} E 2 gk (Vigneau et al,, 2011). Tol CVIE 2
74 wjolli= 550 nm, 670 nm, 700 nm X 760 nmOi| A 2] ¥kAREO] AR&-E Th(Quemada et al., 2014; Vincini et al., 2008). THH &
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Aol AR Fo-E AEAAE 650 nm 2} 940 nmel| A 9] S 25 S7F6t0] HEATFE 2T (Ling etal., 2011). T
2t 220 7 = o] Fxo| et JEAGEY S0 AFEE = RE I TOE 4+ A

SAMZE A
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VISNIR FollA Heid 48 iPdS SHH4E AAoto] JEATFS o539t A= Table 13 2t 37]2] 1ol
SR Hefe SMLR 2Eo] w783t AX-& o] gof] thst ZA A= 2+ 0.71,0.59= LEFG AL, SECSF SEP= ZF
7} 6.98, 8.030] 1tk 2 77H] mhro] ARE-E PLS 3] HElo] wA-8at 7378t o] Efol] gt A AI4= 72} 0.84,0.70
|1, SECS} SEPE Z+2F 571, 6.79 2 LFERF AL, 2|02 gEAsleol| 7| 25}0] L& AEHAS Adkelazt AL
2 Aol PLS 3] RS 485 7ol 7HE Akt LErstTt o]gtoll SMLR 2 22| RMSDE w781} 77580
tistod 212} 6.76, 8.012 LHERG O™, PLS 5] 7] 9] RMSDE= 22t 4.94, 6.890] it
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Conclusion

B Ao A= nte)yl Ho] 2 x AEFAS ksl A} VISNIR o] 2204 T 245t Hlo]gof 7| %5}
o] EAA 2o i}2 5§ oS AE %}OiE} WAL t|o]glo] PLS 3] 2elS A 835) 75?}47 7,501, 543, 647, 680, 704,
751 nm9] §-& nhgo] Mel=]gl, SMLR H&llof A= 680, 704, 803 nm<] 37l 1Hgo] AeiE] it} AA-& Hlo]Efo] tigt

PLS 87 2@} pLS 22O AX A= 22} 0.70, 0.59= LFERGTE E5HPLS ] 23} PLS 22 ] RMSD= 212} 6.89,
8.012 byttt whebA, VISNIR G ol A ohze)z} Bo] 2 B3 dat 2 4gego] 7|28t LEAER A o] 7}
& Ao}, 3t 5A1A Hdll Fol| A PLS 3] Hdlo] mfe]7H o] 2= AERA Xtho] g3 Y Zo|tt,

Table 1. Results of statistical models for predicting chlorophyll content of paprika seedlings.

Model Selected : : R — SEC SEV : .RMSD =
Calibration Validation Calibration Validation

SMLR* 3 0.71 0.59 6.98 8.03 6.76 8.01

PLS 7 0.84 0.70 5.71 6.79 4.94 6.89

*stepwise multiple linear regression
Ypartial least squares
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