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Correlation Analysis and Detection of Photochemical Absorption
and Reflectance Spectra of Potato Leaves
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Abstract: In order to carry out the non-destructive detection of chlorophyll fluorescence parameters of
potato leaves, hyperspectiral images of 200 regions of interest ( Rol) were collected and the average
reflectance was extracted. Then gP values of the corresponding areas were measured by the closed
chlorophyll fluorescence imaging system of Fluorcam. Sample set partitioning based on joint X — Y
distance ( SPXY ) algorithm was used to divide the samples into calibration set ( 135 samples) and
validation set (65 samples) according to the ratio of 2: 1. Algorithms of synergy interval partial least
squares (si — PLS) and random frog (RF) were used to select feature wavelengths, and the partial least
squares regression ( PLSR) model was established with the selected wavelengths. The results showed that
the calibration accuracy of si — PLS — PLSR model was 0. 628 5, the validation accuracy was 0. 6103, and
the calibration accuracy of RF — PLSR model was 0.709 3, the validation accuracy was 0. 687 2. The
interpretation of potato leaves by RF method was better than that by si — PLS method. Selected
wavelengths mainly distributed in the range of 518.72 ~ 640. 64 nm, 650 ~ 800 nm and 850 ~ 1 000 nm,
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which reflected that fluorescence emission signal was an important response characteristic of

photochemical absorption in potato crops. And it also showed that the photochemical absorption was

closely related to chlorophyll content, leaf structure, water content and other attributes. The mapping of

qP values distribution in leaves provided an intuitive method for the analysis of photochemical absorption

and photosynthesis dynamics of potato leaves.

The study provided a way for the evaluation of

photosynthetic activity, which could also be applied in monitoring of complex physiological and

biochemical dynamic of potato crops.

Key words: potato leaf; chlorophyll fluorescence; hyperspectral imaging; photosynthesis; photochemical
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Fig.1 Flow chart of test and data processing

1.2 EREHAFEXEBRGEERE
KM Gaia B 61 MR 2 48 (DU BUR 5 3% B
oA PR 7)) RAE @ 6 KR A5 B, DL T [l 388 ~
1026 nm, 73 B4y 2.8 nmo IHEREIRA 2] )
FRAB K AFTE W LA S5 PR AR B0 52 W, X0 D A o Ol T 4
15T SR AT B R IE R I S 6 1 R R R
HHEAX N
R=(I-W)/(W-B) (1)
Arp R—HOEJE GG IR a3
I— G 61 R B %
W——2%x [ bR 8 i KR S 5t 26
B——4x By O 1 G R
FEAE ENVI S 1 I 10 2 % x 10 R R AP
N R X 35, ( Region of interest, Rol) , & BUAE AS (1Y
JEREHUE  Rol RURHSGIE H9-F- 34916
1.3 DREMHRAEESHENE
8 FluorCam P M-S RIS L R 48 (b
OB R EBEARAGRA A W& RES
Ko, R G0k B G JETR (610 ~ 620 nm, £15%) bk
6 HETR (610 ~ 620 nm, 215 ;470 ~480 nm, % %) .
T AN GG (470 ~ 480 nm, 551 | BR AR 3T HL K&
PR AR SRR AL . SR AR K BEAT G AL B 30 min
F8 % B I R Y A I I O R A AR N B B AR L 4
il RGei L USB 5 31 S HLAH % , JF i i FluorCam?
B ) MR AR 73 BT 508 o A Protocols % 1H 30 i
KOG TR 58 B LA R A 22 ) ), AR SCAfE A Menu Wizard
F Y Quenching Actl # 5 ; 7 Pre-processing % 0 #f
A B0 o 8 A SRR R DX A B, AR ST R R 10 45
F x 10 REMHEIE XA Rol, 7] L)% 21 3 £ X I
53 J) M2k s 7E Result 7 H AT LS 2] qP {8, fix
ZEARA5 200 A IX Y qP fH
1.4 BRI X
1.4.1 FEAELL >
% FH SPXY ( Sample set partitioning based on joint

X =Y distance ) 5k Kl 3 @A NG UE SR A i (] B2
BT[] I 2 g B O A A Y A
~H

dx<p,q>=JZ (5,()) =%, ()" (2)

d.(p,q) d,(p,q)
[ max d (p,q)  max d,(p,q)
AP J— i A B %L
x,(j) v, () —FEAR p g JGTEME
d,(p,q) —HEAR p g 1Y x 2840 R G 2
d,(p,q)—HFEA p.g B y 28 5 KRR &
HAR B
(1) AR A B 2 18] /Y BB, R B d5 K
ANFEAAE Ny B WIS SE O REAS .
(2) TR AR A A 5 Bl R A 22 ) 4 B B,
T RIRAEA, 5 b0 AE A (1] 1 e S B B8 B v
(3) TE 55T A AE A Y Joe B B B9 v 9 I K IR
BTN R BREAS AR — B FERAEAS, L3
i, B2 P R AR H IR B BE AR
1.4.2 Gk
K A =43 #7125 ( Correlation analysis, CA ) 43
Mt Ao A A e 5 B O3 2Z 18] B SR 56 &, I
N B A DX (8] B /)y — 3fe 3% ( Synergy interval partial
least squares, si — PLS) #l ffi #11, Bk ( Random frog,
RE) W R 532 HEAT qP (L 0w 7 A5k 2 B0 32K o
Horp, si— PLS 5300 4R B O 1% il 2k 42 IR 25 1)
B ) 73 SR 120 A4S T, 6 4] 29 D] 2R 47 9 5 ) 2R AT
[\ )9 43 A, 36 £ 32 86 E 2 J7 AR 12 22 ( Root mean
square error of cross validation, RMSECV ) f /> i) [X_[H]
AR RRAE I 1 S RF S 3k 5 ) 38 Bk BK 75 /K A1)
FFEGERE R A, B DU A 23 [i] 52 A2 25 40 A 1Y
Ih 7R ] SR A e A B BT o LR, BRI Rl R Y
ARE M, A O0E A Y bR T S A 0k b R HE R R
KT DR, X BT A A Y 3 HE R AT HE Y
PEME A i 1 728 B R RS B, AT IS AR
UCHCH 500, 4 28 5¢ 't 2 JURE I I 18 5 B 1 h
0.28,
1.4.3 @B 5T 7 i
K H % 7y — 7 [\ ) ( Partial least squares
regression , PLSR ) # 37 T 4% B I J 4 R 96 S 4
P G A TR I B A P ARl O B SR kL SR 10 A8 X
I8 JIF 3 0 % {43 ( Principle components, PCs) 4~
B0, L RMSECV g ot 8 Ui A0 5 0o A~ 8. A
A e F &R 0 ( Determination coefficient of
calibration set, R?) | F # 4 1 5 #R i 2% ( Root mean
square error of calibration, RMSEC) |56 I £ 2 € 22 %X

d (p,q) = (3)



378 & o Bl B ¥ iR

2020 4

( Determination coefficient of validation set,R>) | % jiF
AE 15 AR 1% 2% ( Root mean square error of validation,
RMSEV) A 8

A% Ak BEF AT Matlab R2016b 4 5¢ B .
H e B e T 1 B b AR R R SO R AR A AL
AR AT vhr i ENVIS. 1 00 gt A7 D % 6
Ab PR A] ST AR R P {0 A 1A

2 BRSO

2.1 EREMAPEFIHTITEEREINS

Xt Eh B AR EEAR IR 4 D Rol HY-F- 210
i, JEHH 200 4~ Rol iYL Bt o X >R 4K 21 1) 200
A~ Rol iy M 25 3 9206 2 40 oP {8 Bt 17 48 1 73 #r,
SPXY BiEA r BEA L A 45 2Rk 1 o, s AR
FEAS qP {EIHUE L (0. 06 ~ 0. 55) 40 7 5 ik £ 1
{EL Y [ (0. 08 ~0.50) , FI T J& S K4 7 M b 2L

®1 HEEPEFTER

Tab.1 Statistical results of sample set partition

FEASE  HEAM WRE E/ME CTFHE R
MEEALE 200 0.55 0.06  0.2640  0.0987
HAE G 135 0.55 0.06  0.2766  0.0990
B iiF 4 65 0. 50 0.08  0.2378  0.0928

2.2 DREMARERFRBLIN

P2 2 MR BRI Rol A3 B K ok I ) 5 A3 24 i
2, BT 2% (A W) S O T R £E 450 nm Al
670 nm [ff 3T i B W WO, 540 nm B 3T T 180 56 S S5
W, A 21340 437 B B 3 (700 ~ 750 nm) S 3 A SR L
PARL W CUEAR /S = A E

0
400 500 600

900 1000 1100

(a)Rol{si & 43 Af (b)Y
K2 Rol BILF-HI6HE £k
Fig.2 Rol selection and its spectral curves

2.3 RERHERE P EHEXESH
T e RS R T Z [R5
Weoe 2, e Sy kR il RO R qP (2 Y
FHSRME . AR B RN 3 s, 3% BR R 1
M, X m T qP (55 PSTHFIRAE A &, KB T
X G RE A I MCBE J7, B LA 24 PS I 0 Wi 36 56 1, Sz S
REEAMG; 24 PS I M Wi B IR I, S B R 0y, HLAE

530. 80 ~ 559.40 nm,699.80 ~ 716.67 nm, 1 002.54 ~
1011 81 nm P BEAY A 5 R 48 X {2 R T 0. 6

0

).7
400 500 600 700 800 900 1000 1100
Pt /mm

GRSV 2 DES EPRLIE ES PSS
Fig.3 Correlation between spectral reflectance and qP
2.4 HHEEKIFIEER
2.4.1 T si— PLS (RHIE P O 2E 45
fii Fl si — PLS J5 ¥k 44 I 4 D3 il 43 120 A~

DA B 3 S X T) S AT R AR DK Y O R . 2k R A
X B 44, X PS5 20 5 28,54 F1 118,
RMSECV 3 0. 068 6, % [X [] 40 &4 4% 18 NIk K, 4
B F 527.35 ~ 531,67 nm,663. 54 ~ 667.95 nm .
1 010.88 ~1015.52 nm Z i), S £ M P BT P 14
550 0% B AH DG R A X KT 0.6 1 Uk Bt i,
WE 4 iz, K 527.35 ~531.67 nm 323247 F 4
JGR G IX 35663, 54 ~ 667. 95 nm J& T 2¢Ot Kk Gt
W BE X I 2T/ X 35 1 010. 88 ~ 1 015. 52 nm J& T
R oA ¥ 45 ) il 2 1) 8 B 5 X, S B C—H A
H—O 1k 2% 8 1 A5 4R AE

0.7r

0.6F

051

"N
0

500 600 700 "SL(/)O 900 1000 1100
K4 si—PLS %gfﬁhi’;%w*%
Fig.4 Wavelengths selection result by si — PLS algorithm
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