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Abstract: Chlorophyll is the most important indicator pigment in photosynthesis, enabling plants to power the
biosphere by converting light energy into chemical energy. Since chlorophyll content is directly related to plant stress
and senescence, the real-time monitoring of chlorophyll content in leaves is of great significance to grasp the growth
status of crops in real time and can effectively promote the development of precision agriculture. In this study, a look-up
table (LUT) was established through PROSAIL model simulation and different types of spectral index were optimized.
On the basis of field experiments, the estimation ability of potato chlorophyll content based on look-up table and
optimized spectral index was verified, and a hyperspectral remote sensing determination method of potato chlorophyll
content was explored. Potato field experiments with different nitrogen gradients were conducted in the main potato
producing area of Inner Mongolia Autonomous Region from 2017 to 2018. Canopy spectral parameters and SPAD
values were collected during the critical growth stage of potato. A look-up table was established with the database using
PROSAIL model to estimate the chlorophyll content in the critical growth stage of potato. At the same time, the band
optimization of six kinds of spectral indexes was carried out to find the optimal spectral index that has the best
correlation with potato chlorophyll content, and the estimation model of potato chlorophyll content was established.
There was no linear relationship between the chlorophyll content predicted by look-up table method and the measured
chlorophyll content in potato, so it is impossible to estimate potato chlorophyll content. The spectral database simulated
by PROSAIL model was used to optimize the band of six spectral indexes. The sensitive regions of chlorophyll content
were mainly concentrated in green light, red light and red edge. The central bands of the optimal spectral indexes PSRI
and EPI determined by the band optimization algorithm were located at 594 and 572 nm, and 702 and 676 nm,
respectively. Field validation results showed that growth stage had significant influence on the estimation accuracy of
optimized spectral index PSRI and EPI. The correlation between optimal spectral index and potato chlorophyll content
was poor at seedling, but the correlation between optimal spectral index EPI and PSRI and chlorophyll content was
good after tuber formation, and the coefficient of determination (R?) of optimal spectral index PSRI and EPI and
chlorophyll content in potato full growth period was 0.61 and 0.52, respectively. The two spectral indexes have good
ability of estimating potato chlorophyll content after canopy covering, which provides theoretical support for the
universality of spectral index estimation of potato chlorophyll content.

Key Words: PROSAIL; look-up table (LUT); spectral index; potato; chlorophyll content
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Table 1 Physical and chemical properties of tested soil

ARGy HiL AT (g/kg) A1 5500 (mg/kg ) A (mg/kg) 2R (g/ke) HAR (mg/kg)
Year Site Organic matter Available P Available K Total N Nitrate N

2017 A1 11.30 8.60 128.60 1.17 32.70

2018 A1 16.73 22.42 156.96 1.26 44.95
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Table 2 Model input parameter

Pl A S5 L2 Eipay WP A
Model input parameter Unit Description Value range
N - - Jr S5 S8 1~2

Cab pg/em’ H4f & a + b MR 10~70

Car pg/em’ KA P RIIE -

Cw cm SERURIEE 0.005~0.04
Cbrown - Ry -

Cm ofem’ T = 0.004~0.01
LAI - AR 4L 0.001~6
psoil - TN R -

hspot - HEBH =

tts - KBAK T A -

tto - LI K T £ -

psi - LRSI -

A, R RRD B &t 40 B8
M ARR S R HA BRI, I H RS
AL/, D B AL S5 R W E RRD B iy
JeiE AR B AR B4, i RRD B b4
B e i [ E B

N T RFEA AR R B T TR

SEM LR S REIAGIEE ), AN E AR Z
Aol ] 2o 0 A R PR RO BT HAAR
RIER 6 KRG R(R3), I EAH PROSAIL
HR TSN ) 3B P 0 2 e 3 ) DI v 41 80 a9 B
ACSE AT T D B b, H AR S5
R R SRR A R RO BB
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Table 3 Indices studied in the experiment

[EPi i WA ER7S ESPUN
Hyperspectral index Formula Formula Reference
FARAR T8 5K Ratio vegetation index (RVI) R{/R, Rooo/Rro Jordan™
LA WA B Normalized difference vegetation index (NDVI) (R—R)/(R+Ry) (Rsor—Reso) (Rsoo+ Risso) Blackburn™
WA 485X Blue nitrogen index (BNI) R/(R+Ry) Rzl (Riss+Rior) Tian %™
FEPI5EE I 22385 Plant senescence reflectance index (PSRI) (R—R/R; (Reso—Rs00)/ Rz Merzlyak 2§81
R {0, ZZ P850 Eucalyptus pigment index (EPI) (R—R)/(R—R)) (Rsso—R710)/(Rsso—Reso) Datt"™!

MERIS fifith 2% Z 540 MERIS terrestrial chlorophyll index (MTCI) (R=R)/(R—R) (Rso—R710)/(R710~Reso) Dash I Curran®™

= kOWRRI RRD B M B (R-R)(R-R) S (R-R)/(R-R)FIE A —2L
Note: h = k is the hyperspectral index of the special RRD calculation form; (Ri—R))/(Ri—R;) is the same as (R—R\)/(R—R\) calculation form.

1.6 HEEHIEH

A I 2R O AT ) A FR AR A ik 45 BUE
e, W1t Excel 2019, Matlab 2018 #4528, fEH
(B ) Aty b, e %o -2 2 B S BURR ) iR i
A AERERE S m SRR R T 5

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

AT PRI R R R B B B R S AL
i, Hor 75%i0% M 8 AR T AR, 1
A 25% B B TR R () 08 IE . R B e R B
(R*) . )iz 2% (RMSE) FIAH TR 2 (RE) 2551
WAL, TR 111 R

http://www.cnki.net



*500°

T SRE, 36, o, 2022

Ay
_ 2?:1(5/1_9_/)2

R= — » (0=R'<I) (3)
PIREATD

RMSE= " (y,-7.)'/n (4)

RE=| Lx 307751000 (5)
no 44 i

AP n WEEARANEL, y R SEME, 7, B

2 HR5H

21 ETERRZNIRBEHEERE

18 1 A $% #e92: (Look—up table, LUT) X th 4% %
M2 S PRI (1), AT LA AR ) Ak
5 IR B R R S ETC I A SC R . X
FA BRI, ASIEAR T SE, W HAR
Dy XA AG I RE ) B —E R, 2018 4ERYAG
DB T 201 74ERUAGINME . BEMAORE , A h

6, y A PHIME, PRBIL S A e 0k 0f Th % S I 2% i AR AT AU A U
057 0.5 — 0.30 1
iG] a B i) TEA LRI ¢
Seedling stage, 2017 Tuber formation stage, 2017 0.25 { Starch accumulafon stage, 2017
= 0.4 (¢} = 044 o o= (¢}
Tz »Z ® 2
= o) B & £40.201
E E03{ o Z £ 03 - o ©
m < tﬁg < © ﬁg < 0151 o
Tz 3 3 .
= £ 0.2 S} = £ 0.2 S} £ 2
= E = £ . = E 0.10]
T 7 = 7 @ T =z
T = = \‘\\\\\\\“‘\.\\'g TR 05l e o oo
? ) ° 5 ° s ° ° o °
0 0. @0 © @) ) o %o
0 . : : : : 0 . : : . 0 . . : :
18 20 22 24 26 28 30 12 14 16 18 20 22 14 15 16 17 13 19
S £ R (mg/g) SMH£ R (mg/g) S £ R (mg/g)
Measured chlorophyll Measured chlorophyll Measured chlorophyll
10 8T 10 -
) d TER L e gatitvein © 2017 f
Seedling stage, 2018 Starch accum@lation stage, 2018 | All data ® 2018
_ 81 ) — 61 _ 8 (]
= = == =z °
ESER2 TE 2 E 6
Z £ ° Z 5 4 Z °e°
i = * | %= i = °
T4 o % oo |- B S 4
3 (] R W g
N e o, L = £ 2 £ £
2 £, . B £ 2L, APe
04 ° 04 0 0 SEERISRse o
14 15 16 17 10 12 14 16 18 10 15 20 25 30
SR ER (mglg) SRR (mglg) S22 (mg/g)
Measured chlorophyll Measured chlorophyll Measured chlorophyll
B1 ERREGUHEEREMINHFEEELSE

Figure 1 Scatter diagram of chlorophyll value estimated by look—up table (LUT) and measured chlorophyll value
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Figure 2 Contour diagrams of coefficient of determination (R’) between potato chlorophyll content and hyperspectral index

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



+502. hEDSE, H36k, Hel, 2022

x4 BREBEEHESIREHERSENARERXMRERY

Table 4 Equation and coefficient of determination between hyperspectral index and potato chlorophyll content

i3 Ak 2t il RO E2UE:N PRI
Index Formula  Linear function Exponential function  Logarithmic function Polynomial function Power function
Tk R I R TR R I R T R
Equation Equation Equation Equation Equation
Opt—-RVI  Rs/Rse y=-0.0653x+ 0.617 y=1.7223e""" 0.61" y=-0.466In(x)+ 0.72" y=0.008 1x* - 0.73" y=2.234 9" 0.75
1.7195 2.0939 0.198 7x +2.141 6
Opt=NDVI  (Rsu=Rsi)/ y=0.0111x~  0.60" — - y=0.0773In(x)- 0.76" y=-0.0012x"+  0.77" - -
(RsstRsis)  0.0957 0.1558 0.0315x-0.160 1
Opt=BNI  Riue/ y=0.0423x+  0.657 y=1.1507&""" 0.62" y=0.269In(x)+  0.69” y=-0.0025x"+  0.70" y=1.004""**  0.70"
(RrsotRay)  1.1351 0.9508 0.083 8x + 1.004
Opt=PSRI  (Rsuu=Rsw)/ y=-0.0346x+ 0.60" — - y=-0.232In(x) + 0.70” y=0.003 2x° - 0.71" - -
Rs» 0.5269 0.698 7 0.087 5x +0.694
Opt=EPI  (Rss—Rw)/ y=0.0197x+ 0.58" y=0.71e"™* 0547 y=0.1384In(x) + 0.757 y=-0.0023x*+  0.75" y=0.6176x"" 0.73"
(Rsso—Res)  0.7102 0.601 4 0.057x +0.592 4
Opt-MTCI  (Rsx—Rno)/ y=-0.0092x- 0.63" - - y=-0.062In(x) - 0.73" y=0.000 8" - 0.74" - -
(Rmo=Rs)  0.8515 0.806 3 0.0229x - 0.808 3

TE: R P<0.05, #FmR P<0.01, Fl,
Note: * means P< 0.05, and ** means P< 0.01. The same below.
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Table 5 Coefficient of determination between optimized hyperspectral index and potato chlorophyll content
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Figure 3 Modeling and verification of potato chlorophyll content based on optimized hyperspectral index
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Figure 4 Estimation model with growth stage based on optimized hyperspectral index and potato chlorophyll content
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