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Estimation of chlorophyll content in sugar beet under drip irrigation based on hyperspectral data

LI Zong—fei', SU Ji—xia', FEI Cong', LI Yang—yang', LIU Ning—ning', FAN Hua", CHEN Bing*

(1.Agronomy College, Shihezi University, Shihezi 832003, China; 2.Cotton Institute, Xinjiang Academy of Agricultural and Reclamation
Science, Shihezi 832003, China)

Abstract: In this study, a model for estimating the chlorophyll content of sugar beet in arid areas was established to clarify the quantitative
relationship between chlorophyll content of sugar beet and remote sensing of hyperspectral vegetation, and to monitor the growth status of
sugar beet in real time. We investigated this relationship in Xinjiang drip—irrigated sugar beet (Beta vulgaris ‘Beta356’ ). Spectral
reflectance of each treatment was collected by ASD field hyperspectral radiometer and chlorophyll content was measured in the period of
rapid leaf growth, root expansion period, and sugar accumulation period. The correlations between original spectral reflectance, first—order
differential spectral reflectance, and chlorophyll content were analyzed, and a hyperspectral remote sensing model for estimating
chlorophyll content, as well as a sensitive band vegetation index, was established. The results showed that the original spectral reflectance
in the near—infrared region(700~1 300 nm) first increased, but thereafter decreased with the increase in nitrogen application rate, and the
red edge (680~760 nm) showed the same trend. The original spectral reflectance in the near—infrared region increased with the change in
nitrogen management mode, and the red edge (680~760 nm) showed the same trend. The original spectral reflectance and the first—order

differential reflectance were correlated with chlorophyll content. Maximum positive correlation was observed near 902 nm (r=0.574, P<
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0.01) and 676 nm (r=0.843, P<0.01), while maximum negative correlation was observed near 611 nm(r=—0.664, P<0.01) and 1 138 nm

(r==0.727, P<0.01). While testing the accuracy of 12 established linear models, the determination coefficients of real and predicted

vegetation index values of DRe7s—DRus and DRers reached 0.774 and 0.781, respectively, and the estimation model established using DR

was found to be the best. This study provides information on the rapid and non—destructive monitoring of sugar beet growth and the

development and regulation of a nitrogen management program.

Keywords: chlorophyll; hyperspectral remote sensing; vegetation index; first derivative; estimation model
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Table 1 Hyperspectral parameters and their definitions
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7€ X Definition

Dr
Ar
SDr
Dy
Ay
SDy
Db
\b
SDb
HAEAE AR AR VI
ZHEAERARELDVI
I3 A L EAE B R EUND VI
ZLI0 I —Ab 22 SR NDI

210 R (680~760 nm e k— B o e (E)
2131457 E (680~760 nm I5e K — Bl o3 YT (E X 10 1 )
£ T AL (680~760 nm — B S04 1% {1 A LRI
HEHRIE (560~640 nm ik — B i)

B E (560~640 nm i K— L3 ST (B I A 1<)
TR (560~640 nm — Bl 43 6 (8 14 S )
AR (490~530 nm e K — B o YEiE(E)
W8 (490~530 nm e K — B o3 ST (R )
WAL (490~530 nm — 20 G HE (R A B A
RVI=R\/R\.

DVI=R,—R
NDVI=(Ruix—Ruea)/( Ryi+Roca)
NDI=(DRs—DR:2)/(DR:i+DR:2)

1 RU S R0 30 M5 MW AL 635 S 585, R WA 2L AN BE (780~2 500 nm) 635 I %K, R T WYL 5604 B, (620~780 nm) )

TE ST, DR DR AT 50 2 5 MR A 1) — B iR GG S A %

Note: Rii and Rj: in the equation are the spectral reflectance at wavelengths A; and 2. Ry is the near—infrared band (780~2 500 nm) spectral

reflectance. R, is the visible light band (620~780 nm) spectral reflectance. DRy and DR;. are the first derivative spectral reflectance at wavelengths A, and

s respectively.
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Figure 1 Canopy hyperspectral reflectance and red edge at different nitrogen levels
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Figure 2 Correlation between the original spectral reflectance and chlorophyll content of sugar beet canopy
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Figure 3 Correlation between first—order differential spectroscopy and chlorophyll content of sugar beet canopy
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Table 2 Correlation between spectral characteristic parameters and vegetation index in sensitive bands and leaf chlorophyll content
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Note : **means the significance at 0.01 level; * means the significance at 0.05 level. The same below.
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Table 3 Correlation between known hyperspectral vegetation index and chlorophyll content

FEBE 5 HL Vegetation index 1155243 Calculation formula

FHZE 2 %X Correlation coefficient (r) SRR U Source of literature

MCARI [(R—Re70)=0.2X(Ro0—Rss0 ) [X(Raoo/ Rso0)
PSSRa Risoo/Rers
PSSRb Rsoo/Roso
Vogl (Ry34~Ro41)/ (Ris—Riz0)
Vog2 (Rr3=R72)/(Ryis=Rons)
Vog3 RoiolRrzo
GM RisolRooo
Gater2 Reos/ Rrso
PRI1 (Rs»—Rs10)/( Rss1+Rs70)
Clactie Riso/Ryio—1
ARG LB HE 5L RooslRrso
Pl — B 25 (B AR %L DRes~DRss
Pt — B i e 4 — Ak % (DResr—DR73)/( DRgs7+DR7ss)
Db — By A R w1 5 DResi/DRs72

-0.356%* [20]
0.685% [21]
0.743 %+ [22]
0.716%* [23]
0.726%* [23]
0.752%% [23]
0.755%* [24]

~0.781%% [25]
0.598:* [26]
0.75 1%+ [27]

~0.793%+ [28]

~0.760%* [10]

—0.774%% [10]
0.656%* [10]
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Table 4 Fitting and verifying the regression relation model between different spectral characteristic parameters and

vegetation index and chlorophyll content

TR S R R R KL

LAY Fitting model

ISIEAE Y Performance model

Parameters/Vegetation index 4 FE Equation R RE/% RMSE
DRz y=52 340x+14.090 0.791 18.640 2.706
Rooa/Renn y=1.623x+2.421 0.661 24.576 3.946
(Roo—Rs11)/( Rooa+Re11) y=57.16x—28.10 0.729 21.586 3.514
Risol Renn y=1.632x+2.582 0.652 24.863 3.980
(DRiois=DRe76)/( DRiois+DRers ) y=—24.47x+39.39 0.728 21.353 3.081
DRer6/DRuss ¥y=9.277x+13.06 0.753 23.180 3.329
DRgr—DRase y=28 480x+19.860 0.765 19.550 2.842
DR7a—DRess y=2.727x+10.78 0.716 20.103 3.441
(DR7so~DRess)/( DR7ss+DRess ) y=14.02+10.9 0.714 20.510 3.341
Gater2 y==77.73x+28.00 0.673 22.810 3.734
Rios/Riso y=—54.45x+32.03 0.701 22.950 3.651
(DRes=DRy3s)/( DReor+DRyss) y=-17.15x+14.96 0.690 68.500 8.669
~ 227 }'?0.638x+5.068 o ~ 227 y=0.667x+5.064 [}
® o0t R=0-774.n=19. P<0.01 ®o0F  R=0.781,n=19,P<0.01
an [m} a0
< 18f E s}
(5] (5]
= 16f = 161
E E
[zl 141 o] 141
3 3
= 12F Z 12F
3 T
£ 10f £ 10
Z gt £ 3
T_:\\; 6 o a.DRe76—DRuss ;i b.DRee
4 1 1 1 1 1 1 4 1 1 1 1 1 1
4 8 12 16 20 24 28 4 8 12 16 20 24 28

SEIAE Measured value/(mg-g™")

SEM{E Measured value/(mg-+g™)
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Figure 4 Verification of chlorophyll content estimation model for drip irrigation
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