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Estimation of Kiwifruit leaf chlorophyll content based on fractional-order
differential processing

TANG Guoqgiang, LIU Mengyun, JIANG Danyao, SONG Zhenghua, CHANG Qingrui
( College of Natural Resources and Environment, Northwest A&F University, Yangling 712100, China)

Abstract:  The leaf chlorophyll content is an important physiological and biochemical parameter for characterizing
the growth status of vegetation. Traditional methods for measuring chlorophyll content are cumbersome and destructive to leaf
tissue, causing irreversible damage to plants. By constructing high-precision chlorophyll inversion models, real-time, non-
destructive monitoring of chlorophyll content in kiwifruit leaves can be achieved. In this study, high-spectral data of the
kiwifruit canopy were collected, and the relative chlorophyll content ( SPAD) of the leaves was measured synchronously.
The original spectra were subjected to fractional-order differential transformation (with orders ranging from 0 to 2 at a step
size of 0.2). Subsequently, the competitive adaptive reweighted sampling algorithm ( CARS) was used to identify the sensi-
tive bands. Random forest (RF), support vector machine (SVR), and extreme learning machine ( ELM) models were

trained based on both the original bands and the sensitive

WS H B . 2024-10-10 bands. The results showed that the fractional-order

HESTE . 5 G AR 4 T H (41701398 42071240) differential transformation significantly enhanced the corre-
TEE RIS TR (2000-) , 5 WIRI A AN WL 0F5c 4, BB K lation between spectral reflectance and chlorophyll content
M 2 S B AR BFST . (E-mail) 1813377325@ in kiwifruit leaves, and the CARS algorithm improved
qq.com model accuracy. After the spectral reflectance was pro-

BIREE . XE =, (E-mail) Imy471993@ 163.com cessed by the 1.8th order differential, the sensitive bands
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were screened out by the CARS algorithm, and the random forest model trained using these sensitive bands achieved the

best performance. The trained RF model had a determination coefficient (R*) of 0.93, a root mean square error ( RMSE) of

2.56, and a relative percent deviation (RPD) of 3.89 on the validation set. The results of this study can provide a theoreti-

cal basis and technical reference for the high-precision estimation of chlorophyll content in kiwifruit leaves and are of great

significance for kiwifruit growth monitoring and precision agricultural management.
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Fig.2 The correlation between spectral reflectance processed by fractional order differential and chlorophyll content in leaves
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Fig.4 The spectral reflectance curves of leaves processed by fractional order differential
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Table 3 Random forest models based on fractional-order differential
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2.4.3 MFREJHEEAR 43503 T4 B o B i
ST AEFR S B G SR AR A S 28 CARS B0 i )
)RR BN 2R R 2= S HLAC AL (ELM ), gk 6
M 7 Fim OGS R SR 25T 0. 6 il b #s >R
FH CARS S8y 1 H AR B, A FH s S sk gl Bt
VIR RS R IR BN E L e 2 & [ 9 =3i)
W B 2= T U B AE B0IE4E |- R® 3551 0. 86, RMSE A
4.03,RPD 4 3.29, 0~2.0 Bisdr kb 363 5 5

g P 2id CARS Bk i vk 145 2 i U B
SRRBIRL HAE S IEAR B TE R EL(RY) AR 73
PriR2z (RPD) 75 TR Z5E CARS 5k e 1) S 4
P BN S i LAY A 56 IR 4 b A0 B 07 AR R 22
(RMSE) ¥R TR I AR Z808 CARS 503k 0 5% 14 I oy
P BONZRIRERL . RIAFI 2 5d CARS ST L4+
B AR D BN S i A PR 25 > HURC TR R S 4 S
FEH,

F6 NiERSTEBIRE T AR SHMAS B AR RS S YRR
Table 6 Extreme learning machine models based on different frac-

tional-order differential processing of spectral reflectance

data
YlER S CialRS

B

R? RMSE RPD R? RMSE RPD
0 0.80 4.60 2.93 0.83 5.10 3.08
0.2 0.82 4.35 3.03 0.81 5.42 2.94
0.4 0.81 4.58 2.98 0.82 4.90 2.88
0.6 0.81 4.72 3.12 0.81 4.53 2.95
0.8 0.81 4.55 3.05 0.81 5.48 2.82
1.0 0.77 5.18 2.60 0.74 5.65 2.64
1.2 0.75 5.39 2.65 0.76 5.28 2.54
1.4 0.71 5.67 2.33 0.73 6.08 2.53
1.6 0.75 5.37 2.48 0.77 5.18 2.82
1.8 0.76 5.09 2.64 0.65 7.30 2.26
2.0 0.72 5.59 2.38 0.70 6.42 2.37

R* U B RMSE ¥ T7 U825 ; RPD AR S BT 22

R7 HERSEHEETHSENMANTEEEREZLEHR
PR SIHRE

Table 7 Extreme learning machine models based on fractional-

order differential processing of spectral reflectance data

and competitive adaptive reweighted sampling algorithm

VB S LAl S

B

R? RMSE RPD R? RMSE RPD
0 0.82 4.66 3.14 0.85 3.69 3.22
0.2 0.81 4.67 3.10 0.83 4.59 3.48
0.4 0.82 4.56 3.21 0.83 4.34 3.61
0.6 0.81 4.69 3.20 0.86 4.03 3.29
0.8 0.81 4.62 3.07 0.83 4.98 3.13
1.0 0.81 4.75 3.04 0.84 4.16 3.46
1.2 0.80 5.00 2.97 0.83 4.04 3.10
1.4 0.80 4.84 3.00 0.82 4.63 3.07
1.6 0.83 4.28 3.10 0.82 5.11 3.07
1.8 0.80 4.67 3.02 0.81 5.22 3.04
2.0 0.83 4.24 3.14 0.83 5.30 3.12

R* Ui B RMSE ¥ T7 iR 25 ; RPD AR Z BT 22
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KH . P PRk i gk O 4 i 2 25 XA
MR A KRS HA HEE L, AVFIEEE A
] SPAD {8 F WG EAE & BL, DR AR 61 1 2 4R
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I3 IE BT RE EAT AL B 25 SRR I CARS ik
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TR BE R S AR
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JRA B AE S S R 2R 4 EROAE B R® 13k %]
0.65 Je Lk b Horp D6k U R &5 1. 8 Firidsr itk
P >R FH CARS SRk ) AUk B, i A 3k 24
TR BN ZRBATL AR MR AR B T e R . I %k
J5 B BENLAR MR R AR B UF4E T R” 3K 5 0. 93, RMSE
}92.56,RPD A 3. 89, RF #5HY PX HA 5 4 4 1l o
ST RIS REAE Y A M | 7 Ak AR TF 5 50 Pof 25
R S A TR B 7, T S AR 1) e ALASE T oAb B
YR AT A e O R AR R OR
el i — S AR T S8 R AT DL 243 A s
RN g A AR AT B T 245 SR>

AR 5 5 T R R R kR it 2R W K
B S A E T H A A B A E— 2 50 0E
AR TRE T 22 W B 53 B 1008 728 8 X DT A5 R
1) A BRI B HAT AT R

4 75 i

AHIEFE R A8 185 AR 1B 3t P 6 3% A0

400~1 000 nm & EHE AR i@ T0~2. 0 Brissr 28
B TR IR CARS 55 5L e U I BL , 43
S D D 3 RN 7 1245 1 19 AR I8 B FH U1 2R B L
PR (RF) S HFmEAHUBLR (SVM) FIH FR~: >
BB (ELM ) , Stk 5 %20t 1.8 B o ib 28
J&i , R CARS 53032 1 Hh U B, 1) FH 3 S gk
BB ZRREHL AR AR A A T B ERUR . G
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2.56,RPD 3 3.89,
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