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Impact of environmental factors on canopy hyperspectral characteristics
of Camellia oleifera at different growth stages

Zhang Chao'?, Kou Xingzi'?, Su Jiuyang"*, Hua Songjie'?, Zhang Yan'?, Tang Xuehai'

(1. School of Forestry and Landscape Architecture, Anhui Agricultural University, Hefei 230036, Anhui, China;
2. Anhui Provincial Key Laboratory of Forest Resources Cultivation, Hefei 230036, Anhui, China)

Abstract: [Objective] To investigate the impact of environmental factors on the canopy hyperspectral characteristics of Camellia
oleifera at different growth stages, aiming to provide theoretical support for precise fertilization and scientific management of Camellia
oleifera plantations and to promote the sustainable development of the Camellia oleifera industry. [ Method] A total of 240 Camellia
oleifera plants were divided into 12 sample plots within the study area. Canopy hyperspectral data, topographic factors, and soil factors
were measured during three key growth periods: spring shoot stage, fruit expansion stage, and full bloom stage. Climate factor data
were obtained from the National Earth System Science Data Center. Thirteen vegetation indices were derived from the hyperspectral
bands, and a structural equation model (SEM) was constructed to quantify the impact of different environmental factors on canopy
spectral characteristics and to reveal their intrinsic relationships and spatial distribution patterns. [ Result] The canopy hyperspectral
reflectance values of Camellia oleifera during the spring shoot stage, fruit expansion stage, and full bloom stage were 0-0.413, 0-0.532,
and 0-0.683, respectively. Significant correlations were found between spectral bands and soil nutrient factors across all periods. The

structural equation models (SEMs) constructed with the normalized difference vegetation index (NDVI), photochemical reflectance
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index (PRI), enhanced vegetation index (EVI), optimized soil-adjusted vegetation index (OSAVI), and plant senescence reflectance index
(PSRI) had good fit indices of 0.94, 0.92, 0.83, 0.90, and 0.83, respectively. The results indicated that canopy spectral characteristics
of Camellia oleifera are significantly and directly influenced by climate and soil nutrient factors, while topographic factors have an

insignificant direct effect but indirectly influence canopy spectra through soil nutrients. Temperature, precipitation, evaporation, nitrogen,

and phosphorus were found to have significant impacts on canopy spectral characteristics. [ Conclusion] Climate, topography, and soil

nutrient factors collectively influence the canopy spectral characteristics of Camellia oleifera, with climate and soil nutrients playing a

core role and topography having an indirect effect. This study provides important scientific evidence for large-scale planting and precise

management of Camellia oleifera, as well as practical references for improving soil nutrient use efficiency and promoting efficient

cultivation techniques.

Keywords: Camellia oleifera; hyperspectral; environmental factors; structural equation model
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Fig.1 Layout of sampling sites in the study area
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Fig. 2 Canopy hyperspectral reflectance curves of Camellia oleifera at different phenological stages
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Fig. 3 Pearson correlation matrix of canopy spectral reflectance of Camellia oleifera at different phenological stages
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Table 5 Descriptive statistics of soil nutrient parameters at different periods

% T JREE g w STAR
Type Mean Range tar}de}rd Skewness Kurtosis Coe‘ﬂiqent of
deviation variation /%
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R 37.16 mg/kg 19.35 ~ 64.70 mg/kg 14.71 0.74 -0.38 39.60
Mﬁﬁ RE M 31.14 mg/kg 10.56 ~ 50.68 mg/kg 9.94 -0.17 1.49 31.91
A 34.40 mg/kg 17.12 ~ 48.99 mg/kg 11.55 -0.21 -1.56 33.57
A 5.89 mg/kg 0.15 ~ 56.06 mg/kg 15.88 3.40 11.67 269.71
ﬁﬁﬁﬁ P Y YN 1.46 mg/kg 0.19 ~ 7.69 mg/kg 2.16 2.59 7.07 147.64
REAEI] 3.05 mg/kg 0.50 ~ 20.40 mg/kg 5.58 3.23 10.75 182.66
N F A 95.05 mg/kg 43.60 ~ 134.93 mg/kg 31.47 -0.12 -1.47 33.11
ﬂi’ﬁf g Pyl 74.63 mg/kg 55.14 ~ 123.33 mg/kg 21.83 1.21 0.87 29.25
AR 72.10 mg/kg 36.46 ~ 118.25 mg/kg 24.16 0.41 -0.48 33.51
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48.99 mg/kg. 0.50 ~ 20.40 mg/kg. 36.46 ~
118.25 mg/kg, &7 RE A4 1.83%. 35.35%-
20.63%-. 23.79%-+ 9.16%- 33.57%. 182.66%-
33.51%. HE NN, ZBFRRBNT 10% NHER,
10% ~ 100% N EEREL R, KT 100% NiEL
Fo ABFFEH, 3 TP & BRI R 1 2 (] AR
Sk, AR RBEES T HMAERE T, REA
[FIRE M) TP 25 8 H AT 15 B S 1 2 () A S

24 MERETFSMEREELIERXMES T

R HA L SR SR O N B A B v 25 2 O 1
525 395 9 2 18] ) Pearson A% R ELUNZE 6
Fis. AICLE M, FA 200 115 pH E 1)
FURC I BE B A7 T 780 ~ 985 nm. 868 ~ 926 nm
11002 ~ 1080 nm Ji [, Hrff KA REH
HIFE 1016 nm &b (7=0.49) , 5 RS2 KRR
WAL, S5 KR 2 R B0 L 1 9% B B A mF2 o
1358 SOC 5 3 ANy S 1 3 235 7t J2 D6 15 1 B KA 5%
?%ﬁl?ﬁﬁ“i"]ﬁ?NIR%D L rp R HA 1 SRR
B Ab T SWIR i e 5 & ZKIRMB Al il

G N A 5. 3 TN SESHEM (=071
RS2 KW =0.64) 176 )2 6 3 S it KR B
H R B AF OGP, G i A A P R I B R I AE
1215~ 1255nm 11 646 ~ 1 709 nm, # K
KABHIE 1236 nm 4 (=0.31) , IR
55, THETP & &5 EMN M2 61 Rk 4 2%
KA R B PLAE 921 nm (=0.76) , M=k
s MAEEARH], BOAHC R B ILAE 403 nm
Ab (7=0.19) , i F UV Hl Visible 11X, #1555 .
T3 TK & &5 3 M A e 2 e ik ) 2 AR
Kot BRACHA RS 7 BURP B T SWIR 5 [X .+
AN 2S5 3 AN GRS A O R BT H I
NIR X, i K AH O R ECHILAE 1 118 nm
(r=0.26) , T KIHHILTE 1 061 nm 4k (7=0.60) ,
BEAEIAHILAE 1152 nm &b (7=0.49) , FHIREPEEE.

T3 AP & & 5 HR B R e 2 b S Uk Bear A
F-759 ~ 812 nm. 864 ~ 928 nm A1 1031 ~ 1 130 nm
70 [, E‘ﬂ:*ﬁa‘%%%&tﬂfﬂf 924 nm (=0.82) ,

MoetEsR. +3 AK &= 5HEMN IS x R
R (r=0.26) , HERSLEKH (7=0.64)

Fo TREKHMZERFRSHFRETFHELRY

Table 6 Correlation coefficients between Camellia oleifera reflectivity and environmental factors at different growth stages

.- e B KA O RO B AR5
%ﬂs% Sen?ﬁi;iiﬁﬁn ds Maximum correlation Correlation
P y coefficient band coefficient
F A 780 ~ 985. 868 ~ 926. 1002 ~ 1080 1016 0.49
pH i FEui N ] 515 ~ 737. 1445 ~ 1493, 2031 ~ 2038 694 0.43
pH value
AR 440 ~ 515, 585 ~ 697 678 0.67
TR 811 ~ 838. 890 ~ 897. 918 ~ 930 925 0.49
e 14 b
i*iféw" EsuiyN] 837 ~ 889, 1022 ~ 1097, 1214 ~ 1297 1239 0.53
A 1465~ 1645, 2065~ 2135 1528 0.62
A 755 ~ 781. 819 ~ 856. 861 ~ 893. 896 ~ 929, 1006 ~ 1103 891 0.71
-
%If‘ EEuiyN ] 1026 ~ 1093, 1222 ~ 1293, 2268 ~ 2496 1058 0.64
REAE 1215~ 1255, 1646 ~ 1709 1236 0.31
‘ A 796 ~ 829. 854 ~ 891. 903 ~ 931, 1001 ~ 1115 921 0.76
%ﬁé PSY yN:L| 529 ~ 647. 691 ~ 733, 1324 ~ 1346. 1446 ~ 1 544 1479 0.55
HRALH 375 ~ 423, 745 ~ 920 403 0.19
I 1139 ~ 1213, 1271 ~ 1304, 1311 ~ 1346 1155 0.60
p
én? SRS KA 353 ~ 414, 515 ~ 617. 694 ~ 747 729 0.63
REAE 1152 ~ 1189, 1305~ 1335, 2193 ~ 2267 1321 0.47
A 925 ~ 998, 1104 ~ 1159 1118 0.26
AR 2 A i
AN FEdiyN | 840 ~ 897. 993 ~ 1103, 1225~ 1292 2251 ~2326 1061 0.60
REAE 1130 ~ 1167, 1312 ~ 1345, 1446 ~ 1499 1152 0.49
A 759 ~ 812, 864 ~ 928, 1031 ~ 1130 924 0.82
ﬁﬁ,ﬁ% Wi yN ] 1017 ~ 1102, 2032 ~ 2085 1028 0.36
AR 488 ~ 520, 583 ~ 697 677 0.62
R 929 ~ 1002, 1102~ 1158 1125 0.26
R4
gﬁ?m EsuiyN ] 766 ~ 812. 833 ~ 894. 985 ~ 1 103 1030 0.64
HRAEH 1151 ~ 1164, 1319~ 1345, 1447 ~ 1790 1788 0.60
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#=7 BSRERTFHNAEEREHIDE SEM EEAIEN
Table 7 Evaluation of SEM models for different vegetation
indices based on various environmental factors

A REIKC RBEE TR S

o man gibe kv FEE e
R Fisher’s C P value AIC
NDVI 0.94 38.744 0.085 28 451.488
PRI 0.92 30.727 0.329 28 266.587
EVI 0.83 27.026 0.517 28 362.793
OSAVI 0.90 28.193 0.454 28 448.638
MSAVI 0.60 18.266 0.570 20 354.106
WBI 0.74 29.088 0.408 28 426.594
DNWI 0.71 27.084 0.514 28 417.112
SIPI 0.70 29.323 0.396 28 441.395
REP 0.70 30.858 0.323 28 778.531
NDNI 0.40 28.299 0.449 28 425.609
PSRI 0.83 30.888 0.322 24 399.868
MTVI2 0.43 25.496 0.491 28 705.703
TVI 0.46 31.053 0.152 28 455.710
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3% #®

AR HETE RN L 58 R 4 30 I 25 O 2 1 1)
RIEEAG M, Foh AR 4R 4 R IR 2
SYERICNRE . TIERFEARZ I R st
AR B REIER, & B SRt
B, s ME K ELFILR, HEE
FWBAEKKRE P A, SEETS NDVI
(1.325 6***) | PRI (0.555 3**) . EVI (0.556)
5 OSAVI (1.257***) $4 2L .2 1) B 82 1E U8,

MM%F PSRI (-1.652 5%**) SR E RN . B 5T
X PR S A AR Y 5 B - 38 7 40 70 R B 2 N R AR R 3
A5, AMYEREN TK A AK (25181504, 3038
i i 45 A 3 R o R (Rl AR T SR AR K,
T s TR il 4% e 2 0 s i R b, i — 2B R
SMEE TR R BT ERA R EH. miR%
PR I8 INARBER B, AR SOC 43R 5 EURE I,
M2 TN 25 () o A B4 B K & A A8 4 )i
I AT - IR R TR B2 R M /N B P Deng
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O PRI (0.234 5%%) HA BB IERRN, & s
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FE 2% R, XF PSRI (0.88%*) NI & ¥t & 2 1F
RORL, oAt e 37 2y PR 1 0GR R EOR 2 B
BN fE R FEREZ b, IRNER SO S B A
KRB MM, FEYE TR PSRI X 322 kE 4 Al
AR A R AR B, Tt e EE S
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0.4820°

0.5271

Fisher's C = 30.727; P-value = 0.325; df =28; AIC=266.587

1.0617:

0.5301

Fisher's C = 27.026; P-value = 0.329; df =28; AIC=266.587

Fisher's C = 28.193; P-value = 0.454; df =28; AIC= 448.638

0.4827*

Fisher's C = 30.888; P-value = 0.322; df =24; AIC=399.868

el e G SR SRR IEARE, MR 0 SR A SRR SR, ZRACHAIARR B AR REOVMER, ik BB REBER I R R ACRBALING .
In the figure, solid orange arrows represent positive effects, solid blue arrows represent negative effects, line thickness indicates the ranking of path coefficient magnitudes,
numbers on arrows represent path coefficients, and R* represents model fit.

4 HEETFSEHERL SEM HE

Fig. 4 Structural equation model (SEM) of environmental factors and vegetation indices
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