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Comprehensive evaluation of anatomical structure and photosynthetic
characteristics of leaves from five superior Camellia oleifera lines
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Abstract: [Objective] Correlation analysis and comprehensive evaluation were conducted on leaf anatomical structure and
photosynthetic characteristics of five Camellia oleifera superior lines, and the relationship between leaf anatomical structure and
photosynthetic capacity of five Camellia oleifera superior lines was explored, and the superior lines with the best photosynthetic
characteristics were screened, so as to provide scientific basis for subsequent breeding, cultivation and popularization. [ Method] By
artificial cross pollination between ‘Sanhua’ and ‘Xianglin 210, five superior lines of Camellia oleifera were selected, namely ‘Huashi’
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(‘Huashuo’ x ‘Huajin’), ‘Huazeng’ (‘Huajin’ x ‘Xianglin210’), ‘Huatuo’(‘Huajin’ x ‘Xianglin210”), ‘Huafeng’ (‘Huashuo’ x ‘Huaxin’)
and ‘Huaping’ (‘Huajin’ x ‘Huaxin’). The chlorophyll content, stomatal characteristics, leaf anatomical structure and photosynthetic
characteristics of the five superior lines were determined. Finally, correlation analysis and principal component analysis were used to
analyze the five superior lines of Camellia oleifera. [Result] It was found that ‘Huatuo’ had the highest leaf shape index, ‘Huashi’ had
the largest leaf area, and the total chlorophyll content (10.06 mg-g™) was significantly higher than that of the other four superior lines of
Camellia oleifera. ‘Huafeng’ had the best stomatal density (10.80/mm?), and the upper epidermis thickness of ‘Huazeng’ was the largest.
However, the leaf thickness (523.23 um), spongy tissue thickness (288.22 um), palisade tissue thickness (171.40 um) and transpiration
rate of ‘Huaping’ were higher than those of the other four superior lines of Camellia oleifera. Correlation analysis showed that the net
photosynthetic rate of leaves is negatively correlated with the thickness of palisade tissue and the ratio of palisade to leaf, and positively
correlated with the thickness of leaves, the thickness of the upper and lower epidermis and TRPS. Principal component analysis showed
that the cumulative contribution rate of four principal components extracted from 10 leaf traits reached 85.530%, among which the first,
second, third and fourth principal components reflected 29.422%, 27.329%, 18.203% and 10.576% of the original data information,
respectively, which could fully reflect the leaf anatomical structure and photosynthetic characteristics of Camellia oleifera superior lines.
Based on the principal component analysis method, the comprehensive score of each superior line is calculated, and the order is ‘“Huaping’,
‘Huatuo’, ‘Huafeng’, ‘Huazeng’ and ‘Huashi’ according to the comprehensive score from high to low. [ Conclusion] This study
revealed the relationship between leaf anatomical structure and photosynthetic characteristics of superior lines of Camellia oleifera, and
screened the superior line ‘Huaping’ with the best photosynthetic characteristics, which provided an important reference for the breeding
of improved varieties of Camellia oleifera. Future research should further combine multi-trait comprehensive evaluation and consider
the influence of environmental conditions to improve the comprehensiveness and reliability of the research.

Keywords: superior lines of Camellia oleifera; phenotypic traits; leaf anatomical structure; photosynthetic characteristics; principal

component analysis
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From left to right are ‘Huashi’, ‘Huazeng’, ‘Huatuo’, ‘Huafeng’ and ‘Huaping’ .
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Fig. 1 Leaves of five superior C. oleifera lines
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Table 1 Parent sources of five superior C. oleifera lines

R A (%) Sk (8)
Superior lines ~ Female parent ( %) Male parent ( &)
451 Huashi 475 Huashuo 44> Huajin
444 Huazeng 44> Huajin JHI#K 210 Xianglin 210
153 Huatuo 464 Huajin AR 210 Xianglin 210
#6F Huafeng 4675 Huashuo #55% Huaxin
463 Huaping 14 Huajin 4632 Huaxin
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Table 2 Analysis of leaf phenotypic characteristics of five superior C. oleifera lines

& R K 5 IR AR B
Superior lines Blade length /cm Blade width /cm Leaf shape index Leaf area /cm® Blade thickness /mm
#6512 Huashi 7.031+0.34b 424+032a 1.661+0.09 d 22.574+3.07 a 0.48+0.05¢
463 Huazeng 6.77+091 b 3.314+0.23 be 2.04+0.21 be 15.94+2.79b 0.47+0.03d
463 Huatuo 8.2610.67a 3.64+031b 228+0.22a 21.20+293a 0.50+0.05b
#E=F Huafeng 6.441+0.73 b 3.48+0.23b 1.85+0.41 cd 16.77+3.07b 0.43+0.02¢
43¢ Huaping 6.76+0.78 b 3.06£0.30 ¢ 2.21+0.13 ab 14.33+2.93 b 0.52+0.02a

TR E RN, R RN FREEHTAHL (P <005 o TR,

The treatment groups with significant differences were marked with different lowercase letters (P << 0.05). The same below.
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Fig.2 Comparison of chlorophyll content in leaves of five superior C. oleifera lines
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Table 3 Leaf stomatal characteristic values of five superior C. oleifera lines

N ALK E LT AL ALITE

Superior lines Stomatal length /um Stomatal width /um Stomatal density /( />-mm?) Stomatal aperture /um
#51 Huashi 35.85+7.36 ab 23.29+0.71 a 4641043 d 505.65+207.79 a
#6344 Huazeng 31.20£2.19 ab 18.731+0.51 be 6.660.88 ¢ 458.10+21.79 a

#£3% Huatuo 28.64+0.87b 20.04+1.40b 7.82+0.60 be 450.801+37.48 a

£ Huafeng 37.48%0.61a 16.94+1.86 ¢ 10.80+1.22a 497.89146.79 a

43 Huaping 32.92+3.33 ab 20.03+0.94 b 8.51£0.61b 519.05+£76.82 a

24 5SAHFERMREREM R BRI “AEIET (508.51 pm) > ‘HESZT (489.46 pm) >
CAERET (47549 pm) > ‘HEFT (43458 pm)

MEE S MBI R iR g5t (B3,
ATLLE M, 5L R IR K300 K T TR
RN ASIRI R B B AR i R
[P AN R AeEET, HUUR e . RN
A HBs L S ANTMASR R B U R i R 2H 21
A B A SRR AL %R, PR
(R IR A P A A 221, HEB R B AR R 2 AT BR
TEAHMORE AR A 2 o - PRI S B P 0 o 4 TR
W 4, 5N RM A I P 2R S50 0
WENESR. P R (523.23 um) >

M2 2R 5L RS () AR A TG R 244.75 ~ 288.22 um,
WA 2 2R B (R ARk Y L R 141.45 ~ 171.40 pm.
WA R B R KA 4L, o < fps | g
WL RN [IBMAYEEEMNROR, (e
A SR RS K, BT A A e
WA S HR g, HRESTEE &N
W= H R Eilg 4Rl 23, A i 20 2 R 30 5 o o
BRI A AR TR AR 1. AR
W EREIEERLR, BESTHA 4 MR E



46 % N I NE 77

SRRSO, RS B
M bE S 1 A 4 23 5 o A A A A B OG AR
M 20 2L 00 e IB R B W] R e 5 B 8 LA

(DCTR) kER, S MM ABEMAFEAH, DCTR
P RTE AL

A~ EMHIRE s

AERE

MK ARE DT . UE- B3R ST-Mg4RZl2Y: PT- WHM“414Y: LE- MR MT- HUMAIZ:
A-E represent the cross section of mesophyll tissue of “Huashi’, ‘Huazeng’, ‘Huatuo’, ‘Huafeng’ and ‘Huaping’ respectively; a-e represent the transverse section of leaf
vein tissue of ‘Huashi’, “Huazeng’, ‘Huatuo’, ‘Huafeng’ and ‘Huaping’ respectively; UE-Upper epidermis; ST-Spongy tissue; PT-palisade tissue; LE-Lower epidermis;
MT-Mechanical tissue; X-Xylem; PH-Phloem; GT-Basic tissue; CA-Cambium.
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Fig.3 Anatomical characteristics of five lines of C.oleifera leaves under an optical microscope
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Table 4 Anatomical structural characteristic values of leaves in five superior C. oleifera lines

J5BE Thickness /um \
% , \ = ’ , bt b
Superior lines Loy LR Z A 2H 21 R N TRPS DCTR
Blade Spongy tissue Palisade tissue ~ Upper epidermal Lower epidermal

#6572 Huashi  489.46+18.40c 280.67+25.78a 157.75+33.20ab  30.28+4.42b 21.75+529a  0.57+£0.14b  0.32+0.06 a
163 Huazeng  475.49+13.78 d 248.024+32.01b 154.57+3451bc  33.87+3.95a 21.53+3.85a  0.64+0.18a  0.32+0.07a
1E3¥ Huatuo 508.51£6.96b 286.16%+36.13a 168.04+37.65ab 27.81+£5.99 ¢ 14734+330c¢  0.60+£0.17ab  0.33+0.08 a
f6F Huafeng  434.58+13.09¢ 244.75+20.19b 141.45+2036¢c  27.92+4.03 ¢ 13.784+3.04c  0.58*0.11ab  0.33+0.04a
63 Huaping  523.234+9.12a 28822+26.97a 171.40%+31.42a  30.21%+3.45b 19.414+3.18b  0.60=0.13ab  0.33+0.06 a
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Table 5 Comparison of leaf photosynthetic characteristics among five superior C. oleifera lines

It £ Superior lines (¢ AHE P, /(umol-m™s™)  ZEMEHEZ T, /(mmol-m™s™") SFLFFE G, /(umol'm™s™) Jild] CO, ¥KFE C, /(umol-mol™)

452 Huashi 7.03+0.84a 245+1.18¢ 0.07+0.03 b 303.70+60.46 b
451 Huazeng 7.42+0.95a 5.49+0.87 ab 0.16+0.02 a 339.81£40.10 ab
#£1¥ Huatuo 7.34+0.77 a 5.90+0.73 a 0.19+0.02 a 358.78+34.62 a
#=F Huafeng 7.57+0.88 a 487+0.55b 0.18+0.04 a 350.09t41.61 ab
#£3% Huaping 7.85+0.75a 6.22+1.00a 0.194+0.04 a 344.57+42.60 a
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Table 6 Correlation analysis between leaf anatomical structure and photosynthetic characteristics of five superior C. oleifera lines

EizEaY I A= AR R

TERK

MREEEL A

Indicators Blade thickness PT UE LE TRPS DCTR P T G, G
]2 Blade thickness 1
M PT 0.313* 1
% UE -0.073 -0.100 1
N LE 0.230 0.195 0.391%* 1
HIFAE L TRPS 0.066 0.882%*  -0.049 0.195 1
HiH-H DCTR 0.051 0.963**  -0.086 0.142 0.909%* 1
P, 0.056 -0.060 0.029 0.036 0.037 -0.068 1
T, 0.225 0.005 -0.146  -0.372%*  0.035 -0.056  0.384%* 1
G, 0.080 -0.008  -0.257%  -0.503**  0.022 -0.031 0.395%%  0.946%* 1
C -0.104 0.046  -0.341%%  -0.248* 0.017 0.075  -0.473**  0.009 0.071 1

To*” FRORTE 0.05 KF (UMD AR

R JORTE 0.01 KT CRUND RIS

“*” indicates significant correlation at the level of 0.05 (Bilateral); “**” indicates significant correlation at the level of 0.01 (Bilateral).
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Table 7 Eigenvalues and contribution rates of each
principal component
YR
EMSRHEE FiksE i
S s oo Cumulative
Principal Characteristic Contribution o
mponent value rate /% contribution
comp rate /%
1 2.942 29.422 29.422
2 2.733 27.329 56.751
3 1.820 18.203 74.954
4 1.058 10.576 85.530
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Table 8 Eigenvectors of principal components and the load matrix

e PC1 PC2 PC3 PC4
Comprehensive index LA B ERR0ACTE iy ERR0ACTE ) ERRNACTE )
Eigenvectors Load Eigenvectors Load Eigenvectors Load Eigenvectors Load
I )& Blade thickness 0.146 0.251 0.100 0.166 0.189 0.255 0.868 0.893
M PT 0.572 0.981 0.032 0.053 -0.053 -0.071 0.064 0.066
% UE -0.031 -0.053 -0.199 -0.329 0.474 0.640 -0.256 -0.263
Y LE 0.176 0.302 -0.319 -0.527 0.403 0.544 0.227 0.234
M= / 345 TRPS 0.549 0.941 0.052 0.086 -0.021 -0.028 -0.197 -0.203
HHA~ / 15 DCTR 0.561 0.962 0.007 0.011 -0.107 -0.144 -0.170 -0.175
P, 0.047 0.080 0.422 0.698 0.425 0.574 -0.174 -0.179
T, -0.023 -0.039 0.572 0.945 0.073 0.098 0.074 0.076
G, -0.038 -0.065 0.583 0.963 -0.036 -0.049 -0.040 -0.041
C 0.003 0.005 -0.011 -0.019 -0.612 -0.825 0.142 0.146
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Table 9 Ranking of five superior C. oleifera lines based on
the PCA method

S ENEEE PN Her

Superior lines Comprehensive score (F) Ranking

#£5E Huashi -1.813 5

44 Huazeng -0.662 4

483 Huatuo 1.247 2

#£5F Huafeng 0.343 3

#E3F Huaping 2.485 1
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