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Abstract; This study aimed to explore the growth capacity of Camellia nitidissima seedlings propagated under different
methods, two-year-old C. nitidissima seedlings propagated via three methods (tissue culture, cutting propagation, and
seed propagation) were used as materials, and the growth trait, photosynthetic capacity, chlorophyll content, and leaf
structure were determined. The results were as follows: (1) Tissue-cultured seedlings had the strongest photosynthetic
capacity, followed by seed-propagated seedlings, while cutting-propagated seedlings had the lowest. Both the maximum
net photosynthetic rate and light intensity adaptation range of tissue-cultured seedlings were significantly higher ( P<
0.05) than those of the other two types of seedlings. Seed-propagated seedlings exhibited the highest apparent quantum
yield value (0.083 9 mol + mol™) and the strongest ability to utilize weak light. (2) The chlorophyll content in leaves of
cutting-propagated seedlings and tissue-cultured seedlings (30.83 mg + g and 28.26 mg - g, respectively) was
significantly higher than that of seed-propagated seedlings (22.23 mg - g'). (3) Seed-propagated seedlings had the
lowest stomatal density (115.37 ind. + mm™) and the largest stomatal area (150.1 um®) , making them more suitable for
shady environments. (4) Tissue-cultured seedlings had the most developed root system, the largest specific root length,
and the lowest root tissue density. In terms of growth indicators, tissue-cultured seedlings showed the best overall
performance, with the highest total dry weight (68.87 g), plant height (85.75 cm) , and ground diameter (14.27 mm) ;
seed-propagated seedlings ranked second, while cutting-propagated seedlings performed the worst. In conclusion, the
growth capacity of C. nitidissima seedlings is closely related to the propagation method; the growth capacity of tissue-
cultured C. nitidissima seedlings is significantly superior to that of seed-propagated and cutting-propagated
seedlings. Therefore, tissue-cultured C. nitidissima seedlings can be promoted and applied in practical production. This

study provides a scientific basis for the propagation of superior varieties and protection of C. nitidissima.
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nitidissima leaves under different propagation methods

22 HERESELER

Hr L2 AT, 28 o R B A AR R A
Chla Chlb Chl (a+b) & & T W FE M2 7 (P>
0.05) (B FE ¥ ¥ (P<0.05) & T LM a1k
2533 M6 5™ A B9 Chla/Chlb HofE TG 351k 2
S (P>0.05) ,
23 AAEHEAREEENTF BREHIEE
2.3.1 vt A R &M BIE 3 AL 3 B
G A0S B I 4 02 A S T AR Y, B B
Rz R AT 3 Ay, IR T AR 12
MRS 2 20 7 200 T RS ) L ) B 5, HE 1)
B, 5 EHHES B B, R 2 AT, 3 RO [R]

R GARRH I R, B3R T 3% % 40 M5 B
FETE—E 250, JF R B R 52 AR 1 > 74 1 > 41 8%
B FFAHTE 5 S A 4 B AT RO A 4 20 )R B G
FEMZEF(P>0.05) [H¥EE (P<0.05) & T4 55
B AT ; 21 15 B AT 475 B 4 A6 2% 1 Ui 4 4 2R
JEL R EHTEZE S (P>0.05)  HI# B3 (P<0.05)
TSR,
2.3.2 AALE AR 3 AR AR KRG AETZ T AR
L AAE TR B (B 4) , F H 3 R K2R 4
R B A fL % (stomatal density, SD) ALK
B B2 [ stomatal length (long axis) , SL ] <L %5 4
K JE [ stomatal width ( short axis) ,SW ] BN fL AT
T (single stoma area,SA) 777 — & 1) 22 70 4
T Y SD feoR, HUORFFR W, /IR S AR
AP 2 B G AR i AR 2SI SD 25 F AU/ SA
KNRI R AW SR > A B o, o S
SA B 1.70 75 (£ 3) .
24 AEAIZEEARERFERKRKRILR
241 AR EES XERLFREZILE HE4T]
AL AR A AR BAR K AR 2 AL AR P
PIHAA AR B (P<0.05) & TS
ISR, B AR SR8 AR K 43 il 2 4 4
RIS AE A 1.63 1% . 1.59 151 1.46 1% . 1.33 f%;
R ZH 200 i R 0 R 4 1 > S0 A T > AL R
242 ARFEAF X eLFERTB S K HE
5A[AL AR SR AR AR A R E
R, ST AR R (P<0.05) & T T A A
SR, I H DL A A o i = AT Y 1.38 4%
4.03 ff%.3.00 5. 1.53 £i5 . 3.27 % ; 31 1 &7 (4 b
7B BB R R e S S AR T R 2
F(P>0.05),
243 RRAEMG XeRFEHERE HIE 5T
AR SRR AR 2R T E A T B
THHG T, 2 0 2 FF A Y 2.22 4% .1.58 £5.2.45
i 1.92 4% ; 4 55 T A4 7 0 AR 2R B i EL RN AR e
P 5 SR AR B B M 22 R (P<0.05) I 3R
B R AR5 > AT 1 > 58 A T 5 S AR R 1 0 52
FedSt R L B m TR Sk
25 HXESH HEZRE MHFBEREHEES
ERKBFANHEXES T

HH L 6 FIAT AN R 25 07 XA AL AR e &
YR 5 00 5 s i AR v A R AL
FRIE ARRAL | ERERXEREY], P, 5 RTD,



44 I G

46 ¥

®1 TREEAXNEEEZHFHLESHLEER

Table 1  Photosynthetic parameter comparison on Camellia nitidissima leaves under different propagation methods
ENGIE iD= R S WA FRCE R AR St AL JeAME S LR ES
Seedlings under different AQY P.. LSP LCP R,
propagation methods (mol + mol™) (pmol » m™? -+ s™) (pmol + m? - s) (pmol -+ m™* +s™) (wmol » m? -+ s™)
ke
. . 0.053 5+0.003b 4.735 6+0.104a 1 109.26+10.845a 7.41+£0.052¢ 0.372 8+0.063b
Tissue-cultured seedling
ERRCTE

Cutting-propagated seedling 0.061 1+0.016b

otk

Seed-propagated seedling 0.083 90.009a

2.631 8+0.296¢

3.766 9+0.117b

747.57+16.000b 14.49+0.310a 0.721 8+0.040a

534.79+22.896¢ 9.91+0.046b 0.723 3+0.030a

. FPRFR/ING AR 2 5 5.2 (P<0.05) , T,

Note: Different lowercase letters within the same column indicate significant differences (P<0.05), the same below.

[ Chla (mg-g™)
[ Chlb (mg-g™)

35T [J Chl (a+b) (mg-g™)
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301 a B
m
2
b § 251 b
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& S 15} b
23 . e
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Tissue-cultured Cutting-propagated Seed-propagated
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Chla. M-%4%% a; Chlb. M4t % b; Chl(a+b). M4t E (a+
b); Chla/Chlb. M4k a AL b L, AlENG 5
BERRER B (P<0.05) , T,

Chla. Chlorophyll a; Chlb. Chlorophyll b; Chl(a+b). Total
chlorophyll (a + b); Chla/Chlb. Ratio of chlorophyll a to
chlorophyll b. Different lowercase letters indicate significant
differences (P<0.05), the same below.

2 AREEAXNERFHAHHERSE
Fig. 2 Chlorophyll content in Camellia nitidissima leaves

under different propagation methods

LN TLA .LDW TDW ‘& #% & 3 1E A ¢ (P<0.01) ,
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A AR AR B, AT BT C TSR
MR REDIT

A. Cross-section of tissue-cultured seedling leaf; B. Cross-section

of cutting-propagated seedling leaf; C. Cross-section of seed-
propagated seedling leaf.
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Fig. 3 Leaf anatomical structures of Camellia
nitidissima under different propagation methods
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0.01)
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Table 2 Leaf anatomical characteristics of Camellia nitidissima under different propagation methods

UNGE Y05 S
Seedlings under LT UET LET PTT STT
different propagation (pm) (pm) (pm) (pm) (pm)

methods
k]
Tissue-cultured seedling
EERiE
Cutting-propagated seedling
JA
Seed-propagated seedling

PTT/STT

289.23+21.23b 19.80+2.85b 35.90+2.46¢ 36.90+2.01b 196.00+10.81b 0.19+0.01b

320.93+£25.99ab  30.27+1.56a 41.43+1.26b 46.90+1.48a 202.33+5.10b 0.23+0.01a

352.07+10.45a 33.07+2.71a 50.03+3.85a 45.20+2.82a 223.76+7.26a 0.20+0.01b

. LT, R R UET. ERIANMREE ; LET. FREZANEFE; PTT. M HLUREE; STT. 441 4UR & ; PTT/STT. Hf
M,

Note: LT. Leaf thickness; UET. Upper epidermis thickness; LET. Lower epidermis thickness; PTT. Palisade tissue thickness;
STT. Spongy tissue thickness; PTT/STT. Palisade-to-spongy tissue ratio.
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ENT= 500k Signel A= SE1 Date 12 Sep 2024 J— EHT = 500k Signel A= SE1 Date :12 Sep 2024 ze1ss]
Mag= 100X Time :18:48:58 Wo=70mm Mag= 300X Time :18:17:26 WO = 75mm Mag= 100KX Time :18:19:38

EHT = 5,00V Signal A = SE1 Date :12 Sep 2024
WD = 80mm Mag= 300X Time :18.06:15

Signal A = SE1 Date :12 Sep 2024
Mag= 100X Time :18:15:26

Signal A = SE1 Date 12 Sep 2024
Mag= 100KX Time :18:0951

Signal A = SE1 Date 113 Sep 2024 EHT= 5,00V Signal A = SE1 Date 13 Sep 2024 ==
Mag= 100X Time :15:54.06 WD = 80mm Mag= 300X Time :1545:16

Signal A = SET Date :13 Sep 2024
Mag= 100KX Time :16:0226

A1 A2 A3 S5 R R B R 3R TR RSFL s B1.B2 B3 Al TS R L R R R f <AL €1, C2.,C3 4
RN B LR T RS,

Al, A2, A3 are upper epidermis, lower epidermis, and stomata of mature leaf of tissue-cultured seedling, respectively; B1, B2, B3 are mature
leaf upper epidermis, lower epidermis, and stomata of cutting-propagated seedling, respectively; C1, C2, C3 are mature leaf upper epidermis,

lower epidermis, and stomata of seed-propagated seedling, respectively.
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Fig. 4 Stomatal characteristics of Camellia nitidissima leaves under different propagation methods



46 O MW 46 %
£33 AEASEARSHESAEET

Table 3  Stomatal characteristics of Camellia nitidissima under different propagation methods

A TR) g I AR

o ; SALEE SD A S ALTE AR SA AL SL AL SW
Seedlings under different (ind. - 2y (pm?) (um) (m)
propagation methods md. + mm pm pm pm

HI 157.78+5.09a 88.45£12.13b 36.51=1.96ab 3.09£0.24b
Tissue-cultured seedling

FHE 142.51+£6.93ab 90.64+9.81b 35.43+2.21b 3.22+0.73b

Cutting-propagated seedling
A 115.37+£5.88b 150.10+7.39a 39.35+1.33a 4.84+0.86a

Seed-propagated seedling

x4 ARAEEARNEEFREER

Table 4 Root system characteristics of Camellia nitidissima under different propagation methods

NG VW BN o4 4 1. i SARERWR AR ER SARER Y%L AR HEH 2%
Sodl; SRR : e X
Seedlings under - Total root Root average Total root Root tip Specific root Root tissue

. . Total root length . .
different propagation (em) surface area diameter volume number length densityh
methods om (em?) (mm) (em’) per plant (em - gh) (g+em?)
B 3250.10+38.57a 541.61+33.54a 5.14:£0.91a21.95+4.44a 4 620+476a 160.49+1.25a  0.90+0.06b
Tissue-cultured seedling
FFA 950.20+14.51b  237.41+23.56b 2.46+0.61b 5.87+1.29b 2 835+394b 100.73+1.49b  1.51%0.1a
Cutting-propagated seedling
A 1 020.58+15.01b 259.58+28.67b 2.43+0.21b 6.15+1.07b 3 169+410ab 120.72+1.36ab 1.31+0.08ab

Seed-propagated seedling

x5 ARABEARELFEEER

Table 5 Morphological characteristics of Camellia nitidissima under different propagation methods

AN [r) S A8 7 AR - iz PIECEIS I " S AR S MR et
S BR i i LI 1o ) P
Seedlings under . Ground basal Branch Branch . Total leaf Canopy Leaf mass
. . Plant height . Leaf number
different propagation (em) diameter length number lant area spread per area
methods em (mm) (em) per plant per plan (em®) (em) (g-cm?)
MG 85.75+% 14.27+ 70.00+ 3.75+ 41.25+ 3407+ 33.69+ 0.010+
Tissue-cultured seedling 5.32a 1.28a 7.68a 0.46a 2.50a 8.57a 1.04a 0.00a
A 76.25+ 10.36+ 17.38+ 1.25+ 27.00+ 1041+ 29.30+ 0.012+
Cutting-propagated seedling 6.62b 1.20b 2.49¢ 0.25b 4.97b 13.09¢ 4.05b 0.00a
A 82.25+ 10.84+ 32,75+ 1.75+ 30.75+ 2415+ 34.79+ 0.009+
Seed-propagated seedling 9.18a 3.22b 3.80b 0.30b 5.11b 11.10b 1.98a 0.00a
SRS > 52 > 4R B, 20408 1 o
3 k5 4® ARTURATHLIIG B 7 5 g, A K R AT B
5 R MG (RIS ,2010) MHFFEL R —2L,
30 EEAXMESRFHEARSFHEN RN B 5 852 (2018 ) X i 5 (4 BIF 50 245 R A7 22 5%, 1%

YR E R IESERE S Y RO G E R B RFHR GRS R P THR R, X
T3 R HXT AN [] O BRBR A58 1) o 07 %) 5K, A KA XS %R R S S S B R, &% E T A
PRIEHYIE N BE FT (Yokoya et al.,2007) o 3B P, A%, H RGP IO R 41 SUBHT G W & 08, R D
{EER &7, B R T A BB A HL (Mahmud et al., W S B A ) T A e B Ak K TR TR A
2018;Vincenzav et al.,2018) . ARHFFEERWIR, 3 R (VLIGERSE,2023) ; 1 5 45 @ T HE AR, 4F 4 o
FERIEIAR) P, R ETEZES (P<0.05) ,IFH Gyl Hg 3 1 po vt 4 25 B AR 2R 0% 0 254K

y >N
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Fig. 5 Biomass allocation of Camellia nitidissima seedlings under different propagation methods

TR, PR 0 5 41 55 DO G R AL BE T AR XS 4
WSS . LSP 8= 22 B AR W X 5 O 38 N 58 T K
5, LCP 5 LSP AHZE 8K, A8 ) X O i 3 1 71 Bl )
BT (R FEVKEE 2014 B HES A, 2022) , A1
() LSP 43 ) 2 4 4 i RS AR B Y 1.48 £l 2.07
i, 22 W 20 85 Vi 4 46 55 % 5 O A9 38 R BE ) o
LCP 5 1.SP 22 {H BN A 4L K5 0 >4 1 > 5L AR 1,
XRPA S S AESOMRIE N R, AQY 5
H 4 %5 5556 F) i 77 B IE EE ( Richardson & Berlyn,
2002) , R, SHEYIFETCG A T IHFE 0 RE 2 R E
( Gyimah & Nakao,2007 ; Pastur et al.,2007) , L4
B AQY W3 v T2 B B N AT B, R S A
XFE5 G A RE 1 ek, AR T R RIS &1
A0 1.94 1%, 3R W1 52 A 1 7E WG 0P W ok 72 rh s R A
MLV BYRE T WA XA, £ b iR | 41 85 1 4 A
ROCA R Ak, L P, RIS S N B f ok
HYOR AT, IR AT
32 EEARMNERFTHAMNZEZSEN T
28 R B K T S i WA ) A K 1 A
BAn GO ISR B E R A R R
(WS ,2025) , ARG, 316 8 &AL 51
Chla Chlb \Chl(a+b) & W3 m T LA &
FEZE X G VLHEAR A5 (2023 ) X 0] 9 <5 48 2% B A
FELE R J A Chl (a+b) & & 5 & WFF R 4 1
R P, AR, I HAH S AT 45 5 s AN )
FH T AR P, IS E B ICE A,

PRI I 2 2% 5 e O B8 BRI AR S S BT 4 O R
S B (DRUBSE 2024) , 5 45 A o fb A B R A
HATERE TR,
33EEARMNEHEZHAM FHEIEHRNn

W ik ) 45 R 1 8 A0 5 R Y A K 3 DT AR
KI5 A5G PR BT T A K A W AR AR R B A AR
AR SAL 2 B R B R AL I e (VF 2 W55, 2024)
AWEFEH, 9 B B AL AR SD dRe/)h, SA FROR X
5H AQY F R d5e i AHIE N, 3 ] S AR 1 4 AE R T
EEBOCHE A K, MICHETE R, BIR R 3R
200 LR i 3 A BEAE 2H 2 AR T Al e DR R
KT LI HE A B iR KR E (FERUREE 2011 ),
WIEE Lb 55 A O A 50RO (2R AR AR
2019) . AW, AL A SUSE O MiE LIS
P ROHIG, SEA i B R I R R A 2
ZUR R W3 o TR e (HSA | P,
BEART A, X 5 R E E A (2017) X 15 Ay
( Chimonanthus praecox ) N VF 2 HL45 (2024 ) X Hy 52
2% )& ( Geodorum ) F 1) () W A2 20 2 I B Ve 1L 3%
5 P, EIEMHKRHERA 2, Bt 22 Ay
PRIV 2 S AR Y PR R AP TE 2 REE . A WESR
E3 IR e B AN W 6 N TR A i K7/ B B N S
UL T BB 2 52 ) AEL ) R 14O G RE I M B R (B
25,2000 ; 81L& 5 ,2010) .
34 BEARMNEHFEARERKFER T

R SEA Y IR Z T AR 55 o 1 2
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# and * * indicate significant correlations at P < 0.05 and P < 0.01 levels, respectively. Red and blue color blocks represent positive and
negative correlations, with darker hues indicating higher absolute correlation coefficients. The numerical part also indicates the strength of the
correlation, with values closer to — 1 indicating a stronger negative correlation and values closer to 1 indicating a stronger positive
correlation. AQY. Apparent quantum yield; P, . Maximum net photosynthetic rate; LSP. Light saturation point; LCP. Light compensation
point; R,. Dark respiration rate; Chl(a+b). Chlorophyll a + b; LT. Leaf thicknes; PTT. Palisade tissue thickness; STT. Spongy tissue
thickness; PTT/STT. Palisade-to-spongy tissue ratio; SD. Stomatal density; SA. Single stoma area; TRL. Total root length; SRL. Specific
root length; RTD. Root tissue density; TRSA. Total root surface area; RAD. Root average diameter; RTN. Root tip number; PH. Plant
height; GBD. Ground basal diameter; BL. Branch length; BN. Branch number; LN. Leaf number; TLA. Total leaf area; CS. Canopy spread;
RDW. Root dry weight; SDW. Stem dry weight; LDW. Leaf dry weight; TDW. Total dry weight.
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Fig. 6 Correlation analysis among leaf photosynthetic parameters, microstructure characteristics, chlorophyll

content, and growth traits in Camellia nitidissima under different propagation methods
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