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2,5008- 71202 t2, FHLT), SEHMD), AEHHDE YEUe A5 AAskl - 2250 20 m x 10 m
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Abstract: This study analyzed the effect of stand density on seed production and morphological traits in a camellia
(Camellia japonica) forest. Based on an initial density of 2500 trees per hectare, four stand density groups were
established: control (no thinning), light thinning, moderate thinning, and heavy thinning. In each treatment, a 20 x
10 m® plot was installed with three replicates. Within each plot, three 4 m” seed traps were installed, giving a total
of 36 traps, from which seed production and morphological traits were monitored monthly from 2021 to 2024. Stand
density control significantly increased the growth rates of DBH and basal area (P<0.05), but it had no effect on tree
height. Crown size tended to increase with decreasing stand density, but no significant difference was observed
between the control and treatment groups (P>0.05). Seed production per tree and morphological traits were highest
in the heavy thinning group treatment, but seed production per hectare did not differ among the groups. Correlation
analysis revealed significant negative correlations of seed production per tree with both stand density and basal area
(P<0.05). The drought in 2022 was found to have influenced the reproductive cycle of camellia trees. The study
suggests that adjusting stand density can positively affect both seed production and quality. These findings are
expected to provide foundational data for developing stand management strategies to ensure stable seed production
in camellia forests.
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Figure 1. Location of the study site and experimental design for Camellia japonica. (a) Location of the study site (red dot) in
South Korea, (b) Aerial view of experimental plots with different thinning intensities (Control: non-thinning; T30: Light thinning;
T50: Moderate thinning; T70: Heavy thinning), and (c) Schematic diagram of seed trap installation (2 m X 2 m) within the 20

m x 10 m sampling plot.

e Boishe, 7199 GGt welsts] g 715
i el U SferE 5
2018). 2022 SHEo] GizkiaEke. 27 10 Hato] of
47% 721 704.4 mmoj| E-.L]—o]— o, SPEI &4 ZA1},
39S AR 1497 E 87 A= Au|et 7haollA g
F1sol gt ARa Aevh 14 Tk Figure 2).
AL AIA] Q] B2 A7) (Rubus hirsutus), 5713
7/H(Corchoropsis tomentosa), 2| Z(Phryma leptostachya),
29N Hedera japonica), 5 WIS Camellia japonica), A¥717%
(Phaenospernm globosa), U}ArE(Trachelospermum asiaticum),
FEZ 7N E(Oplismenus undulatifolius)©] -AstAct A
TFHHEA Y B S8 Totshr] fla B A4 e/\]
shth f71E55S AAT &, B4 1S em7bA] ALEA
£ AIRE AT, AT ARE APz vl
of 4% 7, 2 mm A= A7 g o]gsto] o]a}e}
2 EAS A5 A= 24 Ay BAAE nAE Y
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Figure 2. Monthly variations in the 1-month Standardized
Precipitation Evapotranspiration Index (SPEI) at Wando from
2021 to 2024. Drought phases are classified as follows: mild
(-0.99 to 0), moderate (-1.49 to -1.00), severe (-1.99 to -1.50),
and extreme (< -2.00).

EZ B2=E9on, md 34.6%, U|A} 50.3%, AE 15.1%
2 FAEALE EUQ pHE 6.0, 7= T2 8.64%,
AR FFFL 0.468% 2 UERGTE GaQA e 192
mg kg'o]glom, oFo]2x]3k8eF (CEC)S 15.40 cmol
kg'2 EAEch XA golLe] FEE K (0.64
cmole kg!), Na'; (0.13 cmole kg™), Ca®* (7.47 cmole kg™),
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0.36 dS m”, NaCl &2Fe 0.002%2 =% = ok
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ZARFG oW, 3 = 2024 Rt &
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4, A 24
A2l o] ube o) g 54, F7 Ak 9 g
549 ZfolE B7Fst7] 913l one-way ANOVAS A A5t
oAk, Azl 7k efat o)} ekt 49, 5% o] %
2ol 4] Tukey's range test S=aalo] 7+ A2] 7+ ol
el MRS, GRS A 8 A 4
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1. Y2LET} LR MEo| 0jxl= et
YEde A7 2d £ 20219 FHat
2142 £ 0.68 cm), LT(14.0 + 1.20 cm), MT(15.3 + 1.63
cm), HT(14.3 + 3.11 cm)$iti(data not shown). 2024 d ==
T2 7(14.8 + 0.90 cm), LT(14.7 + 1.36 cm), MT(16.2 =
1.67 em), HT(15.2 = 3.30 cm)& Uebgc). A &
WFES d2Ttioh AeoA B 2 ge 2t
(Table 1). 3], HT(6.24%)0] A= T 233 83%)9} 29
w3k Aol g moln] A1 e A ARES eyt
(P<0.05). 2021 %= A 2]+ Ho il= gi246.99 +
0.76 m), LT(6.51 % 0.19 m), MT(6.75 = 0.23 m), HT(6.69
+ 0.63 m)¥th(data not shown). 2024 == tf247.16
+ 0.80 m), LT(6.67 + 0.13 m), MT(6.93 + 0.32 m), HT(6.77
£ 061 m= UeEh At aan AFES 2T
(2.33%), LT(2.44%), MT(2.67%), HT(1.30%)&, =7
of mE R 7hol §o=Ql Fpoi= 9l ITkTable 1)

FuA7e o

SuAA

Table 1. Relative growth rate of DBH, H and BA, and crown characteristics by thinning intensity in C. japonica stands.

Relative growth rate of DBH (%)

Relative growth rate of H (%)

Relative growth rate of BA (%)

Control 3.830.77° 2.33+0.80 7.39+1.34°
LT 4.54+0.66™ 2.44+0.77 11.42+0.36%
MT 5.78+0.22% 2.67+0.83 13.69+1.68"
HT 6.24+0.21° 1.30+0.41 13.3740.65
CH (m) CW (m) CV (m’) CPA (m?)
Control 5.11+0.28 3.53+0.17 33.4243.03 9.92+0.95
LT 5.27+0.42 3.90+£0.25 43.4149.74 12.04+1.73
MT 5.08+0.23 4.24+0.47 48.2949.15 14.46+3.11
HT 4.89+0.50 4.41+0.35 52.53+14.23 15.58+2.52

DBH = Diameter at breast height; H = Tree height; BA = Basal area; CH = Crown height; CW = Crown width; CV = Crown
volume; CPA = Crown projection area. Values are presented as mean =+ standard error. Different letters within columns indicate

significant differences among treatments (P<0.05).



20219 E Aot FuchHAe ) 2L(34.64 + 844 m?
ha™), LT(21.69 + 2.16 m* ha™), MT(20.76 + 1.31 m® ha™),
HT(17.73 + 423 m* ha)Q 1, 2024 5= ) xL(37.12
+ 8.51 m? ha'), LT(24.17 + 2.53 m® ha'), MT(23.63 + 2.12
m? ha™), HT(20.09 + 4.77 m* ha')$Jth(data not shown).
4QAzte] FadtHA AAES MT(13.69%)014 718 =
grow, 1 thSo® HT(13.37%), LT(11.42%), ozt
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(3342 m?, 9.92 m?)of| BIE| = 7S Btk A A
VS o A7)0 Srbeke o] BEE Yo,
WE WpollA A2t 1F FAA SR {7t Afol= UE
L}A] QFQFTHP>0.05).

s
ia

N R ¥
Nl R

2, YRLUTI} BX} Mokl ojxl= gt

2021 5B 2024712 o] At A FAF YA
2o vlw3l Al o 27(116.8 kg ha' year), LT(156.7
kg ha™ year™), MT(108.1 kg ha™ year"), HT(145.9 kg ha™
year')o| 91 THdata not shown). 3}, 7 Aw oA 22|t
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ha')ol] 714 2& FAp7F A4k et 20218(106.7 kg
ha)@} 2022(109.4 kg ha')Q] A} AYAreke vjwz &
At &S R tidata not shown).

WA & SAF ABARFS] A9, BE AEoA Rt
oju] A2t A FAF AAkeFo] =Skt Figure 3(a)]. L
ZF 20243 AQJgt e AEL] HTOA SAF Aitegol
et 5041 ApolE Holw 7 HW2 TR} A
BchP<0.05). HIf| 2 HE AmofA 247} 71
TA LS UERQIeh 4dzhe] SR A ZA =
Z2} JYAFEFS HT(0.78 kg tree™), LT(0.36 kg tree™), MT(0.
kg tree?), THRTH0.19 kg tree’) 02 222 A4S
™, HT= tf2+t tfH] oF 48 =2 $=Folqlth

had A7F T4+ AARFS Ao} Ae|qtof whet HES
X Q) HFigure 3(b)]. 2021 ol= HT(137.3 kg ha?)o] 4] 7}
Al wko. 22171 AAkE] gl 0, MT(115.9 kg ha™), LT(96.8
kg ha™), th23476.7 kg ha™)o] 40 & vrelyith 20229
ofli= LT(151.6 kg ha)ollA o it 7S5 o,
MT(119.19 kg ha™), HT(90.66 kg ha™), thZ&7(76.0 kg ha™)
<o)k 202390l = HE A ol|A FAF Aol &
23] Z7}sle] LT(330.7 kg ha), HT(326.8 kg ha), =
4264.7 kg ha), MT(160.3 kg ha!)& 3ol=|Qjct 18
L 20240l = ARbA o= FAF gAbFo] asto] iz
449.56 kg ha™), LT(47.76 kg ha™), MT(36.86 kg ha™),
HT(28.87 kg ha)= &= QiTh 4 w2 FAF ABARES
LT(626.9 kg ha")ollA] 7} =9rom, o]o]A HT(583.6
kg ha™), tH&31(470.0 kg ha™'), MT(432.2 kg ha') &0 =
Ul LTS HTE: 2 oju] ZH2h 34.2%, 24.9% 2=
7Fet ¥, MT A 2l+l= g2kt 74% sl 1
AU BE AwofA] At 7F A YA FAR R
FOIBEA] G ATHP>0.05).
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0 ﬂi , ﬁ' , [T

2021 2022 2023 2024 4-year

Figure 3. Annual seed production per tree (a) and per hectare (b) by thinning intensity in C. japonica stands from 2021 to
2024. Different letters indicate significant differences among treatments within the same year (P<0.05). Vertical bars represent

standard errors.
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3. LS| M3t SMTH B} AR 20| B
B} Aakepel] Rk vAE 29l setsl] g8 o
W 9 R A SAT FA A 7h) AR
AASFTK Table 2). ha¥ F74 A4S ofwl ¥l
FYH ATIAS Hol| grekok AN F F4
AR JEUE 9 Fuedds Sof AuuAE |
ISIERP<0.05). Tt T Wb AR B ST e
AR} LA gt SR, LD
SHABA)I 2 O] HHTA - 0.782)F HYO
SR = 0580) D 53 £ WA - -0.581)7}

B R orr ooz Hodle Az

Table 2. Correlations between stand characteristics, tree characteristics,

A1147 A235 (2025)

= FYulgt &9 A E yeritt §322%(DBH)
o (r = 0.783), 18]3 4=

A3 -
L T

T HAHE = 0807 A7t

(P<0.05).

4, AR SXte| Yel™ EHoil olxl= S

FULE F249 Yoy SHe R Bl

u)(r = 0.889), = 27

o A

£ HA

Sk
S

24} Aw

off wheh ThFRE PAE B GTTable 3). B4 Lot
12.41-1531 mm, 18] 8.60-11.59 mm W& P29
th. 2022 0] = T2 7(12.64 mm)Q} HT(14.55 mm) A}o]

and seed production in C. japonica stands.

Seed production

Variables SD DBH H BA CH Ccw CvV CPA
kg tree’ kg ha’
SD 1 -0.173 0.222 0.782**  0.158 -0.580*  -0.451 -0.581*  -0.760** -0.134
DBH 1 0.364 0.113 0.549 0.783**  0.889**  0.807** -0.242 -0.437
H 1 0.478 0.914**  -0.048 0.288 -0.032 0.262 -0.171
BA 1 0.385 -0.360 -0.156 -0.328 -0.722**  -0.512
CH 1 0.109 0.462 0.123 -0.399 -0.311
Cw 1 0.928**  0.996**  0.290 -0.075
Ccv 1 0.931*%*  0.106 -0.202
CPA 1 0.266 -0.125

SD = Stand density; DBH = Diameter at breast height; H = Tree height; BA = Basal area; CH = Crown height; CW = Crown
width; CV = Crown volume; CPA = Crown projection area. * and ** indicate significance at P<0.05 and P<0.001 respectively.

Table 3. Effects of thinning intensity on seed size and weight of C. japonica (2021-2024).

Year Control LT MT HT
2021 14.07+0.54 14.55+0.55 15.03+0.39 15.31+0.45
2022 12.64+0.35° 14.05+0.26% 13.95+0.03% 14.55+0.65°
Length 2023 13.78+0.27 14.68+0.55 14.28+0.35 14.78+0.47
2024 12.41+0.26 13.52+0.74 13.70+0.12 13.72+0.12
Mean 13.22+0.19 14.20+0.27 14.24+0.15 14.59+0.23
2021 8.60+0.62 10.46+0.67 9.74£1.16 10.38+0.45
2022 9.03+0.53 9.47+0.34 9.110.15 10.27+0.33
Width 2023 9.62+0.38 10.28+0.37 9.50+0.28 10.30+0.23
2024 10.29+0.30 11.34+0.64 10.92+0.33 11.59+0.36
Mean 9.38+0.24 10.39+0.26 9.82+0.31 10.64+0.18
2021 0.57+0.06 0.63+0.06 0.62+0.03 0.69+0.08
2022 0.42+0.03" 0.52+0.03% 0.50+0.01%° 0.58+0.04°
Weight 2023 0.55+0.03 0.650.05 0.6120.04 0.70£0.07
2024 0.4620.01 0.57+0.08 0.53%0.02 0.57+0.03
Mean 0.50+0.02 0.59+0.03 0.56:0.03 0.6420.03

Values are presented as mean + standard error. Different letters within the same year indicate significant differences among
thinning treatments (P<0.05) by one-way ANOVA followed by Tukey's HSD test.
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