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Abstract: [Objective] To investigate the change law of the tree type structure, leaf photosynthesis, and biomass allocation
patterns of Phoebe bournei planted under different densities of Chinese fir plantations, and to provide scientific basis for precision
transformation and improvement of the quality of nearly mature Chinese fir. [Methods] A 21-year-old Chinese fir plantation was
selected as the study subject. Four thinning treatments with residual densities of 375 trees/hm?, 570 trees/hm?, 630 trees/hm?, and
810 trees/hm? were set up, respectively. Underneath the Chinese fir plantation, 900 trees/hm?of P. Bournei were planted to form a
mixed canopy. The differences in growth indices, such as crown shape, side branch length, branching angle, leaf phenotype,
chlorophyll fluorescence parameters, SPAD value, and root, stem, and leaf biomass of various organs, were measured and analyzed

to determine the effects of stand density on the growth patterns of P. bournei. [Results] (1) Under the 570 trees/hm? Chinese
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fir plantation density, the crown height primary side branch length, and branching angles with secondary side branches of P. bournei
were significantly larger than in other Chinese fir density treatments. Under the 375 trees/hm? Chinese fir plantation density, the
secondary side branch length and density of the primary and secondary side branches were also significantly greater than in other
Chinese fir density treatments. (2) The leaf area and specific leaf area of P. bournei increased with increasing stand density of
Chinese fir. The lower canopy leaves of P. bournei had significantly larger leaf length, width, area, and specific leaf area than upper
canopy leaves. Under lower Chinese fir plantation densities (375 trees/hm? and 570 trees/hm?) , the chlorophyll fluorescence
parameters and SPAD values of P. bournei leaves were lower than at other stand densities. (3) Under Chinese fir plantation densities
of 375 trees/hm? and 570 trees/hm?, the total leaf biomass, side branches, stem biomass, and total leaf biomass of P .bournei were
all significantly greater than at other stand densities. (4) Under lower Chinese fir plantation densities (375 trees/hm? and 570
trees/hm?) , it is a significant positive correlation between the crown height and lateral branch biomass of P. bournei. Under higher
Chinese fir plantation densities (630 trees/hm? and 830 trees/hm?) , there is a negative correlation between the crown height and
total leaf biomass of P. bournei. [ Conclusion] When the residual density of the near-mature Chinese fir stand is low, the growth of
P. bournei is better, and it is beneficial for biomass accumulation and lateral branch growth in P. bournei. However, in a denser Chinese
fir plantation environment, P. bournei leaves can enhance their light-capturing ability and maintain normal growth by increasing leaf
length, decreasing specific leaf area, and increasing SPAD values.

Keywords: Uneven-aged mixed-canopy forest of Chinese fir and broadleaved; Underplanted trees; Thinning density; Lateral

branch growth; Biomass allocation pattern
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Table 1 Canopy light environment indicators of different density Chinese fir stands.

AR W 5E Fab7
Density of Chinese fir stands AR 2 REFE A oD
(tree/hm?) Leaf area index DIFN MTA
375 2.08+0.41b 0.23+0.04a 57.64+2.85a
570 2.98+0.67b 0.14+0.04ab 43.99+2.93ab
630 3.07+0.09b 0.11+0.01b 41.53+2.55b
810 4.47+0.09a 0.08+0.05b 39.60+2.62b

T AHEVNG RN AN R AL B 2 A 2 AR GE R # K P (P>0.05) .
Note: The same Minuscule means that there is no significant difference between different treatments (P>0.05).
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a: Angle between Level 1 lateral branches and main trunk

B: The angle between the 1st and 2nd level lateral branches

Level 1 lateral branches: live branches growing on the main trunk

Level 2 lateral branches: live branches growing on Level I lateral branches

Bl 1 R TS fabn A A
Figure 1 Survey method for canopy morphology indicators.
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Figure 2 Comparison of measurement indicators for tree type structure of P. bournei under different density of Chinese fir stands.
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Note: The same Minuscule means that there is no significant difference between different treatments (P>0.05)
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Table 2 Two factor analysis of leaf photosynthetic capacity indicators for Pbournei at different crown heights under different

densities of Chinese fir stands.
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Figure 3 Comparison of leaf photosynthetic capacity indicators of Pbournei at different crown heights under different densities of

Chinese fir stands.
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BB & WE FR bR I 2 ik B K (P<0.05).
Note: The same Minuscule means that there is no significant difference between different treatments (£>0.05)
* The difference in various measurement indicators at different canopy positions of Pbournei under the same density condition of
Chinese fir stands is significant (P<0.05).
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Figure 4 Comparison of biomass allocation pattern measurement indicators of Pbournei under different Chinese fir stand densities.
W MEVNERRA R EZ B ZE 7RISR FKFE (P>0.05) .
Note: The same Minuscule means that there is no significant difference between different treatments (P>0.05).
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Figure 5 Correlation between tree Type, leaf photosynthetic capacity, and biomass of Pbournei under different density treatments of

Chinese fir.

E: A ER, B: dlE, Co B, D: 1 MRS B 1 RONECERE B L IUBM R, G: 2 BB, H: 2 ROIECERE, 1 2 24U
Boordifs, Jo MK Ke M98, Le MERGEH, M: MR, N: WHTEL, O EERUEM AR, P FEMEM AWE, Q B itwE,
R: fUBAEDE, S: ZT4AME, T: M EMOENE, a0 BAWSEE 375 Whm?, b: EAMDHE 570 #i/hm?, A2 KM% EE 630 Hi/hm?,
d: BAMII L 810 Hi/hm?,

Note: A: Crown height, B: Crown width, C: Completeness, D: Level 1 lateral branch length; E: Level 1 lateral branch density; F:
Level 1 lateral branch angle, G: Level 2 lateral branch length, H: Level 2 lateral branch density, I: Level 2 lateral branch angle, J: leaf
length, K: leaf width, L: leaf aspect ratio, M: Leaf area, N: Specific leaf area, O: Upper canopy leaf biomass, P: Lower canopy leaf
biomass, Q: Total leaf biomass, R: Lateral branch biomass, S: Stem biomass, T: Total aboveground biomass. (a) : The density of
Chinese fir stands is 375 trees/ hm?. (b) : The density of Chinese fir stands is 570 trees/ hm?.  (c) : the density of Chinese fir stands
is 630 trees/ hm?.  (d) : The density of Chinese fir stands is 810 trees/ hm?.
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HHER, (AR % BEBAR (37T5HRMmMZRISTO//m2) (261 R, L ia IR B S 36 KL 50355 158 D) 558 25 0 /)~ o
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SERIPA R TR . WAL, WS R 00 ) A R T 4l R BRI BRI R, IR VR BREIR AR 1 K
B 40 BT IR AR B AR S (Jucker et al., 2015) .
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WOk 2 190, T AT BAgs b o AR AR FE O R 450 08, B KRR B g D ol ik 43 2% o BRI 45 (2021) XL
VG BH U 734 e iR BIE ST B T SR AR Sl i 2 A 1) - B AR AT AR A P IR 7K 9 1R AR SREE SR B X DI 3R
Bif A8 Ao AT, WA T ASHE AR B AR A0 X 1) ARl £E PR R Ol BEUR AN R 0 SR A T 4R RF IR H AR KR AT EEAE

FH T () SR R T e AR e MRS 1) 5 5K 5 e /M PR T 7738 B 45 55 2 B 1)~ (Fritz et al.,
2018) o MWK A KA, P MR I — DN E L8R . AR AR BET,
Fi N E R R B R I A B R R TR L. AR A 3 B LR S GRS G R AR, R R R RTIH:
KB Bl AR FH AT D] B H A P 858 R 3R AR A (I B A SR AR 22 53D BT sl , AN 2 32 G HR PR B R M i & 2E
% (Royer et al., 2008) . fHZ X SR R AR N E 5y BRI E RSB Rh iR L], Jaligk
PR R 5 R P B4 T AR AR KR IR L (Zhou et al., 2023), 1R 7R 55(2021) 50K, BRER
(Quercusa cutissima) & 7ERE 1 o fi 1) T 55 U5 R~ HE0g, M sppk s A, 7 RE 2B SO &
PEYIR R, SRR L R R ). XSRS R 8 A A B TR R B
BRI BRI, H N ERGE AR KT EE R

T FR AT 55 M55 AF T R AR A B K LU AR B s R i N i, ARSI dei 3R 2 AR & A
(Pé&ez-harguindeguy etal., 2016) . i ¥)5& 2 = i 39 043 51 E2 /K 73 BRA&I39 0, 78 25 B3 #2 (Pinus yunnanensis)
PE<22mbl R, G FEEPR ] IR, BE>22m Bl B O B R SRR IR GRAREE,2008) o AT
/bR BARKBREEN, TR R il A BN AR (PGS, 2022). MR RO S E1E
FHZEIRE G, 5 FRAT M A AL X PR B AL I B (Baker et al., 2004) o AZACHR % FE H3750k/hm2
ST0KK/hm2E [ (8] I B (I S 298 96 2 BURT SPAD 2 2 /N T-630 Mk /hm2 RIS 10k /hm?, 55 s A2 ACBR 435 B R
(AR P OA R R, R A RO RO R A O A KT R AL 2R, BN 3, SO0 7 [k
SR AEA 1L g (Wang et al., 2020).

ARG B LK (3750R/m2~570kk/hm?2) s, [E4f N ER R A AR RE KT H
B AR BT, BRI e m S AR 2R3 MG BB RN, & e 38R
Ve R0 HBEAGE S, TITE @R WA EZARE, 32 & EE A ARS8 A F) T bR T [ R P ad AR K
FRFE R AP . BT I8 I o3 R ) i AR et LU SR N B BRI B R4k (R %A%, 2012) .« £2
IR FERUARINT, FRIAR 1S 21 78 2 DEIR, ISR 22T A B B2 A2 KRR 25 B 3 1 22 6307k /hm?
ISf, SRR S S5 AT A ) o) A R ' R i B2 R B AR 1 A B AR R (Zhou et al., 2022) o —f&IBHL T
VAR Y BT & AL 2 BCEEE (Miiller et al., 2003, 25003545, 2022) , RIS 02 M & /) Bic B A 3K U2
PR DS YR IR 2 B o ek A4 B 4 T 31 e SR IR R ) DR VR PR 3 B o AEAZ AR AR S35 B 6304K/hm2 4k 22 T (1) [ i 4
T EEM R YRR, DOE SRS bR RO SR 5 S
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AR A A 35 B 7T S BOMK PR EFREE 2 5 A2 0, B A AR PR 4335 (375 R Ihm2 A1 570 #fk/hm2),
Rl EEMGE I EEROK, BARSZ B — e FE BRI, (E A2 i e vl s b 2 A 2k KSR, R
EERT, A EAKDGER RN OGS, BURAZ ARG B RE (630 FR/hm? A1 810 #h/hm?) 254, 4
(A K EEAR K, /N P LU AR, 890 SPAD AH 4R bR AE RO G B 1, IRIFIEH A K
BEE A2 A S Z MR KT, A ARIRGE JZ 15 6 BEUk N, TR ARG G AT AR P BRI I A8, 1 AN [ Ak 4y
e A K S P, X REE B R R R R AR B E L, A e MR KU .
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