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Characteristics of the functional traits of introduced shade-tolerant tree species

under the plantations and its relationship with growth rates

XU Haidong', ZHA Meiqin', CHENG Xiangrong', TANG Sheng®, ZHOU Hengfa®, YU Mukui'*

1 Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Hangzhou 311400, China
2 Guanshan Forest Farm of Yongfeng County, Yongfeng Jiangxi 331500, China

Abstract: The coordination between plant functional traits reveals the main strategies to adapt to specific habitats. The plant
growth rate may be correlated with functional traits during early growth. To explore the variation characteristics of the roots,
stems and leaves functional traits and their relationship with the relative growth rate of five introduced evergreen broad-
leaved tree species (ie., Ancuba japonica (Thunb). var. Variegata D'ombr. ; Adinandra millettii ( Hook. et Arn.) Benth. et
Hook. f. ex Hance; Distylium racemosum Sieb.et Zucc.; Gardenia jasminoides Ellis in Philos. Trans.; Pittosporum tobira
(Thunb.) Ait.) under the Cunninghamia lanceolata (Lamb.) Hook. plantations, the relative growth rate of tree height and
basal diameter and 27 morphological and physiological traits of roots, stems and leaves of the five introduced tree species
were studied. The results showed that; (1) According to the principal component analysis (PCA) , the functional traits of
different shade-tolerant trees roots and stems were more closely related than leaves traits. In addition, the coefficients of
variation of roots and stems traits in the inter-species were smaller than the leaf area. (2) The trait correlation network

between the key traits and relative growth rate in the inter- and intra-species varied greatly. In the inter-specific correlation
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network , the relative growth rates were significantly positively correlated with most leaves traits, and negatively correlated
with most roots and stems traits. The correlations network between key traits and relative growth rates were more complex in
the intra-specific relationships. (3) The relative growth rate of tree height was the growth rate indicator with the highest
centrality in the relationship network of inter- and intra-species. Leaf area was the highest centrality in the inter-specific
correlation network. The Leaf biomass fraction, stem biomass fraction and root dry matter content had the highest centrality
in intra-specific correlation network. However, only the leaf area and relative growth rate of tree height showed a significant
and positive correlation in inter- and intra-species. Therefore, the leal area was more suitable variable for predicting the
relative growth rate of shade-tolerant tree species under C. lanceolata plantations. Overall, the leaves traits regulate the
relative growth rate more than stems and roots traits. The introduction of evergreen broad-leaved tree species with larger leaf

areas may be more conducive to reforestation and the construction of efficient multi-layer of C. lanceolata plantations.

Key Words: shade-tolerant tree species; relative growth rate; roots, stems, and leaves functional traits; trait

correlation network
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Table 1 Growth status of introduced tree species

i i i i al F’R*g?if‘i i H i%;i?i JL‘}:
Species Abbreviation Hy/em H\/em (em em™ ) By/mm B,/mm (o ™ A1)
W4 M Aucuba japonica A 29.47+6.31  102.7+11.12 0.042+0.002a 7.71£1.12 13.54+2.16 0.019+0.001a
Wi Adinandra milleuii AM 55.7027.91 86.14£23.53 0.01520.001¢ 7.99+1.53 11.702.60 0.013+0.003h
SRR Distylium racemosum DR 55.03+11.40  100.67+25.01 0.0200.002h 6.55+1.06 9.95+2.23 0.0140.001h
¥eF Gardenia jasminoides @] 58.40£11.16  96.70+24.75 0.01720.002hc 6.58+1.20 11.2243.35 0.018+0.001a
T Pittosporum tobira PT 55.47+13.74  95.52427.37 0.018+0.001h¢ 5.85+2.01 9.24+2.40 0.01520.001h

ARG FRERR AR AR K 322 T B2 (P < 0.05) s Ho WFIHAEITI 55 Tree height; H, . RAIEE 30 I~ H G5 Tree height; By: M FIFAR S 145 Basal
diameter; B, RN AE 30 N H 5 HEAZ Basal diameter; RGR-H; Relative growth rates of tree height; RGR-B: Relative growth rates of basal diameter;
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BT B B RERRRE AL B 20—30 4588 it i LI—8400plus M1 ARAX I 22 I TET FH ( Leaf area,LA) ,
FFHREAIMR (< 2mm B R ) F Epson 2 R 4510 E AR K ( Root length, RL) ARIAF (Root volume, Rv) FlHR
FK B (Root surface area, RSA) ,LA Hl RL Rv RSA 735> ] Win FOLIA I 1A WinRHIZO AR R R 4E
B o B4 O 00 5 0 i FIAR R A i LA BRI B 230 ' 1 75 C AR BE B E (290 72 ) JFIE +
W, IR T FEAS . o1 B ( Specific leaf area, SLA ) = 4 M- AL/ H #f -+ 5 5 LR K ( Specific
root length, SRL) = 4R K/ AR+ 5 ; FLAR 1 £ ( Specific root area, SRA ) = ZIAR 3 [ AL/ 40 AR + 5 ; AR 4 24U %8 i
(Root tissue density, RTD) = AR+ 5/ AR KT, 14 5 % & ( Leaf dry matter content, LDMC) = I J 5/
FrEEE 25 T 9 &% 18 (Stem dry matter content, SDMC ) = 25+ H/Z5 6 5 ; i T %) Jii & 1= ( Root dry matter
content, RDMC ) = iR T H /MR &L H ; M AEY & 5 H ( Leaf biomass fraction, LBF) = M- A= ¥ &/ MK SR B A Y & ;
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Fig.1 Principal component analysis and correlation between functional traits and growth rates in shade-tolerant tree species
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Table 3 Network nodes and weights of relationship between inter- and intra-specific traits and relative growth rate

PEIR AJ AM DR GJ PT FE .
Traits All species
WD D WD D WD D WD D WD D WD D
RGR-H 5.47 7 7.14 9 7.58 10 7.64 10 8.70 10 9.98 11
RGR-B 6.03 7 5.14 6 7.32 9 4.62 7 8.11 9 7.91 11
LA 4.15 5 4.68 5 6.10 7 3.71 4 8.69 10 10.42 11
LBF 5.62 7 6.04 7 5.18 6 7.75 10 8.74 10 10.14 11
LCC 6.06 7 6.07 8 4.27 5 7.73 9 8.56 10 8.46 9
SBF 4.23 5 6.99 8 7.18 8 7.35 9 7.19 9 8.85 10
SDMC 6.07 8 5.73 7 3.19 4 1.91 2 8.09 9 9.38 11
ScC 6.26 8 3.27 4 6.19 8 7.45 9 7.11 9 8.40 11
SN/SP 5.58 8 5.77 7 6.71 8 7.71 9 8.70 10 9.85 11
RDMC 6.59 8 5.16 6 3.27 4 7.38 9 4.85 8 10.11 11
RCC 4.81 6 5.13 6 6.62 8 5.92 8 5.54 8 7.86 10
RNC 5.97 7 4.00 5 5.95 7 6.64 8 1.67 2 6.60 9

i, Degree

AJ A0SR s AM A% H s DR SSCRER G HE T 3 P 54 s WD . ITASUEE , Weight degree; D
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Fig.2 The correlation network between inter- and intra-specific key traits and relative growth rate of shade-tolerant tree species
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