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Response of Phoebe bournei leaf functional traits and phenotypic plasticity to its

mixture with the Chinese fir
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Abstract It is a key issue in the improvement of plantation quality that how slow-growing Phoebe bournei species change
their functional traits to adapt to the environment and achieve coexistence in the trade-off of resource acquisition and
distribution after mixed with fast-growing Chinese fir species. In this paper, we selected Phoebe bournei pure forest and
Phoebe bournei—Chinese fir mixed forest with the same initial conditions and similar ages in the Jindong State-owned Forest
Farm in Qiyang County, Yongzhou City, Hunan Province as the research objects. Samples were collected in different

seasons to calculate the responses of the leaf functional traits to the mixed pattern, and compared the differences of Phoebe
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bournei leaf functional traits between the mixed forest and the pure forest. We mainly studied 7 traits including the leaf
thickness (LT) , leaf area (LA), specific leaf area (SLA), leaf carbon content (LC) , leaf nitrogen content (LN) , leaf
phosphorus content (LP), and nitrogen-phosphorus ratio (N :P) of Phoebe bournei leaves in both Phoebe bournei pure
forest and forest mixed with Cunninghamia lanceolata in Jindong National Forest Farm in Hunan Province, and also
discussed the correlations and plasticity of these traits. The results indicated that (1) comparing with Phoebe bournei pure
forest, LA, SLA, LC, LN, and N :P of Phoebe bournei leaves in mixed forest increased by 16.78% , 8.50%, 3.12%,
21.38% , and 17.61% , respectively, while the leaf thickness and phosphorus content reduced by 8.80% and 25.87%. All
of the functional traits had significant differences (p<0.05) except the L.C. (2) Phoebe bournei hybridization led to
significant changes of the correlations between LC, LN, LP and LT, LA, SLA traits. There is also a certain impact on LT,
LA, SLA and their interactions as well as leaf C :N, C:P, N :P, which means that the correlations between the Phoebe
bournei leaf functional traits have been adjusted adaptively. (3) The phenotypic plasticity index of the main Phoebe bournei
leaf functional traits was distributed between 0.04 and 0.33. LT, LA, SLA and N :P were not sensitive to plasticity changes
(PPI <0.20) , while leaf nitrogen and phosphorus contents were more sensitive to plasticity changes (PPI> 0.20). And the
order was LP> LN> N :P> LA> SLA> LT> LC. The results above showed that the mixed mode had non-significant effect on
the plasticity changes of Phoebe bournei leaf morphological traits, which was not limited by growth space and light resource.
However, the plasticity changes of LN and LP were sensitive to mixing. In this case, the growth process may be restricted by
N and P. As there is also an obvious interspecific competition in mixed forest, nitrogen and phosphate fertilizers should be
applied during the cultivation process. This research result will provide theoretical and data support for the future research

on mixed afforestation model of fast-growing and precious tree species.

Key Words ; phenotypic plasticity; leaf functional trait; Phoebe bournei; mixed forest
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Table 1 General information of sample plots

e 3its YE 25 L il T2 Fb S S i 4% 44 S R
o i &E m%LHﬁJ RN TV FHlate i AN
Forest £ Aces/ Density/ Mixed Tree Mean Mean Average Clear hole
re; ) /

orest vpes g (Fk/hm?) ratio species height/m DBH/c¢m crown/m height/m
] - F2 ARTRAE N
i *//Mtb),d\* . 12 2610 4.7 I 5 x 8.6£0.3 9.4x1.1 1.6+0.4 2.7+0.3
Phoebe bournei and Chinese
fir mixed forest, MF A 8.7£0.2 10.8£1.2 1.4£0.3 2.4+0.4
[t 2li e
Phoebe bournei 13 901 1.0 ] 9.1£0.3 12.6+0.8 2.2+0.5 2.4+0.3

pure forest, PF

DBH: H#% Diameter at breast height

x2 SREMFHHEE T REENER

Table 2 The physical and chemical properities of sample plots soil in Jingdong forest farm

, AT Y & L o 7
U . = pH Soil bulk N?oii(li ﬁsgcﬁj}% TN)F;k ?P@f
Forest types Soil layer/cm J(a/em®) content/% (e/ke) (e/ke) (e/ke)

IEE) A7t -2 AR TR AS bR 0—10 4.06+0.10a 1.45£0.05a 18.41+1.22a  22.53+3.46a 1.93£0.22a 0.30+0.03a
Phoebe bournei and Chinese 10—20 4.08+0.09a 1.49+0.04a 18.32+1.18a 14.93+4.17b 1.55+0.21b 0.26+0.06ac
fir mixed forest, MF 20—40 4.07+0.11a 1.50+0.05a 18.04+1.19a  11.89+3.28¢ 1.22+0.45¢ 0.24+0.05¢
[55] A 2 0—10 4.13+0.12a 1.43+0.04a 17.35+1.15a  17.60+4.94a 1.57+0.08a 0.50+0.05a
Phoebe bournei pure 10—20 4.11+0.09a 1.4420.05a 17.36+1.16a  15.58+3.12a 1.28+0.30b 0.5420.14a
forest, PF 20—40 4.1120.11a 1.47£0.05a 17.33x1.15a  12.3522.12b  1.08+0.24b 0.49+0.05a

ANRIE FHE R IR R — AL B PN [FRE 12 2 A A4 25 57 35 (P<0.05) ;SOC : -3 HLE Soil organic matter; TN ; 4% Total nitrogen; TP ; 4=
Total phosphorus

1.4 BFOyREMCR T

I DR Xo TR S A X Ay i 7 e B8 FH AT 9BV 8 B8R , 2% Valladares 457 (1 7 B HHOR AT TR ASH A
V) e — I bR B ] B8 A0 ( Plasticity index, PPT) 4. YR AS MORE M R(E o 25 SRR OB, — B 2 2104
XHE, B LA EUE . PPT A R 0—1, HAE R Fe/R A n] ¥ ok
1.5 HdEabi s o

BAEAL I 5 52T 53 BT Excel 2010 i1 SPSS 18.0, /E Bl | Sigmaplot 14, ¥ K 2 J7 22 73 7 (one-way
ANOV A ) K5 56; 1) A I D BE MR AR TR A RN SRR 22 [8] 22 55 5 X ) A ik - PR B8] £ 4T Pearson ARG

2 EREH

2.1 PAFPE AR A R PER X L

alobhrt AR R iR TR L TR Y 95% S IXT] (95% Confidence interval, CI) 735124 0.242—
0.252 mm10.8—12.64 cm’ 128.76—134.33 m’/kg, FHI{E 434 0.25 mm  11.68 cm® 131.76 m*/kg, B
H(LC) MAS I (LN) 8% 5 (LP) 95%Cl 43l 24 556.02—607.50 ,15.51—16.28 1.28—1.57 g¢/kg, V-3
{H 53318 587.12.,15.9 1.43 g/kg, VR ACHR M4 (14 i JE i T BRI 1L I TED AR 95% CT 43 531124 0.223—0.232 mm,
12.6— 14.62 cm’® 136.67—146.77 m’/kg,“FX{E435 4 0.228 mm 13.64 cm® (142.96 m’/kg, Mk 5 i & 1=
FIHB & 95%CI 4351k 594.93—616.98 ,18.46—20.46 .0.91—1.0 g/kg, F-HIESI 5N 605.46.19.3 .1.06 g/kg.

TR ASbR e ] A e P T B L P TR BRI R e 44 S T Tl T JER A R IR T Ak IR A
AR A R AR He A R S R BN T 16.78% .8.50% A1 21.38% , MRk S EARLARH /N, iR
5B D T 8.80% M1 25.87% , SliAk SIRASM A1 6 T T RE R 48 5t R B BUAH R RLAEE (% 3) , it
T ARVAS S AR P B K, 23 R 17% 0 15% , itk & B2 728 Ak s /N, AU 3% , 728 5 R BUK /A LASLP >LT> SLA>
LN>LC,
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Fig.1 The Correlation coefficients between Phoebe bournei leaf functional traits and C, N, P contents of pure and mixed forests

MF'. lmjﬁﬁ-&ﬂt{%i%, Phoebe bournei and Chinese fir mixed forest; PF: [ K4l AK Phoebe bournei pure forest
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86.89% , IRACHE MAR S A - A2t FE MR 7 220 g SR8, C :N .C :P 1 N : P 223K 2 B 3%
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Fig.2 Comparisons of the differences of C, N, P stoichiometric ratio of Phoebe bournei leaves between mixed and pure forests
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Table 4 Effects of Afforestation Mode, Leaf Shape and Their Interaction on C, N, P Stoichiometric Characters

25 KR CiN Cop <

Source of variation F P F P F P
M (F) 0.607 0.443 1.679 0.209 2.144 0.157
iHE(LT) 0.506 0.493 2.315 0.142 0.120 0.733
AL LA) 0.009 0.927 0.319 0.578 0.260 0.615
Lt AL (SLA) 0.385 0.540 0.140 0.712 0.685 0.417
FxLT 10.740 0.003 0.699 0.412 5.576 0.027
FxLA 0.090 0.762 0.866 0.362 0.113 0.740
FXSLA 2.839 0.106 0.016 0.853 0.003 0.959
FXLTXSA 0.041 0.960 0.036 0.964 0.148 0.863
FXLAXSLA 0.248 0.783 0.009 0.991 0.026 0.974

F . @&MALL ) Forest type; LT: I F JE B Leaf thickness; LA T Leaf area; SLA ; HCITAIER Specific leaf area
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Fig.3 The Correlation coefficients between Phoebe bournei leaf functional traits and stoichiometric ratios of pure and mixed forests
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