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mARFMHAERES Z Ty LBTRG, TETHKREN 17.7%. Net M RERMERLEREY, R IANALE
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The covariation characteristics of seed and leaf traits in major Fagaceae species
on the northern slopes of the Dabie Mountains

Huang Xingzhao, Wang Sirui, Yang Liankang, Han Qing, Wan Fangfang, Ou Qiangxin
(Anhui Provincial Key Laboratory of Forest Resource and Silviculture, School of Forestry & Landscape Architecture, Anhui Agri-
cultural University, Hefei 230036, China)

Abstract: [Objective] By analyzing the differences in seed and leaf traits among different tree species of
Fagaceae, this study explored the covariation characteristics of seed and leaf traits in Fagaceae, to provide a theo-
retical basis for the collection, conservation and utilization of germplasm resources. [Method] Ten Fagaceae spe-
cies distributed in the northern foot of the Dabie Mountains, Lu'an city, Anhui Province were selected as research
materials. Seed traits including seed dry mass, seed aspect ratio, seed protein content, seed starch content and seed
fat content, as well as leaf traits including specific leaf area, leaf dry matter content, leaf carbon content, leaf ni-
trogen content, and leaf phosphorus content, were measured. Cluster analysis and principal component analysis
(PCA) were used to reveal the coordinated variation characteristics of seed and leaf traits, and Bayesian linear
mixed models were applied to quantify the effects of environment and species on their coordinated variation.
[Result] There were significant interspecific differences in seed and leaf traits among the 10 Fagaceae species,
with coefficients of variation ranging from 8.25% to 69.55%. Cluster analysis and PCA indicated coordinated
variation between seed and leaf traits. Cluster analysis grouped these traits into two clusters. PCA results showed
that leaf phosphorus content, leaf dry matter content, seed starch content, and leaf carbon content loaded on the
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first principal component, with a variance contribution rate of 32.5%; seed protein content, leaf nitrogen content, and

seed fat content loaded on the second principal component, with a variance contribution rate of 21.8%; and seed dry

weight, specific leaf area, and seed shape index loaded on the third principal component, with a variance contribution
rate of 17.7%. Bayesian linear mixed models revealed that the explanatory power of environment for the three prin-
cipal components was 25.6%, 30.2%, and 27.7%, respectively, while that of species was 43.7%, 47.6%, and 46.3%,
respectively. [Conclusion] Significant covariation patterns exist between seed and leaf traits of the 10 Fagaceae spe-

cies, and species and environment are the key factors driving this covariation.

Keywords: Fagaceae; leaf traits; seed traits; synergistic variation; Bayesian mixture model
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Table 1 Differences in seed traits among ten species of Fagaceae
. I PR AR ARy Tl He iy

LUEE B MFFrE/g PEIBINE EE 4 S (mgg) S Bmge g SRmg g

HER Q. farbi 2.00+0.11¢ 1.54 +0.06° 63.76 + 4.83b 436.86 +25.12b 13.17 £ 3.23d
W¥k Q. aliena 2.01+0.11¢ 1.23 +0.09¢ 64.22 +5.85° 438.60 + 14.06 14.96 + 1.234
i C. sclerophylla 0.91 +0.03¢ 0.99 + 0.04" 118.28 +9.02° 334.56 +22.51¢ 20.07 + 3.03¢
FRER Q. acutissima 4.10 +0.44° 1.18 +0.05% 42.92 4+ 2.894 531.25+41.272 23.16 +£4.08°
HM 0. glauca 1.03 +0.02¢ 1.24 £0.09% 44.14 £2.80% 437.05 + 19.22% 33.66 £4.11°
Fi#E L. glaber 1.95+0.01¢ 0.99 + 0.02f 34.14 £4.21¢ 450.36 + 37.18% 42.15+£2.46°
¥R #k Q. variabilis 2.92 +0.28° 1.10 £ 0.024f 43.90 + 5.35% 518.50 £ 34.06 18.49 + 3.44¢<d
kg C. eyrei 1.02 +0.03¢ 1.11 +0.03b«d 39.78 +0.554 605.90 +22.132 31.76 £0.17°
/INHAR Q. chenii 0.99 +0.03¢ 1.48 +£0.12% 4824 £2.91 485.12 + 11.19% 19.27 £2.49%

HEZE C. henryi 2.70 £ 0.50° 1.05 + 0.06°¢ 49.05+1.17« 405.43 + 6.85° 9.97 + 1.00°

A R 43.17% 15.37% 33.43% 24.77% 42.15%
e FFIAENG FRERR E—MREA FE R AR EZR (P<0.05) .
F= 2 10 MEIRFMH F R ESR
Table 2  Differences in leaf traits among ten species of Fagaceae

Wy 4 Lt THI A -5 A HRSE RS B

[(em*g") o E/(mg-g™) /(mg-g™) [(mg-g™) [(mg-g™)
HER Q. farbi 154.94 + 33.09% 377.44 + 15.32¢de 414.32 +51.68¢ 14.61 + 1.63¢k 1.06 +£0.11¢
Wbk Q. aliena 214.31 +£18.342 485.29 + 15.83® 431.54 + 49 8] 21.30 £ 1.40° 3.96 +0.587
i C. sclerophylla 106.86 + 8.528 512.37 +24.85° 384.54 +19.53¢ 12.99 + 1.74¢ 3.55 +0.44°
FRER Q. acutissima 112.16 + 3.97% 339.80 + 25.26% 439.55 + 20.25bcde 21.54 £2.00° 1.61 +0.18
HX Q. glauca 105.97 + 10.38¢ 464.59 + 30.82 502.57 + 13.26% 14.51 £ 1.74%de 3.01 £0.70%
Fi#E L. glaber 111.74 + 5.68% 439.56 + 29.99abc 590.59 +27.57° 13.12 + 1.34¢e 2.98 + (.52
¥ B Mk Q. variabilis 92.55 +3.35° 366.89 + 49,05 425.51 + 7.65% 18.70 + 0.92b<d 1.90 + 0.57°
HtkE C. eyrei 129.61 + 5.64% 465.53 + 16.26% 455.17 + 10.492b 12.20 + 0.94¢ 0.93 + 0.45¢
/INHER Q. chenii 165.66 + 6.69° 326.05 + 66.48¢ 413.86 + 42.06° 31.62 +5.792 1.81 £0.75¢
HESE C. henryi 156.90 + 15.75b 471.49 +£23.13%® 487.74 + 11.61>d 16.61 + 0.81bede 0.60 £ 0.05¢

A R 23.01% 14.81% 8.25% 27.88% 69.55%

e FSIAF/NG T RER R — ERAEA RN B AR B 2 57 (P<<0.05) -

22 KHLEEFIR EEZRMFHFSH AR

BB JEHFE

X 10 FST R RHR R 5 BT R AN 5 Bl
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PSR HOFI M 7= RN — K8 PR E
B, MRESE. HESE. T2, frEAR
BRI AT R AR RO AR s

RROWTERE, RPN TR
RNRW . TR & ES S R 2 ROR AR,
R RHCN 0.68 (P<0.001), PEHIMH-TFHIm & &
(PR RN B A B R B A AT B s MRS R S b
TFEMEERRENML, HXREH-056 (P <
0.001). TEPANREEZ 8], Lk S &,

B SR BRI IEARDS, X RE AN 0.50 (P<
0.001) A10.48 (P<0.001), XFFEM F&EHFEHE R,
BV Lt o D AR K b A A A LA A I R K
B, DR R Al e PR R S R
W R R R UG, MCREIR-042 (P<
0.001) F1-0.36 (P<0.01), UiBAR THARELEK K
MR, Hr Rk, B ERIK T TRESHT
JEWi & &2 REMHEK, HXRECH-039 (P <
0.01), KB RKFhFi 1 T8 R 5 2 Jekn i LG i -
TEE—RBENH, FhrTlES i, Mals
I O IR B K, MK R E 58— 0.30
(P<0.05) A1—0.32 (P<0.05), HFFE AR
P4 BA BN e T AR R B R e T T3S
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-0.30% | -0.32% | 035 | -0.06 | 0.32* | -0.39 | 021 | -027%| -0.06 |FTTRAE o
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021 | 017 | -042 -0.05 028 | -0.04 0.36**| 042 |"HHEE
027 |0.35%* . -0.34 [FS041N -0.13 | 0.05 | 036 0.68 |"HFMIEEGE
0.06 |0.48%%* -0.36 | -0.26 0.44 0.06 |0.42%** |0.68%** A
£ = & = ] i ] & i = i
& =S = & &z 41 41 4n o &1 4o
r = i = = & ] = = #
oy ¥ & o A = = F g =
& & n o H
= & = =
&
*FIn P<0.05, **FIR P<0.01, ***P<<0.001.
== N NN
B 1 10 #ERRFEF R A MR B2
Figure 1 Clustering of seed and leaf traits among 10 Fagaceae species

PC3(17.7%)

B 2 FRURFEF R R IR E RS S
Figure 2 Principal component analysis of seed and leaf traits
in Fagaceae tree species
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Table 3 Effects of fixed effects and random effects on three principal components
A A & SRS SHH 95% B {7 [X [H] P1H
F—F s K -0.218 (-0.312 -0.137) <0.05
PCI +3% pH 0.112 (0.078  0.181) <0.05
TIEAENIS = 0.176 (0.116  0.239) <0.05
e 0.324 (0.268 0.409) <0.05
FEFERS R 0.126 (0.089 0.178) <0.05
PC2 +3% pH -0.106 (-0.155 —0.053) <0.05
THEE MBS = 0.144 (0.102  0.173) <0.05
A 0.157 (0.120 0.21D) <0.05
= F s K -0.059 (-0.108 —0.010) <0.05
PC3 +3% pH 0.124 (0.056 0.188) <0.05
TIEAENIE = 0.247 (0.189 0.296) <0.05
AR 0.127 (0.104 0.153) <0.05
e R, IE pH A RIEE R & BRI E BN, PIFE A BENL AN o
50 ¢ B EERs TE N AREEUS . — MR S, B B LT AR S AR Y
1 O BEHLE -4 5T B0t B B R B AR AR SR, SR AE )

PC1 | PC2 | PC3 |
Wil RO iR . 3% pH I HIRA LR S &, BEALRL
IDVSEYIELR
3 BTLENBRE
Figure 3  Explanatory degrees of each variable
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