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Abstract: Quercus gilva is a precious timber tree species in middle subtropical China. In order to investigate the
phenotypic diversity, phenotypic variation pattern and the major geographic and climatic factors influencing phenotypic

variation of (). gilva populations, 15 growth and leaf traits of 115 individuals from 14 natural populations were measured
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and then the phenotypic diversity, variation pattern and the correlation between phenotypic variation and geographic and

climatic factors were studied using nested analysis of variance, phenotypic differentiation coefficient, diversity index,

correlation analysis, principal component analysis and cluster analysis. The results were as follows: (1) The average

variation coefficient and the average Shannon-Wiener index of 15 phenotypic traits were 35.070% and 1.998,

respectively. Variation coefficient and Shannon-Wiener index of 14 populations ranged from 14.94% ( Dongkou) to

35.56% ( Longshan) and from 1.127 ( Songyang) to 1.980 ( Changning), respectively. These results indicated that

Q. gilva showed a relatively high level of phenotypic diversity. (2) Significant differences in 15 phenotypic traits were

found among and within populations (P<0.01), with an average phenotypic differentiation coefficient of 41.491%. This

result elucidated that the phenotypic variation within populations was greater than that among populations. (3)

Correlation analysis showed that there were significant or entremely significant correlations among parts of the traits,

whereas no correlation was found between phenotypic traits and geographic factors. Precipitation was the major factor that

influenced the phenotypic traits of Q. gilva. (4) Principle component analysis indicated that the first four principal

components explained 82.961% of total phenotypic contribution rate of Q. gilva. (5) Cluster analysis revealed that 14

Q. gilva populations were divided into three groups according to their different leaf and petiole size, such as small-leaved

micropetiole, large-leaved macropetiole and medium-leaved micropetiole, which was not related to the geographic

distribution of populations. This study provides scientific basis for the protection and utilization of (). gilva germplasm

resources, and lays an important foundation for its improved variety breeding.
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Table 1  Geographic locations and main climatic conditions for 14 populations of Quercus gilva
A iy 4 i 353 N =RV [=NEA
el REZE meAn  mesE RERE
y N ZE S A - F 7K it [ K R 7K
Fhe FEAEL . X Minimum Mean L L LT
. . Longitude Latitude Precipitation Precipitation Precipitation
Population Sample No. . temperature temperature
(E) (N) of the wettest of the wettest  of the warmest
of the coldest of the wettest th ( ) arter ( ) rter ( )
monlh ( OC ) quarter ( OC ) mon mm qud er mm qua er mm
1 FE 5355 HNBJ 10 109.67° 28.88° 1.508 24.085 245 637 569
9 7E XUEL HNFH 10 109.71° 28.06° 1.896 21.026 227 595 497
151 7 355 M HNJZ 3 109.49° 26.71° 1.484 20.517 213 573 468
597 18 1 HNTD 10 109.82° 26.36° 1.916 20.693 234 630 490
R IE AR HNZB 6 109.98° 26.52° 1.512 20.427 232 630 482
W FE M HNCL 10 110.29° 26.59° 1.512 20.217 236 641 477
I FE R T HNDK 10 110.48° 27.14° 0.380 19.417 227 632 477
W1 R % fk HNAH 6 111.32° 28.49° 0.644 20.025 215 602 490
WIEE e 1 HNLS 10 109.50° 29.09° 1.596 23.625 243 641 583
WIE % T HNCN 10 112.52° 26.38° 2.824 22.661 216 613 425
YLV ZEJE JXWY 10 117.91° 29.19° 1.268 20.969 298 781 554
WiV g ZJPT 10 122.39° 30.01° 4.018 18.600 164 405 392
R T FJZN 7 119.35° 27.07° 2.112 18.704 301 745 659
WIVLAABA ZJSY 3 119.19° 28.30° 1.596 23.625 243 641 583

x) FARAE2E (SD, 8) F BT A PR R B s 4 W 10 9,
Syl B AR B — R < x-28, T A R T
0.55, H A% 10 % M= x+26, Hil® Shannon-
Wiener ZFPEFEEL,
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T AR R AR S s =&
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ZREMEFEERAR (O 1.543) , P55 1 22 REPE4S B i
(R 2.142) o 15 AN RAEVHR 1) 2800 s 2K
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Table 2 Variation in phenotypic traits of Quercus gilva
FEIR Trait K {E brift 2 e RAH H/MA e 5 2 ZHEMERR L
Mean SD Max. Min. Range CV (%) H

& Tree height (m) 19.377 6.683 40.200 7.200 33.000 34.489 2.079
942 DBH (cm) 66.032 45.546  238.000 11.100  226.900 68.976 1.819
KB Volume (m*) 5.602 8.549 58.724 0.046 58.624 152.606 1.543
F#4 Trunk form 8.784 1.120 10.000 2.000 8.000 12.750 1.777
&4 Crown diameter (m) 10.364 6.127 30.000 1.500 28.500 59.118 1.953
K Leaf length (mm) 99.003 16312 143219  63.842 79.377 16.476 2.092
% Leaf width (mm) 29.354 4.256 38.988 18.698 20.29 14.499 2.142
MK 55 H Leaf length/width 3.404 0.404 4.534 2.540 1.994 11.868 2.091

i R Leaf area (mm?) 1943.373  529.767 3 352.470  969.960 2 382.51 27.260 2.058
4| Petiole length (mm) 11.789 2.805 20.817 5.156 15.661 23.793 2.067
145 55 Petiole width ( mm) 1.934 0.284 2.643 1.135 1.508 14.685 2.083
454K % b Petiole length/width 6.185 1.517 12.442 3.262 9.180 24.524 2.048
45 1 B Petiole area (mm?) 19.904 5.915 42.061 7.616 34.445 29.718 2.019
ik 8] i Spacing length of veins (mm) 7.301 1.366 10.984 4.356 6.628 18.630 2.106

B8 14 %1 Sawtooth No. 16.937 2.821 24.200 9.400 14.800 16.656 2.089
EYME (bRHEZE) Mean (SD) — — — — —  35.070 (35.309)  1.998 (0.158)

22 REBENRETRRERMBTRNE

R B HF X 15 A4~ AR R A b [ R0 3E P9 114
FEMIEE RN 3, hE3 M F KGR,
TCVSZAE R AR 2 B0 RE N 15 A B PR AR AE
TEME B3 25 (P<0.01) , Ut B 2% B2 75 X 0 B 44 F
W 5P PR o B ) R B N A S A

M2 4 AT, R D e qk el 2R IR A
T AN BHFR R A A A e A R AR S AR A dE
PRAEARECIC, Horp b BE Fob B (0 A% b AR el
TRy e R, 2 IR BT 1 DR 38 L AR R AIE 5 37 M e
TR A B 5 UL IR T 7 3 B b R 110 - 2
MBI XT3N, 5 25 FhRE 52 PR IR 8 45 A9 AH A5, o
MR B R B i B N, i R R B
ST 8 B 0 IR 5 O e 1l | 2 Y5 R R ) i K B
B, W S 4R TR 475 A0 A A %) Pt R R o R A
K IEMR A B2 3 X0 0 406 15 B0 &2, i il RRLAR
N3 1 W NIER A LS e
23 FEERMEBEARBTRISE

A5 5 B CV) TR FEE N RO 19 28 Fi
B, A8 S R RO K R I R A B IR B K,
5 AL 14 A FPRER AR R B 14.94% (T
1) ~35.56% (Je1li) Z 8], F-YEH 23.07% , i B

TERNHE K P b 2R Bz 5 X0 2 B PR IR A8 S5 K P 88
155 14 ADFREE A, AR RS 15 A R AR AR
SRR HIE AR T 15% , U8 B % R B R i 5 X
FARVAR FARCP AR 15 AR AIPEAR T8 K
M58 R T EE L AR T R Al A R AR S R BT
HHAR 15% , WX 6 MHREBCNEE, 5
2 52 BR TRV B A e AR AR AR
SERHAMEAR 19728 53 R BOF Y E R T e AR g A2
S RBCE A, U6 IR B2 T X R SR ST Y A A
ARSZ AR U 5 e 2ok v T 2 R R 7 S K-
24 FEBERNMBEARBESHENY

Shannon-Wiener 2 ¥ P 45 B0 5 B R[] & 7 4
RO F & M SIREE, 14 DR 15 SR AMR
M2 #E 48 B 3% 6, H 3 6 ] A1, Shannon-
Wiener F8407E 1.127 (FAFH) ~1.980 (% T ) Z [H],
14 ASFPHERY 22 FE P8 O & BRI 7 >
B > 1) 11 >4 A0 > P o > RUBEL> J& 77 > 38 38 > 25 >
Wi >4k > M >¥E M >FABH . Shannon-Wiener 22 %
PEFRECS M N FEA B RANVE — 2 G R, v
22 BH A R AR A D 1 b R 3R B S AR Y
Shannon-Wiener $5 %%, 7 51 ¢ YR W 5 AL IR 37 T 4E
RV VA
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Table 3 Variance analysis of phenotypic traits in among and within Quercus gilva populations

Y175 Mean square F
PEAR Trait
Tt fi] it BEBL R 2= ] G|
Among populations ~ Within populations Random error Among populations ~ Within populations

7 Tree height (m) 635.630 69.812 0.239 9.105 % 292.649 **
J94% DBH (cm) 33 335.144 2 732.639 1.655 12.199 1 650.859 %
#FL Volume (m?) 830.382 141.072 0.044 5.886% 3 227.187
T Trunk form 15.564 2.264 0.362 6.687 ** 6.625%*
542 Crown diameter (m) 559.364 56.247 0.071 9.945 % 790.433 #*
It Leaf length (mm) 10 925.149 1 597.245 77.681 6.840 % 20.562 %%
It 9% Leaf width (mm) 612.402 125.660 9.166 4.873 %% 13.709 %
I 58 Lt Leaf length/width 6.293 1.034 0.095 6.086 %+ 10.835 %
T B Leaf area (mm®) 9 970 314.357 1 884 462.580 106 933.494 5.291 %% 17.623 **
4% Petiole length (mm) 101.521 31.454 3.654 3.216%* 8.607
47 5E Petiole width (mm) 1.931 0.203 0.046 9.485 % 4.396 %
454 B b Petiole length/width 36.054 8.275 0.883 4.341 %% 9.375 %
41 B Petiole area (mm®) 561.206 125.471 21.011 4.458 #* 5.972 %%
Pk ] 5 Spacing length of veins (mm)  34.330 5.985 0.696 5.716%x 8.605 #*
14 £ Sawtooth No. 105.582 32.259 4.813 3.262%* 6.703 %%
TE: 3R TE 0.01 KP BB EMIC, *RRTE 0.05 K-F EBEMI, TR,

Note; ** means significant correlation at 0.01 level, * means significant correlation at 0.05 level. The same below.

2.5 REBRRE MR T RRIFE Rt EFRE L

TR R B (V) ST B) 2R 70 A8 57 7
TRV E S o, FHF PEAS R ] ) 22 8 43 AR A% 0
H13E 7 AT, 15 AR Je 75 X1 MR 19 o 1k R 8K
£ 23.420% (MK ) ~57.359% (Mot ) Z 8], o
BHERFBER R 2Z 085 BRMERW
31.682% , M RE N (5 44.677% , &Ry tb R8N
41.491% , i WA R0 P 0 728 S5 7 % B2 7 X R AL A S
ikt EEAEH
26 REBSRERBEEREMEXERES B
S0 E F 18] B HE ok

15 A% B 7 X RUPEIR: i) 8 4R DGk 45 1 fn 3%
8 i, Hovh E o MR 1R A7 7 5 3 b 8 8 4 ¢
PE, W SR MR A e AR K R R
03 TE AR G, 5 R i Ik ) B 2 S TE A OG
A= i N R R e = M R N TR ST
Ry T8RS, it i Ak, T8 5 Kgds |
AR e H SR R IR AR G, B R A R 7
—E R L] DL R B X A K
PR K B L TG B A DG U B S [ R SR (1

K56 L R — B W R e e, v S A
o AR BE | A TR X R A I AR OGO
I T RR 55 A S A T PR 2 R S 2 I A G T
IR it 3 B P AR A R AE bk ] B
A5 1 005 W i 5 B A OG0 B I 1A B 22 i Tk
(] A /)N

11 A RADHR 5 Fhofe i 7 b 1) b, 280 R0 <A A
TR AT R Wk 9 iR, R 2l KR A
PR 5 oA D R A A DGR B e, A
e 0y B K i | S5 I 2 B R K o N A I 2 B
KR 2 IR AR O, I T 5 R R R OK i R
FAAAIE, AR TE 5 SR A 0 K B A R 2
R A 3 A OG  2  AE  wed H i Je AR
Tk 5 0 e I 2 BT AR BE 5 iR e XD 3R B AR 1)
ToA M, X B K ol iz 7 (K] 38 B R 19 52
M) K 0 8 A 2 R -
2.7 REBRREERNER S DR EDH

XA Je X 11 AR AR AT 32 005 1T
A3 4 NMERIER KT 1 ERS, BiFstEk RN
82.961% (% 10) ., MK 10 AT A1, PC1 FRIE(E K
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Table 4  Phenotypic traits and multiple comparison of 14 Quercus gilva populations (x + s)
PEAR Trait
- 4 % . % - TiAsom i
MR W e BRI R WRKSER o WHRK reRds abpms P MHBRRUEES
Population fg 1% g T 5 . . i FR . . . $ilt  Spacing G
Tree Crown Leaf Leaf Leaf Petiole  Petiole  Petiole N y
. DBH Volume  Trunk . . Leaf area . Petiole  length  Sawtooth
height 3 diameter  length width length/ 2 length width area .
(em) (m’) form R (mm®) 2 length/  of veins No.
(m) (m) (mm) (mm) width (mm) (mm) (mm”) A
width (mm)
WA 28.00+¢ 100.93+ 10.33+  9.87+  15.90+ 104.73+ 27.44+ 3.85+ 1961.84= 10.96x 2.00+ 19.72+ 5.36= 7.92+  18.08+
HNBJ 3.53a  17.89bc  4.19bc  0.24a  3.18be 6.72abc  3.18be  0.34a 385.23bc  3.69c¢ 0.24abed 7.75b¢  1.39¢d  1.21b  2.39abed
WE KR 1450« 35.06  0.76= 8.71+ 8.40+  79.34x 24.04x 3.33+ 1328.89+ 10.90+ 1.74+ 16.61x 6.29+ 591+ 16.52+
HNFH 4.14e 9.43ef  0.50de 0.73bed  4.35fgh  6.63d 2.8lc  0.38bed 186.82d 1.19¢ 0.17¢  2.6led 0.63bed  0.52d  1.30bcde
WEgsE M 23.33¢ 15567+ 20.98+  9.10+  14.50+ 94.78+ 32.95+ 2.89+ 2 102.10+ 15.35+ 2.12+ 27.69+ 7.22x 8.13+  15.87+
HNJZ 7.57abe  20.65a  10.20a  0.35abc 2.78bede 2.34be  3.24a 0.22¢ 249.66ab 5.64a  0.06abc 10.22a 2.52ab  1.69ab  2.61cde
Wl 21.73¢  50.49+  3.63% 8.40+ 8.23+ 105.83+ 31.50+ 3.36+ 2 140.75+ 11.22+ 1.95+ 18.03+ 5.81% 7.45+  16.58+
HNTD 7.73be  30.61def 6.90cde 0.67cde 6.47fgh 15.16ab 3.44ab  0.33bed 530.19ab  2.02¢  0.19bede 3.45¢d  1.16bed  1.09be  2.14bcede
WM IEM  17.50+ 85.58+  7.52= 9.05+ 9.71+ 105.95+ 31.76x 3.32+ 2199.27+ 11.32+ 2.16x 21.26x 5.27=+ 7.43x  20.13%
HNZB 7.4cde  55.09bcd 5.89bede 0.50abe 5.51defg  1.73ab  2.08ab  0.40bed 481.34ab  1.34¢  0.17ab  2.32bc¢  0.74cd  1.40bc  2.57a
WM 23.50+  109.80+ 13.71x  9.30+  14.80+ 112.62+ 32.33+ 3.49x+ 2619.79+ 14.73+ 222+ 27.64= 6.64= 9.17+  16.40%
HNCL 6.19ab  55.08b 16.79ab 0.45abc 5.71bed 11.00a  2.4la  0.27abc 393.10a 3.13ab  0.24a 7.58a  1.06bc 1.15a 1.46bcde
T R IR 1 12.07+ 31.77+x  0.50% 9.23+ 5.13+  105.79+ 31.55+ 3.37+ 2227.88+ 1294+ 197+ 22.13x 6.60+ 7.10+  19.14%
HNDK 2.35e 4.68¢f  0.20e  0.5labc 0.70gh 14.78ab 3.19ab  0.41bed 526.98ab 1.40abe 0.14bede 3.36abe  0.75be  0.86bed  2.78ab
W% e 20.13+ 7417+ 5.18= 8.47+ 13.38% 99.29+ 30.16x 3.31x 1954.73+ 10.48+ 2.01+ 18.23+ 5.37% 7.36x  17.00+
HNAH 3.63bed 34.49bed 6.02¢de  0.57cde 4.50bedef 15.63abe 4.17ab  0.41bed 512.91bed  1.52¢  0.38abed  4.30cd  1.26ed  1.13be  2.82bede
MR 22.05+ 51.62x  4.36% 7.71+  11.28+ 102.39+ 27.35+ 3.75+ 1779.41+ 10.14x 1.87+ 16.57+ 5.45% 7.36x  14.52%
HNLS 4.7bc  45.27def 8.1lcde 2.28de 5.35cdef 16.44abc 4.22bc  0.20a 526.73bed 1.81c  0.14cde  3.35¢d  1.1led  0.98bec  2.34e
R T 1529+ 2343 0.33% 7.96x  4.16x 89.37+ 29.67+ 3.03+ 1817.06+ 13.16x 1.79+ 20.04x 7.39% 6.13+  17.74x
HNCN 2.06de 3.52f 0.11e 0.66de 1.26h  10.80cd 4.38ab  0.30de 479.35bed 3.17abe  0.21de  5.18bec  1.7lab  1.0led 3.87abed
TLVEZEE  20.55+  67.16=  3.48% 9.25+ 9.45+ 113.36x 30.79+ 3.69+ 2 086.80+ 11.97+ 1.93+ 19.99+ 6.22% 7.34+  18.30%
JIXWY 5.36bed  9.38cde  1.54cde 0.60abe  1.94efg  13.62a  3.86ab  0.27ab  446.78b 2.05bc 0.13bcde 4.18bc  0.97bed  1.21bc  2.46abc
Wi pE  12.67+  30.17+  0.57+ 7.53+ 490+ 89.27+ 29.87+ 3.0l 1708.80+ 10.26x 2.13+ 19.61x 4.86=% 7.84+x 15.14%
ZJPT 2.76e 13.63f  0.56e 0.83e 1.94¢h  10.97cd 4.15ab  0.30de 266.43bed 2.70c  0.2lab  4.96bc  1.25d 1.45b  2.40cde
WHEMAT 2071 103.71x  9.17+ 9.73+ 17.43+ 78.94x 24.70+ 3.20+ 1452.66+ 10.47+ 1.32+ 13.20x 8.20% 6.07+  15.06+
FJZN 4.46bed  37.95b  7.15bed  0.24ab  7.02ab 12.93d 3.85¢ 0.22c¢de 423.59c¢d  2.60c¢ 0.19f 3.70d 2.41a 0.99¢d 1.18de
WITLAAPH  28.00+ 145.96+ 21.39+ 10.00+ 21.83+ 96.65+ 28.99+ 3.34+ 1792.28+ 14.35+ 1.96+ 24.43+ 7.38% 7.31+  15.93%
ZJSY 1.73a 23.96a 8.54a 0.00a 3.55a 10.74bc 2.86ab  0.31bed 379.35bed 1.09ab  0.27bede  4.46ab 0.92ab  0.98be  5.00cde

TE: FPREEA R S B RRTE 0.05 K1 B2 5 3,

Note: Different letters indicate significant differences among populations at 0.05 level.
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Table 5  Variation coefficients of phenotypic traits of 14 Quercus gilva populations
%
PR Trait
Fie . s e OB RO 1o S KRR Ty X T
Population poir= Wi AR T R U -5 Fetb  PER AR AR i Kyt R Spaci S
P (&S A . . . P . pacing ]
Tree Trunk  Crown Leaf Leaf Leaf Leaf Petiole  Petiole . Petiole Sawtooth
. DBH  Volume . N A A Petiole length Mean
height form  diameter length width  length/ area length width length/ No. .
. area A of veins
width width
1) P 12.60 17.73  40.59 2.39 19.99 6.42 11.64 8.91 19.64  33.65 11.93  39.30 25.88 13.19  15.31 18.61
HNBJ
T XL 28.57 26.88 65.27 8.36 51.80 8.36 11.69 11.40 14.05 1092 9.59 1570 10.09 7.89  8.82  19.29
HNFH
RGN 32.45 13.26 48.64 3.81 19.20 2.48 9.88 7.71  11.87 36.74 2.67 36.89 34.86 16.45 20.79 19.85
HNJZ
1) P 1 A 35.57 60.64 190.15 8.04 78.64 14.32  10.95 9.70 24.23 17.99 9.76 19.15 19.98 12.89 14.67 35.11
HNTD
R IEAR 42.26  64.38 78.27 5.49 56.78 16.37 6.58 12.18  21.89 11.88 7.81 10.91 14.11 12.76  18.80  25.36
HNZB
1RGSR A 26.33 50.16 122.48 4.89 38.59 9.75  7.47  7.77 15.00 21.27 10.98 27.44 16.00 8.89  12.52 25.30
HNCL
IR 19.46 1474 39.93 548 13.65 13.95 10.06 12.12 23.65 10.81 7.17 15.18 11.30 14.52 12.07 14.94
HNDK
WAL 18.01 46.50 116.18 6.75 33.60 15.76 13.86 12.27 32.65 14.54 18.78 23.57 23.41 16.57 1541 27.19
HNAH
TR All 21.31 87.70 185.90 29.51 47.49 16.06 15.44 536 29.60 17.87 7.28 20.21 20.32 16.14 13.26 35.56
HNLS
T 13.44 15.01 34.18 8.27 30.28 12.08 14.79 9.85 26.39 24.09 11.93 2587 23.09 21.79 16.46 19.17
HNCN
PN~ 37/ 26.10 13.97 44.12  6.45 20.48 12.02 12.56 7.19 21.42 17.14 6.65 2091 15.66 13.46 16.43 16.97
JXWY
Wi B 21.80 45.18 98.57 11.02  39.61 12.29 13.91 10.14  15.59 26.29 10.05 25.27 25.67 15.88 18.46 25.98
ZJPT
o E T 21.54 36.59 77.94 2.43  40.28 16.38 15.56 6.72 29.14 24.85 14.35 27.99 29.39 7.81 16.38 24.49
FJZN
I RAR /NG| 6.19 16.42 3991 0.00 16.25 11.11 9.88 9.35 21.17 7.62 13.64 1825 12,50 31.39 13.44 15.14
Z7JSY
SEY{H Mean 23.26 36.37 84.44 7.35 36.19 11.95 11.73 9.33 21.88 19.69 10.19 23.33  20.16 1497 15.20 23.07
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Table 6  Shannon-Wiener indexes of phenotypic traits of 14 Quercus gilva populations
PR Trait
FE g g -
Population W . LT ok owew TRER semm wepk abm iR Ko i KR
Mtz PR . . Leaf A . . h X Spacing - H{H
Tree Trunk  Crown Leaf Leaf Leaf  Petiole Petiole Petiole Petiole Sawtooth
. DBH  Volume . . length/ . length of Mean
height form  diameter length  width . area length  width area  length/  No. X
width . veins
width
W R 1.946 1.618 1.946 0.375 1.998 1.559 1.893 1.946 2.134 1946 1.998 2.375 1.859 1.998 1.946 1.836
HNBJ
1) 7 JXUEL 1.946 2.134 1.705 1.946 1.430 1.893 1.893  1.189 1.671 1.757 2.134  2.187 1.946 1.705 1.998 1.836
HNFH
Wi w5 0.803 1.432 1.432 0.803 1.432 1.632 0.803 1.432 0.803 1.432 1.432 1.432 1.432 1.432 0.803 1.236
HNJZ
WP 38 1 1.671 1.318 0.739 1.946 1.318 1.946 1.946 2.134 2.134 1.671 1.946 2.187 1.946 1.946 2.187 1.802
HNTD
TP 1E AR 1.580 1.178 1.580 1.894 1.368 1.492 1.580 1.492 1.894 1.58 1.894 1.492 1.492 1.492 1.492 1.567
HNZB
T P AR 1.671 1.671 1.371 1.757 1.893 1.859 2.375 1.559 1.998 2.134 1.998 1.859  2.048 1.757 1.998 1.863
HNCL
A 1.618 2.134 1.998 1.946 1.705 1.705 1.705 2.134 1.618 1.618 2.187 2.187 1.705 2.187 1.893  1.889
HNDK
iR 1.580 1.492 1.178 0.534 1.894 1.580 1.492 1.894 1.894 1.894 1.894 1.492 1.492 1.58 1.894  1.586
HNAH
Nl 1.671 1.318 1.344 1.318 1.946  1.705 1.618  2.048 1.998 2.134 1.757 1.946  1.757 1.559  1.998 1.741
HNLS
Wi T 1.371  2.187 1.859 1.946 1.859 1.998 1.859 2.187 1.946 1.893 2.187 1.946 2.134 2.375 1.946 1.980
HNCN
VLG ZE 5 1.508 1.671 1.671 1.671 1.998 1.705 1.946 1.893 1.946 1.705  2.187 1.671 1.671 1.559 1.671 1.765
IXWY
Wi fe 1.946  1.859 1.382  1.318 2.134 2.134 1.946 1.998 2.048 1.859  2.048 1.671  2.375 1.946  2.187 1.923
ZJPT
ek e 2.105 1.836  1.836 1.099 2.105 2.105 1.836 1.836 1.836 1.566 1.761 2.105 1.566 1.836 1.836 1.818
FJZN
HITLRABH 0.803 0.803 0.803 0.000 1.432 0.803 0.803 1.432 1.432 1.432 1.432 1.432 1.432 1.432 1432 1.127
ZJSY
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Table 7 Variance components and differentiation coefficients of phenotypic traits among and within Quercus gilva populations

ETn D SR S R

Variance component Percentage of variance component (% ) A
PR Differentiation
. N - . - coefficient
Trait R ) FRE BB 22 AL FPHEA BEHLIR2E  of phenotypic

Among Within Random Among Within Random trait (V)
populations populations error populations populations error (% )
B Tree height (m) 23.139 23.191 0.239 49.688 49.799 0.513 49.944
Jfg#% DBH (cm) 1 251.456 930.328 1.655 57.316 42.608 0.076 57.359
4 Volume (m*) 28.189 47.010 0.044 37.464 62.478 0.058 37.486
F# Trunk form 0.544 0.634 0.362 35.325 41.169 23.506 46.180
&4 Crown diameter (m) 20.574 18.725 0.071 52.258 47.562 0.180 52.352
K Leaf length (mm) 114.436 151.956 77.681 33.259 44,164 22.577 42.958
9% Leaf width (mm) 5.971 11.649 9.166 22.291 43.489 34.219 33.888
4 $E L Leaf length/width 0.065 0.094 0.095 25.591 37.008 37.402 40.881
T AR Leaf area (mm?®) 99 198.657 177 752.909 106 933.494 25.841 46.304 27.856 35.818
4K Petiole length (mm) 1.716 5.611 3.654 15.627 51.097 33.276 23.420
147 & Petiole width (mm) 0.042 0.032 0.046 35.000 26.667 38.333 56.757
4K 92 Lt Petiole length/width 0.681 1.492 0.883 22.284 48.822 28.894 31.339
AR A Petiole area (mm®) 10.678 21.085 21.011 20.233 39.953 39.813 33.618
I 8] # Spacing length of veins (mm)  0.695 1.068 0.696 28.264 43.432 28.304 39.421
152X Sawtooth No. 1.796 5.540 4.813 14.783 45.600 39.616 24.482
FHIE Mean — — — 31.682 44.677 23.642 41.491

33 REBRRETRSHMIESEEFEAHEXME
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T8 He AR /N B R R (G TR A, 2021)
fy R R R R 5 M 4k 5 IE M OC, F W ( Populus
cathayana) ( B EIE5 2021) M KA 5 446 5
W BFEAR G, AW TR 1E B BT WA K
MYIREE T, 28 26 5 FI il B2 ) o Je 7 X3 B PR R 1Y
SN 3 T 37K 5 i B2 7 ) 2 B PR 18] A7 7
—E R NE, X 52N E(2020) BYBFIEEE R
oL, B K 52 M G 4T K] ( Quercus championii ) FI
HHE N (Q. chungii) 73 Al KRBT, AHT5E
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RGN, BR ISR R A A ] T SRR
R (ZF R WSS 2013 ) i S A 58 32 B HE Jl /s
I IZ IR 55 ( Melia azedarach) (RN B
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J8,2020) 0 1 PR S B A0 5 e DT 5 | RS
AR B MIR A S PR, AT TR 5L b O 4 B
ANBEA R A 2R B T X TR ) A s R A U 4 1L R
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Table 8 Correlation analysis between phenotypic traits in Quercus gilva
IR Trait
ek e ) W
Trait W e e PR e ok obs TR g s eeme obgse S0 gy TIKELE
Jatz ML Leaf X . . [IEA . Spacing
Tree Trunk Crown Leaf Leaf Leaf  Sawtooth Petiole  Petiole . Petiole
. DBH  Volume . . length/ . Petiole length of
height form  diameter length width . area No. length width length/ .
width ares R veins
width
L 1
Tree height
Mtz 071155 1
DBH
FAR 0.657#% 0.923%% 1
Volume
T 0.364:% 0.412:% 0.2923x 1
Trunk form
AR 0.711%*  0.798** (0.696%* (0.427%3* 1
Crown diameter
SN 0.200%* 0.072 0.073 0.092 0.007 1
Leaf length
5 -0.018  0.012 0.045  -0.050 -0.145 0.707%:* 1
Leaf width
MK TE L 0.291#% 0.076  0.047  0.171  0.167 0.492%k —0.257#% |
Leaf length/width
I AR 0.122 0.125 0.137 0.104 -0.024 0.851%* 0.817%* 0.144 1
Leaf area
it £ -0.032 -0.015 -0.096 0.118 -0.101 0.124 0.111 0.030 0.152 1
Sawtooth No.
NETEN -0.027  0.193 0.102 0.137 0.074 0.168  0.368##* —0.235* 0.299%*  0.123 1
Petiole length
AR BE 0.049 0.034 0.031 -0.054 -0.071 0.490%* 0.539%* 0.006 0.574%% 0.158  0.341%* 1
Petiole width
AR T AR 0.000 0.147 0.106 0.107 0.054  0.321%x 0.507:*% -0.191% 0.477%% 0.141  0.895%% 0.670%:* 1
Petiole area
AR 58 L -0.053  0.133 0.910 0.166 0.163  -0.193% -0.022 -0.259%% -0.095  0.013  0.745%% —0.336%* 0.417%% 1
Petiole length/width
ik R 0.225%  0.205%  0.227%* 0.019 0.122  0.721*% 0.564** 0.297** 0.667** —0.263** 0.096 0.520%* 0.319%* -0.275%%* 1
Spacing length
of veins
L =
x99 FREBRNFREUEREMESERFHIBEXESF

Table 9  Correlation analysis between phenotypic traits and geographic and climatic factors in Quercus gilva

ELyA I\ Lo o i . ‘ _
RiEAh RETE RWAH  REFE  RESE
s 23} 3 Gz eI 9/ § [ 7K 4t KK i
FRIEAR . . Minimum Mean S T ST
. . Longitude Latitude Precipitation  Precipitation  Precipitation
Phenotypic trait temperature temperature
(E) (N) of the wettest  of the wettest of the warmest
of the coldest  of the wettest
month quarter quarter
month quarter
T+ Trunk form 0.047 -0.200 -0.501 0.117 0.593%* 0.572* 0.578*
MK Leaf length -0.316 -0.023 -0.503 0.185 0.144 0.275 -0.055
9% Leaf width -0.189 -0.333 -0.209 -0.200 -0.310 -0.158 —-0.549*
MK 58 o Leaf length/width -0.245 0.375 -0.434 0.520 0.502 0.507 0.530
AT Leaf area -0.379 -0.375 -0.420 -0.076 -0.055 0.101 -0.302
i 48L Sawtooth No. -0.328 -0.290 -0.423 0.004 0.079 0.236 -0.232
M4 4 Petiole length -0.123 -0.480 -0.213 0.109 -0.057 0.058 -0.203
49 5 Petiole width -0.268 0.058 -0.104 0.042 -0.566* -0.466 -0.603*
4R T A Petiole area -0.175 -0.278 -0.197 0.069 -0.297 -0.190 -0.393
4R 58 L Petiole length/width 0.198 -0.504 -0.063 -0.038 0.443 0.445 0.345
kA B Spacing length of veins -0.157 0.059 -0.133 -0.004 -0.245 -0.222 -0.231
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Table 10 Principal component analysis of phenotypic traits of Quercus gilva
IR Trait
Principal . []j' K ‘ 4 [H'Wi it ﬂ7]< DTk % ;% it
compo- TR R mMgE SER MR BRIEC MK MRS i Kyitk MR FREE Contri- Pl
nence  Trunk Leaf Leaf Leaf Leaf  Sawtooth Petiole Petiole P t'/l\ Petiole Spacing Eigen  bution = Cumulative
form length  width  length/  area No. length  width ‘f”(.)e length/ length of  value rate contribution
width area width veins (%) rate (%)
PC1 0.088 0.832 0.845 0.094 0.900 0.138 0.534 0.767 0.736 -0.009 0.735 4.205 38.231 38.231
pPC2 0.119 -0.392 0.026 -0.582 -0.171 0.148 0.799 -0.074 0.580 0.857 -0.417 2.447 22.248 60.480
PC3 0.748 0.233 -0.274 0.643 0.053 0.308 0.112 -0.239 -0.016 0.265 -0.055 1.344 12.214 72.694
PC4 -0.051 -0.034 0.071 -0.134 0.039 0.895 -0.125 0.239 -0.017 -0.285 -0.381 1.129 10.268 82.961
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Fig. 1 Principal component analysis on phenotypic

traits of Quercus gilva populations

JSE TIN5 X6 BAT K SR b AR R ELRR 4 DR 30 D B R
S PRSI A A0 B0 R 5 i DR R Aol I R 4
AR, TR B XU A R AR S oK iy, 22
O AHE P9 A R B WA 5 RS AR B T XA
NG ERBIAE FER IR o0 A X HE) 3 AR, LAIE i
A 7 A 14 DRI R DR A IS 1) 355 M A B D 47 490
TR S ol SR AT R M W A AR BE TR R R
T AR IE A, AT B R R Bt o A i BUIR
S bR 18] A 52 U 4R (LR, 5 Bl ) A B RE

SE R

BAI QS, CAI YL, HE BX, et al., 2019. Core set construction
and association analysis of Pinus massoniana from Guangdong
Province in southern China using SLAF-seq [ J]. Sci Rep,
9. 13157.

XUBIZE, BIRIS, 4, 2016, W BRAS R AP popk A
W7 [J]. PERIARll R 24], 36(5) : 16-20. ]

DENG M, JIANG XL, HIPP AL, et al., 2018. Phylogeny and
biogeography of East Asian evergreen oaks ( Quercus section
Quercus ; Fagaceae) ; Insights into the Cenozoic history of
evergreen broad-leaved forests in subtropical Asia [J]. Mol
Phylogenet Evol, 119: 170-181.

DONG X, WANG L, LU YZ, et al., 2017. Phenotypic
variation of Nitraria sibirica natural populations in Shandong
[J]. For Res, 30(2): 293-299. [ & W, £, &1L,
85, 2017, LKA AEY)/ NI DR R AR AR AU A S B 5T
[J]. MRl BRERTSE , 30(2) @ 293-299. ]

DUAN M, 1995. Comprehensive utilization of Quercus resources
in China [J]. J Beijing For Univ, 17(2): 109-110. [ %A,
1995. T MEBPTRAZEGMAT [J]. Jbatpol Ry
2, 17(2) : 109-110.]

FICK SE, HIJMANS RJ, 2017. WorldClim 2; new lkm spatial
resolution climate surfaces for global land areas [J]. Int J
Clim, 37(12) . 4302-4315.

GE S, WANG MX, CHEN YW, 1988. An analysis of
population genetic structure of Masson pine by isozyme tech—
nique [J]. Sci Silv Sin, 24(4) : 399-409. [ B4, L KK,
WRIGEX, 1988. J [) T B 0T 52 o e A HE AR 114 382 1% 45 4
[J7. Ml 24(4) : 399-409. ]



1634

IR = 7| 43 %

fEHSPIERG, C(AAIRD 3 R

Pedigree diagram using average connection (between groups)

WMEE HNTD J

Wik %4k HNAH

WFEE 0 HNDK

LG R JIXWY —

WM IEMR HNZB

WiFfR¥ HNBJ

WIE M HNCL

Wir el HNLS

WHLEFE ZIPT

WA HNIZ

WA ZISY

WIF M HNCL

WiF XUE HNFH

fRE T FIZN

B2 ETREURNFEERNMEREXR

Fig. 2 Cluster diagram of Quercus gilva populations based on phenotypic traits
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