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Abstract; Based on 5 natural populations of Tilia miqueliana Maxim. in Jiangsu and Anhui provinces,
difference , diversity level and variation degree of phenotypic traits of each population were investigated by
using 11 phenotypic traits of leaf, seed and infructescence. The subsequent analyses are used to address
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diversity pattern and variation law of phenotypic traits of natural populations of T. miqueliana, i.e.,
correlation analysis, principal component analysis and cluster analysis. The results show that the averages
of leaf petiole length, leaf length, leaf width, seed petiole length, seed horizontal diameter, seed vertical
diameter, bract petiole length, bract length, bract width, bract and infructescence connate length and
infructescence petiole length are 42.23, 86.36, 75.22, 9.72, 8.61, 9.46, 1.75, 107.46, 17.82, 53.34
and 37.51 mm, respectively. Each phenotypic trait shows extremely significant ( P<0.01) difference
among populations, whereas leaf length, leaf width, bract length and bract width show extremely
significant or significant ( P<0.05) difference within population. The coefficient of variation (CV) and
Shannon-Wiener diversity index (H') of 11 phenotypic traits are different, in which, CV value of seed
horizontal diameter (10.80%) is the smallest, and that of bract petiole length (70.29% ) is the largest,
only that of seed horizontal diameter and seed vertical diameter are lower than 15%. H' value of seed
petiole length (1.74) is the smallest, that of leaf width and infructescence petiole length (2.10) are the
largest. The CV and H' values show that variation degree and diversity level of seed phenetic traits of T.
miqueliana are lower. The average of percentage of variance component of 11 phenotypic traits among
populations (43.50% ) is obviously higher than that within population ( 14.16% ). The phenotypic
differentiation coefficient of each phenotypic trait is 66. 12% — 86. 09%, in which, only that of
infructescence petiole length is 66.12%, that of other phenotypic traits are above 70%. Furthermore,
there are extremely significantly positive correlations among 3 leaf phenotypic traits; among 3 seed
phenotypic traits, only seed horizontal diameter shows an extremely significantly positive correlation with
seed vertical diameter; among 5 infructescence phenotypic traits, there are extremely significantly positive
correlations among bract length, bract width, bract and infructescence connate length and infructescence
petiole length. In general, most of seed phenotypic traits have no significant correlation with leaf and
infructescence phenotypic traits, while most of leaf phenotypic traits have extremely significant or
significant correlation with infructescence phenotypic traits. The cumulative contribution rate of the first
5 principal components is 82.96% , which can basically reflect most informations of phenotypic traits of
T. miqueliana, in which, the third principal component mainly reflects the seed characteristics, while the
first, second, fourth and fifth principal components mainly reflect characteristics of leaf and
infructescence. Cluster analysis based on phenotypic traits shows that 5 populations are divided into
3 groups, 3 populations of Niushou Mountain of Nanjing City in Jiangsu Province, Baohua Mountain of
Zhenjiang City in Jiangsu Province and Langya Mountain of Chuzhou City in Anhui Province are grouped
into one group, and the other 2 populations are grouped independently, the cluster result is related to the
geographical distribution of the populations. The results of comprehensive analysis shows that the
phenotypic trait variation of natural populations of T. miqueliana is relatively abundant, and the diversity
level of phenotypic traits is relatively high, and the variation among populations is the main source of its
phenotypic trait variation.

Key words; Tilia miqueliana Maxim.; phenotypic trait; coefficient of variation; phenotypic

differentiation coefficient; Shannon-Wiener diversity index; correlation analysis
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Table 1 Habitat status of 5 natural populations of Tilia miqueliana Maxim. tested

R/ C ALy
JERED 2 29 #k/m  Annual Wkt /mm  BEEE/(°) B ER: o3l
Population D Longitude Latitude Altitude mean Annual mean Slope Slope aspect Soil type
temperature precipitation
P1 E118°41’ N31°53' 180 15.5 1 006 22 7R3t Northeast HHFREE Yellow-brown soil
P2 E119°03’ N32°08’ 220 15.4 961 28 PH West HHFRE Yellow-brown soil
P3 E118°15’ N32°18’ 280 15.4 1 035 20 PEJt Northwest #1047 JX + Brown calcareous soil
P4 E116°04’ N30°53’ 950 12.7 1 600 30 PHdt Northwest #74E Brown soil
P5 E117°04' N34°03' 230 14.3 875 32 753t Northeast #41 JK £ Brown calcareous soil

D1, TR 51414 1 Niushou Mountain of Nanjing City in Jiangsu Province; P2 VLI A TLTH 52 4E 11 Baohua Mountain of Zhenjiang City in
Jiangsu Province; P3. LR TN T I L Langya Mountain of Chuzhou City in Anhui Province; P4 TR T R K B Yaoluoping of Anging
City in Anhui Province; P5. %48 1 M i 2K Huangeangyu of Suzhou City in Anhui Province.

TEREA R FE R BRI 10 BRAE K OE R JCT™ SR |
TeI HUHE I R BRI IARAE AR R FERR A 1 15~ 30
a BE 10 m LA B Jg48 18 em DA b, BERRIEIFE 30 m
Pl b, F 2018 4E 8 HZE 10 H RAEFEMRM i L35
A ) g A VB, T A5 T = T R A I
1.2 A&

AR BB I R Bl R0 SR A TR A 4 A Hh e
11 ASFRBIHEAR, I 2 M8 3 B 21 1 32, 1 A I
B R CREEE 0.01 mm ) X 4% 2 B PR A 74 B 0 42
o, i R BIHR AL S AR A (AR S 2 e e
TR ) (I R (i e S 2 Tt ) 1 B ) At
B, (R e Wi Ak 1Y B8 ) 5 b R AL R AL S R AR K
(@2 B S e SR - R I e i N ey 11
K AR AR (FhF ORI ) R p R MR
FRAL AR (LR AR B4 A A K )
K (B HEAR R T 0y K8 ) A R 9 (8 R B i A 1Y)
PO MR AARKE (R ERIPEESEGRRE
THER BB ) FIAR AR (RPN L 38 22 1 7 B A i
K,

B EHE 10 BREERR , RE S PR e b F A R
AR 5 3, TERC SR B ERREPLR B 52 B it v b

T AL SORF AR S 30 4, B REAR & R AR IR 53
B 3 K, SR BCE A
1.3 HEIRAIBIGIT S

K] EXCEL 2010 B Fx 52 56 B 17 B B IF
SRFHR3.3. 3 A # AT H s o0 . R A X 217 5
FEAEL ARG | X 7 20 5090 47 E 285 40 A L 22 5% 1
iRl ll8

3 IR 25 MR 00 S (BRI bR o 22 BEAT SR
PR TT 225001, IR Fisher fio/)h i 3 1 22 50k
(LSD) X 5 ANFARFERE 11 ARAHAR AT 2 E
HeAL

I3RS FRAPEAR B I (BRI bR 1 2 | >R F 72 5
RAB(CV) s R MR A B AR T R
Shannon—Wiener ZFVEFEEL(H') 434 5 > KIREHE
FRIMERI ZREER S s 2 R HRE " Wik
XJ 25 RAVPEAR AT A 7 25 000, PR R AL R
B, R H Pearson #H 5¢ 2 000 #T 4% 28 UMK A9 A 5
P, ISR A corr.test PRV AH 56 2R BHEA T 1 35 PEA
555 R vda pREHEAT FR AU IR (9 32 43 43 AT 5 K B
PEIEAT Z-score FrUEALAL B IR FH Ward 6 %F 5 4~
KIR BT RIS HT .
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ST

BRI 5 A KARJEBER I e Fh R SR e e A
AR 25 57 A8 5 R EL A Shannon —Wiener 25+ P 45 44
B ELE L3R 2, 25 R BUHAR B 7 220 A 4 SR UL 3, 4%
TR 7 2250 AR AL AL RELF 4,
2,11 RAMKRGEF WK 2 AT 0L BRI
IS o SN L R L R NI L 5 W ol e o o)
AR AR K R TE RS A K LR AR Y

PIE IR Ky 42.23 . 86.36.75.22.9.72.8.61.9.46
1.75.107.46 ,17.82 .53.34 F137.51 mm , A [G] 5 FE 0] 45
FAMER AR 22 5

FE 3 A R AV IR v 2 RO 1 N T L R
(P5) JEREA MR (52.51 mm) f K, .35 (P<0.05)
RTLHAATRN T I (P3) VLI LT 5 4
W (P2) VTR AE R Hi A 1 (P1) 3 AN JEHE; 8
BERTTETEE(P4) JRFFA M F 4 (102.15 mm) Al
598 (91.72 mm) ¥y ik, HE AR S H Al 4 A4 5 #f
22503 PSR AF A AR K (30.48 mm)  HF K
(65.84 mm) FIM F 9% (53.81 mm) B/, H 5 HAl
AN EREEREE

®2 BHEBSANRABEMA FFMRFREERMES R RHA Shannon—-Wiener £ HEIEIEHH LY

Table 2  Comparison on difference, coefficient of variation and Shannon-Wiener diversity index of phenotypic traits of leaf, seed and
infructescence of 5 natural populations of Tilia miqueliana Maxim.!
RE B /mm AR/ oA 95/ mm Pk 1SR/ AR POUE o
Populationz) Leaf petiole length Leaf length Leaf width Seed petiole length Seﬂll. horizontal Seefl verllfal
diameter diameter

Pl 30.48+5.60¢ 65.84+13.00¢ 53.81+7.20c 8.08+1.38¢ 8.30+0.53b 8.49+0.56¢
P2 38.85+6.81b 83.22+13.74b 78.23+10.90b 8.59+1.79b¢ 9.02+0.90a 10.16£0.91a
P3 38.68+6.58b 82.82+13.25b 77.32+10.86b 8.75+1.90bc 8.28+1.02b 9.48+1.07b
P4 50.63+£12.09a 102.15£16.78a 91.72+11.19a 14.00£2.97a 8.04+0.63b 8.59+0.64¢
P5 52.51+10.19a 97.77+13.81a 75.01+£9.72b 9.17+1.40b 9.40+0.74a 10.60+1.22a
YA Average 42.23+11.90 86.36+19.01 75.22+15.70 9.72+£2.92 8.61+0.93 9.46+1.23
CV/% 28.06 19.64 20.87 30.04 10.80 13.00
H' 2.04 2.08 2.10 1.74 2.03 1.99

gt K .
I R g e o
Population Bract petiole length Bract length Bract width connate length petiole length
P1 2.13+0.69a 103.34+12.30c¢ 12.74+1.76¢ 52.45+7.73be 30.61+6.44¢
p2 1.13+1.07¢ 86.30+11.69d 15.11+£2.38b 43.85+7.65d 37.41+8.43b
pP3 2.70+1.81a 109.28+12.47bc 20.53+3.16a 51.18+6.72¢ 36.12+8.61b
P4 1.15+0.81bc 110.63+11.41b 20.04+2.98a 55.92+6.90ab 39.07+7.76b
P5 1.65+0.55b 127.73£15.74a 20.67+2.61a 63.32+11.10a 44.35+7.44a
YA Average 1.75+1.23 107.46+18.41 17.82+4.18 53.34£10.28 37.51+8.87
CV/% 70.29 17.13 23.46 19.27 23.65
H' 1.80 2.05 2.07 2.05 2.10

D [l 51 H R [ /NG R R R —FE AR 7E A ] Ji 4hE 18] 22 5+ 58 2 ( P<0.05) Different lowercases in the same column indicate the significant ( P<0.05)
difference of the same index among different populations.
2>l:’l; VA 741 11 Niushou Mountain of Nanjing City in Jiangsu Province; P2 VLI FE YT TH 52 4E 11 Baohua Mountain of Zhenjiang City in
Jiangsu Province; P3. LU M TTHIFIL Langya Mountain of Chuzhou City in Anhui Province; P4. &8 % KT B 75 YT Yaoluoping of Anging
City in Anhui Province; P5. #4815 M 17 2 &K W4 Huangcangyu of Suzhou City in Anhui Province. CV: AE 5 Z2 % Coefficient of variation; H'.

Shannon—Wiener ZHEPE$5 %L Shannon-Wiener diversity index.

£ 3 A BT R BHAR T, P4 TR BE YRR K
(14.00 mm) ek, H-5HA 4 NEHEES B3PS
FEOYFPFREF2 (9.40 mm ) FIFPF9A4% (10.60 mm)
K, 5 P2 Bl EES B HWM TR M

Fh AR 5 25 KT oA 3 AN Jm A

1E 5 AR R AR T, P3O B A R A
(2.70 mm) fie kK, 5 Pl BREC R 25 (H - EHia
AR B KT HAh 3 AR PS B A R K
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(127.73 mm) GRS A K (63.32 mm) AR K
(44.35 mm) ¥ K, H A F 5 HAL 4 MEEEER
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F120.53 mm, =F LW EER (HEBERKT P2 M
P1 JEHE,

D7 MR (K 3) BRI 11 N E R
PR ) 22 5 7 A 8] 2 35 W B8 3% (P<0.01) /K5 {0
FEJEFE AL R — R A MR 9 22 53k i B 350K
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Table 3 Result of variance analysis on phenotypic traits of leaf,
miqueliana Maxim.

Lt R TE AR KRN R E 3 S R AR ) 22 Sk
KO, oAt 7 A 3R AR A S N 2
25,

2.1.2 ERAMKRSEFE 11 ADRBPRE R 5
FE(FR2) 0T WL AR R SR TR 11 DR AR B
WRZE(CV) AR R ES o Fi PR v
/N, AN 10.80% ; &1 K 1Y CV {5 K, 15 3
70.29% , H 2k L&, AR BAR R R85 7 il 1

seed and infructescence among populations and within population of Tilia

Y75 Mean square FAEY  F value"

B e FEREN bR e RHE] R
Phenotypic trait Among Within Random Among Within

populations population error populations population
4% Leaf petiole length 2 537.70 92.41 66.03 27.46%:% 1.40
4 Leaf length 6 257.21 192.95 93.94 32.43 % 2.05#%
MR 58 Leaf width 5581.84 137.23 82.11 40.68 1.67+
A Seed petiole length 176.64 4.70 3.52 37.58 %% 1.33
7142 Seed horizontal diameter 9.87 0.72 0.57 13.79 % 1.25
FF-912 Seed vertical diameter 26.06 0.89 0.82 29.36#* 1.08
K Bract petiole length 13.44 1.23 1.15 10.94 %% 1.07
4 F K Bract length 6 668.94 221.72 138.46 30.08 3 1.60
5} 3% Bract width 401.46 9.00 5.95 44.61#x 1.51%
F A A2 K JE Bract and infructescence connate length 1513.19 80.90 60.57 18.70 % 1.34
P Infructescence petiole length 740.94 72.54 54.99 10.21 1.31

D s, P<0.01; * ; P<0.05.

R4 HEBRABRHEMHA MFNRFREERKNATESEMRESUERY

Table 4 Variance component and phenotypic differentiation coefficient of phenotypic traits of leaf, seed and infructescence of natural populations

of Tilia miqueliana Maxim.

AN AR
Val‘iaiiicfmfonent Percenjtzgf jizﬁ: I:(‘?{)Z?ponenl R WREY %

FRIPRARD Phenotypic
Phenotypic trait") JE A 1] JEREN NS JEHER] JE#EN HLiR differentiation

Among Within Random Among Within Random coefficient

populations population error populations population error

4% Leaf petiole length 9.03 2.97 8.13 44.87 14.74 40.39 75.28
R & Leaf length 14.22 5.75 9.69 47.94 19.37 32.68 71.22
I F 5% Leaf width 13.47 4.29 9.06 50.23 15.98 33.79 75.86
A Seed petiole length 2.39 0.63 1.88 48.88 12.76 38.36 79.30
FhF 4% Seed horizontal diameter 0.55 0.22 0.76 36.13 14.40 49.48 71.50
FhFY\FE Seed vertical diameter 0.92 0.15 0.91 46.47 7.51 46.02 86.09
#5 A AR K Bract petiole length 0.64 0.16 1.07 34.11 8.50 57.38 80.05
4 /K Bract length 14.66 5.27 11.77 46.25 16.62 37.13 73.56
2 98 Bract width 3.62 1.01 2.44 51.20 14.27 34.53 78.21
Ly 6.91 2.60 7.78 39.96 15.04 45.00 72.65
Lyp 4.72 2.42 7.42 32.43 16.62 50.95 66.12
YJ{H Average 43.50 14.16 42.34 75.44

Ly FRAE 4K JE Bract and infructescence connate length; Lyp : J/FAH1K Infructescence petiole length.
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(28.06% ) e K, M K19 CV {H (19.64%) fe/N, 7E
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SRIERFRMAR AR S8+ 5  HR PR AR
A SRR /N AR E
2.1.3 AAMIKE $4M H Shannon—Wiener 2+
PEFE (2 2) AT UL B AR S A KARERE 11 SRR
PR B Shannon—Wiener ZREEFEE(H ) fAE—E %
St Ho RPN BB (1.74) B/, R S8 FR T
WK H'E(2.10) fok, BV bt ke B3
KHAEIRERN,

®5 EEBRRABBENME MFMRFEREEREHEXREY

FE 3 A R AR P R SRR H(E (2.10)
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(L74) 5/, 165 AR RBMIR T R PR
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FEVERAIG, M A ISR e A MR R
2.1.4 ERAMRAGEFRB RS FER R
FARFERE 11 AR BR 04 FE R 8] 7 25 008 7 40 L 1Y
YA (43.50% ) B0 K TR RN 7 22 0 1 3 53 g 3
H(14.16%) , 25FRBHARM JE E T R A AL R Bk
66.12% ~86.09% , ¥IME 1 75.44% ; Horp  {URFA K
e RI R BN 66.12% , HoAth 26 IR AR B 26 41 4y
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Table 5 Correlation coefficients among phenotypic traits of leaf, seed and infructescence of natural populations of Tilia miqueliana Maxim."

FRIPEIR FFEZEEL  Correlation coefficient
Phenotypic
trait Ll’ LIA blj LSI’ DSH DS\‘ LBP LB bB LBI LII’
Ly 1.00
Ly 0.78 1.00
by, 0.64 5 0.86 1.00
Lep 0.32#%  0.48%%  0.49 1.00
Dgy 0.10 0.12 0.03 -0.08 1.00
Dy, 0.173 0.16 0.10 -0.04 0.65 3 1.00
Lyp =0.20%* -0.25%%  —0.20% -0.14 -0.04 -0.02 1.00
Ly 0.36: 0.33 0.11 0.15 0.06 0.06 0.11 1.00
by 0.44 5 0.53 % 0.50%* 0.30%* 0.06 0.21* 0.00 0.57 %= 1.00
Ly, 0.34 0.30# 0.09 0.14 0.02 0.04 0.04 0.92% 0.37 3% 1.00
Lyp 0.32: 0.33 5 0.24 53 0.16 0.18= 0.32#%%  —0.04 0.423% 0.47 s 0.34 1.00
D Ly M Leaf petiole length; Ly : M/ K Leaf length; by : M F i Leaf width; Ly : F1< Seed petiole length; Dy : F 4% Seed horizontal

diameter; Dgy : I FH\Z Seed vertical diameter; Ly : 45 7 #R 1 Bract petiole length; Ly : i 1K Bract length; by : 40 T8 Bract width; Ly, B8

44K B Bract and infructescence connate length; Lp . B K Infructescence petiole length. ##* . P<0.01; * . P<0.05.

2 5 Al 0L 3 AN R BRI i
HI 58 ) M]3 (P<0.01) IEAHIE; M 7E 3 4
P APRR AR TR 5 R TR A 3 I
A HE S ARIPRAER D, R K AR T8 AR
GHERKEMITFN 4 AR BIMEIR E) 4% W32 A
%, MIERERA 11 AFAB AR A AR R A Rl 7

WA TC i 2 A OC A, it KA S R TR AR AR A%
TG A e, HARP T8 3 N RAWERIR S ZHUR 7 %
RUPER (B) 34 00 8 3 A 5 s 9 A0, e R i 5 3 e
A AR S B2 (P<0.05) BUM 2 A 56 5
A FhF- R BUPRR AR 7 R IR 3 T B A
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Table 6 Result of principal component analysis on phenotypic traits of leaf, seed and infructescence of natural populations of Tilia miqueliana

Maxim.
o FHEM & Eigenvector
Enisr p p
Principal RN . - T Rt Ui Ve R
. itk ok He i : . FhFA :
component Leaf petiole Leaf leneth Leaf width Seed petiole Seed horizontal Seed vertical Bract petiole
length cal feng cal wi length diameter diameter length
1 1.512 1.662 1.420 0.973 0.360 0.549 -0.348
2 0.427 0.696 1.005 0.795 -0.607 -0.611 -0.818
3 0.071 0.107 0.149 -0.313 1.530 1.529 -0.338
4 0.118 -0.043 -0.377 -0.307 0.097 -0.126 -1.590
5 -0.576 -0.351 -0.193 0.442 -0.380 0.026 -0.398
F o FRfEm D Eigenvector! BT fi TR/ % it ik R/ %
Principal B K B P9 . . Eigen\;alue Contribution Cu-mul-ative
component Bract length Bract width BI P rate contribution rate
1 1.244 1.448 1.116 1.126 3.999 36.35 36.35
2 1.166 -0.258 -1.086 -0.621 1.824 16.58 52.93
3 0.735 -0.141 -0.778 0.254 1.674 15.21 68.14
4 0.257 -0.439 0.513 -0.043 0.904 8.22 76.36
5 -0.185 0.436 -0.369 1.149 0.726 6.60 82.96
I)LB] . BSR4 4E K Bract and infructescence connate length; Lp: RIFK Infructescence petiole length.
B I TTRR A 8.22% , LA WK ARRAIE 17 2 114 4 %o P2
HEKR (KT 1.5) , BiWi% 32 i 32 28 S it g st i A - I
- 1
FrRRRYARE . 57 5 FIMOTHY BTk 6.60% , IR T "
. N E e 3 g Pl—
IR 1 RO BA (KT 1.0) , B % : :
N RN | il
51 LR WA SRR AR B AR PS— ;
24 ERBRABHRWRENN et n
0 5 10 15 20 25

ST B R R 11 A B R B 5
5 AN KIRFEREIEAT RIS M S5 R WA 1,

FERRIGHE S 6.0 &b, BEikAY 5 A~ KRBT 430
34, Hop VLRE BT R AR (P2) B B
TR L (P3) AL R s i 4 B 1L (P1) 3 AR HE
BIE—, M T 28R 1a M 2R (PS) T4
BERTTRGTEEE (P4) JR B4 B BBk a2, 53501 o 41
MAZHI, 7ERRECHEES 1.0 40,40 T X a4 2 N
4, Hor P2 RN P3 JRAERAWAL 1 a,P1 B AL

RRECHES Euclidean distance

P1. VL7934 R 2 1 2F & LU Niushou Mountain of Nanjing City in Jiangsu
Province; P2 VLI BV S 42 11 Baohua Mountain of Zhenjiang City
in Jiangsu Province; P3. % #4517 3R IF 1 Langya Mountain of
Chuzhou City in Anhui Province; P4. &84 % KT 897 FF Yaoluoping
SRR M T

Huangcangyu of Suzhou City in Anhui Province.

of Anging City in Anhui Province; PS5,

E1 EFHRE MFRNRFREERAOBERES ANRABRHNE
KE

Fig. 1 Dendrogram of 5 natural populations of Tilia miqueliana
Maxim. based on phenotypic traits of leaf, seed and infructescence
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