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Phenotypic diversity for natural populations of Juniperus rigida in the
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Abstract: To determine the phenotypic variation for natural populations of Juniperus rigida and the relation-
ship between phenotypic variation and different population distribution areas, six populations and 120 families
were sampled in the Helan Mountain Nature Reserve of Ningxia. Twenty phenotypic traits were analyzed, in-
cluding needles, cones, seeds, height, diameter at breast height (DBH), crown diameter, height-diameter
ratio, crown-diameter ratio, density of primary branches, height of stem under branch, stem straightness,
total number of primary branches and length, and diameter of primary branches using variance analysis, cor-
relation analysis, and the Unweighted Pair Group Method with Arithmetic Mean (UPGMA )hierarchical cluster
analysis. Results showed that significant differences (P << 0.01) among populations for 11 characteristic indices,
such as needle length/needle width, cone length, cone width, cone length/cone width, seed length, seed
width, seed length/seed width, DBH, stem straightness, height-diameter ratio, crown-diameter ratio, total
number of primary branches, diameter of primary branches, and height of stem under branch. Also within
populations, seven characteristic indices were significantly different(P << 0.01), such as needle length, nee-
dle width, needle length/needle width, cone length, cone width, seed width, and seed length/seed width.
Variation among populations mainly contributed to phenotypic variation with a mean phenotypic differentiation
coefficient (V) of 66.63%; whereas within populations, Vg was 33.37%. For correlations between needle

length and total number of primary branches, canopy density was positively and significantly (P << 0.05)corre-

ks 5. 2010-11-18; & H Y. 2011-02-19

HEWH: BXRBRBFIEE T E (30671672); PGICARMENE K25 4F AR E T 32 R 1R H (01140304)

YEZ R X, MWFEAD KD SH RS T AW F5E . E-mail; liuyu0373@126.com, W {E/E#E: 225K, #l
Wiz, W, WFEY Y2 MY E FAEY R LS55, E-mail: dengwuli@163. com



620 TR AN N NS e 4 2011 4 8 A4 20 H

lated; for needle width, altitude was significant (P << 0.01)positive correlated; for height of stem under branch,
gradient was significant (P << 0.05) positive correlated; for needle width, slope direction was significant (P <<
0.05)negative correlated; In addition, six populations gathered into four groups by cluster analysis, which in-
consistent with the geographic distribution and altitude gradient of Juniperus rigida in the Helan Mountains.
There were significant differences in phenotypic variation among and within populations. Utilizing of variation
within and among populations is important significance for genetic improvement of Juniperus rigida. [Ch, 1 fig.
7 tab. 19 ref. ]
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Table 1 Habitats of natural populations of Juniperus rigida
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Table 2 Variance analysis of phenotypic traits among populations and within population of Juniperus rigida

I @

¥ 75 FA

N TN HLi% N N
LN 68.673 699 56.682 304 4.025 011 121 14.08"
Bt 5 0.233 733 0.083 822 0.016 149 2.79° 5.19™
AR LA NS 206.926 508 52.570 354 10.092 698 3.94* 521"
R K 69.511 527 1.186 234 0.765 811 58.60" 155"
BRI 5 63.832 472 0.821 704 0.500 451 77.68" 1.64"
BRGE K/ BRI 5 1.089 133 0.022 319 0.021 397 48.80" 1.04
IR 64.691 297 0.385 833 0.294 012 167.67" 1.31
T 58 17.746 520 0.823 872 0.184 158 21.54" 447"
TR/ AT 5.244 284 0.073 743 0.034 751 71.12" 212"
W 1.770 015 1.631 421 1.09
W42 147.985 867 14.343 704 10.32"
BLNEN: S 4.856 667 0.998 148 4.87"
ek 0.694 352 0.592 663 1.17
mf 2 283.785 284 142.297 201 16.05"
AR 861.812 806 50.388 722 17.10™
— G SR 944.190 000 361.827 778 2.61°
Az 25 1 146.216 667 132.501 852 1.10
R E 3 310.020 167 1 258.343 130 2.63"
e KA K 0.536 982 1.257 755 0.43
e R AMEHL 23.930 967 8.507 167 2.81°

P . #P<0.05; *+P<0.01,
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FELE AR L ANET I/ I SEAF 11 AR IBIVIR AR AR AR 8] B A7 A S8 3 22 5 (P<<0.01), BF5E ., — 2%l
BoB B, BT e iROACHLAE 4 AR BPARTERE R R0 A7 £ 225 25 53 (P<<0.05) , MR PRARTERE A 7] 22
FAEE . BR TERK/BRCRIEMFFAh, Hopr 7 MERFERHA AR e 2535 22573 (P<<0.01).
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Table 3 The mean value and standard deviation of phenotypic traits of natural populations of Juniperus rigida

i M S A L VA BRSO BT HRRKS MRS Fhru LIRS

B} i /m
&  mm mm T mm mm BR T mm mm T+ 78

[ 1641163 ab 0.90+0.08 b 1893258 a  8.89+0.24 b 7.30£0.19 b 1.23£0.03 b 6.0420.17 ¢ 3.40£0.05 b 1.76£0.12 ¢ 2.79+0.78
1501198 b 0.93+0.05 b 1650+1.66b  8.41+0.15 ¢ 7.52+0.21 b 1.12+0.03 d 5.95+0.19 ¢ 3.99+0.03 a 1.50+0.04d  3.64+2.64
17.08+1.14 a 0.93+0.04 b 1861+125a 8.11+0.20 d 6.57+0.38 ¢ 1.25£0.06 b 5.66+0.12 d 3.06+0.09 ¢ 1.86+0.05 b 2.77+0.76
1639+2.10 ab 0.95+0.11 b 17.62+1.36 ab 9.13+0.15 b 7.82+0.10 a 1.17£0.02 ¢ 6.60+£0.14 b 3.88+0.33 a 1.74+0.06 ¢  3.76+0.65
16.12+221 ab 0.95+0.07 b 1725190 ab 8.01+0.32 d 6.08+0.25 d 1.33+0.02 a 5.69+0.16 d 3.37+0.07 b  1.69+0.05 ¢  3.09+0.68
16074235 ab 1.02+0.07 a 15.90+2.15 b 9.79+0.48 a 7.37+0.17 b 1.34+£0.05 a 7.37+0.17 a 3.47+0.45 b 2.07+0.06 a 3.33+0.85

s = =2 E =

16.18+x1.96  0.95+0.08 17.47+2.09 8.72+0.68 7.11+0.64 1.24+0.09 6.22+0.62  3.53+0.39 1.77+0.19 3.23+1.28

" et/ g WK MRS RO Rk
i e S
% em EEE FitEi AL g e em Kk Aofil/em

[ 7.17+2.89 be 1.90+0.74 b 2.36+0.81 41.49+£9.27 b 35.65+12.73 a 27.00£14.24 ab 13.30£4.90 24.30+26.14 be 2.00£0.78 5.78+3.17 ab

17.39+5.88 a 2.20+1.32 b 2.04+0.99 21.13+12.48 d 12.36+5.62 ¢ 13.50+12.11 b 8.90+5.26 60.84+60.12 a 2.10+2.14 8.02+4.76 a
10.56+2.88 b 1.70+0.82 b 2.38+0.68 27.74+8.86 ¢d 23.73+8.21 b 37.00+27.96 a 2050+24.15 3100+1690abe 1.77+0.72 583+262 ab

10.48+2.64 b 2.00+0.94 b 1.74+0.32 30.81+8.19 bed 17.10+2.75 be 37.30+18.39 a 14.80+6.29 11.65+11.78 ¢ 1.69+0.67 582+247 ab

Il

|

IV 6.57£2.82 ¢ 3.10£1.29 a 2.08+0.78 64.13220.62 a 32.54+4.76 a 39.00+21.31 a 12.40£6.22 51.90246.53 ab 1.45+0.94 3.41£2.07 b
N

VI 10.51+4.47 b 3.40£0.70 a 1.83£0.88 33.61£6.41 be  17.39£3.32 be 34.30£15.74 a 12.80+9.05 2990£2574 abe 1.74+0.72 451101 b
&

10.45+£5.07 2.38+1.15 2.07+0.78 36.48+17.99  23.13+10.92 31.35+20.28 1378+1156 34.93+37.84 1.79+1.09 5.56+3.13

B a, b, ¢, d, e HFEHERLZFE LK N Duncan grouping FR/n i, Ho A = BEAH [R5 A0 I 8] 25 57 A48 1.3

FAIARBIAAAE .35 22 57 (P<<0.05) . BFM-RERIBHEZIL, F/hiie T Bt siio RS2 VI, ot
FERIM 22 AR B/ SERR IR T, B2 VIL SRR KERMEHAE VL, B/ HITAYV
RO FER AR IRV, S/hi 2V BORK/BRR SRR A VAL, s I, R RmoR i
RV, BNy, Vi frsiikmitidoE D, IV, Sy I fpreR/ /e se o Ry VI, i
IR L MR s R BRI, SNV sl EERR AR IVAIVE, o LA B4R () o 22 5 i 3
R BRI NIV, BN R I, sER bR TRV, /b T, — e S
fREAE T, o BFmsmc kB aE I, Sk Vo SRS R R I, e/ MEIv .
22 MRBFESHERERFKERBFEBHRESL

FHBEARIR] 7 22 53 o 352 4% B8 S CRE AR TR AR P9 Jr 22 43 8 22 R0) 19 7 40 LG 38 TRE AR [1] 119 3R 8L 73 1k R 4K
(Va), s R K 4, R A PAIE S Bk BRE . A5 9 DRAMR AR AL 00 R B0 72 518
&R 2.23%~99.14% , Hrb g RIZECRK/ZBRR S, S/ e . R REGRF] 90% LA ERIA S
ANRBEIR, SRR A R/A o . BRORK L BRORGERBRR /BRSSO 5 MERIRTERE
PARTR) 728 S R T REAR N 928 S, B IE) A9 28 S L3 o BEIE Y 3 SRR Vo AIXTEN, BEBTEAT
5 HABMHRA FE, FERFR R LR, DU NS 5o 320 9 M HRIR Y- 2 R B0k R Bl 66.63%, 1t
WV [R] 948 52 R THEAR N B8 57, REAS AR BRI R AL O34k 1) 28 S AR AR 8] 728 528 2

FERA B 2 B0k R 505 5215 8k Quercus mongolica™ (V= 53.97%) 235, & T 1 K2 #S Pinus bungeana™”
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Table 4  Variance portion and phenotypic differentiation coefficient (V) among populations

. Iy Y k1% Iy 511 % HIHERH

o BEURI 8% RN S, BlRe,  BHEE P BRRP BLBP V%
i 0.079 943 3.510 486 4.025 011 1.049 7 46.097 0 52.853 3 2226 5
£t 5 0.000 999 0.004 512 0.016 149 4614 1 20.829 1 74.556 8 18.134 9
SR T 1.029 041 2.831 844 10.092 698 73747 20.294 7 72330 5 26.652 9
HORK 0.455 502 0.028 028 0.765 811 36.459 4 2243 4 61.297 2 94.203 5
BRI TE 0.420 072 0.021 417 0.500 451 44.596 5 227317 53.129 9 95.148 9
BRI KBRS 5 0.007 112 0.000 061 0.021 397 24.892 8 0.2150 74.892 2 99.143 7
JUISES IS 0.428 703 0.006 121 0.294 012 58.820 2 0.839 9 40.339 9 98.592 3
B9 0.112 818 0.042 648 0.184 158 33218 5 12.557 3 54224 2 72.567 8
KT 5 0.034 470 0.002 599 0.034 751 47.994 8 3.619 3 48.3859 92.987 8

(Vy=228%), NV =42 Picea balfouriana™'(V, = 36.53%), &N Pinus massoniana™ (V, = 6.44%), %1
¥A Pinus koraiensis™' (V= 22.7%), K HEM S Larix olgensis"'(V, = 26.2%), ¥ i = ¥ Picea crassifolia®
(Va=27.18%)% . 5 LR RIAR LG, ARFAHEMR ) 280 48 S 23k B3 = K F o
23 MRREPESTERIFMLE

MRS T A e 20 DS RBIHOIRP 1978 S R ECK 39.050%, 7% SR EE 12.419%~108.339% , Horbi
R AT 7 (108.339%) , fie/MW2BR AR (12.419%) X RWIECT S B HAB MRS 7ok, BRAR K I AR

R5 HMRABEREUERNERREY

Table 5 Variation coefficients of phenotypic traits of natural populations of Juniperus rigida

AL 5 R K%
RN
I Il | v N Vi Bt
[RUES 16.461 17.057 12.055 15.983 18.051 19.497 16.980
0t TE 18.678 14.684 11.678 16.701 15.604 12.230 15.464
BRI/ 15 27.656 18.375 15.723 16911 19.940 19.983 21.221
BRI K 8.526 9.232 12.612 6.472 10.194 12.549 12.419
BRI TE 8.487 9.204 13.385 4.287 12.555 12.046 13.134
BRI/ TE 12.510 9.135 15.821 5.882 7.812 14.939 13.357
K 9.864 10.610 8.068 7.770 7.668 8.392 13.045
Pl 9E 9.678 8.499 7.636 20.853 6.775 17.152 16.049
il F A Rh ¥ 58 14.239 13.283 9.420 9.350 8.956 9.702 14.525
= 27.958 72.605 27.343 17.409 22.165 25.624 39.707
Haf4 40.305 33.798 27.279 42.853 25.209 42.510 48.499
i 38.835 59.844 48.428 41.506 47.140 20.565 48.300
e 34.280 48.400 28.494 37.214 18.142 47.965 37.442
[oX e 22.341 59.078 31.934 32.160 26.594 19.081 49.321
A 35.709 45.481 34.591 14.638 16.074 19.106 47.197
— M SR 52.726 89.725 75.558 54.647 49.290 45.893 64.681
I %5 2 36.843 59.088 117.799 50.176 42.472 70.726 83.879
SN 107.576 98.815 54.511 89.661 101.080 86.101 108.339
IONIIESES 38.929 102.076 40.786 64.823 39.541 41.361 61.107
I R MBAL 54.861 59.354 45.020 60.771 42.497 22.478 56.328

1y 30.823 41917 31.907 30.503 26.888 28.395 39.050
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EVER R . RS BT LUA R — AR AEAS R (A PN A 22 S Bt A 22 5, U AN ) 3 X Py 3 05 5t T
PESF B R R S 25 5 o FEAS 6 A RARTEIR B A R MR (9 3978 52 REONKR BN . 1
(41.917%) > 1 (31.907%) > 1 (30.823% ) > IV (30.503% ) > VI (28.395% ) > V (26.888% ), iX 6 HEE{AHY
AR BB LR, TR ENTR R SRR R .
24 MMREMEREREXXER

XEAEAR Y 20 A F VAR B EHEAT TRV BAR S AR SR (3 6) 0 R 6 A . R BLPRAR A
KRB R KSR T RAECR K (0.9647) , R AR R (0.9427) , Bi W b PRIk 2 81 35 A sk )+ 5
PE(P<<0.01), 20 PFRENER 5 4 D HABVEARA 35 A SR M MRS S RMERL, 15 2 A A PR AR A7 1

®6 HMMREMEKEEXSHF

Table 6  Correlation coefficients matrix among phenotypic traits of Juniperus rigida

HI% R M

M mrk om0 N mek omms o T g TR

A5 mEE K Brof s
558 0.276
LR N LS 0.650 -0.542
BRI K 0.964™ 0.273 0.611
B 5T 0.594 0.719  -0.033 0.694
BRI /R T8 0.260 -0.677 0.722 0.160 -0.599
kK -0.109 -0.767 0.561 -0.061 -0.330 0.376
05 0.796 0.028 0.670 0.120 0.073 0.595 -0.120
LU A -0.588 -0.491 -0.107 -0.406 -0210  -0.172 0.681 -0.794
LN 0.443 0914"  -0.298 0.355 0.641 -0.478 -0.622 0.327 -0.652
JiloEEs -0.216 0.333 -0.470 -0.328 -0.051 -0.289 -0.738 0.053 -0.533 0.271
BT = 0.170 0.797 -0.428 0.176 0.765 -0.851"  -0.498 -0.095 -0.275 0.755
ik I -0.366 -0.273 -0.073 -0.173 0.189 -0.461 0478  -0.704 0.812°  -0452
— AL BB 0.171 -0.518 0.613 0.101 -0.349 0.587 0.788 0.313 0.220 -0.222
IR MBA -0.320 0.049 -0.396 -0.222 0.021 -0.275 -0496 -0.379 0.027 -0.268
A% 2% -0.363 -0.849" 0.437 -0.389 -0.640 0.439 0.880" -0.117 0.570 -0.730
W 0.942" 0.459 0.477 0.865 0.603 0.138 -0.189  0.786  -0.663 0.672
mELL 0.366 0.271 0.154 0.453 0.491 -0.173 0.348  -0.026 0.248 0.335
SEAE L 0.015 -0.146 0.147 0.223 0.300 -0.172 0.605 -0.457 0.753 -0.254
. —gM Rk RK R

PEAR Wit BTE R e e e U T
SN 0.421
7ok -0.232 0.174
— G B AR -0.740  -0.523 -0.123
Fe R ALK 0.622 0.117 0.279 -0.875"
S ONIL % 0.829" 0.164 0.107 -0.816" 0.872°
I % 2 -0.357  -0.546 0.389 0.645 -0.292  -0.204
i -0.186 0.300 0.498 0.228 -0.502  -0.640 -0.438
EAELL -0.797 0.145 0.107 0.507 -0.704  -0.829° 0.095 0.483

&

EAt -0.856"  -0.101 0.621 0.355 -0.285  -0.548 0209  -0.039 0.760
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BEMRMERMRAM TR M7 BORK . A B . A R KRB T — Z A s
B, 5 UAHABYERA BRI MRA B L BOR/BORTE . BCT . B B/ 5E
A B AR L (P<<0.05) o £ BRIk, S TAES G OB Hh 32 s AL A e B PR e %, BRI A7
R AR g AR Ry S B P R BRI
25 MMREERMESEFHEXXERE

N T WFFEAE R R BV 5 A S R A G, T TENZ AR (R 7). R T ATLLE
i, I SRR 5 2 IEA DG (0.8557) (P<<0.05) 5 #5854k A B35 IEAHSE (0.9197) (P<<0.01); —
MR B RS R AT R A 35 IR A € (0.8607) 5 B e S HE 52 B3 IEAH O (0.905%) 5 Bh 1~ 1/l 98 5 ¢
[] £ 1 25 A O (- 0.8597)

R7 HMRRBEURKREESEFHHEIXE
Table 7 Correlation coefficients between the phenotypic traits and ecological factors of Juniperus rigida

(LSRN O LN

R ORER O OWEE LT RERK RRE o SR SRR
WK 0.602 -0.076 0.604 0.394 -0.166 0.670 0.056 0.919" -0.662 0.283
bl 14y -0.341 0.653 -0.859" -0.214 0.336 -0.695 -0.652 -0.606 0.078 0.310
W 0.099 0.677 -0.410 0.029 0.521 -0.678 -0.634 -0.060 -0.487 0.672
HEB A B -0.222 -0.532 0.314 -0.270 -0.398 0.240 0.855" -0.076 0.497 -0.290
PR W KRR T ;ﬁg ﬂz‘f m;;g”‘“ g;ﬁ W R ERI
WK -0.097 -0.248 -0.771 0.577 -0.636 -0.535 -0.071 0.678 0.093 -0.397
B 17) 0.293 0.410 0.098 -0.734 0.524 0.517 -0.705 -0.267 0.012 0.073
IR 0.744 0.905" -0.004 -0.631 0.292 0.424 -0.489 0.203 -0.255 -0.492
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