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Abstract: To reveal the regularities of cone and seed variation, the phenotypic traits of cones and seeds of
seven species and 141 families in natural populations of Pinus tabulaeformis provenances of Shaanxi Province
were analyzed. Statistical analyses, such as analysis of variance, correlation analysis among provenances and
within families for a provenance of P. tabulaeformis, and genetic variation, were used. Result showed that
significant differences were found between in provenances and in individuals within provenances in cone length
(P<0.01), cone width (P<0.01), cone fresh weight (P < 0.01), seed length (P <0.01), seed
width (P <0.01), and seed thickness (P <0.01). Also, the phenotype and coefficient of variation for
hereditary of cone fresh weight were the largest. For correlations between cone width and seed width, altitude
and rainfall were positively and significantly (P <0.01) correlated; for correlations between cone and seed
traits, annual mean temperature was negatively correlated; for seed traits and the thousand-seed weight there
was a significant (P <0.05) negative correlation; and for cone and seed traits at a latitude, =10 °C
accumulated temperatures and the frost-free period were not significantly correlated. The variations of seed
traits and the thousand-seed weight comply with annual mean temperature. The variations of cone width and

seed width mainly follow the variation of altitude. [ Ch, 7 tab. 15 ref. ]
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Table 1  Climate and geography factors in the seed collecting sites

FESRIE  de4i/(°) RKE/(°) W /m iR/ =10 CHE  4EMoKE/mm  CFEN/d feks e Bk

W 35.99 108. 67 1396 8.9 3276 600 130 6
Wk 35.82 109. 75 1360 8.6 2 927 602 158 30
] 34. 34 110. 18 1212 11.5 3 366 770 190 30
TR 33.46 108. 48 1982 8.0 3 200 1133 199 6
TR 33.53 108. 56 1391 12.4 3 847 899 215 24
pid 35. 64 108. 76 1200 9.4 3559 631 172 15
K 33.82 107.18 1413 9.2 2 390 751 158 30

1.2 REMERBNE

MEEASRFP IR (R ZR) P REFLME 10 DR, H 17100 H 7 RFEFRE A BRR BT, BT
bR RO G Bk S v BE ST B, IR AR 53 0. 01 mm, . BRIRFBARR (FR) Bk T )G, HE 1
FAEFRE RN R AR 09Tk B (RSN 0.01 ) , N FRBEEFLAE 10 Rifh 1, F L Flts &
JUM S AR B | S B AU EE (I AS B2 0. 01 mm)
1.3 SHitHaHmAE

SRR SPSS 12. 0 AR W7 2200, 28 SR LSD Mg, R AR R ists )
KHARX . B =1 -1/F, Hoh Bt e J1, F R 2200 PR, MR B s SR
R HIR B OC RBGHAT 4317 .

2 SR G5

2.1 HMRMEEMIERES
M 2 0] LU b AL BROR AR 6 A PR IR A A 5 )R Bl 5 A AR TA) 3 A7 A I 3 22 S
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(P <0.01) , FRWIF IR R 6] (PSR AR 25 s e 5o 38 3 FI A PRIR AR IR A] 19 22 5 1L
BER, WTRIEN, ABECRIEIRAER IR 22 5 2%, TR, & BT AR BCRIDIREROR, g
M BB R ERCRYIREE DN b TR 5 SR T AR A BRCR 5 e R e A SRR B 2
PR, BROR R RO A T B AR 5 L SRR S5 e /N 3% R R IR 509% DA L5 5 Bl PR sk R
G BT | B I R A BRCOR R R 28 S I B KR T EL e B IS R R R e R 18% DL b
DA g B R T8 -5 8 9 T Y BROR TS MR S IR AR S K, SR ST R B T PR I AR B
/NI R 15% LLE, AERpF PR b, TRRAR IR 3 PRIRAE IR R, 103w A0 1 Rl R G
RAEFD, HATG 250 AR 8 EACE, WHIEA SRR XS RE , TR, TARAIGME
JEH R IR IX, W EL . BB A e TR Y IX AR LR IX . ERCRIERA L ok R, RN
RARES MBS, XA B B I DR AN 0 A A AR IE ek s AR T PRRAAE S, BR T BRRFIR
AU BERRGT , O CBCRA R A OIRAE S, SR AU AR LI DX A A~ PEARAE R T 1w i . X -4
ARAE B — Pl A S 55

R2 HARBRRAFM TR E 5
Table 2 Variance analysis of cone and seed traits
[N 5 S R A B ¥y F1H P1E
AR 6 1 708. 108 8. 131 0.000 1
R
RN 134 210. 076 13. 677 0.000 1
N Rl 6 1 073.732 4.586 0. 000 3
R
IR AN 134 234. 154 14. 985 0.000 1
R E] 6 298.018 4.062 0.000 9
5
R AN 134 73.370 14.392 0. 000 1
AR ] 6 8.816 7.929 0.000 1
RN 134 1.112 7.989 0.000 1
R ] 6 25. 859 6. 816 0. 000 1
K
RN 134 3.794 20. 800 0. 000 1
AR 6 5.349 12.531 0.000 1
Tl
RN 134 0.427 10. 683 0.000 1
F3 HRFMIEMIMERNHE, FREEMZELER
Table 3 Mean value, standard deviation and multiple comparison of seed cone and seed traits of provenances
AR P iy R R Ui [ T
TR 24.549£7.362a A 51.305+4.567b B 35.15+4.052 a A 4.798 £0.571 a A 8.413£0.627 a A 3.14£0.287 a A
HH O 23.097+4.981 a A 54.627+4.407a A 34.265+3.44ab A 4.291+0.486 b B 7.487£0.537 b B 2.967 £0.335 b AB
TR 22.846:6.810a A 51.418 £6.317 b AB  32.472 £3.400 bec AB 3.974 +0.482 ¢ B 7.122£0.739 b B 2.689£0.312 ¢ B
KE 22.510£6.358 a AB 50.377 £5.958 be B 32.259 +3.202 be AB 4.054 +0.406 bhe B 7.348 £0.806 b B 2.684+£0.234 ¢ B
#le  21.398 £5.06 ab ABC 48.795£5.123 be B 31.936 +3.06 ¢ B 4.251+£0.446 b B 7.539 £0.676 b B 2.984 £0.263 ab AB
WHE 19.014 £4.783 be BC 48.761 £5.142 be B 32.242 £3.039 be AB 4.253 £0.479 b B 7.868 £0.729 b AB 2.989 +0.291 ab AB
W 16,097 £5.408 ¢ C 46.158 £7.516 ¢ B 30.364£3.935¢ B 3.928 +0.441 ¢ B 7.057+0.727 b B 2.726 £0.279 be B

Uill: £Ha, b, ¢, A, B, CHZEIHK LSD FORM, HAH/NGFRAEZ AR 2E 5775 5% KEARBE, KRS FRANREH

S AH L) 22 S AE 19 KA B2
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2.2 EA—MEARRREMEERESR
1R 1 AR PN 5 3R TR b SRR 22 5 KA W K, 3R 4 20l T RN AR 8] 907 2293
P A S 228, nTLIA Y, 7 RhIRBOBRR AR T2 PR IRTE Z AR 6] 19 22 5 249 38 B AR K F-, 1]
TARFR SR A — RN R RS S AR RO, Sk TR Rh SRR B AR RN FF
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Table 4  Variance analysis of seed cone traits in different families from same provenance

| L35 R S5 G ik s
R LRR A5 5 AR A5 5 RFR A5 5
E o F{H F 8 F 8 F1H FAH F 8
i B % E B % e B % i B % i B % E B %

¥ 29 8.32%* 23.83 10.31** 10.66 12.62** 9.51 10.12** 8.92 15.03** 891  7.65** 10.56
WHE 29 15,797 33.95 20.12** 16.55 11.41** 12.86  9.78** 10.36  22.09** 10.23  7.11** 11.30
KHE 29 14.23** 28.45 14.31** 12.00 17.17** 9.86  5.53** 8.79 25.52** 10.89  8.71** 10.07
23 18.70** 30.03 14.34** 12.47 19.45** 10.40 12.75** 11.77  35.63** 10.31 17.78** 12.22
Be 5 17.27°* 30.19 1L.11°* 9.03 22.85** 11.45 10.71** 9.56  7.88** 7.40 12.91** 11.95
W 14 10.94** 25.38  16.22** 10.71 10.65** 9.36  15.25** 9.96 17.96** 9.21  6.69** 11.33
Gl

£ 5 6.8 2172 6.10"* 818 18.20"* 9.97 27.09"* 12.01 4. 71 7.120 19.13* " 11. 40

BT+ % FRIR P <0.01 225 MR B B FEAKT,

A 5 R BOR IR B SRR, AR5 REGR, WIPEREZ S REBRK, W& 4 0 JLE
, FERPIEAN 7 ASFRAMRIR T BROREE BT YA e R BUR KR, R 21.72% ~30.19% , BEHEK
SRt R R R AR s AP R AR TR AR S RN, RIZE R B e . 5
Hb, AFEFPIE PR — MR AR S5 REAEANFIREE LA — e 255, SOFP 22 5902 th R 5 BT A P15 A []
TR, FhF 58 B2 A AR 5 RBAE AR N 22 800, IR 798 BE AR SRR AR, 2 OB 2
AL
2.3 HRFIERMIEESEH

25 B T IMAAER SR S A PER A R A x5 KEMMFEESHGHEE

%{/2%\ 6 /I\llﬁ}[j(lé]gjﬁﬁz: il u&ﬁ{g@:\ﬁ:%ﬁo nJ Table 5 The genetic parameters of cone and seed traits
DIF I, 6 /IR i Fog a5t 1% 07 9 JF 58 4 — R o Y E YV
5, TEEERRERE Sk, k0.0202,  Th FHRER SRR A “
1 ERSE TE BE A IR 4% 1 e iR 0.753 8, 3 HRIFER 0.8770 0.9269  21.1928 57.75
WA AR IR S B RE PR TR 41  7 RhA R 0.7819 0.9333  49.468 0 18. 52
GIRIHT, 6 PAEARTER IR S AR I A 1 E S 0.753 8 0.930 5 32.896 0 14. 41
IE TR KT (0.874 8 ~0.9519) , IR e 0.873 9 0.874 8 4.1972 21.30
FORLIfE, LARRSTIERTEFE P LB, i 0.853 3 0.9519 7.603 0 19. 54
HAR 57 B RIE] S 5 . DA o SR ) st

Fift)g 0.920 2 0.906 4 2.872 1 24.43

AR S Z BT IR, BRI o A AR R ] A8
s SRR B, K5 57.75% , 75 5 I R 4K
K, MERTEBEA R RZEE/DN, BFREEN, R e RRE,
2.4 HIRFRSEMEIR EIAIHE X 5

Xof T S R SRR R R ) 0 VIR ] B AR S AT (2 6) . IAFE 6 AT LA Y, JAR R PRIk
Z AR R B IR BN B K, R eIk R Se R Y], TR SR B AR S HC
RBGAF0.95 VUL, Al ULRRFIAREOK, MR My, R RO BORI AR OR BROE MR, SRR
R 1o RV SR 0 9 T 22 R A 56 56 R Rk Bl KT, DR i S R S AR A DG R %, R PR S Bk
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PR Z IR IR ARG, BRAPGES RIS, BIARBEN R Z AR, BERIR TR AR MR B g AL iR 42
AR A ST, (R PR B N TSGR AN
2.5 MIAMEIERE SRR MIZIEIRE XS

FhAEPRR R AVERRAE Y 25 S D U 5 P 85 F6 HRFMIMEREINEXXR
)FHE{/EFH E[’(] éli:'f [12] , m%ﬁﬂﬁ E Iﬁj\‘gﬁ?% E]’(Jzéf Table 6 Correlation coefficients to cone and seed traits

o XA E AR A A KRB R 5 Ak RRR OB R
FhSZHR A SR , BT AN st B PR 1~ X R 0.819*
ARSI, MR SRR ma osec o.s10-
TRAEE, T TSR ST o a0 095
GARRIOMIE R, IR, Wk ARk
SRR SR T A, T EL SRR T
R T 55 BEAI DGR B 5% 030K F, BLMI7ERE
PEBE I RTIER , WK E I, IFARIER R
AT B PR B GEFSBRARE A, BRILSEHE A PO RN SHAHRI: xR 1 AR

TG R AU Ge 5 MU I 5 TR ST PR AR O 2B/, XSz B PR A A T AR
M B8 FE 5 A BRSPEAR 5L GURIG A AR BBk B P R K, T HBFRZE R SR TR
FONFITR LT IOMISE ; AR SR SRR ORISR T AP R T R i 57 56545 59% Y
BEKF, BOVEEIRBMR AR, FISCRR/INRITRBOR, KRR T RO B BT,
BRI, TTRE L TR K BB RS K, WHIYE B e, B4 A TR
S KRR, ARG A H A SR G (T, =10 °C AUR A C 7 1 55 R S PR (A 6
PRI, RS HERAR AE (N

R7 LMK EMIBSEERNEXKER

Table 7 Correlation coefficients between traits of cones and seeds and geographical climatic factors

(N 58 Fift &

iz
=

Ao 0.580 0.376  0.837%0.955**
ol s 0.329  0.251 0.662 0.884** 0.900* *

THRFEE 0.410  0.261  0.740 0.981** 0.966* * 0.952**

A e P R i 5 s TR B
MR 0.729 0.410 0.798 " 0.724 0.840 0.536 0. 683
Jesk -0.243 0.072 -0.077 -0. 004 -0.025 0.378 0. 138
iR -0.633 -0.540 -0.453 -0.200 -0. 147 0. 142 -0.076
AR -0. 437 -0.291 -0.592 -0.759* -0.758* -0.773* -0.788 "
=10 CHIR -0.194 0. 024 -0. 002 -0.063 -0. 061 0. 053 -0.023
TeFEM -0. 069 -0.344 -0. 124 0. 021 -0. 007 -0.203 -0.082
AR 0. 403 0.077 0. 433 0.423 0. 483 0.123 0.328

3 %kt

FEBRPEIHAA K IR A XN, AR FPSC PR R R e | 2RTE, Rm . Bl BRI 58 76 Pl 6]
LA IRN R ZR A 3 28 5, SR R RO REIE . 3355 1] A AR Rl B SR A 7R
(RN AR SR T BEASBL T BRORMIR A M 3R S B RCR AR SR Y AE S, TTRR MR e 3
o H R [ A3 W K 1 — PP AR AR, AR B BCREE R (28 5 R B, SRR, MR AR
TR RN, YREARE . 790 AR S REBEA R RN 2 LD, 2R IR TR E
S BIPRIE AAFRE M AL

Py TS R AR AL R K, TBRCOR GE R iR E AL Bk, MR R AR e AL R, B
R, AR SRR RO RRIAIAMAZE S, BROR R A AR ] A 1B AL AL S RO, TR W E A 5t
e s Z RN, PRIRB R BONERRE .
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AT PR Z B A OGS, BRORPRIRE] AR SIS A o Bl T PRAR S BRORMEAR Z R B 5E
RSN, HRARIAB] R F AT . UEHTBCR RS Fh 7 PER B N TECHR B IF A

ANFAY SR M BE P X il AA BRER AR MR A A AR R, TR RAR R K A5 AR A S PR S B
B, HSBECRGEFF T SEEARCAR] 5% REAKY; G, 28 =10 CRURMICTE L S5
FABRSEPEARAH G R BN, XA SE PR FFAE (LR AN s ARS8 S R SC PR AR R R AHSG, SR
ARFNTRLTR 1 SR IR S 5% HY R E K, UEIARRPYSEN, AFRREAR A HBIX, AR SR 4
MEAE ST AN R R AR S 25 B R/ IV S AR R SEANIE I, LRI A SRR 4 2R
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