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Genetic variation analysis of seedling characteristics among different
provenances and families of Pinus tabulaegormis in Shaanxi Province

ZHANG Suo,FAN Jun-feng, LIU Yong-hong, YANG Pei-hua

(College of Forestry » Northwest A&F University ,Yangling s Shaanzxi 712100, China)

Abstract: [Objective] The superior provenances and families of Pinus tabulae formis were selected by
the determinartion of growth and biomass characters at seedling stage. [Method) The open pollinated seeds
of 82 P.tabulaeformis families were collected from Luonan, Huanglong, Taibai, Ningshan, Huangling and
Fuxian in Shaanxi Province;Seedling cultivation was conducted in container nursery with complete random
block design. Height, ground-diameter, main root length, shoot fresh weight, shoot dry weight, root fresh
weight,root dry weight and the number of side root of 2-year-old seedlings were determined and studied
through variance analysis, genetic variation analysis and genetic correlation analysis. And the superior fami-
lies were selected through the method of comprehensive selection index. [Result] The study demonstrated
that highly significant differences in 7 characters were observed between different provenances,except main
root length, while highly significant differences in 8 characters were observed between different families.
The genetic correlations were closely related to each character of the families. The coefficients of genetic

correlate was more than 0. 813 among fresh shoot weight, fresh root weight,dry shoot weight and dry root
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weight. The coefficients of genetic variation of main root length and the number of side root was lower,
which was 7.976% and 11. 275% respectively. Correlation heritability between fresh shoot weight and dry
shoot weight was high,but lower than family heritability of fresh shoot weight and dry shoot weight, the
correlation between fresh root weight and dry root weight was the same, so indirect selection was not
taken. 17 superior families were selected with index selection,and characters of families selected were supe-

rior than the average 82 families. [Conclusion) Luonan is a superior provenance in Pine seed orchard estab-

lishment in Shaanxi province,and 17 families selected are superior families .

Key words: seeding of Pinus tabulae formis ;family genetic variation; genetic correlation analysis;index
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Table 1 Climatic and geographical factors in 6 seed collecting sites and families’ number collected
=10 C4E
. . . . . il vE //' o ’/Flw"l:l / \ v J—"/ = EE'/ // l‘“’/:"
— /) 52O WA /m AR/ C B/ C AEREKE/mm R/ RHRE
. : ; Annual Annual Annual Frostless Family
Provenance Latitude Longitude Altitude L .
temperature accumulated precipitation period number
temperature
#%® (L) Luonan 34. 34 110.18 1212 11.5 3 366 770 190 15
# Jv. (H) Huanglong 35. 82 109. 75 1 360 8.6 2927 602 158 15
KH(T) Taibai 33.82 107.18 1413 9.2 2 300 751 158 15
T Bk (XY) Ningshan 33.53 108. 56 1391 12.4 3 847 899 215 20
#5 (Q Huangling 35. 64 108. 76 1200 9.4 3559 631 172 12
& H (C) Fuxian 35.99 108. 67 1 396 8.9 3276 600 130 5

1.2 RIethe

B0 b B AE PG C AR AR B 22 bk B v . 3%
b DX I A X MR 730 my AR RIR 12,4
C,1 AR E—2.1 C.7 A¥#HSE 26.3 C,
=10 CAERE 4 030 C AV FEKE 592 mm, H
70 R KEE N E R ET, L H £,
1.3 REHE

2006 FFFEFHIT KHEFRRF . RN L
AN K R BEALCHHES B /N X 20 48, 4k 3~4

BFhF L, EHE 3K, WEFATA KR FHEH 10 g/L
ERAT IR AP NN T 30 min, 3 K vh RS HE 2R, 1
700 Fh T 58 IS % Rl TS T RO K et 2 R R
B, 2008-10 VA bR 5 AR L AR/ X R A 10 #k 4
MR EE 30 BRECE(E . 2009-03-05, 4 /)8 X Fifi HL
VEH 3 Ak AN F R AL TE 9 BRF 1 S2A i HEAT AR W
HE
1.4 REMERHNE S E

R R HiL AR R AR A R i A R RO L S



66 P b A PRBHE R 25244 (A SRR MO 38 %
: B B S S B2 e 2 2
F]0.01 mm, Hbo [ FBAH T F T &R A E PCVZ%XlOO%,AGZ“éh ZZXG;i[XlLleOOVO

BN S B R 53 O M 4 Rl R R A3 RS R
1/1 000 By HL KV FR H & 5T 5 5 PR b E R0 3
Sy BB 1 em KN B A G5 10 15 B b
M,(105+1) C A% 30 min J5, T80+ 1D CHtT &
JF R R A 1/10 000 A9 L K - AR H R
. GETHSC A LR AR A AR K =1 em B AR
B o AR L.

L5 HMBRARAME REZERNBETRONW
1.5.1 77 244  #MIRRH SPSS 12, 0 £ 45
R W TH AT O 2 0 0, £ 8 iR A LSD il
5. RAEWRT 200 RHLHEFEBA.Y, =
utB+F,+E; , Hh.Y, B i NEEH ] DMER
(AL s e S PEAR B 98 L B, Sy 55 52 5500 1K
F, REZRYARE; IR EIR 2 .

1.5.2 #EH5H Mk o SHR y BBEH R
BUr oo FAHICHAL T7 By TSR A O
~cov(g,.g,)

glay) 7

cov(g.»g,)

r . h(xy) -

Og(x) * Og(y Opo) * Op(yp

Lricovig, g ) R = By ML T 22 00000
AYEIR & B8 AL R E 22 s 0,0 MPEAR oy 1838045 A
22 0,00 ATEIR 2 WRBIFRUE2E 0, HTEIR v B9
TR e 2

1.5.3 ## A% B SB E TL0HR

Xl NERBAE ) b R Rk IAE T . GCV Ryt
A8 7 RZE, PCV R RV 5 RE AG Ry it {54
t.0i Mol NRRFZMIR . n AR EZE .« Nk
R BE s B2 0 ) asidl T .0 kR
B o, RRATT 2%,
1.6 HRMRREZMITE

FIH (Smith-Hazel) 25 & 16 £ 78 507 XF 3 A5 AR
RERMAT I, & MR 1 2 AL (w) R FH AL
TR R PR A T R G R BB AE T (HD |
T8 800 3 R s AL E e (A D) FIF8 Bk PERUCR (E D 3T
AR T .

b Aw

o=
! wAw

_ ' Ab
b'Pb’

Hi

Al=i+ o Ph E =LAb
w Aw

o S e AR Y 45 BOR B L A DAL 07
2EWE o TR L PO 0] 9 2 B B 07 22 W i
h PR L
2 AR5
2.1 MBERRRABHBAMIEHERERMEYE
TR B BB S
AN [ Ao 05 ) 3k 4 52 2 A A IR S A R

2 2
) o7 4o . Oular >
hi=— o h = (GCV="E X 100%, AR IR 2.
’ 2 o, oy +o'; X
Oy -
F2 MEEABRMRIEFERERSEYEERMEE ST
Table 2 Comprative analysis of growth characters and biomass characters of seeding of Pinus tabulae formis
from different provenances
" o H 7 /mm K/ em e L o L Lr L R
T B /em N ) i /g ThiH/g fif i 5t /g Thif/ g
. Ground Main root The number
Provenance Height . Shoot fresh Shoot dry Root fresh Root dry .
diameter length . . . . of side root
weight weight weight weight

ﬁfﬂan 16.25+5.3 aA 4.95+1.1 aA 21.6946.8 aA 6.24+3.5 aA 2.9941.7 aA 2.46+1.4 aA 1.34£0.7 aA  17.42%3.1 abAB
194
Huan- 9.85+2.5 cB 4.15+1.8 bB 22.544+6.9aA  3.10+1.4 bB 1.8040.7 bB 1.504+0.6 bB 1.0840.3 bB  16.10£3.4 bcABC
glong
”f}’t'i_l:ii 12.24+4.3 bB 3.96+1.0 beBC 19.89+5.1 aA 5.69£2.5aAB  2.42+1.1 abAB 2.06+0.8 abAB 0.9340.4 bAB 15.33%3.6c C
e
Nings- 10.52+3.3 cB 3.5540.9 cC 21.474+68 aA 3.41+1.8 bB 1.68+0.8 bB 1.40+0.7 bB 0.91+0.4 bB  15.654+3.1 beC
han
A
Huan- 11.11£3.4 beB  3.75£0.8 cC 20.7846.2 aA 3.48+1.9 bB 1.74+1.1 bB 1.55£0.7 bB 0.884+0.3 bB 17.65%2.9 aA
gling
= H
I?u;an 11.18%2.8 beB  3.5140.9 ¢C 21.4245.9 aA 3.36E3.5 bB 1.66£1.5 bB 1.60£1.1bB 0.834+0.5 bB  14.40£2.9 cC

[ GBI 5 bR AN TR /NG 7 B R 25 57 1.3 (P<T0. 05) AR AN [ R 5 5 BE 3 68 25 50 8 3 (P<C0. 01D

Note:Column data maked with different lowercase express signigicant difference (P<Z0. 05) ; Column data maked with difference uppercase

express extremely significant difference (P<Z0.01).
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Table 3 Genetic correlation coefficient and correlation heritability of growth characters and biomass characters

of seeding of Pinus tabulae formis from different families

B Hb 1 N N

. - Az ERK v rr = i v e - e o I F %
FEIR B B ERK O gme vme smme Fme o A
N . Ground Main root The number
Character Height . Shoot fresh  Shoot dry Root fresh Root dry .
diameter length . . . . of side root
weight weight weight weight
¥ Heright — 0.536 —0.112 0. 559 0. 530 0. 446 0. 356 0.294
H4% Ground diameter 0.588"* — 0.077 0.559 0.588 0.599 0.577 0.198
FE MK Main root length  —0. 207 0.166 — —0.033 —0.017 —0.005 0. 090 0.109
. . =N
lmj‘%ﬂ@iﬁﬁ:i . 0.642** 0.672" " —0.058 — 0. 754 0.724 0. 644 0. 005
Shoot fresh weight
l&Lqu:ﬁﬁ:E 0.622" 0.718"* —0.026 0.954 " — 0.721 0.713 0.051
Shoot dry weight
HET%K%J)EE 0.516** 0.708** —0.003 0.900* * 0.913** — 0. 750 —0.034
Root fresh weight
b 7} - =N
ﬂ"T”ﬁﬂ‘Bib.ﬂ 0.418* 0.699" * 0.192 0.813"* 0.915** 0.947** — 0.002
Root dry weight
] A %
MR 2 0.369"* 0.267" 0.248* 0.022 0.084 —0.037 0.011 —

Number of side root

TE AT b =AM R AL 0 2R =M R G A E R B » RORAE S0 LG, » « FRORAE 10K LG,

Note: Upper right triangle is correlation heritability,lower left triangle is genetic correlation; ¥ express 5% level correlation, * % express

1% level correlation.
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Table 4

Genetic parameters of growth characters and biomass characters of seeding of

Pinus tabulae formis from different families

M (= i L /0 1) 7
" . BALAE S RN FARYAE S5
Trait herimbil};t ileriqbilit variation Phenotypic variation Genetic gain

‘ Y ‘ Y coefficients coefficients
e Height 0.933 0. 891 25.147 35.634 34.629
H#% Ground diameter 0. 885 0. 734 15. 604 31. 151 34.629
F MR K Main root length 0. 302 0.136 7.976 29.518 5.935
Mo b ff i i Shoot fresh weight 0. 806 0.671 43.834 61.673 56.117
M L3+ B & Shoot dry weight 0.775 0. 636 40. 753 59. 655 51.475
Hi R # #f i i Root fresh weight 0.803 0. 657 38. 410 54. 894 48.916
Hb R # T B Root dry weight 0.452 0. 622 34,211 50. 899 42. 965
M2 %% The number of side root 0. 301 0.463 11.275 20.542 13. 046

2.4 HRERREZMNIBEEESNIERER
AN R RFP R K R BE 8 0 i 2 H b B
E NN LINA XL E Y (o Al T DR TR 7 S
BRSO Z VRS G PFI IR R KR 1Y
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K (X)) Ml b BB EE B (X)) M BT B (X))
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8 MYEMRMEAT R FE £ e F AL T A LV AE 8
ANPEIR (0 248 55 BUE 43 31 k- 0. 313, 1. 367, 0. 208,
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M LA (e BRSPS AR BUE T R O R
T
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3.011,0.717,0.107,2.138,0. 964,0. 745,0. 355 F
0. 612 F5 5 my W BB 4% 1 R A K, O 5. 437 8 Bist
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F 5 RMIEPEARBUEHEA T 40 MRS K R H
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Table 5 Index value of superior families of Pine tabulae formis selected among the top 40
g sl HE 4 g Rt HE4 g sl HE4
number Index value Order number Index value Order number Index value Order
[.47 31. 354 1 C1 22.718 15 Q8 20.577 29
L17 28.554 2 T11 22.711 16 XY29 20. 48 30
139 27.437 3 XY-H1 22.554 17 Q1 20. 443 31
1L.26 26.562 4 L44 22.519 18 XY17 20. 245 32
L2 26.533 5 T19 21. 816 19 T22 20.184 33
L8 26.498 6 Q9 21.745 20 T8 20.162 34
L14 26.126 7 T28 21.559 21 H28 20.038 35
149 25.505 8 Q3 21. 381 22 H2 19. 963 36
L50 25.169 9 T12 21.196 23 H36 19. 813 37
L25 24.516 10 H46 21.15 24 XY7 19. 764 38
132 24.501 11 T18 21.026 25 T10 19. 596 39
L42 24. 475 12 XY23 20. 879 26 L29 19. 503 40
L15 23.589 13 T23 20. 829 27
T29 23.538 14 T3 20. 808 28
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Table 6 Average value of each character of 17 selected superior families of Pine tabulaeformis
amily . Ground Main root The number
number Height diameter length Shoot. fresh Shogt dry Root.frcsh Root_frcsh of side root
weight weight weight weight
147 15.747 4.927 21.067 12.694 6.432 6.029 3.216 18.167
L17 20. 043 5.302 18.183 8.155 3. 856 2.877 1.447 15. 833
L39 17.497 4.909 28.500 8.713 3.692 2.201 1. 505 20. 333
L26 16. 787 5.173 21.517 6.7156 3.127 2.799 1. 490 14. 667
L2 14. 850 5.633 23.683 6.382 3.338 2.721 1. 435 17. 667
L8 18.583 4.872 22.500 7.494 3.425 2.548 1. 288 18. 667
L14 17.510 5.547 21.067 4.491 2.141 1. 983 1.098 18. 167
L49 18. 363 5.023 18.917 6.211 2.814 1.994 1. 006 20. 833
L50 14. 420 5.251 19. 900 6.003 2.891 2.626 1. 400 14.167
L25 17.537 4,343 25. 367 6.926 3.132 2.260 1.184 16. 333
L32 13.447 4.696 21.567 6.813 3.416 3.179 1. 748 17.000
142 12.678 5.544 18.017 6.197 2.803 2.283 1. 201 17. 500
L15 17.680 4.083 20. 867 5.833 2.702 2.269 1.251 15.333
T29 14. 997 4. 882 16. 067 6.114 3.055 1. 787 1. 040 17. 333
Cl 12. 253 4.230 17. 417 8.998 3.917 3.134 1. 487 13. 500
T11 16. 407 4.379 25.117 4,227 1. 944 1. 743 0.977 21.333
XY-H1 10. 657 4. 849 24. 850 4,334 2.412 2.657 1.578 12.167
2 M KAV HME
Average value 9.717 4.052 15.461 4.108 1.938 1. 622 1.019 11. 317
of 82 families
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