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13RI AR AR 7 ik

1.1 REHRSIKIE R

PRI AL T 1 VLMY SRy 1 B ) 58 21 0 R o 5
M, A7 F R M NRYL ( 47°37" N,126°54" E) 4K
450 m, AESFERR 5C, R 135 d, AF K &
750 ~ 1 000 mm, 4F7& % 48 927.9 mm,

RIGATRHLAR 1 170 LR ot R e T T
AZ AR SR VAT MR ) £ A R SRR 7 MR B8 K
T SR ZLA R SR AR B IG TE A SRy [ B M 37, R
B RGE G  XT 1978 AR BTG R APl .
A7 X T AR 45 hm? | Fi Bl R 52 4 it
ML, it 7 N XA, A XA NS 10 A~/h X,
ANX AN 0.612 hm?  AEA~/NX A 170 A~ JGbE: Z it
BLHES , — A/ NK R RS JotE AR A 1 Bk, JCE R bk
7HEH 6 m x6 m,
1.2 REWHE

F 2015 4EXF 1 ~5 KA MY 170 LR Jotk
R E RS L HAR AT I A . R Vertex Laser
T v AL ) RUIN s B v o R 422, Bk o S (LS
AT S SR T o WS AR AT AR B R B
RN SR W i o I3 ik < ol R N 7/ S S 3 0 /S
HUS BRI E B A RO B o i SRR
A RS Hm BRI ke . B To M R ALE
£ 1 000 FiFpF, 43 5L 10 4, FILF RS- & 45 100
R BT R R, X AR AS £ gk LA 10
YER TG R TR A o X TR0 5 2 J5 0 Fh 7
HEAT 3 LU, S 0 IS 46 b 20 0, W A W) TG 1
RIE 2R, R R T 21 B b -7 [ROE 5%
A ETE T

1.3 BUESHAE

FIFAS BRI SPSS 19. 0 - HEFT 0T . bk
MRL(V) He 23 B 50 . V= (H +3) g,of
(Rorb o H W LTRART 5 , LTAA ST AT $ S2 B0 T A £ hy
0.33, g, W E b BT AR) s TR E ) (R) R
FRZE LI T AT R =1 — 1/F (SR F
NITFESHTI FAE) s A5 R (PCV) RA
XL PCV = S/X x 100% (H S IR IERE,
X SR BEAT () . FERA R B (r) R

N ‘[18]-7“ - COﬂplz S .Cop > A - T
AR ;§f€§K$17mﬁ2lﬁ&m
TR 00, o SR 2 PRI R R )7 %) 5 R
AT 4 S MR 25 A VR v X TEHE R AT 45
0, = S =X/ K (Rof: 0, WA
WAE, X, R PRI, X, R i B
DEAEL n R EAR FE B 10 B0 SRS 25 ( AG) A 5
FHAR L AGC=RW/X, (Rh. Wl R N
PRI S 1, X R — R ()

2 HRAAM

2.1 ERKMEXIUERAESTESR

X 2015 4 170 2045 Jok 2 1 A K T4 S
ARIAT I 255007, A5 R (38 1) W] .38 AR LE T AY LI
ToVE R AR R B AR IR A I T
R R R BRSO RN TORL BT R A5 AR 2
Bk i K- (P <0. 01) , & 2F 3R AE 45 otk & [A]
MZEFAERE(P=0.280), Jy 220 M4 LW
[ o 2R M)A AE B S AR R s St kst % 25 57 .

&1 10N EHREEREERRFTESNER

Table 1 Variance analysis of different traits among 170 clones

PR Traits df 4757 Mean square (MS) F Sig
15 Tree height 169 3.66 2.72 0.000
4% Diameter at breast height 169 154.24 10.137 0.000
HkRAF A Single volume 169 0.074 9.972 0.000
FRRFRSE%C Number of cone 169 1 266. 14 10. 68 0.000
HE R Seed weight of single cone 169 83.43 2.70 0. 000
FpR HOFFR Seed weight of single plant 169 7 437 058 13.899 0.000
T-BiJfi i Thousands seed weight 169 2 303.45 1.87 0.000
BRI £f JFi 2 Fresh cone weight 169 3397.17 1.82 0.000
% 2F 2 Germination rate 169 11.88 1.07 0.280

2.2 AmEHRERRARRIELEZSH
170 DNLFNTCHE R B ARIRIB AL AL SR T4 R

(322) WO AR R A EDN 11.08 m, AR IE
7.01 ~ 14.60 m, F RAEE e/ IMERY 2. 08 1 Hf2 1Y
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¥ OB % w32 %

SEIAE A 28 em, He RAB (4. 50 em) Bz /)ME (12.00)
(19 3. 70 f%; PRk AT AL 2 (E 2 0. 302 m’, AR g Ky
0.044 ~ 0.841 m’ ; BRRERFLEL 1 3418y 28. 31 4,
ANV TCE ZR AR AR, e KAB N e/ IME Y 12 455 5
B kR A4l 63. 06 g, A8 A 52.20 ~ 81.80
g3 BUPR A I 1P (B L 815.33 g, 7R Dy 493. 20
~ 8 351.2 gy BRALGEE T i 19 °F- (N 344. 04 g, 1

7 263.70 ~ 464. 80 g; T Ji (- {H y 728. 16
g, g 662. 20 ~ 834. 00 g; & 2 MY V- X EH Ny
93.91% ,fH TP & [H) 22 5 38/, A8 W hy 88. 10% ~
99. 80% ; £ A PR AR S R AL AR AL L Ry 3.57%
(REFH)~ 66.09% (FERFFE) o BRAKZERIN, %
BRI EL A 080E (R >0.45) |, Jigts Bpkpr BRI R
PRERSR B ) de i, 34934 0. 90,

R2 1M0NMIRIEEREERFHERERSH

Table 2 Variation parameters and average of different traits in 170 P. koraiensis clones

TER FH{E AR R A S B HIZT)

Traits Average Range Coefficient of variation Repeatability
1/ m Tree height 11.08 7.01 ~14.60 11.72 0.63
M§4%/cm Diameter of breast height 28.00 12.00 ~44.50 21.39 0.90
BB/ m® Single volume 0.302 0.044 ~0. 841 43.41 0.90
FARRBR R EL/ 1~ Number of cone 28.31 9.00 ~ 108.00 57.93 0.91
PR/ ¢ Seed weight of single cone 63.06 52.20 ~ 81.80 9.75 0.63
Bk HUFFE/ ¢ Seed weight of single tree 1 815.33 493.20 ~ 8 351.20 66. 09 0.93
T-HifFiH /g Thousands seed weight 728.16 662.20 ~ 834.00 5.09 0.47
BRALEE T /¢ Fresh cone weight 344.04 263.70 ~464. 80 13.23 0.45
K% /% Germination rate 93.91 88.10 ~99.80 3.57 0.07

2.3 THRERMESMEKEREX S
ZIANTCYE R AR PRI AR S R B 30 A
KAGIRE B A2 MR B B 3 N8 Bl ik 1
FHIEAA(0.680 <r <0.975) ; \FPSLHEART , Hipk
BRI AR | SR HORF i BIOR S Jo A T
RLFHE 22 [ 42 3R . 25 IEAR5C (0. 411 <r <0.996) ,
111 4 25 R 5 R SR T A G AN .35 ( - 0. 123
<r<0.038), Z5GA KL SAARGE , Hof Ak
FARRE BRRER SR AL Bt R B B RR HHORF o2 [ 2

IBFIMR 2 IEANSE (0. 201 <r <0.227) , i SHERA
BT (r=0.195) K TRIBUE (r =0. 158) (FARRAS
BUGERREE R (r =0.192) 1 10 35 IEA G, M 5
BROREEFUR (r =0. 162) (TFRIFR (r =0. 158) (HEE
HFFi (r = 0. 158) BAHSC R Bl ik 1 8 3 K7 35
AR A AR 512 18] RS20 P AR AR S 1k 3 1) 4 25 7KF
AR AR BR A 2L A Lol 7 ey, IO e R AR
TR B R  ZOAR G RO A R 1T RE

x3 170 M EEREIEFERRY

Table 3 Correlation coefficients among different traits in 170 P. koraiensis clones

L R o PRIEHUREL BRI TRIBTE —— Serr
MR MBRMR MRk . DU OBREEETE kIR
Diameter . Seed weight Seed weight Thousands o
Tree Single Number . . Fresh cone Germination
. at breast of single of single seed .
height K volume of cone . weight rate
height cone tree weight
= Tree height 1
#%4% Diameter at breast height 0.680 " 1
BARAFFH Single volume 0.743* 0.975* 1
BARRER %L Number of cone 0.127  0.215* 0.201 ™ 1
PAEE R Seed weight of single cone 0.158 *  0.227 ** 0.208 ** 0.726 ** 1
Bk HUFF B Seed weight of single tree 0.128  0.220** 0.205 ** 0.996 ** 0.774** 1
ki & Thousands seed weight 0.158* 0.158* 0.149 0.647 ** 0.548 ™ 0.652 ** 1
BRELAf T & Fresh cone weight 0.162* 0.195* 0.192*  0.584* 0.419* 0.588*  0.411* 1
R ZEFR Germination rate -0.123 -0.096 -0.089 -0.013 0.003 -0.009 0.038 -0.076 1

T = FORMRBRE K (P <0.05) , =+ = MRBH B FEAKF-(P<0.01).

Notes: #* Represents correlation is significant at the 0. 05 level, #* * represents correlation is significant at the 0.01 level.
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2.4 FIRERERTHNEER

I M AR 0 SR B PPN 48 R X & Tk 2R
TTERETEN, Q (HILF 4. L)L 10% ) AL X Tk
R AT PR, TPER 110,610,710 ,34 (14 31,210,
74 114 138 .37 119 39 127 118 .69 #1314 I 17 4~
A, AR 17 A4S JC Pk & 50k b B B (E
0.569 m”, £ S 1A T 2 fH 5 88. 41% , 5t 1L 1 45 4
79. 42% | A2 I 37. 02 em, %5 AR 55
32.14% , e fE 1 25 M 28.98% |

x4 EREKRSHERESITMRR
Table 4 Q, values of 170 P. koraiensis clones based

on growth traits by comprehensive evaluation methods

¥ 1 12
321#/% Q; Lg:iz{j/\ Diaﬂrid;t; at

e volume/m® breast height/cm
110 1.41 0.679 40.25
610 1.39 0.642 39.23
710 1.36 0.616 38.30
34 1.35 0.597 38.37
14 1.33 0.561 37.65
31 1.32 0.570 36.87
210 1.32 0.563 36.98
74 1.32 0.564 36.77
114 1.32 0.559 36.88
138 1.31 0.559 36.38
37 1.31 0.548 36.43
119 1.31 0.555 35.83
39 1.30 0.534 36.63
127 1.30 0.540 35.63
118 1.30 0.527 36.37
69 1.30 0.533 35.93
314 1.27 0.516 34.76

CREMERBIE
Eicﬁel?fnttii)nzzﬁmean 0369 37.02
ENN

E‘fzﬁlgﬁ mean - 0.302 28.00
et g - 79.42 28.98

Genetic gain%

2.5 FREIMERTERTHR

AZE SR (L i A PR AT ) b,
XA TCHERIATER G AN, BRI 5. L 10% (1
AT RN TCE R UE AT 26 4%, 84,83 138 (1110,85,
82.88 123,820,126 137 .81 .,86.,810,510,1210 #0
210 3L 17 DNTHER AL, ARETCIE R TR R
{60 762. 09 g, B H 4. 67% , AL 3 25 N
2.19% , Fpk AP {E N 4 606. 45 g, BEMAF
Y{E R 153.75% , 8 f53 45 0 142.99%

RS AXMERSEREETMR
Table 5 Q, values of 170 P. koraiensis clones based

on fruit traits by comprehensive evaluation methods

P— T
%CEE 0, Thj:injdﬁs o si(ﬁigﬁ of
weight/g single tree/g

84 1.41 782.49 6 230.49

83 1.39 768.83 6 023.52

138 1.39 783.71 5847.76

1110 1.37 759.20 5685.11

85 1.36 796. 44 5361.96

82 1.35 784.02 5237.74

88 1.33 762.30 5094.75

123 1.33 750. 53 5 170.96

820 1.33 759.00 5 084. 64

126 1.32 768.48 4 836.23

137 1.32 771.62 4767.75

81 1.30 746.07 4 705. 50

86 1.28 759.40 4 208.00

810 1.23 731.57 3 685.70

510 1.15 757.40 2249.73

1210 1.12 746. 69 2 036.90

210 1.12 727.81 2 082.96

C R
Eiﬁa{i - - 728.06 1 815.33
AL A _ 2.19 142.99

Genetic gain%

2.6 ERE5FLHREKEGTENTHER

PAA R ANZE SR CBARRAA B BALPR R AT
R ) bR, %25 ok RAEATLA T, 0, L
6. LL10% M ATER XS JOPE R IEAT B 4%, 14,84
83.138.85.82,1110,88,123 126,820,137 .81 .86,
11,12 F1 810 17 MR AL, ALTCHERTER
PR Bk Hh e A TR R 199 3 15 14 45 0] A
25.21% 137.44% f12.23% , JoPE &R 138 78 3 FpiF
W7 PRI, F WX AT 2 AR K 4 SR
PP R, TR R I R JCPE R RN o
3 itk

AV MR T FFFE I BN 2, AR
AREAL LRI o PR i A TR 2 1) A
e AR (T 258 5 21 Bl R 28 3 R AR 240
35 1AL ST T4 SRR T, R A2 57k F AR Y
(A~ PRI 22 o e £ RS AN [ A A T 11 3 £ 2% S5 3304
A9 P LATE = 1 RO 7 R g U5 s 8 1 40 R A2
FERRHE R . ARDETE R BR AT ZE R SR, 170
ANELAATONE R[] 25 A OSSR 22 S 1 A W 25
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x6 ERKEEXLUERGEETFMNR
Table 6 Q, values of 170 P. koraiensis clones
based on growth and fruit traits by comprehensive

evaluation methods

bR $ﬁﬂﬂﬂ%ﬂﬁ% SR A
Clone Q; Single  Seed weight of  Thousands
volume/m® single tree/g seed weight/g
14 1.43  0.561 1 770.49 744.26
84 1.40 0.434 6 230.49 782.49
83 1.39  0.354 6 023.52 768.83
138 1.37  0.559 5 847.76 783.71
85 1.36  0.432 5361.96 796. 44
82 1.35 0.351 5237.74 784.02
1110 1.34  0.328 5685.11 759.20
88 1.33  0.340 5094.75 762.30
123 1.32 0.390 5170.96 750.53
126 1.31  0.398 4 836.23 768.48
820 1.31 0.366 5 084. 64 759.00
137 1.30 0.369 4767.75 771.62
81 1.30 0.407 4 705.50 746.07
86 1.27  0.382 4 208.00 759.40
11 1.24  0.290 1 230. 89 726.11
12 1.23  0.228 1526.57 737.58
810 1.21  0.384 3 685.70 731.57
giiﬁftiﬂﬁmean 0.387 4 498.120 760. 68
ﬁ:}tﬁﬁ mean - 0.302 1815.33 728.16
T gt - 25.21 137.44 2.23

Genetic gain%

IKF-(P <0.01) , KA [F) To Pk 2R [B] 45 48 b1 22 538
KOV FE T RSN e A EEE X, H
Hh BT M AR R BRI e AU AR S R B0 g
11.72% 21.39% Fi1 43. 41% , [t 3 fl P 120 3} 37
AR 50 ANLLANTCYE R BB SR A5 SR A =, X Al B S A
AR NE K, BARRBRR B F B RN
57.93% , Sk IS BRI ST A AR, (E Bk R fef
JoT i 5 TR 5T e e A AR S R AR L 5 4 R R AR
BB R 5 R BN 66.09% |, X 5 KPR 4T
PNt 25 R 1.5 AS A4, X AT e S5 AR AS IRl A
HERR WL R A, T 2 AR (] e 7 22
SRR AE MR N IET TR T AR A R e B, AE AR
KRR L o=t .

FE SR MR e B 1 b, R T
R M MRS E | 32N AR BEAE 52 )N Xo)
T T R AT R PR, H AR A AR
G AR, R TR AR RSN, BRI A

TR T 0. 45, FRWAETC MR L FE b, %46 45 AT
DIRRUE B, JU A% Bk R S bk sk SR R
PR R AT 139555 0,90, LIR& R BIRFSE
g5 RIS R I A R R, A = &
IR R TG RICHE R PPN 4%

38 AREALIANTOME ZR AR i A2 R0 BB A FROT
PIE 4S54 11.08 m 28.00 cm F10.302 m’, It 4%
R 2 A Xk T AR T 4 R e, T RS A
XIAE S Z R A G, WG LPERE , Rpkek
FHOTE S 28. 31 A, X S5k 45 BRI 4
AT . Bk ff 5T 5 R0 TR BT A T Y (E 2 A R
344.04 728.16 g 4k £l 0 45 B BT ST 45 SRR
MBS BRI A, R LS & TE
SRR, T AR &b i s =R T, 7
— R FR X TCHE R PE R B S A B

AHOC RFACERAS [FIPE AR Z 18] B DGR AR BE, % T
AN )0 A i A =2 ) ) 06 R EL AT FE AR O
AHHFE b B AR A A B R B A A 2 A
53X RBP4 SRR, AR A A
X2 A RAEPRAH B, X e AT Rl
ARB AURRER R BR R TR TR R
BARR HEOFF R R LS LR R 2 ) S A R S TR AR O,
Hh SRR BRI BORN LR B ORF R R BF SR A R 5 IR &
SR BTSRRI T T AL R 4 SRR TR
RIMIER R G ETH S 00T 45 B R, BF 5T
TGRS HEIRAAE —E R R, KFREH
ERNSEPRR B ) AH SC AN B 2 R LI R+ & 2F
HEMAERER JKR AT EFEHROC KRB, 5
YA b O = AU B N UE T S et o NS |
AB 5 R AR PRG35 B2 SR Al [ | IR s (1) R
PRI AT 5 5 1 A B R 5 38 40 45 S MR A DG 3k
K- 3305 B IR WA 5 R T 2ok AR AR
ST T O, Hrp A R B R AL RS B R BR AR
B S R LR R R SR AR IR AR O X
PEFRA R i KA i i B Z0AA Tk R 4RI T 3
WA

4 Hi

B HARPE 7RSI, LUE D9 I R TR
PR X TCPE R VPO B LA R MR B O T, 1
Oy WS SRR Ao 7 N T R B A SRR . AR,
ZLRAG AP 1) e SR 5 F A ARSHE B 7 180 Je , AR
i HARAEBUAT o1k 2 b BEA T e 45, T DL e K AL A
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Variation and Selection of Growth and Fruit Traits among 170
Pinus koraiensis Clones

JIANG Lu-ping' , WANG Jing-yuan® , ZHANG Peng' , LIANG De-yang' , ZHANG Qin-hui' ,
WANG Bi-ying' , PEI Xiao-na', ZHAO Xi-yang'
(1. State Key Laboratory of Tree Genetics and Breeding, School of Forestry, Northeast Forestry University, Harbin 150040, Heilongjiang, China;
2. Linjiang Forestry Bureau of Jilin Provenance, Linjiang 134600, Jilin, China)

Abstract: [ Objective | To select and establish nut and timber multipurpose Pinus koraiensis forest with high
yield and excellent quality. [ Method | 170 P. koraiensis clones at 38 years old in the Naozhi Forest Farm in
Linjiang Forestry Bureau, Jilin Province were taken as materials, the tree height, diameter at breast height,
single volume, number of cone, seed weight of single cone, seed weight of single plant, thousand-seed weight,
fresh cone weight and germination rate of different clones were investigated. [ Result] Variance analysis showed
that: All the traits were significantly different (P <0.01) among different clones except germination rate (P =
0.280). The coefficients of phenotypic variation of different traits ranged from 3.57% ~ 66. 09% . Except the
germination rate (R =0.07), the repeatability of all traits was higher than 0.45. There existed significantly pos-
itive correlations between tree height, diameter at breast height and single volume (0.680 ~0.975). Except
germination rate, there existed significant positive correlation with among the seed traits (0. 411 ~ 0. 996).
Combined the growth and fruit traits, the diameter at breast height and single volume showed a significant
positive correlation with the number of cone, seed weight of single cone and seed weight of single plant. By using
the method of multiple-traits evaluation, 17 clones were selected as elite trees under 10% selected rate based on
growth (the genetic gain ranged from 32.20% to 79.42% ) and fruit traits ( the genetic gain ranged from 2. 19%
to 142.99% ) , respectively. Combined the growth and fruit traits, 17 clones were selected as elite clones with
multiple-traits evaluation method, the genetic gain of different traits ranged from 2. 23% to 137. 44%.
[ Conclusion | Based on the aforementioned results, using growth traits, fruiting traits and combined the growth
and fruiting traits, 17 clones suitable for different breeding objectives are selected. One clone is selected as the
elite clone which performs better in growth traits and fruit traits.

Keywords: Pinus Koraiensis ; growth traits ;seed traits ; variation ; repeatability ; genetic gain
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