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ERAER Il TGRS, S8y ' 600~800 mm, JCFEH 130d Zety, A K
(3 R, HFA SRR R B R, E4E 140 A, A H RINEL 2 560 ho
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s (A LRI A RGE AR, KRR DL EESE 4 AR IR 28 DEIBIBCE R IRE &
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BFES TIES XER, RAESK . ARGEM  TAFZR, HPHIMEE 44K R, EHMHESE
PERLOTEEE . AR T A AEMBENG 3 NFE R, AR A S T LR 1
28 IHINKICE A Z bRl X 6 4R KAt 2015 AEHRE T, 2016 4FEM . RIAMHLE L X
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FEMERR, AR AR A IRt . R,

F1 PARMARMEMESKETF

Table 1 The geographical and meteorological factors of different J. mandshurica provenances

g b4 K& 9 YR ETREH GHENE EREKE
TP %7 .
Provenances North East Altitude/m Average annual Frost-free Annual sunshine Annual
v latitude longitude u temperature/ C period/d hours/h recipitation/mm
FiH
. 46°45' 132°48' 83 32 145 2491 548.6
Baoqing
HPHT
.. 44°60' 129°58' 230 43 126 2305 540.0
Mudanjiang
£
L 45° 45" 130° 35 235 4.1 152 2484 518.5
Qitaihe
VDI
45°50" 128°12' 340 2.4 130 2560 700.0
Wanrenhuan
TS E=R NTE=S
1.2 REHE P71 J SRR ) 5 R o A 2 D 0 S0 A

T 2020 4F 11 A%t 6 RSB RIMAR R Rk sf el B, BARILEE 2; FIHIHAR
AR . A IR L B, B DB AR H (TSR T R AR B S
PEARBEA T . AR RO s AU @ in 3 ARk A it RIS R s ek
Mo s RIS RO (P nl R AR PR AL K

®2 BEERFEITFHRERSE

Table 2 The research criteria and score of stem straightness degree

43{H Scores
IR Trait
1 2 3 4 5
EESE WTFA2 Bk WA 2B L RS i g BFA 28 A B A sk : T oA
Stem straightness degree BH 525 il ISR ] 1B B 525 i BT 1B 25 il SERIBH
1.3 FHitotAx Xi = p+Bi+ P[F + Pii/Fiji+ M.
AT BT A KA X 48 SPSS 22.0 1 1F AN A W BIAEEIE, BIXA, P/FNFH

EXCEL AT 08T . J7 25 0 Hr R R Rl ot BURFZRRL, Piy/Fiyoh XS TP/ R R 52 HAR



22 Mook B

R

#3548

H, Meiﬁj‘:’*)li%o
REBAL T (H2) THRAAN,

2 oF
- o2 +0%,/B+02/NB
Kb AR08, o NEREIX
HEZHEAERTT 2005, o WHLR T 200 &,
BRIXA%EL, NAXHANEL.,
kP G 1 (ngy ) A

2 40'21;
hv=—"">——
Ot 0, +0?
K. CAHARRW T ESE, N RXREX
P HAERHW T 22501, o MHLURIN T 225018
FHVERZE (PCV) SRR E (GCV)
AR /N W S R

o Nk
PCV = £ x100%; GCV = — x 100%
X X

Kb o AMRIRI R 250048, o I IRARE)
Y Ol N R B
P LS i A 82 2

AG, =S/ X x100%
K. SR, x HE—PEREERE.
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SERRALA SRR TACTHI M, oAk
P 412 1 AR A P

ERAHE R AR A0
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P
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b YOS EROME, a8 RS @ PEIR
JHURFAEAE, X ATRIR j BOFEME, WRhERST
{6, w8 iFWT TR, AR, p ik
WCE I

2 HER S

21 BUWKFEDW

XA A AR A R RN A KR T
AT, SR 3. 4. BROUAEUN, HA&E
PRAE B0 UG B) ) 22 S 2538 3 B K (p < 0.05) ;5
W ELRE . SRR 7 DX 4 ] LA S B AR X
ZH > Fh s 1] R 22 5 R R B K (p>0.05);5 43
RCAAFERPR I IR RS . JHI BEAE X 2 > Fit fa] iy
ZREFE (001 <p<0.05); BRI, SHRLE
LAt AR 5 o8 R 18] ) 22 5 2435 B4R B 25 K7 (p <
0.01), AFRRSHRIT 2P EW . BRiEE
JE . SRR IR SR AE X 4 TR Y 2 S A i 3
G (p>0.05), £ HRAE AR Tk IR R 9 25 51
KB EKFE (p<0.05), HIL, SABKKA LK%
RAEFPIR R R HA BRI AL 225, SRR AR
POREE SN R LGN =S
22 BHEREETRHN

HABERK 28 K R &4 KRR BHE AL RS
5. AR ZWEEHME N 2.565 m, AL 0E K
2.042~3.046 m; M EAEREKARISEYIE R 0.770 m,
SR 0.598~0.931 m; HIARAFHIE K 6.135 cm,
AFNE R 4.772~7.439 cm; SEIEASEEIE R 1.776 m,
SR K 1.206~2.263 m; ZMEL A EHIME R 50.129°,
AR 44.792°~57.833°; 38 ELEF3MEN 3.816,
ARNE Ry 2.972~4.278; MIEECE-E R 2356 4,
ASME R 1.810~2.704 1> 5 RHIEF-391H K 2411,
AR N 2.209~2.667

25 MR 2R A AR 5 R BR[O 14.049% ~
41.519%, BRARHIBESL, HASHRFRA 7 R AL
Bt 20%, MR L AR S R OB AR TS L Oy
8.754%~23.873%, HARHIEAL, HapsHREHE
5 FECRIT 10%. NERIBMEIIRE, REH
JEAN, FHRA MR R RiL 13 s WEbkisiE
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Table 3 Variance analysis of different traits among provenances

A H T EL 5j7 ) A SIZ )
PEAR R df MS F PR Traits SR df  MS F
Traits Variance sources d Variance sources :
[X #H. Block 2 28.500 107.179" [X 4. Block 2 798.057 6.8417"
AL & Provenance 3 5.063  19.0407 || S FhiE Provenance 3 365.812 3.136°
Tree height Branch angle
X 4H x FJ5 Block x Provenance 6 1.665 6.260" X 4H x #J% Block x Provenance 6  513.313 4.400™
[X 4. Block 2 3.212 129.016™ || . [X 4. Block 2 0.766 1.010
Wl || i ‘ ;
Annual height F#7#% Provenance 3 0.818 32.865 len FJR Provenance 3 8.238 10.869
increaset straightness
X 4H x FJ5 Block x Provenance 6 0066  2.653" || degree X 4H x #J5 Block x Provenance 6 1457 1.923
[X #H. Block 2 158255 89.0197 [X 4. Block 2 1.472  1.968
Mg . L% ;
Basal diameter fi i Provenance 3 18.857  10.607 Lateral branch & Provenance 3 0323 0432
asal diamete ‘ | i ‘ *
X 4H x FJ5 Block x Provenance 6 5079  2.857 X 4H x #J5 Block x Provenance 6 1.990 2.662
[X #H. Block 2 31.601  69.050" [X 4. Block 2 0.078 0.708
s . |- ‘ )
Crown FJE Provenance 3 2355  5.1457|| SHU= 5 Provenance 3 1.005 9.066
diameter Taperingness
X 41 x FJ§ Block x Provenance 6 2352 5.1407 X4 x FJ& Block x Provenance 6 0.304 2.741°

i SRR ERREE (p<0.0D) ; *RRERLEE (p<005) . T,
Notes: ** difference is significant at the 0.01 level; * difference is significant at the 0.05 level. The same below.

x4 TRERFZMERFESIR

Table 4 Variance analysis of different traits among families

Traits Variance sources af MS a4 Traits Variance sources daf MS 4
[X 41 Block 2 30.038 191.633™ X 41 Block 2 345805 3.619"
e % & Family 27 2552 162827 || MBS % % Family 27 483204  5.058"
Tree height Branch angle
X4 x 5% % Block x Family 54 1.413 9.0117 X4 x & & Block x Family 54 352.694 3.692"
[X 41 Block 2 3.869 242242 X 41 Block 2 1.370 2.092
WEEKE ) || EELREE o ) .
Annual height % % Family 27 0240 15026 Stem straightness 2<% Family 27 4326  6.604
increase o .. || degreedegree .
X 2H x %X % Block x Family 54 0.119 7.432 X4 x % % Block x Family 54 1.227 1.873
[X 41 Block 2 177571 1712217 X 41 Block 2 0.858 1.227
- e ||tk o .
T Z % Family 27 16018 15445 Lateral branch 2<% Family 27 1.595 2281
Basal diameter number
X4 x 5% % Block x Family 54 8.647 8.338" X4 x X & Block x Family 54 1.271 1.818™
[X 41 Block 2 35209 104.693" X 41 Block 2 0.139 1.706
T =2 - ¥ NS 2o 2 . £
L . R % Family 27 2.643 7.857 >~ u;; X % Family 27 0.635 7.801
Crown diameter Taperingness
X4 x 5% %& Block x Family 54 1.758 5.226™ X x X & Block x Family 54 0.424 5.209"

JIRFE, BRI . BRCRIREIEE SN,

ARAEAR A BB BAL 1B
23 FEREXMESH

Xt B A 5 AR R ER AT AR SC R 04, A5 AR L
6o FMART, BRARHIE 57046 (-0.056)
AW BE 5 MR (0.049) DL K B 5 i

(=0.009 ) Z [a] (A A K MEA B340 (p>0.05),
HARKMERZ R 8 E K (p<0.05), H
R SR AR B LA KR i AR 2 TR A DG
YRR B, FHOC R EONTE 0.80 L I . BEES S| B
Z ISR 2 ARG, MG RS -0.243, IEAF,
ISHIBE S E ARG R i | B R R38R
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Table 5 Variation parameters of different traits families
PER FHME AR ez RERRAH BERRAH KRB BRI )
Traits Mean Range SD PCVI% GCVI% Family heritability Single heritability
475 Tree height 2.565 m 2.042~3.046 m 0.590 22.989 16.940 0.553 0.642
P iR AE K 5 Annual height increase  0.770 m 0.598~0931m  0.187 24.345 17.201 0.495 0.743
Hi4% Basal diameter 6.135 cm 4.772~7439cm  1.482 24.164 17.733 0.540 0.659
e fiE Crown diameter 1.776 m 1.206~2.263 m 0.737 41.519 23.873 0.665 0.359
/¥ B¢ £ Branch angle 50.129 © 44.792~57.833°  11.150 22.242 11.143 0.730 0.233
JEEJE Stem straightness degree 3.816 2.972~4.278 0.886 23.223 14.427 0.284 0.886
Ml %¢ Lateral branch number 2.356 1.810~2.704 0.868 36.860 11.389 0.797 0.110
2 H| £ Taperingness 2.411 2.209~2.667 0.339 14.049 8.754 0.668 0.355
xR 6 ARRRZMRBXES T
Table 6 Correlation coefficients among different traits among families
AR W L) %iiﬁé{éi A% T RS @EE {E5%3
Traits Thee el Anpual height ‘Basal Crown Branch Stem straightness Lateral branch
increase diameter  diameter angle degree number

WK & Annual height increase 0.888"™
Hh4% Basal diameter 0.827" 0.690"
e Crown diameter 0.718™ 0.590" 0.741"
43548 Branch angle 0.191" 0.187" 0.144" 0.107"
JEEJZ Stem straightness degree 0.149™ 0.130™ 0.064" -0.009 0.161
M4z %1 Lateral branch number 0.242" 0.165" 0.270" 0236  0.148” 0.071"
22| ¥ Taperingness -0.243" -0.292" 0.326™ 0.085"  —0.056 -0.131" 0.049

TG, MOCREIH-0.292, —0.131,
24 EFHER—BEE DT

28 M EABEA L [ ML 28 R A PR — e & 77 I
# 7. 8. Whm— A T2 Ak B -0.523~
0.481, Horb, B MK RN WRH2, WRH3 Al
QTHS; 4 /= - 34 K & — i A& 1 2 ki oy
—0.173~0.161, Hrp, BEHIZKFN WRH2, WRH3
1 WRH13; Hife— e G 128 bl -1.363 ~
1304, M, B &K RN QTH2, WRH3 I
WRH6; i i — f B A 71 A8 4k i [ oy —0.569~
0.487, Hr, BREMZZRN QTH2, BQ3 Fll QTHS;
IR — LA A ALTE L R —5.239~7.803, H:
i, WEIE RS WRH5, WRHI4H1 WRH3; 1@
B — LA AR —0.844~0.461, Hi,
WEZ %0 WRHS, WRH5 Fil QTHI; M4 %—
JRC A& S AL IE BN —0.546~0.348, Hirf, #EhY
% % WRH2, WRHI13 Fl MDJ3; Wl & — it Bd &
J1AR ARG -0.202~0.256, Hit, BEMFEE RN
MDJ7. WRH6F1 QTH10,

2.5 FBHERERSHT

XTEHBEARK B £ MR T b, s R
W26 9, DIBRAEME R T 1 ARSI 3 4
Iy, BiFsEk ARk E] 73.264%, UiHIE LSRR 3 4
FRA AT LU S BT A MR 73.264% MR R, BAH
FEMEFERORCR , R EAT 3 A i T 0T o

& 9m A ERT P, WE (0956).
RiE AR K (0.878) ., HiAE (0.892) Mok i
(10.824) 4y HITE 34> A BRI fe i, K
FRA T TR 4 MR, AT H, R
HIEE (0.879) 7€ 3 A4~/ h AR IR I =, i
FRA T AT RFZMER . 72 F o A, oA
f (0.622). WEHEE (0.482) ., MK %L (0.526)
e 3 E A R E B A S, SR T AT L
R 3 AR

H & 9 P MR iy ks i T LIS 3 3 00 26
HHRE, HX. X5, X3, X4 Xso X X570 Xg 50
FFRM R MR AR R . A
f. B MRS, RHIE; HY,. Y. Y35
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Table 7 General combining ability values of tree height, annual height increase, basal diameter and crown diameter
eSS P e eSS IEESRS = EEA Huf P Jet
Families Tree height Families Annual height increase Families Basal diameter Families Crown diameter
WRH2 0.481 WRH2 0.161 QTH2 1.304 QTH2 0.487
WRH3 0.377 WRH3 0.107 WRH3 1.276 BQ3 0.399
QTH8 0.372 WRHI13 0.097 WRH6 0.737 QTH8 0.356
WRHI15 0.350 WRHI5 0.089 WRHI15 0.721 WRH2 0.356
QTH2 0.317 WRH14 0.083 BQ3 0.715 WRH15 0.287
BQ3 0.298 QTH2 0.078 WRH2 0.585 WRHI10 0.276
WRH14 0.245 WRHS5 0.067 QTHS 0.557 WRHI11 0.256
WRHI13 0.176 BQ3 0.056 WRH10 0.549 WRH3 0.204
WRHS5 0.117 WRH6 0.048 WRH13 0.212 WRHI13 0.146
WRH6 0.088 QTHS 0.036 QTH6 0.201 QTHI10 0.116
QTH7 0.081 QTH7 0.035 QTH10 0.149 WRH14 0.110
WRH10 0.021 WRHI10 0.027 WRHS5 0.115 QTH6 0.062
WRHI11 0.012 WRHI11 0.022 QTH7 0.096 WRH6 0.052
MDJ3 —0.001 WRH7 0.014 WRH4 0.090 QTH7 0.020
QTH6 —0.029 WRH4 0.000 WRH14 0.071 MDIJ14 —0.030
WRH4 —0.042 QTH6 —0.003 QTHI —0.010 BQ5 —0.062
QTH10 —0.059 MDIJ3 —0.024 WRHI11 —-0.079 MDIJ3 —-0.079
WRH7 —0.085 BQ5 —0.032 MDIJ3 —0.132 QTHI1 —0.090
BQ5 —0.088 QTH10 —0.032 MDJ14 —0.338 WRH4 —0.114
QTH1 —0.097 WRH —0.034 WRH7 —0.365 BQ1 —0.173
WRHS -0.157 QTH1 —0.041 MDIJ7 —0.499 WRH12 —0.183
MDJ14 —0.182 WRHS —0.044 WRH —0.565 WRHS5 —0.205
WRH —0.197 BQl1 —0.074 BQs5 —0.671 WRH7 —-0.213
WRH12 -0.270 MDJ14 —0.095 WRHS —0.729 MDIJ7 -0.274
BQ1 —-0.309 WRHI12 —0.096 WRH12 —0.735 WRH8 —0.348
MDJ7 —0.438 QTH3 —0.136 BQl —-0.935 WRH —0.364
QTH3 —0.458 MDJ7 —0.137 MDIJ9 —0.960 MDJ9 —0.421
MDIJ9 —0.523 MDJ9 —0.173 QTH3 —1.363 QTH3 —0.569

MFREMS T T, I, BN Edr e
Y, = 0.956X, +0.878X, +0.892X; +0.824X,+
0.270X; +0.160Xs +0.359X; — 0.061X;

Y, = —0.149X, — 0.245X, + 0.360X; + 0.245X,—
0.282X5 - 0.491Xs +0.119X; + 0.879X;

0.161X, - 0.219X, + 0.027X; - 0.111 X4+
0.622X5 +0.482X, +0.526X; + 0.329X;

2.6 BMELZERS
M T4 BT ST, M, PEBCEAT

Y3=—

M) DTRRAAE TR LR B3 A, FR2 9 AT
X3 AN FE R AL SR . 42.398% ., 17.219%.
13.646%. LA TFNFMTRARE

W =42.398%x%xY,+17.219% x Y, + 13.646% X Y;

TR 1S B AR P IR A 25 G 15 03 DL
HEA GO 10, &R ES, 2861502k
h12.362~13.319, ¥ . WEAER K 2 AR
PRAHEZRAE 2% VA b, A R s 2R 4 T
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Table 8 General combining ability values of branch angle, stem straightness degree, lateral branch number and taperingness

ES I B ESA WERE P L% ESA IR
Families Branch angle Families Stem straightness degree Families Lateral branch number Families Taperingness
WRH5 7.803 WRH8 0.461 WRH2 0.348 MDJ7 0.256
WRH14 5.289 WRH5 0.434 WRH13 0.343 WRH6 0.196
WRH3 5.164 QTHI1 0.378 MDJ3 0.292 WRH10 0.186
WRH4 3.789 WRH6 0.295 QTH2 0.271 QTH2 0.180
BQ5 3.789 QTH2 0.295 QTHI1 0.246 QTHI1 0.132
WRH10 3.719 WRH13 0.295 WRH12 0.200 QTH10 0.126
QTH7 3.303 QTH8 0.267 WRH10 0.163 MDJ9 0.125
QTH6 3.066 WRH7 0.211 WRH11 0.153 WRH3 0.117
QTH10 3.011 QTH10 0.211 QTH8 0.075 WRH4 0.110
BQ3 2.789 WRH3 0.184 MDJ14 0.061 QTH6 0.109
QTH2 1.233 WRHI10 0.128 BQ3 0.040 MDJ14 0.063
WRH13 0.525 WRH14 0.100 WRH4 0.014 QTH7 0.006
WRH7 0.400 WRH15 0.072 WRH3 0.010 BQ3 —0.002
QTHI —0.781 MDJ3 0.072 WRH15 0.010 WRH12 —0.028
MDJ7 —0.836 MDJ9 0.072 QTH7 —0.013 WRH —0.028
MDJ3 —1.045 QTH7 0.045 BQ5 —0.018 WRHI15 —0.059
WRH2 —1.406 BQl 0.045 WRHS5 —0.037 WRHI11 —0.066
WRH12 —1.447 WRH12 0.017 QTH10 —0.050 WRH5 —0.083
WRH6 —-1.809 WRH2 —0.011 QTH6 —0.055 QTH3 —0.084
WRH15 —2.711 MDJ7 —0.039 WRH6 —0.064 WRH13 —0.093
QTH8 —2.975 QTH3 -0.039 MDJ7 —0.106 BQ1 —0.098
WRHS —-3.350 QTH6 —0.066 MDJ9 —0.111 WRH7 —0.105
MDIJ14 —3.600 WRHI1 —0.205 WRH7 —0.199 MDJ3 -0.107
WRHI11 —4.170 BQ3 —0.483 WRH —0.231 QTH8 —0.125
MDJ9 —4.684 MDJ14 —0.594 BQ1 —0.240 WRH8 —0.143
BQ1 —4.725 WRH —0.594 WRH14 —0.277 BQ5 —0.188
QTH3 —5.100 BQ5 —0.705 QTH3 -0.277 WRH14 —0.196
WRH —5.239 WRH4 —0.844 WRHS —0.546 WRH2 —0.202

Wik, T ANUCFPIEAGE O AR, A . W
AR B R M AR Kk i B S 2% A R
3.109%. 5.014%. 2.193% Fl 1.040%.
27 MREIXRZRBKRESES

FRE R ATRIEE R, XFRT A &R S pkiE
LB HR, MRS KR A PR B 351G
B, DL 10% Fl 1% I AZEZR, S3ail0 K &R 5 5k
HEATORE, A 3 MER KR (WRH3., WRHS,
QTH2) 5 10 #RIE R EbR, AR R KPR STS

SR HEAAE R 11, 12, NEFEEZME . B
AERER R HAR BRI ) ST B (E 430k 2.835 m,
0.854 m. 7.033 cm 1 1.938 m, 5% 14 2543 5N
5.835%. 5.410%. 7.908% F1 6.069%; AL K
PRA S . B ARSI R | AR KRR S A B
TS S48 43 9 55 1.068 m. 0.250 m, 2.225 cm Fl
1312 m, BARRIBAEH 2550 0K 26.74% . 24.11%.
23.91% £ 26.53%.
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Table 9 Principal component analysis of different traits
FEBS T TR 1 TR 11 ER 2l
Principal component factors Component [ Component I Component [1]
RFE{A Eigenvalue 42.398 17.219 13.646
TUHk# Contribution/% 42.398 59.617 73.264
2T DTE % Cumulative contribution/% 3.392 1.378 1.092
T Tree height 0.956 —0.149 -0.161
P 4E 19K & Annual height increase 0.878 —0.245 -0.219
142 Basal diameter 0.892 0.360 0.027
jetiE Crown diameter 0.824 0.245 —0.111
43 ¥4 /i Branch angle 0.270 -0.282 0.622
JEHE ¥ Stem straightness degree 0.160 —0.491 0.482
%% Lateral branch number 0.359 0.119 0.526
R0l B Taperingness —0.061 0.879 0.329
F10 ZIHEZESFAHE x11 RMRRREEHELHSZ
Table 10 Comprehensive score and ranking of Table 11 Comprehensive score and ranking of
provenances excellent families
Tt SFa1 H4 E A Ry 4
Provenances Comprehensive scores Rankings Families Comprehensive scores Rankings
Ji A¥X Wanrenhuan 13.319 1 WRH3 14.893 1
A Qitaihe 13.291 2 WRHS5 14.484 2
i Baoging 13.252 3 QTH2 14.468 3
HFHT. Mudanjiang 12.362 4
x12 RREKGEESTHE
Table 12 Comprehensive score and ranking of excellent individual plants
X 21 il E A 7357 R =
Block Provenances Families Plant number Comprehensive scores Rankings
1 511 Qitaihe QTH1 9 19.908 1
1 L &7 Qitaihe QTH7 3 19.514 2
3 J3 A¥ Wanrenhuan WRH6 1 19.322 3
3 73 AXKX Wanrenhuan WRH2 9 19.117 4
1 Ji A¥X Wanrenhuan WRHI15 5 19.026 5
1 i Baoging BQ5 4 18.664 6
2 B Qitaihe QTH6 2 18.661 7
3 Ji A¥X Wanrenhuan WRHS5 2 18.521 8
1 Ji AXK Wanrenhuan WRHI14 1 18.377 9
1 Ji A%k Wanrenhuan WRH4 5 18.376 10
3 3t ] LA B2 58 2 () XA AE W B 8L 8 5, 3k S48 S8 N

B FVE SRR T R AR EEFTEN AR,
XSS . el LS AP UZ A TR R Aol
VeF TAFAY T BRI AWFTE 0 A R F
URIA] S g R R 22 S T B, A5 MERIRAE BB AR

S XF IR 3 RN L 45 DR R TER —
B, RYIAFEFE RS F 8] 5 A KA bR (a7
TERCR 225, AM TR A RS BRI
AR S ZB N WHE YIRS SRR, B REIR
PR AR IR AL A SRAE ST, e 18 57 R KK
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FIFRAAR S 2B, WL S REGR, RIUIZK
BRI AT R A 0 RV R A S
SRR RIS S R BB 14.049% ~
41.519%, S5 BaEEPY. JZ 0 XSHEABk A
FEEEFAE, ARRIREERK, ULBASAMA A e
RIAFTEFEE A S, BAh, bS5 s gk i 2 40
S R B, R LUENR SR E ke br
PR, BiE . B R R D S AR 3
R TRALAE S 2R 80 7 AR 3 2B e lgse ke, ¥
LT 70%, 5% EEUe SR X R ( Eucalyptus
S. T. Blake) MMFFEEEAAAMLL, UiHTSABIA R
] ()28 S Z B AR T R RS R o 3G I Rm g AR
PR A TRIEE S, AL TR AR X
PRRFE AL A R AR AZ BIIRBE R (1) KNS, AF
e, 28 ANEABERCK I R R A& MR AL A8k
JLH A 0.284~0.797, BRiEELESN, &S MRSE T
Yyt 0.45, J&TrhAERL IR, HE RS
XA ( Catalpa bungei C. A. Mey. ) FIBFFTZEHAH
B, RIHARFER RGP MRZ 2 T oS
WA IZE AR b, MRS 3R A A% )
i, BEHIAECS S B A TE BRI R R B R R
RIZABE BN, e st 1R,

FHIGAE ST AT DA e 4tk 2 [ A7 A B R
X T AR Z 0] 1) 06 R HAT FZEAE ST, AR
WFFE, MR EAEICHE T ol LU e, ARk
BPRIRZ RIAR DGR e, o, B RS AERY
Kot HAR . LR DL R SR R AR TR A R A . 2
IEAHSG s TR S HAR D AR K B L, e S
AR 2z (B A A S IR AR OC, HARK REE S, M
0.827, SRXEEHAEDY X 5k TotE RS
ZERAAL, WETR S KB R AR LS A P E0
PEPRFR KR

— WG IR TE— A R, B AR
ZHE W FATE S RSP E R B 20, —
P HC A 38 N R R PR PR AR R AR R 4%
LS ZEAEE AR FEXT 28 2R AR R A
AR — R A 13T T 081, LA 20% A ZE2
FHARIB TR 6 DEA, MR E . AR
SRV AR = B IER RS, ZEA TR H 4 M
KA (WRH2, WRH3, WRHI5 il QTH2); #
Pooebme . A DL AR (1, S Tein i =
B RBGHATIRGE ) VR R % B 0 H8tn, 260
e 2 MR EA (WRH, QTH3); HIGE &
JESARHI BV TR RS, ZEATHES 3 MER

=]

¥ (QTHI1, QTH2 Fl WRH6 )., kR RASEARA]
PME A SRA R E 0 B BRI 2258 B R0 B 5 B A

F LA 530k B RE AR AR AR 1 25 A R R
MREFE AR bR, IR BERET, SORAH 0
B, MR REN . FWE, AR I Bk ARk
8 MNARAMRIEAT T WS40, $eHUH 3
gy, ERSY T PR BEEAERR K M AR A
TEMERFE AR, ATARERAERKEADCE R, Fs
I e ml BERRAE A A, PR TR AR R
FE R o3 A RO A K5OT- 349 (8 R AE (B
AR AT RAR AT B o M R T a R, ik
AR (A, HR G By
K Sk i PR S 3 55 4300 O 3.109% . 5.014%.
2.193% F1 1.040%; fiikt 3 MERZKFR (WRH3,
WRHS, QTH2), ABEZEZMWm . B &K
i AR KOS i A T AR 3B AR 1 55 430 R 5.835%
5.410%. 7.908% Fl 6.069%., S SCAZE Xt 9 4F
He WA ( Liguidambar formosana Hance ) BB 5T 45
WAL, Hrd, QTH2 BERM B KRk k, X
LR EANEA B, R QTH2 MREFIMIL R,
Al 2BV NSRRI R AR T R . 7R
REREFERIE, OGS0 R, L 1% 1
ABER, LIS 10 BROU R bk, AR R SRTE
W BEEAER KA MR B I B S 4 L
RS (8 43 5 = 1.068 m, 0.250 m, 2.225 cm Fll
1.312 m, BAURRIBALIE 25 70 10 26.74% . 24.11%.
23.91% £ 26.53%.

4 i

A EARDE TR, IO I A D SR
SR, XTSRRI PEO SN2 07 10T 22 4R Lt
1o (HPEAPESEA AN . SRRSO 5
BRI RARAE R, (AT ST 2 SR A 22
18 AHTFELIIBE R M Eo8 A, ZRa 241k
W, G856 ERGHE, XTRENR . KR LR
PRIEFTVPOT Sk e, LA 1 MERFE, 31
RERM 10 MER PR, AR Z ]
FACHER, AL e, FRIRTE LR R R A R
PEPRIE ST, BT MR, 7EOIB R A F

SR AT R S
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Variation and Selection of Seedling Growth Traits Among
Juglans mandshurica Provenances and Families

LU Xian-bo', XU Lian-feng’, PANG Zhong-yi°, LIU Ji-feng', WEN Bao-yang’,
PEI Xiao-na™®, ZHAO Ling’, WANG Xue-gang®, ZHAO Xi-yang'

(1. State Key Laboratory of Tree Genetics and Breeding, Northeast Forestry University, Harbin 150040, Heilongjiang, China; 2. Qiqihar
Branch of Heilongjiang Academy of Forestry, Qigihar 161005, Heilongjiang, China; 3. State-owned Xinmin Mechanized Forest Farm,
Shenyang 110300, Liaoning, China; 4. Wanrenhuan Forest Farm of Binxian County, Harbin 150411, Heilongjiang, China;

5. Harbin Forestry Machinery Research Institute of the National Forestry and Grassland Administration, Harbin 150086,
Heilongjiang, China; 6. Research Center of Cold Temperate Forestry, Chinese Academy of
Forestry, Harbin 150086, Heilongjiang, China)

Abstract: [Objective] To analyze and select the genetic variation of growth traits among provenances and families
of Juglans mandshurica, in order to promote the selection and breeding of J. mandshurica superior varieties.
[Method] In this study, the growth characteristics (tree height, annual growth of tree height, ground diameter, crown
width, straightness, branch angle, number of side branches and taperingness) of 28 J. mandshurica families (6-years-
old) within 4 provenances at Wanrenhuan Forest Farm were measured and analyzed. [Result] The results of analysis
of variance showed that most of the traits reached extremely significant differences among various sources (P < 0.01).
The phenotypic and genetic coefficient of variation of these traits ranged from 14.049% to 41.519% and from 8.754%
to 23.873%, respectively. The family heritability and individual heritability were ranged from 0.284 to 0.797 and
from 0.110 to 0.886, respectively. The results of correlation analysis showed that the correlation of almost all traits
reached a significant level (P < 0.05), except the correlations between sharpness and branch angle, between sharp-
ness and number of side branches, and between straightness and crown width. The results of general combining abil-
ity analysis showed that with a selection rate of 20%, 6 excellent parents were screened according to different traits.
The results of principal component analysis (PCA) showed that the cumulative contribution rate of the three principal
components reached 73.264%, indicating that the three principal components contained most information of the
measured trait. According to the comprehensive scores of PCA, one excellent provenance, three excellent families
and 10 excellent individual plants were initially selected. The realistic gains of tree height, average annual increase in
tree height, ground diameter and crown width of selected provenance were 3.109%, 5.014%, 2.193%, and 1.040%,
respectively. The genetic gains of the 4 traits of the families selected were 5.835%, 5.410%, 7.908%, and 6.069%,
respectively. The genetic gains of the 4 traits of selected individuals were 26.74%, 24.11%, 23.91% and 26.53%,
respectively. [Conclusion] The growth traits of J. mandshurica have rich variations within provenances and famil-
ies. The excellent provenances, parents, families and individuals preliminary selected could lay a basis for the selec-
tion and application of J. mandshurica varieties.

Keywords: Juglans mandshurica; half-sib family; provenance selection; family selection; genetic gain
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