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Abstract: To conduct a preliminary evaluation and select superior clonal lines of Larix olgensis, this study used 68
clonal lines from the Larix olgensis collection area at the Qingshan National Larch Seed Orchard in Linkou County, Mu-
danjiang City, Heilongjiang Province, as materials, measured their growth and wood quality traits were measured, and
analyzed them using variation analysis, variance analysis, correlation analysis, and other methods for comprehensive
evaluation. The results of the variance analysis showed that the differences in growth and wood quality traits among the
clonal lines were highly significant. The variation analysis of growth and wood quality traits indicated that the coefficients
of variation ranged from 2. 55% to 19. 71%, with volume exhibiting the largest coefficient of variation and total cellulose
having the smallest. The repeatability values ranged from 0. 602 to 0. 924, with tree height showing the highest repeat-
ability, followed by basic density and total cellulose. Correlation analysis revealed that diameter at breast height (DBH)
was significantly positively correlated with tree height, and the east-west crown width was highly positively correlated

with the north-south crown width. Volume, DBH, and tree height all exhibited significant positive correlations, with a
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stronger correlation between volume and DBH, indicating that volume was more influenced by DBH. Furthermore, corre-

lation analysis revealed no significant relationship between growth traits and wood quality traits. Using the Breeding

multi-trait evaluation method, superior clonal lines were selected based on both growth and wood quality traits, with a se-
lection rate of 15%. The superior clonal lines selected for growth traits were 241, 456, 96, 475, 179, 161, 83, 759,
339, and 43, while those selected for wood quality traits were 357, 223, 161, 7, 249, 741, 657, 14, 475, and 113.
The clonal lines 475 and 161 exhibited excellent performance in both growth and wood quality traits. The selected supe-

rior clonal lines can provide valuable material for the future breeding of superior varieties.

Keywords: Larix olgensis; clonal lines; wood quality traits ; repeatability
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Tab. 1 Specific identifiers for 68 clonal lines

RS RIFZE /% RS RIFZE /% RS RIFZE /% RS RIFE /% RS RIFZE /%
Clones Survival rate || Clones Survival rate | Clones Survival rate || Clones Survival rate | Clones Survival rate
7 100 113 50 219 50 369 66.67 665 50

12 50 119 50 223 50 382 50 681 50

14 66.67 135 66.67 241 50 390 66.67 697 50

19 66.67 136 50 249 50 398 50 698 50

27 50 140 50 266 66.67 452 50 705 50

34 66.67 158 50 289 50 456 50 719 66.67
40 50 161 50 292 50 475 50 727 50

43 50 171 66.67 297 50 504 50 741 50

46 50 172 66.67 318 50 562 83.33 752 50

83 66.67 179 50 324 66.67 563 58.3 759 50

92 50 183 50 334 50 568 50 767 66.67
94 50 188 66.67 339 50 572 66.67 798 66.67
96 50 194 50 341 66.67 581 66.67 = =
104 50 198 50 357 50 657 50 — —
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Tab. 2 Analysis of growth traits for selected clonal lines

Efi(ts Ciris A\ijfge PVC/ %
456 23.87 + 0.40 1.69
241 23.27 £ 0.83 3.58
83 22.23 +2.43 10.94
475 2150 + 1.14 5.28
W& /m 369 2124 +1.31 6.18
Tree height 46 17.60 * 2.00 11.35
357 17.33+0.93 5.36
136 17.17 £ 0.65 3.79
40 17.13+ 0.78 4.53
12 17.10 £ 0.17 1.01
241 30.73 £ 2.16 7.03
759 28.50 + 0.82 2.87
179 28.20 £ 4.68 16.6
96 28.10 + 1.66 5.92
K912 /cm 456 27.97 £1.76 6.3
Diameter at breast height 136 21,13 + 6.62 31.33
171 20.85+2.64 12.64
46 19.80 £ 6.61 33.41
334 19.80 £ 4.16 21.01
698 18.60 + 3.42 18.4
96 7.60 £ 0.26 3.48
179 7.57 £ 0.78 10.27
161 7.37 £ 0.46 6.27
14 7.35+0.30 4.08
R IR/ m 83 7.30 £ 0.42 5.81
East-west crown width 798 5.48 +0.17 312
698 513+116 22.58
390 5.08 £ 0.95 18.79
46 4.70 + 2.65 56.29
452 4.70 + 2.54 53.95
289 6.70 £ 0.35 5.17
96 6.63 + 0.83 12.55
27 6.47 £ 0.64 9.82
475 6.47 £ 1.86 28.74
Bt EIE/m 104 6.33 + 1.36 21.44
North-south crown width 390 4.48 +0.59 132
698 440110 25
292 4.30+0.10 2.33
46 4.07 +2.90 71.37
452 3.87£2.31 59.78
241 0.770 9 £ 0.067 2 8.71
456 0.673 5+ 0.064 6 9.6
475 0.584 0 £ 0.183 6 31.44
96 0.573 8 +0.083 7 14.58
H/cm?® 759 0.546 9 + 0.015 6 2.86
Timber volume 40 0.308 5 + 0.066 6 2158
334 0.304 1+ 0.098 7 32.45
136 0.297 4+ 0.178 4 59.97
46 0.2839£0.1700 59.87
698 0.2819+0.104 0 36.89

T RIS RS AMERS S, BEAMERESE. TH

Note : The first five clone numbers represent the top five mean values, while the black ones represent the bottom five mean values. The same as below.
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2.2 EHERMEEREREST R FE BN 14. 153 6%, JRET B =
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#3 BOEHRMMEERDITER

Tab. 3 Analysis of wood quality traits for selected clonal lines

%irfi‘ts Ci:es Ajgfge BVC/%
398 15.485 4 + 0.429 6 2.774 4

172 15.350 0+ 0.779 9 5.080 7

681 15.136 0  0.850 6 5.619 9

289 15.076 7 + 0.398 0 2.639 8

o YEE /%t 452 15.063 0+ 0.916 3 6.0832
Hemicellulose 382 132720+ 0.512 7 3.863 3
339 12.756 6 £ 0.854 5 6.698 8

475 12.687 3+ 0.230 1 1.8140

324 12.638 5+ 0.448 5 3.548 4

456 12.468 5 + 0.744 2 5.968 8

475 49.664 8+ 0.898 8 1.809 6

741 49.554 7 +1.859 2 3.7519

657 49297 3+ 0.350 3 0.710 5

223 48.9621+2.768 4 5.654 1

FHE/% 581 48247 8 0.472 6 0.9795
Cellulose 96 43.4630+2.1916 5.042.5
568 43.4501+2.9346 6.7540

172 432618 +1.404 3 32460

135 43,077 0+2.707 0 6.2841

697 42,718 5+ 0.642 8 1504 8

727 32314433356 10.322 3

452 31.359 9 + 3.261 8 10.4011

140 31.3513+1.898 7 6.056 1

46 31.319 3 +2.151 4 6.869 3

KEZE/% 83 30.918 3 + 4.804 8 15.540 3
Lignin 759 27.010 9+ 1.685 9 6.2417
249 26.509 8 +1.173 5 4426 7

357 26.095 0 = 0.993 5 3.807 1

382 26.0227 £ 0.204 9 0.787 5

161 25.509 8 £ 1.220 1 47829

657 64.1331+1.0108 1.576 0

741 63.652 9 + 1.454 2 2.284 6

223 62.538 4 +2.094 5 3.349 2

475 62.3521+0.779 1 1.249 5

YR /% 581 62.345 4 + 0.988 1 1.584 9
Total cellulose 140 57.798 2+ 0.641 6 1101
135 57.742.7 + 2.650 8 45907

83 57.648 3 + 4.274 4 7.4145

339 57.563 3 +2.704 9 46989

697 56.937 2+ 0.948 5 1.666 0

456 0.490 7 £ 0.011 3 2.3029

665 0.489 8 £ 0.037 4 7.628 0

562 0.484 6 + 0.056 2 11.594 2

136 0.4815+0.031 8 6.600 8

HABRRE /(g cm™) 198 0.479 6 = 0.147 8 30.823 7
basic density 657 0.390 0 + 0.068 0 17.436 7
172 0.3891+0.023 3 6.000 6

92 0.3883+0.015 7 4.037 5

297 0.367 4+0.015 7 42709

241 0.361 7 £ 0.004 7 12921




6858

FESF KEEHRERSHESTIRAREERER

1187
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BB TR Z 697, 0 42. 718 5% ; KR E K
SEEIJRESTECN 29. 006 3%, RS EUR S TR 2
727,79 32.314 4%, iR BRI L ER 2 161,04
25.509 8% L5 4F 4L F M- JF & 53 809 59. 750 0%,
e B m 3 TR 2 657.741 f1223, 73 512
64. 133 19%.63. 652 9%F1162. 538 4%, JFRES T EURIKAITG
PR IZ 697, 7 56. 937 2% ; A B B 1 R AR SE (B
0. 4320 glem’, EAREE H AR 3 1N TeME R U2 456,665
562,53 5158 0. 490 7.0. 489 8.0. 484 6 g/em® , F AR JE
B/NGTCME R E 241, 0. 361 7 glem?,
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A, MR 4, HFRATH, PFFER FHEER KR
R G HER BEREE W E R E R R FEAL
7ol M A RS I M 2R TR 22 S5 K S BT 5R B T 3 (P<
0.01) 7K,
2.4 FEATHRZRSHSH

K 7% AR A AR PR AR B 22 57 43 i L3R 4,
BRI EIE KA 22 T i iR & et R AN E IR
FIRBCEE . NERRE A, SHRIT R RENE
FITE 2. 55%~19. T1% , MR Z 7 R B UK R 4E R
#7227 R BN EE T EITE 0. 602~0. 924, #if = B
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Tab. 4 Variation analysis of traits among clonal lines

N iz RIFIE Hig SRR/ % B
ik pggm WEem o FEGEm o BRI s wgmen gem AREM 0 BAEE/
) . Diameter at East-west North-south . . e Total (grem™)
Traits Tree height R R . Timber volume Hemicellulose Cellulose Lignin - .
breast height ~ crown width ~ crown width cellulose  Basic density
B/ME
- 17.10 18.60 4.70 387 02819 12.468 5 427185 25509 8 56.937 2 0.3617
Minimum value
Eij(_{a 23.87 30.73 7.60 6.70 0.7709 154854 496648 323144 64.1331 0.4907
Maximum value
Fiofa
e — 19.67a 24.08a 6.32a 5.40a 0.424 6a 14.139 9a 456721a 2897052  59.8120a 0.431 3a
FEFE
ANOVAE 13.204 4733 4.994 3714 56770 2.5100 4.5970 33580 62840 9.280 0
R - 129 2.07 0.62 0.58 0.0837 0616 6 1.514 4 13402 15223 0.029 6
Standard deviation
iz
Range 6.77 1213 2.90 2.33 0.4890 3.016 9 6.946 3 6.804 6 71959 01290
PVC 6.56 8.60 9.81 10.74 19.7100 4.360 0 33200 46300 2.550 0 £6.860 0
EEN
0.924 0.789 0.800 0.731 0.8240 0.602 0 0.7820 0.7020 0.8410 0.8920

Repeatability

T NEFF R RERENEZEKF(P<0.01)

Note: The lowercase letter “a” indicates a highly significant difference (P<0. 01).

2.5 FMRZEEXEDH

ST FERY 68 T To M & U R A TAE R P 34T
WE AR, HMEXESITEH  RESHE 25
B RS  FER R A 0. 390; 2R PE 5 R 5 F AL et i
Z[E 2T EA DS ISR BN 0. 683 M RN
i) 12 5 W = R AN R IE AR AR A B B
0.914.0. 701, FRIAM FRAZ 1252 M B K

FHEREGRFEZNEE M RES HRXRK

N-0.581; [N}, AR GLA 4R BT EHEHER,
FRAREN0.918; KRR ER SEA 4R EM T A
K AR REON-0. 549 KRR RS ERZEHK R
ANEFE(-0.033) , XRFRIEAM BIARRER GEARZE
WEIRSAE LR,
WRAIRIRER LR R AR E 2 AR R AL
43 A18-0. 065.0. 046.-0. 079, FEA 2 B AH I B4
FRFIARIRR LR AR R B 2 R R 57 3



= s
1188 HF K I B ENE

gi Corr: Corr: Corr: Corr: Corr: Corr: Corr: Corr: Corr:
0'2 3 -0.191 0.071 0.215 -0.315% -0.068 -0.229 -0.191 -0.160 -0.193

0 -

50 yupmamn

.

48 - .

46 & ':. a2t Corr: Corr: Corr: Corr: Corr: Corr: Corr: Corr:
44 - - (% —0.581%* 0.918** -0.002 0.074 0.069 0.005 0.074 0.060

L 4

31 IEEE | AT

20 - = 0N o6 '.f oo Corr: Corr: Corr: Corr: Corr: Corr: Corr:
L °f-.3'v 2] ‘? " -0.549%* -0.033 -0.065 -0.118 -0.151 -0.134 -0.087

o fe ‘

64 - o % o

62 e ”o ’ . S ) '.% Corr: Corr: Corr: Corr: Corr: Corr:
60 5 . T =iy -0.130 0.046 -0.024 -0.073 0.009 -0.019
58 e & 0 ML %“’to

: .
P st
045 4 ¢ s P 3¢ T CHs .' . L‘$ Corr Corr: Corr: Corr: Corr:
‘ .' . o -0.079 =-0.175 —-0.055 0.017 -0.143

. . .
22 - S s . . . . .

— 7 PR s 5 . - Corr: Corr: Corr: Corr:
fg fﬁ_y o .’-_ “ .-k ,.-.. . ‘&3}4:‘, 0.390% 0.181 0.067 0.701%*

o ) o . %

3 S I lSjEEsani EEES=S EIgssss . . .

- . . oq o vy g .t o B orT: orT: orT:
u- '.',:,“‘ S ',:’?.#“ S *’-’,s 'W S S .*!{f‘ 0.601%* 0.547%% 0.914%*
2 was o cpmigi Iy = . %
B ORIl et oy SR Tt s Eines .

ROEORT- S I S 238 it —t “.g" 24 -1 é. Corr: Corr:
I ST - SR e CARRRY T TR - S JLom || o
5- adiis Wil Bmas i=aas G BT St ]

s JEdns 1+ 3 5 ...-. 3 - .s... HH ;...,
%t . OTT LY X R CRRNL %) X Corr:

TR Ot R e e --ﬁ Lo
FRUSIS 2 2t F L . ot Tt IgEMe BpgmS pEat

07 . . . . .

os 22 R e e N

0 - ggﬁunﬁﬁp.r i&s’w&%ﬂ& 2R, L JV iﬁh

03 - e s R T e ,.-"s

13 14 15 44 46 48 50 27 29 31 58 60 62 64 040 045

FT=AXEEREEE
KRB EIKTE ; #FR P<0. 05, Z5iE B EKE,

18 20 22 24 21 24 27 30 5 4 5 6

0304050607

ZEMEXRE T=ARER S SERZANBAE NAKRIENEBNEE LM RRP<0.01, ZF

The upper triangle displays the correlation coefficients between variables; the lower triangle shows scatter plots between indicators ; the diagonal

represents the density distribution of individual variables. ** indicates P<0. 01, denoting a highly significant difference, and * indicates P<0. 05, de-

noting a significant difference.
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Fig. 1 Correlation analysis of traits
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The vertical axis represents the clonal line numbers, and the horizontal axis represents the (), score values. (.S denotes the Q, for growth traits,

and Q.C denotes the @, for wood quality traits.
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Fig. 2 Evaluation results of clonal lines based on Qi value
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Fig. 3 Ranking of Q,values for clonal lines based on evaluation results
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