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Variation Analysis of Growth Traits of Offspring
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Abstract In order to select the excellent germplasm resources of Pinus koraiensis and provide materials for
national reserve forests construction and afforestation promotion of P. koraiensis, the offspring of superior
individuals in the primary P. koraiensis seed garden of Jilin Forest Industry Dew River Technology Group Co.,
Ltd. were used as materials. Analysis of variance, estimation of genetic parameters, analysis of general combining
ability, correlation analysis and comprehensive evaluation were performed on tree height (H) , diameter at breast
height (D) and volume (V) of 218 half-sib families with 19-year-old P. koraiensis, respectively. The superior

families were screened and the superior individuals were selected from the superior families. The results showed
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that there were extremely significant differences in H, D, and V among different families, blocks and familiesX
blocks (P<0.01). The average H of all P. koraiensis families was 3.22 m, the average D,, was 4.79 cm, and the
average V was 0.005 08 m’. The phenotypic variation coefficient of the traits ranged from 25.42% to 82.48%, the
family heritability ranged from 0.86 to 0.89, and the individual heritability ranged from 0.23 to 0.38. The average
values of H, Dy, and V of family PK20 were the largest, and the general combining ability values of H, D, and V
of PK20 parent were also the largest. Besides PK20, the general combining ability values of PK33, PK6 and
PK46 parents were also larger. H, Dy, and V were significantly positively correlated with each other. Therefore,
10 excellent families were screened out by multi-trait comprehensive evaluation method (5% selection rate). The
average H, D,, and V of the selected families were 3.85 m, 6.50 cm and 0.007 50 m’, respectively. The genetic
gain was 17.30%, 31.02% and 65.08% respectively, with 11.60%, 23.81% and 62.91% higher than the local
control mean value, respectively. By the same method, 10 excellent individuals were selected from excellent
families (2% selection rate). The average H, D, and V of the 10 selected individuals was 5.06 m, 10.72 cm and
0.023 99 m’, respectively, and the genetic gain was 11.86%, 17.31% and 38.68%, respectively, with 46.67%,
104.19% and 420.83% higher than the local control mean value, respectively. Taking growth traits as the
selection target, the initially selected excellent families and individuals could be used for the application of
improved varieties, providing a theoretical basis for genetic improvement of P. koraiensis and providing improved

varieties for the double increase of forestry area and volume. The high-quality parents obtained by combining

ability analysis could be used in hybrid breeding to produce offspring with better heredity.
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Table 1 Variance analysis of growth traits of the half-sib families of Pinus koraiensis

LE2/N G 3 1 B ¥y
. . F P
Traits Variance source d, Mean square
K % Families 217 3.791 9.154 <0.01
B 1
$T'_J [X 41 Blocks 5 15.082 36.416 <0.01
Tree height
R Z X 4 FamiliesxBlocks 1061 2.072 5.004 <0.01
K % Families 217 23.680 7.902 <0.01
Mtz
X 4
Diameter at breast height [X 21 Blocks 5 210.864 70.363 <0.01
R Z X 41 FamiliesxBlocks 1061 12.585 4.199 <0.01
% % Families 217 0 7.187 <0.01
MR
[X 2l Blocks 5 0.001 45.755 <0.01
Volume
K Zx[X 4H FamiliesxBlocks 1061 5.17x10° 3.664 <0.01

R2 AMERKEREEERSH

Table 2 Genetic variance parameters of growth traits of the half-sib families of Pinus koraiensis

ZH Wi i R
Parameter Tree height/m Diameter at breast height/cm Volume/m’®
1 Mean 3.22 4.79 0.005 08
751K Range 2.33~4.38 2.51~7.62 0.001 32~0.012 31
FrifE 2= Standard deviation 0.82 2.14 0.004 19
FINAR 5 Z M Phenotypic coefficient of variation/% 25.42 44.59 82.48
REWAE T b 0.89 0.87 0.86
Hbkis %71 0 0.38 0.27 0.23

2.2 BERFEMREHE

218 N LLAAE Rl H o8 Z b A ) 8 4% () 1)
e SR R 22 R 3 R PK20 I i AR
FURF A5 B K (P<0.05) , 4351 4.38 m . 7.62 cm .

0.012 31 m’. HEZHT 10 I AW K 3.66~4.38 m,
#9454 6.08~7.62 cm , #4 F14 0.007 57~0.012 31 m*;
R PK2041, %¢ & PK6 IR 1 (3.99 m) Ji42(6.85 cm)
A L(0.009 79 m*) AL H (£ 3) .
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Table 3 Means of growth traits of the half-sib families of Pinus koraiensis
X% W7 K% N %5 B
Families Tree height/m Families 1aTIZ§egr}1$c:eaSt Families Volume/m’®

PK20 4.38+0.55" PK20 7.62+2.11° PK20 0.012 31+0.007 18°
PK98 4.20+0.67% PK6 6.85+2.19® PK6 0.009 79+0.005 75
PK6 3.99+0.79® PK46 6.73+£1.25% PK26 0.009 32+0.008 83"
PK46 3.97+0.41% PK26 6.64+2.51° PK64 0.009 13+0.007 19
PK64 3.87+0.90° PK86 6.53+1.84" PK46 0.008 56+0.003 32*°
PK71 3.80+0.97% PK3 6.43£1.95% PK71 0.008 42+0.007 09®
PK31 3.77£0.91* PK64 6.38+2.61° PK72 0.008 38+0.006 65
PK69 3.77+0.73* PK29 6.30£0.96" PK3 0.008 09+0.004 69
PK53 3.76+1.01° PK98 6.11£1.29" PK86 0.007 75+0.004 68
PK17 3.660.97% PK97 6.08+2.32" PK97 0.007 57+0.007 83*
PK65 3.66+0.91° PK66 6.08+1.75% PK17 0.007 57+0.007 46"
PK26 3.63+0.77° PK31 6.01+2.04" PK53 0.007 55+0.006 59
PK72 3.62+1.26 PK71 5.95+2.93% PK31 0.007 48+0.005 14™
PK3 3.60+£0.79° PKS5 5.78+2.38" PK98 0.007 47£0.004 00™
PK57 3.59+1.06" PK72 5.76+3.24" PK5 0.007 19+0.005 67
PK5 3.58+1.01° PK17 5.72+2.64° PK66 0.006 94+0.004 05
PK66 3.57+0.42° PK53 5.64+2.76" PK15 0.006 92+0.006 36"
PK10 3.56+1.05 PK21 5.64+1.49 PK57 0.006 80+0.007 06°
PK91 3.55+0.86" PK48 5.64+1.35° PK60 0.006 65+0.005 08"
PK48 3.54+0.44° PK28 5.63+2.27° PK28 0.006 58+0.006 06

T B ERAE S t CENHES (0 HETE T 20 A5 5 IR FA [l /NG 5 B 2R 58 28 i) 22 e W 35 (P<0.05)

Note: Only the top 20 families were listed in the table. Different lowercase letters in the same column indicated significant difference between

the families(P<0.05).
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A KR — BB A 146 5B A 0.000 01~0.007 23,
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(0.004 71) . PK26 (0.004 24) . PK64 (0.004 05) .
PK33(-0.003 76) .PK46(0.003 48) .PK71(0.003 34) .
PK16(-0.003 32) .PK72(0.003 30)FI1PK30(-0.003 27).,

K 7 PK20 SEAS AR &5 A2 A B — e 5
e K B PK20 41, PK33 . PK6 il PK46 3 A8 45 4=
KRR A — L & I ECR
2.4 HKMEREXME

AR T 2 T, W L B A2 Rk R 1 PR R
[ J47 Sl o 2 TE AR OGO 2R, oy, B 4% 55 64 AR AH
Kbt i , M6 R B 0.935; Hik b Mot S5 v
FH G R E0 M 0.908 5 1 151 5 44 FRLAY AH OC R B /DS
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Table 4 General combining ability values of parents with different growth traits

K7 s R7 i R7 HBY
Families Tree height Families D1ameter~ at breast Families Volume
height

PK20 1.16 PK20 2.82 PK20 0.007 23
PK98 0.97 PK33 -2.28 PK6 0.004 71
PK43 -0.89 PK6 2.06 PK26 0.004 24
PK33 -0.88 PK46 1.94 PK64 0.004 05
PK6 0.77 PK13 -1.90 PK33 -0.003 76
PK46 0.74 PK26 1.85 PK46 0.003 48
PK13 -0.69 PK86 1.74 PK71 0.003 34
PK64 0.65 PK43 -1.72 PK16 -0.003 32
PK23 -0.64 PK3 1.64 PK72 0.003 30
PK16 -0.64 PK16 -1.62 PK30 -0.003 27
PK83 -0.64 PK64 1.59 PK23 -0.003 22
PK84 -0.61 PK23 -1.53 PK13 -0.003 11
PK71 0.58 PK29 1.51 PK3 0.003 01
PK30 -0.56 PK88 -1.46 PK94 -0.002 76
PK39 -0.55 PK30 -1.46 PK86 0.002 67
PK69 0.55 PK94 -1.40 PK45 -0.002 60
PK31 0.54 PK84 -1.36 PK56 -0.002 54
PK53 0.53 PK45 -1.36 PK17 0.002 49
PK88 -0.50 PK2 -1.34 PK84 -0.002 49
PK65 0.44 PK98 1.32 PK97 0.002 49

T AN VAR — R BC & T 25 % E R 2 NHES

Note: The absolute value of general combining ability of different traits was listed in a decreasing order.

x5 OMEREREXED T
Table5 Correlation analysis between growth traits of the

half-sib families of Pinus koraiensis

(42N LG Mtz
Traits Tree height Diameter at breast height
itz -

. i . 0.908

Diameter at breast height
A . “
Volume 0.837 0.935

TE % 7E0.01 K B R HC

Note: ** indicated extremely significant correlation at the 0.01 level.

PK26-1-7 ., PK20-2-3 . PK26-2-6 . PK26-1-10 . PK20-
2-5.PK64-5-1,PK64-1-6 . PK64-3-10, PK20-1-2 ( &
6). ATER 10/ R K Z W & IE R 3.85 m,
Hi X BE A A = 3 A A 3.45 m, = Y X R
11.60%, 75 H AR 0.63 m, AL 250 17.30%:;
JFEIE N 6.50 cm , 433} AR AL (E R 5.25 em,
e 2 o R 23.81%, 5 RS {E 1.71 em, 8t
T8 25 31.02% 5 4 FRFI{E A 0.007 50 m®, >4 iy X

W b4 B 2T (8 R 0.004 61 m’, it 24 Hb % R
62.91%, b A2 55 0.003 84 m’, it {14 25 0
65.08%. 10/ R R = Y (E N 5.06 m, & i
Yl 3k IR 46.67% , 125 1 AR EIE 1.21 m, BAEHE 45
9 11.86%; M 72 B8 4 10.72 cm, &5 H 24 4o % 18
104.19%, = Hi SR ¥ (5 4.19 em, 115 18 25 R
17.31% ; ¥ TR AE 9 0.023 99 m*, /& M 24 b %) IR
420.83%, 125 SR 0.015 14 m*, 8L 14 25 4
38.68%(#17).
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Table 6 Comprehensive growth-traits evaluation of each family
EEs G aEE K5 G Hibf L EEE Hibk L EEE
Families 0, Families 0, Individuals 0, Individuals 0,
PK20 1.732°1 PK31 1.502 5 PK26-2-1 1.709 9 PK20-4-7 1.543 9
PK6 1.6143 PK53 1.487 6 PK26-1-7 1.709 8 PK20-5-3 1.542'1
PK46 1.576 2 PK17 1.483 7 PK20-2-3 1.650 2 PK64-5-10 1.507 6
PK64 1.570 1 PK97 1.4812 PK26-2-6 1.606 7 PK64-3-6 1.507 3
PK26 1.567 3 PK66 1.475 6 PK26-1-10 1.606 5 PK64-3-8 1.506 5
PK98 1.538 4 PK5 1.4702 PK20-2-5 1.5722 PK71-3-2 1.538 8
PK71 1.5273 PK29 1.4503 PK64-5-1 1.5527 PK6-3-1 1.532 8
PK3 1.5245 PK69 1.438 4 PK64-1-6 1.5510 PK20-1-3 1.5319
PK86 1.508 3 PK65 1.4363 PK64-3-10 1.5490 PK20-2-6 1.508 8
PK72 1.504 4 PK37 1.483 6 PK20-1-2 1.5450 PK72-5-6 1.492 8

T P AR EE A IT I HES BT 20 B0 R 52 R R R Bk . PK26-2-1 7555 26 %5 AR AL 40 2 X AL B9 55 1A, L sk ity 220

iz [/ PK26-2-1,,

Note: The table listed the top 20 excellent families and excellent individuals by a comprehensive evaluation. PK26-2-1 meant the first tree in

the second block of PK26, expression pattern of the other individuals was the same as PK26-2-1.
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Table 7 Genetic gains of the growth traits in the superior families and superior individuals

MEEF LR Bk
Superior families Superior individuals
Traits R IR FERDON B X JEE HH X
HfE . HH 4
Means Genetic Means of Percentage Means Genetic ~ Means of Percentage
gain/% CK out of CK/% gain/% CK out of CK/%
W'.% 3.85 17.30 3.45 11.60 5.06 11.86 3.45 46.67
Tree height/m
Mo 6.50 31.02 5.25 23.81 10.72 17.31 5.25 104.19
Diameter at breast height/cm ' ’ ' ’ ' ' ’ ’
|
IR 3 0.007 50 65.08 0.004 61 62.91 0.023 99 38.68 0.004 61 420.83
Volume/m

A S S AME TCAED X LD AR B AE — LA X
I BN (Pinus massoniana ) T AT 45 R — 2L,
A g — L AT R KR ML R PRI
it e 8

A5 S F O A A T R AR S R B 4R
b, A5G R AR S5 RBCRBR AL AR 5 R, A
SAFTHATR K RERET . AT, M
(1) 2R RIS 5 R B K, R 82.48% ; A2 1) A8 S &
BJm v, N 42.59%; B AR S R AR L
25.42% , X 5k R AR 28 A AR LA AR ]
M5 &R 2R B RSN XT 23 AR A K Y& A (Larix
olgensis) R R T RANML . WAL S EAAG A
TEMAR T b B SEEAE N, n] s s PR 7E
TCBR AR A g A s A A, Horh e I 2w
Mt 280z — ARERMREHE 4T~ — U Ee

J3°0, ARBEGE 2% AR 3515 1 48K (0.86~
0.89) , WL AN A AR 32 45 v i A 382 A 28
A T R E RPN 8, X 5 B PR X)
19 4R A LR R R WBFFE A R ARML . AR BAY
e 1 R AR S 3R %00(82.48% ) IV fei Y 38 A% )
(0.86) , BEHIM FRAG L 25 A L Ae W] X, B2 80w
SR AL AR R, A R IR A 7 35 A ol R
BABGRIGWE S AT LI PR ) B
BRIEAL T/ N T R FR AL T, 33X 5 IR IE S0 o
FEAN AN S5 X A2 K (Cunninghamia lanceola-
ta) R BFFEAS AR

wAL A b — R A AT LA SR A 35 45
FAIN PR JE DR A RE 7 MR8 A% 2 R HERE v, AL 40
B E AR, AR O R AR ECE R H
M CEAR LG B RE R, 2 Al T — RE 5 1 R
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et s MOl BEFE b, B ECA T KN T 2R
RPN AR E , 4 E A E T 8 A
F2AR B AR AR AR 285 1 RS Tk 5 £ 119
—JRETC A 7 R IR TC G 1 2500 SR X i M
A e 3211 1 3215 3% 24~ A= o [ R () 24 58
G5 FEBRHRAE N 2 58 7 AR Y AR IR TR AR
KA RS AT T 25 B 1 BN AT L B
20k 3 A R ACA (F4F7 fTF10) .2 M R
BEA(Q19 F1Q103) Fl 4 MIE R 2422 40 A (Q33%F1 .
Q103xF10 . QI3xF12 F1 Q19XF11) . AHFZE 4351 LA
B AR FIRE R R dE B 0 BE LA BRI R
FOEAR N H5 T 5 SR Y AN R 0 B A H AR R TR
AP 5 A, K £ PK20,PK33 . PK6 Al PK46 (1 #
AR R R — R A ) R, R, ax g
KA GEARTVE R LA E KRS AL o B R
AR,

HH 5 43 AT sz e 19 1 2 FR PR 22 ] ) R O 56
R, AUNZEE TR M R B AR A A . AR F
FEH B R AR R R PR PR 2 () 38 S A
IEMEEFR, Ho, #2560 B A 56 R B K
(0.935), i 5 LAEAR Z W50 45 AR . R PH A&
XF W2 (Cryptomeria japonica) T =l > [7] ffl 4K
BEATIAE , 45 S 7, 2 3 RN 7 AR A OB 5 AR
AR A A R TR R () 347 S A B S IR A R
Horfr 7TARAE MR S 7 AF A A BRI AE G R UK,
0917, 2= S5 P IPE DA e R K T
B A KR, B BTEE R AR R g4 B
AR S R 24 S 0 3 TR A O o ASHIF SR AR JI5 A 56
ST AR FIHZEB IR, DL 5% [ A 356 2R 1 1
HI0OMER KR, AR RN B FIR FH st
138 25 43 5 M 17.30% .31.02% F1 65.08% , 4514 4K
A 50 ) 2 b X BR Y 11.60% . 23.81% .
62.91%, 3% 5 S350 4 47548 Mg # AR AL (Dal-
bergia tonkinensis) IR Z F KR AL A8 7 AT F
FEGEFAL . LA 2% M AZER  FEE R R R Pkt
e R ELRR , AEOD R SRR i AR A R T 3
543514 5.06 m . 10.72 em #10.024 14 m*, ¥ B A
2 I T AL 0 25 LA MR 0 301 v Y ke B
{8 46.67% .104.19% F1420.83%., ik it B %
FORNE R B 45 AR R TR 34 LA e v 1 38t A 3
fit o FLASPRAR I8 A 0 2 v 0 > b %o BB (A, 2 —
UL IIAIE T B K R L R BRI P A
AN

ABIEFE G 1 AP0 R K AR AL R BRRR R
Jafe Ak R AE AR R PEIR B A B A, 3 T
IR A PR B 3 e R A 4R
PSEAR /N0 R AV U R k= g eE7 e S T e N4
PR AR B AL 0 R B KA E 1) 3 B P S
% AT Sy A S S A B e i
Ao 2 ) — R C 7 3 e B0 AR R AT A 28, AT
1R AR LR B

B FE R IR 19 4R AR 200, M /N
340 T4y 397, ELIRI A G2 1A% g | B A B
M3 ARG R . A5 20 AR IEA T KA Y
WL, I A TE A RATAR , LA SRS v b o
FCHEAT VA o BEA , B AR A9 AN BT i, mT L
IR PEAEAR EE SR AR TSR R 25, WA TR B 7
i E bR A, A O B O R s A A s S LA
WG 5 07 ik Koy F B FEOR Wi
AL T O P % SR pR R0 R TR A
OrTARICHE DR A BE N A PR AP AR, I ik
AR AL R 25 R B Y
AR /NSRS
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