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Genetic evaluation on growth and branching traits of
4-year-old half-sib families of loblolly pine
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Landscape Architecture, South China Agricultural University, Guangzhou 510642, Guangdong, China)

Abstract: [Objective] Accurate genetic evaluation of loblolly pine progeny test plantation was conducted
to improve the efficiency of breeding selection and genetic gain, and to determine the selected individuals
for breeding population and reproduction population. [Method] More than 1800 individuals from 53 half-
sibling families of loblolly pine were selected as the objects for genetic evaluation using the R and ASReml
software. The genetic gain was predicted based on family breeding value or individual breeding value.
[Result] There were significant genetic differences in height, DBH, volume, number of branches, mean
diameter of branches and mean angle of branches among family lines of the torch pine, which showed great
potential for selection. There was a positive genetic correlation among these traits (tree height, DBH, volume
and mean diameter of branches), and the individual heritability was ranged from (0.118 9 + 0.038 3) to
(0.308 4 £ 0.053 2). There was a negative genetic correlation between the mean diameter of branches and the
number of branches, and the individual heritability was (0.0316 + 0.0272) and (0.0958 + 0.0357),
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respectively. According to the family breeding value of volume, the offsprings of the top 10 female parents

were selected as the selected population, and the predicted genetic gain was 4.63%—5.10%. However, the

genetic gain was predicted to be 43.96%—48.43% based on the top 10 individuals, which were selected

according to the breeding value of volume. [Conclusion] The superior families and individuals can be used

as candidate materials for the next generation breeding population. The top 10 individuals of volume

breeding value have higher predicted genetic gain and could be afforested by asexual propagation.

Key words: genetic evaluation; heritability; breeding value; genetic gain; loblolly pine
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Tab. 1 Characteristics of six traits in 4-year-old test plantation of loblolly pine

PER BIE + bR
Trait Mean + SE

W #1 Tree height (H)/m

Jf4% DBH /em

## Volume (V)/m’

4 26 % Number of branch (NUMB)

B 535 H A% Mean diameter of branch (MD)/cm
¥ 2% “F 14 /1 Mean angle of branch (MA)/(°)

52201+0.1610
10.329 5+£0.037 5

0.021 7+ 0.000 2
9.4259+0.063 5
24.658 4 +£0.158 3
64.491 8+£0.1982

Ti % bRz AR5 R

Variance Standard deviation ~ Coefficient of variation/%

0.4857 0.696 9 13.35

2.6477 1.6272 15.75

0.000 1 0.008 1 37.16

7.583 6 2.753 8 29.22
47.178 1 6.868 6 27.86
73.938 1 8.598 7 13.33
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Tab. 2 Difference significance for the six traits between family and block
g OPRA Pl PEAR ZRRR Pl
R Source of df MS . Source of df MS
Trait .. P value Trait .. P value
variation varlation
X4 Block 7 16754000 <0.000 1*** X 41 Block 7 307.18  <0.000 1***
XK % Family 52 1.016 000 < 0.000 1*** % % Family 52 8.57 0.007 7+*
W H X 5 A K54 NUMB X H: K&
" x4 .%2. 362 0.763 000 < 0.000 1*** 8 x4 _%g. 362 9.98 <0.000 1***
Block: family Block: family
%% Error 1 461 0.320 000 %7 Error 1 461 5.52
[X 21 Block 7 34.780 000 < 0.000 1*** X 44 Block 7 1128.30 <0.000 1***
X % Family 52 11.250 000 < 0.000 1*** % % Family 52 91.70  <0.000 1***
e DBH x4, 5 BP9 E AL MD -
H: K& X4: KR
Block: family 362 2.840 000 0.000 2%%** Block: family 362 47.40 0.023 2*
%7 Error 1461 2.140 000 % 7 Error 1461 40.40
X4 Block 7 0.001 013 <0.000 1*** X 41 Block 7 1159.60  <0.000 1***
% % Family 52 0.000258 < 0.000 1*** % % Family 52 13220  <0.000 [***
MRV X 20 5 B PRIME MA oy o
H: K AR X4H: %X FHR
Block: family 362 0.000 076 < 0.000 1*** Block: family 362 90.40 <0.000 1***
%7 Error 1461 0.000 051 %7 Error 1461 62.60
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respectively. The same below.
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Tab.3 Duncan’s multiple comparison of traits between families
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P090 55667 a WIl 112483 a P023  0.0265 a Gl6 107429 a W08 282582 a 17 675733 a
W05 54974 ab P023 11.1919 ab W1l 0.0262 ab 13 104324 ab S11 27.7112 ab W05 67.0666 ab
P023 54865 ab 287 11.1513 ab W05  0.0260 abc 252 10.2857 abc W31 27.5424 abc W1l 67.0648 ab
W07 54515 abc W07 11.1394 ab W07  0.0260 abc 202 10.2667 abc wu32 273659 abed 248 669891 ab
P054 54514 abc W08 11.0368 abc P075 0.0249 abed 270 10.2368 abcd W05 26.886 1 abcde 29 669143 ab
17 54513 abc PO75 109941 abcd ~ WO8 0.0247 abcde 298 10.1842 abcde 201 26.7809 abcde 270 66.8971 ab
P0O12 54257 abc W05 10.9526 abcde ~ W14 0.0247 abcde ~ WI1 10.0690 abcde 11 26.6029 abedef wu32 66.7644 ab
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WI1l 53759 abcde S8 109121 abedef 248  0.0242 abcdef W05 10.000 Oabedefg Q13 26.185 7abedefg 13 66.457 6 abe

W14 53725 abedef W14 10907 5 abcdef ~ S8  0.0240 abcdef  S6  9.9722 abedefg S8 26.140 3abedefg  PO75 66.2562 abed

vE: Ko A 51 HDuncan 5 LB HETERT 10K R, B35 7KF40.05; a. by ¢ dv s £ADuncan 7 HT I ZE i HEFF . Notes: only the top 10 families in

Duncan’s multiple comparison are listed and the significance level is 0.05; a, b
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T =R A UA LA N E, L= 72 Pearson A58 REL LA R MK, Xt ML 2 H 77 B . The code of traits is listed on Tab. 1.

The bivariate scatter plot with the fitting line is shown on the lower triangle, Pearson’s correlation coefficient and significance level are shown on the

upper triangle, and the histogram is on the diagonal.
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Tab. 4 Top 10 families in volume breeding value

K % Family H/m DBH/cm Vim® NUMB MD/mm MA/(°)
P023 0.1572 0.680 1 0.003 7 0.086 6 0.368 4 -1.380 0
W05 0.170 2 0.526 6 0.003 5 0.1759 1.246 0 13270
w07 0.1313 0.6199 0.003 2 -0.176 7 03132 0.304 7
Wil 0.081 3 0.638 3 0.003 1 0.092 7 03110 1.1650
P075 0.074 1 0.5222 0.002 5 —0.0100 0.241 1 0.842 7
W08 0.0250 0.594 7 0.002 4 —0.105 6 2.0170 0.5196
W14 0.098 2 0.4822 0.002 4 -0.076 8 0.025 4 0.268 3
287 —0.085 9 0.669 5 0.002 3 —0.160 7 -0.2072 0.555 6
248 0.067 7 0.355 8 0.001 9 —0.007 8 0.633 1 12240
S8 —0.0237 0.4713 0.001 8 0.0323 0.696 1 0.543 0

VE: MR, REIME R EMERET10% . . Notes: only the top 10 families are listed based on volume breeding value. The same below.

x5 MUEMEHER 10 BRME

Tab.5 Top 10 individuals in volume breeding value

A Individual 2K % Family H/m DBH/cm Vim® NUMB MD/mm MA/(°)
366 PO75 0.008 9 2.8880 0.0128 0.051 5 —0.528 4 12440
649 PO64 —0.095 6 2.766 0 0.0123 —0.028 5 ~1.094 0 0.979 3
1138 202 0.1557 22750 0.0120 0.080 2 -1.179 0 0.682 9
526 W07 0.230 3 1.8340 0.009 7 —0.057 5 02291 0.8100
517 W05 0.256 8 1.6790 0.009 5 0.271 4 1.346 0 1.699 0
478 Wil 0.1570 1.683 0 0.009 2 0.090 1 —0.457 6 1.463 0
1736 P023 02172 17110 0.008 9 0.0412 0.3422 ~1.494 0
941 Wo8 0.098 6 17390 0.008 8 -0.013 8 2.9340 0.786 8
362 W05 0.200 3 15770 0.008 7 0.137 4 13050 1.6920

990 W14 0.149 2 1.7820 0.008 3 —0.018 3 0.805 2 1.705 0
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Tab. 6 Estimation of heritability and genetic gain

PRI F) S AR LR AL A
Yotk Individual heritability and SE Genetic gain/%
e HR
. > 25 e 15w 2 > e BN
Trait S5 HR AR lif%ﬁjﬂ AMERTI0AIR SR B P T 1044 (F1-
.. op 10 families in Top 10 individuals in
Parent model Individual model . .
volume breeding value volume breeding value
H 0.143 1+0.040 8 0.1413+0.048 7 0.31 1.84
DBH 0.308 4+0.0532 0.3856+0.081 3 2.09 20.23
Vv 0.288 8 +0.052 3 0.3182+0.070 5 4.63 48.43
NUMB 0.037 0+0.027 8 0.031 6 +£0.027 2 —-0.02 0.39
MD 0.1189+0.038 3 0.1351+0.0489 0.50 —0.67
MA 0.095 8 +0.0357 0.099 7+0.043 1 0.16 1.12
3 i w FESRAME R T, 4 52 A JOHERA W 1 (38 4% 70 N

FERRA I AL 2 R A, 36 AR s AL I e A ig A% 7
fli AR B — 8y, B4R R G AR B FE
LT £ o VT IR B AL T E AN AL VR4, Jo i s it
J5 28 PRI FEIE 2 0 I B SR IE AR A B
o BHFFER KIERL 53 AFFIMLK R 1800 LT
AR e B A2 i 2 S5 1 R B AT I 5 18 A% DA
T ZA T B &S HREAF K RAFERE E R,
FKHIEMRA BORHIE R ).

PRI AR A KN 2 R WA AL ) () Ak v, 2 T 5
M 1) 353 4% 189 2 PRI FI0 o 40 B K R 80D T 39 AN ER
2 BE LI BB R AN T 600 BRI, Al A% )
WAKEE, bRt K, MEEF AR ERN R RAE
) 164 I LR 2 55 0 A 5 T G s 3B 1 IR P
ARICIAE Ty Al v i 75 9 A 3t il KT 184% 1m0
PRI, R RMFEARA 3N ERIBE R, B4
1 800 ZARAMAE, KEMIFEALLE —ERE F IR T 15
& 345 T FRORS B2 5 R 14, D30/ TR 353 1 25 5 IR
SEI AL A 2 R

T SR AR AR R 2 T80 A AE 0 8 A% A O, TG A
TAEG R IR B [F) 28 el R, 84 A DG 2 3R
(B 53R, Mt 5 8 & A 08 REOEF(0.98 +
0.01), 52 KIERS x INEh L Pinus caribaea)
HFPHA B IB AL AH 2 (0.998) FFhv/IN 5 2T B A 1 38
FERHC(0.958) 45 AR » W4 15 M4 A AR FNE: 26°F
BIEAEEKMER B RBEIEHX KR, X5
Codesido 5" 7548 8 ¥ (Pinus radiata) - FIL K &,
R AR SN, SR PR AT FE VR A S [ L K R AR
KMARAH R AT 25 R — 5. ISR 6 Rl 5, MARE
FREAT 10 2 FARMA, BB BE IS 254 0.39% ~
0.46%. T B HHE N, A 7] Be 8450 & 1 AR 1
I, A s i AR AE K &

(0.143 1 £ 0.040 8, 5 3 /D AH 556 4228 ) KJE AR
il SRR AL F7€0.161) JUFEAH IR o A4 T BRI R
Fa (P, sylvestris )RR 738t £% 77(0.20 ~ 0.35)1), K
FERA B =38 A% DA DN o AR I8 A% 77 29(0.308 4 +
0.053 2), Jifg 12 38t 4% 77 I AR % b e iR ZE L, X5
Fries®™ 75 KK Y 75 #4 1 45 R — 8. MALEE TN
(0.288 8 +£0.052 3), KT W itk /7, iX 5 Mckeand
SR KCIE RS I8 AR 7 1 2 S O v SR AR BBt A% 00 0.19,
RN 0160 M o K IEFA AR AR s B2 B4
A 263 AR HsHE )76 H 29 (0.118 9 +0.038 0)~
(0.308 4 +0.053 2), 5 WA (P. patula) AR
AL SVE L (0.09 ~ 035 M I, AR I TR A
TR I K OHE A A AN S5 PR B8 % Ak B8 vl
8, G BIBE I 5 VP A (0 A A 1 SR R A

JH 1 Duncan £ HLLE 5 HT, KILLE 0.05 7KF,
BT adlMERAE T ERAMN—F. WRER
Duncan 7 283 $8, N IE 6 FK, AR F 523056 11 B
i . ERA EMEESENELT, Rk
TAERESR BT 5K I 2, ¥ R NG F, & %
HH A BTN, RSB A R, SRR T LA e
AL T KRBFMENR Z—MRACE I 2 57,
B P R I8 A% il B i TSI e I Sy AR Rk DR 2R A0 1)
T RLRE, B T IR K /)N 2 i 8 5 A & Fobon] 1 A
{EL RN BA B 77 I ) B B4R AR, B H ASReml
B, R TR A LMK BLUP 5%, it
T S3IAFKRABMEM 1800 ZHRAMAK B FHE . %
MAE FEHET, 7287 10 &5, P023 AR & Rl
N 0.003 7, B & B4R B AR EL R RCF I AN E
FiA B A IEME, 2 —NECHIR RISEAR . NIRIER
A B (138 A% J6 0, 7T DLE M FLE FERT 10 & 1)
F RN NGIE G TR AR SR F FE KN,
e A AR E FMEHELERT 10 FIAMA, 10 NN oK
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IR 4 A KIEAA LR IR SR LA B MR A% PR Al 9

ST MREARRRR, LEQADREHME R,
X5 X R B B 25 R — 3. v DUFE K R IR SR C
HIERE, JEEHIE R X RAL R ARG K
MALE FE T 10 19 5 F A N e B A T 00 et A 3
A, MR AL B 250N 4.63% ~ 5.10%, H % Hisk 1%
5 N-0.02%. X1, LA AR & FUEHEE T 10 B4
PR NG T AR B, B4 AR T 388 4% 1Y 2 =708 43.96% ~
48.43%. X Fp 2 S E BRI NIE R A 8N, %
X F B MEIE R BEARFRAMEH 356 4, T E
Fi(E R B B9 R 10 Ao H e vl 0% 5 0 b
K, 5 35 A 1 A K . R 10 MR RAMATT A
A A% B PR AR B E ok i1 el i Pel SR AR

e v N R e s & R /A =T N
54, WA NG 4 SETF AR B 15 4E A 6 R B AE
0.7 BA b, I A 9 S AR AR I8 i3 AT L B A R
IR EEME . ZRJEARSE NN 7 442 KBRS A2 PR
TR P S o KIERS 19 SRR 7 4F
A2 1 PR ) 38 A% AH G R EUE 0.83, S BREHE 50 1iE 43
MR RS 7 AE 1EAT I A% 1) B U0 R A R ]k B
83.33%, X 11 4 A2 KA Pl I AR AR 1 AR
e BAR SC23BT, XURRESE NN 5 ~ 6 SFAE R K IE
P o Y05 7 B 39 B 11 B I AR % 2 mT AT LT SE 0,
RS NN 6 A2 KB K R R M A 3
IR RS, XN R E R Z HAE 0.8 ~ 0.9, AIEERE
FE el B AR NAE KAERA 30 N H M K &R
S AMEE( ~ 2.4 ~ 8 13 FAEMAEK T RIL, FJE
LR T 1) 38 1 A 20 28 B85 0K T 40 B2 1) 3R B AH 56 &R
B, FIEBE AL 4 FIKK R EKE TR,
ARARSCLL 4 A K IERAFARIN E AR A0 Rk AT 18 4%
VRO, JB T RS, Gk R m A KRN R REUR
PRATSEMERL S

AHIE FEAR AN R Bebm it Al 5 7 B pkast A% 7.
KA B MME MR E FE AR AL 25, A E R RE
PIRE S i BT 5K & vl e N e A P AR
RFT . BMERT 10 42 AR 18 L 1 25 A s
43.96%, "] Ntz 0 B FOEEAA, K H & B )5S BT
IR S S AVE ¥

s % X W
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