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Table 1 Variance analysis of growth traits of P. massoniana in each test site

. _ . #1757 Mean square
b A PR ¥E AR AR5 R EL
Sites Traits Mean Range CVi% HE P83 KEAXEE iIRES

Block Family FamilyxBlock Error

D/em 429 3.29~5.95 32.67 88.680 7#* 27.507 4%+ 4.860 6% 1.4558

Him 3.8 2.70~4.15 20.16 10.337 6%* 12.076 0%+ 1.001 1% 0.2709

Cr/m 231 1.98~2.56 19.34 8.031 0%+ 0.951 6%+ 0.795 7%+ 0.1560

WAL L WBN 6.87 4.95~9.24 27.44 0.381 4%+ 5.707 0%+ 0.233 5%+ 0.0619

Jingshan, Hubei

NCS 1.19 1.00~1.71 28.53 0.459 6%+ 2.348 8%+ 0.165 1%+ 0.0400

LCS/m 0.73 0.61~1.01 3229 1.340 3% 1.355 0%+ 0.318 0%+ 0.0646

LIS/m 0.61 0.42~0.76 33.77 0.294 0** 0.825 2%+ 0.0816* 0.0668

Dlem 5.47 2.75~8.24 3334 42.8329%+ 25.122 7%+ 2.865 6% 1.3778

Him 3.97 3.23-4.92 20.75 1.419 4% 3.784 1%+ 0.655 4%+ 0.4197

Cr/m 2.79 2.37~3.05 21.51 2.9313 0.4494 0.4287 03168

B FIEERH WBN 6.49 5.95~7.25 17.88 0.0523 0.0513%* 0.0675 0.0480

Guiyang, Hunan

NCS 133 1.00~1.75 29.77 0.039 1%+ 0.159 1%+ 0.0121 0.0106

LCS/m 0.78 0.62~1.10 33.68 0.0160 0.037 8%+ 0.0456 0.044 1

LIS/m 0.65 0.42~0.80 33.80 0.0422 0.1722%* 0.0480 0.0398

D/em 7.52 3.86~10.21 39.57 210210 8** 205.809 6%+ 18.656 7%+ 5.4571

H/m 4.03 2.60~5.32 25.78 14.047 7%+ 35.7552%+ 2.2108%* 0.5591

JRfEHE Cr/m 234 1.51~2.98 30.67 8.745 0%* 8.988 3%+ 1.2580%* 03585

Xinyi, Guangdong

WBN 6.87 4.44~9.05 29.64 0.505 7%+ 4,181 4%+ 0.275 0%+ 0.0907

LCS/m 0.85 0.68~1.28 3891 2.042 7% 1.171 6%+ 0.297 4%+ 0.0346

1AL ST IR AN AR A B3N RI A B A KRR R B R AHLIRA E 700524, 43, 160, 3808, 4. 42, 167, 3 706414, 44, 157, 3 698.
#FE 5351 590.05F10.01 2 25 /KT, NIE . ) AR5 B AU AR AR URBOR B8 1A A BE AR AT T A

Notes: The degrees of freedom of block, family, familyxblock and error of Jingshan, Hubei and Guiyang, Hunan and Xinyi, Guangdong are 4, 43, 160, 3 808,
4,42,167,3 706 and 4, 44, 157, 3 698, respectively. * and ** mean significance at the 0.05 and 0.01 probability levels respectively, the same as below. It did not
measure the number of current shoot and the length of initial shoot in Guangdong.

R2 DEMFRRERERHEZRBEAHTESNT

Table 2 Multi-site combined variance analysis of growth traits of P. massoniana

PR 475 Mean square

Traits Hi A Site H 53 /Hh 51 Block/site K % Family K ZxHh £ Familyxsite HLi% Error
D 359.7769** 9.8315%* 11.7490** 5.1353%* 0.7877
H 26.2884** 0.6262%* 2.5587** 0.6983** 0.1325
Cr 17.3270%* 0.549 0** 0.3150%* 0.2326** 0.0850
WBN 0.3366** 0.0215 0.4314** 0.090 1** 0.0176
NCS 4.9950** 0.019 1** 0.1125%* 0.061 1** 0.0065
LCS 4.8622%* 0.0363* 0.0452%%* 0.0380** 0.0160
LIS 0.1534%%* 0.048 8** 0.0312%* 0.063 6** 0.0117

A R PIAR A0 TREIE BO A B R A B R L B/ R KR F R ORI LR 1 B A 2, 12, 40, 801456, RIS KL
TR B R B/ L KR KRR LR K B e BE 23T 2 1. 8. 40, 4011310,

Notes: The degrees of freedom of site, block/site, family, familyxsite and error of D, H, Cr, WBN, LCS are 2, 12, 40, 80, 456, respectively. The degrees of
freedom of site, block/site, family, familyxsite and error of NCS, LIS are 1, 8, 40, 40, 310, respectively.
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Table 3 Estimation of heritability of growth traits of P. massoniana

#4E 521l Jingshan, Hubei

W HEFH Guiyang, Hunan

| %% H. Xinyi, Guangdong

FRnIS
%jljtis kit % ) KRBT HLpkig A% ) KRBT FLpR B A% ) KABES]
Individual heritability Family heritability Individual heritability Family heritability Individual heritability Family heritability
D 0.51 0.82 0.77 0.89 0.81 0.91
H 0.83 0.92 0.71 0.84 0.72 0.93
Cr 0.03 0.16 0.01 0.05 0.76 0.85
WBN 0.88 0.96 0.86 0.93 0.82 0.93
NCS 0.72 0.92 0.76 0.93
LCS 0.50 0.76 0.64 0.79 0.65 0.74
LIS 0.45 0.91 0.56 0.72

24 SEMRZRZEKMERHBEMES
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Table 4 Correlation analysis among growth traits of P. massoniana
Hi A5 Sites PEIR Traits D H Cr WBN NCS LCS LIS
D 0.967** 0.517%* 0.840%* 0.825% 0.878% —0.687%*
H 0.809%* 0.500%* 0.909%* 0.898%* 0.931%* —0.770%*
Cr 0.429% 0.405%* 0.353* 0.340* 0.436%* -0.201
Rt WBN 0.609%* 0.759%* 0.178 0.980%* 0.905%* ~0.929%*
Jingshan, Hubei
NCS 0.465%* 0.623%* 0.051 0.861%* 0.924%* —0.952%*
LCS 0.510%* 0.596%* 0.056 0.648%* 0.811%* —0.7627%*
LIS -0.277 —0.437%* -0.008 —0.762%* —0.768%* —0.322%*
D 0.861%* 0.225 0.660** 0.410%* 0.375% —0.394%*
H 0.804% 0.109 0.821%* 0.458% 0.371* —0.489%*
Cr 0.102 0.040 0.779%* —0.046 —0.510%* -0.156
IR LR WBN 0.700%* 0.698%* —0.040 0.848%* —0.958** —0.527%*
Guiyang, Hunan
NCS 0.387%* 0.056 -0.073 0.577%* -0.001 —0.809%*
LCS 0.034 0.033 -0.030 0.031 0.213 —0.544%%*
LIS -0.067 -0.016 -0.005 -0.011 —0.408%* —0.768%*
D 0.986%* 0.988%* 0.996%* - 0.991%* -
H 0.916%* 0.983%* 0.998%** - 0.830%* -
Cr 0.876%* 0.888%* 0.986** - 0.803%* -
JREE WBN 0.852%% 0.908** 0.806%* = 0.994%* =
Xinyi, Guangdong
NCS - - - - - -
LCS 0.659%* 0.764%* 0.769%* 0.723%* - -
LIS - - - - - -

T 2R ORRTAR R R BT s AR AR

Notes: The lower left corner is the phenotypic correlation coefficient, and the upper right is the genetic correlation coefficient.
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Table 5 Analysis of variance, linear model and AMMI model of Height, DBH
PEAR Traits 531 J71% Analysis method A% 5 K5 Source of variation ar SS SS/% MS F P
B4 A3 Joint regression 1 1.10 1.82 1.10 7.88%* 0.0052
BE[H [ H Gene regression 39 1732 2881 0.44 3.19%*  <0.0001
26 )] Linear regression  JM[EIJT Environment regression 1 1353 2251 13.53 97.32%*  <0.0001
5% 7% Residual 39 28.16 0.72 5.19%* <0.000 1
H GE e
5% 7% Error 492 68.42 0.14
IPCA1 41 47.47 78.97 1.16 8.33%* <0.0001
AMMIAZ AMMI model IPCA2 39 1264  21.03 0.32 233*  <0.0001
5% 7% Error 492 68.42 0.14
B4 A9 Joint regression 1 116.26 25.56 116.26 117.73%* <0.0001
A [5] )9 Gene regression 39 84.21 18.51 2.16 2.19%* <0.000 1
254 A 19 Linear regression ¥4 5] )9 Environment regression 1 3.12 0.68 3.12 3.15 0.0763
5% Z Residual 39 251.30 6.44 6.53%* <0.000 1
D s
%7 Error 492 485.85 0.99
IPCA1 41 360.77 79.31 8.80 8.91%* <0.0001
AMMIKEA AMMI model IPCA2 39 94.12  20.69 241 244%%  <0.0001
1% 7 Error 492 485.85 0.99
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Table 6 Fast-growing families and stability parameters at each test site

iRl

HIEEERH

IRER TREESHD,

HAER R Jingshan, Hubei Guiyang, Hunan Xinyi, Guangdong Stability parameter D,
Fast-growing family
H/m D/ecm H/m D/cm H/m D/ecm H D

GD9 3.51 4.51 4.92 7.24 = = 0.39 0.54
HN4 = = 4.87 6.18 = = 0.48 0.32
GD1 3.51 4.63 = = = = 0.40 0.74
GLN2 4.12 5.95 4.78 8.24 4.96 9.1 0.27 0.34
GD10 = = = = 5.05 9.42 0.51 0.65
GD7 4.15 5.33 4.59 6.51 5.21 10.21 0.32 0.66
GLP54 3.88 4.94 = = = = 0.29 0.58
GLN1 3.88 5.01 = = 4.82 9.41 0.57 0.66
GD8 3.83 4.85 = = 5.32 10.06 0.82 1.46
GD2 3.70 4.85 = = 4.85 9.20 0.32 0.46
GLP55 3.60 4.74 = = 4.82 9.59 0.47 0.77
GD6 3.56 4.65 = = = = 0.12 0.35
HN2 3.48 4.72 = = = = 0.16 0.56
ZJ32 3.47 4.86 = = = = 0.38 0.58
HN9 3.45 4.60 = = = = 0.21 0.29
GDCK = = = = 4.62 8.59 0.35 0.41
ZICK 2.95 3.69 = = = = 0.32 0.75
HNCK = = 4.34 5.88 = = 0.33 0.66
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Family Variation and Evaluation of Growth Traits of 5-Year-old Pinus
massoniana in Three Sites

XIE Yi-ni', LIU Qing-hua', CAI Yan-ling*, SUN Lin-shan®, XU Qing-gian®, ZHOU Zhi-chun'
(1. Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Engineering Research Center of Masson Pine of State Forestry
and Grassland Administration, Key Laboratory of Tree Breeding of Zhejiang Province, Hangzhou 311400, Zhejiang, China;
2. Guangdong Academy of Forestry, Guangzhou 510520, Guangdong, China; 3. Taizishan Forest Farm Administration,
Jingshan 431822, Hubei, China; Hu'nan Academy of Forestry, Changsha 410004, Hu'nan, China)

Abstract: [Objective] To study the genetic variation and genetic stability of young forest growth traits and shoot
growth behavior, and provide a reference for the selection of excellent families of Pinus massoniana. [Method] Forty
three clones of P. massoniana were selected as the test samples, in which 7 clones from Fujian Province, 6 clones
from Guangxi Zhuang Autonomous Region, 10 clones from Hu'nan Province, 10 clones from Guangdong Province,
and 10 clones from Zhejiang Province. The trial sites locate at Jingshan of Hubei Province, Guiyang of Hu'nan
Province and Xinyi of Guangdong Province where test forests were established in 2014. The growth traits and shoot
growth behavior of five-year-old P. massoniana family were investigated to analyze the genetic variation rule and
correlation. On this basis, the stability and fast-growth traits of these families were evaluated. [Result] The growth
traits and shoot growth behavior of 5-year-old P. massoniana were significantly different among families and loca-
tions, and the interaction between families and locations was also extremely significant. The family heritability was
greater than the individual heritability at the three test locations. The heritability of DBH, tree height, whorled
branches number and shoot growth traits was high. The family heritability was 0.72—0.96, while the individual herit-
ability was 0.45-0.88. Trait correlation analysis showed that the fast-growing family had more frequent shoots, and
the length of current shoot was longer, while the length of initial shoot was shorter. AMMI model was used to ana-
lyze the stability of family tree height and DBH. It was found that the tree height stability of 2 families from Fujian
Province (ZP325 and ZP386) was the best, the stability of DBH of 2 families from Zhejiang Province (ZJ5153 and
7J39) was the best, and the DBH and tree height stability of a family from Guangdong Province (GD8) were the
worst. According to the evaluation criteria (5.00% higher in tree height and DBH than the others at each test location
and higher than the corresponding 1st generation seed garden), 13, 4 and 7 elite families were evaluated respectively
in Jingshan, Guiyang and Xinyi, among them, one family from Guangxi Zhuang Autonomous Region (GLN2) and
one from Guangdong Province (GD7) were identified as the fast-growing and stable families at the three sites.
[Conclusion] The growth traits and shoot growth traits of the 5-year-old P. massoniana are rich in genetic variation
among families. The heritability of the growth traits and shoot growth traits are strongly controlled by genetics. The
fast-growing family has more frequent shoots and longer shoot lengths, but the fixed growth is shorter. GLN2 and
GD7 are identified as the excellent families with fast-growing and stable in each test site.

Keywords: Pinus massoniana; family; growth trait; genetic variation; stability; fast-growth
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Attached list 1: Growth traits of P. massoniana in each test site

fi4%D/cm 15 H/m
ARG
Family JREHE I EERH WAL R JAREE R RERH biiB =il
Xinyi, Guangdong Guiyang, Hunan Jingshan, Hubei Xinyi, Guangdong Guiyang, Hunan Jingshan, Hubei
GD1 9.71 5.23 4.63 4.57 4.86 3.51
GD10 9.42 5.48 - 5.05 4.61 -
GD2 9.20 5.66 4.85 4.85 4.23 3.70
GD3 8.75 4.41 4.66 423 3.57 3.41
GD4 8.81 5.60 437 432 4.83 3.34
GD5 7.92 6.75 3.88 4.15 4.24 3.22
GD6 8.50 5.48 4.65 4.16 4.51 3.56
GD7 10.21 6.51 5.33 5.21 4.59 4.15
GD8 10.06 2.75 4.85 5.32 3.45 3.83
GD9 8.57 7.24 4.51 4.43 4.92 3.51
GDCK 8.59 5.10 451 4.62 4.54 3.49
GLN1 9.41 5.30 5.01 4.82 3.66 3.88
GLN2 9.10 8.24 5.95 4.96 4.78 4.12
GLP50 8.14 6.33 4.44 4.27 3.81 3.49
GLP54 9.58 7.97 4.94 4.17 4.12 3.88
GLP55 9.59 4.97 4.74 4.82 3.81 3.60
HN1 7.56 4.56 4.41 3.96 3.74 3.24
HN10 7.30 - 4.62 4.01 = 3.42
HN2 6.29 4.42 4.72 3.75 4.06 3.48
HN3 7.82 4.86 4.15 3.91 4.53 3.19
HN4 7.46 6.18 3.89 3.84 4.87 3.08
HNS5 7.49 6.76 4.69 3.87 3.87 3.42
HN6 4.68 4.54 3.90 2.88 3.61 2.98
HN7 7.18 4.67 4.51 3.80 3.68 3.42
HN8 7.35 - 4.16 3.89 - 3.19
HN9 7.86 6.92 4.60 4.00 3.72 3.45
HNCK 6.95 5.88 - 3.67 4.34 -
7J02 5.30 5.68 1.01 3.11 3.75 3.04
712 5.76 4.62 3.90 3.47 3.23 3.11
7]25 7.76 4.65 3.81 2.96 3.66 2.83
7J32 5.92 4.94 4.86 3.75 3.35 3.47
7139 5.86 4.38 3.74 3.17 3.95 2.79
7J48 5.78 6.41 4.43 3.24 3.64 3.16
ZJ5148 4.17 3.42 3.55 2.66 3.37 2.79
ZJ5153 5.15 4.63 3.60 3.15 4.62 2.78
Z]53 5.54 - 3.87 3.23 - 3.00
7J85 5.61 7.05 4.63 3.39 3.85 3.29
ZJCK 5.68 7.08 3.69 3.42 4.28 2.95
ZP001 5.84 3.68 3.39 3.23 3.76 2.80
ZP242 4.96 4.01 3.28 2.81 3.66 2.70
ZP318 5.77 4.99 3.76 3.21 3.54 291
ZP325 5.46 5.27 3.74 3.43 3.44 2.88
ZP386 6.30 6.92 3.77 3.32 3.57 2.91
ZP773 5.29 6.93 3.57 3.26 3.91 297
ZP80 5.79 5.33 4.09 3.38 4.43 3.08
GLP53 = 4.52 3.77 = 3.67 3.02

YJ{H mean 7.52 5.47 429 4.03 3.97 3.28
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Attached list 2: Traits of P. massoniana stability parameters at each test site
RXET  WERE MiERaE S5 XEHT WERESH - WRREESH RS WrERRESH  WRRESH
Family Dg Dg Family Dg Dg Family Dg Dg
GD1 0.40 0.74 GLP55 0.47 0.77 7)32 0.38 0.58
GD10 0.51 0.65 HNI1 0.17 0.39 ZJ39 0.28 0.26
GD2 0.32 0.46 HN10 0.22 0.34 7148 0.27 0.54
GD3 0.33 0.66 HN2 0.16 0.56 7J5148 0.37 0.74
GD4 0.42 0.53 HN3 0.28 0.34 ZJ5153 0.60 0.25
GD5 0.25 0.57 HN4 0.48 0.32 Z]53 0.30 0.35
GD6 0.12 0.35 HNS5 0.12 0.31 Z7J85 0.26 0.69
GD7 0.32 0.66 HN6 0.35 0.61 ZJCK 0.32 0.75
GD8 0.82 1.46 HN7 0.23 0.35 ZP001 0.16 0.33
GD9 0.39 0.54 HN8 0.48 0.55 7p242 0.30 0.38
GDCK 0.35 0.41 HNO9 0.21 0.29 ZP318 0.13 0.30
GLN1 0.57 0.66 HNCK 0.33 0.66 ZP325 0.06 0.35
GLN2 0.27 0.34 7J02 0.29 0.57 ZP386 0.07 0.63
GLP50 0.25 0.31 ZJ12 0.27 0.32 ZP773 0.21 0.79
GLP53 0.35 0.34 Z7]25 0.36 0.67 ZP80 0.39 0.36
GLP54 0.29 0.58
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