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Fibre traits were assessed for 6 x 6 full-diallel families of Fucalyptus urophylla measured at 10 years old. Analysis
of variance showed that there were significant combination effects and no block differences on any fibre traits
except fibre width. The mean fibre length, fibre width, fine percent, mean curl, fibre kink index and kink
angle of controlled crossed families were 0.57 mm, 19.74 pm, 27.38%, 0.039°, 0.64 and 8.24° respectively.
The heritability of fibre traits was at low to middle level, and the coefficients of variation ranged from 8.58
(width) to 39.30% (kink angel). Inbreeding depressions of fibre length and width were observed in most
families, and the largest inbreeding depressions were estimated at -61.76 and -15.45%. Heterosis ranged
from -42.42 to 103.84%. Kink angle had higher general combining ability and fine percent had higher
estimation of specific combining ability. Genotypic correlation between fibre length and fibre width were
positive, implying these two traits could be selected simultaneously. As an important indicator of pulp yield,

fibre traits should be used for breeding E. wrophylia.
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INTRODUCTION

After more than 30 years of testing and
domestication, the genetic improvement in
wood volume of Eucalyptus is remarkable.
Unfortunately, the mean annual harvest in
volume of eucalypt plantations in China is lower
than that in the tropical and subtropical regions
of the other parts of the world (Xu 2003, Toit
et al. 2010). Thus, greater effort to improve
productivity of eucalypt plantations in China
should be put into practice.

The diallel mating system is an altered
factorial design in which the same individuals (or
lines) are used as both male and female parents
(Huber et al. 1992). Diallel mating design is an
important tool in tree breeding because it can
provide breeders useful genetic information,
such as general combining ability (GCA), specific
combining ability (SCA) and heterosis to help
them devise appropriate breeding and selection
strategies (Yanchuk 1996, Xiang & Li 2001,
Zhang et al. 2005). Extensive studies of diallel
mating design have been reported for Fucalyptus
species, such as for E. grandis (Wyk 1976),
E. globulus (Bison et al. 2007, Rix et al. 2012),
E. nitens (Volker et al. 2008) and E. urophylla
(Bison etal. 2007, Retief & Stanger 2009, Wu et al.

2015). Lietal. (2002) reported that growth traits
and stem properties of E. globulus are controlled
by GCA, SCA and specific reverse cross effects.
Heterosis, or hybrid vigour, is a phenomenon
in which F, hybrids perform better than their
parents in terms of biomass, yield or resistance
to environmental challenges (Dapp et al. 2015).
Heterosis is a quicker, cheaper and easier method
of increasing plant production (Kalhoro et al.
2015). Genetic improvement of wood properties
affecting the quality of pulpwood products is
of general interest to tree breeders worldwide
(Blackburn et al. 2012). Fibre traits are essential
for pulpwood and paper quality and include
fibre length, fibre width, fine percent, mean curl,
kink index and kink angle. The fibre with higher
length, greater width and higher fine percent
has higher intensity while the fibre with higher
mean curl, kink index and kink angle has higher
water absorption.

Eucalyptus urophylla is naturally distributed on
mountain slopes and valleys of the large island
of Timor and the nearby Indonesian islands
of Wetar, Alor, Pantar, Lomblen, Adonara and
Flores (Wright & Osorio 1996, Kien et al. 2008).
Eucalyptus urophyllawas introduced into southern
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China in the 1980s under the Australia—China
Program of Technical Cooperation (McKenney
1998). It has since become a very important
plantation species in tropical and subtropical
areas in China (Chen et al. 2006, He et al.
2012). More than 50% of widely used clones
in China were established with germplasm
derived from E. urophylla and interspecific
hybridisation with E. urophylla via controlled
pollination (Luo et al. 2010, Wu et al. 2013,
Chen et al. 2018). Comprehensive research
results about provenance trials, family tests and
clone selection of E. urophylla were published in
recent years (Retief & Stanger 2009, Andrade
et al. 2013). Unfortunately, full diallel analysis,
especially estimation of GCA, SCA and heterosis
have not been used very much in E. urophylla
improvement.

In this paper, we compared the variance
of different combinations, estimated the
coefficients of variation of different fibre traits,
examined the GCA and SCA and investigated
heterosis value of different crosses from 6
x 6 full diallel E. urophylla trials at 10 years
old. This information will be used to develop
appropriate breeding strategies for this species
in southern China.

MATERIALS AND METHODS

Plant materials and trait measurement

The trials were established at Du-hui (22°
33" N, 113° 03" E, 45 m asl) in Jiangmen city of
Guangdong Province in April 2006. Maximum
rainfall occurs during summer, while winters
are generally dry and cool. The mean rainfall
per year is 1750 mm. The soil is classified as
lateritic red earth. Organic content, pH, total
N, total P, total K and average B are 29.98 g kg™,
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4.51, 1.22 g kg, 0.42 g kg, 11.52 g kg and
0.26 g kg respectively. The field design was a
randomised complete block with six replications
and five-tree line plots planted at spacing 3.0 m
x 2.0 m. Planting pits (50 cm x 50 cm x 40 cm)
were prepared and compound fertiliser was
applied in the first two years with individual tree
applications. The 6 x 6 full-diallel mating design
was made in August to October 2004. Thirty-four
full diallel combinations and open pollination
families of six parents were collected in April
2005 (Table 1) and used in this trial.

Increment cores (b-mm diameter) were
collected from two of five trees in one plot and
12 samples were collected from each family in
the trial. Cores were macerated using a sodium
hydroxide and peracetic acid digestion (Kube et
al. 2001, Wu et al. 2011). Fibre traits including
fibre length, fibre width, fine percent, mean curl,
kink index and kink angle were measured on
10,000 randomly selected fibres from each core
using a fibre analyser.

Statistical analysis

Statistical analyses were conducted using ASreml
package in R statistic software to detect difference
of variance. The linear model on one trait, y, is:
Vija = PHB FA M8, 4Ry, Py ey (1)
where p = general mean, B, = fixed effect of
replicate i, Fjand M = GCA of female j and male
k (random effect), S = SCA of parents j and
k (random effect), Ry, = random effect of the
specific cross (reciprocal effect) between female
Jj and male k, Py = random effect of individual
and ey, = random residuals (Fukatsu etal. 2013).
Narrow sense heritability (h?) derived from both
male and female parents was estimated as:

Table 1  Full-diallel mating design between six Fucalyptus wrophylla parents
Female Male
U2 U21 uU22 U56 U64 DU1
U2 O] x X x x x
U21 x# O X X X x
U22 x x O] x x x
Ub56 X X X O] X X
U64 x x*# x x O] x
DU1 x x X X x O]

x = cross combination, © = inbreeding combination, # = combination seeds were not obtained
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h2 = 2(GQf-I—GQm )/( 62f-}—(szm-I—GQfm-I—GQe) (2)
where 6%, 6%, 6%, and ¢?, are female effect,
male effect, female and male interaction effect
and error effect respectively.

The genotypic coefficient of variation (CV)
was calculated as (Pliura et al. 2007, Hai et al.
2008):

CV = (1000./ x) x 100% (3)
where o, = genetic variance and x = phenotypic
mean. The equation expresses a standardised
measure of the genetic variance relative to the
mean of trait. Inbreeding depression (D;) was
estimated following Jin et al. (2009):

D. =

1

(F4;— OP)/OP x 100% (4)
where F;= average value of studied traits for
inbred families of parents and OP = average value
of studied traits for open pollination families of
parents.

F, hybrid heterosis was calculated as follows
(Bahman et al. 1975):

H= (F,— OP) /OP x 100% (5)
where F;= average value of studied traits for
hybrid families, OP = average value of studied
traits for open pollination families of better
parent. The genotypic correlation, ry,,, of traits

x and y was calculated as (Pliura et al. 2007,
Stackpole et al. 2010):

o

2 2
Oax) xoa(y)

_ a(xy)
Ta(xy) =

(6)
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where 6%, ) = genetic variance components for
the trait X,G(Za(y) = genetic variance components
for the trait y and GQa(XY) =additive covariance
component.

RESULTS
Variance among families and blocks

The analyses of variance of studied fibre traits
among blocks, family, male and female are listed
in Table 2. The results showed that there were
no significant block differences in all fibre traits
except fibre width and no significant block x
family difference for all fibre traits, indicating
that fibre width was affected by environment. The
joint analysis of all families showed significant
family effects for all fibre traits except fibre width.
This suggested that there was less difference in
fibre width between combinations. Furthermore,
there were significant differences in fibre width,
mean curl, kink index and kink angle among
females and significant differences in fibre width
and mean curl among males, and fine percent
and mean curl between female x male effect.

Trait mean, heritability and genetic variation

Mean value, heritability and coefficient variation
of the studied fibre traits are presented in Table 3.
Open-pollinated families had longer mean fibre
length than controlled crossed families, whereas
the mean values of fibre width, fine percent,
mean curl, kink index and kink angle of the
latter were greater than the former. Heritability
of studied fibre traits had middle to low value
(0.2 is middle, > 0.4 is high). Fibre width had

Table 2 Variance analysis for fibre traits of Fucalyptus urophylla

Trait Block Progeny Block x progeny Female Male Female x male
F P F P F P F P F P F P

Fibre length 0.55 0.8134 1.64 0.0226 1.02 0.4626 1.70 0.1352 1.96 0.0862 1.57 0.0537
Fibre width 3.87 0.0005 1.39 0.0936 0.61 0.9966 255 0.0288 399 0.0018 0.88 0.6316
Fine percent 1.21 02949 2.09 0.0013 1.06 03790 1.58 0.1661 1.16 0.3292  2.38 0.0007
Mean curl 1.38 02131 1.86 0.0059 0.68 0.9848 6.03 <0.0001 2.38 0.0400 1.62 0.0409
Kink index 1.66 0.1147 1.99 0.0025 0.78 0.9160 6.92 <0.0001 1.81 0.1115 1.57 0.0536
Kink angle 1.66 0.1151 1.83 0.0072 0.73 09589 6.87 <0.0001 1.16 0.3278 1.55 0.0568

F = F-ratio, P = the probability of the F-ratio
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the highest heritability estimation than other
traits, and fine percent had the lowest heritability
estimation. The coefficient of variation of fibre
ranged from 8.58 to 39.30%. Kink index had
the highest estimation value compared with the
rest of the traits, and fibre width had the lowest
estimation.

Inbreeding depression analysis

The estimates of inbreeding depression for
studied fibre traits are listed in Table 4. Inbreeding
depression of fibre length was observed in parents
U2, U21, U56, U64 and DU1 while U64 had
the largest inbreeding depression. Inbreeding
depression of fibre width was observed in parents
U21, U56 and U64 while U64 had the largest
inbreeding depression. The depression of fine
percent, mean curl, kink index and kink angle
ranged from -67.16 to 205.20%. DU1 had positive
inbreeding depression value of fibre width and
negative inbreeding depression value of the rest
of the traits.

Heterosis estimation

Estimations of heterosis on fibre traits in E.
urophyllafamilies are given in Table 5. For positive
heterosis, fibre length, fibre width, fine percent,
mean curl, kink index and kink angle were
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estimated at -30.63 to 4.44%, -9.20 to 10.74%,
-22.25 to 62.36%, -19.21 to 51.79%, -28.04 to
54.27 and -25.64 to 94.62% respectively. U56 x
DUI had the highest positive heterosis estimation
on kink angle while U2 x U64 had the lowest
positive heterosis estimation on fibre length. On
the other hand, the reverse heterosis estimation
on fibre length, fibre width, fine percent, mean
curl, kink index and kink angle were -26.47 to
16.35%, -8.68 t0 9.07%, -42.42 to 75.55%), -18.48
t0 70.50%, -31.68 to 61.78 and -31.22 to 103.84%
respectively. U56 x U21 had the highest reverse
heterosis estimation on kink angle, while U64 x
U2 had the lowest reverse heterosis estimation
on fine percent.

Estimation of GCA and SCA

The estimation of GCA and top 10 SCA of fibre
traits between crosses are listed in Tables 6 and
7. The results showed that kink angle had higher
GCA estimation, and fine percent had smaller
GCA estimation (Table 6). Different parents
had similar GCA estimation of fine percent.
DUI had higher GCA estimation on fibre length
and fibre width and lower GCA estimation on
mean curl, kink index and kink angle. Fine
percent had higher SCA estimation and mean
curl had smaller GCA estimation (Table 7). SCA
estimation for fibre length was relatively higher

Table 3  Mean values for traits, heritability (h?) and coefficient of variation (CV) of Eucalyptus urophylla fibre
Type Fibre length ~ Fibre width  Fine percent =~ Mean curl Kink index  Kink angle
(mm) (jum) ) )
Controlled crossed families 0.57 19.74 27.38 0.039 0.64 8.24
Open-pollinated families 0.59 19.61 27.15 0.037 0.61 7.83
h? 0.08(0.09) 0.19(0.13) 0.01(0.06) 0.14(0.13) 0.18(0.15) 0.14(0.12)
CV (%) 19.90 8.58 8.98 27.50 39.30 39.01
Table 4 Inbreeding depression of fibre traits (%) of Eucalyptus urophylla
Parent Fibre length  Fibre width  Fine percent =~ Mean curl Kink index Kink angle
U2 -21.34 6.22 53.53 38.89 89.70 77.30
U21 -38.04 -9.52 113.43 122.22 205.20 193.52
U22 37.81 11.11 -61.28 7.14 12.16 15.47
Ub6 9.44 -5.82 -20.53 47.50 54.23 50.78
U64 -61.76 -15.45 190.01 57.14 61.40 54.74
DU1 -1.32 8.42 -16.79 -40.00 -67.16 -67.32
© Forest Research Institute Malaysia 346



Wu Sf et al.

Journal of Tropical Forest Science 31(3): 343-352 (2019)

sosoyuated UI UIALS oT€ SIOLId pIepUR)S

(09°0) 9€69°0- (G0°0) L¥19°0- (00°0) 0£00°0- (00°0) 000070 (¥3°0) 6915°0 (30°0) ¥¥10°0 na
(19°0 08%0'T- (G0°0) 38800~ (00°0) 1300°0- (00°0) 0000°0 35089550 (30°0) ¥£10°0- 9N
(89°0) €GLLO (50°0) 148070 (00°0) 0¥00°0 (00°0) 000070 (62°0) ¥,90°0- (30°0) ¥610°0- 9sn
(69°0) 09050 (60°0) L8300 (00°0) ¥100°0- (00°0) 0000°0 (¥2°0) 9%638°0- (30°0) 83100 %aN
(09°0) ¥90%°0 (50°0) 6630°0 (00°0) L0000 (00°0) 000070 (3°0) ¥233°0- (30°0) ¥100°0 13N
(39°0) 66980 (90°0) S190°0 (00°0) 8100°0 (00°0) 0000°0 (62°0) £€890°0- (30°0) €¥00°0 an
®~MEN yuryp Xapur Juryp 1N Tead\ uﬁuuawm ury TYIPIM 21q1 QuMCﬁ Iq1g juaxed

vydoin smydGuons Jo sareny 91qy 10§ L[Iqe SUIUIQUOD [BIIUIL)

9 9Iq&L

[ 2[qEL, JO [euoSerp MO[oq ) Ul SUOBUIJUWIO) JO UOTEWIISI SISOI)IY = SISOII)IY ISIAI ‘T J[e], JO [EUOSBIP 9A0QE 9} UI SUONEUIGUIOD JO UOTEWIISI SISOIIY = SISOINIY dANISOJ

16'86" 09'9¢& 9 LI1- PI9l 048 LL'S 941 x [NAd G976 96’ 1I¥ 6L14 1606 79’8 69°0- 1Nax9<en
06°6 08°93 G061 LG'66 Yo Ly9¢- 94N x¥9N £9°6% ¥¢'q 98°01 06'1T- Ve 18°0- 9N x 99N
16°0%- 89'1¢- 8%'81- 68'81- 06°L ¥0°0 seN x 1Nda 18°08 9¢'13 09'al 06'% 0<0 61°L 1Nd x 6al
GLLI- ¥6°6- 66'¢1- 1906 881 80°6 66N *x¥9N 696 6%'1 00'¢ L9°0T- 86°¢ 8¥'& 9N x 66N
LL'T¥ 609 q0'6 G8'Gl 68°¢- 8¢l 661 *x 94N 6863 L&'LG 8813 69'LT- a1 116 94N * 66N
GG’ 16" 961G 8491~ 06°L L0°6 148 Ien > 1Nd 1861 69al1 ¥0°'96 6696 L 01 88'8- INax1an
/ / / / / / 1801 x¥9N 0v°Le 69'LS 8186 96°'9¢ 029 Y601~ 790 x 16N
¥8°601 89°LS S9'1¥ 1381 80°¢- LG'0 161 x 99N 60°19 L&'¥< 0g°0¥ G876 99°¢ 0% 94N x TN
6491~ 0670 010~ 11°G6 06~ 08'¢ 180 % g6 96¥¢ 90°0% 6$°16 GL'6% L&Y 818" 661 x TéN
86’66 96'66" 88°L- 06°91 10°8 9¢°6 N x1Nd 10°0¢- ¥0'86" 0rvI- L6°TT- 97 81'¢ [Naxsn
8T°¢I- 1601~ 68°6- av'er LG'6" ge91 ¢ x9N G581 LG'66 L1'66 96°89 L8'¢- $9°0¢" $9N x 8N
06'8% 84'81 98'9% 99'aL 89'8- L99e 6N x99 ¥9'¢é 66'16 1661~ G6'66" L0°9- ¥y 9¢N x 6N
Ly'69 8L°19 0904 68'86 66'6" Y16 &N x gan Ly'8 Lye 8L 1é¥- 06°6- LTV 661 *x 8N
/ / / / / / 6N x 1N L6636 LO'LG 69°T1 68°L 90°0 669 [N *xénN
J[due Xopul [no Juooxad Ppm pSu9l J[due Xopurl [no Juooxad Ppm pSu9|
ury ury ueI aulg a1qig a1qig yuny yuny ueI aulg a1qig a1qig
94 SISOIIIIY ISIIAY uoneUIqUIO)) 9% SISOI219Y IANISOJ uorneuIquIO))

vplydoan snadGoonsg Jo siren a1qIj UO SISOINIL]

¢ 9lqBL

347

© Forest Research Institute Malaysia



Wu Sf et al.

Journal of Tropical Forest Science 31(3): 343-352 (2019)

sonyea (1 doy ayy 103 waald axe Lifiqe Sururquiod dyads Jo sorewnsy

INa =91 8L6°0 1Na = 9sn L300 na 600°0 INa = 94n 696'1 61 x 3N G01°0 9¢Nn x N 010°0
1Nd x 66N 00%°0 1INax+9n 8600 INa x9N 600°0 94N x INA 080°6 90N x gsN 90T1°0 1801 * s G100
9N *x eN L6490 94N x9N 6600 61X 94N 600°0 N x1Nd 996'6 94N x 1Nd 90T1°0 6N x990 6100
1Nax=9en 17970 94N x 18N ¥70°0 941 X %901 6000 7901 * 91 6166 Inaxan GIT0 660 x N Y100
94N x 18N 6L9°0 ¥9N0 x aN 810°0 18N *xaNn 60070 ¥9N x aNn G8L°S 6601 X 660 LIT0 9¢N x 18N ¢10'0
1801 % 94N 808°0 1801 % 94N 8900 1801 x 16N 60070 6601 x 8N 786 79N x 1Nd ov1°0 12N 910°0
na 6660 na 120°0 $9N x aN 6000 180 x 161 118% 7901 6491°0 éan L10°0
601 X 63N Ly6°0 18N x N GL0'0 94N x 94N 6000 Yon LLE ¢ 66N X 79N 966’0 12N x 1Nd $60°0
180 % &N 096°0 6N x gaN ¥20°0 1Nnax9aen ¥00°0 60 * 949N 6689 1en > 1Nnd 1760 yon > 1Nnd L&0'0
94N x 94N L490°T 94N x 94N 660°0 G0 % GaN £00°0 94N x$9N 90¢°6 INa = 9<n 966’0 6N x 79N 820°0
J[Sue Xopur o Jusoaad qIpm Suor
uoneuIquIo)) ury uoneuIquIo) yury uoneuIquIo) UBIA UuoneuIquIo)) oury uoneuIquIo)) Iqry uoneuIquIo) Iqry
vplydoin snadqpongy Jo siren 21qy 103 LA1iqe Suruiquiod dyadg 2 J[qe],

348

© Forest Research Institute Malaysia



Journal of Tropical Forest Science 31(3): 343-352 (2019)

in U22 and U21 open-pollinated combinations
than the rest of the parents while U64 had higher
SCA estimation for fibre width. SCA estimation
was highest in U64 x U56, U22 x U2, U56 x U56
and Ub6 x Ub6 for fine percent, mean curl, kink
index and kink angle respectively.

Trait—trait genetic correlation

Genotypic correlation between fibre traits is
listed in Table 8. In this study, fibre length had
positive genotypic correlation with fibre width
and fine percent, ranging from 0.06 to 0.38.
However, both fibre length and fibre width had
negative correlation values with mean curl,
kink index and kink angle, ranging from -0.36
to -0.99. Generally, there were strong positive
genotypic correlation values between fine
percent, mean curl, kink index and kink angle,
ranging from 0.27 to 1.00.

DISCUSSION
Means and genetic parameters of traits

Higher fibre length could improve the quality of
paper. In the study, the present mean fibre length
values of all the families (Table 3) are shorter
than the widely used eucalypt hybrid clones
(Yao et al. 2003, Wu et al. 2011), indicating that
more attention should be paid to fibre length
in the breeding of pure E. wrophylla. Meanwhile
fibre width is higher than values reported for
E. tereticornis and E. camaldulensis families (Lu
et al. 2000). The 8-year-old E. tereticornis and E.
camaldulensis in Hainan Province, south China
had mean values for fibre length ranging from
0.83 to 1.16 mm and fibre width from 11 to 13
pm (Lu et al. 2000).

Wu Sf et al.

Estimates of heritability for fibre traits were
low to medium for fibre percent (0.01) and fibre
width (0.19), which were in general agreement
with the eucalypt hybrids studied by Zhu et al.
(2017) (0.04) and Chen etal. (2018) (0.06-0.49).
Heritability of fibre width was higher than that
of fibre length, indicating more genetic gain
could be obtained from fibre width by genetic
improvement as previously found by Wu et al.
(2011).

The coefficient of variation of fibre traits
in this study ranged from 8.58% for fibre
width to 39.30% for kink angle (Table 3). The
coefficient of variation of fibre width was in
general agreement with the variability observed
by Wu et al. (2011). However, the coefficient of
variation of fibre length was larger than published
papers, implying that the selection gain would be
limited.

Inbreeding is useful for improvement

Inbreeding has been recognised as an important
research tool for forest genetics and breeding
because it impacts the heredity structure and
substantially increases reproductive ability as
well as seed quality and quantity (Chen et al.
1989). However, improvement in fibre length
and fibre width was observed in inbred crosses
of parent U22 suggesting that inbred parent
U22 could be used for E. urophylla improvement
in China. Generally speaking, different parents
had different inbreeding depression on different
fibre traits. It was interesting to find that there
was no inbreeding depression on mean curl, kink
index and kink angle in inbreeding of parents
U2, U21, U22, U56 and U64. This meant that
their inbred offspring could improve water
absorption of paper.

Table 8  Genotypic correlations between fibre traits of Eucalyptus urophylla
Trait Fibre width Fine percent Mean curl Kink index Kink angle
Fibre length 0.34 (0.45) 0.38 (0.30) -0.79 (0.51) -0.36 (0.32) -0.66 (0.48)
Fibre width (0.06) (0.15) -0.99 (1.57) -0.80 (0.31) -0.89 (0.33)
Fine percent 0.79 (0.53) 0.67 (1.48) 0.48 (1.37)
Mean curl 1.00 (0.13) 0.27 (1.05)
Kink index 1.00 (0.01)

Standard errors are given in parentheses
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Different combinations had different positive
and reverse heterosis

Heterosis values were estimated as the percentage
deviation of the F, performance from the
midparent, better parent and best parent
(Paramathma et al.1997). In general, the
estimation range of reverse heterosis was greater
than that of positive heterosis (Table 5). The
positive and reverse heterosis estimation ranges
for fibre length were greater than that for fibre
width. The same combinations had different
positive and reverse heteroses even for the same
traits. For example, the positive and reverse
heteroses for fibre length of U2 and U22 were
4.17 and -21.44% respectively. Meanwhile U2 x
DUI and DUI x U21 had higher positive and
reverse heteroses for fibre length and fibre width.
This implied that superior individuals with higher
fibre length and width can be selected from these
combinations. Bao and Luo (2002) reported
that heterosis estimation for growth and wood
traits ranged from -9.4 to 23.2% in 9-year-old L.
urophylla.

GCA and SCA analysis

Combining ability provides a guideline for
selecting elite parents and desirable cross
combinations to be used in formulation
of a systematic breeding project for rapid
improvement (Kalhoro et al. 2015). For fibre
length and width, U56 had negative GCA
effect while DU1 had positive effect (Table 6),
indicating DU1 had higher general combining
ability and potential to improve fibre length
and width simultaneously. It is interesting to
find that the GCA effect of kink index may have
slight positive correlation with GCA effect of
kink angle. For fibre length, U64 x U2, DU1 x
U64 and DUI x U21 had higher SCA estimation
while U56 x DU1, DU1 x U21 and U64 x U22 had
higher SCA estimation for fibre width (Table 7).
This showed that these families could be used for
further propagation and breeding.

Genetic correlation between traits

High genetic correlation value between growth
traits and wood properties had been widely
described in Eucalyptus and other species (Kien
etal. 2009, Kube et al. 2001, Wu et al. 2011, Chen
et al. 2018). High genetic correlation indicates

© Forest Research Institute Malaysia
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that the expression of both traits is most likely
controlled by the same class of genes in an
organism (Chen et al. 2018). There was positive
genotypic correlation between fibre length, fibre
width and fine percent, meaning that longer fibre
length always had higher fibre width and higher
fine percent. Meanwhile positive genotypic
correlation values were observed between fine
percent, mean curl, kink index and kink angle.
However negative genotypic correlation was
observed between fibre length and width and
mean curl, kink index and kink angle, indicating
that higher fibre length and width always had
lower mean curl, kink index and kink angle. Our
results were consistent with previous studies that
reported strong positive correlation between
fibre length and fibre width for Eucalyptus hybrid
clones in southern China (Wu et al. 2011).
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