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1. INTRODUCTION

Forests and its products have been the sourceadihibod for the evolution of
mankind and with the progress of civilization witime, the diversification of its use
and importance increased. It became the soureeesfyy, revenue, raw materials for
manufacturing units, etc. Wood is the prime produdt it takes precedence of all the
other products in terms of supplying raw material aevenue generation from a
forest. Irrespective of the economy of a countrg,continue to depend heavily upon
forest for wood as raw materials. For instancghtincome countries like the United
States of America, Austria, Italy, Finland, etcattees among the top five list in
importing different wood products like industriabundwood, sawnwood, wood-
based panels, pulp for paper, etc., let alone #ygemdence of the low-income
countries on the products (FAO. 2015). When it esrto India, the report showed
that in 2013 the import of bleached sulphate puld ahemical wood pulp alone
touched 646030 and 724130 tons, respectively, whadt the exchequer of our
country about US$ 503930. The imports of industéandwood cross 6.5 million
m® at the costs of about US$ 2 million. Such demavidch is increasing with the
burgeoning population of the world threaten theyvexistence of the forest,
especially the primary forest which is decliningaat alarming rate of 0.4 percent
annually over a ten-year period in the world (GFRA10) with increasing concerns
of environmental issues. Therefore, promotionlahfations is the right step towards
tackling these issues. A well planned plantatiooggam with improved planting
materials can augment the supply of forest prodants reduce the pressure on the

existing natural forest.

Species likéAcacia mangiunimas great potential in such program because of its
fast growing nature, multipurpose in use, wide &alaipty to different environmental
conditions and capacity to reclaim degraded lahchas been a priority species for

industrial forest plantation program (Suhaendi, 3)98nd has become popular and



widely spread since its introduction to the wondnf its native site (Australia) in
1966 by D. I. Nicholson (National Research Count#83). It is the most widely
plantedAcaciaspecies in the world (Gunn and Midgley, 1991; Tuthbt al.,1998;
Sein and Mitlohner, 2011). According to the Aukira Tree Seed Centre (ATSC)
which is the major agency involved in the collestieevaluation and export of
Australian Acacias,the most sought-afterAcacia species out of 322 speciesAs
mangiumand with the highest request of seed from Soutt Baia (Griffinet al.,
2011).

Acacia mangiuntan grow up to a height of 25m to 35 m (Pinyopedeet al.,
1993) and capable of producing mean annual volummeeinent of 40 rhha' yr? to
46 nt ha® yr! (Khasaet al, 1995; Dhamodaran and Chacko, 1999). It reaches
maximum MAI in volume at 6 to 9 years dependingmuplee site quality (Mead and
Miller, 1991; Warren, 1991). It is primarily uséat pulpwood (Griffinet al.,2011).
The basic density of pulpwood, which is desirabléerms of cost of production and
yield of pulp, as well as the strength propertiepaper produce fromA. mangiums
found to be on par with some of the commercialaed high-quality yielding species
of Eucalypts(Logan, 1987). Besides, the unbarked wood ofsgiexies can also be
used for kraft pulping (Logan and Balodis, 1982l also has the potential for
commercial production of veneer (Hamdan, 2011).tehms of revenue generation,
its contribution is outstanding. Production of palone from threécacia species
including A. mangiumleads to the generation of US$900 million in Indsiae
Malaysia, Vietham and China (Maslin and Orchard,3)0

The utility of A. mangiumas a timber species is on the increase world over
primarily for furniture, plywood, poles, tool haedl and agricultural implements.
Practical knowledge suggesthat its timber properties improve substantially at
maturity (14-15 years). Moreover, wood Af mangiumhas high calorific value
(4800 kcal kg to 4900 kcal kg) suitable for use as fuelwood (Dhamodaran and



Chacko, 1999) and for production of good qualityarcloal, wood pellets and
activated carbon (Udarbe and Hepburn, 1987; SeinMitiohner, 2011). Moreover,
the species can be multiplied easily through miwpgagation (Crawford and
Hartney, 1987).

Besides being widely adaptable to different envinental conditions, it can fix
nitrogen in the soil. Therefore they can be used réclamation of waste and
degraded site where readily available minerals defcient (Awang and Taylor,
1993; Thomas and Kent, 1987; Ferrari and Wall, 2004).eyr'grow well in acidic
soil (Turnbull et al., 1998) as well as tolerate extended drought (Midgheyl
Vivekanandan, 1987) making it suitable for tropi@akas where acidic soil is
widespread and in region where long dry seasonafisev This make the species
ideal for adoption in plantation program in Indicheve most of the plantation
program is being established outside forest resermaostly in the wastelands
(ICFRE, 2011).

In Kerala, Acacia mangiunwas first introduced in1980 and has spread in all
the districts of the state. The warm and humithate of the state provides an ideal
condition for its growth. As a result the speches high growth potential. The
species has the potential for used as commeramdeti production (Shanavas and
Kumar, 2006). This is significant in the presec¢rgariao when there is increasing
demand for used as solid wood purpose of the spebiesides the rapid rise in
demand of the species for pulp and paper productidioreover, Kerala is a state
where perennial based land use systems occupy 27 #8€ total geographical area
of the state (FSI, 2013). Therefore, there is amgpportunity for production of
wood materials of the species through promotioplaftation.

Despites its importance and demand, non availgbdit quality planting
material is one of the primary concerns in the ptom of the species. Although

many studies have been initiated for the speciesdnpus institute including the



Indian Council of Forestry Research and Educatioast of the studies have been
focusing on few parameters (Bhet al., 1985; Singh and Naithani, 1994, Indira,
1999; Anoopet al., 2012; Shanavas and Kumar, 2006). Probably, thdystu
conducted by Dhamodaran and Chacko (1999) was tis comprehensive work on
A. mangiumin Kerala, but the study also mostly confinedhe growth attributes of
the local seed source. Practically, no informatsavailable on the superiority 8f
mangiumsources in terms of various properties. growth attributes, wood quality,
utility as pulp and paper wood, etc., as well agnformation on variability among
provenances in terms of genetic parameters andigenerrelations among growth
traits of the species in the state. Hence, trgamement initiatives are of paramount
important for the species and provenance evaluasidhe first logical step in this
direction. The present study is an attempt to @epthe variability in genetic traits

among the existing provenances established fopuhgose in Kerala.

The present study also investigated the variatiotheé morphometric traits of
seeds, germination related parameters and the rpemeces of progeny of the
provenances. Variations in the morphometric trafilect true genetic variation and
the adaptability of species to different environtaéronditions (Abdelbasiéet al.,
2014). 1t also reflects the evolutionary respook@ species in order to maximize
their potential fitness and survive in the enviremin(Zhang, 1998). Documentation
and analysis of the trait and their variation isi@portant parameter to identify the
best provenance as well as from the view pointcoiagical functions. Similarly,
germination related parameters and seedling pedioce which decides the success
of regeneration of a plantation, need to be tak&o i&ccount to evaluate the
variations that exist between provenances. Thezeto cater the need for better
understanding of the variation that exists in segdto mature stages among the
provenances oA. mangiumused in the trial and facilitates selectidhe present

investigation had been carried out with the follogvbbjectives:



1. Evaluation of variation in growth attributes andaglgoroperties of ten
provenances and one local seed sourc&ocafcia mangiungrown in
Livestock Research Station, Thiruvazamkunnu

2. Progeny evaluation.

The study comprised of three parts. Part I, cosepkiof the work and
observations taken from the field performance ef 14 years old\. mangiuntrial
plantation, Part 1l, Studies conducted for progeayaluation including the
morphometric traits and germination related paransetdf seeds and in Part I, the
variation in physical and mechanical propertiesnoiod of the provenances were

evaluated.
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2.REVIEW OF LITERATURE
2.1 Taxonomy and distribution

GenusAcaciabelong to the subfamily Mimosoideae of Leguminofsamily. It
consist of 1200 to 1300 species and it is wideggritiuted almost all over the world
from Australia and the Pacific Island through A#rito the America (Turnbukt
al.,1998). The Nomenclature Section of the XVII Inegranal Botanical Congress
has reclassified the genus into suBgacig subg.Vachelliaand subgSenegalin
2011 (Maslin and Orchard, 2013)Acacia mangiumWilld. belongs to subgenus
Acacia It was first described and name Bngium by Rumphius (National
Research Council, 1983). It is used synonymouslyRacosperma mangiu@and

commonly known as Brown salwood.

Acacia mangiunis naturally distributed in Indonesia to Irian Jatree Western
Province of Papua New Guinea and northeast Queeh&faAustralia. The sites
have mean annual rainfall of 1446 mm to 2970 mmaandltitudinal range of 3 m to
90 m. The upper limit of altitudinal range for thgecies is 780 m (Pinyopusaretk
al., 1993). To the exceptio®. mangiumhas been grown at an altitude of 1000 m
and above and surprisingly the growth was remaykajpod except for the
development of poor stem form (Harwood and Williarh892; Weerawardane and
Vivekanandan, 1991). It is a species of the hurrhical lowland climatic zone
characterized by a short winter and dry seasorexcgeding five months (Harwood
et al.,1998).

2.2 Provenance evaluation and its significance

The word “provenance” is a synonym for “origin” aridource” and it is
defined as the original geographic source of @lateed or pollen (Wright, 1976). It

is used interchangeably with geographic sourceeogmphic race. Delineation of



provenance is difficult unless a conspicuous anthitle environmental separation
exist. In absence of the condition, it becomes arnadgment and opinion to define
a provenance (Zobel and Talbert, 1984). The diffees between different countries
of naturally occurringA. auriculiformis which has more or less overlapping
provenances witlh. mangiumhad been delineated or summarized by Pinyopusarer
et al. (1991). In the study, analysis of 28 provenarfoed 7 variates of the species
revealed that the provenance can be clearly dividexthree groups according to
their geographical origins. They are Queenslarattiern Territory and Papua New

Guinea.

Provenance test is an experiment in which seedsadlexted from a number of
widely scattered stands (usually natural), andsemedlings are grown under similar
conditions. It can be done to test the suitabdityxotic species to be introduced in
the area or it can be a test to evaluate the i@mmtnd identify the best provenance
suitable for the area for further breeding progmanere the species has already been
introduced.  Provenance tests date back t& &8ntury but the oldest well
documented study is on Scots pine in 1821 by Fraach de Vilmorin (Wright,
1976). Since then, provenance research has ghadwalved from demonstration of
importance of seed source to formulation of scienprinciples and generalizing
rules about geographic variations. Now the empghdmsis shifted to practical
experiment undertaken to discover the region capablproducing the best trees
(Wright, 1981). Since early T%century, it has been used for detecting population
with ecologically and economically desirable chéegstics to be targeted for tree

breeding program (Guries, 1990).

The first range-wide seed collections Atacia species began in 1980. This
followed an FAO recommendation that special attenkie given taA. mangiunmwith
the view of establishing international provenan@&d. Since then, there have been

numerous collections of seedsAxfaciaspecies in collaboration with Australian Tree



Seed Center by many institutes and organizati@ys1990, they had dispatched the
seeds over 90 countries representing probably tlst nsomprehensive early
sampling ever for tropical tree species and refleetacceptance of the potential of
tree improvement of the species (Gunn and MidgE391). Such range-wide
collections of seeds and trials are important theoito detect the genetic differences
that associates with the place of origin whichftem several times greater than those
among individual trees in the same stand (Wrigt,6).

Most plant species exhibit spatial structuring ehetic differences throughout
their range (Hamrick and Godi990) as a result of adaptation and evolutionary
process of the species (Namkoong, 1981, O’'Be¢ral., 2007). This provides
evolutionary flexibility and determines the capgat population to respond to future
variations in the genetic and external environméNamkoong, 1981; Lande and
Shannon, 1996; Booth and Grime, 2003). Therefdifigerent provenances of same
species grown together under same environmentalitcmm can perform differently.
Typical example recorded was froRotentilla glandulosa When P. glandulosa
derived from three different provenances — low al®n in the coast range of
California, foothills of the Sierra Nevada Mountiand alpine regions of Sierra
Nevada were grown in each of the environments sHodifferent potential of
growth. The coastal and foothill provenances ditithrive as well as they do in their
native habitats. The coastal provenance becammadr during winter in the
foothills and the foothill provenance remained \aetduring the winter on the coast.
When the coastal and foothill provenances werespiamted in the alpine zone, they
seldom survived for a year and did not produce speds although they flowered.
On the other hand, the alpine provenance exhiliteaifism in its own environment
and remained so when planted on the coast butdhey tall when planted in the
foothills. Furthermore, when alpine provenance wéanted on the coast they
became very susceptible to diseases, injury ddeytsummer and remained dormant
in the winter (Dobzhansky, 1937).



Therefore, to assess such adaptive variations ftetessary to quantify the
heritable and ecologically important traits by ghogvthem at a common site so as to
control in the best possible way, the phenotypigatian caused by the environment
(Crandallet al.,2000; McKayet al.,2005). This also implies that optimal choice of
provenance will be different from place to placeaé€Rildet al.,2006). Therefore,
selection of provenance should be done after dassfaluation of its performance
prior to its introduction and such test should loaalin the place where it is to be
introduced. Another example that reinforced thednef such test is that when Indira
(1999 conducted provenance trial &f mangiumfrom Papua New Guinea in India
and Salazar (1989) in Costa Rica, it was found @r&mo provenance was among
the poor performer, while Silvat al. (1996) found that Oriomo provenance was the
most promising provenance in Brazil. The consegegnvould be severe if it relied
on the information conducted in Brazil and adoginthin India where environmental
conditions are different. This clearly indicatdg timportance of evaluation of
provenance at the place where it is to be introdudgnoring to follow such step and
failure to integrate its use had lead to failurés\er 30 percent of all improvement
programs or had been only marginally successfulogkd) 1981). That is why
provenance evaluation is an absolute prerequisitarfy tree improvement program
(Lacaze, 1978). Lacaze (1978) also opined th& duite feasible to double the
production of plantation by means of utilization gdod provenance derived from

careful assessment of provenance variations.
2.3 Genetic diversity

Genetic variation is necessary to provide a basisdélecting the most suitable
seed sources for planting and for developing apm@t® strategies and base
populations for tree breeding and conservationy@posarerk, 1993). Determining
the amount, cause and nature of the variationdrsgecies and how this variation can

best be used is an important and initial step gframement programs (Awang and



Bhumibhamon, 1993). Khosla (1981) aptly wrokature has created the variation;
all we need to do is to be smart enough to recagitizisolate it, package it in a
desired tree and multiply”it Therefore, before any studies are carried duis

necessary to understand the variations that exist mangiunor any other species.
This will strengthen the design to be used and whiaits to be focused, keeping in

mind the industrial requirement, for further impeowent.

Two prominent studies, but contradictory findingavé been reported for
genetic diversity ofA. mangium. Moran et al. (1989) observed that the genetic
diversity of A. mangiunusing allozymes and found that the overall genditrersity
in the species was only 0.025, while the mean geétersity per population was
just 0.017. Almost no genetic variation was obedrin the Indonesian populations
and the highest level of genetic diversity from iapgfNew Gunea. The genetic
diversity of Cowley Beach populations in the stweys found to be low. Therefore,
they concluded that the species has low divergibych may not be worth enough to
investigate breeding system or estimate gene fiowre populations. However, in
contrary to the finding, Butcheat al. (1998) reported that the genetic diversity was
high for the species. They studied the diversityhie nuclear genome of the species
using 57 anonymous RFLP loci for 10 individuals nfroeach of 10 natural
populations representing the geographical rangiefspecies. The result showed
that the level of genetic diversity varied sigrdgfitly among the populations and three
to eight times higher than the diversity detectsthg allozymes. In the study, as
against the finding of Moraet al. (1989), the overall genetic diversity of the spsci
was found to be 0.195 and within population was80.1The alleles per locus varied
from 1.0 tol.7 and percentage of polymorphic l@riged from 1.8 to 57.9. Their
study also reported the highest measures of gematiations from Papua New
Guinea population and lowest variation from Sided &eram provenances. In

addition to its diversity, superiority in perfornzes of Papua New Guinea

10



provenances has been advocated in many findingshwiill be discussed in the

following sections.

Butcheret al(1998) was of the view that the lower level of dargy in the
allozyme surveys of Moragt al. (1989), might have arose owing to the differennes
sampling strategies. Moreover, in terms of relighiallozymes are gene products
which exhibit the differences of only the protemding genes whereas RFLPs reveal
differences directly at the DNA level of both cogliand non-coding regions, hence
more reliable. Even so, the prediction of variaticsing molecular markers is still
very poor (Karhtet al., 1996 Nymbom and Bartish, 2000; McKagt al.,2001; Reed
and Frankham, 2001) because, quantitative trais greatly influenced by the
environmental parameters. Besides, epigeneti@abitity which is independent of
genetic variability can be a potent source of vemma(Vaughnet al., 2007). As in
case ofPinus pinearegardless of its genetically depauperated natiieespecies has
high adaptive plasticity which could be differet¢ih between individuals or
populations based on epigenetic variations rathen the genetic differences (Saez-
Lagunaet al.,2014).

2.4 Amount and pattern of diversity
2.4.1 Morphometric traits of seed

Seedling performances of a species in a heterogeeowironment has a
functional relationship with the production of seedss by the plant (Green and
Juniper, 2004; Queret al.,2007). The seed size which has positive correlatitth
seed mass affect seedling height, diameter, le=d, dsiomass and survival rate of
seedlings (Bonfil, 1998). This is because higlesdsmass indicates higher reserved
food stored in seed which can be utilized for emaecg and growth of seedling
before it is able to photosynthesize. This refeglop between seedling performances

and seed mass varied depending upon the mothdr (@anzalez-Rodrigueet al.,
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2011). Moreover, the morphometric traits (lengtigth, thickness, weight or area)
of seeds which influence the seed mass vary frarnisp to species as well as within
species of different provenances depending upongdrestic and environmental

influence.

In A. mangiumthe presence of high genetic variation of morphoimetaits
between various provenances have been reportedlbye® (1989). The estimated
length of seed of different provenances in his ptahged from 3.2 to 4.3 mm and
2.3 to 2.8 mm for width, while the area ranged e 7.4 to 11.8 mm The
variations due to provenance for the species adedufor 93 percent of the total
variation. Because of the presence of high vamatin the morphometric traits, the
number of seeds per kg varies greatly among prowesa Salazar (1989) reported
that the average number of seeds varied from 95&AZA5000 seeds Kg While,
Adjers and Srivastava (1993) found that the nunabeseeds per kg oh. mangium
from individual trees collected from Australia, bresia and Papua New Guinea
ranged from 76,922 to 125,000. However, both thdiss revealed that Papua New
Guinea provenance usually had larger seed size amupto other provenances.
Study on 72 populations dfeschnomene americamaiginating from 17 different
countries also showed that there is high geneyitalbed seed weight differentiation
between provenances (Zhang, 1998). Similarly, hpgbvenance variations in

morphometric traits of seeds exist in other species

Provenance variation i€ordia africana contributes about 71 percent to 98
percent to the total variation of seed morphometrats (Lohaet al., 2006).
Likewise, inSenna siamegrovenance variation contributes about 69 percei®3t
percent of the total variation except for the widthseed which is only 50 percent
(Takuathunget al., 2012). But the variation of seed length and weigétween
provenances are comparatively lesser than sedd#ss and width of the species. In

Magnolia officinalis,seed weight exhibited highest variation among dift€Chinese
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provenances in seed morphometric traits (8&hal.,2012). This may not be the case
for other species likéAcacia auriculiformis,where no significant differences in
morphometric traits exist between different proveses (Komar, 2001). The average
weight of 1000 seeds of the speaiasges from 12.74 to 15.62 g while average seed

size ranges from 3.6 to 4.66 mm.

In addition to provenance effect there are repoftenvironmental influence
over the morphometric traits. Lolet al. (2006) recorded strong environmental
impact on the trait inCordia africana Zhang (1998) also reported that early
flowering plant produces larger seeds than thoae fthwered later in the growing
season ofAeschynomene americanaBesides the variables of plant, high positive
correlation with altitude was found to be associatéth the weight of seeds for the
species. Similar finding of relationship betwediitiade and seed weight is reported
by Uniyal et al. (2000) inGrewia oppositifolia In Magnolia officinalis,seed weight
was found to be negatively correlated with latituafeseed origin but positively
correlated with temperature and rainfall (Seu al., 2012). This indicates that
variables of plant and environmental condition eggly at the time of seed
development can shape the morphometric traits epecries (Rawat and Bakshi,
2011).

2.4.2 Dormancy and germination of seed

Dormancy is an innate property of the species ardling the dormancy help
in synchronizing the germination of seeds. Gertioneof seed requires stimulation
of metabolic systems through imbibitions of watdrhis takes place when the seed
coat facilitates the passage of water through tleenbmane else the seed remain
dormant and the state is called physical dormamasKin et al., 2000). Many
Acaciaspecies exhibit physical dormancy (Kulkaetial.,2007) due to the presence
of one or more palisade layers of lignified malphingcells which make the seed coat

water impermeable (Baskin, 2003).
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Impermeability of seed coat to water is the majopeding factor for breaking
physical dormancy. Manual scarification of thipgnmeable seed coatAstragalus
arpilobus showed that after 6 hours of placement in moistefiégl paper, the
increase in seed mass reaches more than 170 pendel® the non-scarified seed
mass increases only about 5 percent even after(Rdriy et al.,2012). If the seed
coat permeates water to pass through into the $eadtivates various metabolites
which is controlled by the gene and in turn prosid®ndition for germination of
seeds. As a result, the scarified seed&.drpilobusbegan to germinate just after 6
days and reaches more than 95 percent after 28vdales the germination percent
of non-scarified seed was below 10 percent evean 28 days.

Germination of seed is a physiological process rotieti by both the
environment and genetic factors (Sétual., 2012). But the magnitudes of control
over the process and response of species vary $panies to species and within
species as in case dfcacia species —A. senegalis more sensitive to water
availability for germination thaA. seyal(Kassaet al.,2010). This is why variation
of germination related characters exist in speams require different treatment to
break the dormancy. [IPhragmites australishalf of the viable seeds remain
dormant at maturity and cold-stratification for mths at 4C prior to germination
was applied, this result in higher germination patage compared to warm-dry
treated seed (Kettenring and Whigham, 2009). Likewthe effectiveness of
breaking seed dormancy fAstragalus arpilobuss high only through mechanical or
acid scarification (Longt al.,2012).

For A. mangium pretreatment of seed with hot water at D0@s the most
common method used to break dormancy (Adjers aivdsava, 1993). Great care
for temperature need to be taken while treatmergeeids for testing germination,
because of its strong influence on germination @sec Substantial amount of seeds

(50%) of A. mangiunfailed to germinate when temperature fall beloRC(Bowen
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and Eusebio, 1981). They found the highest peagentf germination (91%) at
10PC. Another treatment on the same species was ctettlby exposing the seeds
to dry heat in an oven at 1 for 5, 10, 15, 30 and 60 minutes. The experiment

showed highest germination percentage (83%) fosé¢ieels treated for 10 minutes.

Germination is never uniform as it varies with tienetic differences and the
environmental variation (Bischoét al.,2006). Substantial variations in germination
exist for AcaciaspeciesA. mangiumhave high germination percentage compare to
other Acacia species. The germination percentageAofmangiumwas 82 percent
when treated with hot water and sown in nursery Wede, A. auriculiformis, A.
aulacocarpa and A. crassicarpahad 22 percent, 30 percent and 49 percent,
respectively (Indira, 1999 Another study conducted by Abat al. (2012) showed
that even when seeds Af oerfotawas treated in hot water and placed at germinator
with regulated temperature and relative humiditg percentage of germination was
very low (< 50%). This indicates that performanceterm of germination oA.
mangiumis much higher than othécaciaspecies. In addition to the differences in
germination between the species, substantial v@amian intra-species also exist
(Karlsson and Milberg, 2008). But variation in degermination ofA. mangiunof
different provenances seems to be low. Indira 9L 8sted seed germination of two
provenances from Oriomo RWP of Papua New Guinea seetl orchard from
Queensland and found that the germination percentagged from 78 percent to 86
percent. Similarly A. auriculiformis showed low variation between provenances
(Komar, 2001).

On the other hand, variations among provenancelirwgpecies for other
species are conspicuous. Magnolia officinalisthe variation in seed germination
between fifteen provenances ranged from 27 petoedi percent (Shat al.,2012).
The average germination capacityGirdia africanaof six provenances ranged from

4 percent to 91 percent, likewise speed of gernunatf the species as determined
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by the germination energy exhibited high variatibat ranged from 10 percent to 89
percent (Lohaet al., 2006). However, environmental effect on the speéd
germination of the species was found to be highlemnost of the total variations
were attributed to provenance effect for germimattapacity. Variation in seed
germination between different provenances was tegoto be high inGrewia
oppositifolia  The variations among 30 provenances collecteth findia ranged
from 25 percent to 91 percent (Uniyatl al., 2000). Similarly, five provenances of
Legousia speculum-veneris, Echium vulgare, Cichoriintybus and Origanum
vulgareshowed significant differences in the germinapencentage (Bischo#t al.,
2006). It was observed that differences in gertionawere genetic (provenance)
effect not the consequences of adaptive responsdlifferent environmental

conditions.

The contribution of genetic influence to germinatie further evident from the
study conducted by Rawat and Bakshi (2011pimus wallichiana. Germination of
seed of the species collected from natural pomratith considerable geographic
isolation from North-West Himalayan region of Indihowed high variation (19.8%
to 68.7%). Coefficient of variation of germinatidor the species sown in nursery
was 14.05 percent (laboratory — 36.3%). The gereetntrol over germination was
found to be higher than the environmental effedhe genotypic coefficient of
variance of the trait sown in nursery was 27.8T@etr and environmental coefficient
of variance was 13.24 percent, the difference vigisen than the value estimated for
the seeds tested in the laboratory. Heritabilitgt genetic gain of the trait was high
for the species because of the strong geneticenfie. The estimated values of the
traits sown in nursery was 81.55 percent (laboyato66.50%) and 51.74 percent
(laboratory — 40.86%), respectively. Neverthelgesmination related characters can
be modified by the environment (Scopelal.,2002) and rendered the contribution of
provenance insignificant. Uniyat al. (2000) recommended commencing of seed

germination in nurseries only after the temperatises above 2 for Grewia
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oppositifoliain India. As for the importance of provenance stb® he has likened

the right choice of selection of provenance as irtgm as pretreatment.
2.4.3 Seedling performance

Seedling growth determines the success of plantatio the field. It is
necessary to out-compete the obnoxious weed i tsdegenerate an area. But just
as any other traits of plant, seedling charactéra species are also influenced by
both the genotype and environment. Greater theen€e of genetics and higher the
variations in the characteristic, it is more efieetand better for selection through
provenance test. However, maternal effects exestgst influence on the growth of
seedlings which diminishes with age, hence, natlyiko be correlated with the

performance of the individuals at a mature stagBrién et al. 2007).

Salazar (1989) evaluated the performances of sixf@®venances ofA.
mangiumin Costa Rica and found that significant differencexisted between
provenances. Large proportions of the observeti@n in height (46%) and basal
diameter (55%) at 3.5 months was found to be geaticontrolled. He concluded
that high genetic variation exist in the speciasskiedling characteristics. The total
height of seedlings in the studsaried between 17.7 cm to 34.6 cm and basal
diameter ranged from 1.7 mm to 3.2 mm. In theyst@iomo River provenance had
the least performance. The provenances with tisé gmowth at 3.5 months were

from Indonesia, Papua New Guinea and Queensland.

On the contrary, the provenance trial of the sped® India for nine
provenances from Papua New Guinea revealedAthaiangiurrhas moderate genetic
variation (GCV of height and girth at 12.58% and729%6 respectively) at seedling
stage (Indira, 1999). This may be due to the ssr@tion of provenances only from
Papua New Guinea. However significant differenbesveen provenances were

reported for height at 9 months old seedlings. Sthey also showed that provenance
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of Wipim performed much better, except to the Baesbprovenance, in terms of
height and girth than the other provenances. sk atvealed that the growth Af
mangiumwas better than the otheékcacia speciesviz. A. aulacocarpaand A.
crassicarpa, of different provenances at the seedling stageldfmonths. But
heritability of height and collar girth ok. mangiumappears to be low, though it is
much higher tharA. crassicarpa Its estimated value at 12 months of growth was
0.318 and 0.21 for height and collar girth respetyi, while the values of.
crassicarpawas estimated to be 0.014 and 0.02 for height arid, gespectively.
Acacia aulacocarpahad the highest heritability (58% and 43% at 12 thm®n
respectively) among them for both the traits. Santyl low genotypic coefficient of
variation was recorded fohk. crassicarpa(3.19% and 6.32% for height and girth
respectively) and highest f aulacocarpa17.58% and 23.37% for height and girth
respectively). Genotypic variance of height andhgior A. aulacocarpadecreased
with age, but no particular trend existed for thi@eo two species. On the other hand,
species likeA. crassicarpaandA. auriculiformishas been reported to perform much
better thanA. mangiumin Thailand at six months after field establishmemhere
provenance evaluations of tweldeaciaspecies were done in six different locations
(Pinyopusarerk and Puriyakorn, 1987). The reqwtved thath. mangiun{110 cm)
though not among the slowest growing species, we#®bthe average (130 cm) at
each planting site.

Many other species showed significant differencetwben provenances
including coniferous species (Rawat and Bakshi,1201But one must note that
though significant as it may be in terms of provereeffect in the seedling traits, it
does not always imply that the increment percentaijebe as significant as the
provenance effect. As in case ®¢lerocarya birreaDlamini (2010) reported high
significant differences between provenances in Isegdheight and root collar
diameter at five and eight months, but no significdifferences were observed in

percentage increment of height and root collar éi@mat eight months, indicating
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that the best seedlings at 8 months are not nedgdb@ one that was growing best

at five months.

Genetic effect seems to have greater role in détergithe seedling height and
root length. Shoot and root length f8rewia oppositifoliahad high heritability of
75.45 percent and 80.18 percent, respectively, et a8 high genotypic variance
associate with the two traits i.e. 61.39 percent&n48 percent, respectively (Uniyal
et al., 2000. Likewise, Takuathungt al. (2012) found that high genetic effect
associates with height (53% to 85%)3enna siameaThis is in alignment with the
report of high heritability (58%) of the total vation of height of seedling @&ordia
africana but low heritability (3% to 13%) is associatedttwroot collar diameter
(Loha et al., 2006). High genetic control and variation had dis®n reported in
Tectona grandigJayasankaet al.,1999). They recommended grading of seedlings
based on their height and collar diameter at aty esge as performance of the

provenances in the field follow nursery growth pats.

Study on the fifteen different provenancesdMdgnolia officinalisshowed that
significant difference existed among provenanceshaot length, collar diameter,
number of leaves per plant, main root length ang wleights except for relative
growth rate and net assimilation rate. Provenafieet contributed 93 percent of the
total variation in seedling height and collar diaene This indicates that adequate
genetic variability for seedling height exists tbe species and so they suggested that
the traits can be used for early selection of pnanee (Shwet al., 2012). But no
significant variation was observed for relative wtio rate in the study. Low
variation in relative growth rate was also reporbsd Takuathunget al. (2012) in
Senna siamea When relative growth rate were examined by tlagrthree stage of
development from age 2 to 6 months as first stége, 36 months as second stage

and 2 to 36 months as overall third stag&amna siamehigh significant difference
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among hine provenances was found only at the dtesie of development for height

and diameter. This indicates that low variatiosoagates relative growth rate.

In addition to the provenance effect, Teklehaimagtiadl. (1998) has reported
the influence of latitudinal direction on the gréwperformance of seedling.
Measurement of morphological characteristics om foanths old seedlings from five
provenances oParkia biglobosagrown in a tropical greenhouse under controlled
conditions showed that there was wide variationwbeh the southerly and the
northerly provenances in height. Southerly proveearwere taller than the northerly
provenances. Such variation pattern has beenteghpan other species as well
(Harwoodet al., 1997; Sebbenet al.,2003). This was in alignment with Wright
(1976), who stated that southern seed-lots of sapexies usually grew faster
compared to northern one. However, he proposedstizh trends reflect only the
adaptability of the species to cold and warm caondt rather than to northern and
southern conditiomper se So in case oA. mangiumwhich is adapted to warm and
humid climate of tropic region, it is unlikely théte species will follow the variation
trend. This is also evident from the finding ofé&ar (1989). He had reported that
no such relationship existed with the sites ofoitigjin in A. mangium since there
were provenances which had the best growths ia witiln high and low latitudes, but
there is a report of othekcacia species, though contrary to Wright (1976), where
northern provenance performed better than the soutbne (Pinyopusarerk and
Puriyakorn, 1987). Variations in the amount ohfall in the seed source may also
influence the growth performance of seedlings asage ofA. karroo (Khalil et al.,
2004).

2.4.4 Field performance

Acacia mangiunis a fast growing tree species. The average anncia@ase in
diameter, height and volume of one to seven yedplnt is 2.5 cm yedr 2.8 cm

yeaf and 13.9 mha®, respectively and at a rotation of 5 to 7 yedrs,average stem
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volume vield is 60.7 rtha® (Sein and Mitlohner, 2011). In Kerala, the averagsn
annual increment (MAI) at 6 and 7 years for GBH &ethht was 15.05 cm and 3.7
m, respectively. In the state, the species coatinto grow throughout the year
irrespective of seasons (Dhamodaran and Chackd®)19%he value recorded for
MAI of height (1.9 m) and diameter (2.4 cm) at 8assefor the species grown in
Vietnam was much lower (Kha and Nghia, 1991). Nbekess, it performs much
better when it is compared with the performancetbérAcaciaspecies of the same
age in the region. The mean height and diamet#dreoépecies was 15.4 m and 18.9
cm respectively, while the values of oth&cacia speciesviz. A. crassicarpa, A.
auriculiformis and A. aulacocarparanged from 10.8 m to 13.2 m and 10.1 cm to
14.9 cm respectively. Likewise, lower MAI of hetgdnd diameter of other species
ranged from 1.4 mto 1.7 m and 1.3 to 1.9 cm respey for the latter three species.
Coefficient of variation of height and diameterAfmangiumwas only 7.9 percent
and 18.2 percent respectively which was much |Iadvan A. auriculiformishaving
32.5 percent and 11.4 percent, respectifiéha and Nghia, 1991).

In Malaysia, A. crassicarpaoutperformedA. mangiumin mean height and
DBH when assessment was done at fourth year oftgrdov five Acacia species
grown in four different sites (Liang and Gan, 1991Fpimilar finding had been
reported in Tanzania (Kindet al., 2010). The superiority was most apparent in
shallow, sandy soil with weeds. But in good lovdasites, the performance &f
mangium was comparable withA. crassicarpa, and much better thanrA.
auriculiformis and A. mearnsii. Interaction between the environment (sites) and
genotype (provenances) was found to be insignificantributing only 8 percent to
the total variation and combine analysis of var@aror the species in the trial
indicated that DBH is under greater genetic conthaln height (Liang and Gan,
1991). Stener and Hedenberg (2003) also repohad @BH was under stronger
genetic control irBetula pendula But small differences in the value of broad sens
heritability of DBH and height, which is 0.46 and4B, respectively indicates that
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there is no statistical difference in the magnitoflgenetic control for the two traits
in B. pendula

The genetic control over growth characteristicse libbranching, stem
straightness, persistence of axis, etc. vary depgndpon the species and sites.
Acacia mangiumhas persistent branches as it does not naturallgepitself like
Eucalyptus(Mead and Miller, 1991) Provenance trial ofsrewia arboreafrom
different geographical areas of India shows thanbih thickness is strongly
controlled by the environment. But mode of brangtof the species is found to have
moderate heritability (Indira, 2006). Stem stramgiss of A. mangiumis also
influenced by environment. It showed poorer fomsites with higher fertility where
growth was fast. In Peninsular Malaysia, estimatescceptable stems for sawlogs
was as low as 10 percent, but in Sabah the de@realtormation was much less of a
concern and there were large provenance differandasth stem straightness and the
frequency of multiple leaders (Mead and Miller, 199 The estimated genetic
variance of stem straightness had been reportdxt toegligible inBetula pendula
(Stener and Hedenberg, 2003) and also reportedat® moderate heritability
(36.5%) inGrewia arboreairrespective of provenances (Indira, 2006). Rézsce of
axis was found to be highly influence by environtien Grewia arboreawhile the
heritability of clear bole percentage and tapenvaps found to be high ( 54.6% to
61.9% for clear bole percentage and 72% for taggrit had also been reported in
A. auriculiformis that tapering had the highest heritability (54%) all growth
parameters and wood characteristics measured tiffE2ent provenances (Susanto
et al.,2008).

Evaluation of genetic gains by analyzing one yeawth performance of
height, DBH and form (stem straightness, multi-gtéaits of A. mangiunusing data
collected from three second-generation orchardsvetiothat the averages of the

realized genetic gain for DBH, stem straightnessgit, and multi-stem were 5.2
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percent, 4.3 percent, 3.1 percent, and 0.5 percespectively. Except for multi-
stem, performances of improved families were sigaiftly better than those of
unimproved families in three orchards for diametteoreast height (DBH) and in two
out of three orchards for height and stem straegdr(Nirsatmantet al.,2004).

In Acaciaspecies, stability, which indicates the predicigbdf performance of
a genotype in various environments, of height isegally greater than DBH (Liang
and Gan, 1991). In the study, the stabilitydofmangiumwas estimated as 0.61 and
0.75 for height and DBH respectively. On an averag is higher thanA.
auriculiformis (0.74 and 0.19, respective)yd. mearnsi{(0.99 and 0.13, respectively)
and on par withA. aulacocarpa(0.58 and 0.78 respectivelyjut lower thanA.
crassicarpa(0.84 and 0.72 respectively). In terms of adaptalas indicated by
regression coefficients,Acacia mangium has higher adaptability thanA.
auriculiformis and A. aulacocarpain height, but in diameter it also surpasges
mearnsii The average estimated value of regression cosfts ofA. mangiumfor
height and DBH wad4.43 and 2.64, respectively aid crassicarpawas 1.06 and
1.12, respectively while the later three species wa except in the height &.
mearnsii(2.08).

Provenance variation @&. mangiums high and Papua New Guinea has been
reported the best provenances in many studiedoti&ipalysis of fifteen provenances
of A. mangiumgrown in West Java indicated that Derideri R. Mes@h Claudia
River, Kini WP and Keru Village WP of Papua New @ea are the best provenances
in terms of productivity. Derideri R. Morehead penance had the highest volume
(1.10 nf) followed by Claudia River (1.06 1 Correspondence analysis showed
that almost all provenances were equally goodeamdorm. Most of the provenances
fall under the second highest category of theisgsifecation i.e. straight but leaning.
But different provenances showed variation in bhamg system. Provenances Kini

WP, Keru village WP, Kiriwo/Serida WP, and Bimadebuillage possessed the
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better branching habit. In general, five provemsnce. Claudia River, Kini WP,
Keru Village WP, Derideri R. Morehead, and Kiriwef$sa WP were considered
appropriate for seed sources supplying seeds thusinal plantation development
intended to produce construction and furniture nigte The study also showed that
Papua New Guinea provenances consistently perforbettbr than Queensland
(Nurhasybiet al, 2009).

Provenance trials of 1 to 7 years éldmangiumat 19 sites in South East and
South Asia, Australia and Fiji under the FAO/CSIR@prdinated international
provenance trial also revealed that, although awly provenances of Papua New
Guineaviz. Morehead and Oriomo, is included in the trialg trerformances in
height, diameter and their increment was almostgbabetter than the provenances
from Queensland and Indonesia. The relative pexdoce of Queensland and
Indonesia was varied, with generally better perfomoe of provenance of Indonesia
at sites closer to the equator, but outperformedQuoyeensland in cooler winter
climates. But in general, there is clear trenanoire rapid growth of the species at
sites close to the equator (Harwood and Willian®92). Similarly, when a range of
establishment techniques were tested using diffgnexvenance oAcaciaspecies in
leached and degraded soils untieperata cylindricalgrassland in Indonesia, it was
observed thaA. mangiumfrom Wipim provenances of Papua New Guinea had the
highest growth (57 frha™) at the age of 30 months. It was 70 percent tped@ent
greater than the provenance from Indonesia (Tud@96). Another investigation on
genetic variation for growth traits in a composgeedling seed orchard .
mangium showed that the growth of trees derived from Papleav Guinea
provenance performed much better than those fronee@sland provenances
(Nirsatmanto, 2012). Similar finding had been méga in other studies (Harwoaed
al., 1997; Nurhasybet al, 2009; Kindoet al.,2010). In the study of Nirsatmanto
(2012), despite the composite seedling seed orat@mdisting of a combination of

the best 10 selected plus tree families from eadvemances, the differences
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between provenances and families within provenafmekeight, DBH and volume

were significant, indicating an evident variatiordastrong genetic effect.

When compared with the performances of provenamadsn Papua New
Guinea, provenances from the western province sthosugerior growth rates.
Again, out of the western province, sources from@riomo region showed greatest
promise. Of the Queensland sources the mateoiad €laudie River in the state’s far
north had shown most promise and the Olive anddeaRiver provenance had been

suggested as good performers in terms of form &t YGunn and Midgley, 1991).
2.4 Wood properties

Wood of A. mangiumis easy to work with all tools. It planes easity &
smooth, lustrous surface and finishes well. Théintgaand screwing properties are
satisfactory and the wood takes a good polishis tesistant to termite attack via a
root fungus but not entirely. It can be used fght to heavy construction materials,
cabinet making, paneling, mining timbers, tool Hasdetc. (Sein and Mitlohner,
2011).

Sahriet al.(1998) reported that physical and mechanical ptygmérwood ofA.
mangiumfrom Papua New Guinea provenance was better thanQireensland.
Understanding such variations in wood propertiésnsortant because improvement
of wood properties is the focal point in breedimggvam of forest tree species. But
the deterrent factors is the difficulty to decidepredict what properties of wood
would be desired in the future this is exacerbabgdthe strong influence of
environment to the wood properties (Zobel and @id/k1984). In addition to that
genetic correlations between growth and wood charatics has been reported to be
negative indicating that it is not possible to ditaoeously achieve major gains in
growth traits and wood traits (Susaetaal.,2008).
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Properties of wood vary from one species to anothighin species and even in
an individual tree. Differences in age and grohdbitat also influence the properties
of wood (Bhatet al., 1985; Zobel and Talbert, 1984; Zzivea al., 2006). InA.
mangium,age of the tree had significant effect on the nuoéstontent, basic density
and shrinkage of wood (Chowdhuey al.,2005). Latitude of seed sources can also
be an important factor in deciding the quality adads of a species (Bhat and Priya,
2004; Denget al.,2014). All this parameters need to be considereitevgelecting a

provenance for improvement in wood properties gecies.
2.5.1 Physical properties of wood

Physical properties of a wood denote such inhagealities as the appearance,
shrinkage, fiber morphology, density, etc., of wa@sdalso its reaction of sound, heat,
light, electricity, etc(Shekhar, 1988).

2.5.1.1 Moisture content

Water constitutes about 50 percent of the freslgimesf wood (Larcher, 1995).
In terms of cost for saving energy, time and moiteis desirable to have low
moisture content. Higher moisture content of wooakes it more susceptible to
drying defects. But green moisture contenAomangiums extremely high both in
sapwood and heartwood. Heartwooddofmangiums referred to as wet-heartwood
because of its higher moisture content than thahefsurrounding sapwood. The
average content of moisture in the sapwood rangad 76 percent to 149 percent
and inner heartwood ranged from 57 percent to gis &$ 253 percent (Yamamad
al., 2003). Their studies also showed thatAomauriculiformis the moisture content
ranged from 57 percent to 104 percent in sapwoad6anpercent to 146 percent in
inner heartwood and icacia hybrid, the moisture percentage in the sapwood
ranged from 79 percent to 154 percent and 67 petoeR53 percent in the inner

heartwood. Besides, the moisture content of theetlspecies was found to be very
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high even in the dry season. Likewise, study cotetl for moisture content of
agroforestry tree species showed that mangium(49.46%) had higher green
moisture content thar\. auriculiformis (40.94%) (Shanavas and Kumar, 2006).
Acacia melanoxylohad also been reported to have high green moisamrent of 51
percent to 176 percent (Bradbwatyal.,2011).

Though studies indicated thAtaciaspecies has high green moisture content,
environment can vitiate the interpretation becafsts strong influence (Bradbust
al., 2011). Study conducted on 12 provenances of Wyeae oldA. auriculiformisin
Indonesia showed that moisture content was sigmiflg different only for family
within provenances, indicating that environment gaehater influence over the trait.
While almost all the parameters like height, stesnmi bark thickness, specific
gravity, etc. investigated in the study were sigaifitly different from one
provenance to another. Heritability of moisturetemt for the species was found to
be 0.46 and positive correlation of the trait witther growth parameters makes it
appropriate to include in selection program (Susattal., 2008). In case oA.
mangium significant differences existed between provensnedien study was
conducted on four different provenancas. Malaysia, Indonesia and Thailand, for
physical and mechanical properties (Sadtrial., 1998). Highest moisture content
determined by oven dry weight method is observegrnovenance of Indonesia
(15.5%) followed by Thailand (13.53%) and the ldfagin Malaysia (7.79%). Sites
as well as the interaction between site and pravemwere also found to be highly
significant for the species. The study also rewedlat the moisture content of the

species is comparable wigh auriculiformis(12.9%).
2.5.1.2 Heartwood and sapwood percentage

Cross section of wood can be divided into two typesipwood and heartwood.
The outer, paler colored wood is the sapwood andkedainner wood is the

heartwood. Heartwood &. mangiumhas brownish color which turns to dark brown
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when dried and they are easily distinguishable frehite color sapwood. In the
heartwood it has a distinct, large and loose fdmeewood forming about 7 percent to
14 percent of the wood volume which often gets cetd from the rest of wood
while drying (Dhamodaran and Chacko, 1999). Thecgeage of sapwood-
heartwood is important because of its implicationproduction of pulp and paper.
Considering the pulping quality of tree stem, hgadd is an important variable,
mainly because of its high extractive content camgavith sapwood, which leads to
higher consumption of bleaching chemicals and lopep yield and brightness.
This necessitates the assessment of sapwood-hedrpveocentage for a species like
A. mangiumwhich is primarily used for pulp and paper produttand the advantage
of selection of such traits is that it is undeost genetic control so the interaction
between the genotype and environment plays miniroé¢ in deciding their
percentage in a tree (Bradbuey al., 2011; Knapicet al., 2006). However, there
were reports of these traits being primarily colhib by environment and that plant
usually produces higher heartwood when the sailosst and well drained (Harrison,
1974 and 1976 No much work has been done to study the vanatmf sapwood-

heartwood percentage between provenancés wiangium

Large portion of cross sectional woodAxfmangiums occupied by heartwood.
The mean heartwood content excluding the soft porgon for 8 and 10 years okl
mangiumranges even up to 67.1 percent (Dhamodaran anck@h&a@99). Lim and
Gan (2011) also reported that the percentage af@agh ranges from 5.3 percent to
17.8 percent and 11.18 percent to 25.48 percaheatge of 16 and 20 years. This is
comparatively lower than the 15 years ddcalyptus regnanshat had average
sapwood percent of 32 at the breast height (Githiand Dougal, 2012). The
relationship between heartwood percentage anddigsoeter ofEucalyptus regnans
was found to have high correlation coefficient d38Y¥, which led them to suggest
that tree diameter can be effectively used to eggnthe heartwood percentage of

standing tree. An interesting relationship of sapérheartwood percentage was
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observed in their study where DBH showed the lowasan sapwood width i.e.
highest heartwood percentage (67.41%), but asveswapward as well as toward the
base the sapwood width increases. No such paiferariation has been reported in
most of the species studied. On the contrary, ¢lrengh the area of sapwood at
breast height (84.3 cinwas lower than at the base (102.3%grthe proportion of
sapwood had been reported to be greater at thethhreght level irMelia azedarach
(El-Juhany, 2011). For 20 years dldmangiumthe average percentage of sapwood
was highest at 2.5 m (18.6%) above base and decressit move upward to 5 m
height (17.72%) and towards the base (16.52%)fdull6 years old trees, in the
same study, the percentage of sapwood was low@sh aih (9.4%) and increased in
both the directions to 10.5 percent and 11.9 pércespectively (Lim and Gan,
2011). This indicated that sapwood-heartwood peege follow no particular

pattern, but greatly vary within an individual tree

High variations ranging from O percent to 77 petcen the percentage
heartwood has been reported for 18 yearfoldhelanoxylor{Bradburyet al, 2011).
While, Knapicet al. (2006) found that large portion of the volume (61%) in the
species are occupied by heartwood. The study sthdkat heartwood area in the
stem cross-section decreased from the tree basardpwnd the heartwood diameter
positively correlated with the total diameter ilatger tree had higher heartwood.
They found that on an average 69 percent of thra stess-sectional area at the base
of the tree in the species was occupied by headwaw gradually reduced to 67
percent, 58 percent and 26 percent at a heightsopekcent, 50 percent and 75
percent of the total tree height respectively asdt aeached 90 percent of the total
tree height, tree was completely devoid of heartivooThis showed that the
proportions of heartwood in the cross section reethistable in the lower part of the
stem and as it attained 50 percent of the treehhaiglecreased steadily and sharply.
The lower half portion of the tree heartwood repreed 66 percent of the wood

volume. The height attained by the heartwood withie tree showed a tendency to
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increase with total tree height. Radial width apwood was found to be constant
within the tree at an average of 31 mm up to 5&qudr of total tree height, but

increased to 35 mm upwards till 75 percent heigill
2.5.1.3 Wood density

Density of wood can be defined as the weight ohih wolume of the material
and the relative density or specific gravity of aterial is the ratio of the weight of
the material to the weight of an equal volume ofewvat 4C (Shekhar, 1988). It is
an important property of wood and positively caates with other properties like
mechanical properties, value of both fibrous anddseood products (Pliurat al.,
2007). Therefore, it can be considered as relialdecator and predictor of timber
strength where no information of strength properted wood of the species is
available (Zziwaet al., 2006). It is also an important parameter of rawtemal
quality for pulping (Mirandeet al.,2001). From the breeding point of view, it is a
desirable trait because of its highly heritableuratand responds well to genetic
improvement (Zhanet al.,2003; Stener and Hedenberg, 2003). There arencesa
when density is associated with low heritabilityl@®) as in case of three years 8ld
auriculiformis (Susantcet al., 2008) and moderately high heritability (0.42) ix si
year oldEucalyptus duni{Arnold et al.,2004). This may be owing to the young age
of the species, because genetic influence of demsiteased with age (Mirands
al., 2001). Heritability is also a variable charactbatt can be influenced by
environment until and unless complete genetic otm&xist. Stener and Hedenberg
(2003) cautioned against the use of wood densitya aelection trait when the
objective is to improve volume and dry matter preichn as their study conducted in
Betula pendulashows negative correlation between them. Similaflgnget al.
(2014) found that negative correlation exists betwdasic density and DBH in

Cyclocarya palirusof different provenances, while other studies fonndcorrelation
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with growth parameters and mechanical propertiea species (Bhatt al., 1985;
Mirandaet al.,2001; Bhat and Priya, 2004).

When genetic correlations between traits were desbe hybrid poplar, the
genotypic correlations between weighted or minimwmod densities and stem
volume or dry fiber weight were negatively moder@@®39 to -0.74) and significant
at P < 0.05. Moderate to strong negative coraiatbetween weighted wood density
and tree height (-0.59 and -0.72) also existedomes sites. However, correlation
between maximum wood density and growth traits weeak and not significant.
Genetic gain due to direct clonal selection of w&g wood density ranges from 5.8
percent to 7.8 percent. The gained was almostdfdtiat recorded for DBH (7.5%
to 15%). Selection for DBH results in high gainssiem volume (7.4% to 13.1%),
but reduction in wood density (-5.1% to -10.7%)oassted with it. The reduction in
the wood density (-0.6% to -5.5%) reduced, thoughas still negative, when the
selection was done for tree height. The largestieg effect on the gain of wood
density was when direct selection was done forfibgr weight. It decreased the gain
in wood density by 2.3 percent to 3.6 percent (Blat al.,2007).

The average basic densityAf mangiuntanged from 464 kg thto 623 kg it
within the age of 7 to 20 years (Dhamodaran andckihal999 Jusohet al, 2014
Lim and Gan, 2011). It was lower thax auriculiformis (636 kg nt) and A.
melanoxylon(1001 kg i) at the age of 7 and 8 years respectively (Jusodl,
2014; Bradburyet al., 2011), but comparatively similar witBuclayptus globulus
(430 kg m?® to 486 kg 1i?) at the age of 8 to 10 years (Miranelaal., 2001). The
average basic density &f mangiun{464 kg m°) andAcaciahybrid (472 kg i) did
not differ significantly at 5 percent level, butuftd to be much higher than the
improved second-generation @f. mangium (334 kg n) derived from tree

improvement program (Jusadt al., 2014). Specific gravity of green and air-dry
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wood of 9 to 12 year ol@caciahybrid (0.56 to 0.60) showed no much variation with
40 years oldrectona grandig0.51 to 0.61) (Rokeyat al.,2010).

Many sources of variations affect the density ofodio In Acaciaspecies, it
was reported that environmental influence accoontnfiore than half of the total
variance (Liang and Gan, 1991). Generally, tregtmined from drier site usually
have higher density than those at wetter site (Ayvamd Taylor, 1993). Significant
site effect was also reported for average wood itleasd weighted wood density
from four hybrid poplar clonal trials in Canadai@fa et al., 2007). Variation in
density is also related to the cell size, cell whaitkness, latewood percentage of the
trees (Zobel and Talbert, 1984) and latitude otisgmurces (Dengt al.,2014). It
also varied with the relative position of the stelWhen eleven species of industrial
importance in Kerala were studied by Bleatal., (1985), it was found that wood
density increased from base to top. Lokmal andrN@©10) found that inA.
mangium radial variation of specific gravity account féd percent of the total
variances component and the increased in speaiéieity from pith to bark was
reported to be about 35 percent. Whilducalyptus grandisjensity declined from
stump level to 25 percent of tree height and thexdugplly increased as it move
towards the upper portion of the stem (Bleatal., 1990). However, the most
important source of variation that interest theeldes is the genetic/provenance
effect. Provenance trial of 37 provenancesEofcalyptus globulufound that
provenance form a highly significant source of &aoin for wood density and the
magnitude of variation between different provenaneamged from 100 kg fhto 144
kg m®, but the interaction between the provenance aed sias negligible (Miranda
et al., 2001). Lokmal and Noor (2010) also reported thatmangiumexhibited
significant variation among provenances and thevgmance of Australia having
specific gravity of 0.51 to 0.61 had wider rangevafiation than the Indonesian

provenance (0.53 to 0.59). Masuarinaspeciesthe performance of provenance

32



from Indonesia varied from highest (731 kg)nto lowest (617 kg i) wood basic
density (Kindoet al.,2014).

2.5.1.4 Fiber morphology

The properties of paper depend upon fiber morpholod small fiber gives
smooth surface and good opacity, while the strengtiheases with longer fiber
(Stener and Hedenberg, 2003). Fiber length grhduadreased as it moved from
pith to bark (Bhatt al., 1990; Quilhoet al.,2006). Similar observation was made
for fiber diameter and fiber wall thickness. Né&ae pith, fiber length oA. mangium
may be as short as 0.4 mm to 0.6 mm, which inccetesas high as 1.3 mm near the
bark (Honjoet al., 2005). The increased in length from pith to bamkMelia
azedarachwas 0.62 mm to 0.92 mm (El-Juhany, 2011). Fiberpology also
varied with age of the tree (Quiltet al.,2006; Samariha, 2011). The average fiber
length of 16 years old\. mangiumincrease from 0.954 mm to 1.048 mm as it
attained the age of 20 and the fiber diameterHertivo age-groups was found to be
at the range of 0.00 3 mm to 0.045 mm, while thedo ranged from 0.003 mm to
0.030 mm (Lim and Gar2011). Bhaet al.(1990) found highly significant variation
in fiber length with age oEucalyptus grandis The increased in fiber length from 3
to 9 years old tree was 0.81 mm to 1.15 mm. Noifségnt correlation existed with
fiber length and other growth parameters in theciggeexcept at nine years old tree
with DBH and volume. The estimated coefficientvafiation for fiber length at the

different ages was 2.4 percent to 3.8 percent.
2.5.2 Mechanical properties of wood
2.5.2.1 Static bending

The properties evaluated for static bending arduuder all engineering
constructions and also in deciding suitability pesies for beams, deckings, axles,

wood poles, etc (Shekhar, 1988). Structural tinedlects the properties of wood
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stiffness measured as modulus of elasticity (MOBRJ atrength as Modulus of
Rapture (MOR). Static bending of wood varies delpem upon the position of tree
stem. Modulus of elasticity decreased as it mdves bottom to top end while
MOR showed no clear pattern of variation but tetmldrave higher value in the
bottom and the top end compare to the middle portbthe stem. Modulus of
rupture also varied significantly in the radial edition, however it was species
dependent (Zziwet al.,2006). Static bending was also influenced by tye @f the
trees (Chihogo and Ishengoma, 1995). The averagkilos of elasticity of 16 year
old A. mangiumwas recorded as 94904.94 kg tin green woodgrown at Johore,
Malaysia and 110516.79 kg &nfior 20 year old trees grown in Pahang, Malaysia by
Omar and Jamil (2011). However, they found thatd¢hwas no much variation in the
dry wood average MOE which was estimated at 10580y cnt and 109568.46 kg

cm? for the 16 and 20 years old trees, respectively.

On the contrary, the variation in average MORAoMmangiumwas found to be
high for both the green and dry wood. At the agd@®years, the estimated value
was 810.67 and 985.04 kg @rfor green and dry respectively and at 20 yeansmi
1045.21kg cif and 1132.90 kg cthrespectively (Omar and Jamil, 2011). Study at
different age gradation dflelia dubiafor wood mechanical properties also showed
that it increased with age. In three year old elgss the MOR was reported to be
492.60 kg crif, this increased to 851.90 kg érin five year old age class. Likewise
MOE increased from 52872.20 kg érp 68384.50 kg cifias the tree attain its age
from three to five years. Variation associatedhwége was attributed to the
increment of annual ring, addition of more matu@d and the increased in the age
of cambium as the tree grow in girth (Saravaegal.,2014).

When three important locally available fast growirgg species in Kerala were
studied for their mechanical properties, it wastthatA. auriculiformisperformed

better thamA. mangiumwhile Grevillea robustahad the least performance in all the
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parameters studied (Shanavas and Kumar, 2006).ulMedf elasticity estimated for
A. auriculiformis, A. mangiurandG. robustawere 85998, 80234 and 26023 kgtm
respectively and for modulus of rupture were 73%40.6 and 251.2 kg cf
respectively. InA. mangium fiber stress at limit of proportionality increased
significantly from inner (390.8 kg cf) to outer position (450.7 kg cfhalong the
radial direction while it remained relatively cosst in all the positions for the other
two species. Modulus of rupture of 9 to 12 yeddsAzaciahybrid was 734 kg cih
and 756 kg cm and MOE was 97 kg cfand 117 kg cif for green and air-dry
wood respectively. This was below the averageTettona grandiswhich is
estimated at 937.5 kg ¢and 125.5 kg cif for green and dry wood respectively
(Rokeyaet al., 2010) but higher tharA. mangiumand A. auriculiformis The
estimated mean MOR and MOE ®éctona grandidound in Kerala was 953 and
119,600 kg cri respectively at 12 percent moisture content (Naemal., 1981).
When all the threécaciaspecies were compare willectona grandiswhich is the
paragon of all timber species, it showed that tiey favorable strength for

utilizations.

Ozhakkal (2008also reported the influence of provenance in tagcsbending
strength of A. mangium The study conducted on different provenancesAof
mangiumin Kerala, India, showed that the MOR of Claudi@eéRiprovenance (769
kg cm?) was significantly lower than other provenancestiding Wipim to Oriomo,
Balimo Aramia which was found to have an average0®7 kg crifin dry condition.
There was no much variation between Wipim to Oriq@®8.2 kg crif) and Balimo
Aramia (989.5 kg cff). The performance of Claudie River provenancééntest for
MOE was also found to be significantly lower théwe tother provenances. In wet
condition the provenances showed no significarfeihces in both the MOR and
MOE. The study also showed that mangiumhas lower mechanical properties

compare toA. auriculiformis The estimated mean value of MOR and MOEAIn
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mangium was 975.7 kg cii and 92763.65 kg cf respectively whileA.
auriculifromishad 1068 kg cifiand 94817.3 kg ci) respectively.

2.5.2.2 Compression strength

Compression parallel to grains determines the Isilittaof species for posts,
athletics and sporting goods and many other in@digiurposes where forces act in
direction parallel to the grain of timber or in whithe loads are applied on the lateral
surfaces of the timbers as in bearing surfaceetdiimber, furniture, instruments,

railway sleepers, some types of sports goods(®&hekhar, 1988).

The average green and dry values of compressiallglaio grain for 20 year
old trees ofA. mangiumgrown in Pahang, Malaysia was estimated to be #4205
cm? and 539.43 kg cihrespectively which was higher than the 16 yearstilds
grown in Johore, Malaysia which had values of 38&@ cm® and 469.07 kg cih
for green and dry wood respectively. Similarlye tiariation between the trees
grown at different location was high for compressperpendicular to grain. It was
estimated to be 73.42 kg @mand 90.75 kg cifiin green and dry condition
respectively for the Pahang and 55.06 kd“and 65.26 kg cifirespectively for the
trees that were grown in Johore (Omar and Jamill1 20The strength o&k. mangium
for compression perpendicular to grain was lowentAcacia hybrid, which was
estimated to be 82 kg ¢hand 110 kg cffi for green and air-dry wood respectively,
but higher than the estimated value of 230 k¢f@nd 253 kg cff respectively for
compression parallel to grain. It was even higivan T. grandisin compression
parallel to grain which was estimated at 288 kg’@nd 374 kg cffi in green and
air-dry condition, while the compression perpentdicio grain of T. grandiswas
estimated at 82 kg cmand 110 kg cf (Rokeyaet al., 2010). The estimated
coefficient of variation ofAcacia hybrid for compression parallel to grain and
perpendicular to grain was 17.73 percent and 20e8ent, respectively at air-dry

condition.
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Out of the three important locally available fastwging tree species in Kerala,
A. auriculiformisshowed the highest strength of compression patallgtain (396.6
kg cm? and compression perpendicular to grain (77.9 k¥f)cfollowed by A.
mangium(252.8 kg crif and 77.9 kg cif) andG. robusta(159.5 kg crif and 33.6 kg
cm?). In case ofA. mangiumthe compression perpendicular to grain increaseu fr
inner (61-7 kg cM) to outer position (93.4 kg ¢fi, but not so in the other two
species (Shanavas and Kumar, 2006).

Differences in compression strength of wood cap al$se due to differences
in the age because mechanical properties increéiseage. This is evident from the
finding that compression strength parallel to graimd perpendicular to grain was
found to be increased from 241 kg trto 283.30 kg cfi and 31.80 kg cif to
104.20 kg crif respectively as the age class increased from thréee years old in
Melia dubia(Saravanaet al.,2014).
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3. MATERIALSAND METHODS

The present study on “Provenance evaluatioradcia mangiumWilld. for
growth and wood traits” was conducted to evalulagevariations that exist in growth
and properties of wood of different provenancegcdcia mangiungrown in humid
tropic conditions of Kerala, India. The detail tife materials and methods are
explained hereunder.

3.1 MATERIALS
3.1.1 Geographic location and climate of the study area

The present field trial was carried out on a pristexg provenance evaluation
trial on A. mangiumThe trial plantation was established during ther @200 under
the All India Co-ordinated Research Project on Agrestry (AICRPAF,; Plate 1). It
was located at Livestock Research Station, Thirb@askunnu (121’ N, 7621’ E)
in Palakkad district of Kerala, India. The elewatiof the site is approximately 60 m
above mean sea level. The place experiences vwamnmgd tropical climate and high
rainfall. The average annual rainfall ranged 280 mm yeat to 3200 mm yedr
(AICRPAF, 2005 — 2013). Most of the rainfall isceeved during the southwest
monsoon season i.e. June to August, with seconuzale in September to October.
Soil of the experimental site is ultisol with anesage pH of 5.4 and bulk density of
0.86 g crit (Kunhamuet al.,2010).

3.1.2 Seed source

The experimental materials comprised of ten pronees and one local seed
source (Kerala). Out of the ten provenances, sirevirom Papua New Guinea and
four from Queensland, Australia. All of the seamtsl| obtained from the ten
provenances were from within the range of natuistribution of the species. The

seeds were obtained from the Australian Tree Sesdr€ CSIRO, Australia. Seeds
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Plate 1. (A) A view of the trial plantation. (B) Closer view of the plantation with trees

arranged in 3 m x 3 m spacing.



of the local seed source were collected from trelesse parents were unkown. The

details of provenances of the seed lots and |l@sd source are given in Table 1.

Table 1. Details of the seed lots Af mangiumprovenances used in the provenance

trial.

Seed lot] Locality Region Latitude | Longitude| Alt.
No. (S) (W) (m)
17703 | Hully-Mission Queensland B3 | 1463 |20
Beach

18206 | Arufi Village wp | ~2Pua New 825 | 14933 |25
Guinea

19619 | Claudie River Queensland ‘8 | 14310 |20

19678 | Oriomo WP Papua New 829 | 14900 |10
Guinea

19761 | Kuranda Queensland ‘' 14522 |0

20045 | Pascoe River Queensland 20 | 1435 20

20127 | Lake Murray Papua New 70 141°19' |50
Guinea

20128 | Balimo Papua New 803 14234 | 15
Guinea

20130 | Upper Aramia | _apua New 733 | 14221 |15
Guinea

20134 | Binaturi Papua New 0 14132 | 20
Guinea

- Thiruvazhamkunnu Kerala 1221'N | 76 21'E | 65

3.1.3 Experiment design

The experiment was laid out in randomized compldtek design (RCBD)
with eleven provenances as treatment laid out reettreplications. Trees were
planted at 3 m x 3 m in a total plot size of 225such that each experimental plot
had 25 trees.

For establishing the plantation, three months oly pag seedlings grown in nursery

In total, there were 33 such plbisprovenances x 3 replications).

were used.
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3.2 METHODS
3.2.1 PART |
3.2.1.1 Estimation of height, girth at breast height and volume of trees

The present study for evaluation of growth attrdsufor the provenances was
conducted during the T4year of establishment of the provenance trialonitric
attributes of the provenances were measured frorthaltrees of each replication,
excluding the border trees, such that there were niee trees available for
measurement in each experimental plot. Total heagll clear bole height of the
individual tree was measured using Vertex Lasersbgpeter (VL402) set at three
points height for straight trees and two pointetdseight for leaning trees. The pivot
offset of the device was set at 0.3 m and anglesatias degrees. After the settings,
the instrument was allowed to adjust with the aurreorking temperature for at least
10 minutes. Readings of height were then takem fitee tip of the leading shoot of
tree. Forking below the girth at breast height K3 Bras considered as separate trees
and enumerated separately. Clear bole height vemsuned at the point where first
crown forming living or dead branch was formed dhd proportion of clear bole
height to the total height were expressed as p&rgen Girth was measured at breast
height (1.37 m) above ground using measuring tap@/henever there was
abnormality at 1.37 m, GBH were measured by slyftup or down as little as
possible to a more normal position of the stem.

Tree volume over bark of each tree were calculasiayg the following formula

2

DBH
Tree volume () = T xHxF

Where,

DBH = diameter at breast height.
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H = total height of the tree
F = form factor (0.65)

The calaculated mean tree volume for each expetahplot was multiplied by

the number of trees per hectare (1111 tre&} tosarrive at stand volume per hectare.

Mean annual increment (MAI) in DBH was estimatethgshe secondary data
of 10 years (2005 to 2014) collected by AICRPAFeTdata of only the surviving
trees by the time when measurement was carriedno2®14 were used and those

trees that were dead were excluded from all thesylea estimating the MAL.

3.2.1.2 Estimation of treeform characters

Tree form characters considered in the presenysuie persistence of stem
axis, straightness of stem and stem taper. Fona&sng the tree form characters of
the provenances @&. magiumeach tree was assessed using visual scoringrsygste
given by Indira (1999). The score was assigneslich a way that high value would
correspond to a positive or better characteristicapared to the lower score value.

3.2.1.2.1 Persistence of stem axis

For estimating the persistence of stem axis, tted teeight of tree was divided
into four quarters. In addition to division of thee into four quarters, two more

classes (1 and 6) were added and scoring werevedl@as under

Score 1 — Tree is multiple stemmed at the grouwvel le
Score 2 — Main stem branched out in the lowesttquar
Score 3 — Main stem branched out in second quarter
Score 4 — Main stem forked in the third quarter
Score 5 — Main stem forked in the fourth quarter

Score 6 — Complete persistence of axis
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3.2.1.2.2 Straightness of stem
Stem straightness of each tree was scored usiagéint scales as

Score 1 — Trees with crooked and more than tregeus bends
Score 2 — Trees crooked and with 1 or 2 seriongdde

Score 3 — Trees slightly crooked with many bends

Score 4 — Trees slightly crooked and with few lsend

Score 5 — Straight trees

A bend is defined as the distance between two abpsstem and if the side of
the stem curves outside a straight line (imagireedig) drawn through the length of a
bend (Figure 1) or if bends can be recognized eadirheight, it is considered as

serious (Keidinget al.,1986).
3.2.1.2.3 Tapering

Taper of a tree is the decrease in diameter of sitrthe tree from base
upwards. To estimate the taper of tree, girth@tdbove ground level was measured
using measuring tape for all the trees of the pnamees (excluding border trees).
The taper was calculated using the formula givenlrmjira (2006) with slight

modification by taking at 7 m above the ground leve

Girth at 7 m height
Girth at 1.37 m height

Taper=

3.2.1.3 Branching habit

Branching habit which is an important factor thafluenced competition,
productivity and economic values of the tree weseéneated for the provenances
using scoring system as given by Indira (1999)anBhing habits estimated for each
tree in the present study were branch thicknessrart of branching.
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Imaginary
<— straight axis

One bend— of stem

Figure 1. Pictorial representation of serious beihstem axis.
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1.2.1.3.1 Branch thickness
For branch thickness five classes were identifiedl scored as

Score 1 — Tree with heavy branches of more thaitlnalsize of the main
stem

Score 2 — Tree with heavy branches of half the gsfizhe main stem

Score 3 — Trees with medium branches with onelfficorhalf the size

Score 4 — Tree with light branched trees with fangth size of the main stem

Score 5 — Tree with light branched trees with Jggyt branches with less

than one fourth size of the main stem.
3.2.1.3.2 Mode of branching
Mode of branching was also allotted into five céssas given below

Score 1 — Tree with double limbs

Score 2 — Tree with scattered but pronounced bragch
Score 3 — Tree with light forking

Score 4 — Tree with scattered but light branching

Score 5 — Tree with very light branching
3.2.2 PART Il
3.2.2.1 Progeny evaluation in the seedling stage

In the present study, morphometric traits of seed®d viability and seed
germination related parameters were included utiileisection. The performance of
seedlings in terms of height, collar girth and tie&a growth rate of the different

provenances oh. mangiumwvere evaluated in the nursery.
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3.2.2.1.1 Collection of seeds

For progeny testing, seeds were collected fromtrilaé plantation during the
month of March, 2014. The seeds were collecteoh fopen pollinated trees. Pods
that were fallen on the ground were collected ogpion wise from each treatment
plot for extraction of seeds (Plate 2). In ordeavoid contamination of seeds from
nearby plot of different provenance, the pods thate fallen on the border of the
plots were discarded. After collection, seeds wextracted manually from pods,
cleaned and air dried. The dried seeds were bylkedenance-wise and stored in

air-tight polythene bag, with a zipper at room tengpure.
3.2.2.1.2 Measurement of morphometric traits of seeds

The morphometric traits of seeds estimated in tresgmt study were seed
length, width, thickness and weight. For estinmtthe morphometric traits, 100
seeds were drawn from the composite sample of pemienance and allotted 25
seeds each to four replicates. Proper measures taken to avoid contamination.
Length, width and thickness of individual seed wereasured using digital vernier
caliper. Measurements were taken at the longadestvand thickest axis of seeds.

During the measurement, shriveled and damaged sesdsdiscarded.

3.2.2.1.3 Viability of seed

Tetrazolium test was used for testing the viabitifyseeds of the provenances.
Tetrazolium solution (0.3%) was prepared by dissgh\2,3,5-triphenyl tetrazolium
chloride (TTC) in distilled water in a flask whickas covered with paper to avoid
penetration of light. Prior to the test, seedsenme-treated by soaking them in water
overnight. Thirty seeds were drawn after discagdire damage and floating seeds.
Seed coat at the distal end of the selected seadshen decoated manually using
scalpel. This was done in order to facilitate pext®n of solution to the seed. The
decoated seeds were then placed in the TTC solutigretri dish and kept in the
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oven at 38C for 24 hours (Purohit and Bisht, 1999). Durirte tprocess,
precautionary measures were taken to prevent otteraof the solution with light.
After soaking for 24 hours, seeds were removed fifloeenoven and the cotyledons of
the treated seeds were carefully separated usisgakpel and examined under

magnifying glass (10X).

Based on the staining pattern, the viable and nably seeds were
categoriezed as suggested by Purohit and BishBj19Ehe staining patterns of seeds

and its categorization are described in Table 2.

3.2.2.1.4 Dormancy and germination test

Germination tests for the provenancesAofmangiumwere carried out during
the month of June, 2014. For testing the gernonatiour replicates of 25 seeds
from each of the provenances and local seed sowece immersed in hot water at
100°C in 10 times the volume of seeds for 30 secondssabsequently, they were
soaked in cold water for 24 hours (Bowen and Ewseb®81). Additionally, 20
seeds from each provenance were randomly selestedudked to draw 100 seeds to
use as control. The control seeds were soaked |thveater for 24 hours prior to
germination test. Seed weights were measured &axch replication by weighing the
seeds before and after the treatment of seedsefonigation and soaking in cold
water to an accuracy of 0.1 mg. From the measurenfeveight at different stage,
the amount of water absorbed was determined asctiial increase in seed mass and

expressed in percentage.
Percentage increase in mass =;{{WW) / W] x 100

Where,
Wi, = mass of water imbibed seeds in mg

Wi = initial mass of dry seeds in mg
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Table 2. Descriptions of staining pattern of vidbibf seeds and its categorization
into viable or non-viable seeds (Purohit and Bi&bBg9).

Sl. No. Description Categories
1 Embryo and cotyledons completely stained

2 Embryo completely stained and cotyledons % sthine

3 Embryo completely stained and cotyledons %z stiine | vigple seed

Embryo completely stained and cotyledons stained

4 except for occasional small unstained patches apds
there

5 Embryo completely stained and % cotyledons near
embryo stained

5 Embryo completely stained and Y cotyledons
surrounding embryo unstained

7 Embryo completely stained and cotyledons unstaored
stained in occasional patches

8 Embryo unstained and cotyledons %2, ¥ or completelon-viable
stained near embryo seed

9 Embryo more than %2 unstained and cotyledons %, #a or
completely stained

10 Embryo and cotyledons unstained
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After the measurement of seed weight, seeds weaeglin petri dishes fitted
with two layers of Whatman No. 1 filter paper merstd with 4 ml distilled water
and incubated in chamber at a temperature 8C3(plate 3). The filter paper was
kept moist throughout the study period. Germimatias recorded everyday for 27
days and seed was considered as germinated wheradide was visible. The
germination related parameters were computed dswialPanwar and Bhardwaj,
2007)

Total number of

L seeds germinated
Germination percentage Total number of seeds

sown in all replications

x 100

Total seeds germinated+seeds found

Germination capacity Tgltgll’fu%gg‘f :ff;eegfis x 100

sown in all replicates

Total seeds germinated up
to the time of highest
number of germination in a particular day

Total number of seeds sown in all replicates

Germination energy = x 100

Germination value = Final MDG X Peak value
Where,
MDG = mean daily germination

__ Cumulative percent of seed germinated at the end of the test

Days since sowing to end of the test

Cumulative germination percent
Peak value=

Days since sowing

. . . Cumulative total
Cumulative germination percest x 100
Total number of seed sown
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Plate 2. (A) Pods of A. mangium. (B) Seeds of A. mangium with orange folded
funicle.

Plate 3. Germination test of seeds in an incubation chamber.



Germination period = the number of days for 80 petor more germination

from the total number of germinated seeds.

Impermeability of seeds is the major contributiagtér for physical dormancy.
In order to study the nature of dormancy, the pealiy of seeds were studied by
comparing the data collected from the increaseasswf the seeds that were treated
with hot water and seeds that were soaked onlplieh water for 24 hours (control),
as well as by comparing with the germination petaga of the treated seeds and
control seeds.

3.2.2.1.5 Seedling growth

For studying the seedling performances of the pramees, seedlings were
raised in the nursery located at College of Foyedterala Agricultural University,

Vellanikkara, Thrissur. The experiment designed R&BD with four replications.

Hundred seeds were drawn from the bulked sampledch provenance and
they were sown by broadcasting on sand filled trajhe sown seeds were then
covered with 3-5 mm layer of fine sand and allowedyerminate. The trays were
kept moist throughout the study period. After thermination and when the
seedlings had about three leaves and 3 cm to alt(Rlate 4), they were pricked out
and transplanted to a polybag filled with pottingxture of sand, soil and manure at a
ratio of 2:1:1 (Plate 5). The work was carried approximately after 33 days of
sowing and during the month of July, 2014. The&igpanted seedlings were then
placed under shade net for one month before exgpdsirfull sunlight. Regular
irrigation and weeding were done (Plate 6). Ndilieers were applied to the

seedlings during the study period.

For measuring height and collar girth, five seeglifrom each replication were
randomly selected and measured using ruler angecali The observations were

initiated after 50 days of transplanting in theyalgs. In order to measure height of
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Plate 6. Irrigating the seedlings of the provenances.



the seedlings, the ruler was carefully adjustethatsurface of the potting mixture
and height was recorded from tip of the leadingostod seedling. Collar diameter
was measured at the base of the shoots just ahevaitface of the potting mixture.
Measurement was done at an interval of 30 days.

For measuring the relative growth rate (RGR), thseedlings from each
treatment of a replication were randomly selectaed extracted. They were carefully
washed in a running tap water so as not to danfegeobt systems. After washing,
seedlings were dried for few minutes. Soon aftgingy;, the seedlings were separated
into shoot, root and leaves and their fresh weigbbrded. Shoot length, root length
and collar diameter were measured using ruler alides. The measured parts were
then placed in a paper bag and transferred to an aud kept at a temperature of 80
%C till constant weight was achieved for measurimg weight. This method of
destructive sampling was carried out at an inteof&0 days starting from August
till December.

Relative growth rate was determined as describetHdiymann and Pooter,
(2002).

RGR= [In(W2) — In(W1)| /(2 — t1)

Where,
W;  =dry weight at timé;
W, = dry weight at time,

In(W+) = mean of the In-transformed plant weight at time
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3.2.3 PART III
3.2.3.1 Selection of tree and felling

After taking the readings of biometric attributesm the standing tree, volume
of each tree were computed and one tree from eaahrient plot having a volume
equal to or nearest to the average tree volumkeeofreatment plot and devoid of any
visible defects or infections were identified apresentative tree and marked for
felling.

Before felling the trees, position of breast height37 m) and north-south
direction were marked on each selected tree. Twnee then felled using power
chain-saw. Total of 33 trees (11 provenances/lseatl source x 3 replications) were
thus marked and felled. Felling was carried outhatbest possible way to cut the
trees at the basal portion nearest to the growred &d with extreme care to avoid or
cause mnimum damage to the adjacent trees (Platafi®r felling, total height was
measured using measuring tape followed by markin@s:m above and below the
DBH to obtain a billet of one meter length. Maiiwas also done at 10 percent
(base), 50 percent (middle) and 75 percent (topheftotal height of the tree and
from this portion 10 cm transverse disc were olet@ino study the variation in
physical properties of wood, while one meter hillevere used for studying
mechanical properties. Further conversions of dises and billets into standard

sample size were carried out in the saw mill (P&te

3.2.3.2 Physical properties of wood

The 10 cm transverse discs collected at differergtt of the felled trees were
cut into two transverse discs of approximately 6aimd 4 cm thickness. The thinner
disc was used for estimation of heartwood percentagl the thicker disc was used

for determining basic density and fiber morpholodgyiber morphology was studied
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SIS L

Plate 8. Further conversion of billets and discs into standard sample size in saw mill



only from the disc obtained from the base of theetrwhile basic density was
estimated from the discs obtained from all the higigvels.

3.2.3.2.1 Heartwood percentage

To determine the heartwood percentage, one sidieeo cm transverse discs
was cleared of dirt and other particles and thendiar of the minor and major axis of
the disc were first marked using a marker and rulBne radii in four directions of
the disc and heartwood as marked on the disc viere measured using ruler (Plate
9). The proportion of the area of heartwood ofheladius from the total area of the
disc was estimated using the formula given belod the average was taken as the
heartwood percentage of the disc (Lim and Gan, 011

2
Heartwood percentage % x 100

Where,
r = radius of the heartwood

R = radius of the disc under-bark

3.2.3.2.2 Basic density

For estimating basic density, transverse disc ofm6thickness obtained from
different height levels were further converted iatnall rectangular block size of 2 x
2 cm in cross-section and 6 cm in length conformimthe 1S: 1708 (Part 2) of BIS
(1986). Four rectangular specimens were randorbtgimed from each disc and
soaked in distilled water for 24 hours so thattthiaed green volume condition.
Green volumes of the blocks were then determinetyusater displacement method
(Plate 10). The specimens were then oven-driddat2°C till it attained constant
weight. They were weighed using precision balanitth accuracy of 1.0 mg and
basic density was calculated as given by BIS (1986)
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Plate 9. (A)Transverse discs from different height levels. (B) Measuring the
heartwood radius using ruler

Figure 10. Measuring green volume of wood sample using water displacement
method.



Basic density (kg i) = Oven dry weight

Green volume
3.2.3.2.3 Fiber morphology

For studying fiber morphology, four rectangular wdadocks from each felled
tree were obtained from the base of the tree heighite blocks were randomly
selected from the disc. From each block, woodesdithat were sliced parallel to the
grain were obtained using a scalpel and they wexedrogether (Plate 11). From
the composite, sufficient quantity of slivers wesbtained and macerated using
Jeffrey’s method (Sass, 1971). Jeffrey’s soluti@s prepared by mixing potassium
dichromate (10%) and nitric acid (10%) in distilledter. The slivers were boiled in
the maceration fluid for 15 to 20 minutes so tlat individual fibers were separated
(Plate 12). After boiling, fibers in the solutievere allowed to settle at the bottom
for 5 to 10 minutes (Plate 13). Then the solutias discarded and the remaining
fibers were thoroughly washed in distilled watevesal times until traces of acid
were removed (Plate 13). The macerated fibers tirere placed in watch glass. For
staining, few drops of saffranin dye were added beit for at least 5 minutes.
Macerated dyed fibers were than mounted on tempalates using glycerin as the
mountant.

The macerated dyed fibers were examined and gieghtifsing an Image
Analyzer (Labomed DigiPro-2). Fiber diameter andhén width were measured
with a magnification of 40X object lens and theefidength was measured with a
magnification of 10X object lens. Twenty five ramily selected fibers were
analyzed for each provenance from a replicatioberFwall thickness was calculated

by deducting the lumen width from the fiber dianete

Different indices which are important in pulp andpprmaking were derived

from the data obtained using the following formulae

2 XFWT

Runkel Ratio= (Okereke, 1962)
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Plate 13. Allowing the macerated fiber to settle down. The test tubes with clear
solution are ready for extraction of fiber.



__Fl
Slenderness ratier D (Vargheseet al,1995)

2 XFWT

Rigidity coefficient= x 100 (Dutt and Tyagi, 2011)
Flexibility coefficient= %x 100 (Wangaard, 1962)
Where,

FWT = Fiber wall thickness

Fl = Fiber length

L = Lumen width

FD = Fiber diameter
3.2.3.3 Mechanical properties of wood

Mechanical properties of wood were determined &0 &N capacity Universal
Testing Machine (Model: Shimadzu, Japan) in aiedlrsamples (Plate 14 and 15)
and the tests were conducted only for five randoselected provenanceg. Arufi

Village, Claudie River, Kuranda, Upper Aramia aner&la seed source.
3.2.3.3.1 Preparation of test samples

One meter billets obtained from the basal portibrthe stem were used for
assessing mechanical properties of wood. Scandfisgze 5 cm x 5 cm cross section
and 1 m in length were cut from the logs in greendition. These scantlings were
further converted into standard small clear speosifer different test as per Bureau
of Indian Standards (1986) (IS: 1708). From theveoted small clear specimens of
each log, two samples corresponding to north amdhsdirections were taken for

each test.
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Plate 14. 50 kN capacity Universal Testing Machine (Shimadzu, Japan).

Plate 15. Sample loaded for testing the static bending strength.



3.2.3.3.2 Static bending tests

For testing the static bending strength, the steystlwere converted into a
sample of size 2 cm x 2 cm cross section and 3thdength. The bending test for
the samples was then conducted with a 280 mm sptreimachine. Before loading
the samples for testing, the width and thicknessewaecurately measured. The
specimen with its tangential surface was centrdddaand the displacement
controlled rate was set at 1.0 mm thias per the BIS (1986) (IS: 1708). Load by
deflection curve was recorded from the monitor. Tda@ameters/iz. modulus of

elasticity (MOE) and modulus of rupture (MOR) weeeorded.

Reanalysis of the derived data was done to caEWHDE accurately. The
software calculated MOE over a range of deflecadbtimit of proportionality. To
overcome this discrepancy, the tangent of the cwag adjusted to the maximum
and deflection corresponding to the proportionalityit was recorded. Than the
parameters were analyzed by substituting the valb&ined in the following
formulae (BIS, 1986)

Modulus of rupture (kg cif) = 3 PL
2 b
Modulus of elasticity (kg cif) = i
4A bR
Where,
P = load in kg at the limit of proportionality
| = span of the test specimen in cm
b = breadth of test specimen in cm
h = depth of the test specimen in cm
A = deflection in cm at the limit of proportionli

3.2.3.3.3 Compression strength parallel to grain
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All the test procedures followed for testing thengmession strength parallel to
grain were in compliance with the BIS (1986). Hwantlings of size 5 cm x 5 cm
cross section were converted into sample sizeahZ 2 cm cross section and 8 cm
in length for testing the compression strength.opBr care was taken during the
preparation of sample so that the ends of the mgatar test specimen were smooth,
parallel and normal to the axis. Before the téis¢ dimensions were recorded
accurately as specified and the samples were debjeo displacement controlled
rate of 0.6 mm min. The sample was loaded with its longitudinal aisng the
direction of movement of head so that the directiohgrains were in parallel to the
direction of force and the movable head was vdljiebove the centre of the cross-
section of the specimen. Load-deflection curve aaalyzed through the reanalysis
mode. A tangent was drawn in such a way that maximumber of points are in the
straight line. Compressive stress at maximum [d4@S) were then determined as
follow (BIS, 1986)

. . ) P
Maximum compressive stress (kg &= "

Where,
P = maximum crushing load in kg

A = cross sectional area of specimen irf cm
3.2.3.4 Estimation of genetic parameters

Genetic coefficient of variation (GCV) and enviroemtal coefficient of
variation (ECV) were computed for all the parametender study and they were
established as variability indicators to understdrel magnitude of variation due to
provenance and environment. In order to deterrtirecoefficient of variations and
heritability, the variance components derived frdm ANOVA table were used.

Genetic advance (GA) was estimated at 5 perceatts@h intensity.
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The components of variance i.e. provenance/gernotymriance ¢°g),
environmental varianceste) and phenotypic variances’) were determined from
ANOVA using the following formulae (Lauridsest al., 1987)

6°g = (MSP — MSHr
o°p = MSPIr
o’e = MSHr

Where,MSP, MSEandr are the mean squares of provenance, mean squares of

error and number of replication, respectively.

Genotypic coefficient of variation and environmentaefficient of variation

were determined using the following formulae

2
Govy =YD 159

overall mean

Ecv=—YC9 100

overall mean

To determine the contribution of genetic to thealktotariation, broad sense
heritability (H) was determined. Variance components obtaineah fanalysis of
individual tree measurements were used to estithatéroad sense heritability of a
trait. It was calculated as the ratio of expeatezghn square of the genetic variance

(6°g) to the total variancestg + o%€) as follows.

2__99 _
H" = 0’g+ o%e x100

Genetic advance (Gs) was determined as (BurtorDandne, 1953)

Gs = b, H?
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Where, i = selection intensity at 5 percent |€2e06)
op = phenotypic standard deviation
H? = heritability of the trait

The expected genetic gain in percentage of mearth@ascalculated as (Burton
and Devane, 1953)

Genetic gain :Lxmo

overall mean

The coefficient of variations, heritability and gic gain were classified as
suggested by Sivasubramanian and Madhavamenon)(@8@3ohnsoet al.,(1955)

as in Table 3.

Table 3. Classification of genetic parameters

Genetic

parameter Low Moderate High Reference

Sivasubramanian and
GCV and ECV 0 to 10% 10 to 20% > 20% Madhavamenon, 1973

Genetic gain 0 to 10% 10 to 20% > 20% Johredoal., 1955

Heritability 0 to 30% 30 to 60% > 60% Johnsral., 1955

3.2.4 Statistic analysis

Statistic analysis were done using IBM SPSS skat2§1.0. In order to perform
univariate analysis to compare the effect of prevees in all the parameters under
study, dependent variables were empirically ingaséid to check the fulfillment of
the assumption of normality. The limit of skewnessl Kurtosis for qualifying the
assumption was fixed at |2| and |9]| respectivadiar{ttderet al.,2010). Levene’s test

was conducted prior to the analysis to test thedgeneity of variance. Data not
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normally distributed were transformed using appiiprtransformation procedure. If
the univariate analysis showed statistically sigaiit difference between
provenances, it was followed by post-hoc compasgaming Duncan Multiple Range
Test (DMRT).

Being a nominal scale for the score obtained fee form (persistence of axis
and straightness) and branching habit (branch nlesk and mode of branching), the
data were analyzed using Friedman test. But, uaiteaanalysis were followed for
the percentage of good axis persistence, straightaed light branched trees and the
ANOVA obtained were further used for analyzing thenetic parameters of the

provenances.

In order to analyze the stability of the provenanicegrowth and the interaction
of the different genotypes with the environmeng secondary data collected for the
ten year periods of MAI of DBH were analyzed inYRe(sion 3.2.2) using Additive
Main Effects and Multiplicative Interaction ModeANMI) from the package
Agricolae. The biplot graphic interpretation obtad from the analysis was based on
the variation caused by the main effects of geretpd environment, as well as the
multiplicative effect of the genotype x environmemteraction (G x E interaction).
The lower the interaction principal component asslYIPCA) indicates the lower its

contribution to the G x E interaction (Silvertal.,2013).

Pearson correlation was used for testing the icderelation between
morphometric traits of seeds, germination relatachmeters and seedling growth as

well as between the growth traits and wood proesrti

Clustering of the provenances was done using sixstviz. height of the 14
year old trees, heartwood content at the baseagedyasic density, fiber length, fiber
wall thickness and fiber diameter, which are sigaiftly different between the
provenances. Hierarchical cluster analysis wafopaed using Ward’s method. For

each cluster, the means for all variables wereutatied and the squared Euclidean
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distance was measured for each case. Since teeerihg was done on different

scale, transformed values was standardize to £sdwy variables.
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RESULTS




4. RESULT

4.1 PART |
4.1.1 Height, DBH and volume of trees

Height, DBH and volume were empirically investight¢o evaluate the
variation in growth attributes among the provenamufel4 years old. mangiumand
the results of the analysis are summarized in TdbleSince, the volumes of the
provenances were found to deviate from normaligalithmic transformation was

done prior to statistical analysis.

Table 4. Variation in mean height, DBH and volumetlee provenances oA.
mangiumgrown in Thiruvazhamkunnu at 14ear of growth.

PrOVeNances Height DBH Voglumle
(m) (cm) (m”ha”)
Tully-Mission Beach 18.61 18.20 401.03
Arufi Village WP 21.36" 20.86 668.80
Claudie River 17.97 18.02 463.11
Oriomo WP 19.8%“ 20.84 567.93
Kuranda 22.12 20.60 589.16
Pascoe River 18.83 17.89 412.74
Lake Murray 18.75%¢ 17.98 443.49
Balimo 19.58" 18.88 515.86
Upper Aramia 21.2°F 20.45 638.20
Binaturi 19.58" 17.36 398.42
Kerala 19.08¢ 18.90 427.66
Overall mean 19.67 19.13 504.59
P 0.003* 0.204 0.053*

Mean values with similar superscript along the ooludo not differ significantly
*significant at 5 percent level and superscript indicate non-significant.
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Analysis of height showed significant differencestvizeen provenances. The
overall mean height of the provenances was 19.67 The mean height of the
provenances ranged from 17.97 m to 22.12 m. Kuwgmdvenance showed the best
performance (22.12 m). However, provenances ofiAfilage (21.36 m), Upper
Aramia (21.27 m), Oriomo (19.83 m), Balimo (19.58 and Binaturi (19.54 m) were
on par with Kuranda provenance. The provenanag#rformed the least in height
in the present study were Claudie River (17.97 mj &®ascoe River (18.33 m).
However, the two provenances were significantlyedént only from Arufi Village

and Kuranda provenances.

Diameter at breast height and stand volume diddiffar significantly between
the provenances. The overall mean of DBH and velware 19.13 cm and 504.59
m® ha', respectively. Diameter at breast height of tfievenances varied from 17.36
cm to 20.86 cm and the volume ranged from 398.42hat to 668.80 i ha'.
Despite the weak stastic significance, aparentiyngiter and volume recorded from

Arufi Village provenance were better and least Wwas Binaturi provenance.

Genetic parameters of growth attributes of the pnances oA. mangiumare
given in Table 5. Genotypic coefficient of varati (GCV) and environmental
coefficient of variation (ECV) of height were moder at 15.29 percent and 11.64
percent, respectively. Diameter at breast heightlbw GCV (9.99%), but high for
ECV (29.21%). The provenances had high GCV (38)5@fka ECV (39.04%) for

volume.

Heritability of height was found to be high (63.30%t was estimated to be
low for DBH (25.98%) and moderate (49.39%) for voki The study also showed
that height (25.07%) and volume of the stand (5%&)BBad high genetic gain, while
genetic gain of DBH was found to be moderate (1%49
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Table 5. Genetic parameters of height, DBH andmelin 14 years old provenances
of A. mangium

Coefficient of variation (%) o Genetic
: i Heritability _
Characters Genotypic Environment %) gain
0

(%)
Height (m) 15.29 11.64 63.30 25.07
DBH (cm) 9.99 29.21 25.98 10.49
Volume (n? ha?) 38.57 39.04 49.39 55.83

4.1.2 M ean annual increment

Secondary data of nine years (from 2005 to 2013}hef trial plantation
maintained by the AICRPAF were analyzed for MAI BBH to evaluate the
variation that exists between provenances (TahleTéje result showed that after 5
years of growth, MAI of DBH of all the provenancgsadually reduced with age.
The average MAI of DBH of all the provenances Btygar was 2.83 cm yeamand
gradually reduced to 1.36 cm yéaat 14" year. There was no significant different
between the provenances in all the years. Hight#stat 5" year was found for
Kerala (3.11 cm) and Oriomo provenance (3.07 c@jiomo provenance continued
as the best throughout the study period, whilddhal seed source were more subtle
or even less in their performance compared to gith@venances. At the T4,/ear,
average MAI of Oriomo provenance for DBH was1.49, aiosely followed by
Upper Aramia and (1.46 cm) and Arufi Village (1.d%). Lowest MAI of DBH at
the 14" year was from Binaturi provenance (1.24 cm), fobd by Pascoe River and

Lake Murray provenances, which had an average MAIL28 cm for the DBH.
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Table 6. Mean annual increment in DBH of the prareres ofA. mangiumgrown in Thiruvazhamkunnu from 5 to 14
years of age (source: AICRPAF, 2005 to 2013).

MAI of DBH (cm)

Provenance 50 60 70 gh gh 10M 11" 120 13" 14"

year | year | vyear | year | year year | year | year | vyear year
Tully-Mission | a5 | 253 | 219 | 1.99 | 1.99 1.89 161 144 134 1.30
Beach
Arufi Vilage | 2.94 | 266 | 242 | 223 | 203 | 185 | 174 68 | 155 | 145
Claudie River | 255 | 235 | 210 | 200| 1.83| 165| 157 471 | 138 | 1.29
Oriomo WP 307 | 285 | 250 | 229]| 212 | 101 178 170 601 | 1.49
Kuranda 200 | 262 | 238 | 213| 202 | 183| 169 164 415|144
Pascoe River | 2.83 | 252 | 222| 207] 188| 170 150 7 14137 | 1.28
Lake Murray | 259 | 232 | 212 | 196| 178 | 1.63| 153 143135 | 1.28
Balimo 269 | 245 | 218 | 204 | 187 | 171 | 165 154  1.45 1.35
Upper Aramia 2.85 2.66 2.35 2.18 2.03 1.85 1.76 91.6| 157 1.46
Binaturi 276 | 250 | 216 | 200 | 1.80 | 168 | 152 142 331 | 1.24
Kerala 311 | 260 | 245 | 222 | 199 | 182 167 154 145135
P 0071 | 0.169% | 0.196% | 0.477% | 0.367° | 0.526° | 0.644° | 0.255% | 0.25T° | 0.364"

Superscript ‘ns’ indicates non-significant
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4.1.3 Clear bole height

Clear bole height was evaluated for variation betwgrovenances. The
estimated clear bole height was also expressedrasmiage of the total height of the
tree and analyzed in the present study. Mean dtekar height and its percentage
estimated for the 14 years ofd mangiunof the different provenances are given in
Table 7.

Table 7. Variation in clear bole height and clealelpercentage of the provenances.

Provenance Clear bole height Clear bole
(m) (%)

Tully-Mission Beach 8.46 47.96
Arufi Village WP 9.82 43.53
Claudie River 8.79 44.58
Oriomo WP 7.15 38.70
Kuranda 9.24 43.42
Pascoe River 9.71 49.50
Lake Murray 8.36 45.81
Balimo 8.94 40.90
Upper Aramia 11.16 51.00
Binaturi 9.08 46.68
Kerala 10.22 50.74
Overall mean 9.18 45.71
P 0.608* 0.682"*

Superscript ‘ns’ indicates non significant

The analysis of clear bole height and clear bolecgpgage showed no
significant difference between the provenancese dverall mean estimated for clear

bole height and clear bole percentage of the pawvess was 9.13 m and 45.71
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percent. Mean clear bole height of the provenaneegd from 7.15 m to 11.16 m
and variation in clear bole height percentage was 38.70 percent to 51.00 percent.
Highest clear bole height as well as highest diede percentage was recorded from

Upper Aramia. Oriomo provenance had the lowestrdiele height and percentage.

Clear bole height of the provenances had moder&¥ (@7.39%) and high
ECV (29.28%). Heritability of the provenances fbe trait was found to be low
(26.08%), but genetic gain assuming at 5 percemst lef selection intensity was high
(18.30%).

4.1.4 Survival percentage

The survivals of trees in the trial plantation &ach provenance were assessed
and expressed as percentage af yéar of growth (Table 8). The survival
percentage did not differ significantly between finevenances. The overall mean of
the provenances was 77.44 percent. Highest surgef@entage of 96.30 percent
was recorded from Kuranda and Upper Aramia provemamd the lowest (59.26%)

was from Claudie River.
4.15 Treeform characters

To evaluate the variation in the tree form, eaele tvas assessed using visual
scoring system. The scale of persistence of axied from 1 to 6. The score were
arranged in such a way that high value would cpoed to more desirable
characteristics. Total number of trees that scdréal 6 was expressed as good axis
percentage. The result is given in Table 9. White straight tree, branched
thickness and mode of branching, the scale varaah flL to 5. Similarly, the total
numbers of tree that score 4 to 5 were expresspdrasntage of trees having straight

tree and light branched tree (Table 9).
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Table 8 Mean survival percentage of the differerdvpnances of 14 years old
A. mangium

Provenance Survival percentage
Tully-Mission Beach 88.89
Arufi Village WP 62.96
Claudie River 59.26
Oriomo WP 70.37
Kuranda 96.30
Pascoe River 77.78
Lake Murray 88.89
Balimo 66.67
Upper Aramia 96.30
Binaturi 81.48
Kerala 62.96
Overall mean 77.44
P 0.058"

Superscriptns’ indicates non significant

The analysis using Friedman test showed no statiitisignificant difference
between provenances in persistence of axis=( 11.46;P = 0.323;df = 10),
straightnessy{ = 12.85;P = 0.232:df = 10), branch thicknesg*(= 7.39;P = 0.688;
df = 10) and mode of branchingf & 8.38;P = 0.591;df = 10). Similarly, univariate
analysis showed no significant differences betwpeovenances for good axis,
straight tree, light branched tree and stem tapaiol€9).

The overall mean of trees with good axis persistemas 51.68 percent. Mean
of the provenances ranged from 24.80 percent @3G%ercent. The overall mean for
the percentage of straight trees and light brand¢resss were estimated to be 73.47

percent and 62.90 percent, respectively. The geenamber of trees having straight
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stem varied from 56.55 percent to 90.00 percentjewtme percentage of light
branched tree varied from 50.83 percent to 75.88ep¢. The provenances were
found to have good taper of stem. The overall mefathe provenances was 0.87.

The mean of each provenance ranged from 0.84 1o 0.9

Table 9. Variation of the provenancesfofmangiumn good axis, straight tree, light

branched tree and taper of stem.

Provenance Good axis| - Straight tree brarl;cI:%relti treg Taper
(%) (%) )

Tully-Mission Beach 56.20 72.35 57.32 0.85
Arufi Village WP 65.83 90.00 50.83 0.87
Claudie River 43.33 70.00 71.67 0.86
Oriomo WP 24.80 56.55 57.14 0.84
Kuranda 51.30 75.94 74.15 0.87
Pascoe River 63.59 74.40 60.71 0.91
Lake Murray 39.09 84.44 63.44 0.87
Balimo 61.11 70.83 59.72 0.89
Upper Aramia 51.48 61.11 65.19 0.90
Binaturi 47.50 65.00 75.83 0.87
Kerala 64.17 87.50 55.83 0.86
Overall mean 51.68 73.47 62.90 0.87
P 0.258" 0.166" 0.764" 0.124*

Superscript ‘ns’ indicates non significant.

Estimates for genetic parameters of good axis §tersie, straight trees and
light branched trees are given in Table 10. Emrrental coefficient of variation
was found to be higher than genotypic coefficiehvariation in all the tree form
characters. Good axis persistence had moderate (BZY7%), but low GCV (9.04
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%) was observed in the proportion of tree havingight stem, light branched tree
(8.72%) and taper of tree stem (1.55%).

Table 10. Genetic parameters of tree form chamaed branching habit of the
provenances.

Coefficient of variation (%) o Genetic
_ _ Heritability _
Characters Genotypic Environment %) gain
0
(%)
Good axis 12.77 20.68 27.59 13.82
Straight tree 9.04 11.29 39.09 11.64
Light branched tree 8.72 9.42 46.11 12.18
Taper 1.55 1.72 44.84 2.30

Heritability of the characters was low to moderalbe percentage of trees
having good axis (27.59%) had low heritability, iehstraight tree (39.09%) and light
branched trees (46.11%) had moderate heritabil®enetic gain was found to be
moderate for percentages of good axis persistef®82%), straight trees (11.64%)
and light branched trees (12.18%), but low for staper (2.30%).

4.1.6 Stability analysisfor growth

The different provenances obtained from Queensntt Papua New Guinea
were analyzed for stability in growth of DBH. Inder to estimate the stability,
interaction between the genotype and environmemeé \@ealyzed for the ten years
period of growth using AMMI model. The analysis \wdriance is summarized in
Table 11.

The result showed no significant interaction betwgenotype x environment
in DBH (P = 1.000,df = 90). However, the interaction of the genotyPe=(1.824 df
= 10) and environmenP(= 90.66,df = 9) on DBH were significant. For DBH, the
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percentage contribution of Interaction Principal nponents Analysis (IPCA)
showed that majority (81.4%) of the variation werplainable by IPCAL, while 8.92
percent of the total interaction sum of squaresevaecounted by IPCA2. However,
their contributions were statistically not sign#rd.

Table 11. Analysis of variance of MAI of DBH of tgears period (AICRPAF, 2005
to 2014) for the provenances by AMMI model.

Contribution of
Response df MS - IPCA components Probability
Value
(%)

Genotype 10 0.37 7.76 - 1.824***
Environment 9 7.94 90.66 - 3.109***
Genotype x 90 0.008 | 0.16 - 1.000
environment
IPCAl 18 0.032 0.66 814 0.847
IPCA2 16 0.003 0.08 8.9 1.060
GxE Residuals 200 0.048 - - -

df = degrees of freedom; MS = Mean square; IPCA zracteon principal component
analysis.

*** gignificant at 0.1 percent and superscript ‘msdicates non significant.

Scores of IPCA1 and IPCA2 of each provenance foH#Be given in Table
12. The IPCA1 showed positive interaction with meffect of Tully-Mission Beach
(0.08), Arufi Village (0.03), Oriomo (0.19), PascBeéver (0.09), Binaturi (0.06) and
Kerala seed source (0.42), but negatively intechetéh rest of the provenances.
Negative interaction of IPCA1 with the provenancesaged from -0.01 to -0.33.
Highest positive interaction was associated with ierala seed source and lowest

negative interaction was with the Kuranda proveeanc
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IPCA2 had positive interaction with Arufi Village0.01), Balimo (0.03),
Claudie River (0.04), Kerala seed source (0.21kelL&urray (0.18) and Pascoe
(0.02), but negatively interacted with Upper Aran(#®.11), Binaturi (-0.06),
Kuranda (-0.01) and Oriomo (-0.20) provenances.

Table 12. Scores of IPCA1 and IPCA2 of each proneador DBH.

Provenance IPCAL IPCA2
Tully-Mission Beach 0.08 -0.09
Arufi Village 0.03 0.01
Claudie River -0.33 0.04
Oriomo 0.19 -0.20
Kuranda -0.01 0.01
Pascoe River 0.09 0.02
Lake Murray -0.19 0.18
Balimo -0.23 0.03
Upper Aramia -0.10 -0.11
Binaturi 0.06 -0.06
Kerala 0.42 0.21

To illustrate the effect of each genotype and emrmient on DBH, the AMMI1
(IPCA vs. means) and AMMI2 (IPCA2 vs. IPCAL) bigoare shown in Figures 2
and 3, respectively. In the Figure 2, the X-cooatle indicates the main effects
(mean of DBH of the provenances) and the Y-cootdimadicates the effects of the
IPCALl. Values closer to the origin of the axis hadaller contribution to the

interaction than those that are further away. him present study, Arufi Village and
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Kuranda provenances were the most stable provenésiteved by Upper Aramia
and Pascoe River provenances. Kerala seed sondc€laudie River provenances
were the least stable followed by Balimo and Murralile Tully-Mission Beach and
Binaturi provenances were intermediate. Interactod IPCA1 with DBH of the
provenances also showed that there were no mubkratites in the main effect

between the provenances.

The interaction of DBH with IPCAl and IPCA2 revahlthat Kuranda and
Arufi Village had the highest stability compared dther provenances (Figure 3).
Kerala seed source and Claudie River was the neosiits/e to IPCAL1 and 2. The
interaction with Kerala seed source was positivieijermthe interaction with Claudie
River was negative. Provenances of Pascoe Rivegtii, Tully-Mission Beach
and Upper Aramia were more stable than Lake MurBglimo and Oriomo
provenances. The environment that prevailed duttiegyear 2005 had the highest
interaction with the provenances in their growttiilatites, while the interaction was

found to be the lowest during 2009.
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Figure 3. Biplot of IPCA analysis for DBH k. mangium
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4.2 PART Il
4.2.1 Morphometric traits of seeds

Morphometric traits of seedsz. seed weight, length, width and thickness, were
studied to investigate the variations associated thie different provenances and the
result of analysis and mean values are summanzdeiTable 13. The average seed
weight, length, width and thickness of the provexesnwere found to be 282.28 mg,
4.08 mm, 2.52 mm and 1.45 mm, respectively. Thalyais showed significant

difference between the provenances for seed wdagigth, width and thickness.

Seed weight of Arufi Village provenance (331.98 mggs found to be the
highest, followed by Claudie River (298.15 mg) aBihaturi (297.48 mg)
provenances. Post-hoc comparison revealed thamten seed weight of Arufi
Village provenance was significantly higher thahagher provenances, while Tully-
Mission Beach (181.85 mg), Balimo (284.05 mg), BasRiver (286.10 mg) and
Kuranda (293.02 mg) were on par with Claudie Rigad Binaturi provenances.
Lowest seed weight (215.68 mg) was from Kerala ssmdce, followed by Lake
Murray (264.32 mg) and Upper Aramia (271.32 mg)prances.

The provenance of Pascoe River had the highestleagth (4.22 mm). The
seed length was found to be significantly highantmost of the provenances, except
the seed length of Tully-Mission Beach provenart2Q mm). Arufi Village (4.09
mm) and Balimo (4.13 mm) provenances were on pdn Wully-Mission Beach
provenance. Kerala seed source had the lowestleegth (3.75 mm) and differed
significantly from other provenances. Seed lengftithe provenances of Claudie
River, Oriomo, Kurada, Lake Murray, Upper AramiadaBinaturi did not differ
significantly from each other. The seed lengthhaf provenances varied from 4.04

mmto 4.12 mm.
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Seed width was found to be the highest in Arufidge provenance (2.76 mm)
and differed significantly from all other provenasc Kerala seed source (2.32 mm)
had the lowest seed width, followed by Oriomo pravece (2.49 mm). Seed width
of Kerala seed source differed significantly froth @her provenances. Oriomo
provenance differed significantly in seed width twirufi Village, Claudie River
(2.57 mm) and Kerala seed source. The rest gbitveenances had more or less the
same seed width.

Seed thickness of Arufi Village provenance (1.57 )nwas also found to be
significantly higher than the other provenances,wis followed by Kuranda
provenance (1.52 mm). Claudier River (1.50 mm) weas par with Kuranda
provenance. Thinnest seed was associated withl&Keeed source (1.39 mm),
Balimo (1.39 mm), Tully-Mission Beach (1.39 mm) adgdper Aramia (1.40 mm).
They did not differ significantly from each othe©riomo and Binaturi provenances

were on par with the latter provenances and theamseed thickness was 1.42 mm.

Estimates of variability, heritability and genegjain for the morphometric traits
are given in Table 14. The result showed that GOW ECV were low (<10%) for
all the characters studied. Seed weight had theest GCV (9.85%) followed by
seed length (3.99%), thickness (3.94%) and widttO9®). Environmental
coefficient of variance was also found to be thghbst in seed weight (1.74%) and
the least was in seed length (0.77%). Seed widthsaed thickness had similar ECV
(0.82%).

Heritability was high for all the morphometric tiof seeds. Seed weight
(96.98%) and width (96%) had the highest heritgbihmong the traits. Least

heritable trait among the morphometric traits afdsewas thickness (92.77%).
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Table 13. Variation in the morphometric traits eéds of the provenances.

Provenance Seed weight | Seed length Seed width thiiiESss
(mg) (mm) (mm) (mm)
Tully-Mission Beachl  282.88 4.20" 2.46° 1.39
Arufi Village WP 331.98 4.09° 2.76 1.57
Claudie River 298.15 4.12° 2.57¢ 1.50°
Oriomo WP 280.1% 4.06' 2.49 1.47
Kuranda 293.0% 4.07 2.50° 1.52
Pascoe River 286.10 4.27 2.56° 1.46°
Lake Murray 264.32 4.04 2.50° 1.45™
Balimo 284.05% 4.13¢ 2.49° 1.39
Upper Aramia 271.3% 4.07 2.51°¢ 1.40
Binaturi 297.48 4.07 2.55° 1.47
Kerala 215.68 3.75 2.37 1.39

Overall mean 282.28 4.08 2.52 1.45

P 0.000* 0.000* 0.000* 0.000*

Mean values with similar superscript along the ooiudo not differ significantly.

* * Significant at 1 percent level and supersch® indicates non significant.

Table 14. Genetic parameters for morphometric straif the provenances of
A. mangium.

Coefficient of variation

(%) Heritability Genetic
Characters . . :
Genotypic Environment (%) gain
(%)
Seed weight (mQ) 9.85 1.74 96.98 56.4
Seed length (mm) 2.99 0.77 93.80 24
Seed width (mm) 3.99 0.82 96.00 20
Seed thickness 3.94 0.82 92.77 23

(mm)
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Morphometric traits of seeds in the study had maige(10% to 20%) to high
(>20%) genetic gain. Genetic gain of seed weigielq), seed length (24%) and
thickness (23%) was high, while seed width (20%3$ webnderate. Therefore, highest

genetic gain was in seed weight followed by seadtlg thickness and width.

4.2.2 Viability

Seeds of the provenances were tested for viahiityg triphenyl tetrazolium
chloride (0.3%) and the staining pattern was oleserwnder the magnifying glass.
Staining of seeds in the present study followedy dhtee patterns under the two
categoriesviz. viable and non-viable seeds (Table 2). Viabledseef the
provenances were found to follow two patterns. dvigj of the viable seeds had
staining pattern that fall under the descriptioreofbryo and cotyledons completely
stained, while the staining pattern of few seedsewmder the description of embryo
completely stained and cotyledons stained exceptofwasional small unstained
patches here and there. The non-viable seeds ofetteose that had an embryo
unstained and cotyledons completely stained neéryam The number of seeds that

found viable were recorded and expressed as page(ifable 15).

Since, the viability percentages were not normatligtributed, arcsine
transformation method was done prior to statis@eadlysis. Univariate analysis was
then followed. The analysis of variance showedigaificant difference between the
provenances. The average viability of the enticas@nances was 97.66 percent. The
viability ranged from 93.3 percent to 100 percefitully-Mission Beach, Oriomo,
Kuranda and Kerala seed source had 100 percenevssleds. Seed viability of

Balimo provenance was the least (93.3%).
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Table 15. Seed viability percentage of the proveaan

Provenance Viabilty
(%)
Tully-Mission Beach 100
Arufi Village WP 96.67
Claudie River 96.67
Oriomo WP 100
Kuranda 100
Pascoe River 97
Lake Murray 97
Balimo 93.3
Upper Aramia 97
Binaturi 96.67
Kerala 100
Overall mean 97.66
P 0.589"¢

Superscript ‘ns’ indicates non significant

4.2.3 Water imbibition of seeds

In order to test the nature of seed dormanci.ahangiumthe increase in seed
mass after 24 hours as a result of imbibition ofeway the seeds, which is expressed
as percentage, were compared between the seedsdieused as control and the
seeds of the provenances treated with hot watenvadate analysis was performed
to compare the effect. The results are present@&dlble 16.
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Table 16. Increased in seed mass due to imbibdfonater of treated and control
seeds after 24 hours of soaking in water prioreiorgnation test.

SI. No. Treatment Increase(oi/g)seed mass
1 Tully-Mission Beach 7 6B
2 Arufi Village WP 5.99°
3 Claudie River 14.34"
4 Oriomo WP 1.810
5 Kuranda 4.04%
6 Pascoe River 12.12"
7 Lake Murray 18 4%
8 Balimo 11.42°%
9 Upper Aramia 7.40°%
10 Binaturi 5.3
11 Kerala 4.349%
12 Control 3.07¢
P 0.001*

Sl. no. 1 to 11 — treated with hot water; contrgleed without hot water treatment but
soaked in cold water for 24 hours.

Mean values with similar superscript along the ooiudo not differ significantly.

* Significant at 5 percent level.

The analysis showed significant differences betweentreated and control
seeds as well as among the treated groups. Thagaviencrease in seed mass of hot
water treated seed ranged from 1.81 percent tdbl@4dcent, while the mean of the
control was 3.02 percent. Highest increase in seass was from the treated seeds
of Lake Murray provenance (18.45%). The increasseed mass of the provenances
of Claudie River (14.34%), Pascoe River (12.12%) Balimo (11.42%) were on par
with the Lake Murray provenance. Increase in saads was found to be the lowest

in Oriomo provenance (14.34%). The other proveaesrtbat were on par with the
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Oriomo provenance were control (3.02%), Kurand®4%), Kerala seed source
(4.34%), Binaturi (5.36%), Arufi Village (5.99%)Jpper Aramia (7.40%) and Tully-
Mission Beach (7.66%).

4.2.4 Ger mination

To evaluate the variation associated with the pmamees in germination
related parameters, germination test was conductethe laboratory after the
treatment of seeds with hot water and soaking tfeer24 hours in cold water. The
control seeds were also tested for germinatioranalfel with the germination test of
the various provenances, but no seeds were fourgkmminate during the study
period. The different parameters investigatechandtudy and results of the analysis
are presented in Table 17 and the overall meaheoptovenances are given in Table
18.

The provenances differed significantly for germioatpercentage, germination
energy, germination value and germination peridthe overall mean estimated for
germination percentage was 82.18 percent. Higbestnination percentage was
found in Lake Murray provenance (94%). The geritidmapercentage of Binaturi
(91%), Arufi Village (85%), Claudie River (86%), Bao (80%) and Upper Aramia
(80%) were on par with Lake Murray provenance. &siwgermination percentage
was from Kuranda (72%). The Kuranda provenanderéd significantly from Lake
Murray, Binaturi and Tully-Mission Beach. Germiioat percentage was found to be
significantly correlated (5% level) with increasedeed mass due to imbibitions of

water. The correlation coefficient between thégraas 0.286.

Germination value of the provenances had an overelin of 26.46 percent.
Lake Murray provenance also had the highest getinimaalue (46.52) which was
significantly different from the other provenanceshe remaining ten provenances

did not differ significantly from each other. lase of germination energy, which had
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an overall mean of 49, the provenances of ClaudierRTully-Mission Beach, Arufi
Village, Balimo, Binaturi and Kerala seed sourceev®und to be the highest. They
did not differ significantly from each other ancetgermination energy among them
ranged from 48 percent to 72 percent. The lowesnmation energy was recorded
from Pascoe River (32), followed by Upper Arami&¥3 and Kuranda (38%). The
three provenances showed significant differencé wie Claudie River and Tully-

Mission Beach provenances.

Germination period, which is the number of daysdermination to reach 80
percent or more from the total number of germinateeds, had an overall mean of
9.96 days. It was found to be the longest in #eds obtained from Arufi Village
provenance (12 days). Lake Murray provenance hadlhortest days (7 days) and
differed significantly from Arufi Village, Upper Amia (12 days), Tully-Mission
Beach (12 days) and Binaturi (12 days).

Germination capacity was found to deviate from rarndistribution.
Therefore, prior to the statistical analysis, aredransformation was done. Analysis
of germination capacity showed no significant défeces between the provenances
as well as with the control. The overall mean efngnation capacity for the
provenances was 95.64 percent. Germination cgpatithe provenances ranged
from 90 percent to 99 percent. The control hadasarage mean germination
capacity of 92.75 percent. It did not differ sigeantly from any of the provenances.

81



Table 17. Variation in germination related paramsetd seed of the provenances and

control.
Sl. G GE GP GC
Provenance GV
no. (%) (%) (day) (%)
1 | Tully-Mission BeacH 88.00™ | 25.80 | 68.06" | 11.78™ | 97.00
2 | Arufi Village WP 85.08"| 21.43 | 54.00 | 12550 | 94.00
3 | Claudie River 86.05“| 30.62 | 72.00 | 9.00° | 93.00
4 | Oriomo WP 76.00°| 19.93 | 43.00° | 10.00°* | 98.00
5 | Kuranda 72.00 | 216 | 38.00 | 875" | 99.00
6 | Pascoe River 75.680| 26,52 | 32.00 | 8.50° 97.00
7 | Lake Murray 94.00 | 46.57 | 44.00° 7.25 97.00
8 | Balimo 80.08°° | 24.64 | 48.06™ | 9.50°* | 90.00
9 | Upper Aramia 80.05%| 21.14 | 35.00 | 12.06 | 95.00
10 | Binaturi 91.08f | 25.56 | 57.00™ | 11.56° | 96.00
11 | Kerala 77.08°| 27.36¢ | 48.06™ | 8.75" | 96.00
12 | Control 6 0° 0° 0 92.75
P 0.041* | 0.000* | 0.028*| 0.007*| 0.212

Sl. no. 1 to 11 — treated with hot water; Sl. nb~1seed without hot water treatment
but soaked in cold water for 24 hours. G - gernmapercentage; GV — germination
value; GE — germination energy; GP — germinatiamople

Mean values with similar superscript along the ooiudo not differ significantly.

* indicates significant at 5 percent level and sspept ‘ns’ indicates non-significant.

Genetic parameters like variability, heritabilitynda genetic gain was also
estimated for the germination related parameter@fprovenances. The result is
presented in Table 18. Genetic coefficient ofatgoh for all the germination related
parameters was higher than the environmental coefti of variation. Genetic
coefficient of variation was low for germinationrpentage (6.45%), moderate for
germination energy (20.15%) and germination per{d@d.29%), but high for

germination value (25.06%). Environmental coeffiti of variation was low in
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germination percentage (5.74%) and germinatiorodg®.78%), but it was found to
be moderate for germination energy (16.75%) andngetion value (12.26%).
Heritability was found to be moderate for germioatipercentage (55.84%) and
germination energy (59.13%), but it was high forng@ation period (68.09 %) and
germination value (80.67%). The highest geneticy gaas in germination energy
(15.64%), while the least was in germination per{@#2%). Genetic gain of
germination percentage (8.16%) and germinationopgenias low. Moderate genetic

gain was associated with germination energy anchigation value (12.27%).

Table 18. Genetic parameters of germination relpggedmeters of the provenances.

Coefficient of variation (%)

Overall o _
Characters genotypic Environment Heritability Genetic
mean
(%) gain
Germination
82.18 6.45 5.74 55.84 8.16
(%)
Germination
26.46 25.06 12.26 80.67 12.27
value
Germination
49.00 20.15 16.75 59.13 15.64
energy
Germination
_ 9.96 14.29 9.78 68.09 2.42
period

4.2.5 Seedling growth

For studying the variation in the seedling perfanoes of the provenances in
the nursery, seedlings height, collar girth and R&#e recorded at an interval of 30
days. In addition to the variation in their perfances, genetic parameters associated
with the traits were also determined. The resoltthe observations are explained
below.
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4.2.5.1 Height of seedlings

The performance of seedlings of the provenancéeight was recorded from
second to fifth month of growth (Figure 4). Therigdon in the mean height at

different stages of growth and their analysis avergin Table 19.

The analysis of variance for height showed no §icamt difference between
the provenances at two months of growth. The diver@an height of the seedlings
was 10.87 cm. The height of the provenances rafrged 9.34 cm to 11.84 cm.
Three month old seedlings of the provenances hadvarall mean of 14.56 cm.
Significant difference between provenances in hevgas observed in three month
old seedlings. Three months old seedlings of Udkeray provenance (16.78 cm)
were found to be significantly higher than Uppea#ia (13.34 cm), Balimo (13.32
cm) and Kerala (12.36 cm), while the rest of thevpnances were on par with Lake
Murray provenance. Provenances of Tully-Missiomd&e(14.51 cm), Claudie River
(14.70 cm), Oriomo (14.71), Kuranda (14.82 cm) andfi Village (14.92 cm) were

also found to be on par with Upper Aramia, Balinmal &erala.

Four month old seedlings of the provenances hadvanage height of 18.52
cm. Height was found to be significantly differem¢tween provenances. Lake
Murray provenance (22.44 cm) had the highest sagsllfor the four month old
seedlings and the Kerala seed source (15.34 cmpmiasg the provenances having
the shortest height of seedlings. The two proveesmliffer significantly from each
other, but all the other provenances had more g8 fee same height at the stage.
The provenances of Binaturi (19.84 cm), Kuranda823m), Pascoe River (19.48
cm) and Arufi Village (19.02 cm) were on par wittake Murray, while the
provenances of Upper Aramia (16.28 cm), Balimo§46&m), Tully-Mission Beach
(18.21 cm), Oriomo (18.21 cm) and Claudie River.428cm) did not differ
significantly from Kerala seed source.
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Table 19. Variation in seedling height of the difflet provenances during the five
month periods of growth.

Height
(cm)
Provenance Second | Third Fourth Fifth
month month month month
Tully-Mission Beach 10.78 14.8% 18.27¢ 20.86
Arufi Village WP 10.99 14.9" 19.02" 21.78°
Claudie River 10.91 14.7% 18.42° 20.97%
Oriomo WP 11.19 14.7%¢ 18.27¢ 20.50°
Kuranda 10.62 14.8% 19.82" 23.76"
Pascoe River 11.50 1538 19.48" 22.7F™
Lake Murray 12.28 16.78 22.44 25.64
Balimo 9.94 13.3% 16.64° 19.49°
Upper Aramia 10.21 13.34 16.28° 19.10°
Binaturi 11.84 15.5% 19.84" 23.00™
Kerala 9.34 12.36 15.34 17.65
Overall mean 10.87 14.56 18.52 21.40
P 0.188" 0.041* 0.005* 0.003*

Mean values with similar superscript along the ooiudo not differ significantly.
* significant at 5 percent level and superscri® imdicates non significant.

85



Height of seedlings in cm

=o—Tully-Mission

-I-Eﬁ?f?r\]/illage WP

—4—Claudie River

=>Q0riomo WP

=#=(R)sso Kuranda

=0-Pascoe River
Lake Murray
Balimo

Upper Aramia

Two month Three month Four month Five month

Stages of growth of the seedlings

Figure 4. Growth of height for seedlings of thev@oeances during the five month

periods.
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Five month old seedlings continued to exhibit digant differences between
provenances. The overall mean of five month o&tlBeg height was 21.40 cm. At
the stage, seedling height of Lake Murray (25.64, ¢dfaranda (23.76 cm), Binaturi
(23 cm) and Pascoe River (22.71 cm) continued tfope the best. Provenances of
Kuranda, Binaturi and Pascoe River did not diffeggnsicantly from all other
provenances. The mean height of seedling of Kesat&d source (17.65 cm) was
among the least, followed by Upper Aramia (19.10) @nd Balimo (19.49 cm).
However, Kerala seed source did not differ sigaifity from the rest, except Lake
Murray and Kuranda.

Genetic parameters of seedlings height are giv@rable 20. Low genetic and
environmental coefficient of variance was found li® associated with seedling
height. Comparatively, GCV of height was highearntlEECV in almost all the stages,
except for two month old seedlings (Figure 5). eFmonth old seedling has the
highest GCV (9.08%) and lowest (4.51%) was for twonth old seedlings. For
ECV, highest (6.32%) was from two month old seegflimand lowest (5.46%) was
recorded from three month old seedlings.

In the present study, the result of the analysiganiance of the provenances of
five month old seedlings was used for estimatingtddality. Heritability of height
of seedlings at the stage was found to be high28e2). On the other hand, five

month old seedlings had moderate genetic gain (%)9
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Table 20. Genetic parameters of height of seedliofbghe provenances oA.
mangium

Coefficient of variation (%) o Genetic
) Heritability _
Age of seedlings _ ) gain
Genotypic Environment (%)
(%)
Two month 451 6.32
Three month 6.13 5.46
Four month 8.88 5.85
Five month 9.08 5.63 72.23 15.90
~10 - 8.88 9.08
S 9-
S 87
8 7 -
g6 GCV (%
5 5 - —¥— (%)
= 4 —=—ECV (%)
[}
S 3
T 2-
S 1-
0

Two month  Three month Four month  Five month
Stages of growth of seedlings

Figure 5. Genotypic coefficient of variation andvieonmental coefficient of
variation in seedling height at different stagegmaiwth.
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4.2.5.2 Collar girth

Variation in mean collar girths of the provenanoesorded at two, three, four
and five month old seedlings are given in Table Zhe analysis of variance showed

no significant difference between the provenantesg stages.

Overall mean collar girth of seedling of the proamces at two month was 1.62
mm. The average girth of seedlings of the proveeamanged from 1.42 mm to 1.76
mm. Lake Murray provenance had the highest meawoltdr girth, closely followed
by Binaturi provenance (1.75 mm). Least collathgiwas from Kerala seed source.
Seedlings of the provenances at three month havenage collar girth of 2.29. The
variation in girth at the stage varied from 2.06 ton2.50 mm. The mean collar girth
of Lake Murray was the highest and the lowest wamfKerala seed source. Four
months old seedlings of the provenances had aralbweean collar girth of 2.84 mm.
Collar girth of 2.51 mm of Kerala seed source wasfl to be the minimum and 3.08
mm of Lake Murray provenance was the maximum foe #eedlings of the
provenances at the stage. The overall mean drogiitth increased to 3.31 mm for
five month old seedlings of the provenances. Tdikarcgirth varied from 3.06 mm to
3.56 mm. Highest mean of collar girth was founKiranda, closely followed by
Lake Murray provenance (3.54 mm), while the lowmstan was from Kerala seed

source.

Genetic parameters estimated for collar girth #edint stages of seedlings of
the provenances are presented in Table 22. Cgiltdr of seedlings of the various
provenances had low GCV and ECV at all the stadgasvironmental coefficient of
variance was higher than GCV (Figure 6) and GCYeght was always higher than
GCV of DBH (Figure 7). In general, GCV and heritiép of collar girth tend to
increase with age. Highest GCV of 4.47 percent inaf®ur months old seedlings

and lowest (3.46%) was in three month old seedligsvironmental coefficient of
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Table 21. Variation in collar girth of seedlings thie provenances dgk. mangium
during the five month periods of growth.

Collar girth (mm)
Provenance Two Three Four Five

month month month month
Tully-Mission Beach 1.64 2.21 2.66 3.10
Arufi Village WP 1.68 2.30 2.91 3.42
Claudie River 1.67 2.34 2.77 3.25
Oriomo WP 1.62 2.38 2.96 3.25
Kuranda 1.65 2.35 2.97 3.56
Pascoe River 1.64 2.34 2.99 3.51
Lake Murray 1.76 2.50 3.08 3.54
Balimo 1.49 2.18 2.73 3.17
Upper Aramia 1.53 2.10 2.67 3.17
Binaturi 1.75 2.40 2.93 3.39
Kerala 1.42 2.06 2.51 3.06
Overall mean 1.62 2.29 2.84 3.31
P 0.200" 0.177¢ 0.058" 0.103"

Superscript ‘ns’ indicates non significant

Table 22. Genetic parameters of collar girth ofdiag of the provenances &.
mangium.

Coefficient of variation (%)  Heritability Genetic
Age of seedlings _ ) 0 gain
Genotypic Environment (%) (%)
Two month 3.54 5.32
Three month 3.46 4.74
Four month 4.47 4.28
Five month 3.68 4.10 44.61 5.06
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Figure 6. Genotypic coefficient of variation andvieonmental coefficient of
variation in collar girth of seedling height atfdifent stages of growth.
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Figure 7. Comparison between the GCV of height @ithr girth of seedling of the
provenances at different stages of growth.
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variation of collar girth was found to be the high€5.32%) in two month old
seedling and lowest (4.10%) in five month old seneysl.

Heritability of collar girth was estimated at fiveonth old seedlings of the
provenances. It was found to be moderate (44.6B¥i)etic gain was low for collar
girth (5.06%) of the seedlings.

4.2.5.3 Relative growth rate

Variations in the growth rate of seedlings of tlmevenances were determined
by destructive sampling. Seedlings were randomlgcted from each replication and
their fresh- and dry-weight were recorded for fimenths. The results of analysis are
presented in Table 23.

No significant differences between the provenarioe®RGR were observed in
the present study. One month old seedlings hadligieest RGR. The overall mean
of RGR recorded at the period was 0.159'gmgpnthi*. Mean of the provenances
varied from 0.136 g gmonth to 0.172 g g month*. Kuranda provenance had the
highest RGR at the stage. The provenance waslylt@mwed by Claudie River
provenance (0.171 g'gmonth'). One month old seedlings of Upper Aramia had the
lowest RGR.

Relative growth rate of two month old seedlingstiué provenances had an
overall mean of 0.040 g'gmonth’. The performance of the provenances varied
from 0.027 g § month' to 0.052 g § month'. Three months old seedlings of Upper

Aramia had the highest RGR and the lowest was fPastoe River provenances.

The overall mean further reduces to 0.030"gngpnth® for three month old
seedlings. At the stage, RGR range from 0.009 gngnth* to 0.048 g § month'.
The highest RGR was recorded from Claudie Rivevgmance and the lowest was
from Lake Murray provenance. At four month, overakan of RGR increased to
0.034 g ¢ month’. Lowest RGR during the month was recorded froma th
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provenance of Oriomo (0.017 g'gmonth') and the highest was from Kuranda
(0.058 g @ month’). The RGR of the five month old seedlings reditced.024 g g
! month’. Relative growth rate at the period ranged fro®18 g g month® to
0.038 g g month!. The lowest RGR was from Kerala seed source hadighest

was from Upper Aramia provenance.

Table 23. Variation in relative growth rate of saags of the provenances .

mangium
Relative Growth Rate (g gmonth")
Provenance One Two Three Four Five

month month month month month
Tully-Mission Beach 0.162 0.043 0.022 0.024 0.020
Arufi Village WP 0.165 0.042 0.031 0.045 0.020
Claudie River 0.171 0.032 0.048 0.027 0.026
Oriomo WP 0.154 0.035 0.032 0.017 0.030
Kuranda 0.172 0.046 0.034 0.058 0.022
Pascoe River 0.159 0.027 0.040 0.04(7 0.025
Lake Murray 0.164 0.045 0.009 0.053 0.018
Balimo 0.156 0.031 0.031 0.028 0.021
Upper Aramia 0.136 0.052 0.033 0.038 0.038
Binaturi 0.158 0.048 0.025 0.023 0.014
Kerala 0.148 0.036 0.027 0.020 0.028
Overall mean 0.159 0.040 0.030 0.034 0.024
P 0.205* 0.928" 0.231" 0.398¢ 0.880"*

Superscript ‘ns’ indicate non significant.
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4.2.6 Correlation between the mor phometric traits, ger mination parameters and
seedlings growth

The correlation between different morphometrictgragermination parameters
and seedling growth were studied. The resultggaven in Table 24. Germination
related parameters did not show any significantretation with the seed
morphometric traits and seedling heights at difiergrowth periods, while the
correlation between seed morphometric traits amedIs® heights at the same stage

was significant.

In the present study, correlation between gernvnapercentage with seed
weight and width was 0.131 and 0.123, respectiwehjle the correlation with seed
length (-0.086) and thickness (-0.040) was negativEhe correlation between
germination percentage and height of the seedlgdifferent stages ranged from
0.098 to 0.120.

Germination value of seeds had weak and negativeelation with seed
morphometric traits, but it had weak and positiarelation with height of the
seedlings at different stages. The correlationveéeh germination value and seed
morphometric traits ranged from -0.042 to -0.21@ awrrelation with seedling
heights ranged from 0.137 to 0.197.

The correlation between germination energy withdseeight and width of
morphometric traits of seeds was 0.163 and 0.X8perctively. Seed length (-0.009)
and thickness (-0.019) of the morphometric traitsseeds had very weak and
negative correlation with germination energy. Thoerelation of germination energy
with two, three, four and five month old seedlireggdht was 0.124, 0.024, -0.034 and
-0.039, respectively.
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Table 24. Correlation between the morphometri¢grai seeds, germination related parameters ardlirsgédneight of the

provenances.
Height
Seed Seed Seed Seed
weight length width thickness Two Three Four Five
month month month month
Germination
0.131 -0.086 0.123 -0.040 0.120 0.098 0.114 0.098
percentage
Germination value -0.210 -0.146 -0.142 -0.042 0.137 0.139 0.197 0.176
Germination energy 0.163 -0.009 0.114 -0.019 0.124 0.024 -0.034 -0.039
Seed weight 0.579* 0.838* 0.615* 0.239** 0.316* 3P3* 0.333*
Seed length 0.527* 0.161 0.282 0.305* 0.275 0.284
Seed width 0.725* 0.287 0.335* 0.317* 0.314*
Seed thickness 0.152 0.252 0.282 0.298

* Significant at 5 percent level.
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Seed weight was found to be significantly and pesiy correlated with seed
length (0.579), width (0.838) and thickness (0.6dfSnorphometric traits of seeds of
the provenances. It was also found to be sigmflgaand positively correlated with
seedling heights at different stages. The coicgldbetween seed weight and two,
three, four and five month old seedlings was 0.28316, 0.323 and 0.333,

respectively.

Seed length and seed width were significantly awgitpely correlated (0.527).
The correlation between seed length and thickness @v161. Seed length had
significant and positive correlation with heighttbfee month old seedlings (0.305),
while the correlation with height at other stagésseedling ranged from 0.275 to
0.284.

Seed width and seed thickness had strong and ymogitirrelation (0.725).
Correlation of seed width and two month old seegheight was 0.287. Significant
and positive correlation was associated with seiglthwvand height at three (0.335),
four (0.317) and five (0.314) months old seedlings.

Seed thickness had positive correlation with heighseedlings at different
stages. The correlation with two, three, four fime month old seedling height was
0.152, 0.252, 0.282 and 0.298, respectively.

4.3 PART Il
4.3.1 Physical properties of wood

Physical properties of wood considered for invedian in the present study
were heartwood percentage, density and fiber mdoglyo The properties were
empirically investigated to identify the variatitimat associates with the provenances

of A. mangiumgrown in Thiruvazhamkunnu. The materials for sindythe
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properties were obtained by felling the trees the¢ representatives of each
experimental plot of a replication in the trial piation.

4.3.1.1 Heartwood percentage

Heartwood content of the provenances Af mangiumwas estimated at
different height levels of trees — 10 percent (has@ percent (middle) and 75 percent
(top) of the total height of tree. The variationheartwood, expressed as percentage,
at each level of the height was compared betweermptbvenances and summarized
in Table 25. Obviously, heartwood percentage of the provenadeeseased from
base to top portion of tree stem. The overall meaartwood percentage at base,
middle and top portion of the tree was 69.23 pdrcé@.53 percent and 51.76
percent, respectively.

Heartwood percentages of the provenances at the f@sion of stem were
found to be significantly different between the \y@pances, whereas at middle and
top portion, the differences were not significaAt basal portion of the stem, Kerala
seed source (81.33%), Oriomo (79.12%) and Pasomr Ri3.41%) provenances had
the highest heartwood percentage. The three paoves did not differ significantly
from each other. Lowest percentage of heartwooitheatase of tree was in Lake
Murray provenance (58.67%). Tully-Mission Beach7.6®%), Arufi Village
(65.70%), Kuranda (66.51%), Upper Aramia (66.61%\d aBinaturi (64.36%)
provenances were on par with Lake Murray provenantkee provenances having
intermediate heartwood content in the present sivehe Claudie River (68.77%) and
Balimo (69.28%). The two provenances differed sicgmntly only from Kerala seed

source, Oriomo provenance and Lake Murray provemanc
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Table 25. Variaiton in heartwood percentage ated#ifit height levels of the
provenances oh. mangium

Heartwood (%)
Provenance
Base Middle Top
Tully-Mission Beach 67.79 58.39 52.58
Arufi Village WP 65.76° 55.50 42.20
Claudie River 68.77 63.95 48.33
Oriomo WP 79.12 68.76 61.17
Kuranda 66.5% 60.16 46.92
Pascoe River 73.81 70.00 60.22
Lake Murray 58.67 56.39 49.78
Balimo 69.28 67.95 47.99
Upper Aramia 66.6% 57.20 52.83
Binaturi 64.36° 61.40 47.05
Kerala 81.33 68.10 60.27
Overall mean 69.23 62.53 51.76
P 0.001* 0.059° 0.439"

Mean values with similar superscript along the ooludo not differ significantly
* significant at 5 percent level and superscri® imdicates non significant.

Highest heartwood content at the middle portiontreé was recorded from
Pascoe River provenance (70.00%), followed by Ooid68.76%) and Kerala seed
source (68.10%). At the top portion of the treengtOriomo provenance (61.17%)
had the highest heartwood percentage, which ielgldellowed by the Kerala seed

source (60.27%) and Pascoe River provenance (60.22%

Estimates of genetic parameters of heartwood cormtethe provenances at
different height levels are given in Table 26. &gpic coefficient of variation was
higher than ECV at different height level of tregcept at top portion where GCV

98



was 2.72 percent and ECV was 11.93 percent. Gpitotpefficient of variation for
heartwood content at the base (8.48%), middle #6)4&nd top portion was found to
be low. On the contrary, ECV was low at the bat41%) and middle (5.81%)

portion of tree stem, while the top portion (11.93f&s found to be moderate.

Heritability of heartwood percentage was high & base portion (81.01%),
moderate at middle portion (55.51%) of stem and &whe top portion (4.95%).
Similarly, genetic gain was high at the base (3%¥Omoderate at the middle
(16.62%) and low at the top portion (1.34%) of tsezm.

Table 26. Genetic parameters of heartwood perceraaglifferent height levels of
the provenances @. mangium

Coefficient of variation (%) Heritability Genetic

Height level

Genotype Environment (%) gain
Base 8.48 411 81.01 15.73
Middle 6.49 5.81 55.51 9.96
Top 2.72 11.93 4.95 1.25
4.3.1.2 Density

Basic density of the provenances was also studietthrae different height
levels of treeviz. base, middle and top portion, and the variatiodensity at each
height level was compared between provenances. rédudt of the analysis is given
in Table 27.

The average basic density at base, middle and ¢ofiop of the tree was
477.26 kg crii, 468.29 kg i and 530.39 kg M respectively. There were
significant differences between the provenancethatthree different height levels.
Highest basic density at the base of tree stenfroasKerala seed source (533.45 kg

m®) and the lowest was from Balimo provenance (39&@&1°). The density of the
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Kerala seed source was significantly different flBalimo and Pascoe River (443.65
kg m®), while the rest of the provenances were on pén thie Kerala seed source.
Balimo provenance also differed significantly fraturanda (524.43 kg 1) and
Binaturi provenances (511.42 kg®jn

At the middle portion of tree stem, Upper Aramial liae highest mean basic
density (405.93 kg ). It differed significantly from Balimo (421.44gkcm),
Pascoe River (427.97 kg and Tully-Mission Beach (441.46 kg3n Balimo and
Pascoe River provenances had the lowest densitye pfovenances also differed

significantly from Kerala seed source (497.78 ki) m

Highest basic density at the top portion of tres Wvam Arufi Village (600.04
kg m®) and Tully-Mission Beach (585.02 kg¥n They did not differ significantly
from each other. Lowest density was from Oriomovenance (451.7 kg ),
followed by Claudie River provenance (466.61 kg)nand Balimo provenance
(471.16 kg ri¥). The three provenances differed significantiynirthe provenances
of Tully-Mission Beach and Arufi Village. Provermes of Kuranda (561.76 kg &n
and Kerala seed source (562.47 kg®)mdiffered significantly from Oriomo
provenances. While, the provenances of Pascoe F688.44 kg ri), Lake Murray
(525.22 kg rit), Upper Aramia (542.88 kg ™ and Binaturi (547.73 kg 1) did not

differ significantly from each other as well ashvibhe aforementioned provenances.

The present study showed three patterns of vamiatiobasic density for the
provenances ofA. mangium First pattern of variation showed reduction Ire t
density as it moved from base to middle and in@@aghen it moved from middle to
top portion of the tree stem (Figure 8A). The @moances that fall under this
category were Tully-Mission Beach, Kuranda, Padeoeer, Lake Murray, Binaturi
and Kerala seed source. The provenance that fetldhe second pattern of variation
showed continued rise in the density from base dp (Figure 8B) and the

provenances that exhibit the variation were Aruflage, Claudie River and Oriomo
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provenances. The third pattern of variation showeghest basic density at the
middle portion and reduced as it moved toward leas® top portion (Figure 8C).

Balimo and Upper Aramia followed this pattern ofiaion.

Table 27. Variation in basic density at differeatdht levels of the provenancesAf
mangium

Density
Provenance (kg m”)
Base Middle Top
Tully-Mission Beach 477.68 441.48° 585.07
Arufi Village WP 476.89 480.55™ 600.04
Claudie River 467.9%" 483.7F™ 466.61°
Oriomo WP 466.28¢ 470.63™ 451.76
Kuranda 524.4% 476.33™ 561.76"
Pascoe River 443.85 427.97 533.44"
Lake Murray 474,28 461.74™ 525.23"
Balimo 396.69 421.44 471.16°
Upper Aramia 476.58 488.04 542.89"
Binaturi 511.4% 476.36™ 547.73
Kerala 533.4% 497.78" 562.47"
Overall mean 477.26 466.72 530.39
P 0.032* 0.046* 0.004*

Mean values with similar superscript along the ooiudo not differ significantly.
* Significant at 5 percent level.

Genetic parameters of different provenances estuiniat the study are given in
the Table 28. In the present study, GCV of denaityhe base (11.35%) and top
(14.23%) portion of tree stem was moderate, bwhi found to be low at the middle
portion (7.76%). Environmental coefficient of \atron for the density was higher
than GCV irrespective of the stem portion of tre@s$the base and top portion of the
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tree height, ECV was moderate. The estimated ECtfeaheight was 10.91 percent
and 17.78 percent, respectively. It was foundetdolv (7.96%) at the middle portion
of the tree height.

Heritability of the trait ranged from moderate tigh It was moderate at the
base (51.98%) and middle (48.71%) portion of tee tneight, but when it moved to
the top portion, heritability was found to be hi@#4.06%). Similarly, genetic gain
was found to be moderate at the lower two heighélte It was estimated to be 16.85
percent at the base and 11.15 percent at the npadlion of the tree height. Genetic
gain for basic density at the top portion of tregght was high (23.46%).

Table 28. Genetic parameters of basic densityferednt height levels of tree of the
provenances.

Coefficient of variation (%) o Genetic
) _ Heritability _
Height level Genotype Environment %) gain
0
(%)
Base 11.35 10.91 51.98 16.85
Middle 7.76 7.96 48.71 11.15
Top 14.23 17.78 64.06 23.46
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Figure 8. Variation in basic density at differergidht levels within tree of the
provenances. (A) Lowest basic density was at tradimiand increased towards the
base and top portion of the tree height, (B) bdsiasity increased from base to top
portion, (C) highest basic density was at the raigibrtion of the tree stem and
decreased towards the base and top portion ofgbeneight level.
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4.3.1.3 Fiber morphology

Fiber morphology of the provenancesAfmangiumwas estimated only from
the disc obtained from the base portion of the tremht. Fiber traits like fiber
length, diameter, lumen width and wall thicknesgevdetermined with the aid of
Image Analyzer. Derived indicesiz. slenderness ratio, runkel ratio, rigidity
coefficient and flexibility coefficient, which havan implication in pulp and paper
production, were also determined from the measunérteken for the fiber traits.
Variation in the fiber characters and indices @ pnovenances are given in Table 29.
Since, the fiber length, diameter, lumen width aradl thickness of the provenances
deviated from normality, logarithmic transformatievas done prior to statistical

analysis.

Fiber length and diameter, lumen diameter and thiadkness were found to be
significantly different between provenances (TaB®. In the present study, the
provenances had an overall mean fiber length of2268m. Kuranda provenance
had the highest fiber length (1091.05 um). It etigdd significantly from other
provenances. Shortest fiber length was obsenad the provenances of Claudie
River, Oriomo, Pascoe River and Balimo. They dit differ significantly from each
other and the fiber length of the four provenaneased from 901.12 pm to 934.51
um. The provenances of Claudie River and Balintbrdit differ significantly from

all the provenances, except Kuranda.

The overall mean fiber diameter of the provenaneas 24.78 um and lumen
diameter was 21.08 um. Balimo provenance had tgkebt (24.42 um) fiber
diameter. Fiber diameter of Binaturi (27.62 umj @riomo provenances (25.99
pm) were on par with Balimo provenance. Keraladssmirce had the lowest fiber
diameter of 22.45 um. The provenance was signifigatifferent from Arufi village
(25.48 um), Oriomo, Binaturi and Balimo provenanc&alimo provenance had the

largest diameter of lumen (24.42 pum) followed byd&uri provenance (24.05 um).
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Lumen diameter of Oriomo provenance (22.06 pm) waspar with Binaturi

provenance, while the rest of the provenances sigraficantly different.

In case of wall thickness of fiber, the overall med the provenances was 3.50
pum.  Tully-Mission Beach, Arufi Village, Balimo, er Aramia and Binaturi
provenances had the thickest wall among the prowaasa The fiber wall thickness
for the five provenances ranged from 3.53 to 3.8b [The five provenances did not
differ significantly from each other. Claudie Riy@rovenance (3.20 um) and Kerala
(3.24 um) had the thinnest fiber wall. They wegn#icantly different from Tully-
Mission Beach, Arufi Village, Upper Aramia and Bina provenances. The
provenances of Upper Aramia and Binaturi also dkffiesignificantly from Lake
Murray (3.32 pum), Pascoe River (3.34 um), Oriom@%3um) and Kuranda (3.37
pm). The latter four provenances did not diffgngicantly from each other and
they were on par with the provenances of Tully-MissBeach, Arufi Village,

Claudie River, Balimo and Kerala seed source.

Slenderness ratio, which is an index derived fromn fiatio of fiber length to
fiber diameter, was found to be significantly diffiet between the various
provenances (Table 29). The overall mean of skereds for the provenances was
40.87. The provenances of Kuranda, Lake MurraypddpAramia and Kerala seed
source had the highest slenderness ratio. Thepdidiffer significantly from each
other and the range of slenderness varied from64®.@17.06. Kuranda provenance
and Kerala seed source differed significantly fralirthe other provenances, whereas
the slenderness of provenances of Lake Murray gopkelJAramia were on par with
all the provenances, except the slenderness rétiained from Balimo (33.76),
Binaturi (36.06) and Oriomo (36.23). The lattereth provenances i.dgalimo,

Binaturi and Oriomo provenances, had the leastsigress ratio in the present study.
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Table 29. Variation of fiber morphology and fibadices of the provenances.

Provenance FL (um) FD (um) LW (um FWT (um) SR RR RC (%) FC (%)
Tully-Mission 981.83 |[24.54° |20.86° 3.6 41.34 0.36 30.08 84.96
Arufi Vilage WP | 984.27 | 25.48° | 21.18° 3.95¢ 41.08 0.34 28.76 85.61
Claudie River 934.5% |24.48° |20.38° 3.20 39.29° [0.35 29.53 85.31
Oriomo WP 901.12 |25.99> |22.06° 3.35¢ 36.23° 0.32 27.03 86.48
Kuranda 1091.05 | 24.16° | 20.58° 3.37¢ 47.06 0.32 27.59 86.21
Pascoe River 911.49 | 23.57° |[20.35° 3.34° 4058 [0.34 29.00 85.50
Lake Murray 982.50 | 23.06 19.63 3.32¢ 43.79" 0.35 29.72 85.14
Balimo 930.18 | 28.0F 24.47 3.53 33.76 0.30 25.40 87.30
Upper Aramia 996.88 |24.13° |20.34° 3.7% 43.068% [0.36 31.37 84.50
Binaturi 969.12 |27.62" |24.08" 3.87 36.06° |0.34 28.80 85.60
Kerala 087.83 | 22.4% 19.29 3.24 46.23 0.36 30.16 84.92
Overall mean 968.24 | 24.78 21.08 3.50 40.87 0.34| .2129 | 85.42
P 0.000* | 0.000* | 0.001* 0.000* 0.000* 0.1%9 |0.054° |0.078"

FL = fiber length; FD = fiber diameter; LW= Lumendth; FWT = fiber wall thickness, SR = slendernesf, RR =
runkel ratio, RC = rigidity coefficient and FC =eflibility coefficient.
Mean values with similar superscript along the ooludo not differ significantly.
* significant at 5 percent level and superscri® imdicate non significant.
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In the present study, the ten provenances and aced beed source dA.
mangiumshowed no significant differences in runkel ratigidity coefficient and
flexibility coefficient (Table 29). The averagenkel ratio, an index derived from the
ratio of double wall thickness of fiber to fibenlgth, of all the provenances was 0.34.
Variation between the provenances ranged from @30D36. Tully-Mission Beach,
Upper Aramia and Kerala seed source had an aveuagel ratio of 0.36, while the

provenance having the least runkel ratio in thdystuas Balimo (0.30).

Average rigidity coefficient which is expressed @centage of the ratio of
double wall thickness and fiber diameter of thevprances was 29.21 percent for the
entire provenances. Highest rigidity coefficieB1.37%) estimated in the study was
from Upper Aramia provenances and the lowest (26Qvas from Balimo

provenance.

Flexibility coefficient is also expressed as petage of the ratio of fiber length
to fiber diameter. The overall mean estimatedlierprovenances was 85.42 percent.
The coefficient of the provenances varied from 84pgercent to 87.30 percent.
Highest flexibility coefficient estimated in the gzent study was from Balimo

provenance and the lowest coefficient was from Wppamia.

The genetic parameters of fiber morphology werenedéd and are represented
in Table 30. Highest GCV among the various fibarphology/ratios found in the
study was in slenderness (45.10%) and lowest wéexibility coefficient (2.75%).
Environmental coefficient of variation was found lte the highest in runkel ratio
(22.05%) and lowest in flexibility coefficient (¥20). Heritability of trait was also
found to be the highest in slenderness (87.08%lamdtbwest heritability was found
in runkel ratio (31.61%). Genetic gain of slend=s (86.69%) was the highest.
Flexibility coefficient was found to have lowestngdic gain (3.65%) followed by
runkel ratio (17.36%).
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Genotypic coefficient of variation of fiber lengtias high (22.43%), but it was
found to be moderate (10.28%) for ECV. Heritapil{82.63%) and genetic gain
(42.01%) for the fiber length was also high. Samiy for fiber diameter, GCV
(30.15%), heritability (82.12%) and genetic gai%.@%) was high, but ECV was
moderate (14.07%).

Table 30. Genetic parameters estimated for fibaphwogy and fiber indices of the
provenances.

Coefficient of variation (%) o Genetic

Character Genotypic Environment Heritabilty gain
(%) %)

Fiber length 22.43 10.28 82.63 42.01
Fiber diameter 30.15 14.07 82.12 56.30
Lumen diameter 33.52 16.19 81.09 62.19
Wall thickness 24.35 14.79 73.05 42.86
Slenderness ratio 45.10 17.37 87.08 86.69
Runkel ratio 14.99 22.05 31.61 17.36
Rigidity coefficient 17.40 19.21 45.06 24.06
Flexibility coefficient 2.75 3.27 41.43 3.65

Lumen diameter (33.52%) and wall thickness (24.3%%6p had high GCV.
Environmental coefficients of variation of the tsaiwere moderate and the
corresponding values were 16.19 percent and 14ev&pt. Heritability of lumen
diameter (81.90%) and wall thickness (73.05%) wealgo found to be high.
Similarly, high genetic gain was observed for the traits, 62.19 percent and 42.86
percent, respectively.

Runkel ratio and rigidity coefficient had moder&€V of 14.99 percent and
17.40 percent, respectively. Environmental cogffit of variation was higher than

108



GCV in both the cases. The ECV of runkel ratio Wagh (22.05%), but for rigidity
coefficient it was moderate (19.21%). Heritabilay the traits was moderate for
runkel ratio (31.61%) as well as rigidity coeffintg45.06%). Genetic gain of runkel
ratio was moderate (17.36%), but it was high faidity coefficient (24.06%).
Flexibility coefficient had low GCV and ECV, as weak low genetic gain (3.65%).
Heritability of the trait was moderate (41.43%).

4.3.2 Correlation between growth and physical properties of wood

Inter-correlation between the growth attributespsity and fiber morphology
were estimated using Pearson correlation and thdtseare furnished in Table 31.
The correlation between growth attributes with dgrend fiber morphology was not
significant. Correlation of DBH with density (-@B), flexibility coefficient (-0.091)
and lumen width (-0.022) was negative. The coti@taof DBH with wall thickness,
fiber length and fiber diameter was 0.108, 0.01@ @908, respectively. Correlation
between DBH and fiber indices other than flexipitbefficient varied from 0.004 to
0.100.

Height had weak and positive correlation with dgngD.115), fiber wall
thickness (0.236), fiber length (0.181), fiber deer (0.157) and lumen width
(0.094). Correlation with fiber indices varied fgositive to negative. Runkel ratio
(0.183) and rigidity coefficient (0.167) had posgticorrelation with tree height of the
provenances. Correlation of height with slendesné£.240) and flexibility

coefficient (-0.166) was negative.

Correlation of volume with other attributes showedried response.
Correlation between the volume and density was1{.1 It also had negative
correlation with fiber length (-0.050), slendern¢sks125) and flexibility coefficient
(-0.043). Correlation of volume with fiber diametéber wall thickness and lumen
width was 0.143, 0.129 and 0.109, respectively.
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The correlation of density with fiber length, fibdrameter, lumen width and
slenderness was significant. It was positivelyelated with fiber length (0.412) and
slenderness ratio (0.472), but negatively corrdlatéh fiber diameter (-0.374) and
lumen width (-0.350). The correlation of densitithMiber wall thickness (-0.097)
and flexibility coefficient (-0.084) was weak anegative. Correlation of density
with runkel ratio and rigidity coefficient was 02@nd 0.083.

Fiber length had significant correlation with slemiess ratio (0.671).
Correlation of fiber length with fiber diameter,mien width, fiber wall thickness,
runkel ratio and rigidity coefficient was weak anegative. The correlation varied
from -0.020 to -0.247. Flexibility coefficient hadeak and positive correlation
(0.020) with fiber length.

The present study showed significant and positoreetation of fiber diameter
with lumen width (0.963) and flexibility coefficiéri0.344). It was also significantly
and negatively correlated with slenderness (-0.&®0) rigidity coefficient (-0.344).
Correlation of fiber diameter with fiber wall thickss and runkel ratio was 0.163 and
-0.308, respectively.

Lumen width significantly correlated with all thidér indices. The correlation
with slenderness (-0.799), rigidity coefficient.682) and runkel ratio (-0.550) was
negative, but positively correlated with flexibflicoefficient (0.799). Correlation of

lumen width and fiber wall thickness was -0.109.

Significant and positive correlation of fiber walickness with runkel ratio
(0.877) and rigidity coefficient (0.8620) was reded for the provenances, but the
correlation of wall thickness with flexibility coedient was negative and significant
(-0.862). It has weak and negative correlatiorhslenderness (-0.234).
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Table 31. Correlation between growth attributesisitg and fiber morphology of the provenances.

Density®  FL FD LW FWT RR SR RR FC
DBH -0.092  0.012 0.008 -0.022 0.108 0.100 0.004 9D.0 -0.091
Height 0.115 0.181 0.157 0.094 0.236 0.183 -0.24 160. -0.166
Volume -0.117  -0.050 0.143 0.109 0.129 0.056 -0.125 0.043 -0.043
Density? 0.412* -0.374* -0.350* -0.097 0.062 0.472* 0.083 -0.084
FL -0.247 -0.210 -0.142 -0.023 0.671* -0.020 0.02
FD 0.963* 0.163 -0.308 -0.857* -0.344* 0.344*
LW -0.109  -0.550* -0.799* -0.582* 0.582*
FWT 0.877* -0.234 0.862* -0.862*

FL = fiber length; FD = fiber diameter; LW = lumemidth; FWT = fiber wall thickness; RR = runkel @tiSR =
slenderness ratio; RC = rigidity coefficient and £@exibility coefficient.
Superscript® indicates density was estimated at the base dfekeheight.

*significant at 5 percent level.
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4.3.3 Mechanical properties of wood

For studying mechanical properties of wood, samplere collected from five
randomly selected provenanceg. Arufi Village, Claudie River, Kuranda, Upper
Aramia and Kerala seed source. The mechanicalepiiep of wood studied in the
present study were modulus of rupture (MOR) and uhadof elasticity (MOE) for
static bending and maximum compressive stress (M@Sgompression parallel to
grain. Moisture content of the wood at test waarativerage of 23.70 percent. The

results of the analysis and mean values are repezgsen Table 32.

The analysis of mechanical properties of woodd MOR, MOE and MCS,
showed no significant difference between the fivevpnances. Overall mean of
modulus of rupture estimated for the five provemsnwas 872.30 kg ¢ The
variation between the provenances ranged from @7@g8cm?’ to 970.60 kg crf.
Highest MOR for the five provenances was from Kdarand lowest was from
Claudie River.

For MOE, the provenances had an overall mean 064238 kg cri.
Modulus of elasticity varied from 105501.03 kg tro 166774.25 kg cth Arufi
Village had the highest MOE and Kuranda was thstlea

The result of testing the MCS showed that the gtterof the provenances
varied from 330.73 kg ctto 431.34 kg cfi. The provenance having the highest

and lowest MCS was from Arufi Village and Claudie&t.

Estimates of genetic parameters of the mechanrogiepties of wood derived
from the analysis of the five provenances are giwenTable 33. Genotypic
coefficient of variation of MOR (12.10%) and MCS1(Z0%) were found to be
moderate, while MOE had high GCV (21.55%). Envimamtal coefficient of
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variation was found to be low for MCS (9.20%) buidarate for MOR (15.45%) and
MOE (18.24%).

Table 32. Static bending and compression strenfgtfood of the five provenances
of A. mangiungrown in Thiruvazhamkunnu.

Compression
Static bending strength parallel to
(kg cni?) grain
Provenance (kg cni?)
MOR MOE MCS
Arufi Village 966.69 166774.25 431.34
Claudie River 672.84 114392.10 330.73
Kuranda 970.60 105501.03 358.77
Upper Aramia 886.98 111375.10 403.13
Kerala 864.38 120175.42 407.55
Overall mean 872.30 123643.58 486.30
P 0.208° 0.080° 0.062°

Superscript ‘ns’ indicates non significant.

Maximum compressive stress had the highest hdritalvalue among the
tested traits. Heritability of MCS was high (61%0 while MOR (38.02%) and
MOE (58.28%) was found to be moderate. Genetia gdi mechanical wood
properties was moderate. Genetic gain was foure tine highest in MOE (33.90%)
followed by MOR (15.37%).
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Table 33. Genetic parameters of mechanical praserdf wood of the five
provenances.

Coefficient of variation (%) o Genetic
: : Heritability _
Character Genetic Environment %) gain
0

(%)
MOR 12.10 15.45 38.02 15.37
MOE 21.55 18.24 58.28 33.90
MCS 11.70 9.20 61.79 18.94

4.3.4 Correlation between growth, mechanical properties and fiber morphology

Pearson correlation between wood properties anavtgrattributes of five
provenances are given in Table 34. No significaatrelation between wood
mechanical properties, growth traits and fiber rmotpgy of the provenances were
observed. The only significant correlation observed in thedy was between the
MOR and MCS of the mechanical properties of woddhe correlation between the

properties was found to be positive (0.669).

The correlation of MOR with MOE was 0.219. Densityd MOR had weak
correlation (0.232). Correlation of MOR with heig(©.246), DBH (0.148) and
volume (0.064) was weak and positive. MOR had tp@sicorrelation with fiber
length (0.247), but weak and negative correlatigih Wber diameter (-0.345), lumen
width (-0.276) and wall thickness (-0.164).

Correlation of MOE with MCS was 0.220. It also hpdsitive and weak
correlation with density (0.227), lumen width (04)4nd fiber diameter (0.071). The
correlation of MOE with DBH, height, volume, fibangth and wall thickness was

weak and negative. It ranged from -0.135 to -0.281
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Table 34. Correlation between growth traits, meataiproperties and fiber morphology of the fiv@yenances.

MOE MCS Density DBH Height Volume FL FD LW FWT

MOR 0.219 0.669 0.232 0.148 0.246 0.064 0.247 -0.345 -0.276 -0.164
MOE 0.220 0.227 -0.281 -0.182 -0.156 -0.226 0.071 0.144-0.135

MCS -0.104 0.228 0.104 0.138 -0.167 -0.043 -0.144 0.192

FL = fiber length; FD = fiber diameter; LW = lumendth and FWT = fiber wall thickness
*significant at 5 percent level.
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Compression parallel to grain of the provenancesnegative correlation with
density (-0.104). It was positively correlatediwgirowth attributes. The correlation
with DBH, height and volume was 0.228, 0.104 ari88, respectively. Most of the
fiber morphology, except wall thickness (0.192)d In@gative correlation with MCS.
The correlation varied from -0.043 to -0.167.

4.3.5 Cluster analysis

Hierarchical cluster analysis can be used to assds®dness and distance of
any type of samples characterized by any type sérijj@ors (Peeters and Martinelli,
1989). In order to provide relatedness betweervagmrances, hierarchical cluster
analysis was performed using six traits. height of mature tree, heartwood content
at the base, average basic density, fiber lengber fwall thickness and fiber

diameter. Dendrogram of the analysis is presentéiéigure 10).

The provenances formed two clusters at a rescattdnde of 25 units. The
first cluster comprised of seven provenane&s Arufi Village, Upper Aramia,
Binaturi, Tully-Mission Beach, Lake Murray, Kuran@eovenances and Kerala seed
source. Second cluster comprised of Claudie RiPascoe River, Oriomo and
Balimo provenances. The first cluster at a distaot 16.85 units split into two
clusters with Kuranda and Kerala separated fromébeto form one cluster. Further
down the line it was seen that Arufi Village andpdp Aramia provenances remained
together due to their similarity. The second @usplit into two clusters at a distance
of 9.76 units. Claudie River and Pascoe River ierathclustered, while Oriomo and

Balimo split from the cluster at a distance of 4a2fl 9.76 units, respectively.
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Rescaled Distance Cluster Combine
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Arufi Village WP 2 ]7
Upper Aramia 9
Binatun 10

Tully-Mission Beach 1

Lake Murray 7
> Kuranda 5
Kerala 11

Claudie River 3 T
6

Pascoe River

Onomo WP 4

Balimo 8

Figure 9. Dendrogram of the hierarchical clustealygsis of the provenances &t
mangiumbased on the six variates.
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DISCUSSION




5. DISCUSSION

In the present study, eleven provenances includireglocal seed source were
evaluated to identify the variations that exisgnmowth attributes and wood traits of
A. mangium The influence of the genetic and environmerdatdrs on the selected
characters as well as inheritance patterns ofr#its tvas also examined to gain basic

information for breeding purposes. The salientiitesare discussed hereunder.
5.1 PART |

The growth performances of the provenances wersssd in the trial situated
in Livestock Research Station, Thiruvazhamkunnuthe study, survival percentage
of the provenances, DBH, height, volume and trem fowere estimated. The stability
of the provenances in the growth attributes wese determined using the secondary

data of ten year periods of growth of the trialnpédion.

5.1.1 Survival percentage

Whether a species is an exotic or native, the enmient can induce changes in
the individual behavior at the morphological andgdrysiological level and such
change is crucial for survival in heterogeneous aadable conditions (Gratani,
2014). Survival rate of a species is also infl@ehby the age of plantation. If there
is high mortality rate for a species, it is statteat the necessity of breeding for higher
survival rate outweighs the importance of breedimgvolume per tree (Chambers
and Borralho, 1997). But, the capability of a spedo survive is often related with
the provenance variation (Zobel and Talbert, 198Zhe provenance that has a
superior genotype for growth will show better sualiability as they are highly and
positively correlated (Chambert al., 1996). Therefore, survival percentage is
considered as one of the important selection trait.
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Harwood and Williams (1992) had reported that thevisal rate of different
provenances ofA. mangiumat 1.5 to 3 years reduced to as low as 17 petoed?
percent in Fiji and Bangladesh. Kurinobtial. (2006) also reported that mortality
rate of A. mangiumincreased rapidly after five years of plantinghé tplantation is
left unthinned. In the present provenance triakimoning has been carried out for
the plantation, but all the provenances Af mangiumshowed good survival
percentage even after 13 years of growth. Thewalrpercentage ranged from 59.26
percent to 96.30 percent. The variation betweerptbvenances was not significant.
Such high survival percentage highlighted the falte climatic conditions of Kerala
for the species and the suitability of all the moances to the climatic condition.
High survival percentage of the species irrespeativprovenances and sites had also
been reported in other places as well whAremangiumhas been successfully
introduced (Atipanumpai, 1989; Warren, 1991; Vietiet al.,2007).

5.1.2 Height, DBH and volume of the provenances

Plant grows in communities where they compete wélghbors for resources.
Therefore, every changing environmental conditrmiuces a response from the plant
depending upon the genetic factor or independeahtiyugh epigenetic nature of the
species (Vaughet al., 2007). The characters used to identify its respaio the
environment depend upon the utilization point oéwi(Atipanumpai, 1989) and
A. mangiumis of interest because of its fast growing natubectv is measured by
diameter and/or height. Therefore, in the prestudy the performance of height,
clear bole height, diameter and volume were therathers selected for growth
attributes.

The overall mean of height and DBH for the 14 ya@drA. mangiunin the trial
was 20 m and 19 cm, respectively. On the conttheyaverage height and DBH of
the species at 6 to 10 years grown in differentspafr Kerala was found to be at the
range of 22 to 26 m for height and 35 cm to 39 omDPBH (Dhamodaran and
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Chacko, 1999). Another study conducted in Wesa Jaund that the growth of more
than 10 years olé. mangiunranged from 20.03 to 22.93 m in height and 25.97 to
30.23 cm in DBH, despite being grown in an infersioil (Nurhasybet al., 2009).
Therefore, the growth of the provenances in theeciitrial was comparatively slow

compared to the other studies.

The poor performance in the present site may béuaitd to the poor soil
condition. The site has an ultisol (Kunhaetual., 2010) which is a highly leached
soil and usually lack phosphorous and other mineu#dients (Gilberteet al., 2015;
Singhet al., 2015). In addition to the deficiency of nutrigntise susceptibility to
crusting, erosion and compaction were also beingsidered as major contributing
factors for reduction of productivity in ultisolgléxkull and Mutert, 1995). So, in the
absence of external input of fertilizer and othemagement activities for the current
trial plantation, it might have impacted the growftthe species. Slow growth of the
site can also be observed from the fact that tperteof 6.5 years old\. mangium
plantation grown adjacent to the current trial vétplanting density of 1250 treesha
had an average height of 15.95 m and DBH of 14@3(Kunhamuet al., 2011)
which is comparatively lower than the growth oféays oldA. mangiunreported by
Dhamodaran and Chacko (1999). Instead, it was muanie comparable with 5 year
old Eucalyptus urophyllaanother fast growing tropical species, grown tregraded
and infertile ferralitic clayloam soil. Mean hetghf E. urophyllain the infertile soil
was found to be 13.1 m and DBH of 12.1 cm (Ketral.,2009). The importance of
fertilizer application in tropical areas féxcacia species had been emphasized by
Turnbullet al. (1998).

Moreover, the present study could not detect agyifstant difference, except
for the height of the trees, between the proversmnoegrowth attributes. The
provenances that showed better performance in heighe Kuranda, Arufi Village

and Upper Aramia. The average height of the tpregenances ranged from 21.27
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m to 22.12 m. Oriomo (19.83 m), Balimo (19.58 mmdaBinaturi (19.54 m)
provenances features among the best as well asgathenleast performance in
height. On the other hand, the provenances witr goowth in height were Pascoe
River, Tully-Mission Beach and Lake Murray. Thegdhmean height of 17.97 m to
18.61 m. Kerala seed source (19.06 m) also featon@ng the poor performer as it
did not differ significantly from the latter provances. Superiority of Kuranda and
Oriomo of Papua New Guinea provenances in heigBtdi @nd volume had been
reported from the provenance trial in Vietham, SuieyaZaire, etc. (Nghia and Kha,
1998; Warren, 1991, Khasat al, 1995; Sein and Mitlohner, 2011; Nirsatmanto,
2012).

The present finding is in contrary to most of teparts for provenance trials of
A. mangiumwhere significant variations were identified betmweprovenances in
growth attributes (Chittachumnonk and Sirilak, 19BArwood and Williams, 1992;
Liang and Gan, 1991; Khasst al., 1995). However, it is not an exception. A
provenance trial in Indonesia using 30 provenasbesved no significant difference
between them (Suhaendi, 1993). Low variation betweprovenances in
A.auriculiformis had also been reported from Karnataka, India (@ubgwar and
Math, 1991). In both the reports the local provereawas also adjudged among the
poorest performer. Similar finding of low variatibetween provenances had been
reported inEucalyptus viminalisnd Pinus radiataand it was attributed to limited
number of families included in the trial, problemcéd during the initial stage of
establishment or limited number of three replicadiqVarelides, 1996; Cappa and
Pathauer, 2010). In the present study, no eshabéat problems that could have
impacted the performances of the growth attribwtese encountered. Moreover,
limited number of families being represented durihg collection of seeds is not
likely to be the cause. The most probable reasmridcbe that under poor site
conditions, provenances were not able to exhil@trtpotential. This will have a

bearing on their stress tolerance mechanism. Roehal. (2007) also reported that
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in Guazuma criniteéhe variations between provenances were most praea in the
site where there was rapid growth.

Clear bole height among the provenances was alsadfto be relatively low
and did not differ significantly from each othehe overall mean of the height
estimated during the year (14 years old) was jugh 9hich corresponded to 46
percent of the total height of trees. Sulaiman kind (1993) had also reported low
clear bole height of 4 m to 9 m for 5 years Aldmangiumhaving an average height
of more than 20 m. The reason for short clear helght is thaA. mangiundo not
self-prune easily likeeucalyptusspecies (Atipanumpai, 1989) and the present trial
plantation was not subjected to any kind of sillti@l management, except for
occasional weeding. So, in the absence of adlfipruning it is obvious to have
short clear bole height. But it is at the highed,ewhen compared with 8 year old
Melia azedarachwhich had an average of 2.13 m clear bole heighgegifdet al.,
2014). Clear bole height in the present study ¥easd to have higher ECV
(29.28%) than GCV (17.39%), so it is important thadper silvicultural management

practices are followed for the provenances to akthgood bole height.

Secondary data, starting from five years till taated the age of 14 years, for
the provenances maintained by the AICRPAF showatrttean annual increment of
DBH was found to be the highest at 5 years witlaarage of 2.83 cm and gradually
reduced with age to 1.36 cm at 14 years. Fronfitidéng it can be presumed that the
maximum MAI in volume of the provenances will bethim 6 to 9 years as reported
by Mead and Miller (1991) and Warren (1991). Tisi®ne of the important aspects
of A. mangiunbeing considered for plantation programmes. Hsédgrowing nature
make the species reach culmination point very damyfixing the rotation age and
thus reducing the time for harvest.

The MAI reported by Kha and Nghia (1991) for thedps (2.4 cm at 8 years)

is comparable with the present study for the cpoading age, but it was higher than
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the MAI of DBH (1.01 cm to 1.29 cm at 8 years) répd by Patilet al. (2012) for

A. mangiumand clones grown in red shallow soil of Karnatdkdja. In the present
study, the local seed source (3.11cm) and Orionowgmrance (3.07 cm) had the
highest MAI of DBH at 5 years. Oriomo provenanentmued to perform better
than the other provenances till the™lyear, while the local seed source showed

varied response.

Determining and understanding the nature, causeamlint of variation is an
important step for tree improvement (Awang and Bifoatnmon, 1993). To identify
the genetic control and the magnitude of variatas a result of genetics and
environment, their broad sense heritability, GC &CV had been worked out for
the growth attributes and other traits as well. tdrms of magnitude of variation
contributed by the genotype, GCV of height (15%Q &BH (9.99%) were lower
than volume (38.57%) in the present study. Couse{iL994) had reported that the
individual tree volume will have the highest lewsdl additive GCV than the other
growth attributes. It was further reported that tBCV of other traits tend to be
below 15 percent. Concurrently, the GCV of heightt DBH in the present trial
were 15 percent and 10 percent, respectively. prasent study showed that GCV
was higher than ECV (12%) for height, while ECWotume (29%) and DBH (29%)
were higher than GCV. Clear bole height was atamdl to be more influenced by
the environmental factors. Similar finding was agpd by Meenaet al. (2014).
Genetic control, based on broad sense heritabdftjeight in the present study was
high (63%) moderate for stand volume (49%) and low DBH (26%). The
contribution of genetic to the total variation fdear bole in the present trial was also
low (26.08%). Higher genetic control over heighart the volume and DBH is in
agreement with the report of other studies. Attempilation and analysis of 67
published literatures of forest tree species, Aure€1994) reported that height tends
to have higher heritability than DBH and volumen Virginia pine, it was also
reported that height has higher heritability (53%@n DBH (33%) for eight years old

123



trees (Meier and Goggans, 1977). Svensesbral. (1999) also found higher
heritabilities for height (65% to 84%) in loblollyine than DBH (19% to 37%) and
volume (0.43% to 0.61%). Similar finding of highleeritability for height (28%)
than DBH (14%) has been reported Eorcladocalyx(Moraet al.,2009). However,
there are various reports where DBH had highertdtality than height (Susantet
al., 2008; Kien, 2009; Cappa and Pathauer, 2010)dyStanducted using composite
seedling orchard oA. mangiumn Indonesia also found that individual narrowsen
heritability of DBH (20%) was the highest followeg height (8%) and volume (4%;
Nirsatmanto, 2012). Nevertheless, present findihgigh heritable nature of height
and higher genetic influence than the environmenthe trait favored the selection
based on the trait for the provenances.ofmangium The expected genetic gain was
also found to be high (25%) for height. Genetilmdgar volume (56%) was also
high, moderate for clear bole height (18%), but fowDBH (10%).

Moreover, the analysis of stability using AMMI mdddhowed that there was
no significant interaction between genotype x emvinents in DBH. This implies
that the relative performance of the provenancegeim of growth of DBH will
remain unchanged irrespective of the environmedit phevails in the site. The most
stable provenances in terms of DBH were Kurandafandl Village (Figure 3). The
two provenances also happened to be among the@dstming provenances in most
of the parameters studied in the present investigattherefore they can be

recommended for Kerala condition.
5.1.3 Treeform charactersand branching habit

Tree form and branching habit affect the final pradof wood (Zobel and
Talbert, 1984). Undesirable tree form and branghabit decreases the volume,
economic value of tree and increases the price imber manipulation and
transportation (Codesido and Fernandez-Lopez, 200&tem taper, which is

expressed by the ratio between stem diameter asbheight and at a higher level,
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are important for volume production and propersesh as wane and spiral grain
(Ehrenberg, 1970). Therefore, improving of stemmf@and branching characteristics
had been stressed as a critical part of breedirggegies for tree improvement
program (Cameroret al., 2012). Such program figures most prominently he t
breeding goal of conifespecies. Nevertheless, its importance is felt tfoz
hardwood and fast growing species. Thereforessess the tree form characters and
branching habit, visual scoring system was emplayatieach tree was evaluated for

the provenances.

In the present study, there was no statisticaliyificant difference between
provenances in tree form and branching habit. &y univariate analysis showed
no significant difference between provenances f@ percentage of good axis,
straight tree and light branched trees. The aeeragnber of trees having good axis
persistence (52%), straight tree (73%) and ligl#nbhed tree (63%) were high.
Moreover, trees of the provenances had good tdpgtem (0.87), but no significant
differences between provenances. The presennfirshowed that majority of trees
of the provenances has good tree form and brandrabg. This aspect should be
utilized in breeding programme so that it will iroge tree form. In turn, the quality
and economic value of the timber will increase. alprovenance trial dEmelina
arborea, Indira (2006) also reported that no significantfeténces exist in axis
persistence, stem straightness and branch thiclaseseell as in the percentage of
straight trees and light branched trees. Howevgnifgcant differences were
observed for good axis persistence at one sitee résult showed that 57.92 percent
and 60 percent of the total number of tree§sofarboreahad good axis persistence
and light branched trees, respectively, but thecispewas found to have low
proportion of trees (12.11%) having straight sterStand quality assessment of
Tectona grandislso showed that no much difference exist betwhenChittagong
and Sylhet study area in branching habit and stesightness, but the differences in

axis persistence were found to be significant (Mklet al., 2005). The percentage
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of trees having light branched were found to bénK{i¢p%) in the study and about 10
percent to 20 percent of trees tend to posses @enpersistence on both the sites.
In a provenance trial dbrevillea robusta Harwoodet al. (2002) also reported that
stem straightness and axis persistence were foantet significantly different
between 23 provenances. However, they cautiorsdlhieir performance could not
be established with confidence, because many ofptiewenances were poorly
represented in the trial, with fewer than five fhes tested. Therefore, the present
finding is in alignment with many of the studiesatltshowed that variation in tree

form is low.

Zobel and Talbert (1984) have strong opinion onhtigily heritable nature of
tree form, especially stem straightness. It stébed, because of the strength of its
inheritance, it was often possible to make enowjh op straightness even at the first
generation of intensive selection, while branchamgracteristics were much more
strongly influenced by the environment and mighgutein modest gain. Similar
view of strong environmental influence on branchhapit had been endorsed by
Vargas-Hernandeet al. (2003). It was stated that modest response inchiag
traits were expected from selection at age 12, usscaf the weak genetic control
observed for these traits in the field. The prestady showed that straight trees
(39.09%) and stem taper (44.84%) of the provenarme®\. mangiumwere
moderately heritable. Similar finding had beenorégd in other species as well. A
study to determine genetic parameters for straggstnof stem oE. cladocalyx
showed that stem straightness had moderate hétitadi0%; Vargas-Reevet al.
2013). In loblolly pine, heritability of stem stghtness was moderate to high (26%
to 51%) for open pollinated families (Shelbourned a®tonecypher, 1971).
Heritability of stem crookedness f@algergia sissoowas also reported to be 42
percent and 65 percent at two different sites dkid®an, Daphar and Pirawala
plantation (Vidakovic and Ahsan, 1970). Stem ghiess oPinus taedahad low
heritability at 1.5 years (2 to 8%) which increasednoderate (16% to 33%) with
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age (Gwazeet al., 1997). This indicates that the straightness e in the present
study is strongly influenced by genes and thergoatentials for further improvement

through selection.

On the contrary, low heritability (27.59%) of goasis persistence was found
to be associated with the provenanceé.ainangiumn the present study, while light
branched trees had moderate heritability (46.11Pgrwoodet al. (2002) also found
low heritability (11%) of axis persistence. Highleeritability of branching habit
(29%) compared to stem form (22%) had been repdmed/olker et al. (1990).
Moderate heritability (41% to 42%) for branchingoltacomparable with the present
finding was reported in Douglas fir (Vargas-Hernaneit al.,2003). Environmental
coefficient of variance for tree form and branchingits was greater than genetic
coefficient of variance in the present study anel genetic gain expected for good
axis persistence, straight trees and light brandhess were moderate but low for
stem taper (Table 10). Since the heritability &l ws the GCV were relatively low
for good axis persistence, it is advisable to cehdegular pruning and other tending
operation. Multiple stem is one of the charactersundermining the good axis

persistence and this can be routed at the inté@lesof growth by singling.

When stem straightness &finus taedawere subjectively assessed using
relative straightness scoring system with a scalglwest) to 6 (worst) and compared
with sweep, a product grading standard, it was mveskethat genetic differences were
inflated in one test which had exceptionally sthdigees and undervalued at a second
test which had extreme variation in bole straigesn@Villiams and Lambeth, 1989).
They further added that use of such relative swollegive suboptimal response to
multiple trait index selection if sites influencéet degree of trait expression.
Therefore, the estimated mean and genetic parasnietehe present study for tree

form and branching habit need to be further cordalrhy testing in different sites.
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5.2 PART Il

Seeds of the open pollinated parents were colldobed the trial plantation and
used for testing the progeny in the nursery. Morpétric traits of seeds, viability,
dormancy, germination parameters were also evaluébe variation between
provenances. Understanding the pattern of vanatothe characters is important,

because of their implication in the performancethefseedling.
5.2 Morphometric traits of seeds

Seed is the reproductive organ that plant reliesnufpr multiplication and
dispersal. Seeds morphometric traits can varym#pg upon the growth form and
dispersal mode of plants within different commuest{Zhang, 1998; Bonfil, 1998).
Few studies have been reported for the variatidnsi\@phometric traits of seeds
between provenances Af mangium In the present study, 100 seeds were evaluated

for morphometric traits from the ten provenances @me local seed source.

Variations of morphometric traits of seeds betwdle® provenances in the
present study were found to be significant. Higls=ed weight (332 mg), width
(2.68 mm) and thickness (1.57 mm) were observedruii Village provenance of
Papua New Guinea. It differed significantly froest of the provenances. On the
contrary, the Kerala seed source produced the lowe=an value for all the
morphometric traits of seeds. The variation in titaéts for the Kerala seed source
was found to be significantly different from allher provenances, except for seed
thickness. Seed thickness was found to be motessrsimilar with Tully-Mission
Beach, Oriomo WP, Balimo, Upper Aramia and Binatufihe studies of Salazar
(1989) and Adjers and Srivastava (1993) also rededhat Papua New Guinea
provenance usually had larger seed size than theepances of Queensland and
Indonesia. But in the present study, apart fromfiA¥illage provenance of Papua

New Guinea, provenances from Queensland too, ehave larger seed size (Table
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13). This was most pronounced in the seed lengtie seed length was found to be
the highest from Pascoe River (4.22 mm) and Tullgsibn Beach (4.20 mm)
provenances of Queensland. Large size seeds havadivantages of higher seed
germination and seedling establishment, while smaléeds have the advantages of
escaping animal and bird predation and forming sedd banks and exhibit greater
potentiality in vegetation renewal (Donaldsat al., 2014). Therefore, the
competitive advantage for renewal of vegetation momties can be modulated
through the seeds depending upon the size of thdssand the environmental
conditions (Susko and Cavers, 2008). Seed sipepddy an ecologically important
role during stress condition and such informatioovwes a biological basis for the

conservation and reintroduction of many speciesniRa-Valienteet al.,2009).

In terms of genetic variation, seed morphometaddrhad low GCV as well as
ECV. Seed weight had the highest GCV (10%) followey seed width (4%),
thickness (4%) and length (3%). Sétual. (2012) also reported that seed weight had
the highest variation in the morphotmetric traita Magnolia officinalis.
Environmental coefficient of variation of the tsiin the present study was much
lower (less than 2%; Table 14). The contributibrgenetic to the total variation was
very high. It was more than 90 percent in all tteets. Similar finding had been
reported inCordia africana(71% to 98%; Lohat al.,2006) andSenna siamef9%
to 83%; Takuathungt al.,2012). The genetic gain expected from 5 perogletson
intensity for the provenances was also high fotredlmorphometric traits, except for
the seed width, which was found to be moderate J2®%ighest genetic gain was

expected in seed weight (56%).

However one must note that seed morphometric taagtstrongly controlled by
the maternal effect (Roach and Wulff, 1987; Gornz&edriguezet al, 2011) which
can be further modified by the prevailing enviromtaé factors like availability of

nutrient, moisture, temperature, latitude or theettepmental stage of the plant
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(Zhang, 1998; Uniyatt al.,2000; Loheet al.,2006; Rawat and Bakshi, 2011; Stu
al., 2012). The variation in the traits influenced gegformance of seedlings. Bonfil
(1998) reported that seedlings originating frongéarseeds were better equipped to
confront stress at an early stage as well as atetitk of the growing season in
Quercusspecies. Seedling height, diameter, leaf aredbanrdass were also found to
be profoundly affected by the seed size in theystlitierefore, the variation in the
production of the seed has a functional relatignshith the performances of
seedlings (Green and Juniper, 2004; Qutral.,2007) and reflects the response of a
species to maximize their potential fithess andisal in the environment (Zhang,
1998). But such functional relationships havergem studied in exoti&cacia
species which has been introduced and acclimatizaie country for more than
decades. Understanding of such relationship waitbw a light into its greater
functional and ecological roles. It will also giwn insight into its invasive
capabilities, becaus@&. mangiumhad been reported to colonize degraded and
disturbed forest land, displacing the native spedre Borneo Island (Davies and
Becker, 1996). But the threads of the speciegeireralAcaciaspecies, colonizing a
forestland are significant only when there is atamdight, whilst in intact forest or
disturbed but periodically wet habitat, its thrdadimited (Osunkoyeet al, 2005;
Nghiemet al.,2015).

5.2.2 Viability, dor mancy and ger mination

Dormancy assays are based on seed germinationhwgithe result of the
balance between the degree of dormancy and theibap&the embryo to overcome
dormancy (Bentsink and Koornneef, 2008). Dormaaray germination are complex
traits that are controlled by a large number ofegerwhich are affected by both
developmental and environmental factors (Koornnetefl., 2002). It has been
defined as the incapacity of a viable seed to geatei under favorable conditions
(Bewley, 1997).
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Before the experiment was conducted for determinimg dormancy and
germination test, viability of seeds was assessatfjuetrazolium chloride solution.
Viability of the provenances was found to be highranged from 93 percent to 100
percent. High viability of the provenances canoake noticed from the high
germination capacity. In the germination test, ¢batrol seeds failed to germinate,
while seeds that were treated with hot water wbte & germinate when kept under
the same condition as control. This together wuitfh germination capacity of the
control seeds indicated the presence of dormanalyl€T17). It also implies that use
of hot water for treatment of seeds induced a chaogthe treated seeds. Baskin
(2003) had reported that seed coatAchcia species possess lignified malphigian
cells called lens, which made the seed impermetblevater. The lens can be
dislodged by stress or after prolong soaking inewgBaskin, 2003; Warrag and
Eltigani, 2005). Therefore, when the seedsAofmangiumwere treated with hot
water, it probably induces a stress and dislodbedens, which in turn facilitates the
passage of water for inducing germination proce®s the other hand, absence of
stress or any other mechanical means kept thanéas and prevent the imbibitions
of water. Therefore, the control which were devofdany stress had high water
impermeability and, thus, failed to germinate itkey have physical dormancy
(Baskinet al.,2000). This finding confirmed th&t. mangiumlike most of the other
Acaciaspecies, has physical dormancy.

Permeability and impermeability of water is a fadiwat depends on the level
of lignifications (Kelly et al., 1992) and how tightly the cells are packed in the
palisade layers (Baskiet al, 2000). Therefore, it may not exclusively predutie
imbibitions of water. Moreover, water uptake fargination is triphasic. A rapid
initial uptake (phase I, i.e. imbibitions) followdxy a plateau phase (phase II). A
further increase in water uptake (phase Ill) occordy after germination is
completed (Manzet al., 2005). Therefore, even though there is absence of

germination, the control showed slight increasedead mass (Table L1&hich was
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not sufficient enough to induce germination. Samilinding of minute increased in
seed mass, despite being dormant, had been reportbdee otherAcacia species
(Venieret al.,2012).

Germination traits of seeds of all plants are iaficed by the provenance
(Keller and Kollmann, 1999). Substantial variaiom germination had been
reported for Acacia species. Acacia mangiumusually has high germination
percentage. It was reported to be much higher tBAanauriculiformis, A.
aurlacocarpaand A. crassicarpaand A. oerfota(Indira, 1999; Abariet al., 2012).
The germination percentage of the provenanceseiptésent study was also found to
be high. It ranged from 72 percent to 94 perc&ht analysis of the germination
related parameters of the provenances showed ismgmifdifference between them,
except for germination capacity. Germination c@#yafollowed the pattern of
viability and did not differ significantly betweethe provenances. Lake Murray
provenance of Papua New Guinea was the best penfgrpnovenance in almost all
the parameters observed for germination. It albthe shortest day (7.25 days) for
germination to reach 80 percent or more from thal toumber of seeds germinated.
It was closely followed by Claudie River (9 dayshdaBalimo (9.50 days)
provenances. They outperformed Lake Murray proneaan germination energy.
On the other hand, Kuranda and Pascoe River of ri3lased were among the poor
performer in most of the parameters. However, they shorter germination period
than Tully-Mission Beach, Arufi Village and Upperraimia provenances. Large
differences between provenances for germinatiocgmage were also reported in
many other species (Keller and Kollmann, 1999; @het al., 2000; Bischoffet al.,
2006; Shiet al.,2012).

Germination test of the present study showed thaetic influence was higher
than the environment for the germination traitsthe# provenances. Highest GCV
was associated with germination value (25%) andhgeation energy was found to
be the least (6%). Heritability also ranged fromdarate (55.84%) to high (80.67%)
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for the parameters. Understanding the geneticnpatex is an important step for
selection of provenances, because the right chafieelection of provenances is as
important as pretreatment (Uniyat al., 2000). The high genetic control of the
species for the traits make the presumption confideat the provenances of Lake
Murray, Claudie River and Balimo will performed tegtin the field. Therefore, the

three provenances should be used if germinatiolikedy to be a concerned for

regeneration of the species in the field.

High stability in the germination traits can allogliable prediction of between-
provenance difference in the field (Bischadt al., 2006). Likewise, the better
performances of Lake Murray provenances in thegmtestudy for the germination
traits were observed to perform better in the nyr&e height (Figure 4) and also
expected the same in the field as well. Anothgartant factor that influences the
germination is the variation in the seed size. kv, in the present study, it was
found to be positively and significantly correlatedly with germination period and
seed weight and width. Similar finding had beepore=d forA. nilotica Larger
seed size oA. niloticawas found to be associated with higher germinatelocity
and percentage (Jones and Sanders, 1987). Budffédne on germination traits with
the rest of morphometric traits in the presentifigdwas found to be weak. The
independence of germination traits to the seedtsttad also been reported in other
species including shrubs and herbs species (ZhadgMaun, 1990; Shipley and
Parent, 1991; Eriksson, 1999). However, in thesgme study seed size classes were
not maintained this could have failed to deteceftsct.

5.2.3 Seedling growth

In the present study, the seedling height at twonthm did not differ
significantly between the provenances, but afteo twonths, the traits showed
significant difference between them. However, ngniicant differences were

observed in collar girth in all the stages. Indit899) also reported low variation for
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the species in the seedling girth as well as faghteof nine provenances of Papua
New Guinea, when provenance trials were conductdderala, India. The overall
mean of seedling heights of the provenances founthe present study increased
from 10.87 cm at two months to 21.40 cm at threathmof growth after sowing and
collar girth ranged from 1.62 mm at two months t813mm at three months. Lake
Murray provenance was one of the provenance thédmpeed best in the study, while
the local seeds of Kerala showed poor performam@ighout the period (Figure 4).
The growth in height of the ten provenances washrhetter even if it compared
with the performance of seedlings Af mangiunmthat were inoculated with different
types of mycorrizhal fungi (Ghosh and Verma, 200But the treated seedlings were

better than the local seed source used in thereaely.

No difference was observed for RGR between theemamces. Low variation
in RGR had also been reported for other specieShHuet al(2012). Takuathungt
al. (2012) also reported low variation for RGRMagnolia officinalis.The result of
RGR also showed that the highest growth rates edlse of all the provenances
were observed within 60 days of growth. Thereafterthe seedling grew older, the
growth rates tend to decrease, but it does novviokiny particular pattern. The
decline in growth rate is in accordance with thegorés for other species (Turnbtl
al., 2012).

The provenances had high heritability for heightl amoderate for girth.
Heritability of height and girth was 72 percent atilpercent, respectively. This is
in conformation with the earlier findings that heigand girth were substantially
under the genetic controlled (Uniyed al.,2000; Lohaet al., 2006; Shuet al.,2012;
Takuathunget al.,2012). It is also evident from the observatioat tthe provenances
which showed better performances during the ingitalge of growth continued to
perform better even at the later stage of the spaalypd. Such consistency should be
related to growth in the field, if it followed theend, it could be a very important

initial selection mechanism (Salazar, 1989) andiggof seedlings based on the two
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traits would be a good viable option f&t mangium. More emphasize should be
given on height for grading, because of its higipenetic control compare to collar
girth as well as higher genetic gain of height (1@k&n girth (5%). Higher genetic
control over height than girth for the species&td 30 months was also reported by
Atipanumpai, 1989. Kieret al. (2009) also found that, iEucalyptus urophylla,
heritability of height was higher than DBH belovetage of two years.

On the contrary, low GCV was associated with heightl girth for the
provenances oA. mangium Out of the two traits, seedling height had higB€V
than the collar girth of the provenances (Figure 7his further strengthens the
recommendation of grading of seedlings based aghheiThe GCV of height ranged
from 4.51 percent to 9.08 percent and 3.54 peitoehid7 percent for collar diameter.
This was much lower than the GCV of height (12.49%5.35%) and girth (19.72%
to 23.19%) reported by Indira (1999) for 9 to 12mis old provenances from Papua
New Guinea. However, in the present study, genotgpefficient of variation

increased with age for both the characters.

Another important finding of the study was the sgocorrelation between
morphometric traits and seedling growth (Table 2&eed weight was found to be
strongly correlated with the height of seedlingslastages of the study period. The
correlation coefficient increased from 0.239 at twonths to 0.333 at five months.
Similarly, seed width also had significant corridat(0.314 to 0.335) with seedling
height after two months of growth, but it decreas#th increased in months. This
highlights the importance of choice of seed sizenduseed collection, irrespective of
whether the information of the parent materialavailable or not. The correlation of
seed length and thickness with seedling height welatively weak, but the
importance of the two traits cannot be undermitedause of their strong correlation
with seed weight (0.579 and 0.615, respectivelf)erefore, it is important to ensure
that large sized seeds are collected during cadleatf seeds for various purposes.

This will have great implication when the species @ be used for reclamation of
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wasteland likelmperata cylindricainfested area, because small differences in the
performances are greatly magnified under competitenditions (Weiner, 1990).
Having said that, additional research is warramtedpplication of such finding in

the field where competitions and unpredictablewstances prevails.
5.3 PART lll

In the present study, mechanical and physical pti@se of wood were
estimated for the provenancesAfmangium The samples were collected from the
field after felling the trees. Physical propertige density and heartwood proportion
were estimated at different height levels, whiteefidiameter was estimated from the
base of tree height. Mechanical properties ofwtbed were tested for five randomly
selected provenances. The properties includebdrestimation were static bending

and compression parallel to grain.

Properties of wood vary from one species to anotdwemell as within an
individual. Differences in age and growth habi#go influence the properties of
wood (Bhatet al., 1985; Zobel and Talbert, 1984; Zzivwe# al.,2006). Provenance
variation had also been recorded in many of thdistuconducted foA. mangium
Such differences need to be considered while s$etech provenance for
improvement in wood properties of a species, bex#us ultimate aim of breeding a
forest tree species is for higher production of dvamaterials.Acacia mangiunhas a
moderately durable wood (Jusehal, 2014). It can be used for many mechanical
purposes, but more importantly they are used f@p pad paper production (Griffin
et al.,2011). The main sources of pulpwood in the fufareAsia are expected to be

from AcaciaandEucalyptugplantations (Paavilainen, 1998).
5.3.1 Heartwood per centage

Depending upon the purpose of end use of wood maktethe desired

sapwood-heartwood percentages may vary. High pege of heartwood may be a
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more desirable character for used as solid woodgvithmay not be the case if the
end use is for pulp and paper production becausieegbresence of higher extractives
(Lourencoet al., 2008). So determining the variation in heartwasdociated with

the provenances is necessary.

The result of the present study showed that headvpercentage decreased as
it moved from basal portion to the top portion loé stem in all the provenances. The
overall mean percentage of heartwood at base (188hthlevel), middle (50%
height level) and top (75% height level) was fotmdbe 69.23 percent, 62.53 percent
and 51.76 percent, respectively. This is comparalith the study conducted for the
species in Kerala. The overall mean heartwoodgmage ofA. mangiumgrown in
the state was reported to be 63 percent at 25 mtehegght level, 57.1 percent at the
middle and 49.5 percent at the top portion for #@rg old trees (Dhamodaran and
Chacko, 1999). The average content of heartwoodHe present study is also
comparable withA. melanoxylowhere heartwood represented 64 percent of the stem
cross sectional area up to 50 percent of the tatalheight (Knapiet al, 2006), but
much higher thaRinus pinasterwhich is the main timber species in Portugal, riehe
heartwood represented only 17 percent of the stenious0 percent of total tree
height (Pintoet al., 2004). The decline in the heartwood content asaved from
base to top portion in the present study is nadtasp as the decline observedEn
regnans. For the species, heartwood percentage was fouhd &¥.41 percent at the
breast height, but substantially reduced to 30.2#«qmnt in the percentage when it
attained 60 percent of the total tree height (@ithii and Dougal, 2012). The
heartwood percentage was found to be significavdlyed between provenances at
the base of the tree height, but higher up in steeyariation reduced and was found
to be non-significant. Such failure to detect elince may possibly be because of
large variation within provenances (Fries, 199%ighest heartwood found at the
base of the stem were from the provenances of Eemabd source (81%), Oriomo

(78%) and Pascoe River (73%) provenances.
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From the results it can be presumed that substgmiiéion of the total stem
wood was occupied by heartwood far mangiumin the present study. This is an
important aspect for the potential timber utilipatiof the wood, because heartwood
is considered as one of the most important trepgsties to establish the timber value
of the stems (Harrisoril974), but this has to be taken with caution, eislg for
young and fast growing trees species (Fagtkedll, 2009). Besides\. mangiunface
one critical drawback, though a sizable proportdrihe stem wood is occupied by
the heartwood. The presence of soft inner coredwisoone of the deterrent
characters for used as solid wood materials, bedaagetached easily from the wood
while drying. The soft core wood was estimates¢oupy around 7 percent to 14
percent of the wood volume (Dhamodaran and Chad@99). So, further
improvement program should also focus on reduatiosoft inner core wood of the

species.

The result of study on two Swedish provenance deges ofPinus sylvestris
indicated that stand characteristics such as slandity had stronger influence than
provenance on heartwood and sapwood propertiess(F999). The differences due
to provenance origin were found to be very lowhe study. However, in the present
finding, large proportion of the total variationthe basal (81%) and middle portion
of the stem (56%) were substantially under the germontrol, although at top
portion of the stem the genetic control scale ddwra very low proportion of 5
percent. Similarly, inPinus sylvestrishigh narrow sense heritability (54%) was
found to be associated with heartwood (Ericsson Fek, 1999). Heritability of
sapwood/heartwood ratio was also found to be meel€B&%) forE. grandis(Santos
et al., 2004). Therefore, there is good scope for imprguhe sapwood-heartwood
content of the provenances through selection optbgenances. For harvesting, it is
important to take into account the age and dianster Harvesting at early age will
yield more sapwood content because of the positveslation between diameter and
heartwood content (Sempd¢ al, 1999; Knapiet al, 2006).
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5.3.2 Basic density

Basic density is an important wood property and tlosely related to the raw
material quality for pulping and suitability of wador other types of processing
(Wattet al, 2008). Wood density correspond to higher pugddg on a raw material
volume basis and to a better use of digestor cgpasiwell as high wood density
combined with high volume growth maximizes prodoction the unit area basis
(Mirandaet al.,2001; Wimmetet al.,2002).

The average basic density estimated for the prowems irrespective of the
height level, was 492 kg T It was higher thaiucalyptus duni{466 kg nt), which
can give higher yields of pulp and superior papakimg properties than the widely
accepteckE. grandisfor its pulping quality (Arnolcet al.,2004). The present finding
is comparable with the average basic density (598rK) estimated at different
height levels for 10 years old. mangium,grown in other parts of the state
(Dhamodaran and Chacko, 1999) and the density {@®&75 kg i) estimated for
the 14 years old species grown in Malaysia (Lim &ah, 2000). However, it is
lower than the average basic density of five matuees (544 to 741 kg T of
almost all the eleven species studied by Bat. (1985), which are locally available
in Kerala. It is higher than only two specie®&. Anacardium occidentale
(437 kg ) andErythrina stricta(233 kg n?), out of the eleven.

Channeling most of the resources to height devedoprand compromising its
strength at the early stage of growth to avoid cetitipn was noted as one of the
reason for reduction in density and strength oejule wood and the earlier part of
the heartwood as it move along the height of tlee ffLokmal and Mohd Noor,
2010). However, this does not seem to explainpttesent finding of density that

increased with height.
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In the present study, the average basic densityhef entire provenances
decreased as it moves upward from the base (4#d %do middle portion (468 kg
m) of the tree height and again increased to 53MRat the top portion of the tree.
In the study of Lim and Gan (2000), similar pattefrvariation for basic density was
observed in most cases. The density was founddredse from base until it reached
the middle portion before increasing towards thp tf the tree. Significant
differences between the provenances were observedl the height level in the
present study. At the base of the tree heightaldeseed source (533 kg3jrhad the
highest basic density and differed significantiynfr Balimo (397 kg i) and Pascoe
River (444 kg n7) provenances, while the remaining provenances werpar with
the local seed source. Provenance of Upper Arédgia kg n®) was found to be the
highest at the middle portion and lowest was froaiiBo (421.44 kg ). At the
top portion of tree height, the provenances that thee highest density was from
Arufi Village (600 kg n¥) followed by Tully-Mission Beach (585 kg $h These
two provenances differed significantly from Orioid®2 kg m), Claudie River (467
kg m®) and Balimo (471 kg i), but the rest of the provenances were on par tivith
two provenances at the height level. Change irsiemalong the longitudinal axis
varied among provenances (Table 27). It followlsee patterns of variation. The
provenances of Tully-Mission Beach, Kuranda, Pastiwer, Lake Murray, Binaturi
and the Kerala seed source exhibit the first patariation that showed a decreased
in basic density as it moved from base to middletipo of the stem and again
increased as it moved to top portion (Figure 8/).this pattern of variation, highest
density was observed at the top portion of the hieght level. The second pattern of
variation of density showed a continued rise in demsity from base to top. So,
highest density was again at the top portion of tilee stem (Figure 8B). The
provenances that followed this pattern were Arufiage, Balimo and Upper Aramia
provenances. On the contrary, Claudie River antbn@ provenances, which
followed the third pattern of variation, exhibitéide highest density at the middle
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portion of the stem height level and decreased asoved downward and upward
direction of the tree stem axis (Figure 8C). Ustlrding such pattern of density
variation is necessary for tree breeding progratnis laborious and difficult to
estimate the accurate density based on volume apdwdight following the
destructive sampling when large numbers of treedabe surveyed. Consequently,
a penetrometer called pilodyn had been employedortivide easy and quick
information. The application of the instrument hbhden found to be fairly
genetically correlated with the actual density (Ket al., 2008; Cheret al., 2015),
but such method failed to consider the variatiomspnt within the tree and
substantial deviation will observed if it failed t@ke into account the variation. So,
understanding the variation within the tree israpaortant step to predict and provide

more reliable information of density of a provenanc

In general, the Kerala seed source (531 K had the highest average basic
density followed by Kuranda (521 kginof Queensland and Arufi Village (519 kg
m), Binaturi (512 kg i) and Upper Aramia (508 kg ™ of Papua New Guinea and
lowest was from Balimo provenance (430 kg)mfollowed by Oriomo provenance
(463 kg nt’) of Papua New Guinea. Similar finding of betterfprmance by the
local seed source had also been reporte@uazuma crinite(Weber and Montes,
2007). In a provenance trial 8f mangiumin Malaysia, it was also found that the
provenances of Queensland had the highest (0.57@)edl as the lowest (0.562)
specific gravity (Lokmal and Mohd Noor, 2010).

The result showed that the contribution of genetiect to the total variation of
basic density of all the provenances was moderatewaer portion and high as it
moved towards the top portion of the stem (Table 28onsequently, genetic gain
was high at the top portion and moderate at thesitomwo portions of the stem.
Therefore, further improvement through selection ba made for the provenances.

There was not much difference between the GCV &M for the trait in the present
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trial. The heritability estimated in the presentdy was higher than the heritability
of growth parameters. This is in line with theadp of other researchers like Zobel
et al. (1983) and Arnolcet. al. (2004). Moderate heritability (42%) had also been
reported inEucalyptusspecies (Arnolct al.,2004) as well as low heritability (18%)
in A. auriculiformis(Susantcet al.,2008). Heritability of wood can be varied with
differences in site (Arnol@t al.,2004) as well as can be influenced by the vanatio
in wood density components, especially the latewdedsity, at least for conifer
species (Louzada and Fonseca, 2002). But, in geneood density has high
heritability and responsed well to an improvemerdgpam (Zhanget al., 2003;
Stener and Hedenberg, 2003). The present finditggh genetic influence on basic
density support the findings.

Acaciaspecies is classified as a light hardwood witleasity of 420 to 483 kg
m* (Abdul-Kader and Sahri, 1993). dompared favorably with eucalyptus wood in
pulp and paper quality, but its wood often fallsolethe ideal density range (500 to
600 kg m®) for bleaching grade hardwood pulps for fine paf&empleet al, 1999).
Hence, it has been suggested that the species tebdspreferentially selected for
higher density to improve its pulping charactetcstiBalodis and Clark, 1998). The
present finding highlights the variations and pa#rior further improvement of the
species using the provenancesAomangiunin Kerala. However, these needs to be
taken with caution when the objective is to impreedume and dry matter, as there
are findings that support the negative correlatlmetween growth and density
(Walker and Woollons, 1998; Stener and Hedenbé)@32Zhanget al, 2004; Deng
et al.,2014), but such negative correlation (-0.092 1d B) were found to be weak in
the present study (Table 31). Moreover, Semepla.(1999) suggested wood density
should not be used as the sole criterion for asggHse suitability of tropicafcacias
for pulp and paper manufacture as it did not cpoad well with the ease of
bleaching and brightness required. Nonethelegspthsent study showed that the

Kerala seed source, Kuranda provenance of Queehsladh Tully-Mission Beach,
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Arufi Village, Upper Aramia and Binaturi provenasoaf Papua New Guinea will be
the best provenances to choose for further imprevemrogram, if selection were to
be followed based on wood density. The four pramees and local seed source

were within the ideal density range for pulp anggyanaking.
5.3.3 Fiber morphology

Acacia mangiunhas become one of the world’s major plantatiorcigsefor
pulpwood production (Griffiret al.,2014). It is primarily used for pulp and paper in
south East Asia. It can be bleached to high bniggg and makes excellent writing
paper. Despite being an important source for patmvproduction, it is difficult to
get information regarding the variation in fiber nploology between provenances of
the species. This necessitates the study forti@rian fiber morphology between

provenances for the species.

The fiber ofA. mangiums short (Sharet al.,1993). The average fiber length,
fiber diameter, lumen width and fiber wall thickeegstimated for the entire
provenances in the current study was 977.55 un3025m, 21.69 um and 3.61 pum,
respectively. It was higher than the estimated nmidaer length (954 pm), fiber
diameter (20.3 pm) and lumen (11.2 um) of 16 yeddsA. mangiumgrown in
Malaysia, but lower than the mean fiber wall thieks (9.2 um) reported by Lim and
Gan (2011). Yahyat al.(2010) reported a slightly higher mean fiber lengt982
pm, but lower fiber diameter (19.39), lumen widi4.29) and wall thickness (2.55).
Still higher fiber length of 1017 um and wall thigss of 4.3 um had also been
reported from Malaysia (Sahet al, 1993). The present finding of fiber length was
lower than average fiber length estimated for y&s oldEucalyptus grandi§l150
pm) grown in Kerala (Bhagt al., 1990). It was also lower than the fiber length
(1068 and 1194 um) estimated facaciahybrid (Yahyaet al.,2010; Chonget al.,
2013).
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Provenances formed a significant source of vamatar fiber morphology in
the present study. Provenances from Queenslarelfaand to be among the highest
as well as the lowest fiber length (Table 29). &da provenance of Queensland had
the highest fiber length (1091 um) and Pascoe Ries among the provenances
having the shortest fiber length (911 pm). Theatmms among the provenances of
Papua New Guinea were less noticeable, becauseiineenances from the region

had more or less similar fiber length.

For fiber diameter, Queensland provenances terthte lower diameter than
Papua New Guinea. Balimo provenances (28 um) tadhighest fiber diameter in
the present study, followed by Binaturi (27.62 peamd Oriomo (24.48 pm)
provenances of Papua New Guinea. Highest lumeatthwivas recorded from
Binaturi provenance (24.05 um) and Balimo provepaf@#.42 um) of Papua New
Guinea, while the rest of the provenances were mokess the same. In case of wall
thickness of fiber, five provenance Tully-Mission Beach, Arufi Village, Balimo
Upper Aramia and Binaturi provenances, had thek#ésicwall that ranged from 3.53
to 3.95 um. The local seed source was found tanteng the least value obtained for

all the aforementioned fiber characteristics.

Fiber morphology is a major determinant of papepprties (Griffinet al.,
2014). Fiber length positively influence the pyipld, tear index, bending stiffness
and permeance of pulp and handsheet propertiesnagdtively influence alkali
consumption (Wimmeet al., 2002; Jaharet al., 2010). In combination with wood
density and microfibril angle, fiber length waseald explain 52 percent of the pulp
yield variance, 45 percent of the active alkalisuomption variance, 72 percent of the
total variance of tear index at zero beating aner ®0 percent of bulk density, tear,
tensile and burst indices after beatindcurcalyptus golobuluNimmeret al.,2002).
Fiber wall thickness is an important factor in gotling the hygroexpansivity of
paper through fiber network activation (Pulkkiretral.,2009). The study found that
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in hardwood species includird. mangiumthin walled fibers with homogeneous
wall thickness distribution shrinks less duringidgyand swells less during rewetting
than a fiber network consisting of thick-walled dis with heterogeneous wall
thickness distribution over a relative humidity ganfrom 10 percent to 90 percent.
Fiber wall thickness was also found to be an ingodrfactor for pulp yield, sheet

density, Kappa number, etc. flar camaldulensigOnaet al.,2001).

Nevertheless, it is not possible to fully categerihe performance of the pulp
based on a single morphological factor (Horn, 199Hwadareet al, 2007) and the
influence of fiber length and wall thickness on tsength properties is most
pronounced in the unbeaten pulp. After beatinffedint indices like runkel ratio,
rigidity, flexibility and slenderness play a greatele (Oluwadareet al, 2007). The
indices are derived values, so they reflect théatians in the fiber characters that

vary depending upon species, sites and provenances.

The present study showed that the influence ofptiegenance on slenderness
of A. mangiumwas significant, but no significant influence dmetrunkel ratio,
rigidity and flexibility coefficients were observedProvenances from Queensland
and Papua New Guinea showed almost similar vanatioslenderness (Table 29).
Besides the local seed source, provenances from thetregions were among the
highest slendernesgiz. Kuranda provenances (47.06) of Queensland ana Lak
Murray (43.79) and Upper Aramia (43.06) provenanoésPapua New Guinea.
Lowest mean of the ratio with no significant diface was also observed in both the
regions. Claudie River (39.29) provenances of @Qslkeed and Binaturi (36.06),
Oriomo (36.23), Pascoe River (40.58) and Balimo{8Bprovenances of Papua New
Guinea were among the least. Because of the asisocof slenderness with high
heritability, GCV and genetic gain, selection slibide done on the best five

provenances mentioned above.
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High slenderness ratio is expected to give low eegof collapsing and
conformability which in turn defines the tearingestgth, porosity, bulk and opacity
of paper (Dutet al.,2004). In one of the study, mean slenderness ohtseven year
old A. mangiunwas estimated to be 51.29 (Yalstaal.,2010), much higher than the
highest estimated ratio from Kuranda provenancabepresent study. In the study
of Yahyaet al. (2010), slenderness &. mangiumwas found to be on par with.
auriculiformis (52.65) but lower tharcaciahybrid (57.4). Dutt and Tyagi (2011)
also reported the slenderness ratio of eldwecalyptusspecies to be in the range of
25.28 t0 55.18. The slenderness ratios estimat#uki present study as well as in the
other studies as mentioned were low. The critbaaed on slenderness ratio to
qualify fibrous materials as worthwhile for qualiylp and paper production is 70
(Young, 1981; Bektast al, 1999 and in conformation with the criteria some studies
had found that the important pulp producing speltiesE. tereticornisand Bamboo
had the ratio above the specified range (Butal., 2004 Sreevani and Rao, 2013).
However, Ateset al. (2008) contested that the property that dependsierderness
ratio is also influenced by the cell wall thicknesxl slenderness ratio is not the only

decisive factor to decide the property.

Runkel ratio is considered as the best fiber dinoensatio (Barefootet al,
1964; Kibblewhite, 1982). Ogunjoket al. (2014) classified species as highly
pulpable if runkel ratio falls below 1.0. The oattrmean runkel ratio of the
provenances used in the current trial had 0.35.e pilovenances did not differ
significantly from each other. Such low ratio iavérably related with paper
conformability, pulp yield and mechanical strengtbperties of paper (Ogbonnagt
al., 1997; Dutt and Tyagi, 2011). The estimated runmkéb was on par with the
reports of Yahyat al. (2010). In the report it was estimated that tees year old
A. mangiurmhad 0.37 runkel ratio, whil&. auriculiformiswas found to possess much
higher ratio of 0.55. Fourteen years &d camaldulensi¢0.36 and 0.48) ané&.

globulus (0.36 and 0.42) were also found to possess higitey than the present
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finding (Onaet al., 2001). Similarly, many findings of higher runkeitio (0.40 to
1.88) had been reported for othleucalyptusspecies (Dutt and Tyagi, 2011: Sharma
et al., 2011; Ibrahim and Abdelgadir, 2015). Besides betategorized under
favorable runkel ratio, the provenances had moddratitability (32%) for the trait.
This provide an advantage for further breeding mog using the provenances.
Selection based on the superior individual canatievied as provenance variations
were low. However, the traits were found to behhignfluenced by environment
(Table 29), so depending upon the environmentatlition that prevails in the site,

the ratio may vary.

Rigidity coefficient measures the physical resistaproperties of paper. High
rigidity ratio gives lower paper strength propestend so the lower tensile, tear and
burst indices (Bektast al., 1999). Therefore, for pulp and paper productiois i
desirable to have low rigidity coefficient. In tipeesent study, the provenances did
not show significant differences in the coefficientThe overall mean rigidity
coefficient estimated for the entire provenancesAoimangiumin the study was
29.21. The average ranged from 27.03 to 31.3i Higher than the coefficient (13)
reported for the species grown in Indonesia by ‘éadtyal. (2010) and Yahya (2012)
and also to the coefficient @&fcacia hybrid (12) reported by Chonet al. (2013).
However, the lower value estimated in their stuglglue to the differences in formula
used for calculating the rigidity coefficient. Thiead calculated the coefficient using
only one cell wall thickness of a fiber, ratherrtrdouble cell wall thickness as given
by Dutt and Tyagi (2011). If double cell wall thitess were used in their study, the
rigidity coefficient for the studies will be 26 fek. mangiumand 24 forAcacia
hybrid, which will be comparable with the presetudy. The present finding was
also comparable with the rigidity coefficient & grandis(28), which is widely
accepted for pulping, reported by Dutt and Tyadl(®. This indicates that the
provenances oh. mangiurnused in the current trial had rigidity coefficienithin the

limit for considering as favorable for pulp and pagproduction. Moreover, the
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rigidity coefficient of the provenances in the messtudy was moderately heritable
(45.06%). Genetic gain (24.06%) estimated at Squdrselection intensity was also
found to be moderate. Therefore, even though &naton within the provenance is

low, it provides an ample scope for selection totHer breeding program.

Coefficient of flexibility is also an important fawr that affects the pulp and
paper properties. Fibers with high coefficient flexibility are flexible, collapse
readily and produce good surface contact and fibbdiber bonding, as well as
increase the paper strength (Ogbonnatyal., 1997). Therefore, high coefficient of
flexibility (preferably >60) is necessary for filseto be used in paper-making
(Okereke, 1962). The present finding showed thaha provenances &. mangium
had flexibility coefficient more than 80, with ameaage of 85.42. Fibers possessing
such high coefficient were categorized under higalgstic fibers (Anoopet al.,
2014). So, the estimated coefficient of the prewees is high enough to be
considered for use in paper-making. Flexibiliteffiwient of the provenances was at
the higher end when compare with the same spem@mgn Indonesia (Yahyat al.,
2010; Yahya, 2012). The estimated mean of flexybdoefficient in their study was
73 and 74. It was also higher than the estimatedmn(75) ofAcaciahybrid (Chong
et al.,2013). Further advantage for selection using tleggnances is that the index
has moderate heritability (41.43%).

The present finding showed that the indices thatcansidered important for
pulp and paper production for the provenances ateinvthe accepted limit and
comparable with some of the important species fimedommercial pulp and paper
production. Coupled to its potential for pulp graper production, the basic density
was found to be strongly and positively correlateith fiber length (0.412) and
negatively with fiber diameter (-0.374; Table 31jhcrease in fiber length positively
affects the slenderness ratio and decrease indibeneter also positively affects the

slenderness ratio, rigidity coefficient and fleXilyi coefficient. Correspondingly,
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slenderness ratio, which is influenced by bothfther characters, was found to be
significantly correlated (0.472) with density iretpresent study. This indicates that
selection of density for further improvement wils@ favor the improvement of fiber
indices viz. slenderness ratio, rigidity coefficient and flaktlp coefficient.
Therefore, it will reduce the time and money fopmaving the pulping properties of
the provenances through selection based on a gwngperty i.e. density. However,
it is also important to note that density has digant and negative correlation with
lumen width (-0.350). Lumen width is related witle runkel ratio and flexibility
coefficient. Decrease in the lumen width will iease the runkel ratio and reduce the
flexibility coefficient, which is not a desirableuttome for pulp and paper
production. But, in the present case there wasigmficant correlation with runkel
ratio and flexibility coefficient. Therefore, ino be concluded that for improving the
pulping properties of the provenances, density lmamsed as the selection criteria.
Based on the finding, the Kerala seed source, Kimabpper Aramia, and Binaturi
provenances can be recommended for further imprememrogram for pulp and
paper production because of their high basic dgasitl favorable fiber morphology.
Moreover, fiber properties were found to be sulistfiy under the genetic control.
The GCV was also found to be higher than ECV ardgénetic gain were found to
be high for most of the traits. Suitability Af mangiumgrown in Kerala condition
for use in paper and pulp production had been poefi by Anoopet al. (2012)
based on anatomical properties. After studyingettteactives present in the wood of
A. mangiumgrown in Malaysia and comparing with the findingsperted from
Phillipines and Indoensia, Koh (2011) also conctutfet the species is an acceptable

source of raw material for the pulp and paper itrgus
5.3.4 Mechanical properties of wood

Mechanical property of wood was investigated owlyfive randomly selected

provenancewiz. Arufi Village, Claudie River, Kuranda, Upper Araanand Kerala.
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Mechanical properties tested for the provenances static bendingiz. Modulus of
rupture (MOR) and Modulus of elasticity (MOE), amiximum compressive stress
parallel to grain (MCS). The test was conductegantially air-dry wood, because
the average moisture content of wood at test irptesent study was 24 percent. It
was much higher than the normal standard moistoméeat of 12 percent for air-dry

wood.

In the present study, the mechanical propertiesvobd estimated for the
provenances did not differ significantly betweemr frovenances. Shanavas and
Kumar (2006) reported lower mechanical propertiéswood for the species
compared to the value estimated in the presenystliile MOR and MOE for static
bending and MCS for compression parallel to griatineated in their study were
570.6 kg crif, 80234 kg crif and 323.2 kg cifiy respectively. But, the present
finding is comparable with the studies reportedrirother countries. The average
MOR, MOE and MCS reported from Malaysia was 81&§Zm?, 105510.0 kg cff
and 469.1 kg cirespectively for 16 years ol mangium(©Omar and Jamil, 2011).
Peh and Khoo (1984) also report from Malaysia araye mean of 595.5 kg &n
119011.1 kg c and 443.6 kg cihfor MOR, MOE and MCS respectively.

Static bending strength of the provenances werepaoable with some of the
durable and important species likeectona grandis, Dipterocarpus bourdilloni
Dalbergia latifolia, Gmelina arborea,etc. found in Kerala, but the MCS was
relatively low even when compared with moderatelyathle species lik&rewia
tilifolia (701.2 kg crif), Albizia procera(570.1 kg crf), etc. and perishable species
like Dillenia pentagyna (514.6 kg crif), Canarium strictum(548.2 kg crif), etc.
(Nazmaet al., 1981). High moisture content at test could be a@inéhe contributing

factors for lower values of mechanical properties.

Genetic control seems to play a greater role fergloperties investigated in

the current study. Static bending strengths weumd to be moderately heritable,
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while heritability of compression parallel to grauas high (Table 33). The expected
genetic gain at 5 percent selection intensity wss moderate to high for mechanical
properties. This will have a positive bearing nmprovement programmes. Similar
finding in E. grandishad been reported by Santetsal. (2004). The study showed
moderate heritability for static bending (50%) asllvas for compression parallel to
grain (57%), but genetic gain at 20 percent selacintensity in their study was
found to be low for the two properties, 4.40 petaerd 6.25 percent, respectively. In
the present study, ECV was found to be higher thenGCV for MOR, but lower
than GCV for MOE and MCS.

The results showed that the five provenances farddin mechanical strength
as many other common species found in Kerala ahdstthe potential for further
improvement in the provenances through selecti@tabse of the strong genetic
influence on the traits. But, for specific end ,usminly as solid wood purpose, the
species may not be as favorable as expected beoéube presence of soft core
wood (Dhamodaran and Chacko, 1999). Further sudiad improvement
programmes need to be done to address these isfub® species are to be

considered for diversified uses.

5.3.5 Conclusion

The importance for screening and selection of sapgrovenances of fast
growing and important exotic species likemangiunin the Kerala state is reiterated
by the increasing demand for used as timber an@wagenetic base associated with
the species. The present study evaluates thetigariaf ten provenances and one
local seed source oA. mangiumto facilitate selection of superior and suitable
provenances of the species in the state as welb ggovide a basis for further

improvement program.
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In the present study, there were substantial vanah morphometric traits of
seed, seedling height, tree height and wood pregedf the provenances of
A. mangium. It also highlights the importance of collection lafge sized seeds,
because of its strong correlation with seedlingyhiei However, the site condition
seems to be apparently poor and this might havecteg the growth potential and
other related properties of the provenance. Tbesefthe provenances failed to
exhibit their potential to the fullest.

Study of the basic information regarding the genpétterns also revealed that
almost all the desirable characters studied wekelumoderate to strong genetic
control. But most importantly, the finding showibet genetic control over height at
young as well as mature stage was higher than. girtierefore, more emphasis must
be given to selection based on height for the pramees ofA. mangiumfor higher
genetic gain. It is also important to note that keritability estimated in the present
study was broad sense heritability, which is imaatrtonly if both the additive and
non-additive variation can be transferred from pate offspring (Zobel and Talbert,
1984) as in vegetative propagations or specifissze between parents. Otherwise, it
has limited applicability. Substantial differences the narrow and broad sense
heritability can exist for the same observationor kstance, Todat al. (1958)
obtained high broad sense heritability of 68 percéar specific gravity in
Cryptomeriaspecies, while for the same observation narroveesdreritability was
found to be just 27 percent. Therefore, the vabfggenetic parameters estimated in
the studies should be considered with caution.

The finding of the performances of the provenarares its genetic parameters
highlights the need to recognize the variation #iatassociated with the provenances
of A. mangiunfor specific end uses and its potential to usefdather improvement
program. The cluster analysis (Figure 9) showed Kerala seed source, Kuranda
and Tully-Mission provenances of Queensland andfiAvillage, Upper Aramia,

Binaturi and Lake Murray provenances of Papua Newné&x are more closely
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related than other provenances. The provenangespethe Kerala seed source,
Lake Murray and Tully-Mission Beach, also showeddyeperformances in height
compared to other provenances. They performediwele seedling stage as well,
except the Kerala seed source. Therefore, setectoy improvement and

recommendation for production program must be n@dé¢he seven provenances.
They also have good potential for pulp and papedyction, because of their
favorable density and fiber morphology. But thevanances of Balimo, Claudie
River, Pascoe River and Oriomo may not perform wethe state because of their

poor performances in most of the characters obdernvthe present study.

There is an urgent need to increase the wood guwHlA. mangiumbecause of
the increasing interest in using the species ferpitoduction of solid-wood products
and to fully utilize its potential for diversifiednd uses. This can be achieved by
reducing the presence of soft core wood and theences of heart-rot and root-rot
infection through resistance breeding program. st for mechanical properties
also indicated that the provenances can be usesbfiokwood products as any other
common species used for the purpose. So, furthdies should focus on reducing
the aforementioned defects which are very commod amjor threat to the
sustainability of pulp and solid-wood industriesséd on tropicalAcacias in

particularA. mangium.
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SUMMARY




6. SUMMARY

The present study on provenance evaluatio®.omangiumfor growth and

wood traits was conducted at the Livestock Rese&tetion, Thiruvazhamkunnu.

Variation in the performance of two to five montld @rogeny of the provenances

were evaluated in the nursery located at the Celldg-orestry, Kerala Agricultural

University. Salient findings of the study are suanized below.

1.

Survival percentage of the provenances was fourzkthigh (63% to 89%),

but did not differ significantly between the proesces.

The variation in the height at 4ear was significantly different between the
provenances. The provenances having the bestrpenice in height were
Kuranda (22.12 m), Arufi Village (21.36 m) and Uppramia (21.27 m).
The differences between the provenances in DBHjme| clear bole height,
tree form and branching habit were not significarll the provenances
showed decrease in MAI from"5years of growth. Oriomo provenances

consistently outperformed other provenances.

Highest heritability in growth attributes was ohs=t in height (63.30%),
while the rest of the traits considered in growtiilzutes were low (25.98%)
to moderate (49.39%). Height of the provenances &lad higher GCV
(15.29%) than ECV (11.64%), but in other growthittraECV (1.72%
t039.04%) was higher than GCV (1.55% to 38.57%).

Stability analysis showed that genotypexenviornmia@téraction was not
significant. Kuranda and Arufi Village provenandesd the highest stability

among the provenances.

Morphometric traits of seeds were found to be $icgmtly different between

the provenances. Seed weight, width and thickoésarufi Village were
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found to be significantly higher than the otherymoances. Tully-Mission

Beach and Pascoe River provenances had the hggexstength.

. Analysis of genetic parameters showed that morphacrteaits of seeds were
under higher genetic influence than environment bhad high heritability
(>90%).

. Viability of the provenances was high (81.65%) &mel study confirmed that
A. mangiumhas physical dormancy.

. Lake Murray provenance showed the best performamgermination related
parameters, followed by Claudie River, Balimo anihaBuri provenances.
Heristability ranged from moderate (55.84%) to h{§0.67%) for the traits
and GCV (6.45% to 25.06%) was higher than ECV @& 1d 16.75%).

. Variation in seedling height was found to be sigaftly different between
provenances. Lake Murray, Kuranda, Pascoe RiveéBamaturi provenances
performed the best throughout the study periode fitovenances showed no
significant variation in collar girth and RGR.

10. Heritability was moderate to high for five monthkl seedlings and GCV

increased with age for the seedling growth attebut

11.Seed weight (0.239 to 0.333) and seed width (01818.335) had strong

correlation with seedling height.

12.Heartwood percentage was found to be significamifferent between

provenances at the base of the tree height, widlie inot differ at middle and
top portion of tree stem. Oriomo (79.12%), Pas&veer (73.41%) and
Kerala seed source (81.22%) had the highest headtwpercentage.
Heartwood content tends to be under higher genetitrol.
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13.Basic density was found to be significantly difier&etween provenances at
the base, middle and top portion of the tree hei@nigeneral, the Kerala seed
source, Kuranda, Arufi Vilage, Binaturi, Upper Aramand Tully-Mission
Beach provenances had higher density. Average lolesisity of the entire
height level was above 500 kg°rfor these provenances. The present study
showed that density is strongly under genetic cbi@8.71% to 64.06%).

14.The differences between provenances in fiber lenfgtler diameter, lumen
width, wall thickness and slenderness ratio wewmdoto be significant. But,
the provenances did not differ significantly frorach other in indices like
runkel ratio, rigidity coefficient and flexibilitycoefficient. Provenances of
Kuranda (47.06), Lake Murray (43.79), Upper Arard&.06) and Kerala
seed source (46.23) had the highest slendernéss rat

15. Heritability of fiber morphology was moderate (31%) to high (87.08%).
Environmental coefficient of variation (3.27% t0.@2%) was higher than
GCV (2.75% to 17.40%) for runkel ratio, rigidity efficient and flexibility
coefficient, but GCV (22.43% to 45.10%) was highiean ECV (10.28% to
16.19%) for the other traits of fiber.

16. Density was significantly and positively correlateith fiber length (0.412))
and slenderness (0.472), but negatively with fidiameter (-0.374) and fiber
wall thickness (-0.350)

17.Mechanical peoperties of wood of the five provemasnwere not significantly
different. The average MOR, MOE and MCS estimatad &72.30 kg cif
123643.6 kg cm and 386.30 kg cif respectively. It is comparable with
some of the durable and important species commianigd in Kerala. No
significant correlation was found between the proee and density, growth

attributes and fiber morphology.
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18.Kuranda and Tully-Mission Beach provenances of Qsked and Arufi
Village, Upper Aramia, Binaturi and Lake Murray pemances of Papua New
Guinea and Kerala seed source showed the bestparioe in most of the
traits studied and can be recommended for growimgKerala. The

provenances have good potential for used as puapaper production.
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ABSTRACT

A provenance evauation of A. mangium was conducted in 14 year old
plantation at Livestock Research Station, Thiruvazhamkunnu, to understand the
variation in growth and wood traits among the provenances. Ten provenances and

one local seed source was used for thetrial.

The provenances had high survival percentage (77.44%), but did not differ
significantly between provenances. Significant differences between provenances
were found in tree height, while they were on par for DBH, volume, tree form and
branching habit. The provenances of Kuranda, Arufi Village, Upper Aramia,
Oriomo, Balimo and Binaturi were taller than the rest. Heritability of growth
attributes was highest for height (63%). Morphometric traits of seeds were found to
be significantly different between the provenances. Arufi Village provenance was
found to be better than the other provenances for the traits. Seed weight and seed
width were found to be strongly correlated with seedling height. Variation in
germination energy, germination value and germination period were also significantly
different between provenances. Lake Murray provenances showed the best
performance in most of the parameters studied for germination. No significant
differences between provenances were observed for germination capacity.
Germination parameters are under moderate to high genetic control. Significant
differences were noticed among the progenies of the provenances in height, while

they did not differ in terms of collar girth and RGR.

The provenances differed significantly in physical properties of wood, but not
in mechanical properties. The provenances differed significantly for heartwood only
at the base, while basic density was significantly different at all the height levels.
Density was significantly and positively correlated with fiber length and slenderness,
but negatively with fiber diameter and fiber wall thickness. The variations in fiber

morphology between the provenances were aso found to be significant. However,



runkel ratio, flexibility and rigidity coefficient did not differ significantly between the
provenances. Wood properties of the provenances were under strong genetic control.

Based on the study, Tully-Mission Beach, Arufi Village, Kuranda, Upper
Aramia, Lake Murray and Binaturi provenances can be recommended for growing

under Kerala condition.
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