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Abstract: Productivity, uniformity and sustainability are the three important characters of the clonally propagated
plants. With the increased use of clonal technology, the scarcity of wood products evidently decreased which has
also led to reduced pressure on natural forests and ecosystem. However, the success of clonal technology rests on
wise selection and deployment of suitable clones by studying the inter-population genetic diversity. The present
study was conducted in a clonal seed orchard (CSO) of teak (Tectona grandis Linn. F.) comprising of 13 different
clones to estimate the inter-clonal variation in terms of growth performance and genetic variability at 32 and 33
years of age. Clone ORANP2 exhibited maximum DBH (26.61cm), height (23.69 m), and stem volume (235.40 m*ha
1y with MAI of 7.133m>*hayear™. The highest CAIl of DBH (1.08 cm) and volume (18.558m%ha) was reported in
ORANPS5 and ORANRZ3, respectively. The study found that clone ORANP2 is a superior genotype and thus can be
recommended for vegetative multiplication and ex-situ mass planting in reforestation programmes. Both heritability
and genetic advance values were low for all the plant traits studied (DBH, height and stem volume) indicating that
these traits are of less use for a tree breeder for furthering the selection and breeding process on teak or other tropi-
cal hardwood species across globe.
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INTRODUCTION western limit in the western Aravallies at 24°42'N
o . Latitude, northern most limit to Jhansi (25° 339rh
Teak (Tectona grandis Linn. F.) is one of the mOSt here it extends to Mahanadi river in the east
valuable and widely planted hardwood species. it oc (Brandis, 1906). The Nilambur man made teak forests
curs naturally in many countries of South-East Asiafiq; estaplished in 1842 are known to the forester
namely India, Myamnar, the Laos People’s DemocratiGy . ghout the world. In Odisha, teak has beerointr
Republic and Thailand. Owing to its desirable wood §,,ced or planted in most of the districts acrogtei
properties, fine grain, durability, amenability folan- ent agro climatic zones. However, Barbara Teak for-
tation and increased demand of teak products d&t botogis \which were planted by the British in 1910 fand

nauonal and mternauonql markets the spemgebbaa special place in the research and developmentate te
introduced and planted in a number of tropical eoun . the state. Though teak has managed to secutefthe

Drovides a long torm prospect for Garbon storagetgy P12 in timber production all over the counirysthe
P g prosp ge low productivity of teak plantations in India isveajor

a long service life (Bhat, 2003; Keogh, 2003). AbOU ¢oncern for the tree breeders and siliviculturits.
one-third (8.9 million hectares) of globally ocdng |qia " jow productivity of teak is mostly because o

natural teak forests are found in India (Intermalo o seed production in clonal seed orchards as well
Tropical Timber Organization, 2004), including 1.5 | of uniformity in the selection of clonally pa-

million ha of plantations and 1000 ha of clonaldee gateq planting materialSteekanth and Balasundaran,
orchards (Palanisamst al., 2009). Further, about 94 2013; Palanisamyet al., 2009. The average produc-

per cent of global teak plantation is.in tro_picaiia\ tivity in the state of Kerala is 2.85%ha/year over a 53
with the major chunk (44 per cent) in India (Pandey_year rotation (Palanisarmgt al., 2009). This is very

and Brown, 2000). The teak tree is indigenous im-pe o\, in comparison with other teak growing countries

insular India, in the north-eastern drier partafdand | hich may be due to limited the use of clonal fitagt
in other islands of Indian Archipelago (BrandisD8  aterials during the establishment of both smatl an

In India, it has a discontinuous distribution frata large scale teak plantations. Research evidenags su
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gest that clonal plantations play a vital roleriareas-  Table 1. Chemical properties of soil at different depths of
ing the productivity of forest species by capturitey ~ the experimental area (Mean values are of 13 rpty.

sired genetic characters and maintaining uniforrinity : Values obtaned a different depths of ol
growth attributes (Palanisamgt al., 2010). Clonal  Particulars 15" 15300m  30450m 4560 cm
Seed Orchards (CSO), established through grafts ofp" 6.58 6.31 6.30 6.24
selected superior trees are considered to be clsaohe Electrical

genetically improved seed and starting point for do Conductiv- 0.057 0.046 0.045 0.039
mestication. In spite of several advantages ofallon ity (dSni)

plantations, genetic improvement of teak has not Organic 0.324 0.404 0.444 0.424
moved beyond the first generation orchards durieg t ~€arbon (%)

last 50 years (Nicodemasal., 2009). In Brazil, China ﬁ;’air']zﬁ')e N 1625 162.5 137.5 1125
and India significant enhancement of productivigys h Avgilable

been reported through the application of clonatstry P,0s (Kg ha) 10.7 9.0 7.9 6.2
of eucalyptus and poplar. However, clonal plantatio ayajlaple
of teak is not operational in India owing to severa K,0 (Kghd)
reasons (Nautiyakt al., 1991).The judicious use of ]
suitable teak clones can bridge up the visible dena €xPressed in meter. Then, the volume of stem per tr
supply gap of teak timber and also enhance thenieco Was c.alculated by the formula given by Forest Surve
of the small holder tree growers, thereby contiitgit ~ ©f India (FSI, 1996) for Odisha i.e.

95.4 157.2 205.6 223.1

towards poverty reduction. In view of the importanc VUB (m’) = -0.0645+ 0.2322fH

of clonal testing in teak for the identification sfiit- Where, VUB = Volume under bark
able clones to ensure establishment of geneticaily D= DBH over bark

form and superior plantations, the present studg wa H= Height of the tree

conducted to evaluate the growth performance and N€ volume of stem per hectare was calculated by
genetic diversity among 13 different teak clones de Multiplying the average volume of stem per treehwit

rived from two distinct provenances of Odisha. plant population per ha. It was expressed ihe
To know the increment potential of different clones
MATERIALSAND METHODS attempts were made to record the readings of tbeeab

mentioned plant traits in two consecutive yeardie T
CAl in DBH, height and volume was determined from

est Department, Odisha, India during January 2013 tthe differences of the parameters recordgd in Jgnua
June 2014. The experimental site is situated aglkos 2213 and Janyary, 2014 and expressed in ¢cm, m and
district Angul of Odisha which is located at 21°' 01 m/ha, respectively. The MAI _Of stem volume per hec-
17.8"'N longitude and 84° 55'19.6"E latitude with an tare was calculated by dividing the total volume pe
altitude of 440m above mean sea level. The experi-heCtare by the age of trees. It was expressedinam
mental field is fairly levelled and well drainedhg Y€@'- The data on these observations were anabgzed
soil is loamy sand to sandy loam in texture. Thiiso per the procedure described for LSD and DMRT

slightly acidic in reaction and low in organic carnbp (Dunc_an Mu_ltlple Range Test).

nitrogen and phosphorous. Potassium was low in pSenetic studies - -

15cm and medium in other depths. The details df soiThe phenotypic _coefﬂment of variation (PC.V) was
characteristics are given in table 1. calculated by using the formula given by Singh and
Experiment details: The experiment was laid out in Chaudhary (1985).

Latin Square Design (LSD) with thirteen replicagon
There were thirteen numbers of clones of Teak as
treatments. The clones were planted at a spacidgof

x 4m in 1981. The clones were collected from thinte \Where, o, = phenotypic standard deviation and

plus trees of Purunakote and Raigoda provenances @frand mean of the trait.

Odisha. In total, there were 169 trees in the @xper The genotypic coefficient of variation (GCV) wad-ca

ment. culated by using the formula given by Singh and
Tree observations/measurements: Field observations  Chaudhary (1985).

on important growth parameters such as DBH and

height of individual trees were recorded by follogi GCvV = © ol X ) x 100

the standard procedures. Diameter at breast height

(DBH) was measured with the help of calliper in two Where,oy = genotypic standard deviation.

directions following the established guidelines aimel ~ The heritability in the broad sense’}Hvas estimated
average was computed and expressed in cm. Thby using the formula prescribed by Allard (1999).
height of trees was measured from ground levehéo t Heritability (%) = 6°g/o’p) x 100

top of the main shoot with the help of altimetedan Where, 6’g= genotypic variances’p = phenotypic

Study site: The present study was carried out at Silvi-
cultural Research Station, Kosala, Angul of Stade F

PCW = (o /X)) = 100
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Table 2. Growth and volume production in different clonegsezk (Mean values are of 13 replicates).

DBH (cm) Total height (m) Stem volume (m*/ha)
Treatments/Clones 32 year old 33 year old 32 year old 33 year old 32 year old 33 year old
ORANP1 18.15 1852 19.4% 19.48 62.792 68.862
ORANP?2 25.78 26.6F 23.67 23.69 219.338 235.404
ORANP3 22.28° 23.26%° 22.64 22,67 145.397° 162.43@°
ORANP4 19.7% 20.42° 21.24° 21.28° 105.103 116.098
ORANP5 20.30F 20.98°¢ 21.72° 21.76° 101.214 112.029
ORANP6 21.1%¢ 21.64> 21.87° 21.9F° 127.016° 137.35%°
ORANP7 21.88° 22.88bc 22.56° 22.63° 131.598° 149.358°
ORANR1 20.9%° 21.44° 20.96° 20.96° 119.783 128.588
ORANR?2 19.3% 20.24° 20.57° 20.62° 87.370 100.153
ORANR3 23.46° 24.38° 23.16 23.1¢ 153.39¢° 171.68%°
ORANR4 21.46% 22.16 22.42° 22.4F° 119.778 132.85%°
ORANR5 21.79¢ 22.87>° 21.92° 21.92° 122.97% 140.95%
ORANR6 22.98% 23.9F° 23.36¢ 23.3% 148.08%° 163.686°
SE (m) 1.46 1.54 1.02 1.01 0.046 0.0506
variance the poor performance of ORANP1 may be to poor ge-
ng: (MSG - MSE /r) netic makeup of the clone. Most of the clones sltbwe
o’p= (MSG Ir) similar growth which indicates that there is nongfig

cant difference in genetic makeup of the clones wit
Where, MSG, MSE and are the mean squares of regard to lateral growth of the stem at this age.af
genotypes, mean squares of error and number df replthe clones are derived from two distinct provenance

cation, respectively. of the same district, environmental variation igye
Genetic advance percentage was calculated by usingss. Therefore, whatever phenotypic variations ob-
the formula proposed by Shuldaal. (2006). served are mostly the impact of genotypes (Genotype
GA (%) =(GA/X) X 100 x Environment = Phenotype). Provenance variation
Where, GA = genetic advance djH?) and tree to tree variation accounts for as muc90&s

and =; grand mean of the trait. of the within species variation, leading to thetdas

Where, i is the standardized selection differ- dntia  9@ins in most tree improvement programmes being
constant (2.06)s, is the phenotypic standard deviation obtained by selection from the best seed sourdarwit

and H is the heritability. the appropriate species (Zobel and Talbert, 1984).
Here, the provenance variation is also very lesghwh
RESULTS AND DISCUSSION is mainly due to the location of both the proversnc

In Odisha, the diameter at breast height of differe within a small geographical or territorial boundary

: district). Similar observations were noticed irseaf
teak clones varied from 18.15cm to 25.76cm at gee a ( ) : .
of 32 years (Table 2). Among the clones studiedima height growth which varied from 19.44m to 23. 67m

mum DBH of 25.76cm was demonstrated b ORANPZand was 19.48 m to 23.69 m at 32 an_d .33 yearseaf ag
whereas the lowest value was reported iny ORANPl.resloeCt'Ver (Table 2). ORANP2 exhibited the maxi-
The values under ORANP2. ORANP3. ORANPG Mum height growth, while the minimum height was

bserved in ORANP1. The height growth under
ORANP7, ORANR3, ORANR5 and ORANR6 were © gnt g
found statistically similar. Similar trend was roatil in ORANP2, ORANP3, ORANP4, ORANPS, ORANPS,

diameter growth at the age of 33 years. Similatl$3 ORANP7, ORANR1, ORANRY, ORANR3, ORANR4

and ORANRG6 were statistically similar. Raa al.
years old, the DBH ranged from 18.52cm to 26.61cm. ; )
In Kerala, India, Palanisansgt al. (2009) has reported (2001) also reported that the height growth in year

girth at breast height (gbh) among some selectpé-su old teak provenances in Andhra Pradesh ranged from

fior clones in the range of 151-220 cm (48-700m.14'33 to 22.33 m. This implies that the clones istid

DBH) at the age of 51-64 years. Reddy and Madi-I" the present experiment are exhibiting sound gjiow

walar, (2014) observed 18.82cm mean diameteIIrend with regards to tree height. The closeness in
grovvt,h in a 20 year old plantation in different agr height growth among different clones may be attrib-
climatic zones of Karnataka. Ram al. (2001) also uted to less variation in their genetic characters.

reported that dbh growth of 26 year old teak prove-The data pertaining to stem volume per hectare -mani

: ted significant difference among different ckoref
nances in Andhra Pradesh ranged from 42.80 to 69.7 S
cm. The comparison of growth of teak clones with th eak at the age of 32 years as well as 33 yedheatand

. ™ o . Table 2). At 32 year old, ORANP2 evinced the hgyhe
empirical study findings indicates a similar growth ( .
trend though the location of the sites differs.e Thla- stem volume production of 219.33% whereas
tively higher DBH growth in ORANP2 may be as- ORANP1 produced least volume of stem wood

: : (62.792nha.). The volume of stem wood produced by
cribed due to better genetic character of the chom# ORANP2, ORANP3. ORANP6, ORANP7 and



276 M. K. Beheraet al. / J. Appl. & Nat. Sci. 8 (1) : 273 - 278 (2016)

ORANR3 were at par with each other. At 33 year old,found to be in the same statistical group. Thisli@sp
ORANP2 registered maximum stem volume of that variation among these clones with regard & th
235.404nYha which was significantly higher over the CAI values is negligible. The higher increment in
volume of wood produced by ORANP1, ORANP4, height of ORANR2 and ORANP5 may be attributed to
ORANP5, ORANR1 and ORANR2. ORANP1 produced relatively more activeness of apical meristem & th
the minimum quantity of stem wood (68.862m). The  age in comparison to other clones. The lowest incre
performance with regard to stem volume underment in height of ORANRS may be due to slow down
ORANP2, ORANP3, ORANP6, ORANP7, ORANR3, of apical meristem at this age in comparison texgh
ORANR4 and ORANRS wre statistically alike. The arde In regard to CAl of stem volume, clone ORANRS3 reg-
of stem wood production was ORANP2 > ORANR3 > istered relatively higher value of (18.558nm),
ORANR6 > ORANP3 > ORANP7 > ORANP6 > closely followed by ORANRS5, ORANP7, ORANP3
ORANR5 > ORANR1 > ORANR4 > ORANP4 > and ORANP2. The lowest value (6.36Zna) was
ORANPS5 > ORANR2 > ORANPL1. The higher accumu- found under ORANP1. The CAIl of stem volume did
lation of stem volume in ORANP2 may be ascribed for not vary significantly which may be due to the fewit

the presence of better genetic characters oversothethe genetic characters of the clones are simildah wi
which govern the apical and lateral growth of stem.regard to expansion of primary meristem and secon-
The lowest volume production by ORANP1 may be dary meristem at this age. The MAI of stem volurhe a
due to the poor genetic characters in terms of diam 32 and 33 years of age varied from 1.962 — 6.8%4 m
and height growth which has been reflected in t&ble halyear and 2.087 — 7.133%tm/year, respectively.
Reddy and Madiwalar, (2014) reported that at thisSORANP2 witnessed the maximum value while
stage of growth, the CAIl of diameter at breast hieig ORANP1 detected the minimum value. ORANP2 ac-
differ appreciably among various clones of Teakdstu cumulated highest MAI whereas ORANP1 achieved
ied. ORANP5 registered maximum increment of the lowest. Chundamanil (1998) reported a mean an-
1.08cm followed by ORANP7, ORANR2, ORANP6 nual increment (MAI) of 2.854 tha'year® in a 53
and ORANP3. The DBH increment during this period years rotation of teak in Kerala, Similarly, Raoatt
was lowest under ORANP1 (0.36 cm). The CAIl of (2002) has observed a MAI of more than 8ha/year
DBH wunder ORANP1, ORANP2, ORANP4, inthe bestperforming clonesin Andhra Pradestialn
ORANP5, ORANP6, ORANR1l, ORANR2 and The performance of ORANP2, ORANP3, ORANPSG,
ORANR4 were statistically at par with each other. ORANP7, ORANR3 and ORANRG6 were statistically
This indicates that ORANRS possesses more secorsimilar at the age of 32 to 33 years which may be b
dary meristem enhancement potential at this age thacause of closeness in genetical characters gowgrnin
others and ORANR1 possesses the lowest secondamgxpansion of primary and secondary meristem at this
meristem enhancement at this age. age.

The difference in CAl of height during 32 and 32s&  The phenotypic coefficient of variation (PCV) relezh
was observed among some clones (Table 3). The higha little variation among different traits of tedkiq. 1)

est value of 0.05m was recorded under ORANP2which ranged from 3.04 — 26.31%. Maximum variation
ORANR4 and ORANPS5 and the lowest value (0.01lm)was observed in stem volume production (26.31%).
was recorded under ORANP5. The values underThe order of variation was found to be stem volume
ORANP1, ORANP2, ORANP3, ORANP4, ORANP6, DBH > clear bole height > total height. Similarrde
ORANP7, ORANR1, ORANR5 and ORANR6 were was noticed for genotypic coefficient of variation

Table 3. Annual increments in growth in different clonegedk (Mean values are 13 replicates).

Treatments/ CAlg50f DBH  CAlgpgof height  CAlgp.as0f stem MAI of stem volume (m*halyear)
Clones (cm) (m) volume (m%ha) 32 year old 33year old
ORANP1 0.38 0.04° 6.362 1.962 2.087
ORANP2 0.88° 0.02° 16.029 6.854 7.133
ORANP3 0.97 0.04° 16.80% 4.544° 4.927°
ORANP4 0.6% 0.03® 11.096 3.284 3.518
ORANP5 0.6& 0.08 10.77 3.163 3.39%
ORANP6 0.5%° 0.04° 10.476 3.969° 4.162°
ORANP7 1.00 0.04"° 17.482 4.112° 4.526°
ORANR1 0.58 0.03° 8.587F 3.743 3.897
ORANR?2 0.87° 0.08 12.652 2.730 3.03%
ORANR3 0.98 0.03° 18.558 4.794° 5.203°
ORANR4 0.76° 0.08 12.854 3.743 4.026°
ORANRS5 1.08 0.0 17.832 3.843 4.27F°
ORANR6 0.96 0.03® 15.566 4.628"° 4.960°
SE (m) 0.18 0.014 0.006 0.001 0.001

*Means with the same letter are not significantly different.
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35.29 ticular study recommend the vegetative multiplicati

of tested clone ORANP2 which manifested highest
stem volume of 235.404%ha and MAI of 7.133rtha

at the age of 33 year fex-situ mass planting in many
current reforestation programmes. Further, the tiene
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1346 1413 WDBH analysis also leads us to clear understandingfterdi
8 206 Total height ent quantitative traits and their extent of conttibns
10 2l 53 652 Stem volume to wood vyield. All the characters studied reflemivér
5 243 233 genetic heritability (21.61 to 35.29%) coupled with
0 low genetic advance (6.52 to 14.18%) indicating tha
Phenotypic Gemetic  Broad Semse  Genetic advance these plant traits shall not be considered forh&mt
coefficient of  coefficient of ~ heritability (%) (%) selection and improvement programme on Teak and
variation (%) - variation (%) other tropical hard wood species. The genetic aimly
Genetic attributes of teak clones would also help us in understanding, conserving and
harnessing the genetic biodiversity of importamtetr
Fig. 1. Genetic attributes of important plant traits studied. species across the world.
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