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Abstract  Teak (Tectona grandis L. f.) is a tree species indigenous to India and other South and East Asian countries. It 
produces high-value timber and is easily established in plantations. Reforestation requires a constant supply of high quality 
seeds. Seed production areas (SPA) of teak are improved stands used for collection of open-pollinated quality seeds in large 
quantities. Information on the genetic diversity of major teak SPAs in India is scanty. In this study we analyzed the genetic 
structure of four important seed production areas of Kerala State in south India by employing amplified fragment length 
polymorphism markers using ten selective primer combinations on 80 samples (4 populations x 20 trees). The gene diversity 
of the SPAs varied from 0.18 (Konni SPA) to 0.22 (Wayanad SPA). The percentage of polymorphic loci ranged from 61.3 
(Parambikulam SPA) to 72.9 (Nilambur SPA). The mean combined gene diversity index (HT) of all four SPAs was (HT = 
0.2395; SE 0.0100; p < 0.0001). Analysis of Molecular Variance (AMOVA) based on the two genetic clusters indicated that 
majority of genetic variation (75%) occurred within populations, while the variation between the two clusters was 25%. 
Nei’s genetic differentiation (GST = 0.17) Bayesian estimates (FST = 0.1433 SE 0.0436; P < 0.0001) supported the AMOVA 
partitioning and provided greater genetic diversity within seed production areas. A UPGMA dendrogram was prepared and 
showed that all twenty samples from each of Konni and Parambikulam SPAs clustered into two separate groups, respectively. 
However, five Nilambur genotypes and one Wayanad genotype intruded into the Konni cluster. The higher gene flow 
estimated (Nm = 2.4) reflected the inclusion of Konni origin planting stock in the Nilambur and Wayanad plantations. 
Evidence for population structure investigated using 3D Principal Coordinate Analysis of FAMD software 1.30 indicated that 
the pattern of clustering was in accordance with the origin of SPAs. The AFLP fingerprinting was capable of identifying the 
geographical origin of planting stock and thereby revealing the occurrence of errors in genotype labeling.  
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1. Introduction 
Teak (Tectona grandis L. f.) is indigenous to India and 

other South and East Asian countries. This species produces 
high-value timber, is fast growing and is easily established in 
plantations. These factors make teak one of the most 
promising species for sustainable production in the tropics [1] 
[2]. Teak is widely planted in commercial plantations in 
areas of its original range of tropical Asia and as an 
introduced species in Africa, Central and Latin America. 
Teak plantations account for 5 to 8 percent of the total forest 
area in the tropics [3] and comprise 90 percent of the quality 
hardwood plantations raised for timber production [4]. 
Presently, about 1.5 million ha of teak plantations exist in 
India and around 50,000 ha are replanted annually [5].  
After completion of one rotation period, teak plantations are  
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clear-felled and then replanted with seedlings raised from 
improved seed sources, such as seed orchards and seed 
production areas (SPAs). A seed orchard is a plantation of 
selected clones or progenies protected from pollen 
contamination from outside the orchard, and managed to 
produce abundant and easily harvested seed crops [6]. 
Generally, seed production areas are stands of suitable 
provenances raised from seeds of a reasonably large number 
of unrelated trees and managed specifically for seed 
production. But the quickest and the most common method 
adopted to establish a seed production area is to convert an 
existing stand of good growth and genetic quality [7]. Such 
SPAs are highly relevant for long-rotation crops like teak 
since they assure immediate availability of adequate 
quantities of seeds.  

In India, the first teak plantation was planted along the 
banks of river Chaliyar in Nilambur, Kerala, south India, 
during 1842 (Fig. 1). About 2.28 ha of this original 
plantation still exist as a permanent preservation plot. At 
present, 75,300 ha of teak plantations are spread over various 
forest divisions of Kerala, including Wayanad, Nilambur, 
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Parambikulam, Achenkovil, Konni, Ranni and Malayattoor 
[8]. There is no record of origin of planting stock, but it is 
likely that earliest teak plantations originated from seeds 
collected from nearby natural forests. The harvestable age of 
teak ranges from 50 to 60 years in different forest divisions. 
An average of 1000 ha of teak plantations are clear felled and 
replanted each year after reaching harvestable age in Kerala. 
Since seed availability from clonal seed orchards is 
extremely poor, the nursery stock (stump/root trainer 
seedlings) is raised using seeds collected from plantations 
converted to SPAs [9]. An SPA of teak is usually referred to 
as a phenotypically superior stand comprising vigorously 
growing trees, upgraded by thinning and culling infected and 
poorer phenotypes, and then managed to produce abundant 
seeds. So far 5,000 ha of SPAs have been established in India 
[10], of which, about 1250 ha are in Kerala [11]. 

The average productivity of teak plantations in Kerala is 
2.423 m3ha-1year-1 for a 53 year rotation period as compared 
to the expected 4.98 m3ha-1year-1 at the same age if properly 

maintained [5]. One of the reasons for this low productivity 
could be poor-quality planting stock raised from 
poor-quality seeds. The teak SPAs located in different 
climatic regions of Kerala, showed considerable variation in 
edaphic factors which might also influence the performance 
of SPAs. Prabhu [12] reported that quality nursery stock 
raised from source-identified improved seeds resulted in 
increased production of teak plantations. Maintenance of 
genetic diversity in breeding populations of commercially 
valuable species is considered to be a priority for any 
breeding programme [13]. Also, trees are often introduced 
into highly heterogeneous natural environments; hence, 
genetic diversity in man-made forests is essential for their 
ability to counter-balance the effects of environmental 
changes [14]. For these reasons we studied the status of 
genetic diversity within and between the SPAs for teak in 
Kerala state on the southwest side of the Western Ghats of 
India. 

 

 

Figure 1.  Map showing the location of the four seed production areas of Kerala selected for AFLP analysis 
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Table 1.  List of Seed Production Areas (SPAs) selected from Kerala for AFLP analysis 

Forest division Locality Forest Section Year of 
Plantation 

Area 
(ha) 

Latitude 
(N) 

Longitude 
(E) 

Aerial Distance 
from Konni (Km) 

Konni (Konn) Kondodi Karippanthode 1965 16.96 09° 42′ 76° 55′ - 

Parambikulam Wildlife 
Sanctuary (Para) Thoonakadavu Anappady 1955 27 10° 62′ 76° 55′ 141 

Nilambur (Nila) Kombankallu Edacode 1955 10 11° 18′ 76° 46′ 252 
Wayanad North (Waya) Tholpetty Kaimaram 1963 10.63 11° 47′ 76° 84′ 257 

 

2. Materials and Methods 
Four younger SPAs (planted after 1954) located in four 

important geographic areas of teak plantations namely, 
Konni (Konn), Parambikulam (Para), Wayanad (Waya) and 
Nilambur (Nila) were selected for study (Fig. 1, Table 1). 
From each SPA, 20 trees were selected by using a line 
transect method. Sample trees were selected at intervals to 
collect 20 samples along the transect that was drawn at the 
broadest area of the plantation so as to obtain a true 
representation of the entire SPA. From these 20 trees, 
expanding leaves were collected for DNA extraction. 
DNA isolation and AFLP analysis 

Total DNA was extracted from 0.5 to 1 g of fresh leaf 
tissues using the modified cetyl-tri- methyl ammonium 
bromide (CTAB) protocol of Doyle and Doyle [15]. 
Amplified fragment length polymorphism (AFLP) 
genotyping was carried out following the standard procedure 
described by Vos et al. [16]. The reactions were carried out 
according to the manufacturer’s protocol (AFLP® Analysis 
System 1 and Starter Primer Kit; Invitrogen Life 
Technologies, Inc., USA). The amount of DNA was adjusted 
to 250 ng for the EcoRI and MseI digestion at 37°C for 2 
hours. Ligation of EcoRI and MseI adapters was done at 
20°C for 2 hours. Five μL of the template DNA from a 1:10 
diluted ligation mixture in TE buffer (10 mM Tris-HCl, 1 
mM EDTA) was used for pre-amplification with the 
pre-amplification primer mix 1. Pre-amplification Primer 
Mix 1 consisted of an EcoR I primer (E-A), an Mse I primer 
(M-C), and dNTPs. Twenty cycles of amplification were 
carried out at 94°C for 30 seconds denaturation, 56°C for 60 
seconds annealing, and 72°C for 60 seconds primer 
extension in PTC-100 Peltier Thermal Cycler (MJ Research, 
USA). The pre-amplification product was used for selective 
amplification with ten primer combinations: E-AGG/M-CTT, 
E-AAC/M-CTG, E-AAC/M-CTT, E-ACT/M-CAG, 
E-ACC/M-CTT, E-ACA/M-CTT, E-ACC/M-CTA, 
E-AGG/M-CAG, E-AGG/M-CTG and E-AGG/M-CAT 
selected out of 64 tested combinations. Primer labeling was 
performed by phosphorylating the 5' end of the EcoRI primer 
with 32P ATP and T4 kinase. Mix 1 and Mix 2 components 
were used for selective AFLP amplification in which, Mix 1 
was composed of 5 μL of the labeled EcoRI primer and    
45 μL of MseI primer. Mix 2 was made according to the 
protocol supplied by Life Technologies with the AFLP kit. 
Selective amplification was carried out using 5 μL of the 

pre-amplification product as the template DNA, 5 μL of Mix 
1 and 10 μL of Mix 2. A touch down phase of thirteen 
amplification cycles was carried out initially, with the first 
cycle at 94°C for 30 seconds denaturation, 65°C for 30 
seconds annealing, and 72°C for 60 seconds primer 
extension. The annealing temperature was reduced by 0.7°C 
each cycle during the following 12 cycles. The final 23 
cycles were run at 94°C for 30 seconds, 56°C for 30 seconds, 
and 72°C for 60 seconds. Samples were denatured by adding 
an equal volume of formamide buffer (98% formamide, 10 
mM EDTA pH 8.0, 0.05% bromophenol blue and 0.05% 
xylene cyanol) and heating at 94°C for 3 minutes. Five μL of 
each sample was run in a denaturing 6 percent, 0.4 mm 
polyacrylamide gel (1X TBE buffer) in a sequencing gel 
electrophoretic apparatus (Biorad, USA) at 40 A, 900 V for 2 
hours. The gel was then transferred onto Whatman No.1 
chromatographic paper, dried at 80°C for 2 hour on a gel 
drier (Biorad, USA) and exposed to X-ray film (Kodak®) 
overnight. Two replicates of the PCR reactions from 
independent DNA extractions were performed to confirm the 
accuracy of the AFLP analysis. Pre-amplified tomato DNA 
provided with the Invitrogen AFLP Starter Primer Kit as 
control for selective amplification was also utilized for 
checking the accuracy of the protocol. 30-330 bp AFLP® 
DNA ladder (Invitrogen Life Technologies, Inc., USA) was 
run on either side of the denaturing gel as the standard 
marker. The ladder was labeled with 32P ATP using T4 
polynucleotide kinase according to the manufacturer’s 
protocol.  
Data analysis 

The developed autoradiogram was scanned using an HP 
Scanjet 3770 digital flatbed scanner and each scanned 
autoradiogram was transferred to a Kodak Digital Science 
1D Image Analysis Software. Once the lanes had been 
marked and labeled, the loci observed on the images were 
compared with standard markers and I determined the 
molecular weight and mass of each developed amplicon. 
These bands were scored manually as '1' for the presence of a 
locus and '0' for the absence of a locus. Both polymorphic 
and monomorphic bands were included in the final data sets 
forming a binary matrix. Double reading of the AFLP 
profiles was also done as described by Bonin et al. [17] to 
limit the scoring errors of the data. 

The binary matrix generated from this scoring was then 
used for further analysis with the software AFLP-SURV 
version 1.0 [18, 19]. This was used to estimate allelic 
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frequencies at AFLP loci by applying the Bayesian approach 
with non-uniform prior distribution of allele frequencies [20]. 
This yielded unbiased estimates of allele frequency from 
AFLP data [20-22]. These allelic frequencies were used as 
input for computation of genetic diversity for each 
population following the method described by Lynch and 
Milligan [23] i.e. reducing of all loci with allelic frequencies 
less than 0.05. I calculated the proportions of polymorphic 
loci (PPL), expected heterozygosity HJ under Hardy 
Weinberg genotypic proportions (analogous to Nei's gene 
diversity H), average gene diversity within populations HW 
(analogous to Nei’s HS), total gene diversity (HT), the 
average gene diversity among populations in excess of that 
observed within populations HB (analogous to Nei’s genetic 
differentiation among populations, i.e. DST). Wright's 
fixation index (FST) or the proportion of total gene diversity 
that occured was measured as an additional estimate of 
genetic structure within and among species. The standard 
errors (SE) and total variance (Var) were computed for each 
genetic diversity parameters. The data matrices were 
grouped into the four populations and analyzed using 
POPGENE, Version 1.32 package for dominant markers 
assuming Hardy-Weinberg equilibrium, and pair- wise 
comparison of populations was made [24]. The relative 
amount of gene differentiation among populations was 
measured by the coefficient of Nei’s gene differentiation, 
GST, where GST = DST / HT. The rate of gene flow (Nm) for 
each locus was calculated using the formula Nm = 0.5 (1 - 
GST) / GST and mean value across loci was determined. The 
pair wise genetic distance [25] obtained were subjected to 
clustering using an Unweighted Pair Group Method with 
Arithmetic means (UPGMA). Bootstrap analysis of 10000 
replicates was performed using Tools for Population Genetic 
Analysis (TFPGA) software [26]. Analysis of molecular 
variance (AMOVA) among and within populations [27] was 
performed using GenAlex 6.5. [28].  

To quantify the genetic relationships of sampled trees 
across all four SPAs, AFLP data matrices from all the 80 
trees were used to carry out cluster analysis using the 
package NTSYSpc Version 2.02 [29]. Genetic similarities 
based on simple matching coefficients were calculated 
among all possible pairs of trees using the SIMQUAL option 
and were then ordered into a simple matching similarity 
matrix. The matrix was run on a Sequential Agglomerative 

Hierarchical and Nested clustering (SAHN) [30] using 
UPGMA as the option [31].  
PCoA analysis 

Principal coordinate analysis PCoA [32] was performed 
using Simple matching coefficient (dis) similarity matrix 
with the software Fingerprint Analysis with Missing Data 
1.30 (FAMD 1.30) to identify the number of groups based 
on Eigen values. This opens FAMD’s built-in 3D PCoA 
coordinate viewer screenshot automatically after PCoA has 
been performed [33]. 

3. Results  
Genetic diversity within and among populations 

Six hundred and two loci were scored for statistical 
analysis. The percent of polymorphic loci (PPL) ranged from 
61.3 (Parambikulam) to 72.9 (Nilambur). Nei’s gene 
diversity (H) or expected heterozygosity (HJ) ranged from 
0.18 (Konni) to 0.22 (Wayanad) (Table 2). The average gene 
diversity within populations (HS = 0.2052; SE 0.0087; p < 
0.0001), the total gene diversity (HT = 0.2395; SE 0.0100;   
p < 0.0001) and Wrights Fixation index (FST = 0.1433    
SE 0.0436; P < 0.0001) were calculated for overall set     
of populations. The relative magnitude of Nei’s genetic 
differentiation among subpopulations, GST, was 0.17 
indicating that 17 percent of total gene diversity was 
recorded among the four SPAs while the remaining 83% was 
recorded within the SPAs. The indirect measure of gene flow 
estimated from the GST value was 2.4. Results from three 
analyses (Bayesian FST = 0.1433; Nei GST = 0.17 and 
AMOVA (Table 4) showed greater variability within the 
seed production area. 
UPGMA dendrogram and PCoA 

UPGMA clustering showed that Konni and Nilambur 
SPAs are separated with least genetic distance (0.0389), 
Parambikulam and Nilambur SPAs showed the greatest 
genetic distance (0.0881) (Table 5). An UPGMA 
dendrogram was constructed to group the four SPAs based 
on genetic distance. The dendrogram separated Nilambur 
and Konni SPAs from Parambikulam and Wayanad SPAs. 
Bootstrap support values are provided at the corresponding 
node for each cluster (Figure 2). 

 
Table 2.  Genetic diversity parameters of four seed production areas of Kerala 

Population n loc loc_P PLP HJ S.E. (HJ) Var(HJ) VarI(HJ) VarL(HJ) 

Para 20 602 369 61.3 0.21 0.0075 0.000056 0.000005 0.000051 
Waya 20 602 403 66.9 0.22 0.0070 0.000050 0.000006 0.000045 
Konn 20 602 399 66.3 0.18 0.0056 0.000032 0.000006 0.000026 

Nila 20 602 439 72.9 0.20 0.0060 0.000036 0.000006 0.000030 

n : average number of scored individuals; loc: number of loci scored; loc_P : number of polymorphic loci at 5% level;      
PLP: proportion of polymorphic loci at 5 % level; HJ :expected heterozygosity under Hardy-Weinberg genotypic proportions;  
S. E. (HJ) : Standard error of expected heterozygosity; Var(HJ ): variance of expected heterozygosity; VarI(HJ): variance 
component of expected heterozygosity due to sampling of individuals; VarL(HJ): variance component of expected 
heterozygosity due to sampling of loci 
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Table 3.  Population genetic structure of four seed proction areas of Kerala 

n HT HW HB FST 

4 0.2395 0.2052 0.0343 0.1433 
S.E  0.0087 0.0013 0.0436 

n: average number of scored population; HT: total gene diversity; HW : the 
mean genediversity within population (analogous to Nei’s HS); HB: average 
gene diversity among populations (analogous to Nei’s DST); FST: Wrights 
Fixation index 

Table 4.  Analysis of molecular variance (AMOVA) using AFLP markers 
for four seed production areas of teak in Kerala 

Seed production 
area df SS MS Est. 

Var. % 

Among Pops 3 1709.238 569.74 24.693 25% 

Within Pops 76 5767.15 75.884 75.884 75% 
Total 79 7476.388  100.577 100% 

p < 0.01 (significance test from 10000 permutations). 

Table 5.  Nei's unbiased measures of genetic distance coefficients of the 
four seed production areas 

Pop Para Waya Konn Nila 
Para ****    
Waya 0.0507 ****   
Konn 0.0747 0.0518 ****  
Nila 0.0881 0.0610 0.0389 **** 

Pop: Population; Konn: Konni; Para: Parambikulam Wildlife Sanctuary; 
Nila: Nilambur; Waya - Wayanad. 

The cluster analysis comprising 80 trees revealed a unique 
dendrogram. The dendrogram divided 80 genotypes into two 
main clusters. The first cluster was shared between 
genotypes from Parambikulam to Wayanad; the genotypes of 
the SPAs formed their own sub clusters based on their 
geographic location. The second cluster was shared between 
Nilambur and Konni SPA genotypes but with mixing of 
genotypes from two geographic areas in one sub-cluster. One 
of the clusters consisted of 15 genotypes, all from Nilambur 
SPA, while the second cluster comprised of five genotypes 
from Nilambur (N2, N3, N9, N12, and N14) and one from 
Wayanad (W5) in addition to all 20 genotypes from Konni. 
This showed that these five genotypes from Nilambur and 
one from Wayanad might have actually originated from 
Konni. Bootstrap support values are provided at the 
corresponding node for each cluster (Figure 3). The PCoA 
revealed the genetic relationships between populations used 
in this study (Figure 4). The scale plot obtained for PCoA 
analysis showed similar genetic structuring of populations 
based on the origin of genotypes of the SPAs. 

4. Discussion 
Ten AFLP primer combinations showed a total of 602 loci. 

The dominant markers of 100-200 number provides 
consistent estimate to evaluate the genetic diversity 
parameters [34]. Sample sizes above ten individuals are 
required to estimate marker-based within-population 
diversity [35, 36]. AFLP markers 238.1 ± 227.9 employed to 

an average of 14.0 ± 14.8 populations and 14.5 ± 9.0 
individuals per population efficiently perform within and 
between population genetic diversity analysis in plants [37]. 
The present investigation was based on four important seed 
production areas each with 20 individuals i.e. 20 ± 0.0 
individuals per location (Table 1) used to analyze the 
preliminary genetic diversity data within and between the 
teak seed production areas of Kerala. 

A similar study conducted using AFLP markers on teak 
trees growing in natural forests of the same geographic 
regions reported the genetic diversity of the four 
provenances from which the SPAs might have originated 
[38]. The genetic diversity indices of all four natural forest 
teak populations were higher than those for the SPAs that 
were established in the respective geographic region of the 
Western Ghats. The total gene diversity index of the four 
SPAs was 0.2395 ±0.0201, lower than the total gene 
diversity of the nine natural teak populations (0.2644 
±0.0178) reported in the previous study which covered 
geographic regions from two additional states of Karnataka 
and Tamil Nadu. Since teak is a cross pollinated species, 
reduction in genetic diversity in a randomly mating 
population could exert adverse impacts not only on seed 
production but also on crop productivity. Surendran et al. [39] 
considered selective culling of inferior phenotypes from a 
seed stand as a ‘negative selection’ sufficient for 5-10% 
genetic gain. However, studies have not been undertaken of 
the potential or realized genetic gains from negative 
selection in teak SPAs or the impacts on seed production 
caused by reduction in genetic diversity of SPAs. The overall 
gene diversity index value for Kerala SPAs is lower than the 
values from other wind pollinated, woody long lived tree 
species [40]. Examples are Populus tremuloides (0.30), P. 
grandidentata (0.35) and Quercus petrea (0.298) [41]. Using 
RAPD analysis Prabhu [12] reported that genetic diversity 
was low in teak SPAs of Kerala located beyond my study 
area. The reason for the low diversity in teak SPAs could not 
be identified. The plantations might have been raised using 
seeds of a couple of mother trees of narrow genetic base. 
Such progenies are likely to show inbreeding depression and 
poorer performance than their parents [7].  
Genetic differentiation and gene flow among population 

Nei’s genetic differentiation (GST = 0.17), Wrights fixation 
index (FST = 0.143) (Table 3), and AMOVA (Table 4) all 
showed greater genetic diversity within SPAs than between 
SPAs. Genetic diversity status of plus trees of teak have been 
studied using biochemical (isozymes) and molecular 
(RAPD/AFLP) markers in recent years (Kertadikara and Prat, 
[42]; Kjaer and Suangtho, [43]; Changtragoon and Szmidt, 
[44]; Nicodemus et al. [45]; Shrestha et al. [46]; Sreekanth  
et al. [38]. These studies confirmed that teak is an 
out-breeding species and revealed maximum genetic 
variation within as opposed to between populations. Higher 
levels of population differentiation (between-population 
diversity) have also been reported in other tropical tree 
species screened using RAPD markers as in Gliricidia 
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sepium (40%) (Chalmers et al. [47] and in Swietenia 
macrophylla (20%) (Gillies et al. [48], both of which are 
entomophilous and extreme outbreeders like teak. Generally 

long-lived and outcrossing species tend to be more 
genetically diverse and have less genetic differentiation 
between their populations [49]. 

 

Figure 2.  Dendrogram constructed based on Nei’s (1978) genetic distance coefficients of the four seed production areas of teak. Numbers at the nodes 
represent bootstrap values generated by 1000 replications 

 

Figure 3.  UPGMA dendrogram of genetic relationships of 80 genotypes from the four seed production areas of teak. Numbers at the nodes represent 
bootstrap values generated by 1000 replications. (Para: Parambikulam SPA; Waya: Wayanad SPA; Konn: Konni SPA; Nila: Nilambur SPA 
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Figure 4.  3D principal co-ordinate analysis (PCoA) of 80 genotypes of the four seed production areas performed using FAMD 1.30 software 

Clustering and PCoA of individual genotypes from SPA 
The pattern of clustering of the individual genotypes was 

in accordance with the geographic origin of SPAs as 
determined in the previous study on natural teak populations 
[38]. All 20 samples from Konni and from Parambikulam 
SPAs clustered into respective groups clearly justifying their 
respective geographic origin. However, five genotypes 
namely, N2, N3, N9, N12 and N14 from Nilambur and one 
Wayanad genotype, W5, intruded into the Konni cluster. I 
could not able trace the origin of the seed as there was no 
information available from the forest offices. Records such 
as Plantation Journal were also unavailable for reference. 
The depths of genealogy within SPAs depend on several 
population genetic parameters, including effective 
population size, natural selection and recombination. Genes 
such as immunity genes (Klein et al. [50], and 
self-incompatibility [51] are highly prone to lineage sorting 
due to over dominant selection. In such cases, it is much less 
likely to maintain shared haplotypes between species based 
on geographical location [52]. The indirect estimate of gene 
flow obtained from the AFLP marker study was Nm = 2.4. 
This is substantial when compared to teak in the natural 
forests (Nm = 1.5) of the Western Ghats [38]. By definition 
gene flow is the movement of genes from one generation to 
another or from one place to another through pollen 
movement or through seeds. Geographic variation of natural 
teak populations has been detected in Kerala [38]. Seed 

transfer guidelines should be developed on the basis of 
genetic information and data from provenance trials. The 
level of genetic diversity is also crucial to ensure the 
long-term success of a restoration project [53]. If 
commercial plantations are derived from a few superior trees 
/ plus trees, their genetic diversity tends to be low. If the gene 
flow from seed production area into native plantations is 
severe, the distinct gene pools of native forests will be 
destroyed [54]. Seeds used for plantations may be collected 
from a few seed trees that reveal capable phenotypes and are 
grown in nurseries [55, 56], avoiding the selection pressure 
on seed establishment. In the UPGMA clustering and  
PCoA analysis Konni clustered with Nilambur by virtue of 
their genetic similarity even though these locations are 
geographically far apart. The seed production areas are often 
established in close proximity to native inter-fertile 
conspecific populations using seeds from non-local and 
sometimes distant sources. One of the possible negative 
concerns of this planting policy is artificial genetic 
homogenization, the increase in the genetic similarity 
between the introduced and native gene pools with time via 
gene flow [57]. Especially in native populations of relatively 
small size, the human-mediated inflow of non-local genes 
may eventually swamp locally adapted genotypes. This 
process has rarely been assessed in natural ecosystems. This 
study showed the utility of AFLP fingerprinting in 
identifying the origin of planting stock and thereby revealed 
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the occurrence of the mistake of genotype identity. Similar 
mislabeling errors were detected by using AFLP markers to 
study a clonal seed orchard of teak established in 1985 at 
Kulathupuzha in southern Kerala [58]. These seed 
production areas are major provenances in Kerala for the 
quality and quantity of seeds and often established in close 
proximity to reserve forests. Since there is no record on the 
origin of seeds during the establishment of these seed 
production areas the genetic composition of these 
commercial plantation was genetically different from that of 
natural populations, gene flow from commercial plantations 
into native forests would pose serious problems. 
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