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ABSTRACT

Microsatellite markers were used to analyze pollen dispersal and mating system within a clonal seed orchard of Tectona 
grandis. A total of 105 offsprings, five known seed bearers and 307 putative pollen donors were genotyped at four 
microsatellite loci. This dataset was analyzed using maximum likelihood approach to determine paternity of 105 offsprings. 
Spatial analysis of known seed bearers and identified pollen donors was used to trace pollen dispersal in this insect 
pollinated species. The analysis revealed the mating system to be dominated by cross fertilization (93.4%), with very low 
rate of selfing (6.6%). The average pollen dispersal distance varied from 84.0±18.8 m (SEM) to 153.4±14.2 m (SEM). About 
80.7% of the pollen donors were beyond 50 m of the seed bearers. Of the thirty clones planted in the orchard, 23 
participated in the breeding process. The number of pollen donors per seed tree varied from 10 to 14. Management 
implications of these findings are discussed in the paper. 
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Paternity analysis of progeny arrays of Tectona grandis with microsatellite markers revealed a mating 
system dominated by cross fertilization and high levels of long distance (> 50 m) pollination.

Introduction

Traditionally, observational methods have been 
used to quantify gene flow between and within 
populations. These methods take the form of directly 
marking gametes and/or zygotes and either recapturing a 
sample to estimate mobility or to follow dispersal directly 
from a source (Campbell, 1985). These observational 
methods do not take into account post-dispersal factors, 
such as viability, sexual compatibility, gamete competition 
or selective embryo abortion. Therefore, these methods 
only measure dispersal, not successful gene flow (Cain et 
al., 2000). Recently, molecular markers have been 
successfully introduced in tree improvement programmes 
to study mating systems and gene flow in natural 
populations and orchards. Molecular markers provide a 
direct method to assess contemporary gene flow by way of 
identifying parents of progeny arrays. Microsatellite 
markers, because of their hyper-variability, co-dominance 
and mendelian segregation, have proved to be the marker 
of choice for studying contemporary gene flow and mating 
system in natural forests (Prabha et al., 2011; Dow and 
Ashley, 1996) and breeding pattern in seed orchards 
(Grattapaglia et al., 2004).

Tectona grandis, belonging to family Verbenaceae, 
is a large deciduous tree distributed in South and South-
east Asia. It is mainly valued for its decorative and very 
durable timber. Teak trees produce several large 
inflorescences, each consisting of hundreds of small 

flowers. The hermaphroditic flowers are arranged in 
panicles and it is primarily an outcrossed, insect pollinated 
species with adaptations like protandry. Several bee 
species viz., Heriades parvula, Ceratina hieroglyphica, ants 
and other insects have been recorded as Teak pollinators 
(Hedegart, 1976). 

Under the planting stock improvement programme 
of Teak, clonal seed orchards have been established at 
several locations in Telangana and Andhra Pradesh with an 
objective to produce genetically superior seeds. This 
objective can be met only when there is random mating 
among clones planted in the clonal seed orchards, 
thereby, capturing all possible gene combinations of the 
parent clones into their progenies. However, biotic 
factors (asynchronous flowering, pollinator behaviour, 
plant density, etc.) and environmental factors (rainfall, 
temperature, humidity, altitude, etc.) have the potential 
to effect non-random mating among some clones.It may 
cause depletion of genetic diversity in plantations raised 
from seeds, sourced from such clonal seed orchards. 
Selfing and pollen contamination from trees outside the 
orchard are other potential factors that defeat the 
purpose of producing genetically superior seeds. With 
this knowledge in background, a study was undertaken 
at the Institute of Forest Biodiversity, Hyderabad, to 
assess mating system and gene flow within a Teak CSO, 
located  at  Achuthapuram,  Te langana,  us ing  
microsatellite markers. 
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Material and Methods

Study site

The study site is located at the Forest Research 
0 0Station, Achuthapuram (17  14' 59.7516'' N and 81  2' 

51.1044'' E), under the Forest Geneticist, Telangana Forest 
Department, Warangal. The Teak clonal seed orchard was 
established during the year 1996, in permuted 
neighbourhood design, with double ring isolation and 
contained a total of 78 clones in three blocks. Block I, 
where the study was undertaken, contained 30 clones, 
replicated ten times with four ramets per clone. Thus, a 
total of 1200 ramets were planted at the time of CSO 
establishment during 1996. The total count of plants was 
307 during the year 2011, when this study was initiated. 

Leaf sample collection from clones and progenies

Genetic material in the form of fresh terminal leaf 
(about 200 mg) was collected from all retained ramets of 
the thirty clones. The leaves were swabbed with 70% 
ethanol to physically remove dirt, other contaminating 
particles and micro-organisms. Then, the leaves were 
dried following the protocol of Chase and Hills (1991), by 
putting them inside zip lock bags containing silica gel. The 
bags were labelled and then transported to laboratory for 
extraction of DNA. About one hundred open-pollinated 
fruits were collected from five seed bearers, located at 
different parts of the orchard, representing five clones. 
The fruits were bagged and tagged to maintain clonal and 
ramet identity. Fruits were germinated at the Institute of 
Forest Biodiversity nursery using alternate wetting and 
drying method. Following germination, which was about 
20%, leaf samples were collected from half-sib progeny 
arrays and dried with silica gel using the above mentioned 
protocol. Progeny samples were serially numbered along 
with the mother plant identity.

DNA extraction

Genomic DNA of each sample of Tectona grandis 
was extracted using the cetyl trimethyl ammonium 
bromide (CTAB) protocol of Doyle and Doyle (1990). The 
protocol was slightly modified by adding a higher 

concentration (2%) of β-mercapto ethanol. About 75 mg 
sample tissue was ground manually, in a mortar and 
pestle, in presence of liquid nitrogen. The finely ground 
tissue was incubated in 2% CTAB buffer for one hour at 

065 C. Following incubation, DNA was extracted using a 
mixture of chloroform and isoamyl alcohol, and 
precipitated using isopropanol. The precipitated DNA was 
washed in ethanol and suspended in Tris buffer. The 
suspended DNA was treated with enzyme RNaseA 
(10µg/ml) to degrade any contaminating RNA. 

Microsatellite genotyping

Fifteen microsatellite markers developed by 
Verhaegen et al. (2005) were screened for polymorphisms 
to identify markers with higher information content for 
the current study. Microsatellite marker amplifications 
were performed for a total volume of 10.0 µl [Master mix 
(2x)-5.0 µl; Forward primer (0.2µm) - 0.2µl; Reverse primer 
(0.2µm) - 0.2 µl; Template – 0.5µl (25ng/µl); Nuclease free 
water- 4.1 µl]. The polymerase chain reaction was 
performed in 35 cycles and consisted of (a) Initial 

o 0denaturation at 94 C for 4min., (b) Denaturation at 94 C for 
0 030 sec., (c) Primer Annealing at 48 C to 53 C for 30 sec., (d) 

0Primer extension at 68 C for 30 sec., (e) Final extension at 
0 068 C for 10 min., (e) Reaction termination at 5 C for 5min.

Four primer pairs showing clear amplicons and 
heterozygous banding pattern were short listed (Table 1) 
for genotyping of entire samples consisting of progenies 
(105 Nos.), known mothers (5 Nos.) and candidate fathers 
(307 Nos.) (Table 1).

Following final PCR amplification of target 
microsatellites, the amplicons were separated on non-
denaturing polyacrylamide gel (5 or 7%), run at constant 
current (30mA) for 2hour 45 minutes, alongside 100bp 
DNA ladder. The gels were post-stained with GelStar 
Nucleic Acid Gel Stain following manufacturer 
instructions. Gel images were captured in a Syngene 
GelDoc system. Then, alleles were scored at each locus 
taking into account the allelic range at that loci (Verhaegen 
et al., 2005). 

Table 1: Microsatellite primers used in the present study for genotyping of Tectona grandis.

Sl. Reference
No. temperature (°C)

1 CIRAD3TeakB02 ATG AAG ACA AGC CTG 

GTA GCC  AAT AAC ACG (N) (AC) .  2005

2 CIRAD3TeakF01 GCT CTC CAC CAA CCT AAA ACG TCT CAC CTT (TC) 51.016

AAA CAA CTC ACT 
3 CIRAD4TeakDA12 CGC ACA CCA GTA GCA GCC GGA AAA AGA 

GTA GCC AAA ACC AAA (GA) (N) (GA) A(GA) 49.04 5 11 4

4 CIRAD4TeakF02 CCG GTA AAA AGG TGT GAG TGG AAG TGC (TC) (AC) (N) (TC) 48.04 3 16 11

GTC A TAA TGG A

Locus Forward primer (5'-3') Reverse primer (5'-3') Repeat motif Annealing 

GGA AGA CTG GGG (TC) GC(TC) 53.0 Verhaegen11 4

et al ,62 7
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confidence level of 80% (Table 2). Out of the 61 progenies 
for which paternity could be established with 95% 
confidence, only four progenies were selfed (6.6%) and 
rest was the result of cross-fertilization (93.4%) (Table 3). 
This high outcrossing rate in Teak is in agreement with 
Prabha et al. (2011), who had reported 96.1% cross-
fertilization in a natural Teak forest in the Kerala state of 
India. Kjaer and Suangtho (1995) had reported 
outcrossing rate of 89-95% in Teak using isozyme 
markers. 

Spatial analysis of known seed bearers and 
identified pollen donors (identified at 95% confidence 
level) revealed pollen dispersal in all directions of the 
orchard (Fig. 1 and 2). The average pollen dispersal 
distance to five focal seed bearers varied from 84.0± 18.8 
(SEM) m to 153.4± 14.2 m (SEM) (Table 3). Further spatial 
analysis (Table 4) revealed that 80.7 % of the pollen donors 
were beyond 50.0 m of the seed bearers, whereas, only 
19.3 % pollen donors were within 50.0 m from the seed 
bearers. Pollination success was maximum (35.1 %) when 
pollen donors were in between 101 to 150 m from the 
seed trees.

Out of the thirty clones planted in the CSO, only 23 
clones participated in the breeding process. The 
contribution of other 7 clones could not be detected. The 
number of pollen donors varied from 10 to 14, with an 
average of 11.4 pollen donors per seed tree. Further 
analysis revealed that these pollen donors belonged to 8 - 
10 clones, with a maximum of 10 clones fertilizing seed 
bearer 7B. This indicates through mixing of alleles in the 
orchard, thus, helping in the production of genetically 
diverse and high quality seeds. 

In most studies on tropical plant species, gene flow 
through pollen acts over longer distances than through 
seed dispersal (Marico et al., 2009). There are two main 
factors responsible for mating distance in tropical trees 
viz., performance of pollinators and flowering tree density 
(Konuma et al., 2000). The impact of population density, 
species composition and pollinator abundance on 

Paternity assignment

Maximum likelihood approach was adopted to find 
the single most likely pollen parent (father) for each of the 
focal offspring with known seed parent (mother). The 
maximum likelihood approach was implemented through 
the software CERVUS 3.0.7 (Marshall, 1998-2014). In this 
study, the simulation parameters for generating Delta (?) 
were set as follows: Offspring – 100,000; Candidate 
parents – 220 (only those flowered out of total 307); 
Proportion of loci typed – 0.9806; Proportion of loci 
mistyped – 0.01; Confidence levels – 95% and 80%. 
CERVUS 3.0.7 was also used to determine the number of 
alleles (K), observed heterozygosity (Ho), expected 
heterozygosity (He) and non-exclusion probability.

Spatial analysis

In the present study, the row-row and plant-plant 
distance in the clonal seed orchard was known (5x5 m). A 
grid was prepared and each plant was identified with X-
axis and Y-axis co-ordinate (X , Y ; X , Y ,…..). The straight 1 1 2 2

line distance between the known seed parent and the 
identified pollen parent was calculated using the 
Pythagorean theorem:

The pollen dispersal distance was calculated by 
taking average of only those pollen parents identified with 
95% confidence level. 

Results and Discussion

The four microsatellite loci used in the present study 
produced distinct banding patterns. The number of alleles 
observed per locus varied from 12 to 18 with an average of 
15.5. The mean observed heterozygosity (0.766) was 
lower than expected heterozygosity (0.896). Paternity 
analysis with maximum likelihood approach identified the 
most likely pollen donors for 61 progenies (58.1%) with 
95% confidence level. A higher assignment rate (83 
progenies: 79.1%) could be achieved at relaxed 

d= 2 2(x -x )  + (y -y )2 1 2 1

Table 2: Paternity analysis for 105 Tectona grandis progenies.

Sl.
No.

Seed bearer 
(Mother tree)

No. of progenies 
analyzed for paternity

No. of progenies for which most likely 
pollen donors (Father tree) identified

Confidence level 

95% 80%

No. of progenies for which pollen 
donors not identified

1 4B (Clone 4) 22 12 17 5
2 25B (Clone 25) 20 12 15 5
3 7B (Clone 7) 22 11 17 5
4 18B (Clone 18) 22 12 19 3
5 22A (Clone 22) 19 14 15 4

Total 105 61 83 22
Percentage of progeny analyzed 58.1 79.1 20.9

Table 3: Pollen dispersal distance for sixty-one Tectona grandis progenies.

Progeny
No.

Seed 
tree

Seed tree 
position in 

orchard

Most likely 
pollen tree

Pollen tree 
position in 

orchard

Pollen 
dispersal 

distance (m)

Average pollen 
dispersal distance 

±SEM (m)

Remarks

1 4B R4C1 C8-8 R9C6(2) 67.3 87.160 ± 18.034 · Outcrossing rate - 83.3%
2 C17-7 R10C2 60.2 · Selfing rate - 16.7%
3 C4-2 R3C13 120.4
4 C20-2 R4C9 75.2
5 C6-1 R2C19 176.8
6 C4-3 R4C1 0 (Selfing)
7 C8-5 R5C20(2) 185.3
8 C12-1 R3C3 25.0
9 C21-3 R3C10 90.6
10 C4-3 R4C1 0 (Selfing)
11 C27-6 R7C4 35.4
12 C27-6 R7C4 35.4
13 25B R6C13 C6-1 R2C19 71.1 91.367 ± 10.072 · Outcrossing rate - 100%
14 C16-4 R6C5 85.0
15 C8-6 R8C1 120.9
16 C8-6 R8C1 120.9
17 C10-8 R11C1(2) 134.6
18 C4-9 R15C17 96.6
19 C3-7 R7C10 30.4
20 C8-6 R8C1 120.9
21 C27-4 R4C12 26.9
22 C16-4 R6C5 85.0
23 C20-11 R13C4 114.0
24 C10-10 R14C8 90.1
25 7B R7C6 C29-4 R5C16 106.1 93.473 ± 10.382 · Outcrossing rate - 100%
26 C21-8 R9C19 137.3
27 C11-6 R10C11 62.7
28 C19-7 R10C18 129.8
29 C7-3 R6C11 55.2
30 C7-3 R6C11 55.2
31 C8-2 R4C10 47.2
32 C18-7 R12C17 120.8
33 C4-2 R3C13 82.8
34 C14-10 R11C18(3) 132.9
35 C13-3 R4C15 98.2
36 18B R12C17 C14-10 R11C18(3) 15.8 84.010 ± 18.799 · Outcrossing rate - 83.3%
37 C15-8 R11C16 11.2 · Selfing rate - 16.7%
38 C18-7 R12C17 0 (Selfing)
39 C19-6 R8C4(2) 129.8
40 C8-12 R13C16(1) 11.2
41 C18-7 R12C17 0 (Selfing)
42 C23-3 R4C4 150.1
43 C16-4 R6C5 132.0
44 C19-10 R14C15 32.0
45 C22-3 R2C20 104.4
46 C22-3 R2C20 104.4
47 C24-11 R15C2 149.2
48 22A R2C20 C17-6 R9C8 138.9 153.436 ± 14.160 · Outcrossing rate - 100%
49 C18-7 R12C17 104.4
50 C17-4 R5C2 183.4
51 C14-12 R15C16 139.5
52 C15-7 R10C3 185.6
53 C20-6 R9C2(1) 188.5
54 C26-2 R4C13 72.8
55 C18-8 R13C3 202.5
56 C19-3 R4C18 28.3
57 C18-8 R13C3 202.5
58 C18-4 R6C2 184.4
59 C16-4 R6C5 156.6
60 C21-10 R12C2 204.1
61 C16-4 R6C5 156.6
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confidence level of 80% (Table 2). Out of the 61 progenies 
for which paternity could be established with 95% 
confidence, only four progenies were selfed (6.6%) and 
rest was the result of cross-fertilization (93.4%) (Table 3). 
This high outcrossing rate in Teak is in agreement with 
Prabha et al. (2011), who had reported 96.1% cross-
fertilization in a natural Teak forest in the Kerala state of 
India. Kjaer and Suangtho (1995) had reported 
outcrossing rate of 89-95% in Teak using isozyme 
markers. 

Spatial analysis of known seed bearers and 
identified pollen donors (identified at 95% confidence 
level) revealed pollen dispersal in all directions of the 
orchard (Fig. 1 and 2). The average pollen dispersal 
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19.3 % pollen donors were within 50.0 m from the seed 
bearers. Pollination success was maximum (35.1 %) when 
pollen donors were in between 101 to 150 m from the 
seed trees.

Out of the thirty clones planted in the CSO, only 23 
clones participated in the breeding process. The 
contribution of other 7 clones could not be detected. The 
number of pollen donors varied from 10 to 14, with an 
average of 11.4 pollen donors per seed tree. Further 
analysis revealed that these pollen donors belonged to 8 - 
10 clones, with a maximum of 10 clones fertilizing seed 
bearer 7B. This indicates through mixing of alleles in the 
orchard, thus, helping in the production of genetically 
diverse and high quality seeds. 

In most studies on tropical plant species, gene flow 
through pollen acts over longer distances than through 
seed dispersal (Marico et al., 2009). There are two main 
factors responsible for mating distance in tropical trees 
viz., performance of pollinators and flowering tree density 
(Konuma et al., 2000). The impact of population density, 
species composition and pollinator abundance on 

Paternity assignment

Maximum likelihood approach was adopted to find 
the single most likely pollen parent (father) for each of the 
focal offspring with known seed parent (mother). The 
maximum likelihood approach was implemented through 
the software CERVUS 3.0.7 (Marshall, 1998-2014). In this 
study, the simulation parameters for generating Delta (?) 
were set as follows: Offspring – 100,000; Candidate 
parents – 220 (only those flowered out of total 307); 
Proportion of loci typed – 0.9806; Proportion of loci 
mistyped – 0.01; Confidence levels – 95% and 80%. 
CERVUS 3.0.7 was also used to determine the number of 
alleles (K), observed heterozygosity (Ho), expected 
heterozygosity (He) and non-exclusion probability.

Spatial analysis

In the present study, the row-row and plant-plant 
distance in the clonal seed orchard was known (5x5 m). A 
grid was prepared and each plant was identified with X-
axis and Y-axis co-ordinate (X , Y ; X , Y ,…..). The straight 1 1 2 2

line distance between the known seed parent and the 
identified pollen parent was calculated using the 
Pythagorean theorem:

The pollen dispersal distance was calculated by 
taking average of only those pollen parents identified with 
95% confidence level. 

Results and Discussion

The four microsatellite loci used in the present study 
produced distinct banding patterns. The number of alleles 
observed per locus varied from 12 to 18 with an average of 
15.5. The mean observed heterozygosity (0.766) was 
lower than expected heterozygosity (0.896). Paternity 
analysis with maximum likelihood approach identified the 
most likely pollen donors for 61 progenies (58.1%) with 
95% confidence level. A higher assignment rate (83 
progenies: 79.1%) could be achieved at relaxed 

d= 2 2(x -x )  + (y -y )2 1 2 1

Table 2: Paternity analysis for 105 Tectona grandis progenies.

Sl.
No.

Seed bearer 
(Mother tree)

No. of progenies 
analyzed for paternity

No. of progenies for which most likely 
pollen donors (Father tree) identified

Confidence level 

95% 80%

No. of progenies for which pollen 
donors not identified

1 4B (Clone 4) 22 12 17 5
2 25B (Clone 25) 20 12 15 5
3 7B (Clone 7) 22 11 17 5
4 18B (Clone 18) 22 12 19 3
5 22A (Clone 22) 19 14 15 4

Total 105 61 83 22
Percentage of progeny analyzed 58.1 79.1 20.9

Table 3: Pollen dispersal distance for sixty-one Tectona grandis progenies.

Progeny
No.

Seed 
tree

Seed tree 
position in 

orchard

Most likely 
pollen tree

Pollen tree 
position in 

orchard

Pollen 
dispersal 

distance (m)

Average pollen 
dispersal distance 

±SEM (m)

Remarks

1 4B R4C1 C8-8 R9C6(2) 67.3 87.160 ± 18.034 · Outcrossing rate - 83.3%
2 C17-7 R10C2 60.2 · Selfing rate - 16.7%
3 C4-2 R3C13 120.4
4 C20-2 R4C9 75.2
5 C6-1 R2C19 176.8
6 C4-3 R4C1 0 (Selfing)
7 C8-5 R5C20(2) 185.3
8 C12-1 R3C3 25.0
9 C21-3 R3C10 90.6
10 C4-3 R4C1 0 (Selfing)
11 C27-6 R7C4 35.4
12 C27-6 R7C4 35.4
13 25B R6C13 C6-1 R2C19 71.1 91.367 ± 10.072 · Outcrossing rate - 100%
14 C16-4 R6C5 85.0
15 C8-6 R8C1 120.9
16 C8-6 R8C1 120.9
17 C10-8 R11C1(2) 134.6
18 C4-9 R15C17 96.6
19 C3-7 R7C10 30.4
20 C8-6 R8C1 120.9
21 C27-4 R4C12 26.9
22 C16-4 R6C5 85.0
23 C20-11 R13C4 114.0
24 C10-10 R14C8 90.1
25 7B R7C6 C29-4 R5C16 106.1 93.473 ± 10.382 · Outcrossing rate - 100%
26 C21-8 R9C19 137.3
27 C11-6 R10C11 62.7
28 C19-7 R10C18 129.8
29 C7-3 R6C11 55.2
30 C7-3 R6C11 55.2
31 C8-2 R4C10 47.2
32 C18-7 R12C17 120.8
33 C4-2 R3C13 82.8
34 C14-10 R11C18(3) 132.9
35 C13-3 R4C15 98.2
36 18B R12C17 C14-10 R11C18(3) 15.8 84.010 ± 18.799 · Outcrossing rate - 83.3%
37 C15-8 R11C16 11.2 · Selfing rate - 16.7%
38 C18-7 R12C17 0 (Selfing)
39 C19-6 R8C4(2) 129.8
40 C8-12 R13C16(1) 11.2
41 C18-7 R12C17 0 (Selfing)
42 C23-3 R4C4 150.1
43 C16-4 R6C5 132.0
44 C19-10 R14C15 32.0
45 C22-3 R2C20 104.4
46 C22-3 R2C20 104.4
47 C24-11 R15C2 149.2
48 22A R2C20 C17-6 R9C8 138.9 153.436 ± 14.160 · Outcrossing rate - 100%
49 C18-7 R12C17 104.4
50 C17-4 R5C2 183.4
51 C14-12 R15C16 139.5
52 C15-7 R10C3 185.6
53 C20-6 R9C2(1) 188.5
54 C26-2 R4C13 72.8
55 C18-8 R13C3 202.5
56 C19-3 R4C18 28.3
57 C18-8 R13C3 202.5
58 C18-4 R6C2 184.4
59 C16-4 R6C5 156.6
60 C21-10 R12C2 204.1
61 C16-4 R6C5 156.6
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Numbers denote clone number; X denote felled ramets; spacing  5x5 m

Fig. 1: Layout map of Tectona grandis CSO depicting pollen dispersal from the most likelypollen donors to seed bearer 18B.

Numbers denote clone number; X denote felled ramets; spacing  5 x 5 m

Fig. 2: Layout map of Tectona grandis CSO depicting pollen dispersal from the most likely pollen donors to seed bearer 22A.
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ekbØkslSVsykbV ekdZjksa dk mi;ksx djds VSDVksuk xzSfUMl ,y-,iQ- ds Dyksuh; chtks|ku ds Hkhrj laxe iz.kkyh vkSj thu izokg
,l- iVuk;d vkSj ds- f'kok 

lkjka'k
VSDVksuk xzSfUMl ds Dyksuh; chtks|ku ds Hkhrj ijkx fNrjko rFkk laxe iz.kkyh dk fo'ys"k.k djus ds fy, ekbØkslSVsykbV ekdZjksa dk mi;ksx 

fd;k x;kA dqy 105 lUrfr;ksa] ikap Kkr cht /kjdksa vkSj 307 vuqekfur ijkx nkrkvksa dks pkj ekbØkslSVsykbV ykslh ij thu iz:fir fd;k x;kA 
105 lUrfr;ksa ds iSr`Ro dk fu/kZj.k djus ds fy, vf/dre laHkkfor ,izksp dk mi;ksx djus bl MkVklSV dks fo'ysf"kr fd;k x;kA bl dhV 
ijkfxr iztkfr esa ijkx fNrjko dk irk yxkus ds fy, Kkr cht /kjdksa ,oa igpku fd, x, ijkx nkrkvksa ds LFkkfud fo'ys"k.k dk mi;ksx fd;k 
x;kA fo'ys"k.k us laxe iz.kkyh ds mn~?kkfVr fd;k] ftlesa Lo&fu"kspu (6-6») dh cgqr fuEu nj ds lkFk ij&lalspu (93-4») dh iz/kurk gSA 
vkSlr ijkx fNrjko nwjh 84-0 + 18-8 m  (SEM) ls 153-4 + 14-2 m  (SEM) rd gSA djhc 80-7» ijkx nkrk cht /kjdksa ds 50 eh- ds ikj FksA 
m|ku esa jksfir rhl Dyksuksa esa ls 23 us izztuu izfØ;k esa Hkkx fy;kA izfr cht o`{k ijkx nkrkvksa dh la[;k 10 ls 14 FkhA bl 'kks/i=k esa bu fu"d"kksZa 
dh izca/u tfVyrkvksa ij fopkj&foe'kZ fd;k x;k gSA 

outcrossing rate at a landscape level has been discussed by 
many researchers (Dick et al., 2003; Degen et al., 2004). At 
an intermediate scale, pollinators are responsible for 
substantial pollen flow (Martins et al., 2011).

Though cross pollination did not seem to be a 
problem in the present study, however, the low amount of 
viable seed production per seed tree indicated that such 
cross pollination events are very less in number. 
Insufficient pollination and high incidence of selfing 
events, probably due to the inefficient pollinators, might 
be two of the reasons for low fruit productivity. Teak has 
early-acting self-incompatibility during pollen tube entry 
into the ovule through the micropyle (Mohandas et al., 
2002), as a result of which most of the selfed embryos are 
aborted. Other factors observed in the present study that 
may be contributing to the low seed production are the 
less number of inflorescence per tree, temporal variation 
in flowering and seed infestation. These problems need to 
be addressed in order to increase production of good 
quality seeds from the clonal seed orchard. As a general 
measure to enhance cross pollination events, a number of 

bee cages may be introduced in the orchard to attract and 
keep the bees from flying longer distances to harvest 
pollen and nectar. Provision of sugar syrup and water may 
be made available during lean flowering periods. Intensive 
fertilization regimes along with application of 
Paclobutrazol may be considered to stimulate abundant 
flowering. 

Conclusion

The present study used paternity analysis of 
progeny arrays with microsatellite markers to gain insight 
into the mating system and gene flow within a clonal seed 
orchard of Tectona grandis. The mating system was 
dominated by cross fertilization. The early-acting self-
incompatibility in Teak is very effective in aborting selfed 
seeds, thus, keeping the effective selfing rate low. The 
average pollen dispersal distance varied from 84.0±18.8 m 
(SEM) to 153.4±14.2 m (SEM). The average number of 
pollen donors per seed tree was 11.4, which indicated 
multi-parental mating leading to approximate mixing of 
alleles in the orchard. 

Table 4: Spatial analysis of pollen donors for fifty seven progenies of Tectona grandis.

Sl.No. Distance of pollen dispersal No. of progenies having their pollen Percentage of progenies 
 (m) doors falling within the range* (%)

1 0-50 11 19.298
2 51-100 15 26.316
3 101-150 20 35.088
4 151-200 11 19.298

*Excluding four selfed progenies.
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Numbers denote clone number; X denote felled ramets; spacing  5x5 m

Fig. 1: Layout map of Tectona grandis CSO depicting pollen dispersal from the most likelypollen donors to seed bearer 18B.

Numbers denote clone number; X denote felled ramets; spacing  5 x 5 m

Fig. 2: Layout map of Tectona grandis CSO depicting pollen dispersal from the most likely pollen donors to seed bearer 22A.
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outcrossing rate at a landscape level has been discussed by 
many researchers (Dick et al., 2003; Degen et al., 2004). At 
an intermediate scale, pollinators are responsible for 
substantial pollen flow (Martins et al., 2011).

Though cross pollination did not seem to be a 
problem in the present study, however, the low amount of 
viable seed production per seed tree indicated that such 
cross pollination events are very less in number. 
Insufficient pollination and high incidence of selfing 
events, probably due to the inefficient pollinators, might 
be two of the reasons for low fruit productivity. Teak has 
early-acting self-incompatibility during pollen tube entry 
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keep the bees from flying longer distances to harvest 
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be made available during lean flowering periods. Intensive 
fertilization regimes along with application of 
Paclobutrazol may be considered to stimulate abundant 
flowering. 

Conclusion

The present study used paternity analysis of 
progeny arrays with microsatellite markers to gain insight 
into the mating system and gene flow within a clonal seed 
orchard of Tectona grandis. The mating system was 
dominated by cross fertilization. The early-acting self-
incompatibility in Teak is very effective in aborting selfed 
seeds, thus, keeping the effective selfing rate low. The 
average pollen dispersal distance varied from 84.0±18.8 m 
(SEM) to 153.4±14.2 m (SEM). The average number of 
pollen donors per seed tree was 11.4, which indicated 
multi-parental mating leading to approximate mixing of 
alleles in the orchard. 

Table 4: Spatial analysis of pollen donors for fifty seven progenies of Tectona grandis.

Sl.No. Distance of pollen dispersal No. of progenies having their pollen Percentage of progenies 
 (m) doors falling within the range* (%)
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