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Abstract 

Pollen contamination is a severe problem in production breeding programs since it reduces the 
expected gain. In an attempt to solve this problem Skogforsk created an isolation experiment in 
the advanced Scots pine (Pinus sylvestris) seed orchard Västerhus in Västerbotten, Sweden. This 
experiment involves covering blocks of trees with a tent during the pollination period so that 
they only can mate with each other inside. To evaluate the effects of this tent treatment one tree 
from inside a tent with supplementary mass pollination (SMP) and one tree from the open 
control were chosen for this study. 48 seeds from each tree were sampled and genotypes at 9 
microsatellite (SSR) loci. The likelihood and exclusion methods for paternity assignment were 
used to establish the fathers to these seeds. The results showed 0% contamination inside the tent 
and 4-8% outside in the control. The number of fathers contributed to the fertilization of the 48 
seeds was 9 inside and 15 outside. The selfing rate was unexpectedly high, 10% inside the tent 
and 19% outside. The mating system inside the tent need to be further evaluated to fully 
understand what other effect the treatment has on the future progeny. 
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1 Introduction 

A seed orchard consists of a few highly selected subset of a breeding population, the best 
individuals, and the sole purpose of a seed orchard is to produce genetically enhanced seeds for 
reforestation programs. This modern and organized way of producing seeds did not start until 
the 1950s, by then most forest were untouched by genetic manipulation and science had 
accumulated an increased knowledge in the field of breeding. But even with this new knowledge 
most of the first generation tree breeding programs only focused on high timber production and 
little on sustainability of future generations. Fortunately this short-term thinking was casted 
aside because it would leave a too small genetic base for long-term breeding (Funda & El-
Kassaby 2012). 

Today seed orchards aim at acquiring and hold a large genetic base but still manage to get the 
desired characters into the new generation of trees (Funda & El-Kassaby 2012). In Sweden, seed 
orchards are the most important way to get production gain and sustainable harvest for forest 
trees. Currently, seed orchards supply 71% seedlings for reforestation in Sweden, 83% for Scots 
pine and 62% for Norway spruce (Swedish statistical yearbook of forestry 2012, 
http://www.skogsstyrelsen.se/statistics), and new orchards are expected to completely fill the 
seed need. The genetic gain from the selected individuals, however, can decrease with high rates 
of pollen contamination. Pollen contamination in a seed orchard means that the seeds are sired 
by pollen from outside the orchard rather than by pollen of the selected genotypes in the 
orchard, which would results in the dilution of the selection effects. Contamination is an age-old 
problem in seed orchard management, as high as 50% has been detected in modern seed 
orchards (Torimaru et al. 2009). On the other hand, contamination from outside fathers brings 
more genetic diversity and a more variable offspring generation.  

To accurately examine the seed orchards function the level of pollen contamination need to be 
determined. In the 1980s and 1990s, studies on Scots pine (Pinus sylvestris) seed orchards were 
made using allozyme markers (e.g. Wang et al 1991; Yazdani and Lindgren 1991), but this 
method has low discrimination power and leads to uncertain results. Torimaru et al. (2009) 
developed a method for paternity assignment using high resolution microsatellite (SSR) DNA 
markers to investigate the pollen contamination rate in an advanced seed orchard in the 
northern of Sweden called Västerhus. This is the most advanced seed orchard in Sweden used for 
commercial seed production and it was established with tested clones using the concept of linear 
deployment (i.e. the clone with higher breeding values have more ramets in the orchard and a 
clone with lower breeding value have a lower number of ramets).  The theoretical gain from 
using this design in Västerhus seed orchard is 22% (Rosvall et al. 2003). In reality, many factors 
can negatively affect this gain such as pollen contamination.  
 
A previous study in Västerhus seed orchard revealed 50% contamination rate in the 2007 seed 
crop (i.e. pollination season 2006) (Torimaru et al. 2009). Based on this information Skogforsk 
created a large-scale isolation experiment to understand the complex mating patterns within the 
seed orchard and to evaluate whether tent isolation could have any effects on decreasing pollen 
contamination rate. The experiment consists of parts of the orchards covered by tents during the 
pollination period. Four different treatments were included in the experiment: 1) Control 
without tent, 2) Tent isolation, 3) tent isolation plus air circulation and 4) tent isolation plus 
supplemental pollination (SMP). Each tent consists of 10 – 13 trees and each treatment was 
replicated two times. For this report, seeds harvested in 2011 were used (i.e. pollination season 
2010).  
 
The aim of this study was to determine the contamination rate and gain more knowledge about 
the other parameters of the mating system inside and outside of the tent experiment and in 
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addition gain experience in plant DNA extraction, SSR genotyping, and marker-based paternity 
analyses.  

 

2 Material and Methods 

2.1 Seed orchard and selection of ramets 

The seed orchard called Västerhus was established in 1991. It is 13.7 ha in size and located close 
to Örnsköldsvik in Västerbotten, Sweden (63°18’N, 18°32’E). It consists of 4640 grafted trees 
representing 28 selected clones. I chose to analyse two different ramets from the same clone 
representing two different treatments. The ramet 91-Z2081 is from the treatment of tent with 
supplementary pollination (SMP). In this tent there were 11 ramets representing 8 clones. Five 
additional clones AC1006, AC4221, Z3029, Z4003 and Z4022 were used as supplementary 
pollen. Pollen from these five supplementary clones were collected in 2009 and stored at -20Co 
until 2010 pollination season. Pollen from these 5 clones was supplied in different proportions: 
AC1006 - 6x, Z4003 - 3x, Z4022 - 4x, Z3029 - 3x, AC4221 - 4x. The other ramet; 104-Z2081 is 
from open control. For the convenience of utilizing 96-sample plate, 48 seeds from each tree 
were analysed.  

2.2 DNA extraction 

The seeds were germinated on filter paper soaked in water in petri dishes until the seedling had 
grown to 3 cm. The germination success was 100%. The DNA from each seed was extracted using 
an E-Z 96 Plant DNA Kit (OMEGA Bio-tek) according to manufacturer’s instruction. After the 
extraction, DNA samples were tested using agarose gel electrophoresis to make sure the 
extraction was successful. To determine the concentration (quantity) and quality of the DNA all 
samples were tested using a NanoDrop-10000 spectrophotometer and then diluted with elution 
buffer (Tris and EDTA) to 10 ng/µl. 

2.3 SSR amplification  
 
9 SSR loci were analysed based on the previous selection. All loci were amplified using 
fluorescently labelled forward primers with a unlabelled reverse primer in a reaction volume of 
17-ul containing 2 µl of the 10 ng/µl DNA solution, 11,03 µl of dH20; 1,7 µl of 10x PCR buffer; 
0,32 µl of 25 mM MgCl2; 1,3 µl of dNTPs (conc. = 0.1912 mM (2.5 mM x 1.3 µL / 17 µL)); 0,3 µl 
of FWD primer (10 ng/µl); 0,3 µl of REV primer(10ng/µl) and 0,05 µl of DNA polymerase 
TopTag (5 U/µl, QIAGEN). The FWD and REV primers were specific for each locus (Table 1).  
  
PCR for each SSR locus was performed on an iCycler PCR machine (BIO-RAD). The PCR 
conditions for locus ctg1376, PtTX4001, PtTX3116 and PtTX2146 were set to denaturing at 94°C 
for 3 minutes; followed by 30 s at 94°C  and 30 s of annealing with touch down from 60°C to 
50°C at 1°C decrement per cycle and 30 s at 72°C, then 25 cycles of 30 s at 94°C, 30 s at 50°C, 30 
s at 72°C, and a final extension of 10 min at 72°C. Locus PtTX3107, SPAC12.5, PtTX3025 had 
touchdown temperature at 55-45°C and ctg4363 and LOP1 at 64-54°C. The PCR products were 
checked by agarose gel electrophoresis. 
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Table 1: Locus name, primer name (F: Forward and R: Reverse), anneling temperature (touch down) and the size 
range of the PCR product. 

Locus Name Primers Sequences (5'-3') 
Anneling 
Temp 
(°C) 

Size of 
PCR 
product 

PtTX2146 
PtTX2146-F-D2 

CCTGGGGATTTGGATTGGGTATT
TG TD 60-

50 
176-264 
  

PtTX2146-R 
ATATTTTCCTTGCCCCTTCCAGAC
A 

PtTX3025 
PtTX3025-F CACGCTGTATAATAACAATCTA TD 55-

45 
211-305 
  PtTX3025-R-D2 TTCTATATTCGCTTTTAGTTTC 

PtTX3107 
PtTX3107-F AAACAAGCCCACATCGTCAATC TD 55-

45 
150-174 
  PtTX3107-R-D2 TCCCCTGGATCTGAGGA 

PtTX3116 
PtTX3116-F CCTCCCAAAGCCTAAAGAAT 

TD 60-
50 

115-169 
  PtTX3116-R-Cy5 

CATACAAGGCCTTATCTTACAGA
A 

PtTX4001 
PtTX4001-F CTATTTGAGTTAAGAAGGGAGTC TD 60-

50 
198-229 
  PtTX4001-R-Cy5 CTGTGGGTAGCATCATC 

SsrPt_ctg137
6 

SsrPt_ctg1376-F 
CGATATTATGGATTTTGCTTGTG
A TD 60-

50 
88-124 
  SsrPt_ctg1376-R-

Cy5.5 AAATGCATGCCAAACTTAAATAC 

SsrPt_ctg436
3 

SsrPt_ctg4363-F TAATAATTCAAGCCACCCCG 
TD 64-
54 

95-106 
  SsrPt_ctg4363-

R-Cy5 
AGCAGGCTAATAACAACACGC 

SPAC12.5 
SPAC12.5-F CTTCTTCACTAGTTTCCTTTGG 

TD 55-
45 

118-184 
  SPAC12.5-R-

Cy5.5 TTGGTTATAGGCATAGATTGC 

LOP1 
LOP1-F-Cy5.5 GGCTAATGGCCGGCCAGTGCT TD 64-

54 
153-189 
  LOP1-R GCGATTACAGGGTTGCAGCCT 

 
 
2.4 Genotyping 
 
The PCR products were mixed together on a special plate for CEQ 8000 capillary sequencer 
(Beckman-Coulter) in specific proportions depending on the strength of the coloured primers. 
One set of loci was mixed as following: PtTX2146 4,5 µl; ctg1376 3,5 µl; LOP1 2,0 µl; ctg4363 0,5 
µl; PtTX4001 0,5 µl, and another set as PtTX3107 4,5 µl; PtTX3025 4,5 µl; SPAC12.5 2,0 µl; 
PtTX3116 0,5 µl. 30 µl of sample loading buffer containing fluorescently labeled size marker (size 
standard-400, Beckman-Coulter) was added to each mixed sample. The sample plate was 
vortexed and spinned to be sure that no air bubbles remained and then a drop of mineral oil was 
added on top of each sample to prevent evaporation. The plate was then analysed by the CEQ 
8000 capillary sequencer (Beckman-Coulter). Allele identification and genotyping were 
performed using the CEQ8000 Fragment Analysis software (Beckman-Coulter). Genotype at 
each locus was then merged over loci to form a multilocus genotype for each individual seeds.  

2.5 Data analysis 

In a previous study, Torimaru et al. (2009) identified the genotypes over the 9 loci analysed in 
this study for all 28 clones in the orchard. All seeds that were analysed in this study have a 
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maternal tag, thus known maternal genotype. To assign the correct father to each seed, two 
different methods of paternity assignment was applied, one is a simple exclusion method and 
another is a maximum likelihood method. The exclusion method compares the male ramet 
genotype derived from mother-seed genotype relationship to the genotypes of the candidate 
fathers in the orchard.  If the genotype of a seed does not match any of the 28 clones, it was 
considered as sired by a father outside the seed orchard, thus indicating pollen contamination. 
When all but one candidate orchard clone genotype were excluded (an exact match), the clone 
was designated as the father. The confidence of the paternity assignment of each of the exact 
matched seeds were evaluated based on a likelihood ratio of two competing hypotheses, known 
as the paternity index (PI) in human paternity testing (Pena & Chakraborty, 1994).  

The two competing hypotheses are: 

H1: the candidate father is the true father 

H2: the candidate father is an unrelated random tree outside the seed orchard. 

The likelihood ratio PIl = H1/H2 for locus l is calculated using the method developed for cases 
where the mothers’ genotypes are known and null alleles are considered (Brenner, 1997). The 
posterior likelihood (W; i.e., the probability of paternity) of H1 is calculated using Bayes’ 
theorem, where pprior is the probability of H1 prior to considering the genetic evidence. (Evett & 
Wier, 1998): 

 







 



prior

l

lprior

l

lprior pPIpPIpW 1
9

1

9

1

 

In the present study, pprior was calculated as the proportions of grafts of each clone relative to the 
seed orchard population of 3,811 trees. All calculations were performed using an Excel add-in 
function developed by Torimaru et al. (2009) 

Another method for paternity assignment is based on likelihood analysis. This method does not 
need a perfect match to assign a candidate father. It uses the allele frequencies of the candidate 
father pool and determines the most likely father. For this analysis the software CERVUS 3.0 
was used (Kalinowski et al 2007).  

CERVUS first requires allele frequencies to be able to calculate the most likely candidate parent 
even though they have the same number of mismatching loci. The default output options were 
not changed running this part of the analysis. Then a parentage simulation analysis has to be run 
before the actual simulation. The simulated number of offspring was set to 10’000, proportion 
sampled was set to 1 since all the genotypes of the candidate fathers in the seed orchard are 
known and all unknown genotypes should be considered as contamination. The confidence level 
was first set to the default values of 85% relaxed and 95% strict confidence but the simulation 
was also rerun with the strict confidence level of 99% for comparison. Since the CERVUS was 
made originally for analysing genotypes of a mammal it is not a default option to recognise 
selfing so that was changed to fit our organism set up. All the results from CERVUS have been 
from the trio confidence output. The trio confidence considers the most likely parent based on 
the allele frequencies but also takes the known mother into account. 
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3 Results 

Amplification of the 9 SSR loci in all 96 seeds was successful. The product testing with the 
agarose gel electrophoresis all went well and the product quality and quantity was good so it 
could be used in the rest of the analysis (Figure 1). 

 

Figure 1. Agarose gel separation of the 9 SSR PCR products. DNA 1Kb size standard is loaded in the top and a random 
set of 6 samples from each SSR locus are loaded. The loci in the picture are: PtTX2146 (D1), ctg1376 (D2), LOP1 (D3), 
ctg4363 (D4), PtTX4001 (D5), Pt3107 (E1), PtTX3025 (E2), SPAC12.5 (E3) and PtTX3116 (E4). 

 

The capillary electrophoresis diagram (Figure 2) was read to assign the correct allele for each 
locus to each individual seed. This resulted in genotypes that could be compared to the maternal 
genotypes that were established previously (Torimaru et al 2009). No mismatches were found 
with the maternal genotype which indicated that no seeds were mixed up in the germination 
stage and no DNA contamination in the genotyping. 

 

 

Figure 2. Capillary electrophoresis allele shapes. Top panel shows 5 loci: PtTX2146 (black), ctg1376 (green), LOP1 
(green), ctg4363 (blue) and PtTX4001 (blue). The bottom panel  the other 4 loci: Pt3107 (black), PtTX3025 (black), 
SPAC12.5 (green) and PtTX3116 (blue). X-axis is the size of the allele and Y-axis the dye signal. 

 

 

 



6 
 

3.1 Mating patterns inside tent vs. outside tent 

Contamination rate  

Using the exclusion method, all seeds from ramet 91-Z2081 in the tent + SMP treatment could 
be assigned to a father within the orchard with high confidence (W > 0.98, only 3 assignments 
with 0.90>W>0.80, Table 2), therefore 0% contamination was found on this tree. In the open 
control, all assignments had W ≥ 0.95, but 4 out of 48 seeds from ramet 104-Z2081 did not 
match a candidate father genotype within the orchard, thus the contamination level was 8% 
(4/48 seeds).  

With the likelihood method no contamination was found for the ramet in the tent treatment and 
all but 2 seeds could be assigned to a father in the open control ramet with 95% confidence and 
all but 3 with 99% confidence level, thus 4% / 6% contamination rates depending on the 
confidence level. The contamination level was 0% inside the tent and between 4-8% outside the 
tent. Both the exclusion method and the likelihood-based CERVUS considered the possibility of 
null alleles present at two loci SsrPt_ctg4363 and PtTX3107. 

Table 2. Paternity assignment to each of the 96 seeds and the corresponding paternity probability (W) using the 
exclusion method. 

Control Tent + SMP 

Seed ID Assigned Father W Seed ID Assigned Father W 

104-13 AC3040 0.98938 91-13 Y3014 0.99926 

104-14 AC2047 0.99654 91-14 AC1075 0.99784 

104-15 Z3007 0.99996 91-15 Z3029 0.9997 

104-16 Z2081 0.99909 91-16 Y3014 0.99983 

104-17 Y2004 0.99818 91-17 Z2081 0.99815 

104-18 Y4103 0.95877 91-18 AC1006 0.99992 

104-19     91-19 Y3014 0.99322 

104-20     91-20 AC1006 0.9998 

104-21 Y4507 0.9981 91-21 Z4022 0.98434 

104-22 Z3007 0.99264 91-22 Y3014 0.99988 

104-23 Y2005 0.99944 91-23 AC3056 0.8344 

104-24 AC3056 0.98718 91-24 Z4022 0.99994 

104-25 AC2047 0.98589 91-25 AC1006 0.9996 

104-26     91-26 Y3014 0.99955 

104-27 Z2081 0.99852 91-27 AC1006 0.9996 

104-28 Y4016 0.99996 91-28 Z4003 0.99111 

104-29 Z2081 0.99996 91-29 AC1006 0.98851 

104-30 Y3014 0.99962 91-30 AC1006 0.9925 

104-31 AC2064 0.98982 91-31 Z4022 0.99997 

104-32 AC3056 0.95814 91-32 AC3056 0.86744 

104-33 AC3056 0.98646 91-33 AC3056 0.99365 

104-34 Z2081 0.99653 91-34 AC1006 0.98992 

104-35 Z2081 0.99953 91-35 AC3056 0.98242 

104-36 AC2047 0.98908 91-36 Z2081 0.99581 

104-37 AC3056 0.99923 91-37 Z2081 0.99245 
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104-38 Y4508 0.99962 91-38 AC1006 0.99862 

104-39 Z2081 0.9999 91-39 Z4003 0.99999 

104-40     91-40 AC3056 0.94404 

104-41 AC2047 0.99812 91-41 AC4221 0.99992 

104-42 Z2081 0.99498 91-42 Z4022 0.99986 

104-43 AC3056 0.99864 91-43 Y3014 0.8545 

104-44 AC3040 0.99327 91-44 Z4003 0.99785 

104-45 Y2005 0.99864 91-45 Z2081 0.99873 

104-46 X4203 0.99159 91-46 AC3056 0.94151 

104-47 Z2081 0.99686 91-47 Z4022 0.99986 

104-48 AC3040 0.99239 91-48 Y3014 0.99518 

104-49 AC3056 0.9976 91-49 Z4003 0.99988 

104-50 Y3014 0.98951 91-50 AC1006 0.99997 

104-51 AC3040 0.98038 91-51 AC1006 0.98468 

104-52 Y4016 0.99669 91-52 AC3056 0.82139 

104-53 AC3056 0.9977 91-53 AC4221 0.99969 

104-54 AC2047 0.98281 91-54 AC3056 0.99944 

104-55 Y4016 0.99768 91-55 AC3056 0.99916 

104-56 Z2081 0.99429 91-56 AC3056 0.98638 

104-57 AC3056 0.94527 91-57 Z4003 0.99726 

104-58 Y3001 0.99971 91-58 Z2081 0.99692 

104-59 Y3014 0.99998 91-59 AC1006 0.99723 

104-60 Y3014 0.99656 91-60 Z4022 0.99997 
 

Selfing rate  

The selfing rate was 10% (5/48) for ramet 91-Z2081 (tent + SMP) and 19% (9/49) for ramet 104-
Z2081 (Control) with both paternity assignment methods. 

Number of fathers  

There was a clear difference between the two ramets in the number of candidate fathers that 
sired their seeds (Figure 3). In the control ramet the number of fathers was 16 compared to the 
ramet with tent + SMP treatment that had 7 fathers. The supplementary pollination treatment 
had an effectiveness of 52% (25/48). The effective rate would be 0% with no SMP since none of 
those ramets (AC1006, AC4221, Z3029, Z4003 and Z4022) was present in the tent during the 
pollination period. The proportions of the different clones in the SMP pollen cloud was AC1006 - 
6x, Z4003 - 3x, Z4022 - 4x, Z3029 - 3x, AC4221 - 4x, these proportions are reflected in the 
number of sired seeds by each clone (Figure 3). 
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Figure 3. Comparison of the number of sired seeds between the ramet 91-Z2081 (with tent treatment and SMP) and 
104-Z2081 (no treatment/control) from the different candidate fathers in the seed orchard. The extra fathers used in 
the SMP treatment are marked with a *. 

 

4 Discussion 

4.1 SSR markers and Null alleles 

SSR markers are effective tools in parentage analysis if you choose the loci with great care. The 
higher level of polymorphism and co-dominance and no or few null alleles are the key to a 
successful application of SSRs in parentage analysis. In the 9 loci used in this study only one of 
them contains a null allele at low frequency (Torimaru et al. 2009). 

In this study only the paternity assignment of one seed differed between the likelihood and 
exclusion methods, that both analysis methods gave very similar results is an indicator of strong 
data. The strong data is a result of well-chosen loci for the Scots pine accessions in Västerhus 
seed orchard and careful genotyping and validation in all steps to eliminate errors.  

4.2 Selfing rate 

High selfing rate is not a desirable trait in most breeding programs because it increases the risk 
for inbreeding depression and decreases the genetic diversity in the next generation. Thus the 
effects of selfing and inbreeding are not wanted in seed orchard that aims at enhancing certain 
traits in production forest. 

The selfing rates in this study was 10% selfing in the tent + SMP ramet and 19% in the outdoor 
control, which is higher than that found in a previous study with exactly the same layout. Xia 
(2012) reported a selfing rate 4.25% for an indoor ramet and 2.56% for an outdoor ramet. Her 
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results are compatible with earlier studies made in the same orchard (Torimaru et al. 2009). The 
high selfing rate found in this study could be caused either the low sample size and/or individual 
differences in selfing. Individual clones/genotypes in this orchard differ in their pollen 
production and flowering time (Torimaru et al. 2012), these could potentially affect the selfing 
rate of each clone. The lower selfing rate inside the tent could be an effect of the supplementary 
mass pollination, the extra pollen are applied in large amounts and could have outcompeted the 
mothers own pollen. 

4.3 Contamination rate 

Reducing the pollen contamination from trees outside the orchard is essential to maintain the 
positive effects of the breeding program for increased production and having an even quality of 
the seed crop year to year. In the previous study on this seed orchard, the contamination rate 
was approximately 50%. Ideas on how to decrease this has been tried but non so far seemed to 
work well enough or being too expensive to work on a commercial scale. On the ramet in open 
control, I detected 4-8% contamination rate. This is even lower than the 20% Xia (2012) 
reported for a tree in her study. These results based on a single tree are not representative of the 
contamination rate of the entire orchard since there are differences between trees and from year 
to year. 

For the ramet inside the tent with SMP, no contamination was detected. The same result was 
obtained by Xia (2012) for another ramet in the tent + SMP layout last year. Taking all results 
together, we have strong evidence supporting the effectiveness of tent isolation in reducing 
pollen contamination. Further studies are needed to discover any side effects of this treatment 
and in that case how to handle them and if the costs of the treatment is worth the positive effect 
of no contamination in the long run. 

4.4 Number of fathers 

The number of fathers and their individual success in a population is an important parameter 
reflecting the mating system of that population. Many factors affect the pollen distribution and 
fertilization. The often skew distribution of sired seeds between candidate fathers in controlled 
populations is a result of male fecundity, spatial distribution of the clones in the orchard 
(Shimono et al. 2011). This may lead to certain genotypes getting an over-representation. 
Shimono et al. (2011) discovered an exponential decreasing probability of a successful mating 
with the distance between the mother three and father tree, the distance explained 25 % of the 
mating success. In another study (Torimaru et al. 2012) the distance explained 28% of the 
mating success while pollen production explained 78%.  

In this study the distance between the mother tree and the father is an important factor inside 
the tent. All but one seed was fertilized by pollen from the two closest trees together with the 
SMP. In the control tree with no tent it is harder to make a clear statement since there are 
several ramets from the same clone which could have fertilized the seeds and no way of knowing 
which of them it is. But if the distance has quite a large impact we think that it is more likely that 
a ramet closer to the tree has fertilized the seed rather than a ramet from the same clone that is 
further away. The four closest trees have in that assumption contributed to the majority of the 
fertilized seeds (30/48).  

It is clear from this study that the SMP treatment has been effective and broadens the candidate 
parental pool and then also the genetic diversity of the progeny. This may be necessary to 
increase the number of fathers inside the tent. The different proportions of the pollen cloud are 
an important factor to take into account. It seems to be a clear connection between a large 
proportion of pollen and larger number of sired seeds. The different clones used in the SMP and 
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their individual proportion are important factors to consider carefully before starting this 
treatment.  A possible down side of the tent treatments seems to be the low number of fathers 
(7). The trees one or more trees away from the mother has a breeding success of close to zero 
which is not good since there from the beginning is such a low number of fathers inside the tent 
(10). A supplementary mass pollination from appropriate clones and improved mixing of the 
pollen pool inside the tent could be a solution to broaden the genetic bases of the mating 
outcome inside the tent. Unfortunately this study did not involve a ramet with tent +SMP + fan 
treatment. The fan is there to try and evaluate if the tent treatment needs more air circulation to 
have sufficient pollen flow for all mating combination of comparable proportions.  

4.5 Data analysis 

Since the results from the two data analysis methods is almost identical the data is strong. Both 
methods have their pros and cons. The exclusion method is so strict that small mistakes in the 
laboratory work or the allele assignment can lead to complete mismatches in the paternity 
assignment. This problem is smaller in the likelihood method but chance events have a larger 
risk of slipping trough. Even though the results from both methods are almost identical CERVUS 
assigned more seeds with high confidence and therefore gives a lower contamination rate. Which 
of the results are more correct is impossible to say especially with such a low sample size as 96.  

4.6 Conclusion 

In this small study the tent treatment in the Västerhus seed orchard has been evaluated. Even 
though the sample size in this study is limited the fact that another student with the same layout 
also got a clear increase in the pollen contamination strengthens my own results. Other effects 
on the mating system, pollen distribution and other factors that play a role inside the tent needs 
to be evaluate at a larger scale to fully understand the consequences of this treatment. 
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