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ABSTRACT

Morphological and molecular markers were employed to study the genetic variability among 40 sorghum landraces
collected from Tanzania and two from Zambia. A total of 14 morphological markers and seven simple sequence
repeats (SSRs) primers were used to (i) determine the genetic relationships among landraces, and (ii) assess
important agronomic traits. Five principal components accounted for 73.60% of the total variability. There were
positive significant correlation between yield and inflorescence width (r = 0.343*), five panicles averages and plot
yields (r = 0. 531*), leaf senescence and inflorescence length (r = 0.355*). Negative significant correlation
between tiller numbers and inflorescence length (r = -0.343*) was recorded. Cluster analysis based on morpho-
logical traits revealed three major distinct groups with one landrace forming independent cluster. Based on
molecular markers, eleven clusters were observed. Sorghum controls, N13, Ochuti and Adiwo each formed
independent clusters. Markers Xgap84 and Xtxp320 had high alleles than other markers. These had seven and
eight alleles respectively. Molecular markers clearly separated landraces within and between groups than mor-
phological markers. There were no genotype specific makers with the exceptions of Ochuti and N13 controls.
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RÉSUMÉ

Les marqueurs morphologiques et moléculaires ont été utilisés pour  étudier la variabilité génétique de 40 variétés
locales du sorgho collectées en Tanzanie et 2 en Zambie. Au total 14 promoteurs pour les marqueurs morphologiques
et 7 pour les  marqueurs microsatellites ou SSRs (simple sequence repeats)  ont été utilisés pour (1) déterminer
les rapports génétiques des variétés (2) évaluer les traits à importance agronomique. Cinq composantes principales
correspondaient  à 73.6% du total de variabilité. Des corrélations  linéaires positives ont été trouvées  entre les le
rendement et la largeur de l’inflorescence (r=0.343*) ; Cinq moyennes de  panicules et le rendement parcellaires
(r=0.531*) ; et la sénescence des feuilles et la longueur de l’inflorescence (0.355*).   Une corrélation négative a été
enregistrée entre le nombre de talles et la longueur de l’inflorescence (r=0.343*). L’analyse cluster basée sur des
traits  morphologiques a révélé 3 groupes distinctifs majeurs avec une variété locale formant un cluster indépendant.
En se basant sur les marqueurs moléculaires, onze clusters été observes. Les varietes témoins, N13, Ochuti et
Adiwo chacune formaient des clusters indépendants. Les marqueurs Xgap84 and Xtxp320 avaient des allèles
plus élevés que les autres marqueurs, avec respectivement, sept et 8 allèles. Les marqueurs moléculaires ont
sépare clairement les varietes parmi et dans les groups   distinctifs que mieux les marqueurs morphologiques. Il



TULOLE  LUGENDO  BUCHEYEKI et al.72

n’y avait pas de marqueurs phénotypiques spécifiques à l’exception des témoins Ochuti et N13. L’information
générée par cette étude peut être utilisée par des sélectionneurs pour l’amélioration du sorgho.

Mots Clés:   Variété, Sorghum bicolor,  SSRs, Zambie

INTRODUCTION

Sorghum [Sorghum bicolor (L.) Moench] is one
of the important staple cereals in the semi-arid
regions of the world (Doggett, 1988; Rohrbach et
al., 2002).  It is well adapted to the range of
environmental conditions in semi-arid Africa, with
high variability (Doggett, 1988; Teshome et al.,
1997; Rami et al., 1998).  In Tanzania, both
improved and landrace varieties are available and
there is great variability in the cultivated and wild
sorghum.  Improved sorghum varieties respond
well to the input supply and other improved
managements.  However, they are generally
susceptible to both biotic and abiotic stresses
and have poor storage, processing and nutrition
qualities as compared to landraces (Beta and
Corke, 2001; Kenga et al., 2004; Mgonja et al.,
2005;  Medraoui et al., 2007).  Consequently; the
rate of adoption of new varieties is low (Wubeneh
and Sanders, 2006; McGuire, 2008) . On the other
hand, landraces perform well under sub-optimal
conditions as they are well adapted to local
stresses and possesses farmers’ preferable traits
(Bantilan et al., 2004; Setimela et al., 2004).  It is,
therefore, necessary to study the genetic
relationships of these landraces and identify
traits to be incorporated in the released varieties.

Genetic characterisation of genotypes gives
descriptive information of the traits and helps in
understanding the similarities and differences
among genotypes (IBPGR and ICRISAT, 1993).
Both morphological and molecular markers are
used to save this purpose.  Morphological
characterisation was the first method used by
researchers to select superior genotypes, spring
wheat (Briggs, 1991), barn swallows (Cadee,
2000), and maize (Beta and Corke, 2001; Geleta
and Labuschagne, 2005; Barnaud et al., 2007).
However, several studies show that
morphological markers are not suitable for traits
with low heritability and are highly affected by
environments (Smith and Smith, 1992; Redfearn

et al., 1999;  Cadee, 2000).  These limitations have
lead to the evolution of molecular markers.

There are various molecular markers, and the
choice of the molecular markers to use is
dependant on cost effectiveness, simplicity,  high
throughput, number of samples, degree of
relatedness between samples, research objectives
and knowledge on the target genotype (Avise,
1995; Ji et al., 2004).   The common molecular
markers are Restriction Fragment Length
Polymorphisms (RFLPs), Random Amplified
Polymorphism DNA (RAPDs), Amplified Length
Fragment Polymorphisms (ALFPs) and Simple
Sequence Repeats (SSRs) (Powell et al., 1996;
Pejic et al., 1998).  Among these, SSRs have added
advantage of being relatively cheap and highly
discriminative (Missiaggia and Grattapaglia,
2006).

They are often used to distinguish cultivars
(Karp et al., 1996).  Agrama and Tuinstra (2003)
reported that SSRs are codominant and highly
informative and do not require radioisotopes.
Furthermore, SSRs are neutral and solves the
problem of linkages to deliver unbiased genetic
diversity (Kashi and King, 2006).  Therefore, SSRs
markers are useful tools for characterisation of
genotypes (Dean et al., 1999; Ghebru et al., 2002).
They have been utilised by other researchers to
study variability in sorghum.  Ghebru et al. (2002)
used SSRs to characterise 28 Eritrean sorghum
landraces.  Agrama and Tuinstra (2003) applied,
SSR and RAPD’s to analyse the diversity of 22
sorghum genotypes.

There are various studies that combined
morphological and molecular markers to
characterise crops elsewhere, ryegrass (Jianyang
2005),  rice (Ogunbayo et al., 2005; Yi et al., 2005),
maize (Beyene et al., 2005), sorghum (Dahlberg
et al., 2002) and concluded reliable and useful
information for breeders.  However, genetic
information among landraces in the central and
southern Tanzania is lacking.
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The objectives of this study were to (i)
determine the genetic relationships and thus
establish the potential for landraces as sources
of breeding material for future sorghum
improvement; and (ii) assess important
agronomic traits for sorghum classification.

MATERIALS AND METHODS

Field evaluation.  Field characterisation of 40
sorghum landraces (Table 1) was carried out at
Mansa Technology Assessment Site (TAS) in
Tanzania during the 2003/2004 growing season.
Mansa TAS is situated at 1241.45 m.a.s.l and lies
at latitude 11° 14.384 S, and 028° 57.267 E
longitudes.  Two blocks with plot size of two 5 m
rows and spacing of 75 cm x 50 cm were used.
Eight seeds were planted and then thinned to
one plant per station.  Fertiliser (N: P2O5: K2O: S =
10: 20: 10: 5) (basal) at the rate of 200 kg ha-1 was
applied.  Urea  fertiliser (46% N) was applied at
the rate of 100 kg N ha-1  four weeks after planting.
Two weeding were done per season.  Phoskill
(Monocrotophos 36 SL) 560 ml in 250 litres of
water per hectare was used to control stalk borers.
Data were recorded according to (IBPGR and
ICRISAT, 1993).

DNA Extraction.  Laboratory work on molecular
diversity analysis was done at BioScience for
Eastern and Central Africa (BECA) in Kenya.
Fourty landraces, 38 from Tanzania and two from
Zambia were used in this study (Table 1).  DNA
was extracted from two-weeks old leaf tissue
according to Mace et al.(2004) with minor
modifications.  For each of the landraces, three
DNA samples were made, each DNA sample
consisting of DNA extracted from a pool of ten
individual plants belonging to that landrace.  A
total of 123 DNA samples, 3 individual pools per
landrace, were obtained.   Extracted genomic DNA
was quantified by agarose gel electrophoresis
after digestion with restriction endonucleases.
All samples were diluted to a final concentration
of 2.5 ng μl-1 and arranged in a 96 well plates for
PCR reactions.

SSR primers. Seven SSR markers, specific for
sorghum previously used for the analysis of the
genetic variation of sorghum accessions from

ICRISAT genebank were obtained from
Genomechanix (India) and ABI (India). Marker
designations, forward and reverse primers and
their sequences were considered (Table 2).

PCR optimisation.  The PCR reaction conditions
of the primers were optimised using a modified
Taguchi method that is designed to reveal the
effects and interactions of specific reaction
components simultaneously, using a few
reactions (Cobb and Clarkson, 1994; Ferguson et
al., 2004).  Primer concentrations of 0.5 pM, 1 pM
and 2 pM; DNA amounts of 0.3 ng, 0.5 ng and 0.6
ng;  Mg2+ concentrations of 1 mM, 1.5 mM and 2
mM; dNTP concentrations of 0.05 mM, 0.075 mM
and 0.1 mM; and Taq polymerase of 0.125 U, 0.2
U and 0.25 U were used.  Each reaction was carried
out in a final volume of 5 μl. This resulted in nine
orthogonal arrays of different PCR components
(Table 3).  Initial denaturation for 15 min at 94 °C
was done.  Then, 10 cycles of denaturation for 10
seconds at 94 °C, annealing at 61-52° C for 20
seconds and extension for 30 seconds at 72 °C
were performed.   The annealing temperature for
each succeeding cycle was reduced with 1 °C.
Thereafter, 30 cycles of denaturation for 10
seconds at 94 °C, annealing at 54 °C for 20
seconds and extension at 72 °C for 30 seconds
was used. A final extension of 20 min at 72 °C was
included to minimise the +A overhang.

Capillary electrophoresis.  PCR products were
pooled post-PCR, where 0.5 ìl of the FAM-
labelled product, 0.5 ìl of the HEX-labelled product
and 0.5 ìl of the NED-labelled product was mixed
with 8.5 ìl of formamide (Perkin Elmer-Applied
Biosystems), 0.3 ìl of the ROX-labelled 400 HD
size standard (Perkin Elmer-Applied Biosystems)
and 4.2 ìl of distilled water.

DNA fragments were denatured and size
fractioned using capillary electrophoresis on an
ABI 3730 automatic DNA sequencer (Perkin
Elmer-Applied Biosystems).  The Genemapper
software Version 3.7 (Perkin Elmer-Applied
Biosystems) was applied to size peak patterns,
using the internal ROX 400 HD size standard and
for allele calling.  To verify the repeatability of
each PCR and each capillary electrophoresis run,
three control samples (accessions Adiwo, Ochuti
and N13) were included during PCR of each SSR
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TABLE  1.     Sorghum landraces used in the study

Accession no Name                              Grain colour             Collected area          Major use Country

1 Chijenja-3 White South Food Tanzania
2 Chijenja-4 White South Food Tanzania
3 Lionja- B-10 White South Food Tanzania
4 Lionja- B-5 White South Food Tanzania
5 Chijenja-3-19-1 White South Food Tanzania
6 Chijenja-3-25-7 white South Food Tanzania
7 Chijenja-4-31-1 white South Food Tanzania
8 Chijenja-4-33-3 Brown South Food Tanzania
- Mpunga -5-38-1* Brown South Food Tanzania
9 Mpunga -5-40-3 White South Food Tanzania
10 Mkia wa kondoo 6-43-1 White South Food Tanzania
11 Mwanza 6-44-2 White Central Food Tanzania
12 Mkimakuwa 8-51-4 White South Food Tanzania
13 Mkimakuwa 8-53-6 White South Food Tanzania
14 Linjana 9-57-4 White South Food Tanzania
15 Linjana 9-61-8 White South Food Tanzania
16 Mkia wa kondoo 10-64-1 White South Food Tanzania
17 Mkia wa kondoo 10-67-7 White South Food Tanzania
18 Msumbiji 11-72-1 White South Food Tanzania
19 Msumbiji 11-74-3 White South Food Tanzania
20 Nachihaku 12-79-1 White South Food Tanzania
21 Nachihaku 12-81-3 White South Food Tanzania
22 Saisi 13-86-1 White South Food Tanzania
23 Saisi 13-87-2 White South Food Tanzania
24 Msumbiji 14-91-1 White South South Tanzania
25 Msumbiji 14-97-7 white South Food Tanzania
26 Mkia wa Mwavuli15-100-1 White South Food Tanzania
27 Mkia wa Mwavuli15-104-5 White South Food Tanzania
28 Kimakonde 16-108-2 White South Food Tanzania
29 Kimakonde 16-110-4 White South Food Tanzania
30 Nkota B-17-118-2 Brown South Brewing Tanzania
31 Nkota 17-124-2 Brown South Brewing Tanzania
32 Mbagala 19-129-2 White Central Food Tanzania
33 Mbagala 19-133-6 White Central Food Tanzania
34 Mbagala 20-144-2 White Central Food Tanzania
35 Mbagala 20-145-3 White Central Food Tanzania
36 Mbagala 21-149-2 White Central Food Tanzania
37 Mbagala 21-166-22 White Central Food Tanzania
38 Local Nshima White Luapula Food Zambia
39 Local white White Luapula Food Zambia

*Mpunga -5-38-1 was dropped from the analysis due to lower germination percentage

marker and during each capillary electrophoresis
run.

Data analysis.  Morphological data.  Qualitative
traits were scored as one or zero binary data.
Traits with more than one state, such as colour,
were subjected to decomposition into binary data

by considering one state at a time.  The statistical
package for social scientists (SPSS) (2006) and
Genstat (2006) statistical softwares (for cluster
analysis and principal component analysis,
respectively) were used for data analysis.
Studied traits and their abbreviations are shown
in Table 4.
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TABLE  2.    SSR markers and primer sequences, repeat motif and linkage group (LG) location on sorghum linkage map

Set SSR locus Repeat motif Forward primer sequence Reverse primer sequence LG

1 Xcup62 (GAA)6 CGAGAAGATCGAGAGAACCC TGAAGACGACGACGACAGAC A
Xcup32 (AAAAT)4 ACTACCACCAGGCACCACTC GTACTTTTTCCCTGCCCTCC C
Xcup07 (CAA)8 CTAGAGGATTGCTGGAAGCG CTGCTCTGCTTGTCGTTGAG G

2 Xtxp40 (GGA)7 CAGCAACTTGCACTTGTC GGGAGCAATTTGGCACTAG E
Xcup28 (TGAG)5 GGTGTGAGACTGTGAGCAGC TATAGCACGGTTGTTGTGCC D
Xcup61 (CAG)7 TTAGCATGTCCACCACAACC AAAGCAACTCGTCTGATCCC C

3 Xcup52 (AATT)5 CTCCTCGCCGTCATCATC TAAAGAGAAACGCAGGCAGG E
Xcup14 (AG)10 TACATCACAGCAGGGACAGG CTGGAAAGCCGAGCAGTATG C
Xcup02 (GCA)6 GACGCAGCTTTGCTCCTATC GTCCAACCAACCCACGTATC F

4 KAF1 (ACA)9 GCTTTCGGCGAGCATCTTACAA GCGGTTGGATTCGCCATG J
Xcup06 (CTGC)4 GGCAGTAGCAGGCGTTTAAG AACTGAATCAGGTCATGGGC A
Xcup60 (CGGT)4 GTATGCATGGATGCCTGATG GCGAGGGTATGTAGCTCGAC A

5 Xcup63 (GGATGC)4 GTAAAGGGCAAGGCAACAAG GCCCTACAAAATCTGCAAGC B
Xcup53 (TTTA)5 GCAGGAGTATAGGCAGAGGC CGACATGACAAGCTCAAACG A
Xtxp114 (AGG)8 CGTCTTCTACCGCGTCCT CATAATCCCACTCAACAATCC C

6 Xtxp15 (TC)16 CACAAACACTAGTGCCTTATC CATAGACACCTAGGCCATC J
Xcup11 (GCTA)4 TACCGCCATGTCATCATCAG CGTATCGCAAGCTGTGTTTG C
Xcup37 (AG)9 CCCAGCCTTCCTCCTGATAC GTACCGACTCCAATCCAACG I

7 Xgap84 (AG)14 CGCTCTCGGGATGAATGA TAACGGACCACTAACAAATGATT B
Xcup69 (ATGCG)4 ACAGCACCAAGGTGAAGGAC ATGTAGGGCACCAGCTTCAC B
Xtxp320 (AAG)20 TAAACTAGACCATATACTGCCATGATAA GTGCAAATAAGGGCTAGAGTGTT A

TABLE  3.     Orthogonal array of different PCR components and their concentrations

Reaction number      Primera         DNAb        Mg2+c                    dNTPd              Taq polymerasee

1 A A A A A
2 A B B B B
3 A C C C C
4 B A B C C
5 B B C A B
6 B C A B A
7 C A C B B
8 C B A C C
9 C C B A A

a Primer concentration: A = 0.5 pM, B = 1 pM, C = 2 pM
b DNA concentration: A = 0.3 ng, B = 0.5 ng, C = 0.6 ng
c Mg2+ concentration: A = 1 mM, B = 1.5 mM, C = 2 mM
d dNTP concentration: A = 0.05 mM, B = 0.075 mM, C = 0.1 mM
e Taq polymerase concentration: A = 0.125 U, B = 0.2 U, C = 0.25 U
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Cluster analysis, based on euclidean
distances as similarity measures and the
unweighted pair-group method with arithmetic
averages (UPGMA) were used to analyse the
genetic relationships among landraces.  Principal
component analysis was employed to analyse
traits that contributed significantly to the
discrimination of genotypes.

 Molecular markers data.  The resulting similarity
matrix was subjected to sequential agglomerative
hierarchical nested (SAHN) clustering using
unweighted pair-group method analysis
(UPGMA) suggested by Sneath and Sokal (1973)
and implemented in NTSYSpc.

RESULTS

Table 5 presents correlation coefficients of 14
pairs of traits used to study sorghum landraces.
There was positive and significant correlation
between yield and inflorescence width (r = 0.343*),
five panicles averages yield and plot yield (r = 0.
531*), leaf senescence and inflorescence length
(r = 0.355*).  There were high significant
correlations between stem diameter and leaf
number (r = 0.621**), and stem diameter and 100
grain weight (r = 0.649**).  Significant high
correlation was recorded on average weight of
five panicles with inflorescence length (r=0.334*),
with inflorescence width (r = 0.375*) and with

grain numbers panicle-1 (r = 0.489**).  A negative
significant correlation between tiller numbers and
inflorescence length (r = -0.343*) was also
recorded.  There was also negative significant
correlation between 100 grain weight and number
of tillers(r = -0.415**) and with grain numbers
panicle-1 (r = -0.684**).

Table 6 shows results of principal components
used to analyse sorghum landraces.  Five
principal components accounted for 73.60% of
the total variability.  The eigen value for the first
axis was high (3.245) and lower for the fifth (1.044).
The first principal component variations were
mainly due to hundred-grain-weight and main
stem diameter. The second principal component
was highly loaded by average weight of five
panicles, grain number panicle-1 and grain yield
per plot.  Height and leaf length averages mainly
constituted variations in principal component
three. The fourth principal component was mainly
measured by tiller diameter and number of tillers
per plant averages.

Inflorescence length and leaf senescence
mainly measured the average variations in
principal component five.  Table 7 shows five
similarity cluster groups variations of the
landraces.  The  high variations among landraces
was found mainly contributed by grain number
per panicle, plant height, inflorescence length,
average weight of five panicles and inflorescence
width.

Table 8 shows yield components
characteristics of the landraces.   High significant
grain yield was observed in Msumbiji-14-97-7 (3.74
t ha-1), Chijenja-3-19-1(2.36 t ha-1), Local nshima
(2.32 t ha-1) and Msumbiji-14-91-1 (2.18 t ha-1)
landraces.  Mkia wa kondoo 6-43-1 and Mwanza
6-44-2 landraces recorded the lowest yield (0.52 t
ha-1) each.

By plotting the first and second principal
components (Fig.  1) from the correlation matrix,
traits showed majority of landraces occupying
the area between -2 and 2 for both X and Y axis,
with Nkota B- 17- 118-2, Msumbiji -14-97-7 and
Mkia wa kondoo-6-43-1 as outliers.  Based on
principal components, five distinct clusters were
observed. By considering Figure 1 and 2, the
following observations were recorded.  Cluster 3
had a mixture of landraces from Cluster I and two
in the dendrogram.  Cluster 4 had all members

TABLE  4.     Morphological traits and their abbreviations used
to study sorghum landraces at TAS, Mansa, Zambia for the
2003/2004 growing season

Traits                                                 Abbreviations

Five panicles average weight (g) Ave
Grain number/panicle Grainu
Height (cm) Height
Hundred grain weight (g) Hund
Inflorescence length (cm) Inflole
Inflorescence width (cm) Inflowi
Leaf length (cm) Leafle
Number of leaves Leafnu
Leaf width (cm) Leafwi
Leaf senescence Sene
Main stem diameter (cm) Stemdi
Tillers diameter (cm) Tillerdi
Number of tillers Tillers
Grain yield (tha-1) Yield
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TABLE  6.    Principal components and variability contribution of 14 sorghum landraces traits as assessed at TAS, Mansa, Zambia
for the 2003/2004 growing season

Traits* PC1 PC2 PC3 PC4 PC5

Ave 0.14727 0.51269 -0.10382 0.05633 0.21055
Grainu -0.26992 0.40438 -0.34649 -0.00062 0.06059
Height 0.12946 -0.08477 -0.50923 -0.25215 0.00387
Hund 0.40498 -0.11405 0.28198 0.07926 0.29926
Inflole 0.32141 0.24699 0.04801 0.00844 -0.4579
Inflowi 0.20533 0.34712 0.19216 -0.35351 0.00342
Leafle 0.11863 -0.22189 -0.4438 0.14082 -0.20426
Leafnu 0.3499 -0.13667 -0.35578 0.16019 0.146
Leafwi 0.29128 -0.09444 -0.18395 -0.37435 -0.24584
Sene 0.11331 0.27597 -0.08384 0.33816 -0.503
Stemdi 0.46686 -0.1508 -0.04711 -0.0089 0.27809
Tillerdi 0.12656 0.02425 0.20652 -0.54709 -0.2248
Tillers -0.2947 -0.03129 -0.25449 -0.45003 0.15141
Yield 0.1556 0.44117 -0.13063 0.00445 0.35422

Eigen value 3.245 2.354 1.937 1.723 1.044
Variation (%) 23.18 16.82 13.83 12.31 7.46
Cumulative (%) variation 23.18 40.00 53.83 66.14 73.60

*For units refer table 4, PC = principal component

TABLE   7.     Five similarity cluster groups showing traits characteristics of sorghum landraces as recorded at TAS, Mansa, Zambia
for the 2003/2004 growing season

Cluster 1 2 3 4 5 Mean Min Max SD        CV (%)
group*

Ave 279.0 209.7 203.6 266.5 253.1 242.4 203.6 279.0 33.9 14
Grainu 2777.1 696.3 1700.7 3575.8 2156.4 2181.0 696.0 3576.0 1088.0 50
Height 403.4 372 399.5 368.5 374.6 383.6 368.5 403.4 16.5 4.3
Hund 2.1 3.9 2.4 1.5 2.4 2.46 1.5 3.9 0.885 35.97
Inflole 33.7 28.1 31.8 26.7 32.5 30.56 26.7 33.7 3.0 9.83
Inflowi 18.6 15.3 15.2 13.8 19.3 16.44 13.8 19.3 2.38 14.48
Leafle 97.9 97 98.0 97.0 97.0 97.38 97.0 98.0 0.52 0.54
Leafnu 15.3 15.9 15.3 14.6 15.4 15.3 14.6 15.9 0.464 3.031
Leafwi 8.6 8.6 8.8 8.1 9.0 8.62 8.1 9.0 0.335 3.882
Sene 6.6 5.3 6.1 5.5 6.1 5.92 5.3 6.6 0.522 8.81
Stemdi 2.1 2.4 2.1 1.9 2.1 2.12 1.9 2.4 0.179 8.438
Tillerdi 1.4 1.3 1.4 1.3 1.4 1.36 1.3 1.4 0.055 4.027
Tillers 4.0 3.4 3.8 4.3 3.9 3.88 3.4 4.3 0.327 8.431
Yield 1.9 1.5 1.3 1.6 1.8 1.62 1.3 1.9 0.239 14.737

*For units refer table 4, Min = minimum, Max = maximum, SD = standard deviation, CV = coefficient of variation

from cluster 1 in the dendrogram.  Both  landraces
from Zambia were placed in Cluster 5.

Figure 2 presents dendrogram clusters based
on morphological data at cluster distance 5 that

revealed three major distinct groups with one
landrace forming independent cluster. The rest
(two clusters) had two sub clusters each.  Cluster
1 was mainly composed of landraces collected
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TABLE 8.    Yield components characteristics of sorghum landraces evaluated at TAS, Mansa, Zambia for the 2003/2004 growing
season

Name Grainu* Ave* Hund Yield*

Chijenja-3 3459 311 1.80 1.98
Chijenja-4 1624 179 2.20 1.4
Lionja- B-10 1773 275 3.10 1.82
Lionja- B-5 1670 192 2.30 0.69
Chijenja-3-19-1 2424 267 2.20 2.36
Chijenja-3-25-7 2871 316 2.20 1.95
Chijenja-4-31-1 2581 348 2.70 1.88
Chijenja-4-33-3 2212 277 2.50 1.69
Mpunga -5-40-3 1975 257 2.60 0.93
Mkia wa kondoo 6-43-1 1252 125 2.00 0.52
Mwanza 6-44-2 2228 279 2.50 1.52
Mkimakuwa 8-51-4 1810 226 2.50 1.00
Mkimakuwa 8-53-6 1678 218 2.60 1.02
Linjana 9-57-4 1857 195 2.10 1.32
Linjana 9-61-8 2876 288 2.00 1.95
Mkia wa kondoo 10-64-1 1747 201 2.30 1.00
Mkia wa kondoo 10-67-7 1888 274 2.90 1.68
Msumbiji 11-72-1 993 119 2.40 0.63
Msumbiji 11-74-3 2050 297 2.90 1.78
Nachihaku 12-79-1 1963 236 2.40 1.62
Nachihaku 12-81-3 1899 228 2.40 2.07
Saisi 13-86-1 1837 211 2.30 1.56
Saisi 13-87-2 2081 239 2.30 2.01
Msumbiji 14-91-1 2265 227 2.00 2.18
Msumbiji 14-97-7 3018 332 2.20 3.74
Mkia wa Mwavuli15-100-1 3030 244 2.40 1.58
Mkia wa Mwavuli15-104-5 2210 199 1.80 2.05
Kimakonde 16-108-2 2579 232 1.80 1.45
Kimakonde 16-110-4 1738 209 2.40 0.88
Nkota B-17-118-2 3293 181 1.10 0.94
Nkota 17-124-2 3227 194 1.20 1.59
Mbagala 19-129-2 3960 277 1.40 2.15
Mbagala 19-133-6 1336 114 1.70 1.82
Mbagala 20-144-2 2713 204 1.50 1.45
Mbagala 20-145-3 2549 268 2.10 1.34
Mbagala 21-149-2 3980 318 1.60 1.26
Mbagala 21-166-22 3536 318 1.80 1.79
Local Nshima 971 228 4.70 2.32
Local white 125 282 4.50 1.54

Mean 2241 241 2.29 1.6
LSD  1284  81.20 0.94  1.13
CV(%)  28.30  16.70 20.30  34.9

* For units refer Table 4



TULOLE  LUGENDO  BUCHEYEKI et al.80

from southern Tanzania, with the exception of
Mwanza – 6-44-2 and Mbangala – 19-133 collected
from central Tanzania and Local nshima from
Zambia.  Cluster 2 was a mixture of landraces
collected from central and southern Tanzania,
with the exception of Mwanza – 6-44-2 and
Mbangala – 19-133; all landraces from central
Tanzania were placed in this cluster.  Local nshima
from Zambia constituted an independent cluster.

On molecular markers, all SSR markers showed
high reproducibility, with high consistency in
amplified products between PCR and ABI runs
of the three controls: Adiwo, Ochuti and N13.
Markers were polymorphic, although Xcup07,
Xcup62, Xcup69 showed polymorphism with the
control samples.  The most useful markers were
Xgap84 and Xtxp320.  Genotype specific markers
were Xcup07 with allele 273 for Ochuti and
Xgap84 allele 214 for N13 (Table 9).  Dendrogram
at 0.82 similarity coefficient revealed eleven
clusters (Fig. 3).    Three sorghum controls, N13,
Ochuti and Adiwo each formed independent
clusters.

DISCUSSION

Analysis of 40 sorghum landraces using 14
morphological traits showed the presence of

variations among landraces.  Sorghum traits
variations were also observed by Teshome et al.
(1997) study where 14 traits were used to classify
sorghum in Ethiopia. The high variations
exhibited by inflorescence width,  weight of
panicles, stem diameter, grain number, and grain
yield and inflorescence length traits indicate the
potentiality of landraces as breeding materials.
All these traits had positive effects on grain yield
components (Table 5), except stem diameter which
showed negative effect on grain number. The
variability contribution of these traits was further
confirmed by their contribution to principal
component scores and similarity cluster groups
formation (Table 6 and 7).

The high variability observed by this study
can be attributed to farmers’ practice of
interspecific intercropping of sorghum landraces,
which increases the chances of gene flow within
and outside the genotypes (Barnaud et al., 2007).
Seed exchange among farmers could be another
contributing factor to high variation among
sorghum landraces.  A study conducted by
Nathaniels and Mwijage (2000) revealed sorghum
seed exchange among farmers in southern
Tanzania as one of the sources of planting seeds.
In Zambia, Gwanama and Nichterlein (1995) found
the existence of seed exchange among farmers

Figure  1.     Landraces positions on first and second principal components based on morphological traits as evaluated at TAS,
Mansa, Zambia for the 2003/2004 growing season.
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Figure 2.    Dendrogram based on average linkage of sorghum landraces as evaluated at TAS Mansa, Zambia for 2003/2004
growing season.
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Figure 3.    Dendrogram based on genetic relationships of 41 sorghum landraces drawn from distance dice
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by which 40 % seed for field planting was
common.

The presences of distinct landraces groups
as exhibited by this study have advantages in
plant breeding.  This suggests that, genetic
improvement through crossing among and
outside landraces can be practiced (Falconer and
Mackay, 1996).

High significant grain yield observed in
Msumbiji-14-97-7 (3.74 t ha-1), Chijenja-3-19-1(2.36
t ha-1), Local nshima (2.32 t ha-1) and Msumbiji-
14-91-1 (2.18 t ha-1) landraces, indicates that,

TABLE  9.    Primers, number of alleles and their frequencies
used to study sorghum landraces

Marker      Total           Alleles       Number of         Allele
              number                           alleles          frequency
              of alleles         (%)

Xcup07 2 267 109/111 98.20
273 2/111 1.80

Xcup32 5 140 1/94 1.06
143 4/94 4.25
148 2/94 2.13
253 1/94 1.06
255 86/94 91.49

Xcup62 2 187 113/115 98.26
190 2/115 1.74

Xcup69 2 237 4/112 3.57
250 108/112 96.43

Xgap84 7 183 33/144 22.92
189 3/144 2.08
191 24/144 16.67
193 58/144 40.28
195 22/144 15.28
207 3/144 2.08
214 1/144 0.69

Xtxp320 8 254 54/162 33.33
260 4/162 2.47
266 27/162 16.67
269 9/162 5.56
271 50/162 30.86
274 8/162 4.94
277 7/162 4.32
280 3/162 1.85

landraces can provide a comparable reasonable
yield and that, there is potential yield in sorghum
landraces in Tanzania.  A negative significant
correlation between tiller numbers and
inflorescence length (r = -0.343*), 100-grain
weight and number of tillers (r = -0.415**), 100-
grain  weight  with  grain  numbers  panicle-1 (r =
-0.684**) could be utilised in breeding for
negative correlated traits.  Clustering of sorghum
landraces according to the area of collection and
their pedigrees as shown by this study indicates
variation and diversity of these landraces.  Other
studies revealed similar results (Dean et al., 1999;
Ghebru et al., 2002).  Clustering of Chijenja 4-31 -
1 and local white from Zambia may imply gene
flow from southern Tanzania and Zambia.  The
presence of clusters with mixed landraces of origin
can be due to close distances between central,
southern part of Tanzania and Zambia and
farmers selection for specific uses. Specific
sorghum use like local brewing in these regions
has imposed a positive selection pressure
towards brewing requirement traits (Tusekwa et
al., 2000).   Manzell et al.(2007) reported similar
results on sorghum populations in Somalia.

Unlike morphological markers which revealed
five and three clusters for principal components
and dendrograms, respectively; molecular
markers separated within and between landraces
groups and placed them in 11 clusters.   This is in
accordance with  findings elsewhere (Beyene et
al., 2005; Ogunbayo et al., 2005).  However,
morphological markers managed to show genetic
patterns and relationships among landraces.

CONCLUSION

High variations and similarities exist among
sorghum landraces in Tanzania.   Variations are
mainly contributed by inflorescence width,
weight of panicles, stem diameter, grain number,
and grain yield and inflorescence length.
Molecular markers characterisation was found to
be more effective and reliable than morphological
characters.  High grain yield observed in
Msumbiji-14-97-7, Chijenja-3-19-1, Local nshima
and Msumbiji-14-91-1 could be utilised as
materials for grain yield improvements.



TULOLE  LUGENDO  BUCHEYEKI et al.84

ACKNOWLEDGMENT

We acknowledge the Rockefeller Foundation for
funding the study in Zambia; and Ministry of
Agriculture, Tanzania and Zambia for proving the
enabling environment.

REFERENCES

Agrama, H.A. and Tuinstra, M.R. 2003.
Phylogenetic diversity and relationships
among sorghum accessions using SSRs and
RAPDs. African Journal of Biotechnology
2:334-340.

Avise, J.C. 1995. Molecular markers, natural
history and evolution. Chapman and Hall, New
York.

Bantilan, M.C.S., Deb, U.K., Gowda, C.L.L.,
Reddy, B.V.S.,  Obilana, A.B. and  Evenson,
R.E. 2004. Sorghum genetic enhancement:
research process, dissemination and impacts.
Patancheru 502 324, Andhra Pradesh, India:
International Crops Research Institute for the
Semi-Arid Tropics.

Barnaud, A., M. Deu, E. Garine, D. McKey and
Joly, H. 2007. Local genetic diversity of
sorghum in a village in northern Cameroon:
Structure and dynamics of landraces.
Theoretical and Applied Genetics 114:237-
248.

Beta, T. and  Corke, H. 2001. Genetic and
environmental variation in sorghum starch
properties. Journal of Cereal Science 34:261-
268.

Beyene, Y., Botha, A.-M. and  Myburg, A.A. 2005.
A comparative study of molecular and
morphological methods of describing genetic
relationships in traditional Ethiopian highland
maize. African Journal of Biotechnology
4:586-595.

Briggs, K.G. 1991. Spatial variation in seed size
and seed set on spikes of some Canadian
spring wheat cultivars. Canadian Journal of
Plant Science 71:95- 103.

Cadee, N. 2000. Genetic and environmental
effects on morphology and fluctuating
asymmetry in nestling barn swallows. Journal
of Evolutionary Biology 13:359-370.

Cobb, B.D. and Clarkson, J.M. 1994. A Simple
procedure for optimising the polymerase

chain reaction (PCR) using Taguchi methods.
Nucleic Acids Research 22:3801- 3805.

Dahlberg, J.A., Zhang, X., Hart, G.E. and Mullet,
J.E. 2002. Comparative assessment of variation
among sorghum germplasm accessions using
seed morphology and RAPD measurements.
Crop Science 42:291-296.

Dean, R.E., Dahlberg, J.A., Hopkins, M.S.,
Mitchell, S.E. and Kresovich, S. 1999. Genetic
redundancy and diversity among sorghum
accession in the U.S.A national sorghum
collection as assessed with simple sequence
repeats (SSRs) markers. Crop Science
39:1215-1221.

Doggett, H. 1988. Sorghum. Tropical Agriculture
Series, 2nd ed. CTA, Wageningen, The
Netherlands.

Falconer, D.S. and   Mackay, T.F.C. 1996.
Introduction to quantitative genetics. 4th

ed.Printice Hall,Harlo, UK.
Ferguson, M.E., Burow, M.D.,  Schulze, S.R.,

Bramel, P.J., Paterson, A.M.,  Kresovich, S.
and  Mitchell, S. 2004. Microsatellite
identification and characterization in peanut
(Arachis hypogaea L.). Theories of Applied
Genetics 108:1064 – 1070.

Geleta, N. and Labuschagne, M.T. 2005.
Qualitative traits variation in sorghum
(Sorghum bicolor (L.) Moench) germplasm
from, eastern highlands of Ethiopia.
Biodiversity and Conservation 14:3055-3064.

Genstat. 2006. Genstat statistical computer
programme. 9.1 edition.Lawes Agricultural
Trust (Rothamstead Experimental Station).

Ghebru, B., Schmidt, R.J. and  Bennetzen, J.L. 2002.
Genetic diversity of Eritrea sorghum landraces
assessed with simple sequence repeats (SSR)
markers. Theories of Applied Genetics
105:229-236.

Gwanama, C. and  Nichterlein, K. 1995.
Importance of cucurbits to small-scale farmers
in Zambia. Zambia Journal of Agricultural
Science 5:5-9.

Harlan, J.R. and deWet, J.M.J. 1972. A Simplified
classification of cultivated sorghum. Crop
Science 12:172-176.

IBPGR and ICRISAT. 1993. Descriptors for
Sorghum [Sorghum bicolar (L) Moench].
International Board for Plant Genetic
Resources, Rome, Italy. International Crop



Characterisation of Tanzania sorghum  landraces 85

Research Institute for the Semi- Arid Tropics,
Patancheru, India.

Ji, M., Hou, P., Li, S.,  He, N. and  Lu, Z. 2004.
Microarray-based method for genotyping of
functional single nucleotide polymorphisms
using dual-color fluorescence hybridization.
Mutation Research/Fundamental and
Molecular Mechanisms of Mutagenesis
548:97-105.

Jianyang , L.M.S. 2005. Morphological and
genetic variation within perennial ryegrass
(Lolium perenne L.). PhD thesis .The Ohio
State University,USA.

Karp, A., Seberg, O. and  Buiatti, M. 1996.
Molecular techniques in the assessment of
botanical diversity. Annals of Botany 78:143-
149.

Kashi, Y., and King, D.G. 2006. Simple sequence
repeats as advantageous mutators in
evolution. Trends in Genetics 22:253-269.

Kenga, R., Alabi, S.O. and Gupta, S.C. 2004.
Combining ability studies in tropical sorghum
(Sorghum bicolor (L.) Moench). Field Crops
Research 88:251-260.

Li, K., Xu, Z.,  Zhang, K., Yang, A. and Zhang, J.
2007. Efficient production and characterization
for maize inbred lines with low-phosphorus
tolerance. Plant Science 172:255-264.

Mace, E.S., Buhariwalla, H.K. and Crouch, J.H.
2004. A High-throughput DNA extraction
protocol for tropical molecular breeding
programs.  Plant Molecular Biology
Reporter 21:459-459.

Manzelli, M., Luca, L., Lacerenza, N., Benedettelli,
S. and Vecchio, V. 2007. Genetic diversity
assessment in Somali sorghum (Sorghum
bicolor (L.) Moench) accessions using
microsatellite markers. Biodiversity and
Conservation 16:1715-1730.

McGuire, S.J. 2008. Path-dependency in plant
breeding: Challenges facing participatory
reforms in the Ethiopian sorghum
improvement program. Agricultural Systems
96:139-149.

Medraoui, L., Ater, M., Benlhabib, O., Msikine,
D. and  Filali-Maltouf, A. 2007. Evaluation of
genetic variability of sorghum (Sorghum
bicolor L. Moench) in northwestern Morocco
by ISSR and RAPD markers. Comptes Rendus
Biologies 330:789-797.

Mgonja, M.A.,  Chandra, S.,  Gwata, E.T.,  Obilana,
A.B.,  Monyo, E.S.,  Rohrbach, D.D., Chisi,
M.,  Kudita, S. and Saadan, H.M. 2005.
Improving the efficiencies of national crop
breeding programs through region-based
approaches: the case of sorghum and pearl
millet in southern Africa. Journal of Food,
Agriculture and Environment 3:1 2 4 - 1 2 9.

Missiaggia, A. and Grattapaglia, D. 2006. Plant
microsatellite genotyping with 4-color
fluorescent detection using multiple-tailed
primers.  Genetics and Molecular Research
5:72-78.

Nathaniels, N.Q.R., and  Mwijage, A. 2000. Seed
fairs and the case of Malambo village,
Nachingwea district, Tanzania: Implications
of local informal seed supply and variety
development for research and extension. Net
Work Paper No. 101. 1-8.

Ogunbayo, S.A., Ojo, D.K., Guei, R.G., Oyelakin,
O.O. and Sanni, K.A. 2005. Phylogenetic
diversity and relationships among 40 rice
accessions using morphological and RAPDs
techniques. African Journal of
Biotechnology 4:1234-1244.

Pejic, I., Ajmone-Marsan, P., Morgante, M.,
Kozumplick, V.,  Castiglion, P.,  Taramino, G.
and Motto, M. 1998. Comparative analysis of
genetic similarity among maize inbred lines
detected by RFLPs, RAPDs, SSRs, and
AFLPs. Theories of Applied Genetics 97:1248-
1255.

Powell, W., Morgante, M., Andre, C., Hanafey,
M., Vogel, J.,  Tingey, S. and   Rafalski, A.
1996. The comparison of RFLP, RAPD, AFLP
and SSR (microsatellite) markers for
germplasm analysis. Molecular Breeding
2:225-238.

Rami, J.F., Dufour., P., Trouche., G.,  Fliedel., G.,
Mestres., C., Davries, F., Blanchard, P. and
Hamon, P. 1998. Quantitative trait loci for grain
quality, productivity, morphological and
agronomical traits in sorghum (Sorghum
bicolar L. Moench). Theories of  Applied
Genetics 97:605 - 616.

Redfearn, D.D., Buxton, D.R. and Devine, T.E.
1999. Sorghum intercropping effects on yield,
morphology, and quality of forage soybean.
Crop Science 39:1380-1384.



TULOLE  LUGENDO  BUCHEYEKI et al.86

Rohrbach, D.D., Mtenga, K., Kiriwaggulu, J.A.B.,
Monyo, E.S., Mwaisela, F. and  Saadan, H.M.
2002. Comparative study of three community
seed supply strategies in Tanzania.
International Crops Research Institute for the
Semi-Arid Tropics. Bulawayo, Zimbabwe.

Setimela, P.S., Monyo, E. and Bänziger, M. 2004.
Successful community-based seed
production strategies. Mexico, D.F.: CIMMYT.

Smith, J.S.C. and  Smith, O.S. 1992. Fingerprinting
crop varieties. Advances in  Agronomy 47:85-
140.

Sneath, P.H.A. and  Sokal, R.R. 1973. Numerical
Taxonomy. Freeman, USA.

SPSS. 2006. Statistical packages for social science
(SPSS). SPSS for Windows Release 15.0 .
LEAD Technologies. Inc, USA.

Teshome, A., Baum, B.R.,  Fahrig, L., Torrance,
J.K., Arnason, T.J. and Lambert, J.D. 1997.
Sorghum [Sorghum bicolor (L.) Moench]

landrace variation and classification in north
Shewa and south Welo, Ethiopia. Euphytica
97:255-263.

Tusekwa, A.B., Mosha, T.C.E., Laswai , H.S. and
Towo, E.E. 2000. Traditional alcoholic
beverages of Tanzania: Production, quality
and changes in quality attributes during
storage. International Journal of Food
Science and Nutrition 51:135 – 143.

Wubeneh, N.G. and  Sanders, J.H. 2006. Farm-
level adoption of sorghum technologies in
Tigray, Ethiopia. Agricultural Systems 91:122-
134.

Yi, G., Choi, J.-H., Jeong, E.-G., Chon, N.-S., Jena,
K.K.,  Ku, Y.-C., Kim, D.-H., Eun, M.-Y., Jeon,
J.-S. and Nam, M.-H. 2005. Morphological and
molecular characterization of a new frizzy
panicle mutant, ‘‘fzp-9 (t) ’’, in rice (Oryza
sativa L.). Hereditas 142:92-/97.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


