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The authors collected Sahelian sorghum landraces of Burkina Faso in 1984 and 74 of these 
accessions were characterized in 1985-1986 at Gampela in Burkina Faso (West Africa). The five 
races of cultivated sorghum were represented in this zone but 63.5% of the accessions were Guinea 
type. Great intra- and inter-accession variability was found. Plants were tall and had long panicles 
and small to intermediate seeds. There was a strong association between days-to-flowering, 
number of internodes, panicle length and height. The 100-kernel weight showed an antagonism 
with days to flowering and tillering. Multivariate analyses were made which enabled the accessions 
to be classified into four groups. The group most adapted to the sahelian zone, 'sahelian group', 
was semi-late, developed intermediate size of vegetative organs, had moderate tillering and had 
the best yield per plant. 
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Introduction 

Rapid erosion of genetic diversity has occurred in most cultivated crop species as a result 
of both natural and artificial selection. This erosion presents unacceptable risks for the 
production of crop commodities (Harlan and de Wet, 1972). This situation has prompted 
the creation of several national and international agencies to coordinate, intensify and 
rationalize the collection, classification and conservation of phytogenetic resources. 

Sorghum (Sorghum bicolor (L.) Moench) is one of the remaining few crop species with 
extensive genetic variability. Pioneering collection and evaluation efforts brought to light 
the need for a universal system for designating the variety of botanical and morphologi- 
cal forms of the sorghum plant (Snowden, 1936). Murthy et al. (1967) classified the world 
sorghum collection on the basis of genetic divergences. Curtis (1967) evaluated Nigerian 
sorghums and Scheuring et al. (1980) evaluated the Malian sorghums. Harlan and de Wet 
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(1972) provided a simplified version of Snowden's classification which is currently used 
by most field workers. This simplified system provides a key to the identification and 
classification of sorghum into five basic and ten intermediate races. 

In Burkina Faso, several collections of the local sorghum germplasm were made from 
1959 to 1982 by IRAT (Research Institute for Tropical Agronomy), ICRISAT (Interna- 
tional Crop Research Institute for the Semi-Arid and Tropics), IBPGR (International 
Board for Plant Genetic Resources), INERA (National Institute for Agricultural 
Research), and the Ministry of Agriculture. These collections were not systematically 
evaluated and only materials of obvious agronomic interest were purified and released as 
varieties, or used in breeding programmes, while most of the unused germplasm 
accessions were stored but often lost. 

This situation prompted the authors to initiate a nationwide germplasm collection in 
cooperation with extension agencies. These materials were categorized by agroecological 
origin and evaluated for several descriptive and quantitative parameters using the criteria 
of Harlan and de Wet (1972). 

This paper describes the characteristics of the sorghum germplasm from the Sahelian 
agroecological zone of Burkina Faso, a region located north of the 700 mm isohyet 
(Fig. 1) and characterized by a short rainy season with erratic and low annual precipita- 
tion, further aggravated by high evapotranspiration and temperatures (Sivakumar and 
Gnoumou, 1987). 
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Figure I. Sahelian agroecological region of Burkina Faso. 
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Materials and methods 

Seventy four landraces (farmers' varieties) collected in 1984 were grown during 1985 
at the University of Ouagadougou research farm at Gampela (12°15'N, l°12'W). Rainfall 
during the cropping season was 620mm, less than the normal 650-800mm range 
characteristic of the area. This, however, provided for conditions that were similar 
to those of the Sahel, which was desirable. The experiment was conducted on a 
predominantly silt-loam, acidic (pH 6.1) soil. 

The experimental design was a randomized block design with four replications. Two 
sowing dates, 21 days apart (3rd and 24th of July), were used. Preplanting fertilization 
was done at the rate of 100kg ha -1 of NPK (14N:23P2Os:13KzO), and urea (45:0:0, 
40 kg ha - i)  was applied as side-dressing at boot stage, approximately 60 days after 
sowing. 

Data was collected on plant height, number of internodes, panicle length, tillering 
(vegetative and reproductive), days to panicle emergence, days to flowering, grain yield 
per plant and 100-kernel weight. Spikelet type, glume and grain colour, plant colour, 
panicle exertion and response to photoperiod (tendency to flower at the same time 
despite a 21 day gap between sowing dates) were also recorded. Statistical analysis of the 
data, which consisted of descriptive and clustering procedures, was done with STAT- 
ITCF version 4 software (ITCF, 1988). 

Results 

Descriptive procedures 
Quantitative traits Large standard deviation was associated with all quantitative vari- 
ables (Table 1), which was indicative of considerable genetic diversity among the 
germplasm accessions. This was further stressed by the normal distribution followed 
by tillering, plant height, panicle length and yield (Fig. 2). Most accessions were of 
short maturity type as was evidenced by the left skewness of the distribution of days 
to flowering. Left skewness was also noted for the number of internodes (Fig. 2) and 
100-kernel weight. Grain yield per plant was negatively correlated to all other traits, 
which were otherwise positively correlated to each other (Table 2). 

Qualitative traits The Guinea spikelet type was predominant (63.5%) among the 
accessions, followed by 17.5% of Caudatum and 7.9% of Durra types. The Kafr and 
Bicolor types accounted for only 4.8% and 1.6%, respectively, of the accessions. The 
remaining 4.7% were Guinea-Caudatum type. 

Most of the accessions (86%) had white pericarp with only 9% of red coloured grain 
type. The remaining accessions had grains that were greyish in appearance (white 
pericarp with pigmented testa). The frequencies of black, red and brown glume colour 
were 76%, 13% and 8% respectively. None of the accessions had tan plant colour. 
Photoperiod sensitivity was evident in 88% of the accessions as they tended to flower at 
the same date despite a 21 day gap between sowing dates. 

Cluster analysis 
Principal Component Analysis Differences in days to flowering and related characters 
such as plant height and number of internodes accounted for 38.7% of the variation. 
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Figure 2. Frequency distributions of some quantitative characters of north Burkina Faso 
sorghum (Sorghum bicolor L. Moench) land races• 
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Table 1. Ranges, means, standard deviations and the significance of the ANOVA (F) 
registered on Burkina Faso Sahelian sorghums for the quantitative traits 

Traits Ranges Means SD F 

Height (cm) 204-486 368.7 50.7 a 

Number of nodes 9-23 13.3 2.6 a 
Panicle length (cm) 19-48.3 34.8 6.9 a 
Tillering 1-4.4 2.4 0.7 
Days to panicle emergence 54-103 69.2 8.2 
Days to flowe ring 58 - 103 72,8 8.5 
100 kernel weight (g) 1.4-2.7 2.2 0.3 a 
Grains/plant (g) 36-278 147,2 51.7 

aSignificance at 1% level. 

These traits thus define the first axis, i.e., that of earliness (Fig. 3). Tillering defined 
the second axis and accounted for most of the remaining variance. The criteria of tillering 
and earliness (axes 1 and 2) accounted for 61.7% of the total variance and allowed 
grouping of the materials into 4 discrete classes. Accessions within these classes were 
labelled as: late (GI: 23% of the accessions), semi-late with moderate tillering (GII: 
7%),  early (GIII:  9%) and semi-early with profuse tillering (GIV: 7%). 

Factorial Discriminant Analysis This method supported the reality of the four groups 
which are characterized by the data in Table 3. The Anova indicated that they differ one 
from another  for all characters except for exertion. Figure 4 shows the distribution of the 
groups in the first plane (axis 1 and 2) of this method. 95% of the accession had a good 
classification. 

Table 2. Correlation coefficients between the quantitative traits registered for Burkina 
Faso Sahelian sorghums 

Number Days 100 
of Panicle to Kernel 

Traits Height internodes length Tillering flowering weight 

Number of 0.33 a 
internodes 

Panicle length 0.5& -0.10 
Tillering 0.08 0.09 
Days to flowering 0.45 a 0.93 a 
100 Kernel weight 0.04 -0.24 a 
Grains per plant 0.44 ~ 0.08 

0.022 
0.04 0.12 

-0.01 -0.31 a -0.29 a 
0.42 0.11 0.31 a 0.31 a 

aSignificance at 1% level 
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Figure 3. Representation of sorghum (Sorghum bicolor L. Moench) land races of north 
Burkina Faso on the first plan (61.7% of the total variance) of the principal component 
analysis. *: ecotypes; G: groups. 

Factorial Correspondence Analysis Three axes were defined by this procedure (Fig. 5). 
Axis 1 (26% of the total variance) revealed close associations among plant cycle, the 
number of internodes and photoperiod sensitivity. All three characters were negatively 
related to tillering. A similar relationship was defined on the second axis (21% of the 
variance) between these characters and 100-kernel weight, panicle exertion and glume 
colour. The third axis associated yield with plant height and panicle length, all three 
characters were negatively related to glume colour. The plane defined by axes 1 and 2 
(47% of the variance) exhibited one association between days to flowering, internode 
number and photoperiod sensitivity and a second one between 100-kernel weight 
exertion and glume colour. Tillering (alone) occupied a third point of this plane. 

Discussion 

Intra-accession variability is extensive in Sahelian sorghums as indicated by large 
standard deviations associated with most quantitative characters. However, little varia- 
tion was found for plant height. The accessions in this study were intermediate between 
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Table 3. Mean values of the traits for the four groups of Burkina Faso Sahelian sorghums 
and significance of the ANOVA (F) 

Groups 

I II III IV F 

Size 17 45 7 5 

Traits 

Height (cm) 416.8 365.9 304.6 320.5 a 
Number of internodes 15.9 13.0 10.0 11.0 a 

Exertion (cm) 16.1 17.1 17.4 13.1 
Panicle length (cm) 37.2 35.2 24.4 37.3 b 
Tillering 2.9 2.2 1.7 3.8 a 
Days to flowering 82.3 71.7 61.0 66.1 a 

100 Kernel weight 2.1 2.4 2.3 1.7 a 
Grains per plant (g) 156.4 160.4 69.1 105.9 a 

~'bSignificance at 1% and 5% level respectively. 

Malian sorghums which measure from 1.5 to 4 m (Sheuring et al., 1980) and Nigerian 
sorghums (4 to 6.5 m, Curtis, 1967). 

Close association between vegetative and reproductive tillerings would indicate that 
empirical selection has eliminated types that produce tillers which would degenerate 
during reproductive growth. Such evolution would ensure minimal exports of scarce soil 
resources during plant growth and increase reproductive efficiency of Sahelian sorghums. 

Flowering occurred in most accessions (85%) from 10 to 12 weeks after planting, 
during late August to mid-September. Interestingly, accessions with longest cycles were 
from the northern most (and driest) parts of the Sahel; in this area, sorghum cultivation 
is restricted to lowlands with irrigation facilities. 

Curtis (1967) considered sorghums with 100-kernel weight less than 25 g as small 
seeded type and those with weight in excess of 35 g as large seeded type. According to 
these criteria, 85% of our accessions were small seeded and none had large seeds. 

Positive associations among plant cycle, plant height and internode number were 
found in this study, thereby extending a previous report (Kumar and Singhania, 1984). 
This study, therefore, attributed the height of Sahelian sorghum to internode number 
rather than length as has been previously suggested (Dumont, 1966). However, the 
results agreed with the concept that internode number is determined by maturity genes 
(Quinby, 1973). 

Negative correlations were found between maturity and 100-kernel weight. Plants that 
had many tillers also had lower 100-kernel weight. These results contrasted with those of 
Kumar and Singhania (1984) but agreed with those of Niehaus and Pickett (1966). 
Similar association was reported in another genus, Medicago, where perennial species 
were shown to have smaller seeds than annual species (Olivieri, 1987). 
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Figure 4. Centres of gravity of north Burkina Faso sorghums groups representation on 
the first plan of the factorial discriminant analysis (94.3% of the total variance). G: group. 

The significance of these results to sorghum breeding is unclear. Yield improvement 
could be achieved by increasing panicle length in early material or alternatively, by 
increasing seed size in materials of longer cycle. While both approaches would take 
advantage of the fact that the negative association between seed size and plant cycle, 
reduced seed size in late maturing materials could merely be due to poor maturation 
conditions. In this case, only breeding for increased panicle length in early materials 
would prove beneficial. 

It may also be suggested that best yielding types would be plants with increased height 
and reduced cycle, since all clustering procedures revealed that the most productive 
accessions were tall and had long panicles. Accessions that combined all three character- 
istics were classified as semi-late with moderate tillering. These accessions developed 
vegetative organs of intermediate size but they exhibited the best yield per plant. These 
materials, therefore, are the best adapted to the Sahel of Burkina Faso. These types of 
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Figure 5. Simultaneous representation of sorghum (Sorghum bicolor L. Moench) ecoty- 
pes of north Burkina Faso and their characters on the first plan (47% of the total 
variance) of the factorial correspondence analysis (*: ecotypes; TAI: tillering; NJF: days 
to flower; NEN: number of internodes; CGL: colour of the glumes; EXE: exertion; PCG: 
100-kernel weight; SPP: photoperiod sensitivity). 

sorghum could be referred to as the 'Sahelian group'. 'Early' and 'semi-early with 
profuse tillering' are respectively handicapped by low tillering and low kernel weight. 
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