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Abstract: Participatory varietal selection was conducted in Western part of Ethiopia to evaluate the
performance of sorghum genotypes and to identify farmers’ preference and  selection  criteria  in  the  study
site.  Seven  sorghum  genotypes  along with local check collected from study area were evaluated in
randomized complete block design with three replications in 2013 main cropping season. Farmers’ evaluation
was made at two different stages of the crop, namely at flowering and at maturity using both direct-matrix and
pair-wise ranking methods of selection scheme. Farmers’ set; grain yield, disease resistance, grain color and
size as selection criteria to evaluate and identify their preferred genotypes. The results of analysis of variance
indicated the existence of highly significant differences among genotypes for all traits measured at 5%
probability level. The highest mean grain yield was obtained from the genotype Adukara (3689 Kg ha ) and1

Chiro (3566 Kg ha ). Likewise, Chiro, ETS-2752 and Adukara were identified as  farmers  preferred  varieties1

from both pair-wise and direct matrix ranking evaluations. Thus, the varieties Chiro and Adukara were chosen
for their performance in the field and from farmers' evaluation perspective. Moreover, this study indicated
participatory varietal selection is a viable method to gain greater insight into farmers’ perceptions, preferences,
merits and shortcomings of sorghum genotypes. Therefore, based on the results of this study and previous
works done in Assosa Agricultural Research Center, Adukara and Chiro are recommended for multiplication
and distribution to farmers through both formal and informal seed systems.

Key words:Direct-matrix ranking  Pair-wise ranking  Participatory varietal selection  Seed systems
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INTRODUCTION 2.1 tons per hectare [1]. Benishangul-Gumuz  Region

Sorghum (Sorghum bicolor (L.) Moench) is the fifth of the sorghum producing areas in Ethiopia where the
important cereal crop in the world and the third major crop is used as staple food for majority of the people. The
cereal crop next to tef and maize in area cultivated and in area coverage, production and  grain  yield  of  sorghum
total production in Ethiopia [1]. It provides food, fodder in BGR within 2012/2013 main cropping season was
and alcoholic beverages in the country. The main use of estimated to be 65,933 ha, 130, 995 tons and 1.99 tons
sorghum in Ethiopia is for making Injera (leavened bread). ha , respectively [1].
It accounts for an average of 10% daily caloric intake in Over the years, a number of late, medium and early-
Ethiopia [2]. The production of sorghum in Ethiopia is maturing sorghum varieties have been evaluated and
estimated to be 3.6 million tons on an area of 1.7 million released by federal and regional research centers for
hectares of land giving the national average grain yield of different agro-ecologies of the country. However, those

(BGR) which is found in western part of Ethiopia  is  one
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varieties are not being adopted by the farmers in a MATERIALS AND METHODS
satisfactory rate, probably due to poor farmers’
participation during selection process (on-station), Description of the Study Area: The field experiment was
inadequate knowledge of the farmers about the varieties, conducted in Western part of Ethiopia particularly at
lack of improved variety (ies) that adapt the specific Mao-Komo district (34°24'E, 9°23'N) in 2013 main cropping
environments and inadequate supply of seed of the season. The altitude at the experimental site is1820 meters
varieties to satisfy farmers’ needs. In line with this fact [3], above sea level (m.a.s.l). The area is characterized by uni-
indicated improved sorghum varieties had not been well modal rainfall, which starts in April and extends to end of
assimilated in Ethiopia due to the loose research November with maximum rainfall received during June to
extension-farmer linkage and farmers in many places do October. The total annual average rainfall of Mao-Komo
not know the improved varieties at all. On the other hand, district is 1252.10 mm during (2007-2010). The mean annual
sorghum production in Ethiopia is predominantly based air temperature from 2007 to 2010 was 19.20° C varied from
on varieties developed by farmers thus; the share of 12.93 to 25.43° C. The major soil types found in the
improved varieties is very low [4]. experimental area are Eutric Nitisols followed by Orthic

Despite the economic importance and contribution of Acrisols and Eutric Fluvisols.
sorghum to attain food security and food-self-sufficiency
in the region in general and in the study site in particular, Treatments, Experimental Design and Field
farmers were not aware of the available sorghum Management: A total of eight sorghum genotypes
genotypes released for their agro-ecologies. Thus, the including a local check collected from the study area were
utilization of improved sorghum varieties (high yielding, used for this study. The experiment was laid out in a
early maturing, better quality, diseases, pests and striga randomized complete-block design (RCBD) with three
resistant) is very low in the study area. This is mainly replications. During planting, the seeds were manually
because of the following limitations; poor participation of drilled into five meters long four row plot spaced 0.75 m
farmers’ in varietal selection process, inadequate research apart at seed rate of 10 kg ha . At approximately 21 days
interventions, lack of improved varieties that give after planting, the seedlings were thinned to 0.20 m
reasonable yield under farmers’ cultural management, in distance between plants giving a total population of 66666
adequate  improved seed  supply   system  and poor plants ha . Nitrogen and phosphorus fertilizers were
research-extension-farmer linkage. Hence, it is imperative applied in the form of Urea (46% N) and Diammonium
to evaluate the sorghum genotypes under farmers’ active Phosphate (DAP) (18% N and 46% P O ) at the
participation so as to incorporate their valuable opinion recommended rate of 50 kg ha and 100 kg ha ,
and desires. One of the approaches that have been respectively. Diammonium Phosphate (DAP) fertilizer was
practiced mainly in such kinds of research is participatory applied at the time of planting (as basal application);
varietal selection (PVS). whereas Urea was applied in the form of split application,

PVS is an approach that provides choices of varieties half of which was applied together with DAP during
to the farmers for increasing production in their diversity planting and the remaining top dressed before heading at
of socio-economic and agro-ecological condition. It also knee stage. Hand weeding was practiced as frequently as
provides an opportunity to the farmers to evaluate many needed.
kinds of varieties on their own fields; cultivars can be
searched according to the needs of the farmers of study Data Collection: Data were collected on plant and plot
areas with some other characters, such as earliness, high basis for different agronomic traits.  For  data  collection
yield, disease resistance and other good quality traits. It on plant basis, ten plants were randomly taken from the
also enhances farmer's access to crop varieties and two middle rows of each plot excluding the two rows on
increase in diversity; increase production and ensure food both sides of each plot to reduce border effect and the
security; help to disseminate the adoption of pre and mean value of those ten plants was calculated and used
released varieties in larger areas; allow varietal selection as plot data for analysis. Plant height (cm), head length
in targeted areas at cost-effectiveness and also in less (cm), head width (cm), head weight per plant (g) and
time and as a consequence help seed production and number of kernels per head were recorded on plant basis;
scaling-up at community level [5]. Therefore, the whereas days to 50% flowering, days to physiological
objectives of this study were to evaluative and select best maturity, number of heads per plot, thousand kernel
performing highland sorghum genotypes and to identify weight (g), grain yield (kg ha ), above ground biomass
farmers’ preferences and selection criteria in the study (kg ha ) and harvest index (%) were estimated on plot
site. basis.
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Farmers' Participatory Varietal Selection (PVS): RESULTS AND DISCUSSION
Participatory varietal selections were conducted using
participatory tools (direct matrix and pair-wise rankings).
Farmers’ selection was done based primarily on their
sorghum growing experience, gender ratio and willingness
to participate in the research. A total of 20 farmers of both
sexes (male=13, female=7) participated in the study.
Farmers were allowed to set their own selection criteria
and then both male and female participants prioritized and
jointly agreed on two characters (earliness and stalk borer
resistance) and four characters (grain yield, disease
resistance, grain size and color) during flowering and
physiological maturity stage of the crop, respectively. All
of them were tabulated in a matrix scoring table and each
selection criterion was compared with each other in a pair-
wise fashion. The rank assignments were determined from
the number of times each selection criterion was preferred
by the group. After identifying and weighing their best
selection criteria, farmers were invited to observe carefully
all the experimental units and select the best variety (ies)
based on its/their fitness to the specific criteria according
to their environment.

A direct matrix table was prepared for the evaluated
genotypes listed in the row and traits preferred by farmers
listed in the column. Scores were given to each variety
based on the selection criteria (5 = very good, 4 = good,
3 = average, 2 = poor and 1 = very poor). During direct
matrix ranking, farmers have given rating of importance (a
relative weight) of a selection criterion ranked from 1 to 3
(3= very important, 2= important and 1= less important)
and rating of performance of a variety for each trait of
interest (selection criteria) was given based on their level
of importance on the basis of common agreement of
evaluators. The score of each variety was multiplied by
the relative weight of a given character to get the final
result and then added to the results of other characters to
determine the total score of a given variety. Scoring and
ranking were done on consensus and differences were
resolved by discussion as indicated by de Boef and
Thijssen [6].

Statistical Data Analysis: The data were analyzed using
PROC ANOVA in SAS software version 9.00 (SAS, 2002)
with treatment and replications as the class variables and
the response variables were the traits on which data were
collected. Mean separation was carried out using
Duncan’s Multiple Range Test (DMRT) at 0.05 probability
level. The coefficient of correlation (r) among
phenological, grain yield and yield related traits was
computed using Proc CORR of SAS Institute (2002).

Performance Evaluation of Highland Sorghum
Genotypes: The analysis of variance (ANOVA) indicated
the presence of significant (P < 0.05) differences among
the sorghum genotypes for all characters evaluated as
shown in Appendix Table 1. Alemya-70 and ETS-2752
were the earliest maturing of all the varieties tested with
203 days each, whereas with 240 days, Adukara was the
longest maturing genotype. Mean grain yield of the tested
varieties ranged from 2055.67 Kg/ha for Muyra-2, to
3689.33 Kg/ha for Adukara with over all mean value of
2838.00 Kg/ha. The grain yields obtained from Adukara
(3689.33 kg ha ) and Chiro (3566.70 kg ha ) was1 1

significantly (P  0.01) higher than that from the other
tested varieties and had yield advantage of 55% and 50%
over local check (2377.67 kg ha ), respectively. Adukara1

and Muyra-1 were the shortest and the tallest of all the
varieties, respectively. The highest above ground
biomass was recorded by Muyra-2 (15378.00 kg ha )1

followed by Muyra-1 (10933.00 kg ha ); whereas the1

lowest was recorded by ETS-2752 (4558.00 kg ha ).ETS-1

2752 (2975), Chiro (2517) and Alemaya-70 (2418.70) had
the maximum number of kernels per head than the rest of
the varieties. Adukara and the local check had higher
number of heads per plot; whereas the minimum number
of heads per plot was recorded for Muyra-1 and Chelenko.
The varieties differed significantly for thousand kernel
weight and the values ranged between 28.33 g (Adukara)
and 41.33 g (Chelenko) with a mean of 37.71 g. The mean
harvest index ranged from 13.40% for Muyra-2 to 44.78%
for Adukara (Table 1).

Association Among the Studied Characters: Correlation
coefficients among phenological and agronomic traits of
the tested highland sorghum genotypes are indicated in
Table 2. Days to 50% flowering had positive and
significant correlation with days to physiological maturity
(r= 0.94**) and number of heads per plot. This is in
agreement with those obtained by Mudasir and Abdul [7].
Plant height has shown negative and significant
association with days to 50% flowering (r= 0.63**) and
days to physiological maturity (r=o.69*). Grain yield had
positive and non-significant  association   with   days   to
50%  flowering (r= 0.18 ) and days to physiologicalns

maturity (r=0.26*). This shows that the maximum maturity
difference of slightly more than a month that was
observed in the whole set of varieties did not bring about
variation in grain yield.
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Appendix Table 1: Mean squares from analysis of variance (ANOVA) of measured phenological and agronomic traits in 2013 main cropping season at the
study area.

S.Var. d.f DTF DPM PLH HWPPt NKPH NHPPL TKW GYH AGBM HI
Rep. 2 0.79 0.67 1154.91 1169.22 378785.24 90.13 0.79 1259064.50 20144995.10 156.98ns ns  ns  ns ns  ns  ns  ns  ns  ns

Tret. 8 722.93** 526.23** 7976.42** 1693.37 695323.10* 145.71** 64.61** 959212.48** 30214019.00* 395.20**ns

Error 16 6.27 10.33 83.61 1000.49 252174.09 21.46 9.22 174188.55 9386693.10 69.31
Means 154.58 212.54 272.11 144.09 2145.173 38.87500 37.7083 2838.000 9075.280 33.98
CV (%) 1.62 1.51 3.36 21.95 23.41 11.92 8.05 14.70 33.76 24.50
**Highly significant at 1% probability level, ns = non-significant at 5% probability level where, DTF= days to 50% flowering, DPM= days to physiological
maturity, PHL= plant height, HWPPt = head weight per plant, NKPH=number of kernels per head, NHPPL=Number of head per plot, TKW=thousand kernel
weight, GY= grain yield (Kg/ha)AGBM= above ground biomass and HI=harvest index.

Table 1: Mean values of phenological and agronomic traits of tested genotypes at western part of Ethiopia during cropping season of 2013.
Mean values
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
DTF DPM HWPPt NKPH NHPPL GY AGBM

Varieties (no.of days) (no. of days) PLH (cm) (g) (Number) (Number) TKW (g) (Kg/ha) (kg/ha) HI (%)
Alemaya-70 139.67 202.67 276.93 154.07 2418.70 35.33 34.667 2855.67 9111 38.87e c cd ab ab b c bcd bc ab

Chiro 145.00 207.67 265.33 168.20 2517.30 39.00 40.667 3566.67 7889 44.63d c d ab ab b ab ab bc a

Muyra-1 155.67 208.67 319.60 132.80 1570.00 33.00 40.667 2681.67 10933 24.73c c a ab b b ab cd ab bc

Muyra-2 155.67 206.33 292.73 138.60 1586.00 34.00 40.667 2055.67 15378 13.40c c bc ab b b ab d a c

Chelenko 144.00 206.67 282.40 124.07 1953.10 33.33 41.333 2500.33 6933 39.37de c c b b b a cd bc ab

ETS-2752 144.00 203.00 285.13 186.60 2974.90 37.00 40.333 2977.67 4558 40.95de c c a a b ab abc c a

Aukara 186.33 240.33 151.27 116.67 1950.10 50.67 28.333 3689.33 8244 44.78a a e b b a d a bc a

Local 166.33 225.00 303.47 131.73 2191.30 48.67 35.000 2377.67 9556 25.00b b b ab ab a bc cd bc bc

Means 154.58 212.54 272.11  144.09 2145.17 38.88 37.71 2838.00 9075.28 33.98
CV (%) 1.62 1.51 3.36 21.09 23.41 11.92 8.05 14.70 33.76 24.50
Means in the same column followed by the same letters are not significantly different at 5% level of significance according to DMRT; DTF= days to 50%
flowering, DPM= days to physiological maturity, PHL= plant height, HWPPt = head weight per plant, NKPH=number of kernels per head, NHPPL=Number
of head per plot, TKW=thousand kernel weight, GY= grain yield (Kg/ha)AGBM= above ground biomass and HI=harvest index. 

Table 2: Simple correlation coefficients (r) for agronomic traits of the tested highland sorghum genotypes at Mao-komo district in 2013 season
Characters DF DPM PLH HWPPt NKPH NHPPL TKW GYH AGBM HI
DF X
DPM 0.94** X
PLH -0.64** -0.69* X
PaL 0.29 0.45** -0.24ns ns

PaWD 0.34 0.38 -0.50*ns ns

PaWPPt -0.40* -0.42* 0.16 Xns

NKPPPa -0.31 -0.22 -0.02 0.75** Xns ns ns

NPaPPL 0.63** 0.69** -0.44* 0.01 0.28 Xns ns

TKW -0.63** -0.67** 0.67 0.26 -0.05 -0.63** Xns ns ns

GYH 0.18 0.26 -0.45* 0.42* 0.49** 0.53** -0.23 Xns ns ns

AGBM 0.14 0.01 0.27 -0.19 -0.42* 0.04 0.14 -0.06 Xns ns ns ns ns ns ns

HI -0.31 0.09 -0.52** 0.26 0.45* 0.07 -0.19 0.48* -0.72** Xns ns ns ns ns

Where: ** = highly significant at 1% probability level, *= significant at 5% probability level, ns= non-significant at 5% probability, DTF = days 50%
flowering, DPM = days to physiological maturity, PLH = plant height, HWPPt=head weight per plant, NKPH=number of kernels per head, TKW=thousand
kernel weight and GYH= grain yield (Kg/ha), AGBM= above Ground Biomass in (Kg/ha) and HI= harvest index in%.

Table 3: Pair-wise ranking of farmers selection criteria at maturity stages
No. Selection criteria GY GC GS DR Total Rank
1 GY X 3 1
3 GC GY X 0 4
4 GS GY GS X 2 2
5 DR GY GS DR X 1 3
where: GY=Grain Yield, GC= Grain color, GS= Grain size and DR= Disease resistance.
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Table 4: Direct matrix ranking evaluation of genotypes by of group of farmers’
Selection criteria Grain yield Grain size Disease resistance Grain color Total score Rank
Relative weight 3 2 1 1 _ _
Alemaya-70 9(3 ) 10(5 ) 4(4 ) 5(5) 28 5
Chiro 15(5 ) 8(4 ) 4(4 ) 3(3) 30 2
Muyra-1 12(4 ) 6(3) 4(4 ) 2(2 ) 24 7
Muyra-2 9(3 ) 8(4 ) 3(3) 3(3 ) 23 8
Chelenko 15(5 ) 8(4 ) 4(4 ) 2(2 ) 29 3
ETS-2752 12(4 ) 10(5 ) 3(3 ) 4(4 ) 29 3
Adukara 15(5 ) 8(4 ) 5(5 ) 3(3 ) 31 1
Local 9(3 ) 10(5 ) 3(43) 4(4) 27 6
N.B. Number of farmers in the evaluation= 20 (M = 13 and F=7); numbers in parenthesis indicated the performance rating value of each variety given from
1-5 (5= excellent, 4=very good, 3= good, 2= poor and 1=very poor) and numbers written in the bold indicate total score of a variety as per each selection
criteria, which was obtained by multiplying the relative weight of each selection criteria with that of the performance rating number in the parenthesis.

Table 5: Farmers pair-wise ranking of evaluated highland sorghum genotypes during 2013 cropping season
Varieties Alemaya-70 Chiro* Muyra-1* Muyra-2 Chelenko ETS-2752 Adukara Local Score Rank
Alemaya-70 x 4 4
Chiro* Chiro x 7 1
Muyra-1* Alemaya-70 Chiro* x 1 7
Muyra-2 Alemaya-70 Chiro* Muyra-1* x 0 8
Chelenko Alemaya -70 Chiro* Chelenko Chelenko x 2 6
ETS 2752 ETS-2752 Chiro* ETS-2752 ETS2752 ETS-2752 x 5 2
Adukara Adukara Chiro* Adukara Adukara Adukara adukara x 5 2
Local Alemaya-70 Chiro* Adukara Local Local ETS -2752 Local x 3 5

Grain yield had positive and highly significant Accordingly, the preferred sorghum variety should have
correlation with head weight per plant (r=0.42**), number high grain yield, bold grain size, creamy white grain color
of kernels per head (r=0.49**) and number of heads per and better resistance to common leaf and panicle
plot (r=0.53**) (Table 2). This result was in close diseases. Pair-wise matrix ranking was used to  identify
agreement with previous findings by several researchers the prioritization  order  of  the farmers’ selection criteria
[8-11] where grain yield was reported to have been (Table 3). They gave the highest weight to grain yield
strongly associated with the major yield components: followed by grain size. Similarly, Fentie Molla [14]
head weight per plant, number of kernels per head and reported that farmers identified seed color and blast
number of heads per plot. In addition Ezeaku and disease reaction as important criteria. Moreover, disease
Mohammed [12] found a significant high positive resistance and grain color were also selected by farmers’
correlation between grain yield  and  head weight per as moderate significance.
plant (r= 0.976). Harvest index had positive and significant With regard to grain color, farmers’ selected
correlation with grain yield and number of kernels per Alemaya-70, the local check and ETS-2752 as the best
head. The association of grain yield with harvest index, varieties for their attractive white to white-yellow color.
plant height and above ground biomass was negative and Adukara and Muyra-2 varieties were preferred for their
highly significant, which was in agreement with those intermediate color from the evaluation; whereas Muyra-1,
reported by Taye Tadesse [13]. Chiro and Chelenko had red color which was not

Farmers’Participatory Varietal Selection (PVS): alone could not be a good selection criterion in sorghum.
Participatory varietal selection was done in the study For instance, Chiro and Chelenko grains were tested at
district not only because farmers’ cultivars were old, but Melkassa for their injera making and keeping qualities and
also none of these evaluated genotypes was previously found to be very good. They do not have tannins like the
grown by farmers except the local check. Thus, the criteria landraces in Assosa area. Red grain color is very much
farmers used in identifying the suitable varieties depend preferred by farmers in Hararghe area. The brown kernel
on the existing constraints and opportunities farmers sorghums (with pigmented testa) in general and some
faced in their micro environments. The key criteria used white kernel sorghum are known to have phenolic
by farmers to evaluate and select the preferred varieties compounds, which give the food bitter taste. These types
were grain yield, disease resistance, grain size and color. of grains are preferred  for  preparing  traditional alcoholic

acceptable from farmers’ perspective. However, color
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Fig. 1: Samples of highland sorghum genotypes
prepared for farmers evaluation.

Fig. 2: Evaluating samples of highland sorghum
genotypes for grain color and size 

drinks (Tella and Areki). Alemaya-70, ETS-2752 and local
check were also preferred by farmers for their larger grain
size to make Nefro (boiled grain sorghum).

Based on the direct matrix rankings, the total score
(the product of relative weight of each criterion by the
relative importance) of the evaluation by farmers ranged
from 23 to 31. The highest score was given to Adukara
(31) followed by Chiro (30); whereas the least score given
to Muyra-2 (23) due to its susceptibility to anthracnose
disease. Moreover, pair-wise ranking evaluation provides
opportunities to farmers to see in detail the merits and
demerits of each variety by comparing and contrasting
two varieties at a time. According to pair-wise ranking the
variety Chiro preferred seven times and ranked first
followed by  Adukara  and  ETS-2752  both  preferred five

times  and  ranked  second  together.  Therefore,  based
on the results of field experiment and farmers’ evaluation
the varieties Chiro and Adukara were the most preferred
ones.
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