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Abstract 
Climate smart agriculture includes good farming practices and introduction of high yielding sorghum varieties that are adapted to specific regions to enable 
farmers who have exhausted the potential of the traditional varieties attain maximum grain yields. Two sorghum (Sorghum bicolor (L.) Moench) hybrids 
registered as; TEMANI16H (12GS9022) and TITAN (12GS9051)) were developed by Texas State University in the U.S.A and introduced in to Uganda by 
our partners of AGRODYMICS seed Limited. Registration trials were conducted in 2019A and 2019B by the National Semi-Arid Resources Research 
Institute (NaSARRI)-Serere, to confirm their adaptability since they were bred from different gene pools. This was through evaluating in ten environments 
alongside 2 commercial open pollinated check varieties. These hybrids were selected for release based on their agronomic desirability, unique grain quality 
traits and high yield potential with better adaptation to dry lowland and sub humid agro-ecologies. Heritability for key yield components such as; grain yield, 
seed size and panicle length were high indicating that they are genetically buffered against environmental variations. The hybrid cultivars have cytoplasmic 
male sterility background and will enter commercial production once registered in Uganda to make hybrid seed production and marketing easy. 
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INTRODUCTION 

Following government drive on commercialization and agro-
industrialization, sorghum (sorghum bicor) has entered in to 
export trade within the east African region (EAC) and 
China. The old varieties that have been traded locally have 
to be supplemented and complemented with new adapted 
cultivars that match the current changes in production 
environments, while possessing new set of traits for 
commercialization with adequate competitiveness required 
in the global market. And, deployment of robust hybrid 
cultivars that incorporate stress-related traits such as (Stay 
green, long panicle, well exerted, large seed size and early 
maturity) is critical to improve yield performance in 
sorghum [1]. Since these hybrids were bred from different 
gene pools, a thorough and comprehensive assessment 
of their adaptation and value for use and cultivation is 
necessary. Resistance, grain yield and seed quality 
are complex traits affected by several interacting plant 
and environmental factors [2]. These data aids 
cultivar registration making a valuable addition to the 
supply chain and to the breeding programme 
through perceived contributions such; as earliness, 
reduced height and improved grain yield. This is the 
second cohort sorghum of hybrids to get in to the variety 
release catalogue in Uganda for commercialization. 

MATERIALS AND METHODS 

The two candidate sorghum hybrid cultivars were developed 
using A2 cytoplasmic system of male sterility with male 
parents as pollinators. They were evaluated alongside two 
commercial varieties from Uganda and advanced breeding 
lines introduced by ICRISAT from Ethiopia. Evaluation was 
conducted under sub humid and semi-arid dry lowland areas 
representing northern savannah, eastern agro-ecologies and 
Lake Basin zones of Uganda. Trials were laid in 
Randomized complete Block design, replicated three times 
with plot size of 5m by 2.4m and data was collected on all 
the four rows. Multilocational trials were analyzed by season 
in each location and by location, using analysis of variance 
to test the significance of cultivar  
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effect. A combined analysis of variance across locations was 
carried out to test the significance of differences in locations, 
genotype and location x genotype interaction effects [3]. 
Participatory variety selection (PVS), was conducted in 
2019b during field days using a total of 120 people (60 
males and 60 females). They were drawn from districts of; 
Serere, Kumi, Lira, Oyam, Iganga and Mayuge. Farmer’s 
assessment from participatory variety selection was 
summarized in to contingency table based on frequencies. 

The sample of ten males and ten females were selected from 
Serere district based on convenience to promote discussion 
in order to enhance the quality of the feedback from 
participatory variety selection according to Parker & Tritter 
[4]. Grain quality analysis for key bio-chemical components 
that influence food quality and nutrition was conducted in 
Namulonge national agricultural research Institute bio-
nutrition laboratory. The analysis included; crude proteins, 
condensed tannins, phenols and starch (Table 1). 

Table 1. List of genotypes. 

Experimental line/code Origin Parentage/pedigree Genetic composition 

TEMANI16H 
Texas-U.S. A (Agrodynamics seed 

Ltd) 
(12GS9022)/(A.794 X R.207) Hybrid 

TITAN 
Texas-U.S. A (Agrodynamics seed 

Ltd) 
(12GS9051)/(A.781 x R.418) Hybrid 

TEMANI 20 

Texas-U.S. A (Agrodynamics seed 

Ltd) High quality grain hybrid and 

Dual-purpose hybrid 

TEMANI 20 Hybrid 

SORDAN79 
Texas-U.S. A (Agrodynamics seed 

Ltd) 
(12SU9001) Hybrid 

SESO1 (Check1) 
Commercial variety released in 

2011 in Uganda (from purdue) 
SRN39 Pure-Line 

SESO3 (Check2) 
Commercial variety released in 

2011 in Uganda (from Ethiopia) 
IE2454 Pure-line 

NAROSORGH1 

Restorer line from India -ICRISAT, 

released in 2017 in Uganda (from 

India) 

ICSR 160 Pure-line 

NAROSORGH2 
NaSARRI, Landrace variety 

released in Uganda in 2017 
IS8193 Population 

DINKIMASH 
Elite line introduced from Ethiopia 

by ICRISAT 
76T/23 Pure line 

BRAHN 
Elite line introduced from Perdue 

University-U. S. A 
PU90953 Pure line 

DATA COLLECTION 

Data was collected on days to 50% flowering, plant height, 
shoot fly, stem borer incidence, smut incidence, Striga 
emergence counts per M2, agronomic acceptability and grain 
yield. The percentage pest and disease incidence in hybrids 
was compared with the commercial varieties during the 
growth period. Data on shoot fly incidence was collected at 
3rd week based on % of dead hearts. For spotted stem borer 
(Chillo partellus), from 11th week after planting (at soft 
dough stage). Where <30% dead heart incidence qualifies a 
genotype to be resistant that is; 1 to 2 leaves with leaf eating 
symptoms of <50mm2. Striga and smut were evaluated in 
hot spot locations under natural infestation in Kumi and 
Iganga with the participating farmers. Assessment of 
covered kernel smut incidence was done at physiological 
maturity when grains are fully matured based on 0-5 scale 

[5]. As follows: 0% incidence=Immune, 1-10% incidence = 
Very resistant, 11-25% incidence= moderately susceptible 
26-50% incidence= susceptible, 51-100% incidence=very
susceptible. Striga assessment was based on both Striga
counts per M2 and Striga vigor on 1-9 scale developed by
ICRISAT during field evaluation trials and modified rating
by Lanen (2007). This scale reflects host insensitivity to
striga driven toxin. Striga count infestation data was
transformed as (X=√(X+0.375) according to Ramaiah [6].
The 1st striga data was collected at 50% flowering, then at
two weeks interval up to harvest. A test entry must show
10% less striga count than the adjacent check plot in the unit
to qualify to be resistant [7]. SESO1 variety (SRN39) was
used as check for striga because is known for multiple
resistance and accounts for broad resistance [8].

Site characteristics (Table 2) 
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Table 2. Site characteristics. 

Agro-ecology Locations Rainfall(mm) 

Lake-Victoria crescent Iganga, Mayuge 1,120-1,300 

North moist farm lands Ngetta, Oyam, Alebtong 1,200-1,500 

Lake kyoga basin Serere, Kumi, Pallisa, Nanutunba 1,000-1,362 

STATISTICAL METHODS AND DATA ANALYSIS 

Descriptive statistics for parameters used. To determine 
stability of performance of genotypes across range of 
environments on quantitative traits, varietal ranks at 
different locations and seasons indicated presence of 
genotype by environment interactions. Since this interaction 
reduced the correlation between the phenotypic and 
genotypic values it precluded the use of genotype means 
alone in selecting stable genotypes. The analysis of variance 
tests considered the corresponding expected mean squares 
under the corresponding main effects and interactions. 
Generalized linear mixed models were used for analyses of 
variance and regression analyses. Pairwise correlation matrix 
was used to test how female and men perceive the traits of 
new varieties for optimal utilization of the technology and 
was calculated from pooled data. 

RESULTS AND DISCUSSION 

Parameters and traits of agronomic interest 

Multi-environmental trials (METs) were performed to 
quantify the magnitude of genotype × environment 
interaction and to recommend varieties with narrow or 
broader adaption [9]. Genotype by environment interaction 
(G×E) is a differential response of genotypes when grown 
across environments [10]. Data analysis for each 
environment was performed and combined analysis of 
variance using GENSTAT 17 statistical package. The GGE 
biplot and AMMI analysis [11] for identification of stable 
sorghum genotypes. The AMMI analysis of yield 
performance in kg/ha of sorghum genotypes evaluated in ten 
locations across two seasons in Uganda 2019A and 2019B, 
is presented (Tables 3-5). The presence of significance of 
genotype by location (G*L), justified partitioning of test 
locations and the distribution presented in the scatter plot 
(Figure 1). The polygon view of the GGE biplot explained 
66.7 % genotype by environment variation for grain yield. 

Table 3. AMMI analysis for grain yield across locations. 

Source Df Sum Sq Mean Sq F value Pr(>F) Proportion Accumulated 

ENV 9 5.22E+07 5798938 16.5 2.04E-07 

REP(ENV) 20 7.03E+06 351440 0.93 5.50E-01 

GEN 9 2.04E+07 2271353 6.01 2.26E-07 

GEN: ENV 65 4.36E+07 670295 1.77 1.59E-03 

PC1 20 1.59E+07 793724 2.1 5.60E-03 36.7 36.7 

PC2 18 1.33E+07 736424 1.95 1.46E-02 30.7 67.4 

PC3 16 8.13E+06 508354 1.34 1.77E-01 18.8 86.2 

PC4 14 3.35E+06 239253 0.63 8.38E-01 7.7 93.9 

PC5 12 1.79E+06 149533 0.4 9.62E-01 5.6 100 

Residuals 184 6.96E+07 378008 

Total 395 2.36E+08 597526 

Table 4. Mean grain yield of the genotypes across six locations in 2019A. 

Genotype Locations 2019A Mean Alebtong Igannga Kumi Namutumba Oyam-Okel Palisa 
BRAHN 2227 1282 2566 1685 2176 1432 1895 
DINKIMASH 2241 1394 2568 1855 1913 1720 1949 
NAROSORG 1 2213 1343 2679 1826 2080 1720 1977 
NAROSORGH 
2 2690 1716 2694 1756 2390 1684 2155 

SORDAN 79 2256 1317 2543 1518 2309 1538 1914 
TEMANI 16H 2566 1435 2425 1723 2116 1557 1970 
TEMANI 20 2219 1320 2379 1781 2341 1447 1915 
TITAN 2186 1322 2502 1656 2343 1405 1902 
Mean 2325 1391 2545 1725 2209 1563 1960 
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Table 5. Grain yield across six locations in season 2019B. 

Genotype 
Locations 2019B 

Mean 
Iganga Kumi Lira Mayuge Ngetta Serere 

BRAHN 2516 2379 2717 3207 3252 2540 2769 

DINKIMASH 2175 2228 2412 2832 3028 2273 2491 

SESO1 1929 1929 2185 2758 2549 2186 2256 

SESO3 2398 2293 2707 3070 3230 2644 2724 

SORDAN 79 1248 1629 1483 1921 1878 1558 1620 

TEMANI 16H 2705 2388 2677 3237 3526 2814 2891 

TEMANI 20 2067 2205 2252 3072 2465 2113 2362 

TITAN 2673 2504 2928 3418 3696 2761 2997 

Mean 2214 2194 2420 2939 2953 2361 2514 

Figure 1. a: AMMI showing interaction between IPCA1 and Grain yield; b: Showing which genotype won in which location. 

Effects of genotypes on hundred seed weight, panicle 
length, panicle width and plant height 

Hundred seed weight in this study was moderately 
controlled by genetics accounting 28% of the variation and 
environment accounted for 36.2% of the total variation. 
Therefore, better management of environmental variables is 
critical in ensuring high grain productivity. Average seed 
size was 2.7gms per 100 seeds. This is most important 
character on which to base hybrid cultivar selection and 

offers great scope for improvement for grain qualities 
(www.LSUAgCenter.com). Grain size greater than 2.7 gms 
/100 seed mass could make good grain composites because 
of large volume is occupied by the endosperm (food 
reserve). This contributes to early seedling emergence and 
establishment, hence profitable sorghum production. Other 
contributing factors to hybrid seed production are long 
exertion, long panicle and width medium /early maturity, 
short statured nature with lodging resistance (Table 6 & 
Figure 2A-2D). 
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Table 6. Mean performance of key components of yield in sorghum across locations. 

Genotype Panicle Length Panicle Width Height 100 Seed Weight 

BRAHN 26.2±0.5 5.4±0.7 138±4.2 3.1±0.1 

DINKIMASH 29.2±0.5 5.6±0.7 162±4.2 2.6±0.1 

NAROSORG 1 25.2±0.7 6.2±1.1 150±6.5 2.6±0.1 

NAROSORGH 2 22.5±0.7 6.5±1.1 183±6.5 2.5±0.1 

SESO1 26.1±0.6 6.2±1 128±5.6 2.4±0.1 

SESO3 25.4±0.6 6.1±1 141±5.6 2.6±0.1 

SORDAN 79 32.8±0.5 6.3±0.8 245±4.2 2.6±0.1 

TEMANI 16H 29.8±0.5 6.5±0.7 128±4.2 2.8±0.1 

TEMANI 20 30.5±0.5 6.3±0.7 139±4.2 2.7±0.1 

TITAN 27.6±0.5 7.9±0.7 128±4.2 3.1±0.1 

CV 15.70% 70% 17.70% 14.50% 

Figure 2. Predicted (best linear unbiased predictors, BLUPs) (A) grain yield season A, (B) grain yield season B, (C) 100 seed weight, (D) Panicle length for 
10 genotypes. Blue and Red lines represent the genotypes that were above and below the BLUP means respectively. 

Stability and ranking of genotypes based on grain yield 
across two seasons 

By performing environment centered and genotype focused 
GGE Bi-plot analysis, the stable varieties were identified as; 

NAROSORGH2 > TEMANI 16H > TITAN > SESO 3 > 
BRAHN (Figure 3). 

A B 

C D 
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Figure 3. Stability and ranking of genotyes across two seasons and test locations. 

Broad Sense heritability (BSH) for grain yield 

The variance components were used to estimate broad sense 
heritability (H2) using the model; Any Observation = 
Population Mean +Genotype+ Environment 
+Genotype*Environment +Error term. The genotypes were a
treated as fixed effects and all other terms as random with
reps nested within environments. Locations as random
effects was applied as suggested by Mclntosh [3] and by
Moore and Dixon [12]. Parameters and corresponding
variance components in the mixed model correspond to
specific main effects or interaction effects. The analysis of
variance tests was motivated by consideration of the
corresponding expected mean squares under the 
corresponding main effects and interactions. BSH on entry
mean across environments for grain yield was 91% on single
plot basis. Dominance gene effects are strongly exhibited at
F1 due heterosis for physiological and morphological traits
contributing to tolerance to stresses. Physiological traits
positively influenced may include; plant vigor, stay green
and other traits related to components of the plant cell.
However, this yield advantage that is contributed by non-

additive gene effects can better be achieved, if hybrids are 
grown in fertile places and environment is well managed 
through application of fertilizers to exploit the strong the 
GxE interaction effect on yield components. 

Regression of grain yield of a Hybrid cultivar over a 
popular commercial variety: 

Regression of superior hybrid TEMANI 16H on SESO 3, 
was given by the equation y=896.1 + 0.73x, where 896.1 kg 
is yield advantage. Farmers should therefore be encouraged 
to adopt sorghum hybrids to supplement their grain yields. 
Yield difference 896 kgs /ha is 30% grain yield benefit. 
Yield advantage of 10-15 % is recommended for release of 
hybrid without use of fertilizer. 

Components of grain quality for alternative utilization 
niches in agro- allied industries 

Several traits and qualities are shown to be correlated with 
particular novel end uses in food, feeds and soft drinks value 
chains as well as local brew (Table 7). 
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i. TEMANI 16H has high quality parameters desired for
Lager beer brewing i.e., hard endosperm suitable for
dehulling and gritting and is associated with high levels
of antifungal proteins (against pre-digestion by molds).
Has low tannin content, soluble protein content of
range 10-12%, white grain, low fat 2-2.3% and high
germination percentage of 96%. These traits are
suitable for malting.

ii. TITAN is brown, medium to soft textured grain
suitable for non-alcoholic malt drinks and food. The
hybrid has large sized grain >3gms/100 seeds, soft
endosperm with accessible protein, moderately low
tannins that can easily be broken down, low fiber, low
ash, high starch content of above 70% which is
acceptable in food systems value chains and nutrition
agenda [13].

Table 7. Nutritional components in sorghum grain. 

Genotype Carbohydrates Tannins Proteins Fibre Calcium Potassium Sugars 

BRAHN 67.3±3.5 8.1±0.3 10.1±0.2 2.6±0.2 220±4.8 1091±48.8 4.2±0.1 

DINKIMASH 62.7±3.5 8.8±0.3 10.2±0.2 3.3±0.2 220±4.8 1115±48.8 5.2±0.1 

NAROSORGH1 62.7±3.5 3.8±0.3 10.6±0.2 2.6±0.2 232±4.8 1090±48.8 4.2±0.1 

NAROSORGH2 62±3.5 6.1±0.3 9.8±0.2 2.6±0.2 213±4.8 1135±48.8 4.8±0.1 

SESO1 62.8±3.5 6.7±0.3 10.2±0.2 3.7±0.2 217±4.8 1120±48.8 4.8±0.1 

SESO3 67.7±3.5 8.5±0.3 10±0.2 4.4±0.2 217±4.8 1101±48.8 4.6±0.1 

SORDAN79 67.3±3.5 3.8±0.3 10.7±0.2 5.6±0.2 233±4.8 1207±48.8 3.8±0.1 

TEMANI 16H 65±3.5 12.4±0.3 10.5±0.2 2.5±0.2 229±4.8 1162±48.8 4.6±0.1 

TEMANI 20 62.2±3.5 9.9±0.3 10.3±0.2 1.7±0.2 224±4.8 1141±48.8 4.7±0.1 

TITAN 73.2±3.5 9.3±0.3 10.5±0.2 2.7±0.2 228±4.8 1011±48.8 4.1±0.1 

C.V 9.20% 5.90% 2.80% 11.50% 3.75% 7.60% 4.00% 

Source: NaCRRI lab.2019 

Genotype by environment interaction Response for smut 
disease reaction 

Smut incidence was recorded by establishing the proportion 
of sorghum plants showing symptoms to kernel covered 
smut over the total number of plants and expressed as 
percentage of each plot at physiological maturity. There 
were significant differences (p<0.001). Genotypes and 
environment were highly significant with the magnitude of 
Genotypic effects on G*E interaction of 81.3%. Smuts is 
known to be highly variable pathogen and resistance is 
controlled mainly by dominant genes. Genotypes that 
maintained consistently similar low reaction over locations 

of 0.01% were acceptable according to ISTA field standards 
[14], as indicated from the Figure 4. Genotypes with such a 
low mean smut severity across locations show some level of 
stability of resistance. Incidence of smut disease is affected 
by weather factors such as relative humidity which is 
responsible for disease development [15]. Therefore, 
management practices to achieve high quality seed are; 
monitoring fields, rouging smutted plants, seed dressing, 
strict field hygiene practices, selective elimination of 
susceptible genotypes during early flowering, seed treatment 
with systemic fungicide, minimize contamination during 
drying and selection of seed production fields. 
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Figure 4. Predicted (best linear unbiased predictors, BLUPs) to responses to biotic stresses (A) smuts, (B) leaf blight, (C) anthracnose, (D) shootfly for 10 
genotypes. Blue and Red lines represent the genotypes that were above and below the BLUP means respectively. 

Stem borer response 

Error variance was high, attracting 25.4% of total sums of 
squares with low C.V% of 19.98%. Genotype by 
Environment interaction was significant and contributed 
21.9 % of total sum squares. Broad sense heritability (H) for 
low number of exit holes per stalk was high at 71.89% with 
very low correlation to grain yield loss. Average stem borer 
incidence was 7.5 %, indicating that the feeding damage was 

low perhaps due to recovery resistance or escape among 
some early maturity genotypes (Table 8). It is also possible 
that antibiosis and antixenosis resistance affected adversely 
larval feeding hence few exit holes. Therefore, in 
commercial sorghum hybrid production, there is need to 
adopt Integrated Pest Management (IPM) for stem borer 
with integration of host resistance and insecticide application 
when deemed necessary. 

Table 8. Response of sorghum genotypes to key biotic stresses. 

Genotype Midge Ergot Leaf Blight Anthracnose Smuts Shootfly 

BRAHN 20±4.9 4.3±3.7 3.5±0.3 4.1±0.4 3.7±1.9 17.3±2.3 

DINKIMASH 6.3±4.9 0.9±3.7 3.5±0.3 4.3±0.4 2.9±1.9 10.1±2.3 

SESO1 4.1±4.9 3.9±3.7 6±0.3 6.3±0.4 0.2±1.9 12.9±2.9 

SESO3 4.2±4.9 1.9±3.7 4.5±0.3 4.5±0.4 0.4±1.9 12.6±2.9 

SORDAN 79 19.7±4.9 6.4±3.7 3±0.3 3.7±0.4 1±1.9 21.9±2.3 

TEMANI 16H 7.3±4.9 2.8±3.7 2.6±0.3 2.7±0.4 0.3±1.9 15.2±2.3 

TEMANI 20 11.4±4.9 26.6±3.7 2.6±0.3 4.1±0.4 12.8±1.9 20.8±2.3 

TITAN 15.8±4.9 1.6±3.7 2.5±0.3 3.1±0.4 0.3±1.9 23.6±2.3 

Shoot fly Reaction 

Genotypic difference contributed to 75% of the genotype by 
environment interaction with high heritability of 90.65%. 
This perhaps relates to their genetic background and 
geographical area of origin. The difference in damages is 
perhaps also explained by differences in morphological traits 
i.e.; oviposition preference, recovery tillering, seedling
vigor, glossiness and seasonal variation in insect

populations. Differences in pest infestation could be 
conditioned by the following variables; management, 
genotype, location, and time of planting. These calls for 
integrated crop management strategies alongside using 
agronomically adapted genotypes to reduce damage from 
shoot fly. Therefore, training of farmers on proper 
agronomic practices is also important. 

A 
B 

C D 
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Response of genotypes to striga infection 

Locations and genotypes were highly significant (p=0.001), 
with average striga count per plant at 1.53. However, there 
was no significant GxE effect giving a high C.V. 
=80.66%.due to high field variability as well as that from 
geographical regions (selected hot spot locations). 
Genotypes contributing too much of the variation were 
BRAHN and DINKIMASH with least severity in 
Namutumba and Iganga within the range 4.9 to 5.4 %, 
corresponding to score of 4 on 1-9 modified scale. This scale 
indirectly predicts some mechanisms of resistance to 
infection from the host side [16]. The resistant genotypes 
from this study perhaps have low strigol stimulation (Table 

9). Sweet stalk sorghum hybrid cultivar SORDAN 97, had 
the highest infestation. This suggests that sorghum with high 
amount of sucrose in their stalk is more susceptible to striga 
infestation [17]. The relative magnitude of genetic effects 
was 6.5 implying significant genetic effects within locations. 
Broad sense heritability (H2) was 81.74% supports that 
resistance to striga is controlled by both dominance and 
additive gene effect [8]. Genotypes with additive gene 
effects possess more than one type of resistant mechanism 
[16]. Using such varieties tolerant to striga in the field, well 
adapted, with good organoleptic and agronomic attributes 
are beneficial to the farming community in striga endemic 
environments [18]. 

Table 9. ANOVA for striga count per unit area. 

Source D.F. M.S. V.R. F. PR

Total 119 36.13 

Location 4 405.60 20.44 <0.001 

Location. REP 9 22.83 1.15 0.340ns 

Genotype 7 94.16 4.75 <0.001 

Location. Genotype 28 14.44 0.73 0.824ns 

Residual 71 19.84 

S.E.D: 2.19; CV: 80.66%; ns: Nonsignificant 

Turcicum Leaf blight response 

Turcicum leaf blight response on 10 genotypes from 
combined analysis of variance over locations revealed 
significant genotype, environment and G * E interaction 
effect. The magnitude of G × E interaction was (47.7%) of 
total sums of square and magnitude of genotypic variation to 
G*E was > 2.5, implying greater genotypic effects with 
Broad sense heritability (H2) of 88.8%. Overall mean leaf 
blight disease score was 2.6 and three genotypes with lowest 
disease scores were; NAROSORGH 1(1.9), TEMANI 16H 
(1.7) and TITAN perhaps reflecting their genetic 
background (Figure 4B & Table 8). Management of 
Turcicum leaf blight within African agricultural system can 
best be achieved through the use of resistant varieties that 
have either qualitative and or quantitative resistance [19]. 
Genes with qualitative resistance being characterized by 
chlorotic and necrotic lesions without spore formation 
thereby limiting disease spread. The expression of genes 
corresponding to a virulence gene of the pathogen may be 
modified by environment [20]. Therefore, resistance 

exhibited by majority of the test entries from this study was 
mainly of quantitative in nature with fewer, smaller lesions 
and probably prolonged incubation period which makes 
them well adapted to sub-humid agro-ecologies [21]. 

Ranking of candidate sorghum cultivars based on 
Farmer’s preference 

The information on participatory varietal selection (PVS) 
was summarized in a contingency (Table 10) and highlights 
farmer’s desire and preference in the selection of sorghum 
varieties for large-scale production and ultimate adoption 
[22]. Trait needing improvement is yield potential of the 
varieties which are early maturing. Farmer participatory 
ranking of the best variety was; TITAN (Table 11 & Figure 
5). The groups were in very strong agreement related to 
earliness, yield, resistance to birds and attractive seed color 
with spearman’s correlation coefficient; p=0.806 (Table 11). 
Market research needs to be conducted to generate other 
silent quality features for improving development of target 
commercial products in future so as to drive the sorghum 
production value chain. 
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Table 10. Matrix ranking of traits by farmers based on value for production and use. 

Genotype Yld 
Good for 

Food 

Disease 

and Pest 

resistance 

Local 

market 

Attractive 

Seed color 

Early 

Maturity 

Bird 

Damage 
Average Rank 

SESO1 4 3 5 5 3 1 4 3.57 8th 

DINKIMASH 3 3 2 3 4 3 3 3.00 5th 

SESO3 2 1 4 1 1 2 2 1.86 3rd 

SORDAN79 3 2 3 4 2 5 3 3.14 6th 

BRAHN 2 1 3 1 2 3 5 2.43 4th 

NAROSORGH2 1 2 2 2 1 3 1 1.71 2nd 

TEMANI16H 1 5 1 5 3 4 5 3.43 7th 

TEMANI20 2 5 3 5 3 4 5 3.86 9th 

TITAN 1 1 2 1 1 2 3 1.57 1st 

Value 19 23 25 27 20 27 31 2.7 

Rank 1st 3rd 4th 5th 2nd 6th 7th 

Figure 5. Farmers appreciating the best performing cultivars in Serere. 
Ranks based on preference; 1=very good,2=good,3=Average,4=below average,5=poor. 

High valued traits are; (Yld) Yield, grain for food, Disease and pest resistance attractive seed color. 
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Table 11. Ranking based on Gender following focused group discussion. 

Genotype Females; N=10 Males; N=10 Average D=- Rf- Rm D2 Rank 

SESO1 8 6 7.5 2 4 7th 

DINKIMASH 5 7 6 -2 4 6th 

SESO3 2 5 3.5 3 9 4th 

SORDAN79 9 9 9 0 0 9th 

BRAHN 4 1 2.5 3 9 2nd 

NAROSORGH2 1 2 1.5 -1 1 1st 

TEMANI16H 6 4 5 2 4 5th 

TEMANI20 7 8 8 1 1 8th 

TITAN 3 3 3 0 0 3rd 

∑D2=32 

Spear man’s ranked correlation P=1-6∑D2/n (n2-1) where D=Rf-Rm 

P=is rank correlation coefficient and D =is the difference between ranks. R=rank positions 

Correlation coefficient between Female and Male ranking is P= 0.806 

Agronomic characteristic and adaptation of candidate 
sorghum hybrids 

TEMANI-16H (12GS9022) is a tan plant with cream grain 
color partly covered by brown glumes at physiological 
maturity. It is 100-120 cms high (semi-dwarf) with mid stout 
juicy stem. The mid-rib is cloudy in appearance and leaf 
angle is erect. The panicle is large (30-35cm), semi compact, 

erect, well exerted with glume pubescence present. It has 
mid-maturity period of 120-130 days after planting this 
makes it heavy yielder. It has general leaf disease resistance 
so can be grown in humid and sub humid environments, with 
stay green trait that makes it also suitable for drought prone 
areas in the semi-arid regions of the country. It has very low 
tannin with high malt extract and the kernel is starchy and 
yellow. The kernel threshes freely (Figure 6). 

Figure 6. 
Source: Kaliisa (2019) 

TITAN /KALIISA-21HR (12GS9051) is a highly preferred 
for its brick red to brown seed color good for food with 
relatively low tannin making it dual purpose variety. It is 
resistant to anthracnose and turcicum leaf blight so can be 
grown in humid and sub humid environments. It matures in 
100-110 days after planting making it also suitable for dry
land areas of Uganda because it can escape drought. The

brick red color is ideal for various sorghum-based value-
added food products. It is a short-pigmented plant of about 
100-120 centimeters high with mid-stout juicy stem but not
sweet. The Panicle is well exerted, semi-compact and
cylindrical. The glume is dark tan and acute with
pubescence. The glume is short in size (<25%), making the
panicle to thresh easily.

TEMANI 16 H          TITAN 
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CONCLUSION AND RECOMMENDATION 

Based on the results the superiority of the candidate cultivars 
has been demonstrated. They meet specific local food and 
allied agro-industrial requirements. They have potential for 
high productivity, farmer preference in food and brewing 
value chains and nutrition agenda. Varieties are 
recommended for dry low lands and intermediate sub humid 
agro-ecologies. Thus, they should be recommended for 
registration in Uganda as; TITAN and TEMANI 16H to 
complement and supplement traditional open pollinated 
varieties. However, there is a need to integrate appropriate 
agronomic packages to maintain high productivity. Finally, 
to conduct market surveys to identify market traits that 
appeal to particular niche markets to promote development 
of commercializable products to drive production.  
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