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Grain sorghum (Sorghum bicolor) has a great potential for use as food and beverage in developing
countries. However, information regarding the effect of the agro-ecological environments on the grain
guality attributes of selected sorghum lines desirable for malting and brewing and for baking in Kenya,
is lacking. The experiments of this study were conducted at different environmental locations in
Kisumu, Siaya and Busia Counties of Kenya. Nine sorghum lines were sown in plots in Randomized
Complete Block Design (RCBD) and replicated three times. Panicles from two central rows of each plot
were harvested at physiological maturity to provide grains that were used for proximate analysis. The
percentage crude protein, tannin and starch content were determined. The amount of starch varied with
sorghum lines and growing environments, ranging between 29.7 and 80.2%. SDSAI x ICSR43 line
recorded tannin content in the range of 8.00 to 24.33 mg/100 ml tannic acid equivalents. Crude protein
content and starch ranged 8.9 to 15.4% and 29.7 to 80.2%, respectively across environments. The
combined analysis showed that the growing environment variously affected the nutritional and anti-
nutritional content of sorghum lines. This implies that breeders should consider stability of the quality
parameters that define commercial utilization of these sorghum lines.
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INTRODUCTION

Grain sorghum (Sorghum bicolor L. Moench) has
considerable potential for use as a human food and as
raw material for lager and stout beer, and in baking.
Commercial processing of sorghum grains into value-
added food and beverage products is an important driver
for economic development in the developing countries

*Corresponding author. E-mail: vwanjiku89@yahoo.com.

(Taylor et al., 2004). In malting and brewing, the quality
aspect of sorghum grains that is important includes
amylose, amylopectin, starch, protein, and tannin
contents. Each of these quality attributes play a
considerable role in the quality of beer obtained after
brewing (Schnitzenbaumer and Arendt, 2014).
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Sorghum grown for food has been reported to have
health benefits protecting against colon cancer due to
presence of antioxidants (Darvin et al., 2015). Sorghum
grains are further preferred for fighting obesity due to its
high tannin content that lowers digestibility. The growing
demand for sorghum globally is attributed to its diversified
uses including food products, malted beverages and
ethanol production (Oyediran et al., 2017). Recent
studies have shown that sorghum can be fortified with
legumes to create cereal-based diets rich in protein
(Okoye et al., 2017). Wheat flour has been the most
important ingredient of bread for many years; however,
sorghum is gaining popularity as an alternative for wheat
in bread making. The composite flour made from
sorghum for baking biscuits has high nutritional value
(Rao et al., 2018).

The quality of sorghum grain is affected by factors such
as genotype, climate, soil type, and fertilizer supply,
among others; which can affect its chemical composition
and the nutritive value (Ebadi et al.,, 2005). Johnson
(2005), working on the influence of corn and sorghum
characteristics on wet milling and nixtamalization, found
that high temperatures and water stress result in lower
starch concentrations. Wallwork et al. (1998) indicated
that if a short period of high temperature occurs at a
certain point in the grain filling period, it may affect one or
more components, which are being synthesized
concurrently, resulting in a different composition of the
mature grain. High temperatures and moisture stress can
limit the amount of grain fill operating through the
metabolism of starch in the grain. Bleidere and Sterne
(2008) working on spring barley reported that hot and dry
conditions occurring during the cell division period in
starchy endosperm resulted in shortening the cell division
period, thus influencing the accumulation of starch;
hence, low starch and higher protein. This is because the
accumulation of starch is more sensitive to high
temperatures than to the accumulation of nitrogen, which
frequently determines increases in the grain nitrogen
proportion, and thus results in higher protein contents
(Schelling et al., 2003).

The release of new sorghum lines suitable for malting
and brewing, and for use in baking, is of great
significance to emerging farmers in Kenya who would
wish to venture into sorghum production for commercial
purposes. Industrial sorghum has a ready market and is
likely to provide farmers with better returns. However,
information regarding the effect of the agro-ecological
environments on the grain quality attributes of sorghum
desirable for malting and brewing and for baking in
Kenya, is lacking. The acquisition of good quality grain is
fundamental to produce acceptable food and beverage
products from sorghum. Thus, the study was carried out
to determine the effect of agro-ecological environment on
the grain quality of selected sorghum lines for industrial
uses, in order to advise sorghum farmers on sustainable
production of quality grains.
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MATERIALS AND METHODS
Study location

Nine sorghum lines were grown at Masumbi and Sagam counties,
both in the Lower Midland (LM) zone 1, in long and short rainy
seasons, respectively, and at Mundika (LM 2) in both long and short
rainy seasons in 2014. The short rainy season was between March
and July while the long rainy season was experienced between
September and December, 2014. Masumbi (00° 01" 73.0'" N, 034°
21 ' 87.4" E), located in Maranda Division at an altitude of 1370 m
above sea level, is in Lower Midland (LM 1) zone. Dominating soils
are well-drained, moderately deep to very deep, dark red to strong
brown, friable clay; and in many places shallow (Jaetzold et al.,
2005). Mundika (00° 24’ 56.6''S, 034° 07" 93.1"'E) is in the LM 2
zone characterized by well-drained, shallow to moderately deep,
yellowish red to dark redish brown, friable, gravely sandy clay to
clay soils (Jaetzold et al., 2005). The rainfall variability in this
subzone is high, and hence the reliability is low. Sagam (0°
03'20.86'' N, 034° 32 '31.06"" E) is in LM 1 zone at 1387 m above
sea level. Dominating soils are moderately well drained, moderately
deep to deep, (very) dark brown, firm clay; in many places slightly
calcareous and/or cracking clay; with a humic topsoil (Jaetzold et
al., 2005). This zone receives an average annual rainfall of 1450 to
1650 mm where 60% reliability of the growing periods during the
1st and 2nd rainy seasons is more than 190 and 130 to 150 days,
respectively (Jaetzold et al., 2005). In Sagam (LM 1), the annual
temperature range is 21.2 to 22.8°C.

Experimental design and treatments

The experiment was set up in a Randomized Complete Block
Design (RCBD) with nine experimental units each measuring 4 m
by 2.5 m and replicated three times. A path of 1.5 m separated the
replicates. Each experimental unit had four rows of a specific
sorghum line. The treatments were the five sorghum lines suitable
for baking and four suitable for malting and brewing, evaluated at
the four agro-ecological environments. These lines are SDSAI X
ICSR 43, IS 9203, 1S25561, IS 25557, Sima, Gadam, Serena,
Siaya # 2-3 and Abaleshya. Sima, Gadam, and Serena were used
as the controls for the line identified for malting and brewing (SDSAI
X ICSR 43), while Siaya #2-3 and Abaleshya were the checks for
lines identified for use in baking (IS 9203, 1S25561 and IS 25557).

Agronomic management

Land was disc ploughed and harrowed to fine tilt. Sorghum was
sown at onset of rainy season at a seed rate of 8 kg ha™ on 18th
March and 10th September, 2014 for first and the second season,
respectively. The inter row spacing for the drills was 60 cm at a
planting depth of 2.5 to 4 cm. Due to low nitrogen (0.11 to 0.17%)
and phosphorous (5.5 to 9.8 ppm) levels in these soils, there was a
uniform fertilizer application in all the plots. Nitrogen was applied
using Calcium Ammonium Nitrate at the rate of 40 kg N ha™ split
into two applications of 20 kg N ha™® at planting and top dressed
with 20 kg N ha™. Phosphorous was added at planting using Triple
Super Phosphate at a rate of 17.2 kg P.Os ha™. Two weeding
operations were carried out, with the first weeding being done at 2
to 3 weeks after seedling emergence. After the first weeding the
crop was thinned to a spacing of 60 cm (inter row) by 10 cm (intra
row). The second weeding was carried out when the crop was
about 45 cm high. Harvesting was done when the crop had reached
physiological maturity approximately 16 weeks after sowing for the
first season and 14 weeks for the second season.
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Sample collection

Harvesting of panicles from the two inner rows per plot was done at
physiological maturity. It involved cutting the panicles at the collar of
the top-most leaf using secateurs. Samples were put in well-
labelled bags. Panicles were then sun dried for 2 weeks to moisture
content of 13% followed by threshing and winnowing to obtain clean
grains. The grains were thereafter milled finely to pass through a 1
mm sieve. The flour obtained was used for proximate analysis.

Proximate analysis
Determination of crude protein content

Total nitrogen and protein was determined using the Kjeldahl
method (AOAC, 1999). One-tenth gram finely milled sorghum
grains were weighed and transferred into a digestion tube.
Selenium catalyst mixture weighing 1 g was mixed with the samples
and 5 ml of 96% sulphuric acid was added into the tube. The tubes
were then heated cautiously in the digester at the fume cupboard
until the digest was clear. The sample was transferred to a 100 ml
volumetric flask, and distilled water was added into a 100-ml
graduated flask up to the mark. Boric acid indicator solution of 5 ml
was then transferred to a 100-ml conical flask containing 5 drops of
mixed indicator, and then placed under the condenser of the
distillation apparatus. 10 ml of the clear supernatant liquid of the
digest was then transferred into the apparatus, and 10 ml of 46%
sodium hydroxide added and then rinsed again with distilled water.
Distillation then commenced. After the first distillation, drops
reached the boric acid indicator solution, and colour changed from
pink to green. A total of 150 ml of the distillate was collected. The
solution was titrated with 0.0174 N sulphuric acids until the colour
changed from green to pink. The sample was replicated three times
for each sorghum line. Total N was determined using the formula:

% N=(@xNxMwx100/b xc)x 100

where a = ml of sulphuric acid used for titration of the sample, N =
Normality of sulphuric acid (0.0174), Mw = Molecular weight of N,
(0.014), ¢ = ml digest taken for distillation (10 ml), b = g sample
taken for analysis (0.1 g), and % Crude Protein = 6.25 x % N.

Determination of tannin content

Tannins content was determined through Folin-Denis method
(Schanderl, 1970). Powdered flour (0.5 g) was weighed and
transferred to a 250-ml conical flask followed by addition of 75 ml of
water. The flask was heated gently and boiled for 30 min and then
centrifuged at 2000 rotations per minute for 20 min. The
supernatant was collected in a 100-ml volumetric flask. 1 ml of the
sample extract was transferred to a 100-ml volumetric flask
containing 75 ml water. 5 ml of folin reagent and 10 ml of 35%
sodium carbonate solution were added and then diluted to 100 ml
with water. The sample was shaken and the absorbance read at
700 nm after 30 min. A graph was prepared using 0 to 100 mg
tannic acid, where 1 ml contained 100 mg tannic acid. The sample
was replicated three times for each sorghum line. The tannin
content of the sample was calculated as tannic acid equivalent from
the standard curve.

Determination of starch
Percent starch content was determined by the Anthrone method

(Hodge and Hofreiter, 1962), whereby 0.2 g of milled grain sample
was homogenized in 80% hot ethanol to remove sugars. The

residue was then centrifuged and retained. The residue was dried
well over a hot water bath. To the residue, 5.0 ml of distilled water
and 6.5 ml of 52% perchloric acid was added and then extracted at
0°C for 20 min. The supernatants were centrifuged, pooled and
made up to 100 ml. 0.1 ml of the supernatant was pipetted out and
made up to the volume of 1 ml with distilled water. The standards
were prepared by taking 0.2, 0.4, 0.6, 0.8 and 1 ml of the working
standard solution and the volume made up to 1 ml in each tube with
water. 4 ml of Anthrone reagent was then added to each tube and
the sample heated for 8 min in a boiling water bath. Each sample
was cooled rapidly and the intensity of green to dark green colour
was read using a spectrophotometer at 630 nm. The sample was
replicated three times for each sorghum line. The glucose content
in the sample was determined using the standard calibration graph
and then the value was multiplied by a factor of 0.9 to arrive at the
starch content.

Data analysis

Data were subjected to analysis of variance using SAS version 8.1
(Littel et al., 2002). Means were separated according to Least
Significant Difference (LSD) whenever the sorghum line effects
were significant (P < 0.05).

RESULTS AND DISCUSSION
Crude proteins

There were significant differences in the crude protein
content in the different sorghum lines. Results showed
that the protein content of the sorghum lines evaluated
ranged from 8.93 to 13.79, 10.32 to 15.35, 9.08 to 14.64,
and 9.36 to 12.38% when grown in a long rainy season in
Mundika (LM 2) and Masumbi (LM 1) and during short
rainy season in LM 2 and Sagam (LM 1), respectively
(Table 1). Some inbred and hybrid lines of sorghum in
Kansas (Hicks et al., 2002) and African sorghum lines
(Aba et al., 2005) had a similar crude protein range of
10.3 to 16.5% and 10 to 16.45%, respectively. Genetic
variability of sorghum accessions was reported to
contribute to the variation in crude protein content of the
accessions evaluated (Chavan et al., 2009; Ng'uni et al.,
2012).

In this study, the growing environment had an affect on
accumulation of crude protein in some of the sorghum
lines evaluated (Table 1). Among the lines suitable for
malting, SDSAI x ICSR43 line maintained statistically
similar amounts of crude protein in all the test
environments, whereas Gadam and Serena showed a
drop in crude protein when cultivated in Sagam (LM 1).
Sima, in contrast, yielded higher crude protein when
grown in Masumbi (LM 1) and in the long rainy season in
LM 2, while a low crude protein content was produced
upon growing the line during short rainy season in LM 2
and in Sagam (LM 1).

Among the lines suitable for baking, lines IS 25557 and
Siaya #2-3 were the only two lines that showed
interaction with the environment in which they were
cultivated in terms of crude protein content (Table 1). IS
25557 line had low crude protein when grown in Sagam
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Table 1. Crude protein levels of the nine sorghum lines evaluated at Mundika (LM 2) during long (LR) and short rain (SR) season,

Masumbi (LM 1) and Sagam (LM 1).

% Crude Protein across and within environments

Sorghum line Mundika (LM 2)

Masumbi (LM1)

Mundika (LM2) Sagam (LM1)

LSD

Long rains Short rains 005
SDSAI x ICSR43 11.92+t 11.62°% 10.32%, 12.06% 6.67
Sima 9.08%5 15.35°A 12.75%, 10.74% 457
Serena 12.60% 45 12.74%, 10.84°4, 9.84" 2.18
Gadam 13.81%°, 13.44%, 12.56%, 8.25% 1.94
IS 9203 14.64%, 10.52° 11.37%% 10.74%, 4.37
IS 25561 10.17%4 10.48°% 10.62°%9, 9.36, 2.86
1S25557 12.31%, 11.90% 58 13.79%s 9.73"% 3.23
Siaya #2-3 14.59%¢ 10.32%c 8.93% 12.38% 2.75
Abaleshya 13.61%4 11.21°% 10.51°9, 11.06%°4 4.24
LSDo.os 4.82 3.47 2.31 1.99

"Means followed by subscript same capital letter ACROSS the row do not significantly differ (p>0.05). *Means followed by superscript same

small letter DOWN the column do not differ significantly (p>0.05).

(LM 1), while Siaya #2-3 yielded high crude protein when
cultivated in LM 2 during the short rainy season,
moderately high crude protein when grown in Masumbi
(LM 1) and lowest amount was obtained when the line
was grown in LM 2 during the long rainy season. Protein
content and composition vary due to genotype and water
availability, temperature, soil fertility and environmental
conditions during grain development (Hulse et al., 1980;
Ebadi et al., 2005). The protein content of sorghum
variety is important if the variety is to be designated as
grain sorghum for malting and brewing purposes (FAO,
1995; Beta et al.,, 1995). This is because proteins
degradation by proteolytic enzymes to peptides and
amino acids (Jones, 2005a, b) provides energy for the
yeasts during the fermentation process leading to
production of alcohol. Kiprotich et al. (2014) reported that
desirable protein contents of sorghum for malting and
brewing should be within the range of 5 to 10%. SDSAI x
ICSR43 line recorded 10.32% crude protein when grown
in LM 1 during the long rain season, which was not
significantly different from amount of crude protein
yielded in the rest of the test environments. This shows
that the new variety SDSAI x ICSR43 can be adopted by
breweries due to its superior qualities in terms of yield
and quality attributes.

Tannins

The tannin content of the sorghum lines ranged between
8.00 and 70.00 mg/100 ml tannic acid equivalents (Table
2). This is consistent with Kiprotich et al. (2014) who
reported similar ranges of 6.88 to 79.89 mg/100 ml tannic
acid among locally grown sorghum genotypes in Kenya.
The SDSAI x ICSR43 line had a tannin content that
ranged between 8.00 to 24.33 mg/100 ml tannic acid

equivalents depending on the growing environment.
Relative to the check lines, the tannin content of SDSAI x
ICSR43 line was 45.27% lower than for Sima when
grown in Mundika (LM 2) during the short rainy season.
Growing the lines in Masumbi (LM 1), SDSAI x ICSR43
line had 39.56, 46.27 and 54.32% less tannin than Sima,
Gadam and Serena, respectively. During the long rainy
season in LM 2, lowest amounts of tannins were obtained
for SDSAI x ICSR43 than the check lines; while planting
these lines in Sagam (LM 1) their tannin content was
statistically analogous.

Sorghum lines suitable for baking had tannin levels
ranging from 41.00 to 70.00 mg/100 ml tannic acid
equivalents (Table 2). No significant statistical variation in
tannin content was observed among the sorghum lines
when grown in LM 2 during the short rainy season and in
Sagam (LM 1). However, evaluating the lines during the
long rainy season in LM 2, Siaya #2-3 recorded the
highest amount of tannins, while 1S 25557 had the lowest
amount of tannins relative to other lines when evaluated
at Masumbi (LM 1). High tannin sorghums are desirable
in making food products due to their palatability (Awika et
al.,, 2004). Good quality breads containing tannin
sorghum bran have high antioxidant and dietary fiber
levels, with a natural dark brown colour and excellent
whole grain flavor (Gordon, 2001). In addition, healthy
bread mixes containing tannin sorghum bran, barley flour,
and flax seed have been developed (Rudiger, 2003).

The combined analysis showed that the agro-ecological
environment was the main source of variation in tannin
content of sorghum lines, particularly SDSAI x ICSR43,
IS 25557, Abaleshya and Sima (Table 2).
Trikoesoemaningtyas et al. (2015) reported similar
findings on sorghum lines evaluated in Indonesia. Taleon
et al. (2012) on evaluating black sorghum found that the
total flavonoid content was affected strongly by
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Table 2. Tannin levels of the nine sorghum lines evaluated at Mundika (LM 2) during long (LR) and short rain (SR) season,

Masumbi (LM 1) and Sagam (LM 1).

Tannin (mg/100ml) across and within environments

Sorghum line

Mundika (LM 2)

Masumbi (LM1)

Mundika (LM2) Sagam (LM1)

LSD

Long rains Short rains 005
SDSAI x ICSR43 9.671%t 9.67% 8.00's 24.33% 5.15
Sima 25.67% 22.33% 17.67% 53.00%¢, 12.23
Serena 16.67%A 32.67° 29.67% 31.33%, 21.36
Gadam 15.67%A 26.33%4 18.33% 41.33%°, 26.84
IS 9203 46.00% 50.33% 49.67°4 46.67%, 11.52
IS 25561 45.00% 51.00% 47.33°% 54.33%°°, 25.72
1S25557 41.00%s 32.00° 46.00"gc 53.33%%%, 11.65
Abaleshya 47.67% 49.67% 41.00% 70.00%4 20.11
Siaya #2-3 25.67% 52.00% 58.67°A 60.33%4 26.09
LSDo 05 13.225 9.090 5.833 35.350

"Means followed by subscript same capital letter ACROSS the row do not significantly differ (p>0.05). *Means followed by superscript
same small letter DOWN the column do not differ significantly (p>0.05)

environment, mainly due to the differential effect of
abiotic factors such as light and temperature, and
differential intensity of fungal infection. Wu et al. (2016)
indicated that tannin biosynthesis in the sorghum grains
might be inhibited under the higher growing temperature.
However, in this study all sorghum lines evaluated
recorded higher amount of tannins when grown in an
environment that received the highest maximum daily
temperature of 28°C, among the test environments.
Similar findings were reported by Wang and Zheng
(2001) working on strawberry where the individual
phenolics of strawberry increased when growth
temperature increased from 18/12 to 30/22°C (day/night).
Kiprotich et al. (2014) recommended that sorghum grains
suitable for malting and brewing should not have tannin
levels greater than 18.13 mg/100 ml since high tannin
levels poses a challenge during the brewing process.
Tannins inhibit the activity of alpha amylase (Alonso et
al., 2000), and this lowers hydrolysis of starch that is
essential for brewing. This study has shown that growing
SDSAI x ICSR43 in LM 1 (Sagam) during the short rainy
season causes a drastic increase in tannin content for the
line, thus affecting its suitability for use in brewing.
Cultivation of SDSAI x ICSR43 in LM 1 and LM 2 during
the long rainy season and LM 2 during the short rainy
season produces quality grains for malting and brewing
with regard to tannin levels. This suggests it requires
about 846.4 mm of rainfall during the crop growing period
and an average minimum and maximum temperature of
20 and 28°C to obtain the optimum grain quality for
malting and brewing.

Starch

The sorghum lines evaluated had starch content ranging

from 29.73 to 80.23% (Table 3). Generally, the malting
and brewing sorghum lines had relatively higher amounts
of starch compared to the lines suitable for baking. This
confirms the findings by Almodares and Sepahi (1996)
that the cultivar of sorghum affects the levels of sorghum
non-structural carbohydrates. SDSAI x ICSR43 line
yielded similar amounts of starch as the check lines in all
the test environments. On the other hand, an
environmental effect on starch content was noted on lines
SDSAI x ICSR43, Sima and Serena, while Gadam
maintained a comparable amount of starch in all the test
environments. Sorghum grain starch accumulation is
subject to environmental factors since it is a quantitatively
inherited trait (Bing et al., 2014). The SDSAI x ICSR43
line yielded the highest amount of starch when grown in
Mundika (LM 2), both in long and short rainy seasons,
moderate amount in Masumbi, and lowest amount when
grown in Sagam. Lines Sima and Serena when grown in
Sagam (LM 1) and Masumbi (LM 1), respectively,
produced lowest amount of starch.

All the lines suitable for baking did not differ in the
amount of starch within each growing environment (Table
3). In addition, genotype by environment effect was only
observed with IS 25561 line whereby in Mundika (LM 2)
during the short rainy season the highest starch content
was realized; whereas in the other test environments
lower amounts of starch were recorded that were
statistically similar across the environments. Many
researchers have reported the effect of growing
environment on the chemical composition of sorghum
grain and other cereals (Beta and Corke, 2001; Tester
and Karkalas, 2001; Matsuki et al., 2003; Kiprotich et al.,
2014; Trikoesoemaningtyas et al., 2015). However, the
current study has shown that variation in starch content
among sorghum lines suitable for use in baking was
rather based on genotype than the growing environment.
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Table 3. Starch content of the nine sorghum lines evaluated at Mundika (LM 2) during long (LR) and short rain (SR) season, Masumbi

(LM 1) and Sagam (LM 1).

% Starch across and within environments

Sorghum line Mundika (SR,LM 2)

Sagam (LM1)

Mundika (LR,LM2) Masumbi (LM1)

- - LSDo.0s
short rains long rains

SDSAI x ICSR43 71.203%t 41.43°%c 79.35%s 56.43% 17.81
Sima 72.77%¢, 29.73% 5 78.80%¢ 71.40% 23.78
SERENA 81.67%s 49.10%% 56.77%4 44.08% 28.90
GADAM 80.23%, 60.33% 62.53%, 64.63%, 20.80
IS 9203 55.30% 56.57%4 64.93%, 55.07%A 24.63
IS 25561 68.33%¢ 41.67% 51.33% 52.67%% 12.40
1S25557 61.50%, 54.03%, 69.91%, 58.10%°%, 27.94
Siaya #2-3 64.87°, 56.90%5 58.86% 50.13" 18.21
Abaleshya 64.93°, 51.63%, 62.17%4 47.43°% 22.95
LSDo .05 15.51 17.39 25.81 15.74

"Means followed by subscript same capital letter ACROSS the row do not significantly differ (p>0.05). *Means followed by superscript same

small letter DOWN the column do not differ significantly (p>0.05).

Similar findings on genetic variations in starch content
were reported in triticale (x Triticosecale) (BureSova et
al., 2010) and in wheat (Tritcum aestivum L.)
(Labuschagne et al., 2007; Massaux et al., 2008).

Conclusion

The combined analysis showed that growing environment
affected the nutritional and anti-nutritional content of
sorghum lines with different magnitudes. The variances
due to sorghum lines were higher for starch content and
protein, but the variability observed for tannin content
were mostly due to the agro-ecological environment of
cultivation. The presence of genotypes x environmental
interaction resulted in differential nutritional values of
sorghum grains over environments. The results indicated
that while conducting yield stability trials, breeders should
not only focus on agronomic characters and Yyield
potential, but should also consider stability of the quality
parameters that define commercial utilization of these
sorghum lines.

This study, therefore, recommends that during the long
rainy season, lower midland zone (LM) 1, is ideal for the
cultivation of line SDSAI xICSR43. This zone produces
grains of required quality in terms of their usage in
malting and brewing. Lower midland zone 2 is a stable
environment for cultivation of the sorghum lines
evaluated.
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