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ABSTRACT

Field trials were conducted at the Manga Agricultural Research Station near Bawku in the Upper
East Region to evaluate nine genotypes of Pearl millet [Pennisetum glaucum (L.) R. Br.] for
adaptation to the Sudan Savanna agro-ecology of northern Ghana. The varieties are: Arrow, Bongo
Short Head, Bristled millet. SOSAT-C88, Tongo Yellow, GB 8735, ICTP 8203, B9_Tabi and Manga
Nara a local check (farmers’ variety). The experiment was established as a randomized complete
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block design with 4 replicates. All standard agronomic practices and data collection as
recommended for Pearl millet production in Ghana were adhered to. The results indicate highly
significant (P<0.001 differences among years and genotypes for all the traits recorded. The local
variety Manga Nara was the earliest to reach 50% flowering; whilst SOSAT-C88 was the latest.
Downy mildew incidence at 30 days after sowing was least on SOSAT-C88 and ICTP 8203 and
highest on the farmers’ variety. At maturity downy mildew incidence was highest on Tongo Yellow.
Bristled Millet produced the tallest plants whilst Manga Nara, Bongo Short Head and GB 8735
produced the shortest plants. Bongo Short Head produced the broadest spikes whilst B9_Tabi
gave the longest spikes. Pearl millet harvest indices were generally low with Arrow and ICTP 8203
producing the highest and GB 8735; Bongo Short Head and the farmers’ variety the lowest. ICTP
8203, SOSAT-C88 and Bristled Millet recorded higher grain yields than the other genotypes
evaluated. The farmers’ variety, GB 8735 and B9_Tabi recorded the lowest grain yields compared
to the trial mean. SOSAT-C88 produced superior straw yield compared to the other genotypes
whilst Tongo Yellow; the farmers’ variety, Arrow and GB 8735 produced appreciably lower straw
yields. ICTP 8203, SOSAT-C88 and Bristled Millet were the most efficient whilst the farmers’

variety was the least efficient in rainwater capture and use.

Keywords: Bio-fortified varieties; early millet; Pennisetum glaucum (L.) R. Br; Sudan savanna agro-

ecological zone.

ABBREVIATIONS

ANOVA- analysis of variance; arrow- AR; bongo short head- BSH; bristled millet- BM; days after
planting— DAP; downy mildew incidence— DMI; manga nara— MN; randomized complete block
design—RCBD; SOSAT-C88— SOSAT; tongo yellow—TY; upper east region —-UER.

1. INTRODUCTION

The importance of pearl millet [Pennisetum
glaucum (L.) R. Br.] is most pronounced in the
Upper East Region where it serves as a hunger-
breaker immediately after the long dry season,
when most farm-families would have exhausted
their scanty harvest and even have difficulties
purchasing seed for the incoming cropping
season [1]. Pearl millet is the only cereal that
reliably provides grain and fodder under dryland
conditions on shallow and sandy soils with low
fertility and low water holding capacity [2,3].

While pearl millet farmers have managed to feed
their families under harsh environmental
conditions of the Sudan Savanna for centuries,
high population pressure in recent times is
outstripping the capacity of this environment to
meet new demands of food, fuel wood and an
occasional additional income using current
farmers’ agronomic practices and now severely
challenged old varieties such as Manga Nara.
The only cereal crop that can be sown and
harvested within 3 months in the UER of Ghana
is pearl millet. Regrettably, there have not been
any improved pearl millet varieties released since
Ghana'’s independence from colonial rule in the
mid 1950s.

The most important characteristic of pearl millet
is the crop’s unique ability to tolerate and survive
under adverse conditions of continuous or
intermittent drought as compared to most other
cereals like maize and sorghum [4]. Pearl millet
is characterized by the C4-cycle photosynthetic
pathway and has a very high rate of biomass
production, despite being a crop adapted to the
drier parts of the semi-arid tropics. Its northern
limit in West Africa is the Sahelian zone receiving
about 250 mm annual rainfall, where cultivars
requiring only 55-65 days to mature are grown

[5].

The only pearl millet variety that was bred during
the colonial era and released was Manga Nara,
which is currently being cultivated extensively in
the UER. This is because pearl millet for a long
period of time has not officially received the
recognition it deserves as a strategic crop with
almost unrivalled potential in respect of
exceptional nutrition capacities [6,7,8]. The
Council for Scientific and Industrial Research -
Savanna Agricultural Research Institute (CSIR-
SARI) initiated a pearl millet breeding program in
the latter part of the 1990s. Scientists selected
early maturing, pest and disease resistant
pearl millet varieties, which have been widely
evaluated with farmers through on-farm adaptive



trials and demonstrations and are now being
presented to the National Variety and Technical
Committee for consideration for release to
increase pearl millet productivity and production
in Ghana.

Adoption of improved pearl millet varieties tends
to be slow in some regions due a complex of
factors such as seed availability, variety
performance or household preferences [9]. The
ability of pearl millet to reliably produce on
marginal lands and under low rainfall makes it an
attractive choice for sandy, low fertility and acidic
soils [10]. There are two schools of thought in
plant breeding: one is of the view that selecting
for broad adaptation has greater gains and
stability whilst the second believes that in
developing crops such as pearl millet that are
grown as landraces and also produced in
marginal areas, site-specific breeding is of
essence [11,12]. Either way, the importance of
improved pearl varieties for enhanced yields
cannot be over emphasized. Indeed earlier works
have shown the benefits of heterozygosity and
hybrid vigor in pearl millet and sorghum in Africa
[13-16].

The introduction of five new promising pearl
millet cultivars together with three additional
biofortified varieties is therefore welcome news to
the anxious small holder farmers of the Upper
East Region, who over the years have always
ranked ‘the lack of early-maturing, pest- and
disease-resistant or -tolerant varieties’ as the
second most important constraint, rated only
after ‘low soil fertility’, to enhanced crop
productivity in the area [17]. The inclusion of
biofortified varieties in the study was to help
address the problem of malnutrition among
children and nursing mothers [18,19] in the
region. The objective of this study was to test the
performance of these pearl millet varieties for
adaptation to the agro-ecological and socio-
economic conditions of the Upper East Region of
Ghana.

2. MATERIALS AND METHODS
2.1 The Experimental site

Field trials were established during the rainy
seasons of 2012 and 2013 at the Manga
Agricultural Research Station near Bawku
(11°01° N, 0°16' W, 249 m above sea level) in the
Sudan Savanna agro-ecological zone of
northeastern Ghana. The annual mean rainfall of
the experimental site is approximately 950 mm.
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Rainfall there is monomodal and has a
characteristic erratic distribution pattern. The
rains usually start in April, peak in August and
end in October. There is a recurrent dry spell in
July.

The soils in the Sudan Savanna zone of Ghana
are developed over granites and stones. The
topsoils are light, varying in texture from coarse
sands to loams. The texture of the soils varies
from loamy sand, sandy loam to loam and pH of
these soils ranges from 5.4 to 6.1. Plant nutrient
status is generally below average [8], Table 1.

The study evaluated nine pearl millet varieties
comprising of three biofortified, five other
improved millet varieties (previously evaluated in
the region by the CSIR-SARI) together with a
local improved cultivar called Manga Nara [20-
23,18]. The land on which the trial was
established had been used for seed maize
multiplication for the past four years. Cow dung
at a rate of 4 t/ha was applied to the field just
before disc harrowing with a tractor. The
experiment was established in a RCBD with four
replicates. Plot dimensions were 4.5 m x 5 m.
Sowing was done on ridges constructed by
bullock traction with a spacing of 0.75 m. Seeds
were sown on the middle of ridges with 0.30 m
spacing between hills. Pearl millet was sown 3 to
4 seeds per hill and thinned out to 2 plants per
hill at 2 weeks after planting (WAP). First
weeding was done 2 WAP prior to the first
(basal) fertilizer application. The second fertilizer
application was performed 2 weeks after the
basal fertilizer application. Fertilization was at the
following rates: basal - 40 kg N/ha and 40 kg/ha
each of P,05 and K,0 immediately after thinning
using compound fertilizer (NPK 15-15-15) and
topdressing using ammonium sulphate. Re-
shaping of ridges (using bullocks) was done after
topdressing to prevent root lodging as
recommended for cereal cultivation in the Sudan
Savanna agro-ecological zone [4,17].

All recommended data for pearl millet production
[4] were collected including attainment of 50%
bloom (days), plant height at maturity (cm), spike
length (cm), spike girth (mm), downy mildew
incidence at 30 days after seedling emergence
(% of hills), downy mildew incidence at maturity
(% of hills) and Harvest index . Rainwater use
efficiency (kg mm’” ha'1) was determined as the
ratio of rain water received in the season to crop
yield. The data obtained were subtjected to
statistical analysis using GenStat 9" Edition
software [24]. Where statistical significance was



detected, means were separated using the
standard error or standard error of a difference
between means.

2.2 Organoleptic Evaluation

Organoleptic attributes (mouth-feel, taste and
texture) influence the acceptability of bread made
from millet-wheat composite flour. These were
evaluated by a team comprising farmers and end
users of bread (from composite flour) for overall
acceptability on a scoring basis of 1 (not
acceptable), 5 (fairly acceptable) to 9 (highly
acceptable).

2.3 Economic Analyses

Economic analyses were performed to compare
the profitability of producing different varieties of
millet in the semi-arid agro-ecology of northern
Ghana using the same inputs. The crop
enterprise budget technique was used [25] where
the benefit-cost ratio of millet varieties were used
to assess the profitability (or lack thereof) of the
different varieties. The cost of all recommended
variable inputs used in the study were
considered. Crop prices and all input prices were
surveyed in the study area using seasonal
averages that prevailed in the study area during
the cropping seasons.

The value of the millet grain was taken at
harvesting periods and therefore there was no
cost borne for storage. Though stover has great
importance as fuel wood in the UE Region of
Ghana economic analyses did not cover this.
Variable costs were the actual input prices paid
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by farmers each year, which included the
different types of fertilizers, cost of harvesting,
carting, threshing, winnowing and bagging grain.
Net returns per hectare were then calculated as
the difference between the gross income and
total variables costs. The benefit-cost ratio was
therefore calculated by dividing the benefits by
the total variable costs as:

B/C = TB
/_TVC

Where

B/C- Benefit Cost Ratio
TB - Total Benefit
TVC-Total Variable Cost

When B/C ratio is = 1.8, it implies that for each 1
GHC invested in an enterprise, the farmer will
recover his 1 GHC, plus an extra 0.8 GHC as net
benefit. All other things being equal, farmers
should be willing to accept a variety if the B/C
ratio of that variety is greater than the minimum
acceptable B/C rate of 1 (B/C >1). An enterprise
with a ratio greater than 1 (B/C >1) is
economically viable.

3. RESULTS

The soils of the experimental site are mainly
sandy, and also acidic with high levels of
potassium. However, the soil levels of all the
other nutrients required for plant growth were
below average for enhanced cereal production
Table 1 [8].

Table 1. Some physical and chemical properties of the surface (0-15 cm) soil at the
experimental site at manga agricultural research station, 2012

Soil physical and chemical properties Value
Sand (%) 80.4
Silt (%) 16
Clay (%) 3.6
Soil texture Loamy sand
Soil pH 4.64
Organic carbon (%) 0.35
Total nitrogen (%) 0.06
Available P (mg kg™ 13.58
Exchangeable cations [cmol (+) kg™']

Ca 0.07
Mg 0.05
K 65.70
CEC [cmol (+) kg™'] 3.28




The tallest plants were produced by B9 Tabi
followed closely by Bristled Millet and then
SOSAT, whilst the shortest plants were
recorded by the farmers’ variety, BSH and GB
8735 (Table 2). B9_Tabi, Bristled Millet and
SOSAT produced significantly (P<0.001) taller
plants than the rest of the genotypes evaluated in
the study.

The farmers’ variety, Manga Nara (MN) was the
earliest to reach 50% flowering whilst SOSAT
was the latest to attain this stage. MN attained
50% flowering significantly earlier than the rest of
the varieties tested. Similarly Tongo Yellow, GB
8735, BSH and Arrow all attained 50% flowering
significantly earlier than SOSAT and B9_Tabi
(Table 2). There however, were no significant
differences among treatments with regards to the
number of panicles harvested. Nonetheless,
ICTP 8203 recorded the highest number of
panicles harvested followed by B9 Tabi and
SOSAT. GB 8735 recorded the lowest number of
panicles harvested. Only ICTP 8203 and
B9_Tabi recorded harvested panicles numbers
that were above the trial mean.

Downy mildew incidence (DMI) at 30 days after
sowing was highest on GB 8735 and on the
farmers’ variety, whilst SOSAT recorded the
lowest level of infection followed by ICTP 8203.
The local improved varieties (Fig. 1) had lower
levels of infection as compared to that recorded
for the trial mean. At maturity, the levels of
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downy mildew incidence was similar to that
observed at 50 days after sowing with GB 8735
recording the highest level of DMI incidence
followed by Tongo Yellow; whilst SOSAT and
ICTP 8203 again recorded the lower levels of
infection (Table 2). Significant (P<0.001)
differences were noted among the varieties with
regards to DMI or the number of ‘green ears’
recorded at harvest with the farmers’ variety
recording significantly the highest number ‘green
ears’ whilst B9 _Tabi and SOSAT recorded the
lowest numbers of ‘green ears’. B9_Tabi, SOSAT
and ICTP 8203 all recorded significantly lower
numbers of ‘green ears’ than that recorded by
the farmers’ variety (Table 2).

There were significant (P<0.001) differences
among genotypes with regards to spike length
with B9 _Tabi producing the longest spikes
(panicles or ears) followed closely by Bristled
Millet whilst BSH and the farmers’ variety
produced the shortest spikes at harvest. The
spikes produced by all the varieties were
significantly longer than those produced by BSH
and Manga Nara (Table 3). Spike girth however
followed a different trend, with the Bongo Short
Head producing the broadest spikes and

B9_Tabi the thinnest. BSH produced significantly
broader spikes than the rest of the varieties
tested. Similarly, SOSAT, MN, TY and GB 8735
all produced significantly broader spikes than
those produced by B9_Tabi, ICTP 8203, Bristled
Millet and Arrow (Table 3).

Fig. 1. Improved pearl millet varieties evaluated
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Table 2. Time required to reach 50% flowering, plant height at harvest and downy mildew
incidence as affected by pearl millet genotype in field trials at SARI-manga during the 2012-
2013 cropping seasons

Millet genotype Time required to

Plant height at

Downy mildew Downy mildew

reach 50% harvest (cm) (%) at 30 days (%) at maturity
flowering (days)
2012 2013 2012 2013 2012 2013 2012 2013
Arrow 50°T 45° 202.5°° 210 6.75° 0.25° 23.3° 1.0°
Bongo Short head ~ 49° 46° 189.6°° 195°  7.25°° 0.00° 29.3° 1.75°
Bristled Millet 53¢ 52° 243.8° 234° 575> 1.00° 21.3° 1.252
GB 8735 48° 46° 191.3° 198°° 1725 180 34.0 6.25°
ICTP 8203 51° 56¢ 215.6° 199°  4.00® 0.0° 95° 2.50°
SOSAT 58¢ 58¢ 228.5° 210° 0.25°  0.00® 1.75° 0.50°
B9 Tabi 55¢ 65° 246.7° 221 11.0° 0.00® 23.3° 0.0°
Tongo Yellow 46° 46° 212.4° 204° 9.25° 0.00° 30.3° 3.75°
Manga Nara 43° 41° 185.7°2 1762  11.75° 1.00° 23.1° 6.75°
Mean 50.3 51 212.9 205 8.14 044 223 2.64
LSD (0.01) 2.90 3.61 13.64 14.77 414 120 452 2.14

T Values with the same letter are not significantly different at P<0.05

Table 3. Spike length (cm), spike girth (mm) and harvest index as affected by pearl millet
genotype in field trials at SARI-manga during the 2012-2013 cropping seasons

Millet genotype Spike length (cm)

Spike girth (mm) Harvest Index

2012 2013 2012 2013 2012 2013
Arrow 21.3°7 26.9% 73.5% 74.5 0.09° 0.12°

Bongo Short Head 13.6° 13.4 114.5 77.0 0.07% 0.09°
Bristled Millet 30.5¢ 33.1 77.0° 113.0 0.08° 0.10°°
GB 8735 24.3° 246 90.0° 98.0 0.06° 0.10"°
ICTP 8203 26.2° 27.3¢ 77.0° 79.0 0.09° 0.08%
SOSAT-C88 226" 22.3% 98.5¢ 97.0 0.07° 0.08%*
B9_Tabi 33.9 29.4° 68.5° 67.0 0.07°2 0.05°

Tongo Yellow 20.5° 21.0° 91.0° 90.5 0.09° 0.12°

Manga Nara 15.9° 18.7° 96.5 100.0 0.07° 0.09°
Mean 23.8 24.02 87.4 88.4 0.08 0.092
LSD (001) 4.35 4.36 7.43 0.95 0.01 0.034
CV (%) 12.5 124 5.81 7.30 21.30 25.30

TValues with the same letter are not significantly different at P<0.05

Harvest index of millet on the average was
generally much lower than those reported for
other cereals such as maize, rice and sorghum
[13, 15] with Arrow, ICTP 8203 and Tongo
Yellow recording the highest harvest indices
whilst GB 8735 recorded the lowest. Arrow, ICTP
8203 and TY recorded significantly (P<0.001)
greater harvest indices than those recorded by
GB 8735 (Table 3). 100-grain weight of pearl
millet was similarly very low as compared to
values reported for its dry cereal counterparts
with Bristled Millet and Tongo Yellow recording
the heavier grain than those produced by
B9 Tabi and Arrow. Grain yield of pearl millet
was significantly (P<0.01) influenced by variety
with ICTP 8203 producing the highest grain yield,

followed closely by SOSAT and Bristled Millet
whilst the farmers’ variety and GB 8735
produced the lowest. ICTP 8203 produced
significantly higher grain yield than all the
treatments except SOSAT and Bristled Millet.
SOSAT also significantly out-yielded Manga
Nara, GB 8735; and B9 _Tabi. Bristled Millet
significantly out-performed the farmers’ variety
and GB 8735. All the varieties evaluated
produced greater grain yield than the trial mean
of 1 metric ton with the exception of GB 8735,
B9 _Tabi and MN. SOSAT produced the highest
straw yield followed closely by B9 Tabi whilst,
Tongo Yellow produced the lowest (Table 4).
SOSAT produced superior straw yield than the
rest of the treatments except B9_Tabi. All of the
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varieties significantly out-yielded the Tongo
Yellow. All the varieties with the exception of TY
Arrow, MN and GB 8735 produced lower straw
yield than to the trial mean yield.

Rainfall use efficiency (RUE) is a measure of
how efficiently the genotype uses rain water.
RUE was significantly (P<0.01) affected by
genotype with ICTP 8203 recording the highest
RUE followed closely by SOSAT and Bristled
Millet. ICTP 8203 recorded significantly higher
RUE than that recorded for the farmers’ variety,
GB 8735, Tongo Yellow and Arrow (Table 4).
Only ICTP 8203, SOSAT and Bristled Millet
recorded RUE values greater than the trial mean.

Organoleptic attributes, which influenced the
acceptability of bread made from millet-wheat
composite flour, are presented in Table 5. As
shown, mouth-feel, taste and texture contributed
significantly and correlated positively with overall
acceptability. Even though they are essential

attributes, and may affect acceptability of other
products, appearance, color, aroma and crust did
not significantly influence panelists’ preference
for bread made from millet-wheat composite
flour. The performance of the different millet
varieties in the final product, with respect to the
key sensory attributes was quite promising, since
a mean score of 5.8 (mouth-feel), 5.8 (taste), 5.7
(texture) were obtained for these attributes.
Bread made from composite flour from the 5
different varieties showed no significant
differences (P<0.05) for these sensory indices
(Table 6). This indicates that millet-wheat
composite flour from these pearl millet varieties
can be used in the production of bread with
acceptable mouth-feel, taste and texture.

From Table 7 Below almost all pearl millet
varieties tested are economically feasible with
the exception of B9 _Tabi which gave a B/C
ration of 0.82.

Table 4. 100-9rain weight (g), grain yield (kg/ha), stover yield (t’/ha) and water use efficiency
(kg mm™ ha™) as affected by pearl millet genotype in field trials at SARI-manga during the
2012-2013 cropping seasons

Millet genotype 100-grain weight Grain yield Stover yield Rainwater use
(9) (kg/ha) (t/ha) efficiency $kg
mm™ ha™)
2012 2013 2012 2013 2012 2013 2012 2013
Arrow 9.2t 13.1° 1039° 2131° 158% 158 1.84°  3.30
Bongo short head 9.5° 10.9° 1046° 1188° 21.7° 132° 1.85° 1.80°
Bristled millet 11.5¢ 15.1¢ 1255°  2022°° 229° 10.9° 2.22¢ 3.10°
GB 8735 9.8°¢ 13.6% 7562 1519°  19.3° 11.6° 1.34%  2.40°
ICTP 8203 8.4° 9.2° 1492 1344 2389 1312 264° 2.10°
SOSAT-C88 71° 11.4° 1307° 2069° 301" 19.8 231¢  3.20°
B9 Tabi 6.2° 7.7° 922%  972° 28.3° 16.8 1.63° 1502
Tongo Yellow 11.4¢ 15.0° 1027° 1896 11.8 13.0*°  1.82° 2.90°
Manga Nara 10.0°¢ 14.2° 713° 1296° 1517 11.20® 1.26® 2.00°
Mean 9.21 12.3 1062 1604 21.5 13.9 1.88 2.5
LSD (0.01) 0.92 1.50 184.7 5289  1.70 3.00 0.327 0.82
CV (%) 1.90 8.4 38.1 22.6 13.64 14.8 2460 226

T Values with the same letter are not significantly different at P<0.05

Table 5. Attributes affecting acceptability of bread produced with blended flours of pearl millet

and wheat
Parameter’ Acceptability estimates SE of estimates P-value
Intercept -0.252 0.116 0.038
Mouth-feel 0.233 0.180 0.035*
Taste 0.372 0.118 0.004*
Texture 0.347 0.148 0.027*

*significantly different at P<0.05. "appearance, color, aroma and crust were excluded from the model because
they were not influential predictors of bread acceptability
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Table 6. Comparison between influential attributes from different pearl millet varieties

Variety Attribute

Mouth-feel Taste Texture
Arrow 6.4+0.6° 6.3+0.6° 6.3+0.5%
Bristle millet 5.7+0.5° 5.6+0.6° 5.5+0.6°
Bongo Short Head 5.4£0.7° 5.4£0.7° 5.4+0.7°
Tongo Yellow 5.8+0.6° 6.0+0.6° 5.8+0.6°
SOSAT 5.7+0.7° 5.7+0.7° 5.7+0.7°

TValues with the same letter are not significantly different at P<0.05

'Table 7. Comparing the economic returns of pearl millet varieties for adaptation to the semi-
arid agro-ecology of northern Ghana

Treatment Arrow Bongo Bristled GB ICTP SOSAT B9 _tabi Tongo Manga
short  millet 8735 8203 yellow nara
head

Yield/ha (kg) 2131 1188 2022 1519 1344 2069 972 1896 1296

Price/kg (GHQC) 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.8

Gross Benefit 1917.9 1069.2 1819.8 1367.1 1209.6 1862.1 874.8 1706.4 1036.8

(GHC)

Cost/ha (GHC)

Ploughing 87.5 87.5 87.5 875 875 87.5 87.5 87.5 87.5

Cost of Seed 15 15 15 15 15 15 15 15 12

Cost of Herbicide 35 35 35 35 35 35 35 35 35

Fertilizer: NPK 45.45. 357.5 3575 357.5 3575 3575 357.5 357.5 357.5 357.5

15 (NPK)

Fertilizer: Sulphate 143 143 143 143 143 143 143 143 143

of ammonia (S/A)

Harvesting 50 50 50 50 50 50 50 50 40

Carting 60 60 60 60 60 60 60 60 55

Threshing 120 120 120 120 120 120 120 120 110

Winnowing and 50 50 50 50 50 50 50 50 45

Bagging

Labour 150 150 150 150 150 150 150 150 130

Total Variable Cost 1068 1068 1068 1068 1068 1068 1068 1068 1015

(GHC)

Net Benefit 8499 1.2 751.8 299.1 1416 7941 -193.2 6384 218

B/C Ratio 1.80 1.00 1.70 1.28 1.13 1.74 0.82 1.60 1.0

4. DISCUSSION

There were strong positive correlations between
plant height and spike length with pearl millet
grain yield. Similar results have been reported in
earlier evaluation of pearl millet varieties in
Ghana [26] and across seven countries in West
Africa [27]. The low incidence of downy mildew
on SOSAT-C88 and ICTP 8203 can be ascribed
to their resistance to the disease, whilst the
farmers’ variety and the other improved varieties
were all more or less susceptible to the disease.
These findings are corroborated by those of
[27,28] who reported lower incidence of downy
mildew on SOSAT and higher infection scores on
the local improved open pollinated varieties.

Time required to reach 50% flowering influenced
pearl millet grain yield with higher grain yield
being associated longer days to attainment of
50% flowering. This could be due to longer
periods of utilization of plant growth resources
such as nutrients; soil moisture and solar
radiation.

Average of prices (GHE) surveyed within the project area for
( 2013): price millet’kg (0.90- new Improved varieties and
0.80 - MN); Price NPK /kg (1.43); Price SA /kg (0.96);
Average daily wage rate (5.00 GHC); price of threshing per
100kg bag (5.00); Price of winnowing/100kg bag (2.50); price
of seed/kg [1.50 (new varieties), 1.20 (Manga Nara) ]

1.0 USS$ = approx. 3.2 (GHC) on November 25, 2014



Time required to reach 50% flowering had the
least consistent correlation with grain yield [3,26].
The higher yields associated with ICTP 8203,
SOSAT and Bristled Millet was due to their low
numbers of "green ears" which are formed when
the downy mildew pathogen systemically infects
the developing panicle so that the host plant's
reproductive structures are replaced by leaf-like
structures containing the oospore that are
involved in survival of the pathogen in the soil
from one cropping season to the next [29,30].

The higher yielding varieties recorded greater
harvest indices indicating their superior
conversion of dry matter to generative at the
expense of vegetative organs as reflected in the
greater harvest indices associated with the
higher yielding varieties compared to their lower
yielding counterparts. The higher grain yields
associated with the top high yielding varieties
comprising ICTP 8203, SOSAT, Bristled Millet,
Bongo Short Head and Arrow could be attributed
to their relatively higher rain water use
efficiencies thereby resulting in better resource
capture and use of nutrients [31] and solar
radiation  with  resultant of dry matter
accumulation. Improved pearl millet seed costs
more than the farmers’ own saved seed but
research and extension have demonstrated
repeatedly to farmers in northern Ghana that the
cost component of cereal seed in a crop budget
is relatively small (about 2%), and it pays to use
improved certified seed [32]. The higher cost of
newly introduced improved seed and possible
crop failure in marginal (droughty) years with the
use of longer duration higher yielding hybrids
are critical issues which cannot be lost on
researchers and farmers alike. This work seeks
to enhance farmers’ available choices in pearl
millet varieties taking their specific financial and
local situations into consideration.

Straw yield followed a trend like that of grain
yield with the better performers also producing
higher straw yields compared to their lower
yielding counterparts. Pearl millet varieties are
not only a great source of starch, making them a
high-energy food source. They are also a source
of protein, fiber, omega-3 fatty-acids, and mineral
micro-nutrients like iron and zinc, as well as the
mineral macro-nutrients and a rich source of
phosphorus, which plays an important part in the
structure of body cells. The importance of stover
from pearl millet, sorghum or maize for fuel-
wood cannot be over-emphasized. Indeed
economic trees in the study area such as
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sheanut (Vitellaria paradoxa) and dawadawa
(Parkia biglobosa) are zealously protected from
being cut for charcoal and fuel wood thus stover
from pearl millet comes as a very important
supplementary source of fuel-wood.

The varieties Arrow, SOSAT-C88 and Bristled
Millet have relatively high B/C ratios of 1.80,
1.74, 1.70 respectively. These three varieties will
easily be accepted by farmers to replace their
current farmer variety which has a B/C ratio of
1.0. Many authors [9,33] are of the mind that in
the next decade or so, the greatest advances in
agriculture in the warmer climatic regions of the
world will come from the development of pearl
millet as a feed grain crop.

5. CONCLUSION/RECOMMENDATIONS

These preliminary results have clearly shown the
superiority of SOSAT-C88, Bristled Millet, Bongo
Short Head, Arrow and Tongo Yellow compared
to the widely grown but very old improved pearl
millet variety Manga Nara. These varieties would
be included as inspection materials in the coming
seasons for evaluation by the National Variety
Release and Technical Committee for release to
farmers in order to increase both yield and areas
of cultivation of the crop, which has lost grounds
to maize cultivation in recent times due to the
lack of improved high yielding varieties.

There is also the need to breed for downy mildew
resistance in the local improved varieties, which
all recorded relatively high levels of the disease
in the present study.

COMPETING INTERESTS

Authors have declared that

interests exist

no competing

REFERENCES

1. Yirzagla J, Padi FK, Akromah R, Dawuda
MM. Evaluation of Cowpea Genotypes for
Maize-based Additive Series Intercropping
in the Guinea and Sudan Savanna Zones
of Ghana. Journal of Advances in
Agricultural Science and Technology.
2013;1(1): 001- 008

2. Andrews DJ, Bramel-Cox P. Breeding
cultivars for sustainable crop production in
low-input dryland agriculture in the tropics.
In: Buxton DR, Shibles R, Forsberg RA,
Blad BL, Asay KH, Paulsen GM, Wilson



10.

1.

12.

13.

RF (eds), International Crop Science 1.
Madison, Wisconsin, USA: Crop Science
Society of America. 1993;211-222.

Wilson JP, Hanna WW, Gascho G, Wilson
GM. Pearl millet grain loss from rust
infection. In:  Proceedings of the first
National Grain Pearl millet Symposium, 17-
18 Jan (Teare ID. ed.) Tifton, Georgia,
USA: University of Georgia and USDA.
1995;54-56

Lake Chad Reseach Institute (LCRI).
Extension Guide No. 8 on the production of
millet. Extension Guide No. 8; 1997.
Purseglove JW. Tropical Crops.
Monocotyledons. Longman. NY; 1981
Andrews D J, Kumar KA. Pearl millet for
food, feed and forage. In: Advances in
Agronomy. Ed. Sparks DL. Academic
Press. 1992;48:90-139.

FAOSTAT: Production, Crops, Millet. 2010
Data. Food and Agricultural Organization;
2011.

Adu SV. Soils of the Navrongo - Bawku
area, Upper East Region, Ghana. Memoir
Number 5. CSIR-Soil Research Institute,
Kumasi, Ghana; 1969.

Ndjeunga J, Bantilan MSC. Toward
understanding household preference for
consumption characteristics of Pearl millet
varieties. A case study from Western
Niger. Agriculture Economics.
2005;32:151-165

Menezes RSC, Gascho GJ, Hanna WW,
Cabrera ML, Hook JE. Subsoil nitrate
uptake by grain Pearl millet. Agronomy
Journal. 1997;89:189-194.

Haussmann BIG, Fred Rattunde H,
Weltzien-Rattunde E, Traoré PSC, vom
Brocke K, Parzies HK. Breeding

Strategies for Adaptation of Pearl Millet
and Sorghum to Climate Variability and

Change in West Africa. Journal of
Agronomy and Crop Science. 2012.
Available: DOLI:

http://dx.doi.org/10.1111/j.1439-
037X.2012.00526.x

Omanya GO, Weltzien-Rattunde E,
Sogodogo D, Sanogo M, Hanseens N,
Guero Y, Zangre R. Participatory varietal
selection with improved Pearl millet in

West Africa. Experimental Agriculture.
2007;43: 5-19

Ouendeba B, Ejeta G, Nyquist WE,
Hanna WW, Kumar A. Heterosis and

combining ability among African pearl

Kanton et al.; JAERI, 3(1): 1-11, 2015; Article no.JAERI.2015.026

10

14.

15.

16.

17.

18.

19.

20.

21.

22.

millet landraces. Crop Science.1993;33:
735-739.

Haussmann BIG. Population hybrid
superiority and combining ability patterns
in West African pearl millets. Highlight
paper presented at the Colloquium
Mobilizing Regional Diversity for Pearl
millet and Sorghum Intensification in West
Africa, held from 5 - 9 May 2009 at
Niamey, Niger. 2009.
Available:http://www.icrisat.org/icrisat-staff-
publications-2009.htm

ICRISAT. Guinea-race sorghum hybrids.
Bringing the benefits of hybrid technology
to a staple crop in Africa. ICRISAT Impact
Story, Patancheru. India. 2009.
Available:http://www.icrisat.org/impacts/im
pact-stories/icrisat-is-quinea-hybrid.pdf
Rattunde HFW, Diallo A. Characterizing
combining ability among diverse sorghum
hybrid parents in Mali. Highlight paper
presented at the colloquium mobilizing
regional diversity for pearl millet and
sorghum intensification in West Africa 5 - 9
May 2009 at Niamey, Niger; 2009.
Available:http://wwwe.icrisat.org/icrisat-rrp1-
mobilizing-wca.htm

Council for Scientific & Industrial Research
- Savanna Agricultural Research Institute
(CSIR-SARI). Annual Report. Accra,
Ghana. 2012;125-130.

Kodkany BS, Bellad RM, Mahantshetti NS,
Westcott JE, Krebs NF, Kemp JF,
Hambidge KM. Biofortification of Pearl
millet with iron and zinc in a randomized
controlled ftrial increases absorption of

these  minerals above  physiologic
requirements in young children. The
Journal of Nutrition. 2013;143.9:1489-
1493.

Available:http://jn.nutrition.org/content/143/
9/1489 full text

Munyaradzi Makoni. Biofortified pearl millet
'‘can combat iron deficiency. SciDev Net;
2014. Retrieved 9 September 2014.

Velu G, Rai KN, Muralidharan V, Kulkarni
VN, Longvah T, Raveendran TS.
Prospects of breeding biofortified pearl
millet with high grain iron and zinc content.
Plant Breeding. 2007;126:182-185.

Rai KN, Andan Kumar K, Andrews DJ, Rao
AS, Raj AGBR, Witcombe Jr. Registration
of 'ICTP 8203' pearl millet. Crop Science.
1990;30:359.

Rai KN, Velu G, Govindrai M, Upadhyaya
HD, Rao AS, Shivade H, Reddy KN. Inidai




23.

24.

25.

26.

27.

pearl millet germplasm as a valuable
genetic resource for high grain iron and
zinc densities. Plant genetic Resources:
Characterization and Utilization; 2014.
DOI:10.1017/S1479262114000665.

Dalohou DN, van Mele P, Weltzien E.
Diallo D, Guindo H, vom Brocke K. Mali:
When Government gives entrepreneurs
room to grow. In: van Mele P, Bentley JW,
Guie RG (eds). African Seed Enterprises:

Sowing the Seeds of Food Security.
Wellingford.  Oxfordshire, UK. CABI.
2011;65-88

Lawes Agricultural Trust (Rothamsted

Experimental Station). GenStat 9" Ed.

Genstat procedure library. Release
PL17.1; VSN International, 5. The
Waterhouse, Waterhouse Street, Hemel

Hempstead, Hertfordshire HP1 1ES, UK;
2007.
International
Improvement
Agronomic

Wheat
From

Maize and
Center (CIMMYT).
Data to Farmer
Recommendations: An Economics
Training Manual. Completely revised
edition. Mexico D.F., Mexico; 1988.
Nutsugah SK, Atokple IDK, Rao VP.
Identification of resistance to downy
mildew and smut of pearl millet in Ghana.
In: Leslie JF (ed), Sorghum and Millets
Diseases. Ames, lowa, USA: lowa State
University Press. 2000;21:43-45.
Wilson JP, Sanogo MD, Nutsugah SK,
Angarawal |, Fofana A, Traore H,
Ahmadou |, Muuka FP. Evaluation of
Pearl millet for yield and downy mildew
resistance across seven countries in sub-
Saharan Africa. African Journal of Agri.
Res. 2008;3(5):377-378.

28.

29.

30.

31.

32.

33.

Kanton et al.; JAERI, 3(1): 1-11, 2015; Article no.JAERI.2015.026

Hash CT, Witcombe. Gene management
and breeding for downy mildew resistance.
In: Leslie JF (ed), Sorghum and Millets
Disease. Ames, lowa, USA: lowa State
University Press. 2002;27-36.

Singh SD, Gopinath R, A seedling
inoculation technique for detecting downy
mildew resistance in pearl millet. Plant
Disease. 1885;69:582-584.

Jones ES, Breese WA, Shaw DS.
Inoculation of pearl millet with the downy
mildew pathogen, Sclerospora graminicola:
chilling inoculum to delay zoospore release
and avoid spray damage to zoospores.
Plant Pathology. 2001;50(3):310-316.

Ali EA. Grain yield and nitrogen use
efficiency of Pearl millet as affected by
plant density, nitrogen rate and splitting in
sandy soil. American-Eurasian Journal of
Agriculture and Environmental Science.
2010;7:327-335.

Dogbe W, Aliyu S, Inusah BIY, Nutsugah
SK, Doku W, Krofa EO, Halolo E,
Mawunya M, Etwire PM’ Abdul-Rahman A.
A Comparative analysis of the agronomic
characteristics and economic benefits of
using certified seed compared to farmer
saved seed of rice (Oryza sativa L.) at
different nutrient management regimes:
Evidence from on-farm testing in the
Guinea Savanna rice growing ecologies of
Ghana. African Journal of Agricultural
Research. 2014;9(43):3215-32225.

Amato SV, Forrester RR. Evaluation of
pearl millet as a feed ingredient for broiler
rations. In “First National Grain Pearl Millet
Symposium,” Edited by |.D. Teare, Tlifton,
Georgia, USA. 1995;125-128.

© 2015 Kanton et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http.//creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history.php?iid=921&id=37&aid=7745

11



