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ABSTRACT

Aims: This experiment aimed at identification of some forage-quality attributes of Sudan pearl
millet (Pennisetum glaucum L.) collection for possible future utilization.

Study Design: Randomized Complete Block Design (RCBD) with three replications.

Place and Duration of Study: The analysis was carried out at the feed analysis laboratory,
Elobeid Research Station of Agricultural Research Corporation (ARC), Elobeid, Sudan.
Methodology: The selected accessions (42 rainy sown and 38 winter sown) for proximate
chemical entities were from 100 pearl millet accessions evaluated for dry matter yield in two field
trials. Prior to the proximate quality analysis, the dried samples were ground and oven dried once
again. The dried samples were used in 3 replicates for the proximate analysis to determine crude
protein (CP), crude fiber (CF) and Nitrogen Free Extract (NFE).

Results: Among the studied accessions, nine (in both rainy and winter seasons) had Crude protein
(CP%) more than 9%. Nineteen accessions (in rainy) and 36 (in winter) had Crude fiber (CF%) less
than 40%, whereas 25 (in rainy) and 32 (in winter) had Nitrogen free extract (NFE%) more than
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CF (29.2 %) and high NFE (49.2%).

cutting over both seasons.

40%. Among the CP-based top ranking 10 accessions, some combined high crude protein yield
(CPY) with high quality attributes across both seasons. For instance, HSD 2243 was associated
with highest CP (16.2%), high CPY (1.72 t/ha) and low CF (30.6%). HSD 2146 was associated with
adequately high CP (11.1%), high CPY (1.07 t/ha), low CF (35.2 %) and high NFE (50.5%) and
HSD 2231 was associated with comparatively lower CP (9.7%), but with high CPY (0.9 t/ha), low

Conclusion: Some accessions of pearl millet viz, HSD 2231, HSD 2243 and HSD 2146 with high
forage yield and high forage quality across both seasons were identified. These accessions with
their high CP% and high crude protein yield in both seasons could further be evaluated for multiple

Keywords: Crude protein; Pearl millet [Pennisetum glaucum (L.) R. Br]; quality variations.

1. INTRODUCTION

Despite the large livestock numbers in Sudan,
advancement in animal production is challenged
by a huge forage gap which is comprised mostly
of the concentrates. The production of the
concentrates however cannot be expanded
under the current farming systems in the country
[1]. A possible alternative to bridge such a gap
therefore, could be through the production of
large quantities of high quality forages. Being a
subtropical country, the climate of Sudan is
virtuously conducive for year round irrigated
forage production. This in turn, has popularized
to the farmers the cut and carry system over any
forage conservation system. Under such
situations, high quality forage crops which can
withstand multiple cuttings are most suitable.
Alfalfa (Medicago Sativa L) is currently the only
multiple cut forage crop in Sudan. Its production
however, is far below the demand because it is
limited by being mostly confined to Khartoum
State and northward.

The current alternative crops to alfalfa are mostly
single cut seasonal crops such as sorghum
bicolor cv. Abu Sabeen, Maize (Zea mays L) and
barley (Hordeum wvulgare). Abu Sabeen is
summer sown, barley is winter sown, while maize
is winter sown in Khartoum State and northward
and rainy season sown in the central Sudan.
Some rainy season sown tropical legumes are
also available.

In contrast to those seasonal crops, pearl millet
[Pennisetum glaucum (L.) R. Br.] is a valuable
forage crop [2] due to its high photosynthetic
efficiency and biomass production ability, fewer
disease and insect pest problems, and tolerance
to multiple environmental stresses. It is adapted
to nutrient poor soil and low rainfall conditions [3]
and does not lose nutritive value even in some
conditions (high water salinity). It is therefore,
commonly grown in the arid and semi-arid

regions of Africa and India as a staple food for
millions of people and animal feed [4]. In Sudan,
it is indigenous to the country [5], showed to be
successful in rainy, winter and summer seasons
[6] and tolerant to multiple cutting [7].

Compared to other cereals, the CP% of the dry
matter of maize, forage sorghum, Sudan grass,
grain sorghum and pearl millet were 9.6, 9.6, 9.6,
11.3 and 15%, respectively [8]. In Australia, the
CP% of four varieties of pearl millet was higher
than that of Sudan grass and ranged from 13%
to 19.7% [9]. Hence, the existence of similar
variations in the forage quality attributes among
Sudan pearl millet collections is plausible and
worth of studying. Therefore, the objective of this
study aimed at the exploration of quality related
variations among certain rainy and winter sown
pearl millet accessions of Sudan collection for
possible future utilization.

2. MATERIALS AND METHODS

The accessions used for the proximate quality
analysis in this study were selected from 100
accessions (obtained from the Genetic Resource
Unit of the Agricultural Research Corporation,
Sudan) evaluated for phenotypic traits during the
rainy and winter seasons of 2008/2009 at the
Gezira Research Station Farm (GRSF) of the
Agricultural Research Corporation (ARC), Wad
Medani, Sudan (latitude 14° 24 N, longitude 33°
29 E and altitude 406.9 m above sea level). The
full text including detailed materials and methods
and all relevant phenotypic traits for those
experiment were thoroughly described [6]. The
number of accessions used for the proximate
analysis were 42 in the rainy season and 38 in
the winter season. The analysis was carried out
at the feed analysis laboratory, Elobeid Research
Station. Prior to the proximate quality analysis,
the samples were ground and oven dried. The
design used was Randomized Complete Block
Design (RCBD). The dried sample was used in 3
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replicates for the proximate analysis [10] to
determine crude protein (CP), crude fiber (CF),
nitrogen free extract (NFE) and Ether extract
(EE). Duplicate samples of 2.5 grams each, were
dried overnight at 100°C to determine the DM%.
Crude protein was calculated from total nitrogen
content. Ash content was obtained by burning
duplicate samples of 2.5 grams of DM at 540 —
550°C in a muffle furnace for three hours.
Organic matter (OM) was obtained by DM less
the ash. Nitrogen free extract (NFE) was
obtained by subtracting the sum of CP, CF and
EE from OM contents.

Statistical analysis was done by the standard
analysis of variance (ANOVA) using the
IRRISTAT for windows (version 5.0) software.
Data for each season were analyzed separately.

3. RESULTS

The studied accessions differed in all of the
parameters of the proximate quality analysis
during both rainy and winter seasons (Table 1).
The data on ash and EE% were utilized in the
calculation of the NFE but are not shown in this
paper. Taking CP at 9%, CF at 40% and NFE at
40% as yard sticks, 9 accessions had high CP%
in both seasons, 19 (in rainy) and 36 (in winter)
had low CF% and 25 (in rainy) and 32 (in winter)
were high in NFE% (Table 1). The number of
accessions that had crude protein yields more
than 0.5 t/ha was 23 in rainy and 22 in winter
seasons.

The top 10 (CP% based) ranking accessions of
pearl millet were the same in both winter and
rainy seasons (Table 2). Their CP% ranged from
8.7 to 13.8 and from 8.9 to 18.6 during rainy and
winter seasons, respectively. The highest CP
across both seasons viz, 16.2% was that of HSD
2243. Other accessions with high CP% were
HSD2106 (11.35%), HSD 2159 (11.35%) and
HSD 2146 (11.05%). Based on both seasons
mean, the highest crude protein yields (1.717,
1.072, 0.900 and 0.858 t/ha) were obtained by
accessions HSD 2243, 2146, 2231 and 2105,
respectively.

Crude fiber (%) ranged from, 30.8 to 54.4 in rainy
and from 26.5 to 39.6 in winter seasons, whereas
NFE (%) ranged from 24.6 to 50.0 in rainy and
from 33.8 to 50.9 in winter seasons (Table 3).
Considerable variation in CF and NFE were
found among the top ranking 10 accessions of
both seasons, but generally lower crude fiber and
high nitrogen free extract were associated with
high crude protein. Based on the two seasons

mean, accessions HSD 2231, 2243 and 2146
were characterized with low crude fiber (29.2,
30.6 and 35.2%, respectively), while accessions
HSD 2231 and 2146 were characterized with
highest NFE (49.2 and 50.5%, respectively).

4. DISCUSSION

The annual forage gap in Sudan is estimated at
more than 28 million tons [1]. Eighty two percent
of that however (viz 23 million ton), is in the form
of production ration (i.e. concentrates). Under the
current crop production system, expansion in the
production of the concentrates in Sudan seems
unlikely. The situation is being more aggravated
by the rising tendency to export alfalfa hay. An
alternative way to minimize the gap of the
concentrates in Sudan, therefore, should rely on
the horizontal and vertical expansion in the
production of high quality forages. It is from this
point of view, the significance of pearl millet in
playing such a role could be appreciated.

Despite the wide quality variations among the
studied pearl millet accessions, sizable number
of them encompassed both high crude protein
yields and good forage quality aspects. The CP%
of a number of accessions was higher than that
of Abu Sabeen and maize in Shambat [11], in the
Gezira [12] and higher than those of Sudan grass
and maize in the USA [8]. The CP of some
accessions (in rainy and winter seasons)
compared closely with those of four varieties of
pearl millet in Australia [9], two varieties of pearl
millet in Saudi Arabia [13] and one variety of
pearl millet in Egypt [4]. The CP% of four
accessions viz HSD 2243, 2146, 2231 and 2105
in both rainy and winter seasons, were as high
as that in the grain of most sorghum varieties in
Sudan [14]. The lowest CP% within the 10 top
ranking accessions on the other hand, was
higher than the lowest acceptable for a forage
crop [15].

As a matter of fortune, the 10 top ranking
accessions (based on CP%), were the same in
both rainy and winter seasons. The presence of
winter adapted high vyielding and high quality
pearl millet accessions offer a good option for
farmers to grow forage during the winter in the
central Sudan. This is particularly important as
the winter yields of Abu Sabeen and maize [12],
Abu Sabeen [16] and Abu Sabeen and maize in
Shambat [17] were suboptimal. Accessions such
as HSD 2243 with high CP%, low CF% and high
crude protein yields, HSD 2146 with high CP%,
high NFE% and high crude protein yield and
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Table 1. The frequency distribution of CP% (A), CF% (B), NFE% (C) and CPY (D) of pearl millet accessions grown during rainy and winter seasons

of 2008
Season Mean SD Frequency distribution
A
>3-<5 25-<7 27-<9 20-<11 211-<13 213-<15 >15
Rainy 7.064 2.548 13 10 10 5 3 1 -
Winter 7.345 3.015 9 10 10 5 3 - 1
B
<30 >30-<40 240-<50 >50-<60
Rainy 40.9 7.52 2 17 17 6
Winter 32.526 5.457 14 22 2 -
C
<30 230-<40 240-<50 250-<60 >60
Rainy 40.886 7.978 5 12 20 5 -
Winter 48.121 6.924 - 6 14 17 1
D
<0.2 20.2-<0.5 20.5-<0.8 20.8-<1.1 1.1
Rainy 0.275 0.475 - 19 14 8 1
Winter 0.588 0.421 2 14 12 7 3

SD: Standard Deviation
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Table 2. Crude protein (%) and crude protein yield (t/ha) of the top ranking 10 accessions® of
pearl millet grown in rainy and winter seasons in the Gezira Research Farm 2008/2009

Accessions Crude protein (%) Crude protein yield (t/ha)

Rainy Winter Mean Rainy Winter Mean
HSD 2243 13.8 18.6 16.2 1.101 2.332 1.717
HSD 2106 11.5 11.2 11.4 0.462 0.887 0.675
HSD 2159 11.4 11.3 11.4 0.915 0.581 0.748
HSD 2146 11.0 11.1 11.1 0.843 1.301 1.072
HSD 2027 10.8 9.6 10.2 0.924 0.196 0.560
HSD 2105 10.3 10.8 10.6 0.796 0.920 0.858
HSD 2144 9.8 9.4 9.6 0.795 0.622 0.709
HSD 2231 9.7 9.7 9.7 0.757 1.042 0.900
HSD 2121 9.6 9.3 9.5 0.613 0.541 0.577
HSD 2221 8.7 8.9 8.8 0.219 0.981 0.600
Mean 10.7 11.0 10.8 0.743 0.940 0.842
SE+ 0.45 0.28 0.132 0.243

Accessions were ranked according to the CP% in Rainy season

Table 3. Crude fiber (%) and nitrogen free extract (%) of the top ranking 10 accessions of pearl
millet grown in rainy and winter seasons in the Gezira Research Farm 2008/2009

Acessions Crude fiber (%) Nitrogen free extract (%)
Rainy Winter Mean Rainy Winter Mean

HSD 2243 30.8 30.4 30.6 44.7 33.8 39.3
HSD 2231 31.6 26.7 29.2 47.8 50.6 49.2
HSD 2121 34.5 39.6 37.1 45.4 39.7 42.6
HSD 2105 35.0 39.3 37.2 42.6 37.7 40.2
HSD 2146 43.5 26.8 35.2 50.0 50.9 50.5
HSD 2027 46.3 36.9 41.6 28.8 40.3 34.6
HSD 2144 46.3 29.7 38.0 32.1 49.1 40.6
HSD 2106 47.1 32.2 39.7 30.4 44.6 375
HSD 2159 47.6 39.5° 43.6 29.1 36.5 32.8
HSD 2221 54.4 33.4 43.9 24.6 45.4 35.0
Mean 41.7 32.8 37.6 37.6 42.9 40.2
SE+ 0.90 0.38 2.92 0.84

HSD 2231 with low CF%, high NFE%, high CPY,
but with comparatively lower CP% in both rainy
and winter seasons, offer materials for seasonal
production or/and pan seasonal production of
forage. Furthermore, as pearl millet can
withstand multiple cutting [7] these three
accessions could be tested for multiple cutting
across both seasons. Pearl millet with such high
quality attributes together with its suitability for
growing under irrigation during rainy and/or
winter is almost all central Sudan, offers a highly
likely solution to bridge the big concentrated
forage gap in Sudan.

5. CONCLUSION

In conclusion, some accessions of pearl millet
viz, HSD 2231, HSD 2243 and HSD 2146 with
high forage yield and high forage quality across
both seasons were identified. These accessions
with their high CP% and high crude protein yield

in both seasons could further be evaluated for
multiple cutting over both seasons

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Khair MAM. Messages to upgrade the
production and conservation of forages in

Sudan. Training and Publication
Administration.  Agricultural  Research
Corporation, Wad Medani, Sudan (In

Arabic); 2011.

2. Rai KN, Blummel M, Singh AK, Rao AS.
Variability and relationships among forage
yield and quality traits in pearl millet.
European Journal of Plant Science and
Biotechnology. 2012;6(Special Issue 2):
118-124.

297



10.

Babiker et al.; ARRB, 5(4): 293-298, 2015; Article no.ARRB.2015.032

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
Agricultural and Environmental Sciences.
2010;7:327-335.

Abd El-lattief EA. Growth and fodder yield
of forage pearl millet in newly cultivated
land as affected by date of planting and
integrated use of mineral and organic
fertilizers. Asian Journal of crop science.
2011;3:35-42.

Stapf O, Hubbart CE. Gramineae. In Flora
of tropical Africa (Prain, D. ed). London.
1934;9:954-1070.

Babiker SA, Khair MAM, Tahir ISA.
Exploitation of forage attribute-based
variations in  Sudan pearl millet
[Pennisetum glaucum (L) R. Br]
collections. Plant Genetic Resource:
Characterization and Utilization.
2014;12(1):83-90.

Idris FM, Khair MAM, Ahmed Al, Babiker
SA. Effect of nitrogen fertilizer and seed
rate on the performance, forage yield and
quality of pearl millet (Pennisetum
americanum L. leeke). Sudan Journal of
Agricultural Research. 2008;11:61- 67.
Sedivec KKS, Schatz BG. Pearl millet
Forage production in North Dakota State
University. Extension Service. Carrington
Research Center; 1991. Available:
http://www. ext. nodak. Edu/ extpubs/ plant
sci/_hay/r1016w. htm

Douglas NJ. Millets for grain and grazing.
Queens land  Agricultural  Journal.
1974;100:469-476.

Official Methods of Analysis. Association of
Official Analytical Chemists (AOAC).
Washington D. C., U.S. A.; 1990.

11.

12.

13.

14.

15.

16.

17.

Kambal AE. Comparative performance of
some varieties of sorghum, maize and
pearl millet for forage production in
different seasons. Sudan Agricultural
Journal. 1983;10:46 - 60.

Khair MAM, Salih SA, Elhag FMA, Eltayeb
El. Dry matter yield and quality of some
winter sown forage crop in the Sudan,
Gezira, University of Khartoum Journal of
Agricultural Sciences. 2007;15:204 - 219.
Al-Suhaibani NA. Better forage and grain
yield quality of Pearl Millet (Pennisetum
glaucum L.) under different irrigation water
supplies and plant densities. World Applied
Sciences Journal. 2011;15:1136-1143.
Khair MAM, Krause R. A Note on the
proximate analysis of nine sudanese grain
sorghum varieties, University of Khartoum,
Journal of Agricultural Science.
2003;11(2).

Pigdin WJ. Laboratory analysis of herbage
used to predict nutritive value. In Campel
J. b. (ed) Experimental Methods for
Evaluating Herbage. Ottawa Publication
1315. Canadian Department of Agriculture
Queens printer. 1969;52-72.

Eltalib MAM. Forage yield potential of the
secondary crop of sorghum biocolor L.
Moench Cv. Abu Sabeen as influenced by
some agronomic practices of the primary
crop. PhD. Thesis, Sudan university of
Science and technology; 2009.

Mohammed SH, Khair MAM. Critical
sowing date for crop choice among winter
forage cereals in Khartoum (Sudan),
University of Khartoum. Journal of
Agricultural Science. 2010;18:335-348.

© 2015 Babiker 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=702&id=32&aid=6521

298



