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ABSTRACT
The objective of this study was to assess the chemical composition and in vitro digestibility of
residues of five pearl millet varieties and to investigate their effect on the performance of
sheep. Thirty castrated male Bali-Bali sheep were randomly assigned to five treatments. Four
dual-purpose millet varieties and one local variety-Somno were used. Sheep were fed ad libitum
for 90 days with the stover of five millet varieties, complemented with cowpea hay. Stover of
varieties ICMV167005 and ICMV167002 showed a tendency for a higher nitrogen content (1.0%)
and in vitro digestibility (51.3% and 51.8%, respectively) compared to stover of other varieties.
Significant differences were observed in average daily live weight gain. The animals fed with
stover of the variety ICMV167005 in their diet had higher average daily live weight gain
compared with others. We conclude that ICMV167005 is a promising variety for improving the
productive performance of sheep.
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Introduction

Pearl millet (Pennisetum glaucum (L.) R.Br.) is an important
cereal for smallholder farmers in the West African Sahel,
particularly in Niger. Pearl millets are drought tolerant,
resilient to the extreme climatic and soil conditions, and
are grown under extreme environmental conditions,
which are poorly suited to the major crops of the world.

Millet grain is mainly consumed as food (78%), con-
verted into drinks, or used for other purposes (20%)
(Obilana, 2003). In addition to the use of millet grain in
the human diet, millet stover is used as a basal diet for
livestock such as small ruminants, especially during the
dry season, when feed scarcity in the drylands of the
Sahel worsens. Given its double benefit and the excel-
lent tolerance to low rainfall, pearl millet is an option
in the diet of ruminant in dry land where other sources
of feed cannot develop well. Increasing quality-feed pro-
duction for small farmers involved in agriculture and
livestock requires more research for developing dual-
purpose varieties with a double benefit: as food for
humans and as fodder for livestock.

However, pearl millet breeding research programs are
mostly focused on high grain and stover production,
disease resistance, and water stress tolerance (Mason
et al., 2015; Gangashetty et al., 2016; Debieu et al.,

2018), while less attention has been paid to stover
quality. Except for stover digestibility, other fodder
quality traits, such as nitrogen (N) and energy contents,
are generally ignored as selection criteria in millet breed-
ing programs in West Africa.

For instance, some dual-purpose pearl millet varieties,
with an in vitro digestibility of up to 51%, stay-green
traits, and high grain yield, have been developed by
the International Crops Research Institute for the Semi-
Arid Tropics (ICRISAT) in collaboration with the Inter-
national Livestock Research Institute (ILRI) and some of
the national agricultural research institutions in the
Sahel. However, very few studies (Bidinger & Blümmel,
2007; Blümmel et al., 2007, 2020) have been conducted
to assess the nutritional value of these varieties as fodder
for animals in vivo. For example, Blümmel et al. (2007)
found Nitrogen concentration of 0.77–0.84%, 0.77–
0.88% and 0.74–0.90% in stover of local landrace, dual-
purpose and hybrid pearl millet varieties, respectively.
The digestibility of various genotype tested by
Blümmel et al. (2007) varied between 39 and 42%.
Other study showed 0.46–0.77% N for millet stover (Nan-
toumé et al., 2000).

Most feeding trials in West African countries focus on
protein-rich supplements, such as groundnut haulms or
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cowpea hay-based feed rations, comparing several culti-
vars in this regard (Savadogo et al., 2000; Ayantunde
et al., 2008; Etela & Dung, 2011; Ansah et al., 2017).
However, millet stover seems to be an important feed
resource in the crop-livestock system, as it can support
livestock production during critical periods of feed short-
age, with some improved cultivars capable of out-per-
forming local cultivars (Blümmel et al., 2007).

The available literature suggests that the nutrient com-
position of millet and other cereal stovers and their effect
on livestock might be influenced by varietal differences
(Blümmel et al., 2007, 2020). Nevertheless, little reliable
information (Hiernaux & Ayantunde, 2004; Fernandez-
Rivera et al., 2005; Abdou et al., 2011) is available on
millet stover as animal feed in Niger. Hiernaux & Ayan-
tunde (2004) and Fernandez-Rivera et al. (2005) revealed
that a daily supplement of 300–600 g cowpea hay along
with millet straw fattened sheep most profitably.
However, variety of stover that provides optimal gain
must be investigated. This provides justification for the
current study with the hypothesis that millet nutrient
composition and production performance of young
sheep fed with stover of different variety of millet would
differ. The objectives of this study were as follows: (i)
Determine the chemical composition and in vitro digest-
ibility of stover of four dual-purpose pearl millet varieties,
compared to the local landrace; (ii) Evaluate the effect of
stover of different pearl millet varieties on the feed
intake and productive performance of young sheep

Materials and methods

Description of the study area

The feeding experiment was conducted with sheep at
the ICRISAT research station at Sadoré (13° 14′ N, 2°
16′ E), Niger. Sadoré has a unimodal rainfall pattern
beginning in late June and ending in early October.
The dry season then extends from November to late
May, with a period of warm dry conditions from March
through May. The mean annual rainfall is 562 mm, and
temperatures generally fluctuate between 12°C and
44°C, with a mean temperature of 29.4°C.

Animals and experimental design

The experiment was conducted during the dry season
(January to April 2019) for 76 days, which were preceded
by a 14 days period of adjustment to the environment,
management and diets (90 days in total). Thirty castrated
male Bali-Bali sheep aged between 18 and 24 months,
with an average initial live weight of 27.1 ± 0.35 kg (P
> 0.05) were used. The animals were bought locally at

the livestock market and housed indoors in individual
cages for the entire duration of the experiment.
Animals were randomly assigned to five treatments
(T0 = stover of local variety + cowpea hay; T1 = stover
of Chakti + cowpea hay; T2 = stover of ICMV167005
+cowpea hay, T3 = stover of ICMV167006 +cowpea
hay; T4 = stover of ICMV167002 +cowpea hay), with six
replications per treatment (i.e. six sheep per treatment).
All animals were vaccinated against three common small
ruminant diseases in the study area, namely, Pasteurello-
sis, small ruminant plague, and sheep and goat pox
(SGP). Animals were also de-wormed using Albendazole
300 and Ivermectine. In addition, animals received multi-
vitamins (5 ml/sheep). Sheep were ear-tagged and ran-
domly allotted to the dietary treatments.

Feeds and feeding
Animals were fed with stover residues from pearl millet
together with cowpea hay. The stover residues were
from four improved dual-purpose millet varieties
(Chakti, ICMV167005, ICMV167006, ICMV167002), devel-
oped by ICRISAT for the semi-arid agro-ecological zone
and released in Niger between the years 2017 and
2018, and the local landrace (Somno), commonly culti-
vated by farmers. Cowpea hay were from an improved
variety of cowpea (TN578), which was provided along-
side the millet varieties stover to complement the diet.
The list of millet varieties and their main characteristics
is shown in Table 1. The four improved dual-purpose var-
ieties are characterized by higher grain yield potential
(1.5–2.0 t/ha) than the local variety (1.0 t/ha) and a
higher potential for stover production (Pasternak et al.,
2012; ICRISAT, 2018). The cowpea variety typically
shows a lifecycle of 75 days and the grain and fodder
potential yields are 1.5 and 3t/ha, respectively (Baoua
et al., 2013).

Stover residues were manually cut with a machete
into ∼5 cm pieces to increase intake (Owen, 1994;
Abdou et al., 2011) and offered to the sheep ad
libitum (about 200% of the fresh intake of the previous
day). Cowpea hay was offered separately in the after-
noon (∼13:00 h) as a supplement. All animals received
the same amount of cowpea hay (600 g/animal/day_
fresh weight), which was all completely consumed;
thus, no refusal of cowpea hay was recorded through-
out the experiment. The amount of cowpea hay
offered was fixed based on the study conducted by
Hiernaux and Ayantunde (2004), Fernandez-Rivera
et al. (2005) and Abdou et al. (2011). Clean drinking
water and mineral licks (Intromin block) were provided
ad libitum to each animal throughout the duration of
the experiment.
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Data collection and sampling

Sheep were adapted to the environment and the
feeding management for 14 days before the start of
data collection. The body weight changes of sheep in
response to the experimental treatments were
measured by taking the body weight of individual
sheep at the beginning of the trial. This was then fol-
lowed by individual weighing on a biweekly basis for
three consecutive days until the end of the experiment.
The final weight was recorded on the last day of the
experiment. The weight measurements were performed
in the morning before daily feeding.

Pearl millet stover and fecal data were collected
during two periods of seven days each. The first period
occurred after two weeks of adjustment to the feed
and the second at the 8th week of the experiment.

For fecal data collection, each sheep was fitted with a
fecal collection bag three days before each collection
period. During the data collection period, the bags
were removed two times per day, in the morning at
07:00 h and again in the evening at 17:00 h to collect
and weigh fresh feces in order to determine fecal
output. A composite sample of 100 g per sheep of
fecal material was collected per day and air-dried for
seven days to estimate the quantity of dry feces. At
the end of the experiment, daily dried fecal samples

from each sheep were pooled together and ground
through 1 mm screen for chemical analysis.

To determine the intake of stover, the amounts of
stover supplied and refused were recorded daily. Pearl
millet stover offered to each sheep was weighed every
morning at 08:00 h. The amount of leaves and stems
offered were also recorded separately. Stover leftovers
from the previous day were also measured every
morning to determine voluntary intake. Moreover,
millet stover leftovers were divided into leaf and stem
refusal and weighed separately to enable the calculation
of consumed leaves and stems. It is important to high-
light that the components were still easily identified
and separable. Stover offered was sampled every
morning and stover samples were pooled together for
each treatment. Two samples (leaf and stem) of stover
offered were collected during each seven-day data col-
lection period. All stover samples were ground
through 1 mm screen for laboratory analysis.

Laboratory analysis

Feed samples were analyzed using near-infrared reflec-
tance spectroscopy (NIRS) (Shenk & Westerhaus, 1991;
Corson et al., 1999; Bidinger & Blümmel, 2007) for dry
matter (DM) content, ash content, organic matter (OM)

Table 1. Agrophysiological, chemical composition and in vitro organic matter digestibility of pearl millet stover and cowpea hay
offered to sheep during feeding experiment conducted at Sadoré.

Parameter

Pearl millet variety

CowpeaSomno Chakti ICMV167005 ICMV167006 ICMV167002

Life cycle (days) 90–120 50–65 80–90 80–85 80–85 75
Potential grain yield (t/ha) 1.0 1.5 2.0 1.5 1.5 1.5
Potential residue yield (t/ha) 3.5 5.0 5.0 6.0 6.0 3
Stover DM (g/kg) 932 931 925 926 926 907

Ash (g/kg DM) 82 65 84 113 88 79
N (g/kg DM) 9 8 10 7 10 23
NDF (g/kg DM) 738 757 688 667 676 469
ADF (g/kg DM) 441 463 421 464 409 332
ADL (g/kg DM) 43 47 46 53 38 63
ME (MJ/kg DM) 7.4 7.3 7.6 7.1 7.7 8.94
IVOMD (g/kg DM) 500 490 513 481 518 612

Stems DM (g/kg) 932 927 915 929 922 –
Ash (g/kg DM) 61 61 72 59 68 –
N (g/kg DM) 5 6 7 3 6 –
NDF (g/kg DM) 777 741 678 754 703 –
ADF (g/kg DM) 499 477 415 504 442 –
ADL (g/kg DM) 66 65 49 68 52
ME (MJ/kg DM) 6.9 6.8 7.6 6.7 7.6 –
IVOMD (g/kg DM) 451 455 501 435 492 –

Leaves DM (g/kg) 933 934 924 931 929 –
Ash (g/kg DM) 84 66 132 112 99 –
N (g/kg DM) 10 7 14 5 9 –
NDF (g/kg DM) 740 769 598 730 687 –
ADF (g/kg DM) 433 464 381 489 416 –
ADL (g/kg DM) 39 44 35 42 35 –
ME (MJ/kg DM) 7.5 7.4 7.9 7.2 7.4 –
IVOMD (g/kg DM) 506 497 548 490 510 –

Notes: Somno is the local variety. ADF, acid detergent fiber; ADL, acid detergent lignin; N, nitrogen; DM, dry matter; IVOMD, in vitro organic matter digestibility;
ME, metabolizable energy; NDF, neutral detergent fiber
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content, total N content, fiber components (neutral
detergent fiber, NDF; acid detergent fiber, ADF; and
acid detergent lignin, ADL), metabolizable energy (ME),
and in vitro organic matter digestibility (IVOMD). Crude
protein (CP) was estimated from N content (N × 6.25).
Fecal samples were analyzed for DM, C, N and P.

Statistical analysis

Data analysis was performed using Genstat 19 software.
Differences in feed and nutrient intake, weight gain, and
fecal output were analyzed using the general linear
model procedure for variance analysis. The average
daily gain was estimated by performing a regression
analysis of individual live weight data over time. Treat-
ment effects were tested through analysis of variance
(ANOVA). The Bonferroni tests were used to compare
treatment means. Unless otherwise specified, the level
of significance was set at P < 0.05.

Correlation analysis was used to evaluate the strength
of the relationship between different variables while
simple linear regression model was used to estimate
the relationship between one independent variable
and one dependent variable using a straight line.

Calculation

Voluntary feed intake was determined as the difference
between the feed offered and leftovers. The variability in
the results recorded for measured variables (weight
gain, fecal output, concentration of nutrient in feces)
was a result attributed to the variability in stover
among the different pearl millet varieties, as all
animals received the same amount of cowpea hay
every day, which was completely consumed; thus, this
part of the daily feed ration (cowpea hay) was con-
sidered as invariable.

Results

Chemical composition and in vitro organic
matter digestibility of stover and stover fraction
of dual-purpose millet varieties

The concentration of ash, N, NDF, ADF, ME, and IVOMD
differed among the five varieties under study (Table 1).
There was a tendency of a higher concentration of N
in stover of ICMV167005 and ICMV167002 compared
to stover of other varieties. The stover of Chakti
showed a tendency of higher values for NDF and ADF.
ME ranged from 7.1 to 7.7 MJ/kg DM while IVOMD
value ranged from 490 to 518 g/kg DM. The leaves and
stems of ICMV167005 showed a tendency of higher

ash, N, ME, and IVOMD contents, but lower NDF and
ADF contents. In contrast, the leaves of Chakti showed
a tendency of higher NDF and ADL contents, while the
tendency of lower N content was found in the leaves
of ICMV167006.

Feed and nutrient intake

Overall feed intake varied from 1010 to 1066 g/day/
animal. The intake of millet stover by sheep varied
among varieties from 410 to 466 g/day/animal; and
there were no significant differences in stover intake
among varieties (Table 2). However, leaf and stem
intake was variety-dependent (P < 0.05). Approximately
80% to 86% of the leaves fraction of pearl millet was con-
sistently eaten by animals. The highest stem intake (19%
and 22%) was observed for ICMV167005 and
ICMV167006, respectively. A negative linear relation
was observed between leaf and stem intake (R2 = 40.1;
P < 0.05).

Stover-N intake ranged from 2.8 to 4.1 g/sheep/day,
with the highest N intake recorded among sheep fed
with stover from Somno, ICMV167005 and ICMV002
(Table 2). Sheep fed with stover from ICMV167006 and
Chakti showed the lowest stover-N intake. The NDF
intake did not vary significantly among sheep fed with
stover of different pearl millet varieties. Sheep fed with
the stover of ICMV167006 showed higher ADF intake.

Fecal output and carbon, nitrogen and
phosphorus concentration in feces

Fresh fecal output ranged from 0.9 to 1.2 kg/day/animal
with significant differences (P < 0.05) among varieties
(Table 3). The highest fecal outputs per day per
animal were obtained with ICMV167006 and
ICMV167005, while the lowest was obtained with
ICMV167002. In contrast, there were no significant
differences among varieties for dry fecal output. The
concentration of carbon in feces ranged from 481 to
512 g/kg DM, with the highest concentration found in
feces of sheep fed with stover of Chakti. The concen-
tration of N in feces ranged from 19 to 21 g/kg DM,
whereas that of P ranged from 4 to 7 g/kg DM (Table
3). Sheep fed with stover of local landrace Somno and
Chakti showed the highest N content in feces, com-
pared to the other varieties. The lowest N content in
feces was obtained with ICMV167006 and
ICMV167002. Sheep fed with ICMV167002 showed the
highest P content in feces.

There was a linear trend (P = 0.09) between pearl
millet stover-intake and fecal N excretion. Fecal N
excretion tended to be positively correlated to stem
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intake (R2 = 28.4; P = 0.02). In contrast, fecal N and leaf-N
intake were negatively correlated (R2 = 10.6; P = 0.04). A
negative linear relation was observed between leaf and
stem intake (R2 = 40.1; P < 0.05).

Live weight changes

Sheep live weight gain (LWG) over the 90-day period of
the feeding experiment varied from 5.0 kg/sheep with
Chakti to 8.3 kg/sheep with ICMV167005 (Table 4).
Daily live weight changes among the cultivars were sig-
nificantly different (P < 0.05). The animals fed with
variety ICMV167005 had the highest (P < 0.05) average
daily live weight gain compared with those fed with
Chakti, ICMV167006, ICMV167002 and Somno varieties.
No relationship was observed between stover intake
and LWG. However, LWG was positively correlated with
stover-N intake (P < 0.05; r = 20.8%), indicating the ben-
eficial effect of N content on LWG.

Discussion

The variation observed in Stover-N, NDF, ADF, ADL, ME,
IVOMD content among the five varieties can be attribu-
ted to genetic variability and growth duration (Ball et al.,
2001). Except for that of ICMV167006, the CP concen-
tration values reported in this study were higher than
the values reported in previous studies for some pearl
millet varieties grown in arid and semi-arid cropping
regions of Africa and India [Blümmel et al., 2007 (50 g/
kg DM for the variety Raj 171 and local landrace);
Blümmel et al., 2010 (40.3 g/kg DM for the variety GK
1044); Abdou et al., 2011 (48.1 g/kg DM)]. Furthermore,
the stover CP concentrations were higher than those
reported for other cereals, such as maize (38 g/kg DM,
43.5 g/kg DM), sorghum (36.4 g/kg DM), and rice (40
g/kg DM) by Singh et al. (1995, 1977) and Koralagama
et al. (2008). Sarnklong et al. (2010) reported a higher
value of CP in rice straw (64 g/kg DM in the early
growing season). However, the CP concentration

Table 2. Feed intake and nutrient intake by sheep fed with the stover of the local and four dual-purpose millet varieties and cowpea
hay.

Parameter

Variety Cowpea hay
Somno Chakti ICMV 167005 ICMV 167006 ICMV 167002 P value TN578

Proportion of stover fraction Intake (%)
Leaves 83a 86a 85a 80a 84a 0.357 –
Stems 12a 10a 19b 22b 14a <0.001 –
Intake of stover/straw as-fed basis (g/sheep/day)
Leaves 374 ± 10a 338 ± 10a 304 ± 50b 282 ± 70c 374 ± 50d <0.001 –
Stems 78 ± 20a 72 ± 80a 146 ± 17b 172 ± 15b 93 ± 12a <0.001 –
Total intake 452 ± 16a 410 ± 17a 450 ± 19a 454 ± 17a 466 ± 11a 0.162 600
Total feed intake as-fed basis (stover + cowpea hay) 1052 ± 16a 1011 ± 17a 1050 ± 19 1054 ± 17a 1066 ± 11a 0.177 –
Nutrient intake from pearl millet stover and cowpea hay_ dry matter basis (g/sheep/day)
DM 424 ± 14a 385 ± 14a 417 ± 17a 429 ± 11a 433 ± 10a 0.109 544.44
N 3.9 ± 0.1b 3.0 ± 0.1a 4.1 ± 0.2b 2.8 ± 0.07a 4.1 ± 0.10b <0.001 12.52
NDF 313 ± 11a 291 ± 11a 287 ± 12a 286 ± 8a 293 ± 7a 0.161 255.51
ADF 187 ± 6.3b 178 ± 6.5a 176 ± 7.3a 199 ± 5.2c 177 ± 4.2a 0.016 180.70
ADL 18.2 ± 0.62a 18.0 ± 0.65a 19.0 ± 0.79a 22.6 ± 0.59b 16.5 ± 0.39a <0.001 34.52
Total nutrient intake (pearl millet stover + cowpea hay) (g/sheep/day)
DM 968 ± 14a 929 ± 14a 961 ± 17a 973 ± 11a 977 ± 10a 0.109
N 16.4 ± 0.1b 15.6 ± 0.1a 16.6 ± 0.2b 15.3 ± 0.07a 16.7 ± 0.10b <.001
NDF 568 ± 11a 546 ± 11a 542 ± 12a 541 ± 8a 548 ± 7a 0.161
ADF 367 ± 6.3b 359 ± 6.5a 356 ± 7.3a 379 ± 5.2c 357 ± 4.2a 0.016
ADL 52.7 ± 0.62a 52.5 ± 0.65a 53.5 ± 0.79a 57.1 ± 0.59b 51.0 ± 0.39a <.001

Notes: Means with different superscripts within rows are significantly different (P <0.05). ADF, acid detergent fiber; ADL, acid detergent lignin; N, nitrogen; DM,
dry matter; NDF, neutral detergent fiber.

Table 3. Fecal output and DM, Carbon (C), Nitrogen (N) and Phosphorus (P) concentration in feces excreted by sheep fed with stover
of different pearl millet varieties, complemented with cowpea hay.

Parameter

Treatment

T0
(Somno + CH)

T1
Chakti + CH

T2
ICMV 167005+CH

T3
ICMV 167006+CH

T4
ICMV 167002+CH P value

Feces output (kg/animal/day)
Fresh feces 1.10 ± 0.03abc 1.06 ± 0.02ab 1.16 ± 0.05bc 1.23 ± 0.04c 0.96 ± 0.02a <0.001
Dry feces (dung) 0.46 ± 0.01a 0.45 ± 0.01a 0.44 ± 0.01a 0.47 ± 0.03a 0.45 ± 0.00a 0.376
Fecal DM, carbon, nitrogen and phosphorus concentration
DM (g/kg) 133.1 ± 3.4a 119.1 ± 2.7b 140.8 ± 3.5a 171.9 ± 2.0c 153.8 ± 2.0d <0.001
C (g/kg DM) 504 ± 1.9c 512 ± 1.6d 499 ± 2.0c 481 ± 1.2a 492 ± 1.2b <0.001
P (g/kg DM) 3.6 ± 0.1a 4.3 ± 0.1 b 3.7 ± 0.2a 4.4 ± 0.1b 6.6 ± 0.1c <0.001
N (g/kg DM) 20.6 ± 0.4b 20.3 ± 0.3b 19.4 ± 0.3ab 18.7 ± 0.3a 18.5 ± 0.2a <0.001

Notes: Means with different superscripts within rows are significantly different (P < 0.05). CH, Cowpea hay; DM, dry matter.
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reported by Sarnklong et al. (2010) in rice straw in other
growing season was in the range reported in this study.

Similarly, the NDF and ADF fractions were all higher
than the fractions of 679 g/kg DM (NDF) and 383 g/kg
DM (ADF) reported by Singh et al. (1977). But, they
were lower than the NDF (859 g/kg DM) and ADF
(532 g/kg DM) content reported in stover of pearl
millet varieties by Abdou et al. (2011) in Maradi
(Niger). The tendency of a higher CP concentration
found in stover of ICMV165005, may be an indication
of its quality as feed, thus explaining the advantage
in growth performance of sheep fed this variety. In
contrast, the tendency for a higher NDF and ADF frac-
tions found in Chakti stover suggests a relatively low
digestibility of stover of this variety. As is well
known, the digestibility of forage and their intake by
ruminants are greatly influenced by NDF content
(Harper & McNeill, 2015).

The NDF and ADF values are important because they
relate to the ability of an animal to digest the forage; as
ADF content increases, the ability to digest or the digest-
ibility of the forage decreases. Thus, high ADF content
has been associated with a slow rate of digestion (Riaz
et al., 2014). Chakti is an early variety and was the first
to be harvested, whereby, the length of the storage
period might have affected the stover quality in this
case (Gangashetty, 2018; Akakpo et al., 2020). Similarly,
NDF content is used to predict intake potential of a
feed. High NDF content (i.e. low digestibility) leads to
low forage intake (Harper & McNeill, 2015). Our data
clearly showed that there was a tendency of higher CP,
IVOMD and ME and lower NDF, ADF and ADL contents
in the leaves of pearl millet compared to stems, which
implies that pearl millet varieties with relatively higher
numbers of leaves or higher leaf: stem ratio are better
quality fodder for sheep (Ball et al., 2001).

The lack of significant differences in daily stover DM
intake of pearl millet varieties suggests that the concen-
tration of structural carbohydrates in stover of different
peal millet varieties did not affect significantly voluntary
intake by sheep (Ansah et al., 2017). Further, despite the
lack of any significant difference in daily DM intake, daily
CP, ADF, and ADL intake from stover differed signifi-
cantly among varieties. The high CP intake with

ICMV167005 was probably due to a higher CP concen-
tration in this variety.

The higher LWG observed in sheep fed ICMV167005
stover is a consequence of its higher CP, digestibility,
and ME in the stover of this variety. Normally, animal
performance and production efficiency are affected by
feed digestibility and energy efficiency, both of which
are positively correlated with feed intake and quality
(Peripolli et al., 2011). The lower LWG observed in
sheep fed Chakti stover may be an indicator of a lower
rate of nutrient utilization from the residues of this
variety and of its lower digestibility. This suggests that
Chakti may be used as fodder in combination with sup-
plements of a higher nutritional level. Indeed, several
studies have reported the benefits of complementing
cereal stover with cowpea hay or groundnut haulm
(Zoundi et al., 2006; Ayantunde et al., 2008; Abdou
et al., 2011; Etela & Dung, 2011; Ansah et al., 2017).

The lack of any relation between stover intake and
LWG might be explained by the fact that weight gain is
more closely associated with nutrient composition than
with the total amount of feed consumed by sheep. This
can explain the linear increase in weight with N intake,
as the increase in N intake is generally associated with
weight gain (Savadogo et al., 2000; Ayantunde et al.,
2007). Nitrogen supports the rumen microbial population
by increasing the activity of rumen microorganisms in
order to maximize fiber digestion and optimize microbial
protein synthesis. This explains the highest weight gain
reported for sheep fed with ICMV167005. In contrast,
sheep fed with Chakti showed a lower weight gain, and
this might due to the lower N content in Chakti stover
and its lower digestibility.

The fresh fecal output reported in this study laid
within the range reported by Bloor et al. (2012) [0.5–
2.8 kg/sheep/day], while the dry fecal output was
below that reported in Zoundi et al. (2006) [0.53 kg
/sheep/day]. The proportion of N in the fecal excretion
of sheep fed with Chakti and local variety Somno com-
plemented by cowpea hay was in the range reported
in Bloor et al. (2012) [20–28 g/kg DM], while the pro-
portion of N in fecal excretion from sheep fed with
other the other varieties under study was below the
range reported in Bloor et al. (2012).

Table 4. Weight gain by sheep fed with stover of local and four dual-purpose millet varieties, complement with cowpea hay.

Parameter

Treatment

T0
(Somno + CH)

T1
Chakti + CH

T2
ICMV 167005+CH

T3
ICMV 167006+CH

T4
ICMV 167002+CH P value

Initial weight (kg) 26.9 ± 1.2a 27.5 ± 0.7a 27.2 ± 0.6a 26.6 ± 0.7a 27.4 ± 0.8a 0.980
Final weight (kg) 33.4 ± 0.8a 32.5 ± 0.7a 35.5 ± 0.9a 33.1 ± 0.6a 33.7 ± 0.8a 0.080
Weight gain (kg) 6.5 ± 0.7a 5.0 ± 0.6a 8.3 ± 0.5c 6.6 ± 1.0b 6.3 ± 0.6b <0.001
Daily weight gain (kg) 0.083 ± 0.005a 0.065 ± 0.005a 0.102 ± 0.005c 0.076 ± 0.008b 0.077 ± 0.007b <0.001

Notes: Means with different superscripts within rows are significantly different (P <0.05). CH, Cowpea hay.
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The high concentration of N in the feces of sheep fed
with stover of Chakti and Somno might be explained by
the low digestibility of N in the rumen. According to
Peyraud et al. (1995), N in ruminant solid feces is
mainly in organic form, from undigested feed-N, micro-
organisms, or N of endogenous origin, which means
that the N content in the stover from Chakti and
Somno were not highly degradable in the rumen of
sheep. Lukas et al. (2005) and Peripolli et al. (2011)
found that fecal N excretion is directly proportional to
the digestibility of the diet and to the intake of a par-
ticular feed. This might explain the high N content in
feces of sheep fed with Chakti, as well as the positive
relationship between N excretion and millet stem
intake, and the negative relationship between N
excretion and millet leaf-intake. A high N content in
feces reportedly has a negative impact on the environ-
ment (Nasiru et al., 2014; Singh & Rashid, 2017). Pearl
millet varieties with large amounts of leaves can be
considered as the best varieties, as they contain high
N readily degraded in the rumen and absorbed by
the organism, thereby limiting the concentration of N
excreted in feces.

Conclusions

Chemical composition and in vitro digestibility of
stover of different pearl millet varieties, and live
weight gain by sheep in the feeding experiment indi-
cated that, among the four dual-purpose pearl millet
varieties promoted in Niger, ICMV167005 was the
best under the experimental conditions used for the
evaluation reported herein. The results of this study
indicated that feeding sheep with stover of
ICMV167005 along with cowpea hay allows higher
weight gain. Therefore, we propose that ICMV167005
can be introduced in cropping systems to improve
crop-livestock farming in the West African Sahel. In
contrast, some of the dual-purpose millet varieties pro-
moted performed below the local landrace used by
farmers in the region.
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