



Goats’ responses to local sorghum enriched with bmr6 gene and feeding formulas in Niger
Abstract

Feed shortage has been identified as one main constraint limiting livestock productivity in Niger. Stover from cereal crops is a significant source of feed during the lean, long and dry season with producers showing preference for sorghum stover. Sorghum brown midrib (bmr) genes are well known for improving forage quality around the world. However, farmers in Niger do not have access to sorghum cultivars enriched with bmr gene. To address this limitation, a new forage sorghum breeding program has been initiated in 2016 in Niger to introgress bmr genes into elite Nigerien local sorghum cultivars. Goat weight gain trial was conducted using a complete randomized design with five sorghum lines enriched with bmr6 gene and one local check. Feeding lasted 42 days comprising 24 white Sahelian goats (24.39 ± 1.11 kg) that included 12 males and 12 females. Stover chemical composition analysis revealed that bmr6 sorghum stovers crude proteins concentration levels was superior (bmr6P90 = 21.63±0.05%) compared to that of the control (HK = 13.18±0.06%). The control (HK =5.66±1.30%,) had higher ADL content than all bmr6 sorghum stovers with bmr6P90 = 3.33±0.27%) having the lowest. Significant differences were observed among goat weights. Goats fed with bmr6 lines performed significantly better per day (4.23g/d) than those fed with the local sorghum check (2.24g/d). Introgression of bmr6 gene into elite sorghum varieties genetic background opens new opportunities for alleviating feed shortage hindering livestock productivity in Niger.
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Introduction

In Niger, as in most Sahelian countries, livestock farming plays an important role in the socio-cultural, economic and food security conditions of pastoralists and agro-pastoralists. Niger national ruminant herd is approximately 62 409 851 heads composed of cattle (32.6%), sheep (25.1%), goats (35.3%), donkeys (3.4%), camels (3.13%) and horses (0.43%) République du Niger (RN. 2024). Over the past 10 years, contribution of livestock to total gross domestic product (GDP) has varied from 11% to 14% (RN, 2024). 
Analyzes of the current agriculture-livestock systems in Niger have identified crops and livestock low productivity as one of the main agricultural constraint to lift for strengthening agro-producers resilience. Deeper analysis revealed fodder availability fluctuation based on livestock demand over the last 25 years. Ten years have been in pasture surplus compared to 15 years in deficit. The most significant fodder production decrease years were 2009, 2016, 2017, 2019, 2021, 2022 and 2023 (more than 15 000 000 t/year). As a direct consequence, farmers complained of feed shortage, struggle to feed their livestock during the long dry season with the poorly and nutritionally stored crop residues (Abdou, 2010; Diakité et al., 2019). The qualitative and quantitative scarcity in animal feed in addition to agro-industrial by-products and agricultural by-products access limit the intensification of animal production (RN, 2024).
On this, the recurrence of fodder deficit, two years out of three over the last two decades has been reported (RN, 2024). Spore (2015) claimed that pastures and crop residues represent about 90% of feed for ruminant animals in Niger. However, crop residues are characterized by high lignin content and low protein, energy, mineral and vitamin content (Bello et al., 2014). In the Nigeria and Niger semi-arid zones goats are raised extensively on natural pasture, crop residues, farm weeds, and sometimes supplemented with industrial crop by-products (Malami et al. 2009; Aziada et al. 2021). Feeding is a key component of livestock management that influences animal performance indeed, productivity can be increased three-fold by improving feeding to meet animals nutritional requirements (Kahi and Wasike, 2019). Therefore, identifying ways of overcoming these constraints using agricultural by-products and natural resources as correct feed, can constitute suitable for livestock sector. Because of the frequent poor quality of cereal crop residues feeding, strategies to alleviate the nutritional constraints to sustain effective livestock production particularly during the dry season are required. Indeed, to mitigate the feed shortage, in Niger, as well as in the other West Africa countries, technology for enriching cereals stover with urea and supplementation with multi-nutritional blocks have been popularized but poorly adopted by farmers (Abdou, 2010). On the other side, farmers use dual purpose varieties where the grain is used as food and the nutritionally low quality stover as feed for their livestock during dry season (Diakité et al., 2017). Sorghum residues constitute a key source of forage Niger important livestock. Suad et al. (2015) highlighted that in view of the pressing demand for fodder coupled with the importance of the sorghum grain for people in South Saharan Africa (SSA), it is imperative to reconsider the present mono-commodity breeding strategy of sorghum. 
The use of sorghum as a forage crop is in fact growing in many regions of the world due to its high biomass productivity under drought prone environment (Sanchez et al., 2002). 
The genus Sorghum covers various species with high forage potential and quality. Among them, the brown midrib types are well known for their forage quality improvement. Indeed, due to their low lignin content compared to their counterparts, bmr genotypes have better digestibility levels (Cherney et al., 1991; Grant et al., 1995) and in most lactation and feeding trials involving corn silage, bmr corn silage improved milk production and body weight gain (Keith et al., 1979; Sommerfeldt et al., 1979). In Niger republic, recently sorghum breeding efforts focused on stover quality enhancement through the use of bmr genes for lignin content reduction (Diakité et al., 2018) and the development of feeding systems based on crop residues and natural resources (Abdou et al., 2017). 
The main objective of this study was to promote locally developed sorghum variety enriched with bmr6 gene use for goat productivity in combination with feeding formulas in Niger.
Material and method
Experimental site

Goats feeding experiment was conducted at the Ruminants Research Unit located at the Regional Center for Agronomic Research (CERRA) of Maradi (13°29’ N and 7°06’ E). Maradi is one of country’s important agricultural production regions, but it is the most exposed to feed insecurity with high climate variability and most of agricultural systems are extensive (Yelboga et al., 2019). The climate is of the Sudan-Sahelian type characterized by (i) a rainy season which runs from mid-May to October; (ii) a dry and cold season from November to February (iii) and a dry and hot season between March and May (Babaye et al., 2023). The annual rainfall amount varies between 400 - 600 mm (Mamane and Ousmane. 2019). The site is at about 650 km East of Niamey.
Development of open pollinated bmr6 lines 

Five recurrent parents (RP) lines (Sepon-82, MR732, Macia, Irat-204 and Wassa) with white midrib (Table 1) were crossed to a Donor parental line with brown midrib (bmr) gene, Early Hegari bmr6 to generate F1 progenies (Figure 1). Each F1 plant was self pollinated to produce segregating F2 population to identify recombinant F2 lines which were then backcrossed to recurrent parental lines to produce BC1F1 progenies. A series of selfing and selecting from BC1F2, BC1F1, BC1F2, and BC1F3 continued until obtaining BC1F7 homogeneous lines harboring 99,609 % of the recurrent genome (figure 1).

Figure 1: Plant material population development.
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Figure 2: Brown midrib6 sorghum varieties development using local recurrent parents.
Plant material
The plant material was composed of six different lines of which five were newly bred bmr recombinant lines plus a local farmer preferred variety used as a check (Table 1). 
Table 1: List of open pollinated sorghum lines used in this study conducted at the Ruminants Research Unit of the Maradi Regional Center for Agronomic Research (CERRA) (2025).
	Name
	Sorghum type
	Status

	Bmr6 P35
	Brown midrib sorghum
	Improved variety

	Bmr6 P50
	Brown midrib sorghum
	Improved variety

	Bmr6 P60
	Brown midrib sorghum
	Improved variety

	Bmr6 P90
	Brown midrib sorghum
	Improved variety

	Bmr6 P98
	Brown midrib sorghum
	Improved variety

	Hakorin Karoua
	White midrib sorghum
	Check


Goat feeding experiment
Twenty-four goats (24), white sahelian types including 12 males and 12 females, were fed using feeding formulae during 42 days with. Goats’ ages varied from 20 to 24 months and with an average weight of 24.39 ± 1.11 kg. At the start of the experiment, goats were dewormed with Albendazole and vaccinated against pasteurellosis and pest of small ruminants (PPR). Curative treatments (anti-biotics, anti-diarrhea) were administered to sick animals. An adaptation period of 15 days was observed before experiment onset. The 24 goats were distributed into 6 sub-samples of 4 heads (2 males and 2 females). Each set of goats received one feed formula during the period of test.
Feed formulas
The C/DARMA (Centre de Developpement de l’Artisanat Rural et du Machinisme Agricole) grinder equipment which reduces coarse elements including pods and crop residues into flour was used to grind separately each coarse feed (sorghum stovers, sorghum grains and locally available ingredients). The feed formulas were calculated, weighted and made distinctly for each set of goats. The proportions of ground ingredients in the formulas tested are given in table 2. Samples of the feed used were also analyzed for their chemical composition (table 3). 
Feeding technique
This experiment was carried out in a semi-intensive system and goats were distributed in sets of four individual in completely randomized design (CRD). Each goat in a set was given individually a ratio of 1 kg of feed formula in a metal feeder in the evening, when goats have returned from pasture. Goats were weighted in the morning of weighing date using an electronic scale with a capacity of 100 kg three times per week.
Table 2: Feed formulas used for testing the nutritional values of bmr6 sorghum on goats’ performance conducted at the Ruminants Research Unit of the Maradi Regional Center for Agronomic Research (CERRA) in 2025.
	Ingredients 

(% total weight per formula)
	Supplementary diet  

	
	HK 
	Bmr6P35
	Bmr6P90
	Bmr6P50
	Bmr6P98
	Bmr6P60

	Coarse feed 

	Sorghum stovers
	30
	30
	30
	30
	30
	30

	Ground nut haulms
	10
	10
	10
	10
	10
	10

	Guiera senegalensis leaf
	5
	5
	5
	5
	5
	5

	total coarse
	45
	45
	45
	45
	45
	45

	Concentrated feeds

	bmr sorghum seeds
	10
	10
	10
	10
	10
	10

	Faidhebia albida pods
	10
	10
	10
	10
	10
	10

	Cotton seed cake
	13
	13
	13
	13
	13
	13

	wheat bran
	15
	15
	15
	15
	15
	15

	total concentrated
	48
	48
	48
	48
	48
	48

	Minerals

	Complex Phosphorus and Calcium
	5
	5
	5
	5
	5
	5

	Common salt
	1
	1
	1
	1
	1
	1

	Narton
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25

	Lick stone
	0.75
	0.75
	0.75
	0.75
	0.75
	0.75

	Total minerals
	7
	7
	7
	7
	7
	7

	Total
	100
	100
	100
	100
	100
	100


HK (Hakorin Karoua) local sorghum; bmrP35; bmrP90; bmrP50; bmrP98; bmrP60 = OPVs bmr6 enriched sorghum lines.
Statistical analysis

The data collected for animal weight were subjected to one-way analysis of variance and differences between treatments when they existed were separated by Duncan's test at the 5% threshold using SPSS version 20 software.  The statistical model for CRD used with one observation per unit following the model below.
[image: image2.png]Yij= p+ti+ €ij




Where:

μ = overall mean effect
ti = true effect of the ith treatment
eij = error term of the jth unit receiving ith treatment
Results

Goats responded differently to different feed components and weight gains during the experiment. The average goat weight progressed positively (Figures 3) for all 6 formulas throughout the trial. The comparison of feed based on bmr6 feed versus the check showed that an adaptation time was required for goats’ acquaintance to bmr6 based stover than the feed based on local variety stover (Figure 3). In addition, feed based on bmr6 stovers outperformed the check later during the trial. Indeed, the bmr6 lines exceed the check days after the beginning of the trial with the formula based on P90 and P50 providing the most dominant results after twelve and thirty-three days respectively (Figure 3). Significant variability was observed on goats’ weight gain between the different feed formulae. However, P60 was goats most preferred formula (911.82 g/d) while P98 was the less valued (716.49 g/d), dry matter intake. The consumption index and the average daily weight gain revealed that farmer variety was less converted into weight gain by goats (Table 4).
Chemical composition of bmr6 sorghum lines and check

Chemical composition of different sorghum varieties varied in content (Table3). Indeed, all bmr sorghum stovers contained more crude proteins concentration compared to the control (HK) while the control had greater amount of ADLbmr6 sorghum stovers (table 3). Among bmr6 sorghum stovers, bmr6P90 had the highest crude protein content (21.63±0.05) and the lowest ADL level (3.33±0.27) whereas mmr6P98 had the lowest crude protein content (18.83±0.07) and the highest ADL content (4.88±0.18). For these two major elements, the other stover contained respectively bmr6P35 (19.53±0.23; 4.75±0.77); bmr6P50 (20.56±0.32; 4.53±0.66); bmr6P60 (20.83±0.07; 4.66±0.58). The Metabolizable Energy content levels varied from 1617.39±36.06 (kcal/kg DM) to 1935.61±47.98 ME (kcal/kg DM) with the control containing the highest level. The calcium content levels varied from 85.06±0.66 (Bmr6P50) to 320.61±2.16 for bmr6P98 showing the lowest content among the different stovers.
Tableau 3: sorghum stover chemical composition determined at the Laboratoire d’Alimentation et de Nutrition Animale (LANA) of INRAN, Niger (2025). 

	 Chemical 

 composition
	Bmr6 sorghum and values in chemical composition 

	
	HK 
	Bmr6P35
	Bmr6P90
	Bmr6P50
	Bmr6P98
	Bmr6P60

	
	Mean±SD
	Mean±SD
	Mean±SD
	Mean±SD
	Mean±SD
	Mean±SD

	Ash (%)
	6.44±0.12
	8.23±0.32
	7.36±0.21
	11.35±0.71
	6.34±0.01
	10.16±0.06

	CP (%)
	13.18±0.06
	19.53±0.23
	21.63±0.05
	20.56±0.32
	18.83±0.07
	20.83±0.07

	CF (%)
	53.09±0.75
	30.82±0.29
	52.91±1.00
	39.07±0.51
	29.29±0.61
	48.195±0.25

	EE (%)
	10.50±0.57
	9.60±0.42
	8.35±0.21
	7.65±0.21
	10.10±1.13
	7.20±0.14

	NFE (%)
	16.81±0.01
	4.85±0.17
	12.76±0.95
	6.66±0.86
	7.99±2.42
	13.63±0.11

	ME (kcal/kgDM)
	1935.61±47.98
	1673.17±19.75
	1819.30±52.67
	1617.39±36.06
	1910.47±8.52
	1838.32±12.61

	DM (%)
	95.90±0.21
	95.10±0.29
	92.57±0.31
	93.99±0.01
	93.38±0.12
	94.64±0.39

	ADF (%)
	31.83±1.02
	36.92±0.23
	40.35±0.78
	41.44±1.59
	37.86±0.59c
	30.11±0.47

	NDF (%)
	44.10±0.30
	55.75±0.64
	42.19±1.36
	49.7±1.06
	53.52±2.18
	49.05±0.08

	ADL
	5.66±1.30
	4.75±0.77
	3.33±0.27
	4.53±0.66
	4.88±0.18
	4.66±0.58

	Ca (mg/kg)
	156.41±2.11
	159.50±2.26
	258.50±6.59
	85.06±0.66
	320.61±2.16
	195.05±1.37

	TP (mg/kg)
	14.92±1.41
	2.16±0.18
	44.77±0.17
	75.60±0.04
	41.22±0.02
	7.81±0.19


DM = Dry Matter, CP = Crude Protein, CF = Crude Fiber, EE = Ether Extract, NFE = Nitrogen Free Extract, ADF= Acid Detergent Fiber, NDF = Nitrogen Detergent Fiber, ADL=Acid Detergent Lignin; ME = Metabolizable Energy, SD = Standard Deviation.
Table 4: Goats response to bmr enriched feeding formulas experiment conducted at the Ruminants Research Unit of the Maradi Regional Center for Agronomic Research (CERRA) 2025.
	Parameters
	Goat  responses
	.

	
	Bmr6P50
	Bmr6P98
	Bmr6P90
	HK
	Bmr6P35
	Bmr6P60
	

	Dry Matter Intake (g/d)
	861,45b
	716,49d
	886,44b
	824,62 c
	822,89c
	911,82a
	***

	Initial Weight Kg
	24,96b
	22,55c
	25,69a
	25,33a
	24,06b
	23,73d
	***

	Final Weight Kg
	29,54a
	26,10d
	30,36a
	27,57c
	28,18b
	27,99b
	***

	Weight Gain during the entire experiment(kg)
	4,58a
	3,55c
	4,68a
	2,24d
	4,11b
	4,26b
	**

	Average Daily Weight gain (g/d)
	108,93b
	84,52c
	111,31a
	53,37d
	97,92c
	101,49b
	**

	Consumption Index (kg DMI/kg gain)
	7,9ab
	8,5c
	8,0ab
	15,5a
	8,4c
	9,0b
	*


IC = Consumption Index (Kg Dry Matter Intake /kg Average Life Weight) 

a,b, c, d Values on the same row with different superscripts differ (P<0.05).
Figure 3 shows goats weight gains evolution throughout the experiment in kg. Green lines are for the feed based on bmr6 stovers and red lines are for the check. Each feed enriched with bmr6 stovers was compared to the check. Formula bmr6P90, bmr6P50 outperformed the check after twelve and thirty-three days while formulae bmr6P35 and bmr6P60 surpassed the check after forty days. Weight gain was observed for bmr6P98 but there was no cross cutting with the check.
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Discussion
Feed shortage, sources and findings have been reported in Niger. Aziada et al. (2021) reported that most widely used fodder resources are perennial and herbaceous plants, leaves and pods of woody fodder plants, crop residues, local bran, and bush straw in Niger to overcome livestock feeding during lean periods. Among cereals residues, sorghum stovers occupy a major choice in livestock feeding (Diakite et al., 2017). The feed used in this experiment was enriched with bmr sorghum stovers. Chemical composition of stovers revealed high dry matter content in stovers (92.57±0.31 % - 95.90±0.21%). Sultan et al. (2011) found 88.38% dry matter in sorghum stover dry roughage from common crops residues fed to livestock in India. The energy content of cereal stovers remains of great importance in feed diet determination. The current study revealed 1617.39±36.06 (kcal/kg DM) to 1935.61±47.98 ME (kcal/kg DM). For sorghum cultivars stovers, Singh et al. (2018) found 0.95-1.33 kcal/g DM less than current study findings. The findings from this study showed low levels of Ca content. Adamu et al. (2014) found similar results for ground sorghum stovers. In animal nutrition, crude proteins are essential for many metabolic functions (growth, lactation, reproduction). Pirzado et al. (2016) reported that the optimum levels of crude protein for goat growth performance was 16.5 %. In the stover the current experiment the crude protein content varied from 13.18±0.06 % to 21.63±0.05 %. Jibril et al. (2020) obtained crude protein levels varying from 7.60% to 15.70 % in mixture of sorghum stovers and mistletoe leaves as diets for Balami Rams. 
In a study comparing diets based on sorghum stovers and sorghum stovers enriched with browse mixture, Abakura et al. (2017) observed low feed intake of diet mainly based on sorghum stovers (472.11 g/day). The current study revealed good levels of dry matter intake of goats. Indeed, dry matter intake varied from 716.49g to 911.82g per day. Umutoni et al. (2021) obtained dry matter intake from 723 to 789 g for millet stovers in goats feeding. Findings from this study revealed a positive and varying response in weight gain for all goats fed with bmr6 enriched formulae outperforming local check except bmr6P98. Ouda et al. (2005) shown that bmr sorghum genotypes had better degradability and hence more nutritive value than the normal sorghum genotypes and revealed the potential of these bmr sorghums in ruminant nutrition. Moreover Kumari et al. (2017) indicated that leaf midrib in sorghum is an indicator with the brown color indicating reduced level of enzyme resistant polymer lignin in plants. 
In chemical composition, NDF, ADF and ADL are major components of plant cell wall. Barrière et al. (2003) reported that cell wall digestibility is the limiting factor of feeding value and cell wall digestibility is the target for improving the feeding value of forage crops. Authors (Porter et al., 1978; Casler et al.,2003; Sattler et al.,2010; Batista de Aguilar et al., 2014) reported that bmr trait in sorghum was associated with reduced lignin levels and altered lignin composition compared to wild-type. The feed based on bmr6 sorghum stover of the current experiment contained less lignin than the control (normal sorghum line). Finding of the current study is thus in harmony with the above authors ones. In fact, sorghum, bmr6 encodes the major cinnamyl alcohol dehydrogenase (CAD) protein involved in lignin synthesis (Sattler et al., 2009). Sattler et al. (2010) confirmed that bmr6 plants were shown to have limited CAD which is a precursor for polymerization to lignin activity. Therefore, reduced CAD activity results in increased digestibility on dry weight basis. The results of the current study revealed the high digestibility of feed based bmr6 stovers versus the control. The results showed that goats’ daily weight gain was improved with feed based on bmr stovers outperforming the check. Feed based bmr6P90 and bmr6P50 had the best performance while feed based bmr6P60 was the most preferred diet. Oliver et al. (2005) asserted that the effect of bmr mutations on forage quality varies depending on the genetic background of the recurrent parent. Moreover, Vogler et al. (2009) suggested the importance of identifying a suitable genetic background that allows for optimal impact of the mutation.
Goats feeding using cereal stovers and varied nutrients were performed for weight gains. Umutoni et al. (2024) in a goat and sheep feeding trial with pearl millet varieties obtained animal live weight gain ranging from 1.8 kg to 3.7 kg per goat during 76 days feeding and concluded that the type of animal and cultivars had a significant effect on daily weight gain. In goats feeding experiment, Njidda (2020) reported an average of daily weight gain varying from 30 to 70g/day in Borno State of Nigeria. Dhore et al. (2007) found for goats fed with sorghum straw based pelleted complete ration a daily weight gain of 66 g under stall fed condition. Montsma (1986) recorded 80g daily gain per day under intensive and 43g/day for roughage. However, Abdou et al. (2017) obtained superior daily live weight gain (29.8g - 78.3g) using densified feed in goat feeding. Abakura et al. (2017) used browse mixtures, obtained 31.07 to 46.79 g daily weight gain and the strategy upgraded the feeding value of sorghum stovers to improve goat performances. Present study findings are similar or superior to those of two authors (Njidda, 2020; Montsma, 1986) and revealed high efficiency of bmr stovers based feed compared to local sorghum stover. 
Cows responded well while fed with bmr enriched sorghum. Astigarraga et al. (2014) compared bmr sorghum and conventional sorghum forage for grazing dairy cows and found that the bmr sorghum outperformed the normal sorghum hybrid resulting in a higher performance per cow with lower concentrate consumption. Aydin et al. (1999) measured not significant differences in body condition between cows fed with bmr and non bmr sorghum although cows fed with bmr based sorghum diet resulted in long term milk production greater than those fed with a standard sorghum or corn silage. Additionally, according to a paper from Intsormil (International Sorghum and Millet Collaborative Research Support Program), University of Nebraska-Lincoln (2013), a trial conducted in some countries in central America (Costa Rica, El Salvador, Nicaragua, Honduras, Guatemala, Panama and Haiti) using bmr sorghum for feeding dairy cows, dairy farmers had an average increase in cattle weight gain of 900 g per animal per day which represents an increase of 10% over conventional sorghum. 
Conclusion

Goat fed with diet enriched with sorghum containing bmr6 gene provided clear benefit in terms of weight gain compared to the control. Local sorghum with bmr6 gene could be used to form a balanced diet for livestock and specially goats feeding in Niger. The use of those balanced diets can constitute an affordable opportunity for farmers than the intensive use of the agro-industrial by-products or densified feed. The current study opens new opportunities for stovers traders, sorghum farmers and animal producers in Niger where livestock husbandry is an important segment of its economy. 
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