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				ABSTRACT: Farmer-participatory research was implemented in the foothills of Machache Lesotho with aim to investigate the influence of supplementary feeding of ewes using forage-based diets. The study followed a randomized complete block design with four dietary treatments replicated three times. A total of 270 lactating ewes were contributed by farmers and were randomly distributed into 12 experimental units. Control treatment had a total of 54 lactating ewes made up of 18 animals per replicate while each treated groups had a total of 72 lactating ewes made up of 24 animals per replicate. The experiment lasted for 10 weeks. The dietary treatments were as follows; control in the form of pasture, T1: forage alone, T2: forage plus concentrate, T3: forage, concentrate and urea molasses mineral block. The treatment diet was offered in the morning before animals go to the pasture or rangeland and it was offered at the rate of 100 grams per head per day. Control animals on the other hand did not have access to supplementary feeds. Data collection on production parameters such as feed intake and live weight change was taken on weekly basis. Data on blood glucose, β-hydroxybutyric acid (BHBA), wool growth and milk quality was taken at the beginning and at the end of feeding trial. The findings indicated that the treatment group supplemented with forage, concentrates and urea mineral block  performed significantly (P<0.05) better than the control group in all tested parameters such as nutritive value of treatment diets, production parameters such as feed intake, live weight change and wool growth, blood parameters such as blood glucose and BHBA, and milk quality. The study also revealed (control) that pasture and forage supplementation (T1) alone do not meet the nutritional needs of lactating ewes and the animal had to use their body fat reserves to meet their maintenance needs and this was evident by loss of weight and increased blood BHBA from the two treatments.
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	INTRODUCTION  

	 

	Lactation is the period of highest demand for nutrients in sheep production cycle (Pesántez-Pacheco et al., 2019). The highest demand is as a result of nutrients needed for milk synthesis and for the maintenance of the ewe (Greiner and Wahlberg, 2005). The newly born lambs are dependent on their mother’s milk for the first six weeks depending on the type of weaning practised by the farmer (Selmi et al., 2019). Milk provides essentially all the lamb's nutritional needs during the first two months (Urbano et al., 2017; Nudda et al., 2020). However, the majority of farmers lose their newly born lambs as a result of starvation due to low milk production by ewes. According to Wool and Mohair Promotion Project Appraisal Report (WAMPP, 2014), annual feed shortage during dry season is estimated at 40% in Lesotho and this has a negative bearing on ewe productivity during lactation (WAMPP, 2014). Feed shortage during dry season in Lesotho is exacerbated by farmer’s habit of not planting supplementary winter forages to alleviate the inevitable good quality forage scarcity.

	In Lesotho, farmers follow two lambing seasons (summer and winter) and each of them having its advantages and disadvantages in terms of feed availability. However, the end of autumn/winter lambing and its subsequent lactation period coincide with dry season which is characterised by poor quality feeds such as crop residues and stubbles that remain after harvest. These types of feeds are well known for their low nitrogen content and poor digestibility (Brand and Brundyn, 2015) and their protein content averaging 5.5% CP and 6 MJ ME for cereal based residues. The lactating ewe on the other hand requires metabolisable energy ranging between 10 and 12.5 MJ ME and, 12 and 14% CP depending on the number of lambs nursing (National Research Council NRC, 1985). The nutritional gap between the basal diet and animal requirements is very high (Poppi and McLennan, 1995) and therefore requires provision of supplementary feeding to avoid the prevalent high lamb mortality and deadly metabolic disorders for lactating ewes such as ketosis (Banhero et al., 2004; Kelay and Assef, 2018). 

	In an effort to promote supplementary fodder production amongst farmers, a study was executed in the Foothills agro-ecological zone of Lesotho. The aim of the study was to assess the effect of supplementary forage compared with other common sources of supplementary feeds such as concentrates and urea molasses mineral block on the performance of lactating ewes.

	 

	MATERIALS AND METHODS

	 

	Study area

	An on-farm study-model which addressed the peculiarity of the local farmers who were reluctant to release their sheep to be placed on the control basal diet was conducted at Machache Foothills covering the two woolsheds namely ”Machache and Bushmen”. The two woolsheds falls within the Foothills of Lesotho and is situated about 40 km south east of the capital town Maseru. The Foothills of Lesotho are situated between 1,800 – 2,000 metres above sea level and most of its rainfall occurs from October to April (Moeletsi, 2004). Rainfall season peaks between December and February when most of the country records over 100 mm per month while the lowest rainfall in most localities (<10 mm) occurs in June and July (Lesotho Meteorological Services, 2000; Moeletsi, 2004). 

	 

	Ethical approval

	The scientific and ethics committee of the Faculty of Agriculture, National University of Lesotho approved the study protocol.

	

	Experimental design 

	The study followed a randomized complete block design with four dietary treatment groups made up of control (CG) and three treated groups (T1G, T2G and T3G). Blocking was used to cater for differences in body weight of lactating sheep. Control treatment had a total of 54 lactating ewes made up of 18 animals per replicate while each treated groups had a total of 72 lactating ewes made up of 24 animals per replicate. Data was analysed using IBM Statistical Package for Social Science version 20 (IBM Corporation, 2011). Data was subjected to Analysis of Variance (ANOVA) and mean comparison test was done using Least Significant Difference (LSD).

	 

	Dietary treatments

	The control treatment (CG) was pasture, and it also served as basal diet for the treated groups. The three treated groups were forage based such that treatment one was forage alone (T1G), treatment two was forage and concentrate in total mixed ration (T2G) and treatment three was similar to treatment two but with additional urea molasses mineral block (T3G) as presented in Table 1. Forage treatment was made up of a mixture of leguminous and cereal based forages. Concentrates treatment was made up of the mixtures of the following ingredients; sunflower, hominy chop, crushed yellow maize and maxiwol concentrate (Voermol Feed Company, Maidstone South Africa) blended together to meet requirements (% CP and ME) for lactating ewe. Urea molasses mineral block (UMMB) was in the form of mineral lick block. All experimental animals had access to pasture, the basal diet while, and the animals in each of T1G, T2G and T3G had in addition supplementary feeds offered at the rate of 600 g per head per week. Urea molasses mineral block was offered on ad libitum basis when the animals were not on the pasture.

	 

	
		
				Table 1 - Physical composition of the experimental diets

		

		
				Raw Material      (g/kg)

				Dietary Treatments

		

		
				CG (Grazing)

				T1G (Forages)

				T2G (Concentrates)

				T3G (Urea molasses)

		

		
				Pasture*

				Ad libitum

				Ad libitum

				Ad libitum

				Ad libitum

		

		
				Maize stover

				-

				100

				100

				100

		

		
				Fodders sorghum

				-

				100

				100

				100

		

		
				Eragrostis teff

				-

				350

				100

				100

		

		
				Lucerne

				-

				350

				100

				100

		

		
				Grazing vetch

				-

				50

				100

				100

		

		
				Lab Lab

				-

				50

				100

				100

		

		
				Crushed yellow maize

				-

				-

				80

				80

		

		
				Sunflower seeds

				-

				-

				100

				100

		

		
				Maize hominy chop

				-

				-

				100

				100

		

		
				Maxiwol (concentrate)

				-

				-

				120

				120

		

		
				Urea Molasses block

				-

				-

				-

				Ad libitum

		

		
				Total Grams

				 

				1000

				1000

				1000

		

		
				*Pasture was made up of the following; Heteropogon contortus, Digitaria monodactyla & Eriantha, Lolium perenne, Eragrostis curvula & capensis, Themeda trianda, Poa annua, Pennisetum clandestinum, Brachiaria serrate, Paspalum dilatatum & distichum, Cynodon dactylon. CG = control group; T1G = Forage treatment group; T2G = Forage + Concentrate treatment group; T3G = Forage + Concentrate + UMMB treatment group; UMMB = Urea molasses mineral block.

		

	

	 

	Animal management

	A total of 270 lactating sheep obtained from native farmers were used in this trial to collect data on growth indices while, 10 animals per replicate with a total of 120 animals were used to obtain samples for blood and milk, and to collect the wool parameters. All experimental animals were identified using plastic tags and were managed according to individual farmer’s style. Animals were fed supplementary diets in the morning before going to the grazing area. Animals were given ad-libitum access to water. The feeding trial lasted for ten weeks after lambing plus one week of adaptation period. A total of 27 farmers participated in the study by offering their animals as well as helping with data collection.

	 

	Data collection

	Nutrient profile of experimental diets 

	The nutrient content of the basal diet and supplementary feeds were determined according to AOAC (1990). Feed samples were thus subjected to proximate analysis to determine dry matter (DM), ash, crude protein (CP), crude fibre (CF). Macro minerals namely phosphorus and calcium were determined using atomic absorption spectroscopy. Metabolisable energy (ME), rumen undegradable protein (RUP) and total digestible nutrients (TDN) were estimated using Nutrimix Professional Animal Feed Formulation Software.

	 

	Production parameters

	Growth performance

	Data on feed intake and body weight gain were collected on weekly basis. Weighing scales were used to measure body weight and feeds. Feed intake was estimated as the amount of feed offered less the unconsumed.

	Blood indices

	Blood samples were collected from the jugular vein using sterilised needle and syringe at the beginning and at the end of feeding trial to determine blood glucose and β-hydroxybutyric acid (BHBA). Blood samples were directly put on the recommended blood strips for blood glucose and BHBA determinations and the readings were taken using Freestyle blood meter.

	Wool indices

	Wool growth rate was determined by measuring its length at the beginning of feeding trial and at the end of feeding trial using a measuring ruler. The total length was divided by ten weeks (experimental duration) in order to determine growth rate per week.

	Milk quality

	Milk samples were collected three times during the trial and the collections were done at the beginning of lactation, mid lactation (end of week five) and at the end of lactation (week ten). Milk samples were collected in the morning by hand milking of each ewe and using small milk vials (200 ml) for collection. The morning samples were kept refrigerated at 4°C, and were taken to the laboratory for analysis. A rapid milk test was conducted using Milkana Multi Test equipment which provided a list of parameters (pH, water content, milk fat, protein, lactose and solids non-fat) that were determined per sample. 

	 

	RESULTS AND DISCUSSION

	 

	Proximate composition of experimental diets

	The nutrient composition of the experimental diets is presented in Table 2. The result revealed that the supplementary feeds were significantly (p<0.05) better than the pasture based control diet in CP, ME, TDN, RUP, Ca and P. The nutrient density of CP, ME, TDN, RUP, Ca and P between the treated group also improved significantly (p<0.05) from T1G to T3G. The crude fibre content of the control and T1G was significantly (p<0.05) higher than that of T2G and T3G and this can affect the utilization and metabolisability of these diets. The lowest crude protein value of 8.4% in the control diet was adequate to meet the minimum requirements for microbial protein synthesis and maintenance of ewe put at 7% CP (Gebeyew et al., 2015). However, this value was lower than the minimum requirements for lactating ewes nursing single and twin lambs. The T1G crude protein content was also lower than the requirement for lactating ewe estimated between 12 and 14% CP (National Research Council NRC, 1985). The overall low nutritive value and high crude fibre content of forage diet (T1G) implied that it will not support the high nutritional needs of lactating ewes unless some form of supplementary feed is offered.

	 

	Sheep growth performance

	The effect of supplementary feeding on sheep performance is shown in Table 3. The result showed that the dietary treatments had a significant (p<0.05) influence on protein intake and live weight change. Animals fed the control and T1G (forage alone) diets had the lowest protein intake and they also lost weight during the feeding trial. The loss in weight was in the range of 0.80 to 1.3 kg which translates to between 3.7% and 2.23%, respectively. This result portrays that the rangeland in Lesotho is not very bad when compared to other regions where Brand and Brundyn (2015) and Bushara et al. (2018) observed a weight loss as high as 10% of body weight. Animals fed diets T2G and T3G which were mixtures of forage and concentrate maintained their body weight during this critical production phase associated with weight loss. The poor performance of animals fed control diet could be associated with low dry matter yield of pastures during spring and early summer because pastures were in their worst condition with little grass cover. The condition could also have been exacerbated by long spell of drought which was experienced in Lesotho during this period as well. Under the prevailing conditions animals had to spend a lot of energy in movement from homestead in search of pasture land most of the time, as well as travel to drinking points due to the drying up of nearby water sources like streams on account of the severe drought. The animals in the control group were at higher risk as evident by the results where animals lost weight by as much as 3.7%. The result of the current study are in contrast to the findings of Brand and Brundyn (2015) who observed no significant (p>0.05) difference between supplemented and non-supplemented sheep in live weight change. The difference could have been due to difference in basal diet which was wheat stubble in their study and their animals were able to meet their dry matter intake. Pedernera et al. (2018) reported similar results which showed significant differences in live weight changes between the animals in the control and supplemented diet groups where about 3.31 kg was lost during 4 weeks of gestation.

	 

	
		
				Table 2 - Nutrient composition of experimental diets (%)

		

		
				Parameters

				Experimental diets

				Significance

		

		
				CG

				T1G

				T2G

				T3G

				P

				CV

		

		
				Crude protein

				8.40a

				11.00b

				14. 00c

				16. 00c

				0.001

				1.23

		

		
				ME (kcal)

				1890.00a

				2108.00b

				3298.00c

				3641. 00c

				0.001

				4.35

		

		
				TDN

				49. 00a

				60.00b

				79. 00c

				84. 00d

				0.001

				1.08

		

		
				Crude fibre

				30. 00a

				33.00a

				19. 00b

				20. 00b

				0.001

				2.66

		

		
				RUP

				0.700a

				1.30b

				3.79c

				4.10c

				0.001

				12.11

		

		
				Ca

				0.50a

				1.24b

				2.35c

				2.56c

				0.001

				8.01

		

		
				P

				0.36a

				0.63b

				0.79c

				0.86c

				0.001

				15.37

		

		
				a,b,c,d Means in the same row with different superscripts differ significantly (p<0.05); P = Probability at 0.05%; CV = Coefficient of variation; CG = Control; T1G = Forages; T2G = Forages + concentrates; T3G = Forage + Concentrates + Urea molasses mineral block; ME = Metabolisable energy; RUP = Rumen undegradable protein; TDN= Total Digestible Nutrients

		

	

	 

	 

	
		
				Table 3 - The effect of experimental diets on the performance of lactating ewes

		

		
				Parameters

				Experimental diets

				Significance

		

		
				CG

				T1G

				T2G

				T3G

				P

				CV

		

		
				Initial BW (kg)

				36.2

				35.9

				36.7

				36

				0.122

				1.01

		

		
				Final BW(kg)

				34.9a

				35.1ab

				37.3ab

				37.4b

				0.001

				1.43

		

		
				Protein intake (grams)

				70a

				110b

				140c

				160c

				0.001

				1.23

		

		
				Live weight change (kg)

				-1.3a

				-0.8b

				+0.6c

				+1.4d

				0.001

				2.56

		

		
				Live weight change (%)

				-3,7a

				-2.23b

				+1.61c

				+3.74d

				0.001

				2.08

		

		
				a, b,c,d Means in the same row with different superscripts differ significantly (p<0.05); P = Probability at 0.05%; CV = Coefficient of variation; CG = Control; T1G = Forages;  T2G = Forages + concentrates; T3G = Forage + Concentrates + Urea molasses mineral block                     

		

	

	 

	 

	Blood glucose

	The blood glucose result of the lactating ewes (Table 4) indicated that there was significant (P<0.05) difference amongst the treatments. The control animals had the lowest blood glucose while, the animals in both the control and T1G groups showed a negative blood glucose response. Animals in T2G and T3G had increased blood glucose level. Despite this observation blood glucose during the entire experimental period was within the normal glucose range according to Kaneko et al. (2008) who provided reference range values for glucose as 50.09 to 80.0 mg dL-1. The findings of the current study are in agreement with the findings of Pedernera et al. (2018) who observed significant (P<0.05) difference between blood glucose of supplemented group (66mg/dL) and the control (44 mg/dL). The comparatively low blood glucose in the current study for the control and T1G was an indicator that the sheep were unable to meet their nutritional needs for energy and hence were in a negative energy balance. Chilliard et al. (2000) and Duehlmeier et al. (2011) reported that a decrease in blood glucose concentrations could lead to lipid mobilization, which is reflected by high concentration of NEFA, which are mobilized in the liver as an alternate energy source. Blood metabolic profile is an important laboratory diagnostic technique that can be used to assess the nutritional status and animal health efficiently (Herdt et al., 2000). This information is very crucial to guarantee the metabolic and nutritional needs of ewes during the early lactation to reduce the mortality rates of new-borns and, consequently economic loss. 

	 

	Blood β-hydroxybutyric acid (BHBA)

	The effect of supplementary feeding on sheep blood β-hydroxybutyric acid (BHBA) results is shown in Table 5. The dietary factors had a significant (P<0.05) influence on the BHBA response whereby the control group had the highest blood BHBA than the supplemented groups. The BHBA values were within the range associated with subclinical ketosis.  Threshold blood BHBA in sheep with subclinical ketosis is variable and it ranges between 0.5 mmol/l to 1.6 mmol/l (Balikci et al., 2009; Feijó et al., 2015) while, in sheep with clinical ketosis it ranges from 1.6 mmol/l to 7 mmol/l (Lacetera et al., 2002; Balikci et al., 2009). Panousis et al. (2012) reported higher BHBA levels in sheep with pregnancy toxaemia as compared to lactating sheep. The blood BHBA of the supplemented dietary groups with the exception of T1G had lower BHBA values indicating that the animals did not experience negative energy balance. 

	 

	Wool growth

	Wool growth rates result (Table 6) clearly showed the importance of supplementary feeding in wool growth. Animals that were offered supplementary feeds had significantly (P<0.05) wool growth rate (267.3 micron/day to 398.0 microns/day) than the control animals (214.3 microns/day). However there were no significant (P>0.05) differences in wool growth percentage amongst the supplemented animals. The differences in wool growth rate between supplemented and control revealed a range of 6 to 8% higher in favour of the animals on feed supplementation and T3G was highest. This result is comparable to the findings of White et al. (2001) who reported 8% higher wool growth for supplemented sheep than the control. The control group which had the lowest wool growth was also the lowest in crude protein, metabolisable energy and rumen (RUP) undegradable protein. Wool growth rate partly depends on the quality and quantity of protein which is influenced by amino acid profile. Sulphur containing amino acids cysteine and methionine as well as lysine are precursors for wool growth. Abdollahzadeh and Yousefi (2013) reported that by pass protein (RUP) increases wool growth. These researchers also indicated that optimum energy level is required for synthesis of wool in the presence of amino acids.

	 

	
		
				Table 4 - Effect of the experimental diets on blood glucose of lactating ewes

		

		
				Parameters

				Experimental diets

				Significance

		

		
				CG

				T1G

				T2G

				T3G

				P

				CV

		

		
				Initial blood glucose (mg dL-1)

				54.6

				55

				55

				54

				0.215

				2.66

		

		
				Final blood glucose (mg dL-1)

				52.2a

				54.8a

				60b

				64.4b

				0.001

				3.37

		

		
				Blood glucose response

				-2.4a

				-0.2b

				+5.0c

				+10.4d

				0.001

				3.71

		

		
				a, b,c,dMeans in the same  row with different superscripts differ significantly (p<0.05), P = Probability at 0.05%; CV = Coefficient of variation, CG = Control, T1G = Forages, T2G = Forages + concentrates, T3G = Forage + Concentrates + Urea molasses mineral block

		

	

	 

	 

	
		
				Table 5 - Effect of experimental diets on β-hydroxybutyric acid (BHBA) of lactating ewes

		

		
				Parameters

				Experimental diets

				Significance

		

		
				CG

				T1G

				T2G

				T3G

				P

				CV

		

		
				Initial blood BHBA (mg dL-1)

				0.49

				0.50

				0.51

				0.50

				0.117

				2.66

		

		
				Final blood BHBA (mg dL-1)

				0.70a

				0.62a

				0.43b

				0.25c

				0.001

				2.34

		

		
				BHBA response

				+0.21a

				+0.12b

				-0.08c

				-0.25d

				0.001

				3.71

		

		
				a, b,c,d Means in the same  row with different superscripts differ significantly (p<0.05), P = Probability at 0.05%; CV = Coefficient of variation, CG = Control; T1G = Forages; T2G = Forages + concentrates; T3G = Forage + Concentrates + Urea molasses mineral block

		

	

	 

	 

	 

	
		
				Table 6 - The effect of experimental diets on wool growth

		

		
				Parameters

				Experimental diets

				Significance

		

		
				CG

				T1G

				T2G

				T3G

				P

				CV

		

		
				Initial length (mm)

				16.5

				14.2

				15.7

				15.5

				0.191

				1.03

		

		
				Final Length(mm)

				27a

				27.3a

				30.5b

				35b

				0.001

				2.88

		

		
				Growth rate (microns/day)

				214.3a

				267.3b

				302.0c

				398.0d

				0.001

				7.66

		

		
				Wool growth rate (%)

				38.8a

				46.8b

				45b

				46.1b

				0.001

				2.03

		

		
				a, b,c,d Means in the same row with different superscripts differ significantly (P<0.05); CV = Coefficient of variation; CG = Control, T1G = Forages; T2G = Forages + concentrates; T3G = Forage + Concentrates + Urea molasses mineral block

		

	

	 

	 

	Milk quality

	The effect of supplementary feeding on milk quality of lactating ewes is in Table 7. The result indicated that provision of supplementary feeds to lactating sheep resulted in a significant (P<0.05) improvement in milk composition for the lambs. The milk composition for supplemented sheep was superior to control sheep in all parameters measured; butterfat, protein, SNF, lactose and density. Within the treated groups ewes in T3G were better than animals in T2G and T1G in terms of protein, SNF and density. Ewes fed forage treatment T1G were better in milk butterfat than any other treatment. These results are in agreement with the findings of Obeidat et al. (2019) who reported high protein content and SNF for supplemented ewes than the control group offered no supplementary feeds. The butterfat of T1G was the highest, probably because this diet had relatively larger particle size than all the other experimental diets and therefore conformed to the fact that feeding of finely ground forages inadequately stimulates rumination and lowers saliva production. This results in a rumen fermentation pattern that produces a higher proportion of propionic acid and, in turn, reduces milk fat percentage (Stokes et al., 2018). On the other hand T3G was superior in milk protein, SNF, lactose and milk density, the findings can be interpreted relative to nutritive value of dietary treatments whereby T3G had the highest rumen undegradable protein (RUP) and metabolisable energy and the two components contribute significantly to gluconeogenesis (Cronje, 1990) that contributes to high lactose, SNF and milk density.

	 

	
		
				Table 7 - The effect of experimental diets on milk quality of lactating ewes

		

		
				Parameters

				Experimental diets

				Significance

		

		
				CG

				T1G

				T2G

				T3G

				P

				CV

		

		
				Butterfat (%)

				5.44a

				9.90b

				8.05c

				8.76d

				0.001

				24.10

		

		
				Proteins (%)

				3.46a

				4.61b

				5.05bc

				5.75c

				0.001

				17.87

		

		
				SNF (%)

				8.21a

				9.67b

				10.18b

				11.03b

				0.001

				10.83

		

		
				Lactose (%)

				4.08a

				4.28b

				4.36bc

				4.46c

				0.001

				3.26

		

		
				a, b,c,d Means in rows with different superscripts differ significantly (P<0.05), P =  Probability at 0.05%; CV = Coefficient of variation, CG = Control, T1G = Forages, T2G = Forages + concentrates, T3G = Forage + Concentrates + Urea molasses mineral block

		

	

	 

	 

	 

	CONCLUSION

	 

	The results obtained in this study revealed that pasture alone as basal diet and/or in combination with forages both cereal and legumes cannot meet the nutritional needs of lactating ewes from the proxy indicators for nutritional status namely loss of weight, low blood glucose and high blood β-hydroxybutyric acid (BHBA). Production indicators were also very low for ewes on pastures and/or in combination with cereal and legume forage because the ewes under these treatments experienced low wool growth rates and milk with low nutritive value for lambs. The use of forage and concentrate mixture in total mixed ration coupled with urea molasses mineral block proved to be adequate for lactating ewes because animals were able to maintain and improve their body weight during the critical phase, and it is recommended for lactating ewes during dry periods when dry matter yield in rangelands and pastures are and pastures are low. Animals also had better production in terms of wool growth and milk composition. 
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