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Abstract. 
The study was conducted to determine the yield and nutritional quality of sweet lupine (Lupinus angustifolius.) grown in midaltitude of Lemo District, Southern Ethiopia. The yield and nutritive value of sweet lupine in terms of quantity and quality was conducted using a factorial experiment arranged in a randomized complete block design (RCBD) with three replications. The treatments for the study were two sweet lupine varieties (Vitabore and Sanabore), two locations (Upper Gana and Jewe Kebeles, and six levels of planting spacing: 30 cm × 7 cm (S1), 40 cm × 7 cm (S2), 30 cm × 15 cm (S3), 40 cm × 15 cm (S4), 30 cm × 20 cm (S5), and 40 cm × 20 cm (S6)). The yield, chemical composition, and digestibility among parameters were studied. Sweet lupine varieties in Upper Gana Kebele gave the highest green forage yield (39.58 t/ha) and forage dry matter (4.84 t/ha) at 30 cm × 7 cm planting spacing, respectively. Seed yield (SYD) (t/ha) was highly affected () by location. The maximum seed (2.98 t/ha) yield was observed in Upper Gana Kebele with the minimum (2.15 t/ha) at Jewe Kebele. The forage in Jewe Kebele gave the highest organic matter (OM) (87.01%) and acid detergent fiber (ADF) (37.50%) content at a stage of 100% flowering. Sweet lupine forage in Upper Gana Kebele gave the highest crude protein (CP) content (23.11%) while the highest forage CP content was recorded at a planting space of 40 cm × 20 cm (23.67%). Sweet lupine forage gave the maximum in vitro organic matter digestibility (IVOMD) (69.10%) at a spacing of 40 cm × 20 cm in Upper Gana. The highest CP (29.11%) content and IVOMD (80.49%) of seed were recorded in Upper Gana Kebele. The overall result of this study suggested that green forage yield and forage dry matter yield are affected by location, planting spacing, and stage of flowering, whereas the chemical composition of sweet lupine forage was affected by location and variety interaction (dry matter and acid detergent fiber), location and stage of flowering interaction (OM, ADF and total ash), location (CP, metabolizable energy (ME), and IVOMD), planting spacing (CP and IVOMD), and stage of flowering (CP and ME). On the other hand, sweet lupine seed yield, seed CP, and IVOMD were affected by location. The large differences in yield and nutritive values observed among sweet lupine varieties, growth environment, planting spacing, and their interactions entail consideration of these factors for appropriate utilization of sweet lupine as a feed resource for livestock.

1. Introduction
Feed is the most important input in livestock production and its adequate supply throughout the year is an essential prerequisite for substantial expansion in livestock production [1]. However, shortage of feed supply in terms of quantity and quality is the main factor limiting livestock productivity in Ethiopia [2]. Livestock feed resources in Ethiopia are mainly coming from natural grasslands, crop residues, crop aftermath, fodder trees, and shrubs followed by agroindustrial by-products, improved forage crops, and improved pastures [3]. Crop residues and natural pastures in the dry seasons are low in crude protein (CP), vitamin, and metabolizable energy (ME) content. As a result, livestock productivity and reproductive efficiency in Ethiopia is low [4]. Therefore, looking for other alternative home-grown protein supplements is crucial to improve livestock production and productivity. Growing and using legume crops like sweet lupine that have high nutritive value is one option to solve this problem [4].
Lupine (locally in Amharic known as “Gibto” in Ethiopia) is widely used to describe the seeds of different domesticated Lupinus species. Lupine seeds are employed as a protein source for animal and human nutrition in various parts of the world [5]. Lupine seed contains high amount of protein (32.2%), fiber (16.2%), oil (5.95%), and sugar (5.85%) [6]. Lupine is produced by smallholder subsistent farmers in Ethiopia: Amhara Regional State being the largest producer.
Little is known about the nutritional value and physicochemical and functional properties of the crop. Besides, little information is available for farmers, processors, and end-users on the utilization of the resource capacity of lupine seeds in the Ethiopian context [7]. This information gap does not allow intensive and extensive utilization of lupine as a value-added product in the country. It has a potential to grow in marginal lands where other food crops do not. Lupine seed storage and handling is easy as it is hardly attacked by pests. The only requirement for storage is a dry condition that enables its storage for about four to ten years without deterioration in quality. Another important feature is that lupine seed is the cheapest seed legume in the lupine producing areas of Ethiopia [8]. Although bitter white lupine is a traditional pulse crop in Ethiopia, sweet lupine is a new crop to the country.
Adaptability and productivity of forage legumes differ from place to place depending on several environmental and socioeconomic factors. To alleviate the feed quality and quantity problem, the demonstration and development of different legume crops are important for livestock production. The seed composition and high protein content make the sweet cultivars highly suitable for livestock diets in intensive farming systems. Generally, lupine which is a neglected legume crop has immense potential for feed, food, and soil fertility maintenance in Ethiopia. These being the cases, this study is aimed at evaluating the effect of location, planting spacing, and stage of harvesting on the yield and nutritional quality of two sweet lupine varieties.
2. Materials and Methods
2.1. Description of the Study Area
The experiment was conducted at Lemo district, Upper Gana (07° 34′ 24″ N, 037° 46′ 4″ E) and Jewe (07° 30′ 35″ N, 037° 47′ 1″E) Kebeles. The area is situated in Hadiya Zone, Southern Region, Ethiopia. The study site is located at 223 km South of Addis Ababa. The site has an altitude ranging between 2012 and 2202 meters above sea level. The average annual rainfall is between 1300 and 1400 mm with a bimodal distribution from February to April and from June to September and the average annual minimum and maximum temperatures are 18 and 23°C, respectively.
2.2. Varity Description
There are two sweet lupine varieties (Sanabor and Vitabor) released by the Amhara Regional Research Institute (ARARI). The suitable altitude ranges from 1800 to 2600 meters above sea level and the mean annual rainfall ranges from 1100 to 2300 mm. The seed yield of sweet lupine ranges from 2.2 to 4.8 tons per hectare depending on the agroclimatic zone and other environmental factors [4].
2.3. Experimental Design and Treatments
A total of two sweet lupine varieties (Vitabor and Sanabor) were used. The experimental design was a 2 × 2 × 6 factorial experiment arranged in a randomized complete block design (RCBD) with three replications. The treatments for the study were two sweet lupine varieties, Vitabor (V1) and Sanabor (V2); two locations, Upper Gna and Jewe Kebeles; and six levels of planting spacing, 30 cm between rows and 7 cm between plants (S1), 40 cm between rows and 7 cm between plants (S2), 30 cm between rows and 15 cm between plants (S3), 40 cm between rows and 15 cm between plants (S4), 30 cm between rows and 20 cm between plants (S5), and 40 cm between rows and 20 cm between plants (S6). The experiment covers a total area of 29.5 × 10 m2 and the net plot size of each plot was 3 m × 2 m. Each experimental plot and its replication had 10–15 cm borders on each side to avoid the border effect of treatment and block. There is also 0.5 m gap/path between plots and blocks for easy management. 100 kg diammonium phosphate (DAP)/ha fertilizer rate was used [4]. The seed was planted at a depth of 2.5 cm [9].
2.4. Land Preparation and Management Practice
Land was ploughed four times from March to June and harrowed. The seed rates used in the experiment sites were 88 seeds per plot at 40 cm × 20 cm planting spacing (wide spacing) and 260 seeds per plot at 30 cm × 7 cm planting spacing (narrow spacing), respectively. Weeding was conducted three times, once at seedling stage and the others just before flowering stage. Furrows were made to prevent water logging. Frequent disease monitoring was done.
2.5. Data Collection and Sampling Techniques
The growth and yield parameters collected during the experimental periods included were as follows: days to 50% and 100% flowering and days to physiological maturity were recorded [10].
2.5.1. Structure of Plant and Stand
Plant height was measured from ground to the tip of the longest leaflet, by taking five random plants at each growth stage from each plot [10]. Structure of plant and stand is as follows. Stands per a given area, number of pods per plant, and number of seeds per pod were recorded as individuals. The stands in a given area were estimated based on the total count at each growth stage from each plot, whereas the number of pods per plant and the number of seeds per pod were estimated by taking five random plants per plot [10]. The average pod length was measured by taking five random plants at maturity stage from each plot [4,10].
2.5.2. Green Forage and Dry Matter Yield
The vegetation from each plot was sampled using a quadrant of 0.5 m × 0.5 m size during a predetermined sampling period. The quadrant was randomly thrown on plots and the average weight of the harvest per plot was used for determination of forage yield and quality. The green forage was harvested with a sickle at a clipping height (10 cm) above ground. The average weight of the forage in the quadrant was used and extrapolated into dry matter yield per hectare (t/ha). Subsamples representing 10% of the whole forage samples harvested from the treatments were taken for DM determination. According to [10], the green forage yield expressed (q/ha) and (t/ha) is therefore estimated by the following equation:where Z is yield obtained from sampling area (kg/m2) and Y is area of the sampling site/quadrant (m2).
2.5.3. Seed Yield
Sample from 1 m2 per plot was harvested, trushed and seed yield was recorded as the weight of the seed yield per plot after air drying about 12–14% moisture content following harvest and measuring using a sensitive balance, expressed in grams and then converted into tons per hectare.
Lupine seed samples (100 gram from each plot) were collected from the remaining area after forage sampling was done for chemical analysis [4,10]. A total of 72 seed samples were collected for chemical analysis from the two experimental sites (Jewe and Upper Gana Kebeles).
2.5.4. Hundred Seed Weight (g)
The weight in a gram of a random sample of 100 seeds of each plot was collected and measured [4,10].
2.6. Chemical Analyses and In Vitro Organic Matter Digestibility
The collected sweet lupine green forage (50% and 100% flowering stage) and seed samples were analysed in International Livestock Research Institute Animal Nutrition Laboratory, Addis Ababa for chemical composition. The samples were dried to a constant dry weight in an oven at 100 ± 5°C for 24 hrs to determine the percent dry weight before any analytical procedure [11]. Then the dried sample was ground to 1 mm mesh size using Wiley mill and packed into paper bags and stored pending to further laboratory work. Near Infrared Reflectance Spectroscopy (NIRS) predictions were employed for the analysis of the intended nutritional values of both green forage and seed samples.
Accordingly, green forage samples were scanned for predication of DM (%), ash (%), nitrogen (N%), metabolizable energy (ME (MJ/kg DM)), in vitro organic matter digestibility (IVOMD%) and fiber fractions (neutral detergent fiber (NDF%), acid detergent fiber (ADF%), and acid detergent lignin (ADL%)) contents, while in seed samples, the scanning was done for the predication of CP%, ME (MJ/kg), and IVOMD%. Nitrogen (N) content was determined by taking subsamples from an oven-dried forage sample by Kjeldhal method [11]. For scanning purpose, an already-ground sample was dried overnight at 60°C in the oven to standardize the moisture conditions. Then, the partially dried sample was filled into NIRS cup and scanned using Foss NIRS 5000 with the software package WinISI II in the 1108–2492 nm spectrum range (Win Scan version 1.5, 2000, Intrasoft International). The chemical analysis of the samples was performed in duplicate and calculated on a dry matter basis. Finally, NIRS scanned information of the green forage and seed samples were used for the prediction of the above-mentioned nutritional values, using predictive equations developed based on previously conducted conventional analyses.
The modified Tiller and Terry method was used for the determination of IVOMD of forage samples [12]. It is calculated as follows:where IVOMD  is in vitro organic matter digestibility and DMY  is dry matter yield.
2.7. Statistical Analyses
Statistical analyses were made using the General Linear Model (GLM) Procedure of SAS version 9.1. Analysis of variance (ANOVA) was carried out for location, varieties, and spacing as a fixed effect in a factorial model. The treatment means showing significant differences at 5% level of significance was compared using Least Significant Difference (LSD) comparison procedure. The statistical model waswhere Yijk is the measured response, μ is the overall mean, Vi is the variety effect, Sj is the spacing effect, Lk is the location effect, ()ij is interaction effect of ith variety and jth spacing, ()ik is interaction effect of ith variety and kth location, ()jk is interaction effect of jth spacing and kth location, ()ijk is interaction effect of ith variety, jth spacing, and kth location, and Eijk is the error term associated with each Yijk.
3. Results and Discusion
3.1. Days to 50% and 100% Flowering, First Pod Setting, Pod Filling, and Full Maturity
There was a highly significant difference () in days to 50% flowering and days to full maturity between the two sweet lupine varieties and planting spacing (Table 1). Earlier days to 50% flowering (58.33 days) and days to full maturity (117.33 days) were noted for variety Sanabor. Late to reach days to 50% flowering (62 days vs. 65.30 days) and full maturity (130 days vs. 132.00 days) for the varieties Sanabor and Vitabor, respectively, were reported by [13]. The earlier days to 50% flowering (59.00 days) and days to full maturity (118.00 days) were observed at 30 cm × 15 cm and 40 cm × 15 cm planting spacing.
Table 1: Effects of location, variety, and spacing on days to flowering, first pod setting, pod filling, and full maturity.
	

	Factor	DFF	DFPS	DHF	DPF	DFM	Stand (H)	Stand (G)
	

	Location
	    U. Gana	59.50	68.50a	72.50a	96.50a	118.50	13.90a	18.10a
	    Jewe	59.50	61.50b	65.50b	93.50b	118.50	12.26b	12.52b
	

	     value	1.0000	<0.0001	<0.0001	<0.0001	1.0000	0.0057	<0.0001
	    SE (±)	0.11	0.11	0.11	0.11	0.11	0.24	3.89
	

	Variety
	    Vitabor	60.66a	66.16a	70.16a	96.16a	119.66a	13.02	16.13
	    Sanabor	58.33b	63.83b	67.83b	93.83b	117.33b	13.40	14.50
	

	     value	<0.0001	<0.0001	<0.0001	<0.0001	<0.0001	0.5617	0.1101
	    SE (±)	0.11	0.11	0.11	0.11	0.11	0.24	3.89
	

	Spacing
	    30 × 7	59.50ab	65.00ab	69.00ab	95.00ab	118.50ab	19.26a	27.65a
	    40 × 7	60.00a	65.50a	69.50a	95.50a	119.00a	17.36a	19.09b
	    30 × 15	59.00b	64.50b	68.50b	94.50b	118.00b	11.72b	14.66c
	    40 × 15	59.00b	64.50b	68.50b	94.50b	118.00b	10.32b	10.77d
	    30 × 20	60.00a	65.50a	69.50a	95.50a	119.00a	10.24b	10.95d
	    40 × 20	59.50ab	65.00ab	69.00ab	95.00ab	118.50ab	10.08b	8.75d
	

	     value	0.0006	0.0006	0.0006	0.0006	0.0006	<0.0001	<0.0001
	    SE (±)	0.20	0.20	0.20	0.20	0.20	0.59	9.53
	

	Interaction	NS	NS	NS	NS	NS	NS	NS
	LSD	0.33	0.33	0.33	0.33	0.33	0.65	11.08
	CV%	1.68	1.53	1.44	1.05	0.84	30.02	27.73
	


a–d in a column with different superscripts differ (); U. Gana = upper Gana; DFF = days to 50% flowering; DHF = days to 100% flowering; DFPS = days to first pod setting; DPF = days to pod filling; DFM = days to full maturity; Stand (H) = number of stands per m2 at herbage harvest; Stand (G) = number of stands per m2 at seed harvest; NS = nonsignificant; SE = standard error; LSD = least significant difference; CV = coefficient of variation; Sanabor had earlier days to 100% flowering, first pod setting and pod filling in Jewe Kebele. The planting spacing of 30 cm × 15 cm and 40 cm × 15 cm had shorter days to 100% flowering (68.50 days), first pod setting (64.50 days), and pod filling (94.50 days). Generally, the days to maturity were having similar trend with days to flowering that the earlier to flower and the earliest to maturity and vice versa. The present result agrees with the result observed by [13]. The early maturing varieties such as Sanabor have an advantage over the late maturing ones in environments where rain begins late and ends early [14].


Location () and planting spacing () had a highly significant effect on the number of stands (Table 1). The higher stand number per m2 at herbage harvested (13.90 stands/m2) and seed harvest (18.10 stands/m2) were observed in Upper Gana Kebele than Jewe Kebele (12.26 stands/m2 at herbage harvested and 12.52 stands/m2 at seed harvest), respectively. The result of this study disagreed with the result observed by [13], who reported that the number of stands per m2 ranges from 15.41 to 15.66 at seed harvest. The number of plants per unit area influences plant size, yield components, and ultimately the seed yield [15]. The plants planted at narrower spacing between rows and plants 30 cm × 7 cm (19.26) resulted in higher () stand numbers per m2 compared to the wider spacing 40 cm × 20 cm (10.08) at herbage harvest stage. This study agreed with [16], that an optimum plant population is considered the foundation for having increased yield. The same authors also reported that the interrow spacing of 30 cm gave the maximum plant population per unit area (37.56), which was significantly different from the 40 cm interrow spacing (28.78) for pulse crops.
3.2. Plant Height, Green Forage, and Forage Dry Matter Yield
The two-way interaction effect of location (L) and planting spacing (S) (LxS) and location (L) and stage of flowering (SF) (LxSF) were significantly () affected by plant height, green forage yield (GFY), and forage dry matter yield (DMY) (Table 2). Sweet lupine varieties in Upper Gana Kebele gave the highest plant height (84.51 cm) at 30 cm × 7 cm planting spacing, whereas the lowest plant height (59.08 cm) was recorded at 30 cm × 20 cm planting spacing in Jewe Kebele. The reason could be plants under narrow spacing between plants, and the interplant competition will be too high that the individual plant increases in height [17]. Plant height was low at early stages of growth, but after 50% of days of flowering, enhanced growth was observed. The largest increment in mean plant height was recorded in the time from the intermediate to the last days of harvesting. This physiological change could be due to massive root development and efficient nutrient uptake allowing the plant to continue the increase in height. Similar results have also been reported by other workers [13,18].
Table 2: Effects of location, spacing, and stage of flowering on plant height (cm), green forage yield (t/ha), and forage dry matter yield (t/ha).
	

	Location (L)	Spacing (S)	Variety (V)	PH (cm)	GFY (t/ha)	DMY (t/ha)
	Vitabor	69.79	23.23	3.41
	Sanabor	69.17	26.94	3.48
	 value	0.6121	0.0803	0.7616
	SE (±)	0.85	1.19	0.16
	

	Upper Gana	30 × 7	 	84.51a	39.58a	4.84a
	40 × 7	 	78.93ab	32.16ab	3.99abcd
	30 × 15	 	71.31bcde	17.86e	3.10bcde
	40 × 15	 	66.61defg	21.55cde	2.82de
	30 × 20	 	74.68bcd	31.11bc	4.10abc
	40 × 20	 	77.16abc	33.04ab	4.30ab
	Jewe	30 × 7	 	68.16def	22.30cde	3.28bcde
	40 × 7	 	69.25cde	26.79bcd	4.01abcd
	30 × 15	 	63.60efg	20.88cde	2.98cde
	40 × 15	 	60.32fg	19.98de	2.92cde
	30 × 20	 	59.08g	17.33e	2.53e
	40 × 20	 	60.18fg	18.45de	2.54e
	

	 value	 	 	0.031	0.0038	0.0321
	SE (±)	 	 	3.16	2.84	0.44
	

	Location (L)	Stage of flowering (SF)	 	 	 	 
	Upper Gana	50%	 	65.34b	21.07b	2.86ab
	100%	 	85.73a	37.37a	4.85a
	Jewe	50%	 	58.96c	17.55c	2.59c
	100%	 	67.90b	24.35b	3.49b
	

	 value	 	 	<0.0001	0.0062	0.0190
	SE (±)	 	 	1.19	1.64	0.22
	

	LSD	 	 	2.39	3.33	0.45
	CV%	 	 	10.35	30.69	30.47
	


a–g in a column with different superscripts differ (); PH = plant height at herbage harvest; GFY = green forage yield; DMY = dry matter yield; SE = standard error; LSD = least significant difference; CV = coefficient of variation.


Sweet lupine varieties in Upper Gana Kebele gave the highest green forage yield (39.58 t/ha) at 30 cm × 7 cm planting spacing, whereas the lowest GFY was recorded at Jewe Kebele (17.33 t/ha) at 30 cm × 20 cm and Upper Gana Kebele (17.86 t/ha) at 30 cm × 15 cm planting spacing. The result of this study agreed with [19], which indicated that higher yield was attributed to high plant populations that allowed the fodder crop to thrive well in terms of nutrient uptake from soil and solar interception in the early period of plant growth and development by an increase in green forage yield.
Sweet lupine varieties in Upper Gana Kebele gave the highest forage dry matter yield (DMY) (4.84 t/ha) at 30 cm × 7 cm planting spacing. The highest forage DMY (4.85 t/ha) was observed at Upper Gana Kebele at 100% flowering stage. The forage DMY reported by [20] of white lupines in the United States ranged between 0.8 and 2 t/ha, which was not in line with this study. However, the forage DMY were lower than those reported by [21] (8.7 t/ha) for white lupines in Serbia and by [22] (8.45 t/ha) from narrow-leafed lupine in the United Kingdom. On the contrary, the forage DMY were higher than those reported by [23] (1.4 t/ha) in narrow-leafed sweet lupine in Ethiopia.
3.3. Chemical Composition of Sweet Lupine Forage
3.3.1. Dry Matter, Organic Matter, Total Ash, and Acid Detergent Fiber Content of Sweet Lupine Forage
The interaction of location (L) and variety (V) (LxV) highly affected () the dry matter (DM) and acid detergent fiber (ADF) content of sweet lupine forage. The interaction of location (L) and stage of flowering (SF) (LxSF) also affected () the organic matter (OM), ADF, and the total ash content of sweet lupine forage (Table 3).
Table 3: Effects of location, variety, and stage of flowering on dry matter, organic matter, total ash, and acid detergent fiber.
	

	Location (L)	Variety (V)	Stage of flowering (SF) (%)	Chemical composition on DM basis
	DM (%)	OM (%)	Ash (%)	ADF (%)
	

	U. Gana	Vitabor	 	13.30b	84.82	15.17	33.99b
	Sanabor	 	12.18c	84.83	15.16	35.86a
	Jewe	Vitabor	 	15.63a	86.39	13.60	35.78a
	Sanabor	 	13.72b	86.00	13.99	35.34ab
	

	 value	 	 	0.0005	0.4158	0.4158	0.0013
	SE (±)	 	 	0.28	0.32	0.32	0.53
	

	U. Gana	 	50	12.94	83.35b	16.64a	34.92ab
	 	100	12.54	86.30a	13.69b	34.93ab
	Jewe	 	50	14.89	85.38ab	14.61ab	33.61b
	 	100	14.45	87.01a	12.98b	37.50a
	

	 value	 	 	0.9542	0.0081	0.0081	<.0001
	SE (±)	 	 	0.28	0.24	0.24	0.45
	

	LSD	 	 	0.56	0.84	0.84	1.57
	CV%	 	 	12.33	1.72	10.16	7.79
	


a–c in a column with different superscripts differ (); U. Gana = Upper Gana; DM = dry matter; OM = organic matter; ADF = acid detergent fiber; SE = standard error; LSD = least significant difference; CV = coefficient of variation.


Vitabor in Jewe Kebele gave higher forage DM content (15.63%) than Sanabor in Upper Gana Kebele (12.18%). Sweet lupine forage in Jewe and Upper Gana Kebele gave similar OM content (87.01% and 86.3%, respectively) at a stage of 100% flowering. Sweet lupine forage in Jewe Kebele gave the highest ADF content (37.50%) at a stage of 100% flowering. This study agreed with [4], which reported increasing trends in ADF content with advance in harvesting days.
The highest forage total ash content (16.64%) was obtained in Upper Gana Kebele at the stage of 50% flowering and the lowest at Jewe Kebele (12.98%) at the stage of 100% flowering. The present study indicated that the forage total ash content decreased as the harvesting days of the plant advanced. This result is in agreement with other studies [24,25] who reported decreased trend of total ash content as age of plant advanced.
3.3.2. Crude Protein, Neutral Detergent Fiber, Acid Detergent Lignin, and Metabolizable Energy Content of Sweet Lupine Forage
Sweet lupine forage in Upper Gana Kebele gave the highest crude protein (CP) content (23.11%) followed by Jewe Kebele (21.15%) (Table 4). Sweet lupine varieties at 50% flowering had the highest forage CP content (23.03%), while the lowest CP (21.22%) content at 100% flowering was recorded. The highest forage CP content was recorded at 40 cm × 20 cm (23.67%) and 30 cm × 20 cm (23.02%) compared to the rest of the narrower spacings. This result indicated that the CP content in the samples harvested during the experiment period significantly decreased as the age of plants advanced. The CP content obtained in this study agreed with other studies [25,26] who reported a decline in CP content of the plant with increasing stages of harvesting. This might be due to the dilution of the CP content by an increase in structural carbohydrate content of forage materials harvested at late maturity [27]. The higher CP content in plants harvested at wider spacing between rows and plants in this study might be attributed to the higher absorption of nitrogen available in the soil with low competition compared to higher plant density under narrow spacing.
Table 4: Effects of location, spacing, and stage of flowering on CP, NDF, ADL, and ME content of sweet lupine forage.
	

	Factor	Chemical composition on DM basis
	CP (%)	NDF (%)	ADL (%)	ME (MJ/kg)
	

	Variety (V)
	    Vitabor	22.40	47.79	5.45	9.26
	    Sanabor	21.85	47.99	5.44	9.23
	     value	0.0602	0.6652	0.9533	0.4703
	    SE (±)	0.20	0.31	0.05	0.03
	Location (L)
	    U. Gana	23.11a	47.04b	5.42	9.17b
	    Jewe	21.15b	48.74a	5.46	9.31a
	     value	<0.0001	0.0003	0.6336	0.0003
	    SE (±)	0.20	1.56	0.05	0.02
	Spacing (S)
	    30 × 7	20.93b	48.72	5.61a	9.21
	    40 × 7	21.61b	48.26	5.60a	9.22
	    30 × 15	21.92b	48.28	5.43ab	9.25
	    40 × 15	21.60b	48.35	5.46a	9.29
	    30 × 20	23.02a	47.05	5.37ab	9.24
	    40 × 20	23.67a	46.69	5.17b	9.25
	     value	<0.0001	0.0610	0.0327	0.8632
	    SE (±)	0.35	0.55	0.10	0.04
	Stage of flowering (SF)
	    50%	23.03a	47.86	5.21b	9.04b
	    100%	21.22b	47.92	5.67a	9.44a
	     value	<0.0001	0.8935	<0.0001	<.0001
	    SE (±)	0.20	0.31	0.05	0.02
	Interaction	NS	NS	NS	NS
	LSD	1.00	1.54	0.28	0.07
	CV%	7.92	5.62	9.12	2.43
	


a-b in a column with different superscripts differ (); U. Gana = Upper Gana; DM = dry matter; CP = crude protein; NDF = neutral detergent fiber; ADL = acid detergent lignin; ME = metabolizable energy; SE = standard error; LSD = least significant difference; CV = coefficient of variation; NS = nonsignificant.


The highest (48.74%) NDF content was recorded at Jewe and Upper Gana Kebeles, respectively. The highest (5.67%) mean forage ADL content was observed at 100% and 50% stage of flowering, respectively (Table 4). Lignification of the forages appeared to occur almost constantly with an increase in harvesting days. The authors in [28] reported that as maturity advanced, forage yield increased, but CP content dropped by about 40 to 50%, and ADF and NDF levels increased by 15 to 25%. The lowest forage ADL content was recorded in sweet lupine which was planted at 40 cm × 20 cm (5.17%) and 30 cm × 20 cm (5.37%) compared to the rest narrower intra- and interspacing. The predominant features of increasing plant density resulted in a tremendous reduction in leaf to stem ratio, which in turn resulted in an increase in cell wall and lignin contents [29].
The highest metabolizable energy content (9.31 MJ/kg) was obtained in Jewe Kebele. Significantly higher (9.44 MJ/kg) and lower metabolizable energy (9.04 MJ/kg) were recorded at 100% and 50% flowering stage, respectively (Table 4). This might be due to the fact that as the plants grow longer, there is a greater need for structural tissue with increased proportion of stem that has higher structural carbohydrates (cellulose and hemicelluloses) by affecting the metabolizable energy content of the plant [30].
3.4. In Vitro Organic Matter Digestibility of Sweet Lupine Forage
In vitro organic matter digestibility (IVOMD) of sweet lupine forage was significantly affected () by both location (L) and planting spacing (S) (Table 5).
Table 5: Effects of location and spacing on in vitro organic matter digestibility of sweet lupine forage.
	

	Factor	IVOMD (%)
	

	Variety (V)
	    Vitabor	67.62
	    Sanabor	67.41
	     value	0.5503
	    SE (±)	0.25
	Location (L)
	    U. Gana	68.15a
	    Jewe	66.88b
	     value	0.0006
	    SE (±)	0.25
	Spacing (S)
	    30 × 7	66.50c
	    40 × 7	67.06bc
	    30 × 15	67.32bc
	    40 × 15	66.96bc
	    30 × 20	68.18ab
	    40 × 20	69.10a
	     value	0.0007
	    SE (±)	0.43
	Interaction	NS
	LSD	1.23
	CV%	3.17
	


a–c in a column with different superscripts differ (); U. Gana = Upper Gana; IVOMD = in vitro organic matter digestibility percent; SE = standard error; LSD = least significant difference; CV = coefficient of variation; NS = nonsignificant.


Sweet lupine forage gave the maximum IVOMD (68.15%) in Upper Gana Kebele against the minimum (66.88%) in Jewe. Planting at a spacing of 40 × 20 cm gave the highest IVOMD (69.10%) against the lowest IVOMD (66.50%) at 30 cm × 7 cm planting spacing. The maximum IVOMD was recorded at wider and the minimum at the narrow planting spacing. These results were in agreement with those of [31]. These differences in digestibility may be related to the morphological and anatomical characteristics of the plant tissues [32]. The higher leaf to stem ratio under wider planting pattern causes differences in digestibility of forage compared to narrow spacing because of the lower rate of lignification in the leaf and accelerated rate of lignification in the stem component [33].
3.5. Yield and Yield Components of Sweet Lupine
The effect of location on plant height, pod length, and the number of seeds per pod, seed yield, and hundred seed weight, the effect of variety on hundred seed weight, and the effect of planting spacing on number of pods per plant were highly significant ().
Both sweet lupine varieties in Upper Gana Kebele were found to be the highest with an average height of 105.32 cm and relatively short in Jewe Kebele (77.51 cm) (Table 6). Similarly, sweet lupine varieties planted in Upper Gana Kebele gave the maximum pod length (4.90 cm) and the highest number of seeds per pod (4.88) compared to planted at Jewe Kebele (pod length 3.72 cm and seeds per pod 4.50, respectively). Similar result has been also reported by [18]. The plant height of sweet lupine in Ethiopia at maturity reported by [13] ranged between 56.30 cm and 56.70 cm which were not in line with the plant height of this study. The same author also reported that the number of seeds per pod range between 4.33 and 4.67 almost agreed with this study.
Table 6: Effects of location, spacing, and variety on plant height, pod length, number of pods per plant, number of seeds per pod, seed yield, and hundred seed weight.
	

	Factor	PHM (cm)	PL (cm)	PP	SP	SYD (t/ha)	HSW (gm)
	

	Location
	    U. Gana	105.32a	4.90a	52.31	4.88a	2.98a	14.58a
	    Jewe	77.51b	3.72b	55.45	4.50b	2.15b	11.83b
	     value	<0.0001	<0.0001	0.2828	<0.0001	<0.0001	<0.0001
	    SE (±)	1.74	0.03	2.04	0.03	1.38	0.21
	Variety
	    Vitabor	93.10	4.31	52.17	4.88	2.52	12.30b
	    Sanabor	89.73	4.31	55.59	4.50	2.61	14.11a
	     value	0.1769	0.8641	0.2430	0.2917	0.6507	<0.0001
	    SE (±)	1.73	0.03	2.04	0.03	1.38	0.21
	Spacing
	    30 × 7	94.87	4.27	35.97e	4.75	2.56	13.08
	    40 × 7	96.31	4.35	43.41de	4.68	2.63	12.75
	    30 × 15	86.75	4.27	48.62cd	4.66	2.40	13.41
	    40 × 15	86.08	4.29	55.54bc	4.61	2.33	13.75
	    30 × 20	93.66	4.32	62.72b	4.74	2.58	12.75
	    40 × 20	90.83	4.35	77.02a	4.71	2.87	13.50
	     value	0.0928	0.8304	<0.0001	0.6670	0.6754	0.2884
	    SE (±)	3.00	0.05	3.54	0.06	2.39	0.36
	Interaction	NS	NS	NS	NS	NS	NS
	LSD	4.94	0.09	5.83	0.11	0.39	0.60
	CV%	11.39	4.46	22.79	4.90	32.37	9.59
	


a–e in a column with different superscripts differ (); U. Gana = Upper Gna; PHM = plant height at maturity; PL = pod length; SP = number of seeds per pod; PP = number of pods per plant; SYD = seed yield; HSW = hundred seed weight; SE = standard error; LSD = least significant difference; CV = coefficient of variation; NS = nonsignificant.


Plants planted at wider spacing 40 cm × 20 cm resulted in higher pod number (77.02) compared to the narrower spacing 30 cm × 7 cm (35.97). The results indicated that the number of pods per plant increased as the planting space increased, since sweet lupines were affected by the number of branches. The result of the present study was similar with [23], which indicated that narrow-leafed lupines (Vitabor and Sanabor) had inflorescence on all branches (main stem, primary, secondary, and basal lateral branches).
Sweet lupine gave the maximum seed (2.98 t/ha) yield in Upper Gana Kebele against the minimum seed (2.15 t/ha) yield at Jewe Kebele. The seed yield of narrow-leafed sweet lupines at the midaltitude in this study was in line with the reports of [22] (2.86 t/ha), but higher than the findings of [13] (0.32 to 0.36 t/ha). In addition, [23] reported that the relatively good performance of narrow-leafed sweet lupines at all locations, compared to the other species, showed the wider adaptability of narrow-leafed sweet lupines in different growing environments.
The effect of location and variety on hundred seed weight had highly significant (). Upper Gana Kebele gave the highest hundred seed weight (14.58 gm) followed by Jewe Kebele (11.83 gm). Sanabor had higher hundred seed weight (14.11 gm) than Vitabor (12.30 gm). This study was numerically higher than Vitabor (9.07 gm) and Sanabar (10.50 gm) conducted in Tigray region, Ethiopia [13].
3.6. In Vitro Organic Matter Digestibility of Sweet Lupine Seed
The effect of location on sweet lupine seed CP content and IVOMD was highly significant () (Table 7). The metabolizable energy (ME) content of sweet lupine seed due to location was not significant ().
Table 7: Effects of location, variety, and spacing on crude protein, IVOMD and metabolizable energy content of sweet lupine seed.
	

	Factor	Chemical composition on DM basis
	CP (%)	IVOMD (%)	ME (MJ/kg)
	

	Variety
	    Vitabor	23.63	79.23	11.91
	    Sanabor	23.46	79.38	11.93
	     value	0.7713	0.7364	0.6499
	    SE (±)	0.42	0.23	0.02
	Location
	    U. Gana	29.11a	80.49a	11.94
	    Jewe	17.98b	78.16b	11.90
	     value	<0.0001	<0.0001	0.3045
	    SE (±)	1.45	0.23	0.02
	Spacing
	    30 × 7	22.30	78.82	11.86
	    40 × 7	23.26	79.29	11.90
	    30 × 15	23.99	79.64	11.94
	    40 × 15	23.37	79.56	11.96
	    30 × 20	24.19	79.17	11.89
	    40 × 20	24.15	79.46	11.94
	     value	0.4212	0.7376	0.3870
	    SE (±)	0.72	0.40	0.04
	Interaction	NS	NS	NS
	LSD	1.19	0.66	0.06
	CV%	10.65	1.76	1.18
	


a-b in a column with different superscripts differ (); U. Gana = Upper Gana; CP = crude protein; IVOMD = in vitro organic matter digestibility; ME (MJ/kg) = metabolizable energy in mega joules per kilogram; DM = dry matter; SE = standard error; LSD = least significant difference; CV = coefficient of variation; NS = nonsignificant.


The highest (29.11%) and the lowest (17.98%) sweet lupine seed CP content were recorded at Upper Gana and Jewe Kebeles, respectively. Data on IVOMD of sweet lupine seed in Upper Gana Kebele gave higher IVOMD (80.49%) than Jewe Kebele (78.16%). The CP content of sweet lupine seed at the midaltitude locations in this study was lower than the reports of [34] (38.8%) and [35] (30–40%). Reference [36] also showed that lupine seeds contain 86% digestible energy and 15.7 MJ ME/kg on DM basis, which were higher than the current observation.
3.7. Pearson Correlations between Agronomic Attributes and Seed Yield of Sweet Lupine
Seed yield (SYD) was found to be positively correlated with number of stands, plant height, pod length, and the number of seeds per pod, while hundred-seed weight was positively correlated with plant height, pod length, number of seeds per pod, and seed yield. The number of seeds per pod was positively correlated with pod length, plant height, number of stands, seed yield, and hundred-seed weight (Table 8). The results revealed that selection for higher number of stands, plant height, pod length, number of seeds per pod, and hundred-seed weight would be helpful in increasing the seed yield in plants [37].
Table 8: Pearson correlation between agronomic attributes of two sweet lupine varieties.
	

	Variables	Stand	PH (cm)	PP	PL (cm)	SP	SYD (t/ha)	HSW (gm)
	

	Stand	1.00	 	 	 	 	 	 
	PH	0.48	1.00	 	 	 	 	 
	PP	−0.57	0.00	1.00	 	 	 	 
	PL	0.28	0.76	−0.04	1.00	 	 	 
	SP	0.28	0.58	−0.01	0.51	1.00	 	 
	SYD	0.31	0.69	0.15	0.42	0.42	1.00	 
	HSW	0.20	0.47	0.02	0.65	0.42	0.43	1.00
	


Level of significance:  ; ; PP = number of pods per plant; PL = pod length (cm); PH = plant height; SP = number of seed per pod; SYD = seed yield; HSW = hundred-seed weight.


4. Conclusions and Recommendations
The overall result of this study suggested that green forage and forage dry matter yield were affected by location (Upper Gana produced relatively higher), planting spacing, and stage of flowering, while sweet lupine seed yield, seed crude protein, and in vitro organic matter digestibility were affected by location. Sweet lupine has relatively high crude protein content and a high in vitro organic matter digestibility. The differences in yield and nutritive values observed among sweet lupine varieties, growth environment, planting spacing, stage of flowering, and their interactions entail consideration of these factors for appropriate utilization of sweet lupine as a feed resource for livestock and seed yield. Continual research work on adaptability in different agroecology and animal performance evaluation is recommended [38].
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