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Abstract 
Alley cropping is a practice in which annual crops are grown between rows of trees or shrubs, resembling hedges. Alley cropping is one of promising agroforestry practice to sustain production in highly populated area where landholding sizes are very small and inorganic fertilizer use is very low. This study was carried out to evaluate the effect of multipurpose shrub species on yield performance of cassava through green biomass transfer. The trial was designed as Randomized Complete Block Design with six replications. Two alley widths (8m*6m and 6m*6m) of Cajanus cajan was used and established in two rows with planting space of 0.5m*0.5m within and between rows. The leaf biomass was pruned and incorporated in to the soil to enrich the soil with plant available nutrients in continuously cultivated agricultural land. Cassava planted between hedges of two Cajanus cajan plots and one untreated plot. The result shows that significantly higher tuber yield (75.9 ton/ha) was  obtained through application of green leaf biomass of Cajanus cajan pruned from 6m*6m alley width as compared to biomass obtained from 8m*6m(68.72 ton/ha tuber yield) . Higher leaf biomass contributes to supply available nutrients for production of the cultivated crop in the study area where it was applied. Farmers are advised to practice Cajanus cajan alley farming by using appropriate alley width with integration of compatible crop type. 
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Introduction
In tropical Africa, nitrogen is the most limiting factor to crop production; high costs of inorganic fertilizers limit their use in sufficient amount by most smallholder farmers. This has led to increased interest in development of integrated soil fertility management systems that incorporate multipurpose woody species into crop production systems where leafy biomass provide N to the annual crop. Important trees and shrubs are used in hedgerow intercropping on cropland or parkland Agroforestry, improved fallows and shaded perennial crop systems. Large amounts of N and moderate amounts of P have been observed in standing biomass, but much variation occurs in the recycling of these nutrients. However, leguminous tree species have shown some potential for soil fertility improvement through biomass transfer; short term fallows nitrogen fixation, re-activation of the ‘N bulge’ and phosphorus scavenging (Hartemink et al., 2000). Agroforestry practices are based on the idea that trees increase nutrient cycling, improve soil fertility, and support the growth of crops (Nair et al., 1999). Agroforestry can be a viable option to alleviate degradation and loss of soil fertility from the agricultural fields. Agroforestry, especially alley cropping can help more efficiently to manage agriculture production system (Jordan, 2004). Trees continuously contribute to soil organic matter through shedding of leaves and root decay. High decomposition and mineralization rates under woody species as compared to the open field are due to improved soil conditions under a tree canopy. In this respect, the relatively high organic matter content under a tree canopy is a key factor (Young, 1999). Tree pruning are used as mulch to suppress weeds, green manure, firewood as well as browse. Leguminous trees fixe nitrogen biologically to companion crops (USDA, 2012). 
Alley cropping is a new step because the trees are used primarily for soil improvement. Alley cropping is one of an important agroforestry practice in which high organic biomass produced from the pruning’s of hedgerow species and build soil organic matter constituted with beneficial soil nutrients. In alley cropping, food or fodder crops are grown between hedgerow species. In this system, arable crops are grown in between the hedges of woody species, preferably legumes, that are regularly cut back to minimize the competition between tree and crop for light, water and nutrients (Tossah el al., 1998). By combining deep rooting trees with shallow rooting crops, alley cropping systems use resources more efficiently than mono-cropping systems. While, alley cropping has been widely promoted in the tropics as an option for subsistence farmers (Nair et al., 1999).
In Ethiopia, agricultural production system is intensively monoculture, either in large scale or in small-scale farms. The productivity declines from time to time due to soil fertility loss and insufficient supply of plant nutrients. The tradition of agricultural production in small-scale farm faces a series of challenges, specifically the mineral fertilizer application due to its cost and affordability problem. To address this problem, agroforestry practices may play an important role for a sustainable agricultural production and improvement soil fertility; due to its ecological and economic feasibility. This study intended to evaluate and demonstrate integration of legume shrubs under alley cropping practice on cassava yield and soil fertility improvement in different alley width.















Materials and Methods 
Study area description 
The study was conducted in Damot Woyide District; located in the Wolaita Zone of South Ethiopia. The district lies between 6°40′–7°10′ N latitude and 37°30′–38°00′ E longitude, with altitudes ranging from 1,500 to 2,200 meters above sea level. The area experiences a bimodal rainfall pattern, with an average annual precipitation ranging between 900–1,200 mm and mean annual temperature ranging from 15°C to 25°C. The dominant soil types are Nitisols, which are typically acidic and low in available nutrients, particularly nitrogen and phosphorus (Mesfin, 1998; FAO, 2001).
Experimental design and data collection procedure 
The experiment was established during 2023 with two multipurpose shrub species Cajaunscajan with two alley widthsof 8m*6m and 6m*6m were used for cassava crop production. The trial was designed as Randomized Complete Block Design (RCBD) with six replications. The selected multipurpose tree/shrub species planted on a plot area of 8m * 6m and 6m * 6m (8m and 6m alley width spacing). In experimental plots, seeds were planted in two rows at the edge of plot with spacing of 0.5m*0.5m. When the shrub species attain to produce enough branch and leaf for biomass transfer and cut at 1.5m above the ground and chopped the green twigs and leaf to improve the soil through incorporating it. Leaf nutrient content, leaf biomass of shrub species and cassava tuber yield and yield component data were collected. Cajanus cajan easily adapt and attain good growth performance for the purpose of biomass transfer. Biomass transferring carried out by pruning leafy biomass part of the legume shrub. Cassava yield and yield component parameters were collected from all treatment plots. 
Data analysis
Analyzes of Variance were tested using SAS. The tuber yield and yield component parameters of cassava and growth performance of multipurpose tree/shrub species data subjected to one-way ANOVA using General Linear Model (GLM) procedures. Mean separation of treatments was carried out using LSD at 5% probability level

Result and Discussion
Growth performance of established legume shrubs
The experiment was conducted on effect of legume shrub species contribution on cassava yield and yield components under alley cropping and species growth performance with respect to different growth parameters during the experimentation period (Table 1 and 2). 
Table1: Growth performance parameters of the Cajanuscajan grown under two alley widths
	Treatments  
	Plant height(m)
	Branch no. 
	Root collar diameter( RCD)in mm

	8*6/ 8m alley width 
	2.6175b
	20.233b
	20.318b

	6*6/ 6m alley width 
	2.7333a
	22.533a
	21.217a

	CV
	2.00
	  5.45
	2.00

	LSD 
	0.0794
	1.7295
	0.6163


Where: RCD(Root collar diameter), CV( coefficient of variation), Means with the same letter are not significantly different within columns(p<0.05), Where: H =height, BNo =branch number, RCD =root collar diameter, LSD( = least significant difference, CV =coefficient of variation. 
The height, root collar diameter, and number branches of Cajanus cajan planted in 6*6 alley width was significantly higher than in 8*6 alley width.The present study result revealed that Cajanus cajan showed good performance in different planting pattern. This result in line with the findings of  Lemage et al., (2021), who reported  that the legume shrubs perform  better in hedgerows intercropping  in Debub Ari district.
Leaf biomass produced under the alley widths 
Table 2: Leafy biomass produced by Cajanus cajan for cassava production 
	Treatments  
	Biomass produced kg per ha 
	Biomass in ton/ha 

	8*6/ 8m alley width 
	10308
	 10.308

	6*6/ 6m alley width 
	12750
	 12.750

	CV
	14.70 
	 15.44

	LSD 
	NS
	 NS



The amount of leaf biomass (BM) produced from Cajanus cajan (10.61 ton ha-1) in 6*6 alley width was higher than in 8m*6m alley cropping system (8.77 ton ha-1). This result is in line with finding of Sjögren et al(2010), who reported that the integration of Sesbania sesban showed a very high growth potential in 6 and 18 months fallow period in Kenya. 
[image: ]
Fig.1 Field picture at biomass transferring and harvesting   
Table 3: Leaf nutrient analyzed from hedgerow shrub species.
	Species(treatments)

	Nutrients released
	LBM ton ha-1

	
	%N 
	%P
	%K
	

	8*6/ 8m alley width 
	3.65 
	0.47
	4.18 
	 10.308

	6*6/ 6m alley width 
	3.65
	0.47
	4.18
	 12.750



Where: LMB (leaf biomass), ha-1 (per hectare), for N 0.3 g of leaf sample used and 0.5 g was used for P and K analysis.
Table 4: Contribution of green biomass for nutrient release
	Species(treatments)

	LBM ton ha-1 
	N (from LBM) 
	P (from LBM) 
	K (from LBM)

	8*6/ 8m alley width 
	 10.308
	376.242kg
	129.194
	1149

	6*6/ 6m alley width 
	 12.750
	465.375kg
	159.8
	1421.2


Where: LMB (leaf biomass), ha-1 (per hectare), for N 0.3 g of leaf sample used and 0.5 g was used for P and K analysis

Cassava production under alley cropping
The yield and yield component parameters for cassava grown under alley widths of 6m*6m showed significantly difference than that of 8m*6m alley width (Table 5 and 6).This could be due to the area covered for cassava under 8*6 was larger than that of 6*6. And greater numbers of cassava stands werepresent and small amount of LBM applied on 8*6 plots.  In the present study, cassava yield and was higher in Cajanus cajan planted in 8m*6m alley width than intercropping than the other plots (Table 4). 

Table 5: Cassava (Manihote sculenta) yield and yield component parameters
	Treatments
	Tuber diameter (mm)
	Tuber height
	No. tuber per plant
	Tuber weight plant

	Control
	45.857c
	35.634c
	5.364c
	3.596c

	6m*6m
	78.226a
	61.834a
	9.826a
	7.59a

	8m*6m
	70.800b
	54.830b
	8.266b
	6.872b

	Cv
	6.53
	5.52
	8.39
	6.55

	LSD
	6.19
	4.0862
	0.9568
	0.5748


Means with the same letter are not significantly different within columns(p<0.05), Where: H =height, BNo =branch number, RCD =root collar diameter, LSD( = least significant difference, CV =coefficient of variation.  
Table 6: Tuber yield of cassava produced by legume shrubs biomass transfer 
	Treatments 
	Tuber per plots(kg) 
	 Tuber yield/ha(kg) 
	Yield ton/ha

	Control 
	129.46c
	35960c	
	35.960c

	6m*6m
	273.24a
	75900a
	75.900a

	8m*6m
	247.39b
	68720b
	68.720b

	Cv
	 6.55
	6.52
	6.65

	LSD
	20.693
	5748.2
	5.7482


Means with the same letter are not significantly different within columns (p<0.05), Where: H =height, LSD( = least significant difference, CV =coefficient of variation.  
Conclusion and Recommendation
Particularly, Cajanus cajan planted in alley cropping practice plays significant role in narrow widths by contributing sufficient amount of leaf biomass for cassava production and compatible species under this practice. 
However, more plant nutrients were gradually built up in alley cropping plots. Pruned biomass of legume species particularly Cajanus cajan incorporated into the soil under alley cropping reduced the rate of soil nutrient depletion and increased productive base of the soil through nutrient released through decomposition of pruned biomass. Cajanus cajan has good growth performance, high leafy green biomass produced in the studied area, it is recommended as an important legume shrub to integrate on agricultural land with root crop under alley cropping. This should be intensively demonstrated to sustain the agricultural production as an organic farming through integration of easily adapting, less competing with the companion crop, deep rooted and fast growing legume shrub species. Further research is important to determine rate of pruned biomass decomposition, potential species should be identified having uniform growth performance and ideal to integrate with annual crops. 
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