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	The livelihood of humankind is closely related to the soil resources. Soil erosion is a worldwide environmental problem that reduces the productivity of all natural ecosystems and agriculture. Soil erosion by water is the greatest factor limiting agricultural productivity in humid tropical regions. Several methods exist for controlling soil erosion. The trees in the hedges act as vegetative barriers along the contour of a slope and maintain the organic matter through leaf fall and root residues, while the area between the hedges is used for agricultural production. Koshire sub-watershed is one of the watersheds found in the Demba Goffa district which face a higher runoff problem during rainy season. This study was initiated to evaluate the potential of leguminous shrub hedgerow on reduction of soil loss by runoff and its impact on yield of alley maize. The study was conducted from 2019 to 2020 using three leguminous shrub species (Leucaena leucocephala, Cajanus cajan and Sesbania susban) and one sole maize in hedgerow agroforestry practice using four farmers as replication. Collected data were subjected to ANOVA to analyze variations of parameters among the treatments. LSD tests were used to identify mean differences at 5 % level of significance.  The yield of the maize grain yield and yield components did not show a significant variation, but the soil loss was significantly (P≤ 0.05) varied between treatments. The present study concluded that woody shrubs with a fast growth rate work better than those having lower growth rate. Thus, Cajanus cajan can be used with alley maize in hedgerow agroforestry practice to control soil erosion in short time to attain consistent and better erosion control measure. Since the present study was conducted only for two years, further research is ought to be conducted for prolonged time to evaluate their effect on soil loss.
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1. INTRODUCTION
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The livelihood of humankind is closely related to the soil resources. Soil provides food, clean water, and air which is a major carrier of biodiversity (Katsuyuki 2009; Keesstra et al 2016). Soil erosion is a worldwide environmental problem that reduces the productivity of all natural ecosystems and agriculture, which threatens the lives of most smallholder farmers (Gessesse et al 2015; Ochoa-Cueva et al 2015; Taguas et al 2015; Prosdocimi et al 2016). Soil erosion by water is the greatest factor limiting agricultural productivity in the humid tropical regions (Sunday et al 2012). Several methods exist for controlling soil erosion by water. Most soil conservation efforts have focused on the use of contour plowing, residue lines (windows), rows of stones, terraces, mulching, and cutoff drains, all aimed at reducing the slope and increasing the infiltration of rainwater. Farmers, however, may adopt soil conservation measures that provide benefits in addition to erosion control, such as the use of tree and shrub hedgerows on contours for fodder production (Nair 1984; Ohlsson and Shepherd 1992). 
The trees in hedgerows act as vegetative barriers along the contour of a slope and maintain soil organic matter through leaf fall and root residues, while the area between hedges is used for agricultural production (McDonald 1997). Carefu selection and introduction of trees to farmland is useful in mitigating pest damage that heterogeneity in species composition is desirable in regulating pest populations (Pimentel 1961). Tree introduction to farmland also increases the soil moisture content, and the variation in soil moisture content leads to changes in the structure and function of the ecosystems. These changes could favor few species to establish and also could become responsible for the removal of some species (Sheil 1999). It is also a low-input technology, which contribute to the enhancement of food production while ensuring sustainability (Garrity 2012). Agroforestry is a sustainable land management option because of its ecological, economic, and social attributes and improves food security through increased income from tree products and enhanced crop production (Coulibaly et al 2017), it may also reduce it by lowering crop yields (Ndoli et al 2017) under trees due to competition for resources shared between trees and crops, but the reduction in crop yield is compensated by tree products (Kho 2000).
Hedgerows lead to progressive development of terraces through accumulation of soil upslope of the hedge and stabilization of terrace banks by stems and roots (Young and Sinclair 1997). Such systems provide sustainable alternatives for areas where the human population density is increasing rapidly; reaching the point where large-scale land management is no longer possible and marginal lands are coming under cultivation (Gessesse et al 2015). Akinnifesi et al (2005a) indicated that crop plants growing in the agroforestry plots had significantly higher growth and yield than those in purely arable crop plots. Farmers in the mid-altitudes of SNNPRs carry out farming on originally rich soils that are now degrading because of high land pressure, erosion and lack of good soil management practices to maintain its fertility. The Koshire sub-watershed is one of the watersheds found in Demba Goffa district, which faces a higher runoff problem during the rainy season and causes washing of agricultural land and the accumulation of silt in irrigation schemes. Therefore, this problem needs solution to alleviate runoff and irrigation scheme sustainability. This study was initiated to evaluate the potential of leguminous shrub hedgerow on reduction of soil loss by runoff and its impact on yield of alley maize in Demba Goffa district, southern Ethiopia.
2. MATERIALS AND METHODS
2.1. [bookmark: _Toc472492872] Description of the Study Areas 
The study was carried out at the Koshire sub-watershed of Denba Gofa woreda, which is located in the Goffa zone. It is found 435 km south of Addis Ababa and 168 km west of Arba Minch. The watershed is located (37°0′30″–37°5′30″ E and 6°25′0″– 6°28′30″ N) with an altitude range of 982 to 2654 m above sea level.  The upper stream of the watershed is very steeply sloped (above 45%), serving as the main source of water that feeds the downstream Koshire irrigation scheme. The total area of the watershed is 2172.6 hectares. The area is characterized by irregularities and insufficiency of rainfall. Meteorological records reveal that rainfall pattern in Demba Goffa is bimodal with mean annual rainfall ranges between 1000 mm - 1500 mm, whereas the average temperature is 25oc, varying between 20oC – 30oC. The soil of the study site is characterized by a clay texture and a gentle slope. 
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Table 1: Monthly temperature, rainfall, and relative humidity of the Koshere sub-watershed, Dembagofa Woreda, southern Ethiopia during the study seasons (2019-2020)
	Month
	2019
	2020

	
	Max T (oC)
	Min T (oC)
	Rainfall (mm)
	RH (%)
	Max T (oC)
	Min T (oC)
	Rainfall (mm)
	RH (%)

	January
	35.19
	11.15
	58.01
	31.56
	29.68
	12.58
	0
	68.56

	February
	35.99
	16.19
	89.65
	40.12
	32.4
	15.53
	21.09
	64.06

	March
	36.51
	18.05
	131.84
	51.88
	33.19
	15.69
	89.65
	71.31

	April
	31.62
	17.07
	437.7
	74.44
	31.53
	16.48
	258.4
	76.81

	May
	28.22
	15.91
	321.68
	80.69
	26.11
	16.9
	179.3
	84.88

	June
	25.83
	15.92
	131.84
	85.81
	25.62
	15.03
	110.74
	86.44

	July
	26.21
	14.75
	116.02
	81.75
	24.84
	14.02
	116.02
	84.81

	August
	25.44
	14.18
	152.93
	78.62
	25.11
	14
	126.56
	84.44

	September
	27.28
	13.89
	221.48
	76.25
	25.83
	14.83
	158.2
	80.12

	 October
	26.18
	14.84
	105.47
	79.44
	25.98
	13.78
	300.59
	77

	November
	26.09
	13.99
	110.74
	79.19
	26.35
	12.14
	184.57
	70.25

	December
	26.44
	12.71
	237.3
	75
	30.37
	11.21
	79.1
	57.81

	Mean
	29.250
	14.888
	176.222
	69.563
	28.084
	14.349
	135.352
	75.541


Source: National Meteorological Agency, Hawassa Branch (2021). Max T= maximum temperature, Min T= minimum temperature, RH= relative humidity 

[image: F:\Koshire_watershed map.jpg]
Figure 1. Location map of the study area
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Experimental Design and Field Layout
The study was conducted from 2019 to 2020 using three leguminous shrub species (Leucaena leucocephala, Cajanus cajan and Sesbania susban) and sole maize plot as control in alley agroforestry practice. Four farmers were used as replications. The hedgerows were established using the direct sowing method with double rows of 15 cm spacing between shrubs 20 cm between shrub lines in a staggered manner. The length hedgerow and width of the alley was five meters.  It was laid out with independent plots. Four farmers were used as replications. Recommended NPS and urea fertilizers were applied to the alley maize. Urea was used in split application, 50kg-1 at the beginning and 50kg-1 after 40 days (after 7 leaves per maize seedling occurred). The BH-540 maize variety was planted 0.75 m from the hedgerow in the alleys and a 75cm x 25 cm was kept between rows and plants were maintained, respectively.  All recommended agronomic and shrub management practices were followed. Catch pits were installed 0.5 meters below hedgerow of legumes to trap soil loss for quantification. The length, depth and width of the catch pits were 5, 0.4 and 0.5 meters, respectively. The catch pits were covered by geomembranes and the soil trapped was weighed after sunlight dried.
Data Collection and Analysis
Data on fresh shrub biomass (SBW) was collected by cutting 0.75m above ground and weighing using spring balance. Maize biomass data was collected by weighing all above ground biomass of ten plants from central row of each plot. Maize grain yield data was also collected in ten plants from central rows of each plot. The soil loss data was collected by oven drying the soil sample collected from the catch pit at 105 0C for 24 hours in the laboratory. The data collected was subjected to analysis of variance (ANOVA) to analyze the variations of the parameters between treatments. LSD tests were used to identify mean differences at 5 % level of significance. All data analyses were done with GenStat software (version 16th).

3. RESULTS AND DISCUSSION
3.1. Influence of Hedgerows on Maize Yield
In the present study, maize yield and yield parameters did not show significant variations (p <0.05) between treatments and cropping seasons when compared to the control plot (Table 1). However, a numerical grain yield reduction was observed between shrub species and cropping seasons. Thus, Cajanus cajan showed numerically lower grain yields (8% in the first cropping season and 10% in the second cropping season) than other treatments. It ranged from 5% to 7% and 0% to 5% in the case of Leucaena leucocephala and Sesbania susban in the first and second cropping seasons, respectively. The reduction in grain yield and yield component by shrub hedgerow could be due to the competition above and below the ground for sunlight and soil nutrients. Higher growth performance of Cajanus cajan adversely affected maize growth performance and grain yield compared to other treatments. On the other hand, the low biomass yield of Sesbania susban and Leucaena leucocephala could facilitate better sunlight penetration for maize plants than Cajanus cajan. This could lead to get better grain and biomass yield of maize. 

Reduced growth and yield of annual crops due to intercepted photosynthetically active radiation (IPAR) has been reported by Sinclair and Muchow (1999) and Liu et al (2012). Competitive interactions for resources (water, light, and nutrients) between the tree component and crops in alley-cropping systems have been documented in a variety of practices (Cannell et al 12006; Akonde et al 2006; Tilander and Ong 2009). Plants require light, nutrients, and water for their growth and survival; trees, crops, and weeds have the same requirement in this regard. Tree-crop competition is often believed to be responsible for declining crop yields at the hedgerow-crop interface commonly observed in many alley-cropping trials (MacLean et al 2012). Studies on tree-crop competition in alley cropping have mostly focused on indirect competition through exploitation of shared resources (MacLean et al 2012). Many trials report low yields of crops grown adjacent to hedgerows that negate the benefits from yield increases in the center of the alleys (Kang and Shannon 2011).

3.2. Influence of Hedgerows on Soil Loss
The soil loss of different treatments from both cropping season (2019 to 2020) is given in Table 1. All shrub hedgerow treatments did not show significant differences (p ≤ 0.05) except Cajanus cajan in both cropping seasons. The difference between other treatments was not statistically significant compared with control plot. Therefore, the Cajanus cajan, Sesbania susban and Leucaena leucocephala hedgerows reduced soil loss by 67%, 8% and 3% in the first cropping season and 72%, 17% and 7% in the second cropping season, respectively, showing incredible effectiveness of the hedgerows in controlling soil loss (Table 1 and Figure 1). The mean soil loss during second cropping season was lower than first cropping season (Figure 2). Our experimental results showed that shrub hedgerow played an effective role on soil conservation. The reasons for the reduction of the high soil loss due to Cajanus cajan treatments could be greater vegetation coverage and root density. 

The reduction difference between years might be due to the rainfall difference (Figure 2). This implies more runoff in the treatments with hedgerow was infiltrated into soil as reported by (Dunkerley et al 2001) and the hedgerow acted as permeable barriers for slowing down runoff (James et al 2008). Additionally, the above ground parts of hedgerow intercepted part of the sediment particles. A study in South-western Nigeria indicated that Leucaena hedgerows on a tropical alfisol were very effective and reduced water runoff in a maize crop to 3% and erosion to 0.10 t ha-1 (Lal 1989). Another five-year study in Philippines showed that contour hedgerows of Gliricidia and Paspalum conjugatum (GPas) reduced soil loss by 67% at the Compact site and by 77% at the Cabacungan site (Agus 1999). Another study conducted in China by Sun discussed the effect of alley cropping on controlling soil erosion (Xu et al 1999), Cai analyzed the mechanism of alley cropping controlling soil erosion and held that mechanical interception could be the main reason for reducing soil loss by alley cropping (Sun H. et al 1999). Also, this bio-terrace considerably reduced soil nutrient loss and increased organic matter, facilitating N, P, and other nutrients moving toward the root zone (Cai et al 1998).  According to most of the studies conducted in southwestern China, alley cropping has been proven to have great potential in both economic and environmental advancement (Sun et al 1999a, 1999b; Zhang 2001; Zhu and Chen 2006).


   [image: ]
Figure 2. Trial photo in field 


30

Table 1:  Effect of the leguminous shrub hedgerow on alley maize yield and soil loss reduction at Koshire sub-watershed, Demba Goffa District, Southern Ethiopia 
	Treatment
	First cropping season (2019)
	Second cropping season (2020)

	
	SBW
(t ha-1) 
	MPH
(cm)
	GY
 (t ha-1)
	MBM
(t ha-1)
	100SW (g)
	Soil  loss (t ha-1)
	SBW
(t ha-1)
	Ph
(cm)
	GY
 (t ha-1)
	BM       (t ha-1)
	100SW
 (g)
	Soil loss (t ha-1) 

	Cajanus c.*maize
	91.3a
	251.2
	6.0
	11.7
	34
	0.66 b
	111.4a
	2.55
	5.84
	8.42
	42.87
	0.53 b

	Sesbania s. *maize
	70.1b
	250.6
	6.3
	11.3
	37.5
	1.78a
	84.8b
	2.65
	6.14
	9.72
	41.53
	1.59a

	Leucaena l. *maize
	21c
	243.6
	6.2
	10.5
	35.5
	1.88a
	37.3c
	2.59
	6.04
	9.02
	41.47
	1.77a

	Sole maize 
	-
	246.6
	6.5
	11.5
	34.5
	1.94a
	-
	2.55
	6.45
	9.45
	44.59
	1.91a

	LSD (5%)
	18.15
	NS
	NS
	NS
	NS
	0.96
	22.6
	NS
	NS
	NS
	NS
	0.94

	CV%
	20.38
	3.4
	9.9
	10.5
	3.56
	17
	35.4
	3.5
	6.1
	9.1
	5.1
	39.8

	SBW= biomass of fresh shrub, MPH= maize plant height, GY= grain weight, MBM= maize biomass weight, SW= seed weight 
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4. CONCLUSION AND RECOMMENDATIONS
Soil erosion and runoff can be markedly reduced by hedgerows soon after hedgerow establishment. The present study concluded that soil loss due to runoff can be reduced by integrating the hedgerow of leguminous shrubs on agricultural lands. The bund formed by hedgerows can reduce the slope, and form natural terraces on sloping lands. Woody shrubs with fast growth rate work better than those having lower growth rate. Erosion reduction ability was related with the growth rate of shrubs in both cropping seasons. Maize crop was more suppressed by the treatment that showed fast and higher growth rate that why lower yield was recorded. Cajanus cajan can be used with alley maize in hedgerow agroforestry practice to control soil erosion in a short time to achieve a consistent and better erosion control measure. Since the present study was conducted only for two years, further research is ought to be conducted for prolonged time to evaluate their effect on soil loss.
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