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ABSTRACT
Sorghum production is negatively influenced by abiotic and biotic stresses. Striga hermonthica, an obligate root-parasite, has been identified as one of the major biological threats to sorghum production. Despite the many Striga management methods available, sorghum yield in Northwest Ethiopia remains below potential. Three field experiments to assess the efficacy of Striga management on Sorghum performance were conducted in Striga hermonthica hot spot areas of Northwest Ethiopia in the 2017/18 cropping season, at Gondar agriculture research centers in Metema and Sanja. A randomized complete block design with three replications in a factorial arrangement, three nitrogen and cattle manure rates, and two sorghum varieties, Striga resistant 'Berhan' and susceptible 'Deber,' intercropped with sorghum and soybean at different dates of sowing (2 weeks, one week before, and at the same date with sorghum) and soybean 'Afgat' were treatments and the test crop. All treatments in the experiment reduced Striga count and Striga dry matter to a varying degree. Grain yield, above-ground biomass, and thousand seed weight all revealed a very significant difference in the main effects and their interactions. N 92 kg and manure 20 tons h-1 gave the highest grain (1.23 tons) and biomass (13.49 tons h-1) yields and the lowest Striga counts (81.3 at 4.8 m2). Sorghum/cowpea and sorghum/soybean had substantially higher mean LERs, 1.45 and 1.34, respectively. "Berhan" variety with N 92 kg and manure of 20 tons h-1, sorghum: cowpea intercropping and sowing soybeans two weeks before sorghum is recommended for effective sorghum production and Striga management in the study area.
Keywords: Cattle manure; intercropping; legumes; nitrogen; productivity; sorghum; striga
CHAPTER 1. GENERAL INTRODUCTION AND METHODOLOGY

1.1 Background and Justification
Ethiopia is Africa's second-most populous country, after Nigeria, and its economy is heavily dependent on agriculture. The country is known for its wide range of altitudes, which range from 110 meters below sea level in the Dalol depression in Afar to 4533 meters above sea level in the Semen Mountains in Amhara (UNICEF, 2016). Because of its high-altitude variations, the country has a wide variety of habitats, including tropical in the lowlands, subtropical in the medium highlands, and temperate in the highlands, resulting in a diverse range of crops, plants, and forest trees. Ethiopia's main source of revenue is agriculture. The industry accounts for 46.3 percent of GDP and 83.9 percent of exports. The sector employs about 80% of the population and is a key source of economic growth (GTP, 2016). The country has a diverse range of climatic and soil conditions, allowing for the production of a wide variety of crops.

 

Despite the fact that agriculture is the country's primary source of income, Ethiopia has one of the weakest economies in Sub-Saharan Africa (Pankhurst and Gebre, 2002; Devereux et al., 2005). Domestic food imports have failed to meet Ethiopia's food needs, resulting in an increase in food-insecure households since the 1960s. As a result, food insecurity is regarded as Ethiopia's most important development problem. It is largely reliant on agriculture, which has been impaired by droughts and severe yield variations. Unprecedented demographic pressures have resulted in reduced plot sizes (average landholdings have fallen from 0.5 hectares in the 1960s to 0.11 hectares per capita in 1999), putting a growing number of households on inadequately confined and unproductive plots, and making some conventional agricultural activities unsustainable (FAO, 2006). Since the 1960s, the number of food-insecure families has increased dramatically. The country cultivates a wide range of cereals, pulses, oilseeds, horticulture, and commercial crops. Cereals, pulses, and oil crops account for approximately 95% of the total production area (CSA, 2020). Cereals alone cover 75% of the total area, with tef leading the way, followed by maize, sorghum, and millet, in that order. However, the productivity of these main food crops is extremely poor, well below Sub-Saharan and global levels (GTP, 2016).

 

Biological challenges are currently causing severe problems for Ethiopian agriculture, and they are a major contributor to the country's slow economic growth. Subsistence agriculture, in particular, has resulted in rapid and unsustainable fertilizer depletion, posing major challenges to overall agricultural production as well as environmental destruction and destabilization of the natural resource base of the country's rainfed regions (Subbian et al., 2002). Ethiopia's dryland areas account for more than 66.6 percent of the country's total land area (MoA, 2000). A large portion of Ethiopia's grain-producing areas are semiarid, with a lack of moisture being the primary limiting factor for crop production. Increased agricultural development at the household level will be the most critical step toward ensuring food security. For decades, the Amhara region, one of the country's regional governments, has struggled with food insecurity. This area has recently become one of the drought-prone areas where malnutrition occurs on a regular basis.

 

Sorghum (2n = 2x = 20) is the world's fifth-largest grain crop, providing food, fodder, and biofuel. Sorghum is a significant food security crop for more than 100 million Africans. It thrives in low-rainfall, arid, and semi-arid climates due to its high drought tolerance, high temperature pressure, and poor soil fertility. The crop has a comparatively high-water use efficiency as compared to other cereals such as maize and wheat (Blum, 2004). The first domestication of cultivated sorghum is said to have occurred in North-eastern Africa (Sorghum bicolor), (Vavilov, 1951). Ethiopia is the sorghum center of origin due to the significant genetic diversity present. Because of its resistance to a variety of biotic and abiotic stresses, the crop has developed a number of landraces that are grown in different sub-regions (Roa et al., 2002). Sorghum (Sorghum bicolor) is the most valuable cereal in semi-arid regions in terms of volume and planted area. Furthermore, sorghum, unlike most other cereal crops, can produce high yields even in dry conditions.

 

The crop has really been grown for at least 5000 years. As a result, developing countries, especially those in Africa and Asia, account for almost 90% of the worldwide sorghum production area (FAO, 2016). In Sub-Saharan Africa (SSA), sorghum remains an essential food security crop, particularly in marginal regions where other crops fail. Grain sorghum is one of Ethiopia's most significant traditional food crops, coming in third in terms of field coverage after teff and maize, and second in terms of overall production after maize. In terms of injera (national fermented flat pancake) consistency, sorghum is second only to teff. In the 2020 production season, sorghum was grown on 1.89 million hectares, yielding 5.3 million tons. Despite the fact that sorghum is widely cultivated in Ethiopia, there is a high demand for it for food and other various uses, and it is an ideal crop for drought-prone areas. The estimated national yield is 2.8 tons h-1 (CSA, 2020), which is significantly lower than the 3 to 6 tons h-1 yield potential of rainfed cultivation (MARC, 2010). Sorghum accounts for 35.55 percent of cereal area coverage in the Amhara region, with the Central and West Gondar zones accounting for 38.18 percent of regional sorghum area coverage (CSA, 2020), but it grows a crop that falls short of its capacity. Farmers' fields have poor yields for a variety of reasons, the most important of which are factors related to parasitic weeds, water stress, and soil fertility.

 

Striga spp. are obligate parasitic weeds that attach themselves to the roots of cereals and other plants, not only depriving them of nutrients but also producing a variety of debilitating impacts, earning them the title "witchweeds" (Runo and Kuria, 2018). Striga species are obligate parasitic weeds in the Orobanchaceae family. Striga is derived from the Latin words "strait or witch," which likely refers to the fact that plants afflicted by the parasite exhibit stunted growth and an overall drought-like phenotype long before Striga plants develop (Spallek et al., 2013). The two most significant species (Striga hermonthica and Striga asiatica) parasitize cereal crops, mainly sorghum and millets, but also maize, upland rice, and sugarcane. Another species (S. gesnerioides) attacks cowpeas. Striga is completely dependent on its host plant for its existence, and its life cycle is inextricably linked to that of the host plant (Haussmann et al., 2000). Striga develops numerous tiny seeds that remain viable in the soil for many years and do not germinate unless they are extremely close to a sorghum, millet, or maize root (Babiker, 2007). As a result, the parasite stunts the host's shoot development, produces leaf chlorosis, and reduces the host's photosynthetic capability. Once established, it is extremely difficult to eradicate, and in some regions where infestation is severe, crop failure may result in some years (Ejeta and Butler, 2000). 

More than 40 nations have reported the presence of economically significant Striga species, primarily in Africa and Asia (Teka, 2014). Striga spp. has been recorded in 25 African nations, with Sub-Saharan Africa being the most seriously impacted (Parker, 2012). Striga spp. is thought to infest about 50 million hectares of fertile farmland in Sub–Saharan Africa under grain and legume production (Ejeta, 2007). The parasite has reached epidemic proportions in many of these locations, creating a grave situation in subsistence agriculture. Striga's impact is growing as population constraints require more continuous grain production. 
Striga thrives in areas with poor fertility and variable rainfall, affecting small-scale farmers who are the least productive and least able to pay for inputs for its management. Striga's impact is compounded further by its tendency to attack crops that are already under moisture and nutritional stress, situations that are common across the semi-arid tropics. The intensity of a Striga infestation is influenced by the size of the seed bank, the presence of strains, variations, and races with varying virulence, the host cultivar's response, and the environment (Spallek et al., 2013). Annual yield losses from the weed are expected to be in excess of US $10 billion. Striga spp. have an influence on the wellbeing and livelihoods of approximately 100 million people in Africa, and hence have an impact on the economy of the subregion (Ejeta, 2007; Ronald et al., 2016). 

Many climate changes happened in the last two decades of the twentieth century, as well as the first two decades of the twenty-first century. Alternating high temperatures and precipitation may contribute to the parasite breaking dormancy, whilst strong winds substantially aid in the spread and dissemination of Striga seeds (Dawud, 2017). As with other biological processes, the development of germination stimulants, haustorial initiation factors, attachments, seed production, and dispersal are predicted to increase as temperature rises. As a result of the changing environment, the Striga pandemic will worsen. The parasitic weed is expected to become a more significant biological hazard and an agricultural productivity limitation (Ronald et al., 2017).

 

 

Striga has been brought under control in the United States by the use of herbicides, ethylene injection fumigation, and the judicious application of fertilizer. Large farmers in Southern Africa manage the weed by rotating crops, applying nitrogen fertilizer, using pesticides, and weeding (Scholes and Press, 2008). However, rotation impacts take time to establish, fertilizer is expensive or unavailable to small farmers, herbicides are sometimes difficult to use, and clearing out the parasite involves a prohibitively large amount of effort once Striga has become established (ICSU, 1984). Several Striga control techniques have been established to date, including cultural, physical, biological control, chemical, host plant resistance, and genetically modified crops (Teka, 2014). However, control systems suited for subsistence farmers with extremely little resources have never been achieved. 

However, the parasite's massive seed production, prolonged viability of the seeds, breeding behavior that maintains enormous genetic variability, ability to parasitize a wide host range, and the subterranean nature of the early stages of parasitism make control of the parasite difficult, if not impossible, by a single method (Garba et al., 2017). Currently, no one control approach can successfully tackle the problem. The best approach for managing Striga is integrated Striga management, which consists of eliminating incipient populations, limiting core infestations, decreasing parasite reproduction, devitalizing the parasite seed bank, and lowering crop loss (Babiker, 2007).

"Striga infestations are quite strong in sorghum crops in Metema and Sanja in Northwest Ethiopia" (Gebrelibanos and Dereje, 2015). The bulk of agricultural soils in Ethiopia have poor organic matter content and nutrient-supply capacity. This is mostly due to long-term planting with little or no external input, as well as complete crop residue clearance from cultivated areas after harvest. Mineralization of crop residues provides plant nutrients when they are supplemented (Tesfaye and Sahlemedhin, 2002). This technique, however, is often unsustainable for farmers in Ethiopia's water-stressed areas, where biomass output is insufficient to maintain livestock and grain production. Nutrient supplementation by fertilization may help counteract the loss of soil organic matter (SOM) in regions with high production potential (Crasswell and Lefroy, 2001). Crop output in many tropical places is based on increased cultivation of marginal lands. This is especially true in today's industrial system, when average yields are declining (Sharma, 2003).

 

Organic manure enhances the soil's physical, chemical, and microbiological characteristics, resulting in increased crop yields (Palaniappan and Annaduri, 2006). Organic manure, such as farm yard manure (FYM), contains on average 0.5, 0.2, and 0.5 percent N, P2O5, and K2O, respectively (Sharma, 2003), so 10 tons of FYM would have 50 kg N h-1, 20 kg P2O5 h-1, and 50 kg K2O h-1 available during the first season, with approximately 15-30 kg N h-1, 15 kg P2O5 h-1, and 35 kg K2O. Farms with a total live stocking rate of 1.1 tons live weight per hectare showed excellent manure potential with an appropriate macronutrient balance for crop demands, according to Ashiono et al. (2006). In a sample of field trials done in India, Palaniappan and Annuduri (2006) showed that applying FYM at a rate of 12 tons h-1 a month before planting led to yield benefits of 168 kg h-1 in rice, 200 kg h-1 in irrigated wheat, and 85 kg h-1 in rainfed wheat. FYM treatments generated substantially greater yields than non-manure treatments, according to Ashiono et al. (2006). He also observed that using FYM for three seasons resulted in sorghum yields that were generally greater than the recommended inorganic fertilizer rate.

 

Incorporation of trap crops in a crop rotation plan significantly decreases the Striga seed bank in the soil, but the method is no longer practical due to high human demand for available land (Massawe et al., 2001). Legume grain and biomass provide additional benefits in subsistence agriculture as supplies of nutrition, income, animal feed, and manure (Reda and Verkleij, 2007). During the fallow season, short-term improved (or planted) fallows with leguminous plants and shrubs such as Sesbania sesban, Markhamia lutea, and Leucaena diversifolia promote suicidal germination of Striga seed (Oswald et al., 1996, Rao and Gacheru, 1998). Striga is decreased by 55% when sorghum and Celosia argentia (Amaranthacae) are intercropped in Uganda (Olupot et al., 2003). The Silverleaf desmodium has been effectively modeled in Kenya as a "push-pull" control mechanism for reducing Striga by promoting seed germination (Khan et al., 2001; Tsanuo et al., 2003). 
Adoption of the technique is also limited, due to most farmers' desire for food crops over fodder legumes. Farmers' willingness to adopt a trap crop is determined by its economic value. One option is to introduce a low-cost, high-nutritional-value food legume. Many soybean accessions have been proposed and are being developed for Kenya's various ecozones (Nassiuma et al., 2002). Soybean adoption and integration into current cropping systems may be extended by broadening its horizontal use. This is because farmer acceptance of a technology is reliant on its appropriateness for the vast range of biophysical and socioeconomic circumstances in which farmers engage (Oswald and Ransom, 2001; Marley et al., 2004; Franke et al., 2005).

 

Although both legumes and non-legumes can be used as green manures, legumes are preferable in terms of nitrogen supply since they fix atmospheric nitrogen and return it to the soil N pool (Wilson et al., 2008). Legumes may be planted in low-fertility soils to improve soil quality by importing atmospheric nitrogen and to increase cereal crop yield by providing much-needed organic matter to the soil and improving soil physical characteristics. Non-legume crops have revealed that legumes have favorable residual effects on soil fertility and inorganic fertilizer conservation (Angus et al., 2001). According to studies, employing forage or grain legumes in cropping systems improves the growth or production of succeeding crops in some parts of the world, and green manuring offers several advantages. It has enhanced soil OM, total N, and accessible nutrient concentrations at the soil surface (Angus et al., 2001; NWROC, 2006). The addition of agricultural wastes to the soil dramatically boosts soil microbial biomass, functioning as a nutrient sink as well as a decomposition process (Subbian et al., 2002).

 

 Although some sorghum cultivars have shown some resistance to Striga by generating low strigolactone and haustorial initiation factors, parasite avoidance, physical barriers to parasite attachment or penetration, and antibiosis, complete Striga regulation has yet to be achieved in several sorghum fields (Ejeta et al., 1999. When Striga resistant maize was intercropped with certain soybean cultivars, the Striga seed bank decreased by 46% while maize production rose by 88%. Franke et al., 2005; Schulz et al., 2003). In Northern Guinea, Nigeria, single hybrid maize increased Striga incidence and infestation substantially more than intercropped with selected soybean cultivars TGX 1019-2E and TGX 1440-1E. (Kureh et al. 2000). The ability of non-host crops and cultivars to increase Striga seed germination, as well as the ability of Striga hermonthica populations to respond to germination stimulants, has been studied (Kureh et al., 2000). Sauerborn (1999) proved the efficacy of leguminous trap crops in decreasing the S. hermonthica seed bank in field tests in Ghana, where yearly double cropping of trap crops (soyabean, sunflower, cotton) decreased the seed bank by about 30% every year. According to Carsky et al. (2000), the frequency of Striga in maize after soybean was reduced from 3.2 to 1.3 emerging Striga plants per maize plant compared to maize after sorghum, resulting in significantly higher maize yields. 
One of the most significant alternatives for Striga management is the Striga seed bank. Two techniques for depleting the seed bank include encouraging Striga seeds to sprout in the absence of a host plant (also known as suicidal germination) and trap cropping. The technique kills the Striga seedlings and depletes the Striga seed bank in the soil. Striga's genetic flexibility, as well as the vast range of biophysical and socioeconomic conditions in which farmers operate, need an integrated approach in addition to adaptive responses. Striga seeds that sprout suicidally as a result of exudates from trap crops, but are not parasitized themselves, might play an important role in Striga management.

Striga infestation is exacerbated by declining soil fertility, and farmers have used the spread of this plant as an indication of declining soil fertility (Frank et al., 2005). Nitrogen (N) is critical for reversing Striga infestations in cereal crops because it enhances crop tolerance and production while lowering Striga damage. as well as changes in the host root: shoot balance Dzomeku and Murdoch (2007) showed that urea, a nitrogenous chemical fertilizer, significantly reduced S. hermonthica germinating seeds in Nigeria's Guinea Savanna ecological area. N-fertilizer has been found to inhibit Striga emergence, stimulate high maize growth and shoot dry matter production, and reduce Striga damage (Kureh et al., 2003; Sule et al., 2008). Farmers use N fertilizers sparingly because of the high cost, despite their effectiveness in decreasing Striga. Symbiotic relationships between legumes and soil microorganisms such as Rhizobium may be major nitrogen suppliers in most cropping systems (Bohlool et al., 2004). When utilized as a low-input technique (GMCC) in conventional cropping systems, green manure cover crops limit Striga seed germination while simultaneously delivering substantial amounts of residual biomass for soil improvement and weed suppression, making them a competitive alternative to inorganic fertilizer.

Striga has a number of adaptive mechanisms that make control difficult. Allowing Striga plants to bloom and seed results in a huge number of seeds returning to the soil, increasing the seed bank. The Striga issue is aggravated by the cropping strategy (continuous cereal cultivation), which reduces soil fertility while raising Striga seed stock. As a consequence, the management approach will concentrate on decreasing the quantity of Striga seeds in the soil, as well as their growth and soil fertility. Future sorghum productivity-boosting approaches would stress the utilization of useable nutritional capital in a safer, more cost-effective, and long-term manner than current practices. One such method is integrated nutrition management. 
Other agronomic approaches, including intercropping, organic manure, and additional nutrient supply, have the potential to significantly enhance crop yields in farmers' fields while simultaneously decreasing the striga issue on a broad scale. Striga causes damage even before it emerges from the soil, and there is currently no widely accepted and implemented Striga control method in place. (Oswald, 2005). In order to support environmentally and economically successful agricultural operations, integrated nutrient management (INM) emphasizes the wise use of inorganic and organic fertilizer sources (Franchini, et al. 2003). Combining the two fertilizer sources can be a low-risk strategy to increase crop output on smallholder farms while maintaining the soil nutrient base (Hudgens, 2000). Striga flourishes on continuous cropping and low soil fertility (Debra et al., 1998), but not on soils rich in organic matter (Debra et al., 1998). 

However, little is known about organic and inorganic soil amendments, legume intercropping, and various planting dates for sorghum in Northwest Ethiopia for Striga control. As a result, the following objectives were identified to manage the Striga problem in the area: 
The General Objective of the Study
 

The study's overall objective was to evaluate Legume Intercropping and Soil Amendments for Striga (Striga hermonthica) Control and Sorghum (Sorghum bicolor) Productivity in Northwest Ethiopia. 
Specific Objectives 
 

· To assess organic and inorganic soil fertilizers for Striga (Striga Hermonthica) infestation and Sorghum (Sorghum bicolor) performance. 

· To evaluate different legume intercropping for Striga (Striga hermonthica) control and Sorghum (Sorghum bicolor (L.) Moench). 

· A Study of Soybean Intercropping at different Sowing Dates for Striga (Striga hermonthica) Control and Sorghum (Sorghum bicolor) Productivity
1.2 Organization of the Dissertation 
 

The dissertation is organized into five chapters and is written in manuscript format. The general introduction is followed by three research chapters, each of which is organized as a full publishable paper. The chapters are summarized below.

 

Chapter 1: The paper's first section analyzes Ethiopian agriculture, the extent of Striga infestation, sorghum production trends, limitations, and crop yield loss in Ethiopia's lowlands as a result of biotic and abiotic causes. The advantages of organic and inorganic soil fertilization, as well as legume intercropping, in suppressing Striga, replenishing depleted soil, and improving sorghum yield, are frequently addressed. The methodologies employed and the locations where the experiments took place are thoroughly explained in this section. In Northwest Ethiopia, the impacts of nitrogen fertilizer and cattle manure, legume intercropping, and soybean with sorghum at various planting dates on Striga (Striga hermonthica) management and sorghum production are outlined. 

 

Chapter 2: Nitrogen fertilizer and cattle manure for striga (Striga hermonthica) control and sorghum production enhancement in Northwest Ethiopia

Chapter 3: Intercropping of various legumes for striga (Striga hermonthica) control and sorghum productivity increase in Northwest Ethiopia.

Chapter 4: Soybean intercropping at Different planting dates for Striga (Striga hermonthica) management and sorghum production in Northwest Ethiopia

Chapter 5: General conclusions and recommendations, this section highlights the overall implications of this research, and the conclusions and recommendations are all fully discussed in the overview of each chapter's findings.
1.3. General Materials and Methods

1.3.1 Description of the study areas 
The study was conducted in the 2017/2018 main cropping season at Metema and Sanja Research Stations of Gonder Agricultural Research Centre, Northwest Ethiopia. A map of the study sites is presented in Figure 1. Metema station is located at 120 58 'N latitude and 360 12' E longitude with an altitude of 755m above sea level. Whereas, Sanja station is located at 130 19.6 ’N latitude and 36044.6’ E longitude with an altitude of 747m above sea level. Metema and Sanja experimental stations have warm sub-humid climates with mean annual rainfalls of 898.77mm and 850mm, respectively. The average maximum and minimum temperatures of the Metema station are 32.60C and 20.1 0C, while that of Sanja station is 350C and 190C, respectively. Figure 2 summarizes the meteorological data results.
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Figure 1. Map of the experimental sites
[image: image2.png]() [re urey

o o 9
S »m © o
N

Monthes of the yea
BN V| RF (mm) M S RF (Mm) =M Max TO

Weather Data of the Study Area
e ] Min TO === S Max TO

===S5MinTO





Figure 2. Study sites Rain fall and Temperature data 2017/18
1.3.2 Soil analysis 

Composite soil samples were taken from both sites before planting on the top 30cm depth using augur to classify the soils of the experimental sites. Composite soil samples were then air dried in the shade, crushed with a mortar, sieved with a 2 mm screen, and sent to Amhara Design and Supervision Works Enterprise's soil laboratory for analysis of important physicochemical properties of the soils such as texture, pH, cation exchange capacity (CEC), and contents of organic carbon (OC), total nitrogen (N), and phosphorus (P).and exchangeable potassium ion (K+) following their respective standard methods and procedures. Soil laboratory results are presented in Table 1.1.

 

The soil in the testing site is clay based on particle size distribution (Table 1.1). The soil was covered by clay 43.28 percent at Metema and 44 percent at Sanja, according to the results of the study. High clay content may mean that the soil in the experimental site has a stronger water and nutrient keeping capability. The soil pH value of the experimental site was 6.81 at Metema and 6.75 at Sanja, as defined in (Table 1). The USDANRCS (2019) classified soil pH values between 6.6 and 7.3 as neutral. As a result, the pH of the soils in the sample region was neutral. As a result, the pH of the experimental soil was within the 5.5–8.5 range for sorghum-producing soils.

 

Wilson et al. (2008) listed total N and organic carbon (OC) content in soil as follows: total N (percentage) 0.0950-0.125 low. Organic carbon (OC) content (percentage) 2.51-3.5, on the other hand, is high. Total nitrogen levels in the experimental site soil were low (0.11 and 0.12 percent), which is a limiting factor for sorghum cultivation.  At Metema and Sanja, the OC indicates that they were 2.80 and 2.75 percent, respectively. Strong OC indicates that the soil has a high capacity for supplying important plant nutrients to plants. 
The available Phosphorus (P2O5) at Metema and Sanja was 3.87 and 3.58 mg/kg, respectively (Table 1). According to Tekalign Mamo et al. (1991), soils with available P2O5 < 10, mg/kg are categorized as low. According to Landon (1991), top soils having CEC greater than 40cmol (+) kg-1 are rated as very high. The soil has very high CEC Metema and Sanja (76.5 and 74.5 cmol (+) kg-1), respectively, which indicates the existence of better capacity to retain the cations. Metson (1991), explained that soils having > 0.3-0.7cmol (+) kg-1 potassium are classified as medium. Therefore, as depicted in (Table 2), the potassium level of the experimental soil Metema and Sanja (0.512 and 0.50cmol (+)/kg-1), respectively lies in a medium range which indicates no further potassium application required to the soil for sesame growth and development. Generally, nitrogen was a critical soil fertility problem in the study area.
Table 1.1. Soil physicochemical properties of experimental areas before planting in 2017/18
	Soil properties
	Metema 
	Sanja 
	Category/rating 
	Optimum rate of Sorghum

	pH (H2O)
	6.81
	6.75
	Neutral
	5.5 – 8.5

	Total N (%)
	0.11
	0.12
	Low
	2.4 – 3.5

	CEC (cmol(+) kg-1)
	76.50
	74.5
	Very High
	High

	Avail. P (ppm)
	3.87
	3.58
	Low
	3 – 6

	Organic carbon (%)
	2.80
	2.75
	High
	High

	Exch. K+ (cmol(+) kg-1)
	0.51
	0.50
	Medium
	Medium

	Particle distribution
	
	
	
	

	Clay (%)

Sand (%)

Silt (%)
	
	43.28
	44
	
	

	
	
	26.00
	25
	
	

	
	
	30.72
	31
	
	

	Textural class
	Clay
	Clay
	
	


CEC = cation exchange capacity; P = phosphorus; K = potassium; ppm = part per million; pH = potential of hydrogen; @Blake and Hartge (1986); # Panda (2010); * London (1991)
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ABSTRACT
Striga hermonthica is a major biotic threat to worldwide food security, causing tremendous losses in yields of the main staple crops, including sorghum, in sub-Saharan Africa. Despite the numerous ways of Striga control available, sorghum production in Northwest Ethiopia is below its potential. The concept of combining two or more control measures is the current focus. Nitrogen (0, 46, and 92 kg h-1) and cattle manure (0, 10, and 20 tons h-1) application for Striga control in sorghum, was evaluated in 2017/18, in Northwest Ethiopia. A randomized complete block design with three replications was used, with local sorghum 'Deber' as a test crop. The interaction of (N 92 kg) and cattle manure (20 tons h-1) gave the highest (1.23 tons) grain and (13.49 tons h-1) biomass with the least Striga counts (81.3 per plot). The lowest biomass, grain, and highest Striga count were in the control treatment. Economic analysis results showed the highest and lowest net returns of 24,643 and 7,230 Ethiopian birr per hectare, in N 92 kg and 20 tons h-1manure and the control, respectively. Therefore, nitrogen and cattle manure is necessary to control Striga in sorghum and soil rehabilitation through the restoration of biomass productivity and depleting Striga seed bank in the soil. N 92 kg and cattle manure 20 tons h-1can be recommended for the study area.
Keywords: Manure; Nitrogen fertilizer; Productivity; Sorghum; Striga infestation
2.1 Introduction
Sorghum is the world's fourth most common crop, after wheat, rice, and corn, and Africa's second cereal after maize. The continent produces 20 million tons per year, accounting for about one-third of global demand (Taylor and Taylor, 2002). In terms of area covered and yield, this is Ethiopia's fourth most important staple food crop. Tef, corn, and wheat are the most common crops (CSA, 2020). Sorghum is grown in almost every region of the world, covering 1.6 million hectares of soil. The poor productivity of sorghum (2.8 tons h-1) in comparison to that of many other African countries is due to a variety of factors (FAOSTAT, 2016). Striga infestation and low soil fertility are the most significant constraints to development in the world, despite the fact that there are many others (Wortman et al., 2006).

Striga, a member of the Orobanchaceae family (formerly Scrophulariaceae), has a significant impact on the lives of millions of people by causing substantial damage to staple cereals such as rice, pearl millet, corn, and sorghum (Rich et al., 2004; Khan et al., 2005 and Ejeta, 2007). This pest has infested nearly 40% of the arable land in the savanna area (Parker and Riches, 1993). Striga does 75% of its damage when it appears from the earth, making it more difficult to handle (Ejeta, 2007). In eastern Ethiopia, 50 to 80 percent of crop loss has been recorded, and crop failure is not uncommon (Hussien, 2006). Controlling the parasite in order to reduce such yield losses is a crucial problem for the peoples of the area. 

Fertility Deterioration contributes to increased plague of Striga and the presence of this weed has
been used by farmers as an indicator of reducing soil fertility (Drechsel et al., 2001). Striga thrives in areas with poor soil fertility, particularly soils low in nitrogen and organic matter, and in areas with poor farming practices, such as mono-cropping, lack of oxen and natural manure (Dugje et al., 2008). Soil loss and erosion have resulted from continuous planting and limited use of mineral and organic fertilizers.

Reversing the nitrogen effect and reducing stimulant exudation from host roots, which is how elevated nitrogen levels reduce Striga infestation in cereal crops, will result in increased yield due to tolerance (Rich et al., 2004). With the use of N fertilizer, maize growth, shoot biomass, and dry matter development were promoted in the Guinea Savanna ecological zones when Striga emergence was delayed (Kureh et al., 2000 and Drechsel et al., 2001). The nitrogenous fertilizer urea, which is added during conditioning, has the ability to significantly reduce Striga damage (Dzomeku and Mudoch, 2007). 

Chemical fertilizers, no matter how many of them are used, would not result in long term crop yield. Soil productivity can deteriorate in a related way. As a result, using organic fertilizers to solve such an issue is recommended. While applying organic manures alone has been found to be beneficial, combining them with chemical fertilizers has proven to be more beneficial (Schulz et al., 2003 and Gruhn et al., 2010).

There are some issues with using only organic manure as a source of nutrients. First of all, organic manure may not have the proper nutrient balance to satisfy crop requirements and can be difficult to maintain due to its poor, volatile, and inherently unbalanced nutrient content. The use of fertilizers in combination with bulky organic compost, regardless of the ratio, resulted in a large change in sorghum grain yields. Farmyard manure alone or in combination with inorganic fertilizers increases maize and sorghum yields, according to research conducted at Kobo. The mixture of 80 kg N h-1 and 3 tons h-1 FYM produced the highest grain yield in sorghum (SARC, 2010). 

Unfortunately, full eradication of Striga is not feasible with a single control method, necessitating integrated management (Riches, 2002). Striga and other root parasites are difficult to control since they can do significant damage to the host crop before appearing aboveground. To control the parasite population, cultural, mechanical, chemical, and biological control measures are available. Despite the various methods for controlling Striga, no single method has been found to be effective in reducing Striga emergence and increasing crop yield. The current emphasis is on the principle of integrating two or more farmer-friendly control steps in integrated Striga control (Ejeta, 2007). As a result, since organic matter contains nitrogen, it boosts soil fertility, crop production, and, most importantly, cost-effective Striga management when opposed to inorganic nitrogen fertilizers, it could be used by our resource-strapped farmers to fix affected areas. 

North Gondar, in particular, is producing a crop that is falling short of its potential. Parasitic weeds and poor soil conditions are the main causes of low yield. " Striga infestation is very high in sorghum fields in the North Gondar Zone of northwest Ethiopia (Gebrelibanos and Dereje, 2015). The parasitic weed has hindered cereal production in Sub-Saharan Africa (Oswald and Ronson, 2004). "Low soil fertility in the research region exacerbates striga infestation." This is also a concern in the Metema and Sanja areas of North Gondar, which produce the most sorghum. " Sorghum farmers in the sample region are experiencing poor sorghum productivity as a result of Striga. North Gondar takes the lion's share of the provincial sorghum area coverage, accounting for 38.18 percent (CSA, 2020). In comparison to other African countries, Ethiopia's sorghum productivity is modest (FAOSTAT, 2008). Ethiopia's average sorghum yield is 1.35 tons per hectare, placing it fifth in Africa.

Due to escalating fertilizer prices and a lack of Striga resistant varieties, farmers' management is too conventional, and agricultural inputs such as fertilizer and improved Striga resistant varieties are almost non-existent. It is important to address the existing problem with cost-effective technology for growers. Farmers do not use sufficient rates of nitrogen fertilizer and/or organic matter inputs to manage Striga infestation and increase sorghum productivity, and research and extension initiatives in the study area have not adequately tackled this crucial restriction for limiting sorghum productivity and output. As a result, this study was started with the aim of evaluating organic and inorganic fertilizers for Striga management and increasing sorghum production and productivity in northwest Ethiopia.

2.2 Materials and Methods 

2.2.1 Description of the study areas 

The present study was carried out in Metema and Sanja woredas in West Gondar and Central Gondar zones, respectively. The detail biophysical characteristics of the area described in chapter I, sub-sub section 1.3.1
2.2.2 Soil analysis 

The detail soil analysis of the area is described in chapter I, sub-sub section 1.3.2
2.2.3 Experimental Treatments, Design and Procedures 

Factorial combinations of three nitrogen fertilizer rates (0, 46 and 92 kg h-1) and three cattle manure rates (0, 10 and 20 tons h-1) were laid out in a randomized complete block design (RCBD) with three replications. The treatment combinations are presented in Table 2.1. A local sorghum variety, ’Deber’ widely grown in the study area was used as a testing crop. As per the treatments, fresh cattle manure was applied and incorporated into the soil before two weeks of planting. Urea (46% N) was used as a source of nitrogen fertilizer, and half of its rate was applied during planting and the remaining half was applied at knee height growth stage of sorghum. 

Table 2.1. Treatment Combinations used for the Experiment

	Nitrogen fertilizer
	Cattle manure (CM)

	
	0 tons h-1 (CM1)
	10 tons h-1 (CM2)
	20 tons h-1 (CM3)

	0 kg h-1 (N1)
	N1M1 (T1)
	N1M2 (T2)
	N1M3 (T3)

	46 kg h-1 (N2)
	N2M1 (T4)
	N2M2 (T5)
	N2M3 (T6)

	92 kg h-1 (N3)
	N3M1 (T7)
	N3M2 (T8)
	N3M3 (T9)


T=treatment
N= Nitrogen 
CM= Cattle Manure

After ploughing twice with traditional oxen plough, the selected plots of land were sub-divided into blocks and plots manually as per the treatments, design and replications. The gross plot size was 3.5m x 3.0m (10.5m 2) with the net plot area of 2m x 2.4m (4.8m 2). The adjacent plots and blocks were separated with 1.0m and 1.5m wide paths, respectively. Except Striga, the experimental plots were kept free from other weeds manually. Beyond the treatments, all other agronomic practices were applied to the experimental plots equally as per their respective recommendations used for sorghum in the study area. 

2.2.4 Striga and Crop Data Collection 

At sorghum maturity, the number of striga per 4.8 m2 in the net plot area was recorded. Data on sorghum phenological, vegetative development, and yield-related parameters were collected on time using standard methods and procedures. Phenological parameters (days to 50% flowering and days to 90% physiological maturity), stand counts at emergence and harvest, biomass and grain yields were taken from the net plot area, while plant height and panicle height of sorghum were taken as averages of 10 and 5 randomly selected plants at physiological maturity in the net plot area.
Days to 50% flowering were counted from the date of planting to 50% flowering of plants in the net plot area, and days to maturity were counted from the date of planting to 90% physiological maturity in the net plot area. From the ground level to the base of the panicle, the plant's height was measured with a linear meter. Similarly, the panicle height was determined from the base to the tip of randomly chosen panicles using a linear meter. Sorghum plants in the net plot area were harvested at the ground level when the grains of the main shoot entered the black layer stage and scattered to dry in the light.

Biomass yield was measured after sun drying by weighing harvested plants from each net plot area with a balance and converting them to a hectare basis. Grain yield was calculated after threshing the heads of well-dried sorghum plants by weighing clean grains of each net plot area with a sensitive balance, adjusting to 12.5 % moisture level, and then converting to a hectare basis. Thousands of grains were selected at random from clean grains retrieved in each net plot area and weighted with a sensitive balance to calculate the weight of thousands of kernels. The harvest index was calculated by dividing grain yield by biomass yield and converting the result to a percentile. 

2.2.5 Data Analysis 

Study of Striga and crop data Using the SAS program (SAS, 2015), version 9.4, all recorded Striga and crop data were subjected to analysis of variance (ANOVA). Because the homogeneity test for all parameters in the two locations was not significant, a combined analysis of variance for each parameter through locations was performed. When the ANOVA result revealed a significant difference between treatments for a parameter in question, the least significant difference (LSD) test was used to separate the means, as long as the coefficient of variance for the parameters in question was less than 10.
2.2.6 Economic analysis 

The treatment cost-benefit analysis was done using CIMMYT (1988) protocols, which included all contingent costs. The cost-benefit study was based on the farm gate prices of the different inputs used in the experimental treatments. Both costs and benefits were calculated in Ethiopian Birr per hectare. The economic study took into account urea fertilizer (46 percent N) at 13 Birr per kg, cattle manure at 50 Birr per tone, labor at 75 Birr per man-day, sorghum grain at 12 Birr per kg, and stalk at 0.5 Birr per kg.
2.3 Results

2. 3. 1 Striga Weed Component: Number of S. hermonthica per plot

Striga count per plot bases indicated that there was highly significant (P≤0.01) difference due to nitrogen and manure interactions.  The highest number from the net plot area of 4.8 m2 was recorded 253 at the control and the lowest 45.3 at the highest N and manure treatment (Table 2.2). 

2. 3. 2 Striga dry matter per plot (4.8 m2)
Striga dry matter was statistically highly significantly different due to the interaction effects of nitrogen and cattle manure (P≤0.01). The highest (95.15 gms) Striga dry matter was significantly recorded from the untreated control, while application of 92 kg N and 20 tons h-1 cattle manure reduced Striga dry matter (14.81 gms) significantly across the two sites and combined over location under study (Table 2.2). 

Table 2.2. Interaction effects of nitrogen and cattle manure on Striga count and Striga dry matter in Metema and Sanja and combined over locations Northwest Ethiopia
	Interaction effects
	Striga count 
	Striga dry matter (gms)

	Nitrogen
(kg h-1)
	Cattle manure (tons h-1)
	M
	S
	COL
	M
	S
	COL

	0
	0
	252.3a
	237.0a
	253.0a
	93.11a
	95.15a
	94.13a

	
	10
	217.7b
	188.7b
	203.2b
	73.92b
	70.12b
	72.02b

	
	20
	185.0c
	126.7d
	155.8c
	57.55c
	56.69c
	57.12c

	46
	0
	157.7d
	146.3c
	152.0c
	40.18d
	59.46c
	49.82d

	
	10
	169.3cd
	130.3d
	149.8c
	39.24d
	44.55de
	41.06e

	
	20
	111.0e
	103.3
	107.2d
	37.57d
	34.02f
	33.42f

	92
	0
	122.3e
	92.7ef
	107.5d
	32.82d
	46.13d
	42.69e

	
	10
	113.0e
	87.7f
	100.3d
	27.61de
	36.40ef
	32.01f

	
	20
	48.3f
	63.7g
	56.0e
	16.43e
	14.81g
	15.62g

	P
	***
	***
	***
	***
	***
	***

	LSD
	11.80
	9.25
	20.09
	8.226
	5.632
	4.697

	S.E (+)
	5.57
	4.37
	9.96
	2.826
	1.928
	1.697

	CV (%)
	11.46
	9.91
	4.21
	7.41
	4.64
	6.04


Means within a column followed by the same letter(s) are not significantly different; *** = very highly significant at P < 0.001; ** = highly significant at P < 0.01; * = significant at P < 0.05; ns = non-significant at P ≥ 0.05; COL = combined over Locations; 0 = no nitrogen (N) and cattle manure (CM); 46 = N 46kg h-1; 92 =N 92 kg h-1; 10= CM 10 tons h-1; 20=CM 20 tons h-1; SDM= striga dry matter; SC=striga count/plot SE = standard error; CV = coefficient of variation. LSD= least significant difference 

2. 3. 3 Aboveground dry biomass (tons h-1)

Nitrogen and cattle manure showed very highly significant difference in biomass yield at Metema and Sanja, and the combined over location was also very highly significant. There was non-significant difference between N 92 and 46 kg h-1 rates for biomass in both locations and the combined over locations (Table 2.3). 

The interaction effect of N and cattle manure on biomass production was highly significant in both locations and their combined over location results. The highest and the lowest biomass, 14.83 and 5.85 tons, was recorded from the combined rates of 92 kg h-1 N and 20 tons h-1 cattle manure, and from 0 kg N h-1 and 0 tons cattle manure h-1, respectively (Table 2.4).

2. 3. 4 Grain yield (tons h-1)
There was very highly significant difference in Metema and significant at Sanja, in the same way 

the combined over location N effect was highly significant due to different rates of N application 

on grain yield. Cattle manure was very highly significant (P<0.01) on grain yield. in both locations. The yield (3.26 tons h-1) was obtained with application of 92 kg N h-1, likewise cattle manure 20 tons h -1 whereas, the lowest grain yield (1.99 tons h-1) was obtained in similar way with the lowest rates of nitrogen and cattle manure. In contrary N 92 and 46 kg h-1 and cattle manure zero and 10 tons h-1 were statistically at par (Table 2.3). The interaction effects of N and cattle manure were highly significant for grain yield at both locations but the combined over locations were non-significant. The highest yield 3.64 tons h-1 was recorded from N 92 kg h-1 and cattle manure 20 tons h-1 at Metema and 2.91 tons h-1 with N 46 and 20 tons h-1 cattle manure at Sanja (Table 2.4). 

2. 3. 5 Thousand kernel weight

Thousand kernel weight was statistically non-significant due to the main effect of nitrogen and cattle manure in both locations, but the combined over location analysis revealed a highly significant difference for cattle manure. The highest 1000 kernel weight was recorded at the rate of 20 tons h-1 and the lowest at control treatment, whereas, 10 and 20 tons h-1 cattle manure rates were statistically at par (Table 2.3). The interaction effect of N and cattle manure was significant in the combined over location and the highest 30.37 and least 23.51 gms, 1000 seed weight was recorded at the rates of N 92 kg and 20 tons h-1 cattle manure and control, respectively (Table 2.4). 
2. 3. 6 Harvest index (HI)

Harvest index was affected by N and CM significantly and highly significant, respectively at Sanja (Table 2.3). Highest (0.28) was recorded from 20 tons h-1 manure and 46 kg N h-1 1 (Table 2.4). In contrast, the lowest harvest index (0.23) was obtained from 92 kg N h-1 in combination with no manure application. 

Table 2.3 Main effects of nitrogen fertilizer and cattle manure rates on grain yield, aboveground dry biomass and thousand seed weight of sorghum in Metema and Sanja and combined over locations, Northwest Ethiopia
	Main Effects
	GY (tons h-1)
	AGBM (tons h-1)
	TSW (gms)
	HI (%)

	Nitrogen
	M
	S
	COL
	M
	S
	COL
	M
	S
	COL
	M
	S
	COL

	0
	2.15 b
	2.69 b
	2.42 b
	9.77 a
	8.88 b
	9.32 b
	28.94
	26.05a
	27.5
	25.82
	24.17a
	25

	46
	3.06 a
	2.77 a
	2.92 a
	13.82 b
	11.73 a
	12.27 a
	30.32
	21.28b
	28.6
	24.65
	24.12a
	25.38

	92
	3.11 a
	2.8 a
	2.96 a
	12.88 b
	11.53 a
	12.23 a
	30.07
	27.07a
	28.57
	25.5
	24.57b
	25.07

	P value
	***
	*
	**
	***
	***
	***
	ns
	*
	ns
	ns
	**
	ns

	LSD
	0.923
	0.685
	1.599
	3.802
	4.07
	5.24
	2.639
	2.376
	1.84
	3.786
	.649
	1.979

	S.E (+)
	0.436
	0.323
	0.754
	1.793
	1.92
	2.6
	1.245
	1.121
	0.913
	1.296
	.222
	.734

	Cattle manure
	
	
	
	
	
	
	
	
	
	
	
	

	0
	2.36 c
	2.72 a
	2.54 b
	9.82 c
	9.19 c
	9.51 c
	27.93
	25.14
	26.53b
	26.22
	23.86b
	25.04

	10
	2.74 b
	2.70 b
	2.72 b
	12.15 b
	10.63 b
	11.40 b
	30.37
	27.33
	28.85a
	24.37
	25.16a
	24.77

	20
	3.23 a
	2.85 a
	3.04 a
	13.49 a
	12.37 a
	12.93 a
	31.03
	27.93
	29.46a
	25.45
	25.83a
	25.64

	P value
	***
	***
	**
	***
	***
	***
	ns
	ns
	*
	ns
	**
	ns

	LSD
	0.923
	0.685
	1.599
	3.802
	4.07
	5.24
	2.639
	2.376
	1.84
	3.786
	.649
	1.979

	S.E (+)
	0.436
	0.323
	0.754
	1.793
	1.92
	2.6
	1.245
	1.121
	0.913
	1.296
	.222
	.734

	CV (%)
	3.23
	2.49
	2.88
	3.22
	3.80
	3.42
	1.51
	1.47
	8.62
	3.43
	1.89
	2.37


Means within a column followed by the same letter(s) are not significantly different; *** = very highly significant at P < 0.001; ** = highly significant at P < 0.01; * = significant at P < 0.05; ns = non-significant at P ≥ 0.05; COL = combined over Locations; 0 = no nitrogen (N) and cattle manure (CM); 46 = N 46kg h-1; 92 =N 92 kg h-1; 10= CM 10 tons h-1; 20=CM 20 tons h-1; GYt= grain yield (ton h-1); AGBM = aboveground dry biomass yield (ton ha–1); TGW = thousand seed weight (g); SE = standard error; CV = coefficient of variation. LSD= least significant difference

Table 2.4 Interaction effects of nitrogen fertilizer and cattle manure rates on grain yield, aboveground dry biomass and thousand seed weight of sorghum in Metema and Sanja and combined over locations, Northwest Ethiopia
	Interaction Effects
	GY (tons h-1)
	AGBM (tons h-1)
	TSW (gms)
	HI (%)

	Nitrogen
	Cattle manure
	M
	S
	COL
	M
	S
	COL
	M
	S
	COL
	M
	S
	COL

	0
	0
	1.31f
	2.66cd
	1.99
	6.18e
	5.52g
	5.85d
	24.75
	22.27
	23.51b
	29.45
	23.79c
	26.62

	
	10
	2.39e
	2.66cd
	2.58
	10.88d
	9.88f
	10.38c
	30.31
	27.28
	28.8a
	23.24
	24.21bc
	23.73

	
	20
	2.76d
	2.76.bc
	2.76
	12.24c
	11.24d
	11.74b
	31.77
	28.60
	30.18a
	24.78
	24.51bc
	24.65

	46
	0
	2.85d
	2.65d
	2.74
	12.73bc
	11.73bc
	12.23b
	29.87
	26.88
	28.38a
	25.03
	24.13bc
	24.67

	
	10
	3.06cd
	2.77bc
	2.91
	13.32b
	11.41bc
	12.37b
	31.72
	28.55
	30.13a
	24.01
	26.8a
	25.4

	
	20
	3.28cd
	2.91a
	3.1
	12.41.c
	12.04b
	12.22b
	29.36
	26.42
	27.88a
	24.9
	27.26a
	26.08

	92
	0
	2.92c
	2.88ab
	2.69
	10.55d
	10.32ef
	10.44c
	29.17
	26.25
	27.71a
	24.17
	23.5c
	23.83

	
	10
	2.76b
	2.66cd
	2.71
	12.26c
	10.7de
	11.43bc
	29.08
	26.17
	27.63a
	25.87
	24.48bc
	25.18

	
	20
	3.64a
	2.87ab
	3.26
	15.83a
	13.63a
	14.93a
	31.97
	28.78
	30.37a
	26.65
	25.73ab
	26.19

	P
	***
	**
	ns
	***
	***
	***
	ns
	ns
	*
	ns
	**
	ns

	LSD
	0.923
	1.188
	2.141
	6.585
	7.051
	9.07
	4.571
	4.115
	1.84
	6.558
	1.124
	3.427

	S.E (+)
	0.436
	0.560
	1.062
	3.106
	3.326
	4.5
	2.156
	1.941
	.913
	2.245
	.385
	1.272

	CV (%)
	3.23
	2.49
	2.88
	3.22
	3.80
	3.42
	1.51
	1.47
	8.62
	3.43
	1.89
	2.37


Means within a column followed by the same letter(s) are not significantly different; *** = very highly significant at P < 0.001; ** = highly significant at P < 0.01; * = significant at P < 0.05; ns = non-significant at P ≥ 0.05; COL = combined over Locations; 0 = no nitrogen (N) and cattle manure (CM); 46 = N 46kg h-1; 92 =N 92 kg h-1; 10= CM 10 tons h-1; 20=CM 20 tons h-1; GYt= grain yield (ton h-1); AGBM = aboveground dry biomass yield (ton ha–1); TGW = thousand seed weight (g); SE = standard error; CV = coefficient of variation. LSD= least significant difference.

2. 3. 7 Plant height and stand count

Use of Nitrogen for Striga management showed highly significant (P < 0.01) effect on sorghum plant height; use of 92 kg recorded the maximum plant height (222.3 cm) and minimum 130.6 cm at the control treatment, whereas, cattle manure was non-significant (Table 2.5). The interaction effects of nitrogen and cattle manure was highly significantly affected plant height with the highest 234.3 cm at N 92 kg and 20 tons cattle manure and least 114 cm in the control treatment without N and manure. The main effects and the interaction effects of cattle manure had highly significant (P < 0.01) influence on stand count at Sanja site, but non-significant at Metema and combined over locations. The highest 32.11 and the least 24 Striga count at 20- and 10-tons h-1, respectively was recorded (Table 2.6). 
Table 2.5 Main effects of nitrogen fertilizer and cattle manure rate on plant height and stand count of sorghum in Metema and Sanja and combined over locations, Northwest Ethiopia
	Main effects
	Plant height (cm)
	Stand count

	Nitrogen
	M
	S
	Col
	M
	S
	Col

	0
	130.6b
	193.4b
	162.0b
	24.7
	26.22
	25.44

	46
	182.4a
	194.3b
	188.4ab
	26.1
	29.89
	28

	92
	205.6a
	222.3a
	213.9a
	27.1
	30.67
	28.89

	P value
	**
	**
	**
	ns
	ns
	ns

	Lsd
	25.8
	14.43
	23.39
	8.62
	1.52
	6.06

	S.e (+)
	8.83
	4.94
	8.68
	2.95
	1.07
	2.24

	Cattle manure
	
	
	
	
	
	

	0
	164.8
	195.3
	180.1
	20
	30.67a
	26.33

	10
	167.9
	205.3
	186.6
	29.9
	24b
	26.94

	20
	185.9
	209.4
	197.7
	28
	32.11a
	29.06

	P value
	ns
	ns
	ns
	ns
	**
	ns

	LSD
	25.8
	14.43
	23.36
	8.6
	1.52
	6.06

	S.e (+)
	8.83
	4.94
	8.86
	2.95
	1.07
	2.25

	CV (%)
	10.8
	5.2
	13.8
	14.1
	11.1
	15.12


Means within a column followed by the same letter(s) are not significantly different; *** = very highly significant at P < 0.001; ** = highly significant at P < 0.01; * = significant at P < 0.05; ns = non-significant at P ≥ 0.05; COL = combined over Locations; 0 = no nitrogen (N) and cattle manure (CM); 46 = N 46kg h-1; 92 =N 92 kg h-1; 10= CM 10 tons h-1; 20=CM 20 tons h-1; PH= plant height; SC= stand count; SE = standard error; CV = coefficient of variation. LSD= least significant difference
Table 2.6 Interaction effects of nitrogen fertilizer and cattle manure rate on plant height and stand count of sorghum in Metema and Sanja and combined over locations, Northwest Ethiopia
	Interaction Effects
	Plant height (cm)
	Stand count

	Nitrogen
	Cattle manure
	M
	S
	COL
	M
	S
	COL

	0
	0
	114d
	185.7b
	149.8b
	20
	27.67ab
	23.83

	
	10
	126cd
	197.7ab
	161.8b
	31
	22.33b
	26.67

	
	20
	151.17bcd
	197ab
	174.3ab
	23
	28.6ab
	25.83

	46
	0
	181.3abcd
	189.3b
	186.3ab
	19.7
	23ab
	26.33

	
	10
	182.3abcd
	196.7ab
	189.5ab
	25.7
	27ab
	26.33

	
	20
	181.7abcd
	197ab
	189.3ab
	33
	29.67ab
	21.33

	92
	0
	197ab
	211ab
	204ab
	20.3
	32.33a
	28.83

	
	10
	195.3abc
	221.7ab
	208.5ab
	33
	22.67ab
	27.83

	
	20
	224.3a
	234.3a
	229.3a
	28
	37ab
	30

	P
	**
	**
	**
	ns
	**
	ns

	LSD
	44.69
	25
	40.52
	14.93
	2.63
	10.49

	S.E (+)
	15.3
	8.56
	15.03
	5.11
	1.86
	3.89

	CV (%)
	10.8
	5.2
	13.8
	14.1
	11.1
	15.3


Means within a column followed by the same letter(s) are not significantly different; *** = very highly significant at P < 0.001; ** = highly significant at P < 0.01; * = significant at P < 0.05; ns = non-significant at P ≥ 0.05; COL = combined over Locations; 0 = no nitrogen (N) and cattle manure (CM); 46 = N 46kg h-1; 92 =N 92 kg h-1; 10= CM 10 tons h-1; 20=CM 20 tons h-1; PH= plant height; SC= stand count; SE = standard error; CV = coefficient of variation. LSD= least significant difference
2. 3. 8 Economic analysis

To assess the cost and benefits associated with different treatments partial budget analysis were carried out by taking mean grain yield and prices of input (sorghum seed, N fertilizer and cattle manure) in reference to the nearby Metema and Sanja market (Table 2.7). The highest MRR 4299 Ethiopian birr was recorded at N 92 kg and manure 20 tons h-1 followed by 1759.6 at the control treatment (Table 2.8).

Table 2.7 Partial budget analysis (Ethiopian Birr)
	Treatment
	AGY
	ASY
	GYR
	SYR
	GB
	TVC
	NB
	MRR

	0kgN h-1+0 t M h-1
	1985
	5850
	25805
	2925
	28730
	21565
	7165
	1759.6

	0kgNh-1+10t M h-1
	2526
	10380
	32838
	5190
	38028
	22065
	15963
	636.6

	0kgN h-1+20t M h-1
	2757
	11740
	35841
	5870
	41711
	22565
	19146
	D

	46kgN h-1+0t M h-1
	2742
	12230
	35646
	6115
	41761
	22865
	18896
	361.2

	46kgN h-1+10t M h-1
	2914
	12370
	37882
	6185
	44067
	23365
	20702
	363.4

	46kgN h-1+20t M h-1
	3098
	12220
	40274
	6110
	46384
	23865
	22519
	D

	92kgN h-1+0t M h-1
	2692
	10440
	34996
	5220
	40216
	24165
	16051
	45.8

	92kgN h-1+10t M h-1
	2710
	11430
	35230
	5715
	40945
	24665
	16280
	D

	92kgNh-1+20t M h-1
	3256
	14830
	42328
	7415
	49743
	24865
	24878
	 4299


AGY= adjusted grain yield; ASY= adjusted straw yield; GYR= grain; SYR= straw yield Revenue; 
GB= gross benefit; TVC= total variable cost; NB= net benefit and MRR= marginal rate of return.

Table 2. 8 Marginal Rate of Return (Ethiopian Birr)
	
	N 0:0 CM
	NO:10CM
	N0:20CM
	N46:0CM
	N46 :10CM
	N46:20CM
	N92:0CM
	N92:10CM
	N92:20CM

	Seed and operational cost
	21,500
	21,500
	21,500
	21,500
	21,500
	21,500
	21,500
	21,500
	21,500

	Nitrogen
	0
	0
	0
	1300
	1300
	1300
	2600
	2600
	2600

	Manure
	0
	500
	1000
	0
	500
	1000
	0
	500
	1000

	Total VC
	21,500
	22,000
	22,500
	22,800
	23,300
	23,800
	24,100
	24,600
	25,100

	Gross Benefit
	28730
	38028
	41711
	41761
	44067
	46384
	40216
	40945
	49743

	Net Benefit
	7,230
	16,028
	19,211
	18,961
	20,767
	22,584
	16,116
	16,345
	24,643

	MRR
	1759.6
	636.6
	D
	361.2
	363.4
	D
	45.8
	D
	4299


N 0= nitrogen 0 kg h-1, N 46= nitrogen 46 kg h-1, N 92= nitrogen 92 kg h-1   

M 0= cattle manure 0 tons h-1, M 10= cattle manure10 tons h-1, M 20= cattle manure 20 tons h-1   

2. 4 Discussions
Application of varying rates of cattle manure showed significant influence on Striga incidence; 20 tons h-1and the control gave the least (35.17 gms) and the highest (66.91 gms) of Striga dry matter, respectively (Table 3). The high manure level enhanced vigorous crop growth which smothered emerged Striga shoots, leading to dieback. Increasing N level from nil to 92 kg N h-1 resulted in decrease in number of Striga. This result was in agreement with the findings of Kureh et al. (2003), application of nitrogenous fertilizer reduced the severity of Striga attack and increased yield of mentioned crop. Indeed, there was a general decline in infestation with increasing N rates. Striga dry matter will depend on the number of Striga counts per 4.8 m2 plot. Nitrogen and manure level increased leaf growth that smothered emerged Striga shoots, leading to dieback, as a result the Striga dry matter will decline. Abdullahi (2018), found that Striga biomass declined with increasing N availability. Application of 15 tons h-1 Cassia green manure or 10 tons h-1 of cattle manure ameliorated the negative impact Striga infestation and improved the growth and yield of sorghum under high Striga pressure. In the same vein, the use of 80 kg N h-1 consistently suppressed Striga infestation with declining the dry matter and improved sorghum crop growth and yield under high Striga pressure (Abdullahi, 2018).

In general, the increase in manure from nil to 20 tons h-1 exhibited a suppressing effect to S. hermonthica by supporting the lowest number of Striga plants germination under each N. Possible reason for this could be due to Striga seeds will not germinate in the absence of a chemical stimulant, they will not germinate either unless they have been conditioned, i.e., are no longer dormant and are exposed to the right environmental conditions for germination. This result agrees with Lagoke and Isah (2010), who reported that nitrogen reduced the severity of S. hermonthica. Ejeta et al. (2007) confirmed that eventual expression of a series of interactive events of the host parasite can evaluate the crop resistance. However, this result disagrees with finding of Gebrelibanos and Dereje (2015), who reported that variation in nitrogen rates had no effect on Striga emergence. This might be due to agro-ecological condition or due to the procedures used. 

The sorghum aboveground dry matter result is in agreement with the finding of Buah and Mwinkara (2009) and Hugar et al. (2010), who reported that positive effect of nitrogen on grain yield and yield attributes of sweet sorghum. Increased grain yield due to N application could be ascribed to increased biomass production, improved harvest index and increased seed set with N fertilization (Table 5). This findings of higher biomass as the increase in cattle manure level is in agreement with the study of Mahadi et al. (2013), the application of cattle manure at higher rates of 8 and 12tons h-1 gave a significantly increased total dry matter, crop growth rate and harvest index of QPM. The physical properties of soil in its own turn control not only the quantum of chemical properties, but also the rate of their release and availability to plants essential for metabolic processes. Thus, it may be said the entry point for improving health of soil is its biology Ikie et al. (2006). As per Dinesh et al., (2000), there is a direct association of enzyme activities and relevant soil properties. addition of organic matter increased microbial activity/ diversity and turnover, which subsequently leads to greater enzyme synthesis and accumulation in the soil matrix. 

The grain yield increment by Nitrogen and cattle manure is attributed to the fact that if inorganic fertilizer, especially nitrogen, is combined with manure, the manure reduces soil acidification and improves the nutrient buffering capacity and the release of nutrients Wilson et al., (2008). Productivity of soil is related to available nutrient source in either through manures (cattle) or chemical fertilizers (Urea etc.). In the same way, animal manure improves water retention, enhance root growth, water and nutrient uptake capability of plant. Importance of N from poultry feces improving sorghum performance was highlighted by Avav et al. (2009). 

The variation in thousand seed weight could be due to difference in physical quality. This result coincides with the finding of Rashid et al. (2008), who reported that increase in grain yield with nitrogen levels up to 90 kg N h-1 was attributed to the gradual increase in grain number and weight of grain per panicle with nitrogen level up to 90 kg N h-1.

The highest harvest index at 46 kg N h-1 might be that greater improvement in grain yield compared to the corresponding increase in biomass yield, while the highest N rate (92 kg h-1) gave more biomass than the grain yield. In consistent with this result, Cassman et al., (2003), reported that greater synchrony between crop demand and nutrient supply is necessary to improve nutrient use efficiency. This present result confirms the findings of Gebrelibanos and Dereje (2015), who reported that nitrogen fertilizer showed significant differences on harvest index. It is also consistent with the findings of Akdeniz et al. (2006), reported a positive effect of nitrogen fertilizer application on the harvest index on grain sorghum Similarly, Merkebu and Ketema (2015), reported that harvest index of maize was significantly increased when the application of N increased from 0 to 60 kg h-1. Orkaido (2004), also reported that increasing N level from 0 to 120 kg N h-1 increased harvest index of maize. In contrast, Abdo et al. (2012), reported highest harvest index from treatments with the lowest rate of nitrogen application in wheat.

The use of nitrogen enhanced plant height by about 51% over the control, which might be due to suppression effect of N, that might have a smaller number of Striga which, reduces plant height. This may be attributed to more Striga population in fallow treatment. Further, Striga after being established on the host root obtains water and nutrients from the host as the xylem of the parasite and host are connected. This might have resulted in strong competition of Striga with the crop for nutrients, moisture and space. Similar findings by Singh et al. 2006, noticed that during Striga infestation there was reduced sorghum plant height and weight by 22% and 25% at 38 days after sowing and by 34% and 36% at 64 days after sowing, respectively. Stand count differences might be due to the fact that stand count is not affected due to the soil fertility. Similarly, Sarmiso (2015), reported non-significant effect of nitrogen fertilizer rates on stand count of sorghum. 
The partial budget analysis revealed that the highest levels of N and manure gave MRR 4299, which implies as the rate of investment increase the revenue is also increasing. Therefore, the adoption of this treatment as methods for Striga control, would give an additional gain of 4299% from every Birr invested for Striga control. 
2. 5. Summary and Conclusions
Research was done in 2017/18 rainy season at Gondar Agricultural Research Centre to assess the effect of cattle manure and nitrogen fertilizer rates on Striga infestation, yield and yield related traits in sorghum, at Metema and Sanja, Northwest Ethiopia. The experiment consisted of three manure rates (0, 10 and 20 tons h-1) and three nitrogen fertilizer rates (0, 46 and 92 kg N h-1) laid out in a 3x3 m factorial randomized complete block design with three replications.

Results from this study confirmed that inorganic fertilizer should be an integral component of the recommended package to maximize benefits in better-endowed environments such as Metema and Sanja. There were significant differences due to nitrogen, manure and nitrogen by manure interactions for number of S. hermonthica, grain yield and aboveground dry biomass. Generally, application of 92 kg N h-1 and 20 tons h-1 cattle manure best control Striga, with reasonable high yields.

The economic analysis revealed application of N 92 kg and manure 20 tons h-1 resulted in yield increment over control by 64.03%. Marginal rate of return was positive for all treatment combinations, except for the dominant. Therefore, use of N 92 kg and manure 20 tons h-1 application is recommended for further use under high Striga weed infestation.
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ABSTRACT
Striga is a serious constraint to sorghum production in the dry land zones of Ethiopia. Despite the availability of several management options for Striga control, sorghum yield in the Central and West Gondar zones (South west Ethiopia) is below its potential. A field experiment was conducted at Gondar Agricultural Research Center in 2017/18 to assess the effect of different legumes intercropping with sorghum on the control of S. hermonthica and system productivity. Four legumes [Cowpea (Vigna unguiculata), haricot bean (Phaseolus vulgaris), mung bean (Vigna radiate), and soybean (Glycine max)] sorghum intercropping treatments along with respective sole checks were laid in randomized complete block design with three replications. Striga count and dry matter, Sorghum grain yield and its components were highly significantly (P ≤ 0.01) affected. Striga count and dry matter in sole sorghum and sorghum/cowpea were 314.65, 83.38 gms, and 91.1, 31.31 gms, respectively. The grain yield of sole sorghum and sorghum/cowpea was statistically at par 4.34 and 3.39 tons h-1, respectively. Sorghum/cowpea and sorghum/soybean had significantly higher mean LER, 1.45 and 1.34, respectively. The sorghum/cowpea intercropping had the highest mean GMV and MAI at LER (1.46) of 89,352 and 27,826, respectively. This result indicates intercropping sorghum with legume crops gave a high yield advantage and land productivity. From this study, cowpea is the best legume for Striga management in Sorghum and can be recommended for the area.
Keywords: Cowpea, haricot bean, intercropping, mung bean, sorghum, soybean, Striga
3.1 Introduction
Sorghum (Sorghum bicolor) is the fifth most important cereal in the world, followed by wheat, rice, maize, and barley and a major staple diet of people of the semi-arid tropics. Its ability to adapt to adverse environmental conditions has made sorghum a popular crop worldwide. It is one of the most important staple food crops for the most rural community in Ethiopia and plays a significant role for millions of poor Ethiopians and grows in a wide range of agro-climatic zones, especially in the lowlands (Adugna, 2007). Both in area coverage and production, sorghum is the fourth primary staple food crop in Ethiopia after tef, maize, and wheat, (CSA, 2020).  Sorghum is grown in almost all regions of the country and covers a total land area of 1.6 million ha, (CSA, 2020).  The productivity of sorghum in Ethiopia is low (< 2.8 tons h-1) compared to that of several other African countries (FAOSTAT, 2016). The low productivity of sorghum in Ethiopia is due to several abiotic and biotic stresses. Among many constraints limiting sorghum productivity in the country, 
Striga infestation and low soil fertility are the most important (Wortmann et al., 2006). Striga causes serious yield reductions, especially in the northern, northwestern, and western parts of the country where sorghum cropping is the most suitable choice for farmers (Kidane et al., 2004). The losses attributed to Striga weed range between 30 and 100 percent in most areas (Ejeta, 2007), and are often exacerbated by low soil fertility. Prolonged fallow, crop rotation, and intercropping were common practices in traditional African cropping that kept Striga infestation tolerable levels. Striga produces a lot of toxins that interfere with other crop species. Seeds are stimulated by crop exudates to germinate and infest the host crop while reproducing and increasing the Striga seed bank in the soil, thus, escalating the reduction of yields (Okonkwo, 2006). 
Cereal legume intercropping is a predominant cropping system in Sub-Sahara African countries where it is used for maximizing the use of limited farmland, food security, and improving soil fertility. The use of legume trap crops is an important low-cost method for depletion of Striga seed bank in the soil. Legume crops like Desmodium, cowpea, and soybeans have been found to release exudates that induce germination of Striga but are themselves not parasitized (Aliyu and Emechebe, 2006). Integrating these crops into cropping systems could reduce the Striga seed bank and improve the soil fertility and the livelihood of farmers. Besides, preliminary works show that some soybean accessions induce germination of S. hermonthica but are themselves not parasitized (Carsky et al., 2000). According to Odhiambo (2011), growing maize in association with soybean in the field resulted in lower Striga incidences, hence better growth and yield of associated maize. The number of Striga per net plot area is reduced when sorghum is intercropped with cowpea (Aliyu and Emechebe, 2006). Fasil and Verkleij (2007), indicated a higher Striga count in sole sorghum than sole soybean, sole cowpea, and sole haricot bean. 
Sorghum productivity in Ethiopia in general and in Northwest Ethiopia, in particular, is by far below its potential. The major factors that account for this low yield in North Gondar are moisture stress, low soil fertility, and pest damage. Among the pests, the root parasitic weed Striga hermonthica has long been recognized as the greatest biological constraint to sorghum production (Gebrelibanos and Dejene, 2015). The Striga infestation in sorghum fields of North and West Gonder Zone in Northwest Ethiopia is so severe. Striga is one of the most severe constraints to cereal production in sub-Saharan Africa (Oswald and Ransom, 2004). Striga infestation in the study area is aggravated by low soil fertility. The increasing incidence of Striga has been attributed to poor soil fertility and structure, intensification of land-use through continuous cultivation, and an expansion of cereal production (Rodenburg et al., 2005). 
Kudi and Abdulsalam (2008), reported that Striga spreads rapidly in areas of low soil fertility and decreasing plant diversity, conditions often experienced by poor farmers in the study areas. This problem is also common in Metema and Sanja, which are the most sorghum-producing areas of North Gondar. Sorghum farmers in the study area are seriously suffering from low sorghum productivity which is mainly caused by Striga infestation and low soil fertility. North Gondar takes the lion's share, 34.04% of the regional sorghum area coverage (CSA, 2020). The productivity of sorghum in Ethiopia is low when compared to other African countries (FAOSTAT, 2016). Ethiopia’s average productivity of sorghum is < 2.8 tons h-1, ranking it fifth in Africa.

The management of farmers is too traditional and the use of agricultural inputs; fertilizer and legume intercropping are almost non-existent. There is a need to solve the Striga problem to achieve sustainable food production with affordable technologies for farmers. The study was aimed to assess the effect of different legumes (Soybean, Haricot bean, Mung bean, and Cowpea) intercrops with sorghum for Striga infestation management, thereby increasing sorghum production and productivity in, Northwest Ethiopia."

3. 2 Materials and Methods
3. 2. 1 Description of the study areas

The present study was carried out in Metema and Sanja woredas in West Gondar and Central Gondar zones, respectively. The detail biophysical characteristics of the area described in chapter I, sub-sub section 1.3.1

3. 2. 2 Soil analysis

The detail soil analysis of the area described in chapter I, sub-sub section 1.3.2
3. 2. 3 Experimental Treatments, Design, and Procedures

The experiment was conducted on a hot spot field that has been under natural Striga infestation for the last several years. The land was ploughed, disked, and harrowed by a traditional oxen plough before planting. Seeds of sorghum, soybeans, haricot bean, mung bean, and cowpea were planted in drilling methods and later thinned to one plant per hill at 75 x 30 cm, 60 x 5 cm, 40 x 10 cm, 30 x 5 cm, and 60 x 25 cm between rows and plants within a row, respectively. After the crop emerged, thinning was carried out according to recommended population and spacing for all crops.  Local Sorghum ‘Deber’ soybean ‘Afgat’, haricot bean ’Nasser’', mung bean ‘Rasa’ and cowpea ‘White wonder’ varieties were used as a test crop for the study.
Thus, there were nine treatments (Tn) as below:
T1= Sorghum + Soybean (1:1) planted simultaneously
T2= Sorghum + Haricot bean (1:1) planted simultaneously

T3= Sorghum + Mung bean (1:2) planted simultaneously

T4= Sorghum + Cowpea (1:1) planted simultaneously
T5= Sole Sorghum 
T6= Sole Mung bean
T7= Sole Haricot bean
T8= Sole Soybean 

T9= Sole Cowpea

Important agronomic practices like hoeing and weeding were uniformly applied to all experimental plots as per their respective recommendations used for sorghum and legumes in the study area. Except for Striga, the experimental plots were kept free from other weeds manually. The study involved two factors: four legumes (soybeans, haricot bean, mung bean, and cowpea) and intercropping with sorghum. In addition, sole stand of all crops such as legumes and sorghum were included as a treatment in all replications. All the treatments were laid down in RCBD with three replications. In all intercropping treatments where the legumes’ rows are beside sorghum rows, half the recommended row spacing of sorghum was maintained, i.e., 37.5 cm. Each plot area was 3.5 × 3 m space between blocks and plots was 1 m and 1.5 m, respectively.
3. 2. 4 Striga and Crop Data Collection
Striga counts and Striga dry matter per plot in the net plot area of 2 X 2.4m (4.8 m2), were taken at physiological maturity of sorghum after the fresh weight was air-dried. Yield and yield determinant factors of both crops (sorghum and the legumes) were also taken from all plots.  Phenological parameters (days to 50% flowering and days to 90% physiological maturity), stand counts at emergence and harvest, biomass and grain yields were taken from the net plot area and converted to a hectare basis, while plant height and panicle height of sorghum were taken as averages of 10 and 5 randomly selected plants, respectively, at physiological maturity in the net plot area. Days to 50% flowering were counted from the date of planting to the date of 50% flowering of plants in the net plot area, while days to maturity were counted from the date of planting to the date of 90% physiological maturity in the net plot area. Plant height was measured with a hand meter from the ground level to the base of the panicle. 
Similarly, the panicle height was measured with a hand meter from the base to the tip of randomly selected panicles. When the grains of the main shoot reached the black layer stage, sorghum plants in the net plot area were harvested at the ground level and spread to dry in the sun. After sun drying, biomass yield was estimated by weighing harvested plants of each net plot area with sensitive balance and converted to a hectare basis. After threshing the heads of well-dried sorghum plants, grain yield was also estimated by weighing clean grains of each net plot area with sensitive balance and adjusted to 12.5% moisture level. A thousand grains were randomly taken from clean grains recovered in each net plot area and weighed with a sensitive balance to determine the thousand kernels' weight. The harvest index was calculated as the ratio of grain yield to aboveground biomass yield and converted to percentile.

3. 2. 5 Striga and crop data analysis

All collected Striga and crop data were further subjected to analysis of variance (ANOVA) using SAS software version 9.4 (SAS, 2015). Since the interaction for all parameters and location was not significant, a combined analysis of variance was done for each parameter over locations. Whenever treatment effects are significant, the means will be separated using the least significant difference (LSD) procedures test at 5% level of significance Gomez and Gomez (1984).
3. 2. 6 Productivity measurement of intercropping
The benefit of intercropping is quantified by: 

Temporal niche differentiation (TND): is an index that quantifies the proportion of the total growing period of the intercrop from that of the two-component species when grown as sole crops (i.e., before sowing or after harvest of the other species).

It was calculated by the formula developed by Yu et al. (2015):

 

[1]

where P overlap represents the period of overlap of the growth period of the intercropped species, while the P system represents the duration of the whole intercrop.

The Relative Economic Efficiency (RPE%) of the system was calculated following Sankaranarayanan (2011): 


[2]

where Crop Economic Yield Developed (CEYD) is the CEY under an improved cropping system and Crop Economic Yield Existing (CEYE) is the equivalent yield under the existing cropping system. The inference was that positive results indicated the superiority of the new intercropping system over the existing system, while negative results indicated inferiority. 
Relative Economic Efficiency (REE%) of the system was calculated following Samant (2015) approach: 


[3]

Where NRE is the net return of the existing cropping system, the NRD is the net return of the diversified cropping system. Crop value in the system monetary returns was estimated based on the current market price of produce from October to February (13.00, 25, 20, 20, and 25.00 kg-1 for sorghum, soybean, mung bean, cowpea, and haricot bean, respectively, and labor coast 80 ETB per man-day) during the harvest period. The inference was that the higher the economic efficiency, the better the cropping system 
Land Equivalent Ratio (LER)
The benefit of intercropping is most frequently quantified by LER, which is defined as the relative land area in pure stands that is required to produce the yields of all products from the mixture (Vandermeer, 2004). Intercropping efficiency was evaluated by using the land equivalent ratio.



[4]

Where SRI and LGI are the yields of sorghum and legume crops in intercropping, and SRS and LGS are the yields of sorghum and legume crops in a monoculture system, respectively. If LER is greater than one, intercropping would be better than monoculture (Mazaheri, 1993).
Area Time Equivalent Ratio (ATER): The ATER was calculated by following Hiebsch and Macollam, (1987): 

  

[5]

Where: PLERSR and PLERLG are a partial land equivalent ratio of sorghum and legume, respectively; TSR is the duration of sorghum maturity; TLG is the duration of legume maturity and T is the total duration of the intercropping system.

Competition Ratio: Competition between component crops was measured using the CR stated by Zhang et al. (2011), as follows:  

[6]

Where: CRSR (Competition ratio of sorghum) and CRLG (Competition ratio of legumes); PLERSR and PLERLG are a partial land equivalent ratio of sorghum and legume, respectively and ZSRLG and ZLGSR are a seed proportion of sorghum intercropped with legumes and the seed proportion of legumes intercropped with sorghum, respectively. YSRIC and YLGIC are yields of sorghum and legume in an intercropping, respectively, and YSRSC and YLGSC are the yield of sorghum and legumes in sole cropping, respectively. 

Gross Monetary Value (GMV) was calculated from the yield of sorghum and legumes to measure the productivity and profitability of intercropping as compared to sole cropping of the associated component crops. 



  [image: image4.png]GMV = (SRYXSRP) + (LGYXLGP)




Where: SR Y and LG Y are the yield of sorghum and legumes in tons, respectively, SR P and LG P are the Price of sorghum and legumes in Ethiopian birr per kilogram.
3. 3 Results 
3. 3. 1 Soil analysis result 

The detail soil analysis result of the area described in chapter I, sub-sub section 1.3.1
3. 3. 2 Striga weed population per plot (4.8 m2) 
The analysis of variance revealed that Striga count per plot was highly and significantly (P < 0.01) different due to legume crops intercropping. When compared to sole sorghum, intercropping legumes (soybean, haricot bean, mung bean, and cowpea) with sorghum reduced the number of Striga per plot. The highest (314) Striga count was recorded from sole sorghum and the lowest (91) in sorghum: cowpea intercrop (Table 3. 1). Striga dry matter was also statistically significantly different at P<0.01 in sorghum: legumes intercropping, with the highest being 83.38 gms in sole sorghum and the lowest being 31.22 gms in sorghum: cowpea intercropping.

Table 3.1 Influence of sorghum-legume intercropping on striga count and striga dry matter at harvesting stage (at 4.8 m2)
	Treatment
	Number of Striga per plot
	Striga Dry Weight (gms) per plot

	
	Metema
	Sanja
	Combined Locations
	Metema
	Sanja
	Combined Locations

	S X SB
	102.5bc
	106.23bc
	104.35bc
	35b
	36.31b
	35.66b

	S X HB
	113b
	112.64b
	112.81b
	34.38b
	34.23b
	34.31b

	S X MB
	97.2bc
	101.53bc
	99.36cd
	33.17b
	34.57b
	33.87b

	S X CP
	91.1c
	93.76c
	92.43d
	31.31b
	32.22b
	31.76b

	Sl SR
	304.6a
	314.65a
	309.63a
	79.43a
	83.38a
	81.41a

	P
	**
	**
	**
	**
	**
	**

	LSD (0.01)
	12.58
	10.19
	7.5
	9.69
	8.37
	4.85

	S.E (1%)
	3.75
	3.04
	2.67
	2.89
	2.49
	1.73

	CV (%)
	3.24
	2.55
	2.75
	8.29
	6.92
	10.33


S X SB= Sorghum soybean intercropping; HB= Haricot bean; MB= Mung bean and CP= Cowpea          Sl SR= Sole sorghum
3. 3. 3 Sorghum and legumes growth, yield and yield components
The grain yield of sorghum and legumes was highly significantly (P<0.01) influenced due to the type of legume crops (Table 3.1). The highest yield of sole sorghum (4.34 tons h-1) followed by (3.93 tons h-1) in sorghum: cowpea intercropping (Table 3.1) were the top scores. The least grain yield (2.22 tons h-1) of sorghum was recorded from sorghum: haricot bean intercropping at Metema. The analysis of variance showed that the grain yield of legumes had a highly significant (P<0.01) difference due to the type of legume and intercropping with sorghum. Grain yields in sole mung bean 3.49 tons h-1 were significantly higher than yields in intercropped sorghum. Sorghum outyielded its intercrops by 57.57%, 51.51%, 45.14%, and 37.04%, over sorghum: mung bean, sorghum: haricot bean, sorghum: soybean, and sorghum: cowpea counterparts, respectively.

Analysis of variance showed that the aboveground dry biomass yield of sorghum was highly significantly (P<0.01) affected due to legume intercropping. The highest (15.56 tons h-1) aboveground dry biomass yield of sorghum in sorghum: soybean, which was statistically at parity with sole sorghum (15.40 tons h-1) (Table 3.2). The lowest (9.53 tons h-1) of sorghum was from sorghum: haricot bean intercropping (Table 3.3).

Legumes aboveground dry biomass was significantly (P ≤ 0.01) affected due to the legume type in sorghum intercropping. Sole-planted legumes yield more than intercropped with sorghum. The increment of sole crops over the intercropped counterparts were; 63.69%, 49.5%, 42.01%, and 13.62%, for haricot bean, mung bean, soybean, and cowpea, respectively.

Sorghum and legume seed weight was highly significantly (P<0.01) affected due to legume type and intercropping. The thousand seed weight of sorghum was 31.61 and 22.61 gms in sorghum/soybean and sorghum/mung bean, respectively (Table 3.3). The highest 100 seed weight of legumes, 18.12 gms was in sole haricot bean while the lowest was 5.56 gms in mung bean sorghum intercropping.

Table 3. 2 Yield of sorghum, soybean, haricot bean, mung bean and cowpea and land equivalent ratio as influenced by legume type and cropping system on sorghum-legume intercropping

	CS
	Legumes grain
yield tons h-1
	Sorghum grain
yield tons h-1
	Sorghum LER
	Legume LER
	Total LER

	
	M
	S
	C
	M
	S
	C
	M
	S
	C
	M
	S
	C
	M
	S
	C

	S SB
	1.28f
	1.24fg
	1.26d
	3.33
	3.47
	3.4b
	0.52ab
	0.58a
	0.55
	0.79
	0.8
	0.79
	1.31ab
	1.39a
	1.34ab

	S HB
	1.46ef
	1.54ef
	1.5cd
	3.22
	3.39
	3.30b
	0.42b
	0.46ab
	0.44
	0.76
	0.78
	0.77
	1.18b
	1.24ab
	1.25b

	S MB
	1.29f
	1.18g
	1.23d
	3.28
	3.46
	3.37b
	0.62ab
	0.32b
	0.42
	0.78
	0.80
	0.79
	1.4ab
	1.11b
	1.21b

	S CP
	1.88de
	1.76e
	1.8cd
	3.73
	3.93
	3.83ab
	0.63a
	0.64a
	0.63
	0.88
	0.90
	0.89
	1.44a
	1.46a
	1.45a

	Sl SR
	-
	-
	-
	4.23
	4.34
	4.29a
	-
	-
	-
	-
	-
	-
	
	
	

	Sl SB
	2.47c
	2.12d
	2.3bc
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Sl HB
	3.49a
	3.36b
	3.43a
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Sl MB
	2.08cd
	3.73a
	2.91ab
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Sl CP
	2.98b
	2.78c
	2.88ab
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	P
	**
	**
	**
	Ns
	ns
	**
	**
	**
	ns
	ns
	ns
	ns
	**
	**
	**

	LSD
	2.87
	2.21
	1.65
	10.33
	9.86
	9.53
	.147
	.127
	.163
	.101
	.125
	.054
	.177
	.159
	.164

	S.e
	0.96
	0.74
	0.85
	.289
	.565
	1.545
	.04
	.034
	.057
	.027
	0.034
	.019
	.048
	.043
	.057

	CV
	5.58
	4.11
	4.79
	.969
	1.896
	4.34
	8.7
	8.8
	8.62
	11.86
	5.24
	4.09
	4.51
	7.89
	7.51


Means within a column followed by the same letter(s) are not significantly different;*** = very highly significant at P < 0.001; ** = highly significant at P < 0.01; * = significant at P < 0.05; ns = non-significant at P ≥ 0.05; CS= cropping system; SSB= sorghum soybean intercropping; SHB= sorghum haricot bean; SMB= sorghum mung bean; SCP= sorghum cowpea; Sl SR= Sole sorghum; Sl SB= sole soybean; Sl HB= sole haricot bean; Sl MB= sole mung bean; Sl CP= Sole Cowpea; LER= land equivalent ratio; M= Metema; S= Sanja; C= combined over locations;  LSD= least significant difference; SE = standard error; CV = coefficient of variation.

 Table 3. 3 Yield components of soybean, haricot bean, mung bean and cowpea as influenced by sorghum-legume intercropping

	Treatment
	Legume aboveground dry biomass (tons h-1)
	Sorghum aboveground dry biomass (tons h-1)
	Legume Hundred grain
weight(gms)
	Sorghum 1000-grain
weight(gms)

	
	M
	S
	C
	M
	S
	C
	M
	S
	C
	M
	S
	C

	S SB
	48.53a
	45.67b
	47a
	15.56a
	15.27
	15.42a
	12.80b
	15.47bc
	14.13c
	31.18a
	31.61a
	31.39a

	S HB
	10.37c
	10.7e
	10.53d
	9.53b
	13.64
	11.58b
	16.86a
	17.74ab
	17.30ab
	23.69bc
	23.95bc
	23.82c

	S MB
	19.37bc
	10.67e
	15.02c
	11.21ab
	13.39
	12.30ab
	5.56c
	5.85d
	5.71d
	22.82c
	22.61c
	22.7c

	S CP
	13.0c
	13.5de
	13.25cd
	14.96a
	14.55
	14.76ab
	12.96b
	13.63c
	13.3c
	28.56ab
	28.50ab
	28.53b

	Sl SR
	-
	-
	-
	14.85a
	15.40
	15.13a
	-
	-
	-
	28.38ab
	29.47a
	28.93b

	Sl SB
	51a
	51a
	51a
	-
	-
	-
	15.84a
	17.33ab
	16.59ab
	-
	-
	-

	Sl HB
	13.58c
	12.58de
	13.08cd
	-
	-
	-
	17.22a
	18.12a
	17.67a
	-
	-
	-

	Sl MB
	23.53b
	24.13c
	23.58b
	-
	-
	-
	6.05c
	6.03d
	6.04d
	-
	-
	-

	Sl CP
	15.5bc
	14.97d
	15.23c
	-
	-
	-
	15.17ab
	16.68ab
	15.92b
	-
	-
	-

	P
	**
	**
	**
	**
	Ns
	**
	**
	**
	**
	**
	**
	**

	LSD
	6.20
	2.51
	3.05
	8.11
	7.54
	7.64
	1.74
	1.64
	1.09
	4.63
	4.08
	4.15

	S.e
	2.08
	0.84
	1.11
	.875
	.89
	.88
	0.59
	0.55
	0.4
	1.02
	0.91
	0.60

	CV
	10.49
	4.51
	8.12
	2.937
	2.986
	2.47
	5.6
	4.86
	5.15
	3.42
	3.04
	1.69


Means within a column followed by the same letter(s) are not significantly different;*** = very highly significant at P < 0.001; ** = highly significant at P < 0.01; * = significant at P < 0.05; ns = non-significant at P ≥ 0.05; CS= cropping system; SSB= sorghum soybean intercropping; SHB= sorghum haricot bean; SMB= sorghum mung bean; SCP= sorghum cowpea; Sl SR= Sole sorghum; Sl SB= sole soybean; Sl HB= sole haricot bean; Sl MB= sole mung bean; Sl CP= Sole Cowpea; LER= land equivalent ratio; M= Metema; S= Sanja; C= combined over locations;  LSD= least significant difference; SE = standard error; CV = coefficient of variation.

3.3.4 Temporal niche differentiation, land equivalent ratio, and area time equivalent ratio

The complimentary ability of the four legume cultivars and sorghum intercropping was estimated through the rate of association. The results showed that highly significant variation (P<0.01) of CR depended on the crop architecture (Table 6). In all treatments, the CR of sorghum and legumes were greater than unity. This highest value of CR indicated sorghum’s superior ability to competition than that of legumes. The highest CR was 2.53 in sorghum: mung bean intercropping. Finally, mung bean appeared as a poor competitor in association with sorghum than the four legumes tested. The aggressivity index (A) and the CR clearly showed that sorghum was dominant in its intercrop with legumes. In contrast, mung bean was more dominated in the intercrop with sorghum (Table 3.6).

3.3.5 Aggressivity and Competition ratio 
The complimentary ability of the four legume cultivars and sorghum intercropping was also estimated through the rate of association. The results showed that highly significant variation (P<0.01) of CR depended on the crop architecture (Table 3.5). In all treatments, the CR of sorghum and legumes were greater than unity. This highest value of CR indicated sorghum’s superior ability to competition than that of legumes. The highest CR was 2.53 in sorghum: mung bean intercropping. Finally, mung bean appeared as a poor competitor in association with sorghum than the four legumes tested. The aggressivity index (A) and the CR clearly showed that sorghum was dominant in its intercrop with legumes. In contrast, mung bean was more dominated in the intercrop with sorghum (Table 3.6).


3. 3. 6 Relative production efficiency (RPE), relative economic efficiency (REE), and gross monetary value
The ATER and sorghum equivalent yield (SEY) were higher when sorghum intercropped with cowpea than when intercropped with other legumes (Table 3.6), which might be due to the greater ability of cowpea to smother and suppression effect on Striga.

 

The RPE, REE, and GMV were statistically highly significant due to the effects of legume types intercropped with sorghum. The highest GMV per ha was 89,425.00 ETB (LER = 1.44) and the lowest GMV per ha was 68,364.00 ETB (LER = 1.11) in sorghum: cowpea and sorghum: mung bean intercropped, respectively.
Table 3. 4 Area time equivalent ratio and temporal niche differentiation as influenced by legume type and cropping system on sorghum-legume intercropping
	CS
	Legume ATER
	Sorghum ATER
	Total ATER
	Sorghum TND
	Legume TND

	
	M
	S
	C
	M
	S
	C
	M
	S
	C
	M
	S
	C
	M
	S
	C

	S SB
	0.36ab
	0.41c
	0.38ab
	0.79
	0.8
	0.79
	1.15
	1.20
	1.17ab
	0.69
	0.69
	0.69a
	0.31
	0.31
	0.31b

	S HB
	0.26a
	0.28b
	0.27b
	0.76
	0.78
	0.77
	1.02
	1.06
	1.04b
	0.61
	0.62
	0.61b
	0.39
	0.38
	0.39a

	S MB
	0.40a
	0.21b
	0.31ab
	0.78
	0.8
	0.79
	1.18
	1.0
	1.09b
	0.65
	0.65
	0.65ab
	0.35
	0.35
	0.35ab

	S CP
	0.41a
	0.42a
	0.42a
	0.89
	0.91
	0.9
	1.3
	1.33
	1.32a
	0.65
	0.65
	0.65ab
	0.35
	0.35
	0.35ab

	P
	**
	**
	**
	ns
	ns
	ns
	ns
	ns
	**
	ns
	ns
	**
	ns
	ns
	**

	LSD
	.094
	.085
	.107
	0.295
	.282
	.131
	.309
	.301
	.166
	.118
	.097
	.049
	.118
	.097
	.049

	S.e
	.025
	.023
	.037
	0.08
	.076
	.045
	.083
	.081
	.058
	.032
	.026
	.017
	.032
	.026
	.017

	CV
	8.45
	8.39
	8.2
	11.85
	11.39
	10.72
	8.81
	8.62
	8.1
	6.0
	4.9
	4.5
	11.2
	9.3
	8.5


Means within a column followed by the same letter(s) are not significantly different;*** = very highly significant at P < 0.001; ** = highly significant at P < 0.01; * = significant at P < 0.05; ns = non-significant at P ≥ 0.05; CS= cropping system; SSB= sorghum soybean intercropping; SHB= sorghum haricot bean; SMB= sorghum mung bean; SCP= sorghum cowpea; Sl SR= Sole sorghum; Sl SB= sole soybean; Sl HB= sole haricot bean; Sl MB= sole mung bean; Sl CP= Sole Cowpea; LER= land equivalent ratio; M= Metema; S= Sanja; C= combined over locations;  LSD= least significant difference; SE = standard error; CV = coefficient of variation.

Table 3. 5 Aggressively index and competition ratio as influenced by legume type and cropping system on sorghum-legume intercropping

	
	
	Aggressively
	Competition ratio
	

	CS
	Legume 
	Sorghum 
	Sorghum CR
	Legume CR

	
	M
	S
	C
	M
	S
	C
	M
	S
	C
	M
	S
	C

	S SB
	-0.54
	-0.43
	-0.48
	0.54
	0.43
	0.48
	1.52ab
	1.37b
	1.45bc
	0.66
	0.73a
	0.69ab

	S HB
	-0.68
	-0.64
	-0.66
	0.68
	0.64
	0.66
	1.82a
	1.7ab
	1.76ab
	0.55
	0.59ab
	0.57b

	S MB
	-0.32
	-0.96
	-0.64
	0.32
	0.96
	0.64
	1.26b
	2.53a
	1.9a
	0.80
	0.40b
	0.60b

	S CP
	-0.51
	-0.55
	-0.53
	0.51
	0.55
	0.53
	1.28b
	1.31b
	1.3c
	0.79
	0.78a
	0.79a

	P
	ns
	ns
	ns
	ns
	ns
	ns
	ns
	**
	**
	ns
	**
	**

	LSD
	.66
	.598
	.425
	.66
	.598
	0.425
	0.336
	0.589
	0.263
	0.21
	0.203
	.121

	S.e
	.178
	.161
	.147
	.178
	.161
	0.147
	0.10
	0.157
	0.088
	.063
	0.06
	0.41

	CV
	8.45
	8.39
	8.2
	16.55
	17.65
	18.44
	8.74
	11.11
	9.54
	10.82
	11.42
	10.59


Means within a column followed by the same letter(s) are not significantly different; ** = highly significant at P < 0.01; * = significant at P < 0.05; ns = non-significant at P ≥ 0.05; CS= cropping system; S SB= sorghum soybean intercropping; S HB= sorghum haricot bean; S MB= sorghum mung bean; S CP= sorghum cowpea; ATER= area time equivalent ratio; CR= competition ratio; M= Metema; S= Sanja; C= combined over locations;  LSD= least significant difference; SE = standard error; CV = coefficient of variation.

Table 3. 6 Sorghum equivalent yield, relative production efficiency, relative economic efficiency and gross monetary value as influenced by legume type and cropping system on sorghum-legume intercropping

	CS
	SEY (tons h-1)
	RPE 
	REE
	GMV

	
	M
	S
	C
	M
	S
	C
	M
	S
	C
	M
	S
	C

	S SB
	5.79
	5.85
	5.82bc
	37.31
	35.06
	36.18bc
	21.26
	18.4
	19.83b
	75230
	75983
	75606b

	S HB
	6.03
	6.35
	6.19ab
	42.61
	46.26
	44.44ab
	29.54
	36.67
	33.11ab
	76370
	80139
	78223a

	S MB
	5.26
	5.27
	5.26c
	24.64
	21.51
	23.07c
	3.19
	2.41
	0.39b
	68364
	68475
	68419b

	S CP
	6.63
	6.64
	6.63a
	57.79
	53.98
	55.88a
	57.84
	51.22
	54.53a
	89425
	89278
	89352a

	P
	ns
	ns
	**
	ns
	ns
	**
	ns
	ns
	**
	ns
	ns
	**

	LSD
	1.35
	1.34
	.624
	33.68
	32.94
	15.31
	58.71
	56.18
	26.4
	21435
	17474
	8992

	S.e
	.353
	.361
	.217
	9.08
	8.89
	5.32
	15.84
	15.16
	9.17
	5782
	4713
	3124

	CV
	7.54
	7.33
	6.9
	25.4
	24.5
	23.1
	26.4
	27.5
	26.5
	9.16
	7.36
	7.7


Means within a column followed by the same letter(s) are not significantly different;*** = very highly significant at P < 0.001; ** = highly significant at P < 0.01; * = significant at P < 0.05; ns = non-significant at P ≥ 0.05; CS= cropping system; S SB= sorghum soybean intercropping; S HB= sorghum haricot bean; S MB= sorghum mung bean; S CP= Sorghum Cowpea; SEY= sorghum equivalent yield; RPE= relative production efficiency;  REE= relative economic efficiency;  GMV= gross monetary value; MAI= monetary advantage index;  M= Metema; S= Sanja; C= combined over locations;  LSD= least significant difference; SE = standard error; CV = coefficient of variation.

3. 4 Discussions

A higher Striga population was recorded when soybeans were intercropped with sorghum than in cowpea, haricot bean, or mung bean (Table 3). This was in agreement with the findings of Fasil and Verkleij (2007), who found that higher Striga numbers per plot were recorded in soybean-sorghum intercropping than in cowpea intercropped with sorghum. According to Odhiambo et al. (2011), growing maize in association with soybean in the field resulted in lower Striga incidences, hence better growth and yield of associated maize. When sorghum was intercropped with soybean, the number of Striga per net plot area was reduced (Langat et al., 2006). Similar observations were made in sorghum where seasonal Striga counts were generally lower in the intercrops than in the control plots (Panhwar et al., 2004).
 

Striga dry matter resulting from intercropping of sorghum: cowpea was significantly lower than that of sorghum intercropped with all other legumes. A study on intercropping indicates that weed population density and weed biomass production may be markedly reduced when intercropping strategies are used (Banik et al., 2006). In a similar experiment, Singh and Singh (2006), achieved greater Striga suppression when cowpea was planted closer to sorghum. Similarly, Khan et al., (2011), reported a lower number of the weed population when maize and mung bean were planted simultaneously. 
The Lower Striga population in intercropped plots indicated that sole sorghum could not suppress the growth and development of S. hermonthica as compared to intercropped plots. This implies that intercropping suppressed the growth and development of S. hermonthica, which might be due to exudates released from both the cowpea and soybean. Cowpea and soybeans released exudates that induced Striga germination, but they were not parasitized and served as trap crops, according to Aliyu and Emechebe (2006). This was consistent with Kureh's et al., (2006), findings that intercropping maize with cowpea reduced the density of emerging Striga. This reduction may also be due to shading or smothering effects from the cowpea canopy.

 

Sorghum grain yield differences in legume and sole sorghum intercropping suggest that intraspecific competition is less affected in reducing than interspecific competition. Angadi et al. (2004), revealed that the grain yield of sorghum was reduced considerably in the intercropping system as compared to the sole crop. Similarly, Oseni and Aliyu (2010), obtained a reduction of 69.7% in sorghum yield due to sorghum: cowpea intercropping. Further, they found that the grain yield of sorghum was higher in sole cropping than in intercropping mixtures. This was in agreement with the findings of Langat et al., (2006), who indicated that intercropping significantly affected the yield of sorghum in sorghum: groundnut intercropping.

 

The reduction in soybean grain yield in intercropping could be due to interspecific competition and the depressive effect of sorghum, a C4 species on soybean, a C3 crop. This finding agreed with Muneer et al., (2004), who had reported a higher seed yield of sole over intercropped soybean. Accordingly, Osang et al., 2015, found that shading by the taller plants in the mixture could reduce the photosynthetic rate of the slower growing plants and thereby reduce their yields. In a study conducted on intercropping wheat and chickpea, it was observed that the chickpea yield in the mixture significantly decreased (Banik et al., 2006).  Similarly, Oseni and Aliyu (2010), reported a 55.3% cowpea yield reduction due to the sorghum: cowpea intercropping system. Oseni (2010), also found that the grain yield of cowpea was higher in sole cropping than in intercropping mixtures. This was in agreement with the findings of Egbe et al., (2010), who found that cowpea grain yield was depressed by maize: cowpea intercropping systems. 

 

Greater TND in intercrops showed differential resource demands between component crops at different times that resulted in higher yields of both component crops (Yu et al., 2015). Baker and Yusuf (1976), suggested that there should be at least a 30 to 40-day maturity difference between the component crops to capture the advantages of intercropping. The reason LER was more than unity is perhaps because of fixing and absorbing nitrogen in intercropping sorghum and legumes. Koocheki et al., (2009), found similar results in intercropping corn and beans, which is consistent with the results of the present experiment. Also, in intercropping of wheat and lentil, the maximum LER (1.52) was achieved in lentil and 40% wheat as a mixed cropping system (Akter et al., 2004).  Higher LER in intercropping than sole cropping has also been reported in maize: soybean by Ullah et al. (2007). The yield advantage could be due to the efficient utilization of growth resources by the intercropped crops or the intercropping advantages of nitrogen fixation and increased light use efficiency (Reddy, 2000).

The competition between component crops values was highly significant due to the main effects of legume type and value ranges (0.4–0.8) and (1.26–2.53) for legumes and sorghum, respectively. This shows that sorghum was more competent at intercropping with legumes. Among legumes, mung bean and cowpea are better than haricot bean and soybean. Yu et al. (2015), reported that non-legume–legume intercropping systems that have wide TND result in low competition in growth resources between them. The maximum intercropping GMV was related to cowpea: sorghum and soybean: sorghum with 89,425 and 68,419 ETB, respectively. The reason for this result may be due to better use of resources such as light, water, and nutrients in these treatments. This was consistent with the findings of Wondimu (2013) and Alice (2007), who discovered that intercropping yielded higher monetary returns than sole maize in the maize soybean cropping system. Similarly, Biruk (2007), reported that intercropping sorghum with common bean was more advantageous than sole cropping of either-or sorghum.

When compared to other intercropping legumes, the sorghum-cowpea intercropped produced higher and more positive RPE and REE results. Intercropped sorghum: cowpea provided the highest positive RPE (57.79%) and REE (57.84%) of all intercrops. These results showed that these intercrops were superior to the existing sole crops. Intercropping studies such as cotton: radish and cluster bean: beet root (Sankaranarayanan et al., 2011), have also shown higher RPE and REE compared with the respective existing sole cropping system.
3. 5 Summary and conclusions

Striga has a greater impact on human welfare than any other parasitic angiosperms because their hosts are subsistence crops. Low soil fertility, nitrogen deficiency, well-drained soils, and water stress accentuate the severity of Striga damage to the hosts. Suicidal germination is a promising option in combating Striga. This strategy refers to decreasing the seed bank in infested soils with leguminous non-host crops.

In line with the principal objective of the current study, legume-sorghum intercropping has resulted in lower Striga incidences, hence better growth and yield of associated sorghum.

Sorghum-cropping systems can be improved by intercropping cowpea for Striga management. The calculated LER exceeded unity in Sorghum: cowpea, indicating that intercrops were advantageous. The highest grain yield, above-ground dry biomass, and thousand seed weights were obtained from this treatment. Based on the statistical and economic analysis results, sorghum: cow pea intercropping can be recommended for the study area.
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Abstract

Striga hermonthica is a major biotic threat to worldwide food security, especially in sub-Saharan Africa. Sorghum production in North Gondar is challenged by the parasitic weed causing low crop yields. One of the options widely practiced is intercropping with legumes and variation in sowing dates of the intercropped crop species. A field experiment was conducted at two locations; Metema and Sanja at Gondar Agricultural Research Centers in the 2017/18 cropping season. Three sowing dates of soybean (2 weeks and 1 week before sowing and at a sorghum plantation) to control Striga. The study laid in a randomized complete block design with three replications in a factorial combination, two sorghum varieties; improved (Berhan) and a local variety commonly grown in the area and soybean "Afgat” varieties were used. A highly significant difference between Striga count (SC) and dry matter, grain yield (GY), above-ground biomass, and thousand seed weight (TSW) were the main effects and their interactions. SC, GY, and TSW were significant at Metema and combined over locations, but only GY at Sanja. Highest grain yield, biomass, thousand seed weight and lowest Striga counts was obtained in resistant variety at 2 weeks soybean sown before sorghum and, highest Striga was recorded in susceptible variety where soybean was sown at the same date with sorghum. Economic analysis results showed the highest and lowest net returns of 32,048.50 and 8,660 ETB per hectare from 2 weeks before with resistant sorghum and the same date with susceptible sorghum, respectively. Therefore, in the study area, the "Berhan” variety at two weeks before sorghum sowing is recommended for profitable sorghum production and Striga management. 
Keywords: Productivity; sorghum; soybean; sowing date; Striga infestation
 4. 1 Introduction

Grain sorghum is Ethiopia’s leading traditional food crop, ranking third in area coverage after teff and maize, and second in total production after maize. Sorghum for its injera (national fermented flat pancake) making quality is next to teff. Sorghum was grown on 1.89 million hectares with a total production of 5.3 million tons in 2020, comprising about 22.3% of the total cereal production in the country (CSA, 2020). Although there is a significant land area allocated for sorghum in Ethiopia, there is a high demand for food and other multiple uses, and it is a suitable crop for drought-prone areas. The average national yield is less than 2.8 tons per hectare (CSA, 2020), but the potential yield under rainfed cultivation ranges from 3 to 6 tons per hectare (Geremu et al., 2020). The productivity of the crop is poor due to the low yield potential of existing cultivars and the biotic and abiotic constraints, ICRISAT (Rao et al., 2009). Parasitic weeds and soil fertility are among the major factors attributed to the low yield in farmers’ fields.
The parasitic weed S. hermonthica is the most important biotic constraint for sorghum and maize. In several tropical and subtropical regions, including Ethiopia, it is the production limiting factor for sorghum production. The losses due to Striga can reach 65% and 100% of the sorghum yield in Ethiopia and Sudan (Ejeta et al., 2002). Continuous cereal cultivation, which hosts the Striga parasite, and declining soil fertility will make the host plant more vulnerable to Striga attack. Striga is considered an indicator of poor soil fertility (Kanampiu and Friesen, 2004). Striga-affected areas have accumulated very high-level Striga seeds in the soil, which are long-lived in mono-cropping practices. The seeds stimulated by crop exudates need some breaking dormancy each season. Farmers cannot get rid of this pest easily once the field is infected with Striga, and a single plant can produce 10,000–200,000-minute seeds under optimal conditions (Hearne, 2009).
A combined means to tackle the challenges of Striga control approaches was practiced individually or in combined ways. The seed problem of the weed was not effectively addressed, even though they have checked the impact of this notorious weed (Oswald et al., 2002). If the seed bank of Striga is not controlled adequately, the widespread seed bank of Striga in infested fields remains an obstacle (Parker, 2012). Poor soil fertility and drought are worsening Striga infection. Soil fertility could affect plant signaling during Striga’s interaction with the host; about 20 different types of strigolactones (SLs) that may or may not be specific to the host have been identified, ICRISAT (Rao et al., 2009). 

The roots of several legumes are known to induce Striga seeds to suicidal germination, and this feature has become incorporated into Striga suppression strategies involving cereal-legume intercropping or rotation (Waruru, 2013). Selection of legume cultivars that encourage fatal growth of Striga can effectively manage the problem (Dashiell et al., 2000). Legume crops which their root release exudates, like Desmodium, cowpea, and soybeans will initiate Striga germination without being parasitized by the weed (Aliyu & Emechebe, 2006). As a result, as a component of cropping systems, various trap crops have a significant reduction impact on soil Striga seed bank. 
The Striga infestation in sorghum fields of North Gonder Zone in Northwest Ethiopia is so severe. Sub-Saharan Africa cereal production is suffering from Striga (Oswald et al., 2002). Striga infestation in the study area is aggravated with fertility declining as a result of increased cereal monocropping (Rodenburg et al., 2005). Striga’s rapid spread has been aided by declining plant diversity, which is common among poor farmers (Kudi and Abdulsalam, 2008). This soil fertility depletion problem is also common in Metema and Sanja, which are potential sorghum producing areas of North Gondar. "Sorghum farmers in the study area suffered seriously with low sorghum productivity that is mainly caused by the aforementioned reasons.” North Gondar takes the highest share, 38.18% of the regional sorghum area coverage, (CSA, 2020). 

 

Sustainable food production with affordable technologies for farmers can be achieved if there is a solution to the Striga problem. As Dugje et al., (2008), Striga control in sorghum is more challenging than in other cereal crops. A more desirable option is the inclusion of leguminous nonhost crops, which stimulate Striga germination but do not support its growth. These non-hosts can significantly deplete the seed bank (Berner et al., 1996). Soybean, one of the most important lowland legumes, has recently received a lot of attention in Metema and Sanja. They are helpful for their soil amendment and nutritional diet for human consumption (Chianu et al., 2006; Misiko, 2007). Soybean varieties are known to encourage Striga germination but are not parasitized themselves (Carsky et al., 2000; Sanginga et al., 2001). S. hermonthica seeds have differences in relative germination to varieties of soybean as a result of the levels of crop stimulants. 

Significant interactions of cultivars and sowing dates on maize grain yield were observed (Norwood, 2001; Darby and Lauer, 2002). Current information on the sowing date of soybean with sorghum cultivars about yield and Striga infestation is very limited in the study area. A better understanding is needed on sowing date of soybean intercropped with sorghum varieties, on yield and Striga infestation. Neither do farmers use appropriate soybean sowing dates to control Striga infestation and increase their sorghum productivity nor do research and extension interventions have well addressed this critical constraint for limiting sorghum productivity and production in the study area. Therefore, the principal objective of this study is to evaluate the usefulness of different sowing dates of soybean intercropping with Striga resistant and susceptible sorghum varieties for S. hermonthica management for increasing sorghum productivity in Northwest Ethiopia.

4. 2 Materials and Methods
4. 2.1 Description of the Study sites

The present study was carried out in Metema and Sanja woredas in West Gondar and Central Gondar zones, respectively. The detail biophysical characteristics of the area described in chapter I, sub-sub section 1.3.1

4. 2. 2 Soil analysis

The detail soil analysis of the area described in chapter I, sub-sub section 1.3.2
4. 2. 3 Experimental Treatments, Design, and Procedures
Factorial combinations in randomized complete block design (RCBD) of three soybean dates of sowing (2 weeks, 1 week before and same with sorghum) and two sorghum varieties: Striga resistant (Berhan), susceptible ("Deber” local), and "Afgat” soybean variety with three replications. There are nine treatment combinations. Seeds of sorghum ("Berhan”) and soybean "Afgat” were obtained from the Gondar Agricultural Research Center and the local variety ”Deber” from the local market.

After plowing twice with a traditional oxen plow, the selected plots were subdivided into blocks and plots manually as per the treatments, design, and replications. The gross plot size was 3.5 × 3.0 m (10.5 m2) with the net plot area of 2 × 2.4 m (4.8 m2). The adjacent plots and blocks were separated by 1.0 m and 1.5 m wide paths, respectively. Except for Striga, the experimental plots were kept free from other weeds manually. Beyond the treatments, all other agronomic practices were as per their respective recommendations used for sorghum and soybean in the study area. 

 
4. 2. 4 Striga and crop data collection
Striga count and dry matter per plot in the net plot area (4.8 m2), was taken at sorghum maturity for about 150 days. Data on phenological, vegetative growth, and yield-related sorghum parameters were collected on time. Phenological parameters (days to 50% flowering and days to 90% physiological maturity), stand counts, biomass, and grain yields were taken from the net plot area. Plant height and panicle height of sorghum and soybean were taken as averages of 10 and 5 randomly selected plants, respectively, at physiological maturity in the net plot area. Plant and panicle height with a linear meter from randomly selected plants. 
When the grains reached the black layer stage, sorghum plants in the net plot area were harvested and spread to dry with the sun. Aboveground dry yield was estimated by weighing harvested plants of treatments with a balance. After threshing the heads of well-dried sorghum plants, grain yield was also estimated by weighing clean grains of each net plot area with a balance and adjusted to 12.5% moisture level and then converted to a hectare basis. A thousand grains were randomly taken from clean grains recovered in each net plot area and weighed with a sensitive balance to determine a thousand kernels’ weight. HI was calculated as grain to biomass yield ratio and converted to percentile. 

4. 2. 5 Land equivalent ratio (LER), area time equivalent ratio (ATER), competitive ratio (CR), gross monetary value (GMV) and monetary advantage index (MAI)
The relative land area in pure stands required to produce the yields of all products from the mixture is land equivalent ratio (Vandermeer, 1992). LER is employed to calculate intercropping efficiency.

Where AI and BI are the intercropping yields, and AS and BS are the sole yields of each crop in a monoculture system. If LER is greater than one, intercropping would be better than monoculture (Mazaheri, 1993). 

Competition Ratio: Competition between component crops was measured by the CR (Zhang et al., 2011). The CR of the intercrops was calculated by the formula:



Where CRSR and CRSB are sorghum and soybean CRs, respectively; PLERSR and PLERSB are sorghum and soybean partial land equivalent ratios, respectively; and ZSRSB and ZSBSR are sorghum intercropped with soybean seed proportions and soybean intercropped with sorghum seed proportions, respectively. YSRIC and YSBIC are yields of sorghum and soybean in an intercropping, respectively, and YSRSC and YSBSC are the yields of sorghum and soybean in sole cropping, respectively. 

If CRSR is greater than one, it indicated that sorghum was a competitor, while CRSR less than one implied that the soybean crop suppressed sorghum production.


(Layek et al., 2014) 

Sorghum and soybean yield in sole and intercropping are considered to measure the profitability of the system as Gross Monetary Value (GMV) and MAI. For GMV calculation, the market prices of sorghum and soybean were 13 and 25 ETB per kg, respectively, and labor was 80 ETB per man-day. 

4. 2. 6 Data analysis 

All collected Striga, crop, and land productivity data were further subjected to analysis of variance using SAS software version 9.2 (SAS, 2015). Since the homogeneity test of the two locations for all parameters was not significant, the combined analysis of variance was also done for each parameter over locations. Whenever the result showed a significant difference among treatments for a parameter in question, mean separation was performed using the least significant difference (LSD) test, while the coefficient of variations for considered parameters was lower than 10.

4. 3 Results

4. 3. 1. Striga weed components 

The analysis of variance for Striga count per plot shows that there was a highly significant (P<0.01) difference due to the main effects of soybean dates of sowing, whereas sorghum varieties were significant at Metema and combined over locations but non-significant at Sanja (Table 1). Striga counts per plot ranged from 113.18 in sole sorghum plots to 70.19 in soybean intercropped plots 2 weeks before sorghum plots. Susceptible sorghum was high (105.7) and resistant (90.91) Striga counts. The interaction effect was highly significant (P<0.01) with 140.2 susceptible in SD and at least 66.45 in resistant 2 weeks before (Table 4. 2). Striga dry matter differed statistically significantly (P<0.01) for sowing date and sorghum varieties, with the highest being 83.38 gms in sole sorghum same date (SD) and the lowest being 31.22 gms at two weeks. Susceptible and resistant varieties were 43 and 39.08 gms, respectively. Interaction effects highly significantly gave 68.67 and 21.67 gms in susceptible sole SD and resistant variety at 2 weeks, respectively (Tables 4. 1 and 4.2). 

4. 3. 2. Sorghum grain yield (tons h-1)
There was a highly significant difference (P<0.01) due to soybean different dates of sowing, 4.84 and 2.29 tons h-1at 2 weeks and SD, respectively, but varieties were non-significant (Table 4. 3). Interaction effects highly significantly affected grain yield. The highest was 5.02, and at least 2.26 tons h-1resistant at 2 weeks and susceptible sorghum at SD (Table 4. 4). 

4. 3. 3 Aboveground dry biomass yield (tons h−1) 

In a similar trend, aboveground dry biomass of sorghum also showed highly significant variation (P<0.01) for dates of sowing 13.88 at 2 weeks and 7.2 tons h−1 at the same date, but variety was non-significant (Table 4. 3). Interaction effects were highly significant, 14.02 and 6.64 tons h−1 for 2 weeks of the resistant variety and the same date in susceptible sorghum varieties, respectively (Table 4. 4).

Table 4. 1 Main effects of soybean dates of sowing and sorghum varieties on striga count and striga dry matter at harvesting stage in Metema and Sanja and combined over locations, Northwest Ethiopia
	Main Effect
	Striga Count
	Striga Dry Matter (gms)

	Date Sowing
	M
	S
	COL
	M
	S
	COL

	Same Date
	138.8a
	124.43a
	131.62a
	41.67b
	42b
	41.83b

	2 Wk. Before
	70.19d
	82.89c
	76.54d
	25c
	22.17d
	23.58c

	1 Wk. Before
	90.91c
	101.03b
	95.97c
	40.17b
	37.17c
	38.67b

	Sole SD
	113.18b
	106.84b
	110.01b
	57.67a
	57.67a
	57.67a

	P value
	**
	**
	**
	**
	**
	**

	LSD 
	4.706
	6.013
	3.423
	4.356
	3.852
	2.598

	S.E (+)
	1.581
	2.02
	1.245
	1.463
	1.294
	0.945

	Sole SD 
	
	
	
	
	
	

	SRS
	100.84b
	102.7a
	101.77b
	39.25b
	39.08a
	39.17a

	SSS
	105.7a
	104.9a
	105.3a
	43a
	40.42a
	41.71a

	P value
	**
	ns
	**
	**
	ns
	ns

	LSD 
	3.328
	4.252
	2.42
	3.08
	2.724
	1.837

	S.E (+)
	1.118
	1.428
	0.88
	1.035
	0.915
	0.668

	CV (%)
	4.28
	5.84
	4.96
	2.65
	3.37
	2.94


Means within a column followed by the same letter(s) are not significantly different; ** = highly significant at P < 0.01; * = significant at P < 0.05; ns = non-significant at P ≥ 0.05; Var= crop variety; M= Metema; S= Sanja; COL = combined over locations; Same D =soybean sown with sorghum on the same date; 2 Wk. B= soybean sown 2 weeks before sorghum; 1 Wk. B= soybean sown 1 week before sorghum; Sole SD= sole sorghum sown on the same date; SRS= striga resistant sorghum; SSS= striga susceptible sorghum; SC=striga count/plot; SDM= striga dry matter (gm/plot); SE = standard error;  CV = coefficient of variation.  
 

4. 3. 4 Sorghum Thousand seed weight

The thousand seed weight differs significantly in the main effect of sowing dates; 31.99 and 21.93 gms in 2 weeks and SD, respectively. Sorghum varieties are highly significant at (P<0.01) affected varieties, 26.01 resistant and 23.37 gms in susceptible variety (Table 4. 3). Highly significant interaction effects in TSW show sole and SD resistant 33.63 and 20.07 gms, respectively (Table 4. 4). 

4. 3. 5 Productivity of intercropping

As induces, partial and total LERs were used to assess intercropping productivity. The partial LER of sorghum varied significantly in terms of soybean dates of sowing with sorghum. A significant increase in partial LER (0.69 to 1.41) of soybeans was calculated due to a proportional increase in the sowing dates of soybeans (Tables 4.5 and 4.6). The GMV, MAI, SEY, and CR were statistically highly significant both in the main effects and interaction of soybean dates of sowing with sorghum varieties (Tables 4.7 and 4.8). The parameters were increased with the increase in the planting of soybeans 2 weeks before in intercropped sorghum/soybean. This might be because of higher seed yield values and the higher price per kg of soybean which contributed more to gross monetary value than soybean as reflected by the monetary value of soybean in intercrops. Thus, the highest GMV of ETB 83,943.00 per ha (LER = 1.78) and lowest GMV of ETB 48,664.00 per ha (LER = 1.17) were obtained when sorghum intercropped with soybean at sowing dates of 2 weeks before sorghum and the same dates with sorghum, respectively (Tables 4.7 and 4.8). 

 
 4. 3. 6 Economic analysis 

The economic (partial budget) analysis of the study parameters/treatments was carried out by taking mean grain yield and prices of input (sorghum and soybean seed and operation costs) for the nearby Metema and Sanja markets. The highest MRR was recorded 2 weeks before soybean intercropping with Striga resistant, followed by 201.14 in susceptible sorghum (Table 4.9). Adoption of this treatment as a method for Striga control would give an additional gain of 251.49% from every birr invested for Striga control.

Table 4. 2 Interaction effects of soybean dates of sowing and sorghum varieties on striga count and striga dry matter at harvesting stage in Metema and Sanja and combined over locations, Northwest Ethiopia
	Interaction Effects
	SC
	SDM (gms)

	Date of sowing
	Var
	M
	S
	COL
	M
	S
	COL

	Same D 
	SRS
	137.4a
	123.17a
	130.29a
	42bc
	49b
	45.5b

	
	SSS
	140.2a
	125.69a
	132.95a
	41.33c
	35d
	38.17c

	2 Wks. B 
	SRS
	66.45d
	84.05c
	75.25d
	24d
	21.67e
	22.83d

	
	SSS
	73.93d
	81.73c
	77.83d
	24d
	22.67e
	24.33d

	1 Wk. B 
	SRS
	87.47c
	99.38b
	93.42c
	39.33c
	39cd
	39.17c

	
	SSS
	94.35c
	102.67b
	98.51c
	41c
	35.33d
	38.17c

	Sole Same D 
	SRS
	112.04b
	104.18b
	108.11
	51.67b
	46.67bc
	49.17b

	
	SSS
	114.33b
	109.5b
	111.92b
	63.67a
	68.67a
	66.17a

	P
	**
	**
	**
	**
	**
	**

	LSD
	6.656
	8.503
	4.84
	6.16
	5.448
	3.674

	S.E (+)
	2.236
	2.856
	1.76
	2.069
	1.83
	1.336

	CV (%)
	4.28
	5.84
	4.96
	2.65
	3.37
	2.94


Means within a column followed by the same letter(s) are not significantly different; ** = highly significant at P < 0.01; * = significant at P < 0.05; ns = non-significant at P ≥ 0.05; Var= crop variety; M= Metema; S= Sanja; COL = combined over locations; Same D =soybean sown with sorghum on the same date; 2 Wk. B= soybean sown 2 weeks before sorghum; 1 Wk. B= soybean sown 1 week before sorghum; Sole SD= sole sorghum sown on the same date; SRS= striga resistant sorghum; SSS= striga susceptible sorghum; SC=striga count/plot; SDM= striga dry matter (gm/plot); SE = standard error;  CV = coefficient of variation.  
Table 4. 3 Main effects of soybean dates of sowing and sorghum varieties on grain yield, aboveground dry biomass and thousand seed weight of sorghum in Metema and Sanja and combined over locations, Northwest Ethiopia
	Main Effect
	GY (tons h-1)
	AGBM (tons h-1)
	TSW (gms)

	Date Sowing
	M
	S
	COL
	M
	S
	COL
	M
	S
	COL

	Same D
	2.36c
	2.73c
	2.55c
	7.2d
	8.29c
	7.65d
	21.93b
	22.92b
	22.43b

	2 Wk. B
	4.84a
	4.43a
	4.64a
	13.88a
	12.44a
	13.16a
	29.84a
	31.99a
	30.91a

	1 Wk. B
	3.38b
	3.64b
	3.70b
	11.32b
	10.68b
	11.0b
	24.67b
	24.53b
	24.6b

	Sole SD
	2.44c
	2.29c
	2.36c
	9.09c
	10.10b
	9.6c
	22.32b
	22.61b
	22.46b

	P value
	**
	**
	**
	**
	**
	**
	**
	**
	**

	LSD
	.627
	.51
	.385
	.916
	1.009
	.612
	3.15
	2.13
	1.78

	S.E (+)
	0.215
	.175
	.14
	.314
	.345
	.223
	1.06
	0.71
	0.65

	Sorghum Varieties
	
	
	
	
	
	
	
	
	

	SRS
	3.49
	3.39
	3.44
	10.57
	10.49
	10.53
	26.01
	25.97
	25.99

	SSS
	3.22
	3.15
	3.19.
	10.08
	10.27
	10.18
	23.37
	25.05
	24.21

	P value
	ns
	ns
	ns
	ns
	ns
	ns
	**
	ns
	**

	LSD
	0.443
	0.361
	.272
	.648
	.713
	.433
	2.22
	1.5
	1.26

	S.E (+)
	0.152
	.124
	0.099
	.222
	.244
	.157
	0.75
	0.51
	0.46

	CV (%)
	4.6
	7.74
	6.41
	5.43
	4.54
	5.12
	7.41
	4.85
	6.31


Means within a column followed by the same letter(s) are not significantly different; ** = highly significant at P < 0.01; * = significant at P < 0.05; ns = non-significant at P ≥ 0.05; Var= crop variety; M= Metema; S= Sanja; COL = combined over locations; Same D =soybean sown with sorghum on the same date; 2 Wks.= soybean sown 2 weeks before sorghum; 1 Wk. B= soybean sown 1 week before sorghum; Sole SD= sole sorghum sown on the same; SRS= striga resistant sorghum; SSS= striga susceptible sorghum GYt= grain yield (ton h-1; AGBM = aboveground biomass yield (ton ha–1); TGW = thousand seed weight (g); SE = standard error; CV = coefficient of variation.

 Table 4. 4 Interaction effects of soybean dates of sowing and sorghum varieties on grain yield, aboveground dry biomass and thousand seed weight of sorghum in Metema and Sanja and combined over locations, Northwest Ethiopia
	Interaction Effects
	GY (tons h-1)
	AGBM (tons h-1)
	TSW (gms)

	Date Sowing
	Var
	M
	S
	COL
	M
	S
	COL
	M
	S
	COL

	Same D 
	SRS
	2.45c
	2.83cde
	2.64c
	7.39cd
	8.17c
	7.78e
	22.12b
	23.49b
	20.07

	
	SSS
	2.28c
	2.63de
	2.47c
	6.64d
	8.405c
	7.53e
	21.75b
	22.36b
	28.46

	2 Wks. B 
	SRS
	5.02 a
	4.66a
	4.84a
	14.02a
	12.579a
	13.3a
	32.41a
	32.27a
	28.34

	
	SSS
	4.67a
	4.2ab
	4.43a
	13.74a
	12.32a
	13.03a
	27.28ab
	31.71a
	29.33

	1 Wk.  B 
	SRS
	4.0 b
	3.77abc
	3.88b
	11.43b
	10.95ab
	11.19b
	26.05ab
	24.42b
	26.36

	
	SSS
	3.55b
	3.5bcd
	3.63b
	11.2b
	10.42b
	10.81bc
	23.28b
	24.63b
	26.72

	Sole SD 
	SRS
	2.49c
	2.31e
	2.40c
	8.72cd
	10.27b
	9.51d
	23.47b
	23.72b
	33.63

	
	SSS
	2.39c
	2.26e
	2.33c
	9.44bc
	9.94bc
	9.69cd
	21.17b
	21.49b
	30.13

	P
	**
	**
	**
	**
	**
	**
	**
	**
	**

	LSD
	.886
	.722
	3.37
	1.296
	1.427
	8.42
	1.94
	3.19
	1.99

	S.E (+)
	.303
	.247
	1.23
	.444
	.448
	3.06
	1.49
	1.01
	1.63

	CV (%)
	4.6
	7.74
	6.41
	5.43
	4.54
	5.12
	7.41
	4.85
	6.31


Means within a column followed by the same letter(s) are not significantly different; ** = highly significant at P < 0.01; * = significant at P < 0.05; ns = non-significant at P ≥ 0.05; Var= crop variety; M= Metema; S= Sanja; COL = combined over locations; Same D =soybean sown with sorghum on the same date; 2 Wks.= soybean sown 2 weeks before sorghum; 1 Wk. B= soybean sown 1 week before sorghum; Sole SD= sole sorghum sown on the same; SRS= striga resistant sorghum; SSS= striga susceptible sorghum GYt= grain yield (ton h-1; AGBM = aboveground biomass yield (ton ha–1); TGW = thousand seed weight (g); SE = standard error; CV = coefficient of variation.

Table 4. 5 Main effects of soybean dates of sowing and sorghum varieties on land equivalent ratio and area time equivalent ratio of sorghum, soybean and total in Metema and Sanja and combined over locations, Northwest Ethiopia
	Main Effect
	Land Equivalent Ratio
	Area Time Equivalent Ratio

	
	Sorghum
	   Soybean
	Total
	Sorghum
	Soybean
	Total

	DS
	M
	S
	COL
	M
	S
	COL
	M
	S
	COL
	M
	S
	COL
	M
	S
	COL
	M
	S
	COL

	Same D
	.69b
	.85b
	.77c
	.52c
	.53c
	.52c
	1.2b
	1.38b
	1.29c
	0.87c
	1.16a
	1.01a
	0.32b
	0.33b
	0.32b
	1.19c
	1.49a
	1.34a

	2 Wk. B
	1.41a
	1.39a
	1.4a
	.67a
	.69a
	.68a
	2.08a
	2.09a
	2.08a
	1.55a
	0.63b
	1.09a
	0.4a
	0.41a
	0.4a
	1.95a
	1.04b
	1.49a

	1Wk. 
	1.13a
	1.13ab
	1.13b
	.55b
	.57b
	.56b
	1.69a
	1.7b
	1.69b
	1.39b
	0.68b
	1.03a
	0.3b
	0.31b
	0.31c
	1.69b
	0.99b
	1.34a

	P 
	**
	**
	**
	**
	**
	**
	**
	**
	**
	**
	**
	ns
	**
	**
	**
	**
	**
	ns

	LSD
	.37
	.31
	.20
	.03
	.03
	.02
	.37
	.32
	.21
	.124
	.14
	.473
	.016
	.016
	.01
	.142
	0.143
	.469

	SE(+)
	.12
	.1
	.07
	.01
	.08
	.01
	.12
	.1
	.07
	.041
	0.044
	.17
	.005
	.005
	.004
	.046
	0.045
	.17

	Sor V
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	SRS
	1.09a
	1.14a
	1.11a
	0.6a
	.62a
	.61a
	1.69a
	1.77a
	1.73a
	1.29a
	0.64b
	0.96b
	.35a
	0.36a
	.36a
	1.58b
	1.01b
	1.32b

	SSS
	1.07a
	1.1a
	1.08a
	.56b
	.57b
	.57a
	1.63a
	1.68b
	1.65a
	1.25a
	1.0a
	1.13a
	.32b
	0.34b
	.33b
	1.64a
	1.34a
	1.46a

	P  
	Ns
	ns
	ns
	**
	**
	ns
	ns
	**
	ns
	ns
	**
	**
	**
	**
	**
	**
	**
	**

	LSD 
	0.3
	.254
	.167
	.021
	.021
	.012
	.303
	.259
	.17
	.101
	.114
	.387
	.013
	.013
	.009
	0.116
	.117
	.383

	S.E (+)
	.095
	.08
	.059
	.007
	.007
	.004
	.096
	.082
	.06
	.033
	.036
	.14
	.004
	.004
	.003
	0.038
	.037
	.139

	CV(%)
	18.81
	15.1
	16.21
	2.37
	2.36
	2.27
	12.38
	9.95
	10.66
	5.51
	12.21
	8.78
	2.28
	2.76
	2.42
	4.45
	8.76
	6.73


Means within a column followed by the same letter(s) are not significantly different; ** = highly significant at P < 0.01; * = significant at P < 0.05; ns = non-significant at P ≥ 0.05; DS= date of sowing; M= Metema; S= Sanja; COL = combined over locations; Same D =soybean sown with sorghum on the same date; 2Wk. B= soybean sown 2 weeks before sorghum; 1Wk. B= soybean sown 1 week before sorghum; Sor V= sorghum variety; Sole Same D= sole sorghum sown on the same; SRS= striga resistant sorghum; SSS= striga susceptible sorghum; LSD= least significant difference; SE = standard error; CV = coefficient of variation. 
Table 4. 6 Interaction effects of soybean dates of sowing and sorghum varieties on land equivalent ratio and area time equivalent ratio of sorghum, soybean and total in Metema and Sanja and combined over locations, Northwest Ethiopia
	Interaction

Effect
	
	Land Equivalent Ratio
	Area Time Equivalent Ratio

	
	
	Sorghum
	   Soybean
	Total
	Sorghum
	Soybean
	Total

	DS
	Var
	M
	S
	COL
	M
	S
	COL
	M
	S
	COL
	M
	S
	COL
	M
	S
	COL
	M
	S
	COL

	Same D
	SRS
	.69b
	.87b
	.78b
	.47c
	.49c
	.48d
	1.17b
	1.35c
	1.26c
	1.17b
	1.35c
	1.26c
	1.17b
	1.35c
	1.26c
	1.17b
	1.35c
	1.26c

	
	SSS
	.68a
	.82b
	.75b
	.58b
	.57b
	.56c
	2.12a
	1.4c
	1.32c
	2.12a
	1.4c
	1.32c
	2.12a
	1.4c
	1.32c
	2.12a
	1.4c
	1.32c

	2Wk. B 
	SRS
	1.43a
	1.41a
	1.42ab
	.69a
	.71a
	.70a
	1.78ab
	2.12a
	2.12a
	1.78ab
	2.12a
	2.12a
	1.78ab
	2.12a
	2.12a
	1.78ab
	2.12a
	2.12a

	
	SSS
	1.38a
	1.37a
	1.38a
	.66a
	.68a
	.67ab
	1.24b
	2.05ab
	2.05a
	1.24b
	2.05ab
	2.05a
	1.24b
	2.05ab
	2.05a
	1.24b
	2.05ab
	2.05a

	1Wk. B
	SRS
	1.14a
	1.15a
	1.14a
	.65a
	.67a
	.66b
	2.05a
	1.82abc
	1.8ab
	2.05a
	1.82abc
	1.8ab
	2.05a
	1.82abc
	1.8ab
	2.05a
	1.82abc
	1.8ab

	
	SSS
	1.13a
	1.11a
	1.12ab
	.46c
	.47c
	.46d
	1.59ab
	1.58abc
	1.58bc
	1.59ab
	1.58abc
	1.58bc
	1.59ab
	1.58abc
	1.58bc
	1.59ab
	1.58abc
	1.58bc

	P
	
	**
	**
	**
	**
	**
	**
	**
	**
	**
	**
	**
	**
	**
	**
	**
	**
	**
	**

	LSD
	
	.52
	.44
	.289
	.04
	.04
	.02
	.53
	.449
	0.29
	.525
	.449
	0.293
	.525
	.449
	0.29
	.525
	.449
	0.29

	S.E (+)
	
	.16
	.14
	.102
	.01
	.01
	.01
	.17
	.142
	.104
	.166
	.142
	.104
	.166
	.142
	.104
	.166
	.142
	.104

	CV
	18.81
	18.8
	15.1
	16.21
	2.4
	2.4
	2.27
	12.4
	9.95
	10.66
	12.38
	9.95
	10.66
	12.38
	9.95
	10.66
	12.38
	9.95
	10.66


Means within a column followed by the same letter(s) are not significantly different; ** = highly significant at P < 0.01; * = significant at P < 0.05; ns = non-significant at P ≥ 0.05; DS= date of sowing; M= Metema; S= Sanja; COL = combined over locations; Same D =soybean sown with sorghum on the same date; 2Wk. B= soybean sown 2 weeks before sorghum; 1Wk. B= soybean sown 1 week before sorghum; Sor V= sorghum variety; Sole Same D= sole sorghum sown on the same; SRS= striga resistant sorghum; SSS= striga susceptible sorghum; LSD= least significant difference; SE = standard error; CV = coefficient of variation. 
 Table 4. 7 Main effects of soybean dates of sowing and sorghum varieties on sorghum equivalent yield, gross monetary value and monitory advantage index in Metema and Sanja and combined over locations, Northwest Ethiopia
	Main Effects
	SEY (tons h-1)
	Sorghum CR
	Soybean CR
	GMV
	MAI

	DS
	M
	S
	COL
	M
	S
	COL
	M
	S
	COL
	M
	S
	COL
	M
	S
	COL

	Same D
	3.87c
	4.0c
	3.93c
	1.34b
	1.61a
	1.48b
	0.76a
	.63a
	0.7a
	50254c
	52021c
	51138c
	8360c
	16324b
	12342c

	2Wk. B
	6.29a
	5.89a
	6.09a
	2.09a
	2.01a
	2.05a
	0.49b
	.51a
	0.5b
	81710a
	76594a
	79152a
	42249a
	36482a
	39365a

	1Wk. B
	5.09b
	4.79b
	4.94b
	2.11a
	2.03a
	2.07a
	0.5b
	.51a
	0.5b
	66212b
	62245b
	64228b
	26729b
	29048a
	27889b

	P 
	**
	**
	**
	**
	Ns
	**
	**
	ns
	**
	**
	**
	**
	**
	**
	**

	LSD
	.619
	.595
	.207
	.654
	.507
	.352
	.168
	.135
	.093
	9855
	7738
	5246
	12310
	9991
	7308

	SE(+)
	.195
	.188
	.074
	.202
	.16
	.125
	.053
	.43
	.033
	3110
	2442
	1898
	3884
	3152
	2645

	Sor V
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	SRS
	5.27a
	5.08a
	5.7a
	1.77a
	1.83a
	1.8a
	.58a
	.55a
	.57a
	68453a
	66086a
	67270a
	27656a
	28437a
	28047a

	SSS
	4.9b
	4.7a
	4.8b
	1.92a
	1.94a
	1.93a
	.58a
	.54a
	.56a
	63664a
	61152a
	62408a
	23902b
	26133b
	25017a

	P  
	**
	ns
	**
	ns
	Ns
	ns
	ns
	ns
	ns
	ns
	ns
	ns
	**
	**
	ns

	LSD 
	.758
	.486
	.06
	.534
	.414
	.287
	.137
	.11
	.076
	8047
	.254
	4283
	10051
	8158
	5867

	S.E (+)
	.239
	.153
	.169
	.169
	1.31
	.102
	.43
	.035
	.027
	2539
	.08
	1550
	3171
	2574
	2160

	CV(%)
	8.16
	6.62
	7.12
	8.74
	11.11
	9.54
	10.82
	11.42
	10.59
	18.81
	15.1
	16.21
	2.37
	2.36
	2.27


Means within a column followed by the same letter(s) are not significantly different; ** = highly significant at P < 0.01; * = significant at P < 0.05; ns = non-significant at P ≥ 0.05; DS= date of sowing; Sor V= sorghum variety; M= Metema; S= Sanja; COL = combined over locations; Same D =soybean sown with sorghum on the same date; 2Wk. B= soybean sown 2 weeks before sorghum; 1Wk. B= soybean sown 1 week before sorghum; Sole Same D= sole sorghum sown on the same; SRS= striga resistant sorghum; SSS= striga susceptible sorghum; SEY= sorghum equivalent yield; CR= competition ratio; GMV= gross monetary value; MAI= monitory Advantage Index; LSD= least significant difference; SE = standard error; CV = coefficient of variation. 
Table 4. 8 Interaction effects of soybean dates of sowing and sorghum varieties on sorghum equivalent yield, gross monetary value and monitory advantage index in Metema and Sanja and combined over locations, Northwest Ethiopia
	Interaction Effects
	SEY (tons h-1)
	Sorghum CR
	Soybean CR
	GMV
	MAI

	DS
	Var
	M
	S
	COL
	M
	S
	COL
	M
	S
	COL
	M
	S
	COL
	M
	S
	COL

	SD
	SRS
	3.74d
	3.91c
	3.83c
	1.47b
	1.76a
	1.62bc
	.68ab
	.57a
	.63ab
	48664d
	50845c
	49754c
	6941b
	16108b
	11524c

	
	SSS
	6.46a
	6.06a
	6.26a
	2.09a
	2.0a
	2.05ab
	.49ab
	.5a
	.5bc
	51845cd
	53196bc
	52521c
	9779b
	16541b
	13160c

	2W 
	SRS
	5.6abc
	5.28ab
	5.44b
	1.76b
	1.71a
	1.74abc
	.58ab
	.59a
	.58abc
	83943a
	78837a
	81390a
	44071a
	40628a
	42350a

	
	SSS
	3.99cd
	4.09bc
	4.04c
	1.22b
	1.44b
	1.33c
	.84a
	.69a
	.76a
	79477ab
	74350a
	76913ab
	40426a
	32337ab
	36382ab

	1W
	SRS
	6.11ab
	5.72a
	5.92ab
	2.08a
	2.02a
	2.05ab
	.48ab
	.51a
	.5bc
	72754abc
	68577ab
	70665b
	31958ab
	28575ab
	30266ab

	
	SSS
	4.59bcd
	4.3bc
	4.45c
	2.47a
	2.35a
	2.41a
	.43b
	.43b
	.43a
	59669cd
	55912bc
	57791c
	21500ab
	29522ab
	25511bc

	P
	
	**
	**
	**
	**
	**
	**
	**
	**
	**
	**
	**
	**
	**
	**
	**

	Lsd
	
	.534
	.414
	.102
	.168
	.11
	.076
	.168
	.11
	.076
	13938
	10943
	7418
	17409
	14129
	10336

	S.E
	
	.169
	.131
	.287
	.053
	.035
	.027
	.053
	.04
	.027
	4398
	3453
	2665
	5493
	4458
	3740

	CV
	
	8.16
	6.62
	7.12
	8.74
	11.11
	9.54
	10.8
	11.4
	10.6
	18.8
	15.1
	16.21
	2.37
	2.36
	2.27


Means within a column followed by the same letter(s) are not significantly different; ** = highly significant at P < 0.01; * = significant at P < 0.05; ns = non-significant at P ≥ 0.05; DS= date of sowing; Sor V= sorghum variety; M= Metema; S= Sanja; COL = combined over locations; Same D =soybean sown with sorghum on the same date; 2Wk. B= soybean sown 2 weeks before sorghum; 1Wk. B= soybean sown 1 week before sorghum; Sole Same D= sole sorghum sown on the same; SRS= striga resistant sorghum; SSS= striga susceptible sorghum; SEY= sorghum equivalent yield; CR= competition ratio; GMV= gross monetary value; MAI= monitory Advantage Index; LSD= least significant difference;    SE = standard error; CV = coefficient of variation. 
Table 4. 9 Partial Budget Analysis (Ethiopian birr)
	
	GYR
	TCV
	NB

	Same D SRS
	34326.5
	30865
	3461.5

	Same D SSS
	31921.5
	30665
	1256.5

	2Wks. B SRS
	62913.5
	30865
	32048.5

	2Wks. B SSS
	57629
	30665
	26964

	1Wk. B SRS
	50466
	30865
	19601

	1Wk. B SSS
	45851
	30665
	15186

	Sole SRS
	31213
	21765
	9448

	Sole SSS
	30225
	21565
	8660


AGY= adjusted Grain Yield; ASY= Adjusted Straw Yield; GYR= Grain; SYR= Straw Yield Revenue; GB= Gross Benefit; TVC= Total Variable Cost; NB= Net Benefit and MRR= Marginal Rate of Return; M= Metema; S= Sanja; COL = combined over Locations; Same D =Soybean Sown with sorghum on the same date; 2Wks. B= Soybean Sown 2 weeks before sorghum; 1Wk. B= Soybean Sown 1 week before sorghum; Sole Same D= Sole Sorghum Sown on the same date; SRS= Striga Resistant Sorghum; SSS= Striga Susceptible Sorghum
4. 4 Discussions 

The sole plots had a higher Striga count than the intercrop plots, which agrees with Khan et al., (2007) finding that intercrop plots support lower Striga populations. Oswald (2005) assessed different legumes for their ability to control the parasite and no observable population reduction was seen. The findings of Gurney et al. (1999) agree with the present result. Striga infestation has more negative effects at early stage than at late stage. In his research, Xie et al. (2008) got strigolactones that induce suicidal effects from soybean root exudates that contained orobanchyl acetate. 

Striga dry matter and the emerged Striga were significantly reduced when sorghum was intercropped with soybean in both locations. However, more benefit was derived when sorghum was intercropped with soybean 2 weeks before sorghum. Another study on intercropping indicates that weed population and weed density may be highly limited when intercropping strategies are used (Aleman, 2000). Cowpea and soybeans released exudates that induced Striga germination, but they were not parasitized and served as trap crops, according to Aliyu and Emechebe (2006). This research result is similar to the findings of Kureh et al., (2006) who explained that the emerged Striga density was reduced in maize/cowpea intercropping. 

The pronounced response of yield to intercropping with soybean 2 weeks before planting might be by the trap crop suicidal germination of the Striga seeds, which otherwise attacked and reduced the productivity of sorghum. The results were consistent with the findings of Kouchaki et al. (2003). Aliyu and Emechebe, (2006) showed higher grain yield with reduced Striga seed bank. Khan et al., (2011) discovered that soybean planting time had a significant impact on maize grain yield, with delayed soybean planting increasing yield in the maize/soybean cropping system. The interaction effect of legume and their planting time showed that planting of soybean before sorghum resulted in a significant increase in sorghum yield over other interactions (Addo-Quaye et al., 2011). 

Variation in aboveground dry biomass may be due to lower number of plant leaves and stunted growth of sorghum as the negative impact of Striga on sole sorghum. In conformity with this result, plant height, biomass, and grain yield were largely reduced as a result of Striga infestation (Gurney et al., 1999). The extent of infestation will determine the level of yield losses as the observation of Oswald et al., (2002). Striga establishes the host plant vascular system to drain resources from the host and brings leaf area and leaf photosynthetic rates that are directly associated with plant dry matter production since light absorption by the leaves and changing it to assimilate are the other factors affecting the plant growth and production; the increase of leaf area in the farm increases the absorption of light, which ultimately increases the biomass yield (Malhi et al., 2001). 

The thousand seed weight of sorghum significantly differs due to variation in sowing dates of soybean. This result might be due to more release of exudates that do not support its growth but stimulate germination of Striga and depleting the seed bank. Soybean, in turn, reduces the number of Striga that compete for available nutrients, lowering the weight of the kernel. In agreement with this, an increase in kernel weight per head in response to the use of trap crops due to the low number of Striga that might have led to high kernel weight per head through facilitating leaf growth and photosynthetic activities, thereby increasing partitioning of assimilates to the storage organ (Gurney et al., 1999). 

LER was superior in resource use efficiency, the intercropping was better than their respective sole cropping. The intercropped sorghum yielded the equivalent of 47% to 67% of its sole crop yield as a result of soybean planting dates. The LER total is greater than one in all cases. This indicates that intercropping soybeans at different dates with sorghum gives beneficial effect in all instances rather than sole planting of sorghum. Ullah et al., (2007) reported a higher LER in maize/soybean cropping than in sole cropping. The yield advantage could be due to the efficient utilization of growth resources by the intercropped crops or the intercropping advantages of nitrogen fixation and increased light use efficiency (Reddy et al., 2012). 

The GMV of intercrops (ETB 51,573.00 h−1) was higher than that of sole cropped sorghum (ETB 32,370.00 h−1) or greater by 61.04%. However, the GMV (ETB 57,417.00 h−1) of sole cropped soybean was by far superior to the GMV of intercrops (ETB 32,000.00 h−1), which confirms that the GMV of sole cropped soybean was greater than that of intercrops by 25,417.00 ETB h−1or 44.26% (Table 9). This might be because of a higher contribution of soybean seed yield from sole cropping (2.29 tons h−1) compared to intercrop (1.28 tons h−1) as the higher price per kg of soybean. The current economic benefits of intercropping were justified in different studies by WoldeHanna and Fessehaie, (1992); Thole, (2012) and Tesfaye, (2007). 

4. 5 Summary and Conclusions 
As a result of the soybean planting dates and sorghum types, the Striga count and dry matter per plot were considerably reduced. The lowest Striga count was found in soybeans planted two weeks before sorghum, and in sole sorghum the infestation was high. The main and interaction effects of soybean date of sowing and sorghum varieties significantly affected yield and yield components of sorghum and they show a positive correlation with Striga control. Intercropped soybeans with various dates and sorghum types had the greatest partial and total LER of sorghum. For GMV, MAI, CR, and SEY, however, the interaction between soybean sowing dates and sorghum types was extremely significant. This graph illustrates the efficiency of alternative soybean-sorghum planting dates in suppressing Striga and depleting the soil seed bank. Finally, the findings demonstrated the importance of legumes in considerably decreasing Striga infection. As a result, intercropping soybeans two weeks before sorghum is recommended for successful Striga management and increased sorghum yield.

 

The main effects of soybean dates of sowing and sorghum varieties significantly affected Striga count and dry matter per plot. The lowest Striga infestation was in soybean sown 2 weeks before sorghum. Sole sorghum showed higher Striga infestation than all other dates of planting in intercropping systems. Grain yield and attributes were affected by the main effects of dates of soybean sowing and sorghum varieties and their interaction highly significantly. Positive correlations were observed in Striga control with sorghum yield attributes. 

The partial and total LER of sorghum was highest in intercropped soybeans with various dates and sorghum varieties. On the other hand, the interaction of dates of soybean sowing and sorghum varieties was highly significant for GMV, MAI, CR, and SEY. This shows the effectiveness of different dates of sowing of soybean with sorghum in controlling Striga and depleting the soil seed bank. 

In conclusion, the results clearly depicted the role of legumes in reducing Striga infestation significantly. Therefore, soybean intercropping 2 weeks before sorghum will be advisable for effective Striga control and improve the production of sorghum.

CHAPTER 5. GENERAL CONCLUSION and RECOMMENDATIONS 

Ethiopia is Africa's second-most populous country, after Nigeria. Its economy is heavily dependent on agriculture. The sector employs about 80% of the population and is a key source of economic growth. Food insecurity is regarded as Ethiopia's most important development problem. It is largely reliant on agriculture, which has been impaired by droughts and biological constraints. There are now significant biodiversity challenges for Ethiopian agriculture, which contribute significantly to the country's poor economic performance. Ethiopia's entire agricultural production in rainfed regions is in peril. Ethiopia's dryland areas account for more than 66.6 percent of the country's total land area. A large portion of Ethiopia's grain-producing areas are semiarid, with a lack of moisture limiting crop production. Increased agricultural development at the household level will be the most critical step toward ensuring food security.

 

Sorghum is an important food security crop for more than 100 million Africans. Because of its drought endurance, high temperature pressure, and poor soil fertility, it flourishes in low-rainfall, dry, and semi-arid regions. Sorghum has been domesticated for at least 5000 years, and it is in significant demand for food and other uses. Due to the enormous genetic variability available, Ethiopia is the sorghum origin hub. The anticipated national production in 2020 is 5.3 million tons from a total area of 1.89 million hectares. The crop is produced below its potential and relatively far from the African and worldwide averages. The constraints for sorghum production are abiotic and biotic, but the biotics, such as parasitic weeds, excel more than others.

 

The average sorghum yield in northern Ethiopia's semiarid area is much lower than the national average of 2.8 tons h-1 (CSA, 2020). Sorghum provides more dietary carbohydrates, less fat, and more iron than maize, and it grows better in Africa's climate. But Striga hermonthica poses a threat to its importance, value as a staple crop, and production in these areas. Striga thrives in areas with poor fertility and variable rainfall, affecting small-scale farmers who are the least productive and least able to pay for inputs for its management. Striga hermonthica may inflict significant harm on the host crop before rising above ground, making it difficult to handle. Striga control techniques have been established to date, including cultural, physical, biological control, chemical, host plant resistance, and genetically modified crops. The best approach to managing Striga is integrated Striga management, which consists of eliminating incipient populations, limiting core infestations, decreasing parasite reproduction, devitalizing the parasite seed bank, and lowering crop loss. Integrating nutrition management would stress the utilization of useable nutritional capital in a safer, more cost-effective, and long-term manner than current practices.

 

This problem is particularly acute in the country's semi-arid Northwest, which produces the majority of sorghum. As a result, controlling Striga spp. has become a massive undertaking. In Metema and Sanja, Northwest Ethiopia, three experiments were conducted in 2017/18 to assess the effects of nitrogen fertilizer and cattle manure, intercropping four legumes, and different planting dates of soybeans with sorghum on Striga infestation, yield, and yield-related attributes in sorghum cultivars.

 

Regardless of the type of experiment, all the treatments were able to show significant differences in the main and interaction effects, for Striga count and dry matter, sorghum grain yield and aboveground dry matter. Intercropping productivity indices tested also

According to the present findings, the following recommendations can be drawn:

· Nitrogen 92 kg and cattle manure 10 tons h-1, cowpea: sorghum intercropping and soybean sowing two weeks before sorghum can be profitable for Striga management in the area and improve the soil productivity.
· The research was conducted in two locations for only one season; therefore, it must be tested across different locations and seasons. 
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