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			Abstract 

			Intercropping is an important practice in subsistence and food production farming systems in many developing countries. In the Guinea savanna of Northern Ghana, vegetable-maize intercropping with hot pepper, African eggplant and other vegetables is widely practiced during the humid season. Although this system is dominant, little is known regarding the optimal population densities and spatial arrangements for intercropped vegetables. Our objective was to determine the profitability of maize-vegetable intercropping as well as the biological yields resulting from various spatial arrangements and planting densities of intercrops. Trials were conducted during the rainy season from May to October of 2014 and 2015 in the Northern, Upper West and Upper East regions of Ghana. Each trial had eight treatments, including two pure stand options for each crop and four different vegetable-maize intercrops. The field layout was a randomized complete block design with three to four replications. Each farmer was assumed as a replication. Data collection included biological fruit or grain yields and estimation of land equivalent ratios (LER). LER values varied from one region to another and sometimes over years. Stable and beneficial spatial arrangements and planting densities were identified that can be recommended to farmers for intensification and scaling in both regions (UER and NR). For African eggplant, the optimal intercropping systems were 2 rows of maize at higher density: 1 row of African eggplant at recommended density, or 1 row of maize at recommended density: 1 row of African eggplant at recommended density. For pepper, the optimal intercropping system was 2 rows of maize at higher density: 1 row of pepper at the recommended density.
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			Introduction

			Intercropping has survived the evolution of agriculture in the semiarid areas of the tropics. Farmers practice vegetable-maize intercropping as it ensures sustained production at reasonable levels with minimal risk to satisfy subsistence and commercial needs [1,2]. Food can be secured in times of crop failure; if one crop fails, there is another available for harvest [3]. Intercropping meets farmers’ social and economic needs, and the development of improved intercrop farming systems can enhance productivity of small-scale farmers.

			Intercropping is an important practice in subsistence and food production farming systems in many developing countries 
[4]. In the Guinea savanna of Northern Ghana, maize (Zea mays 

L.) is one the most widely grown food staples for intercropping 
during the humid season. The components of maize intercrops include soybean [5,6] fruit crops and vegetables [7-9]. Okra, tomato, hot pepper, African eggplant and roselle are the major vegetables intercropped with maize in Ghana during the humid season.

			Damages by insect pests and diseases are often higher under sole cropping than intercropping systems [10]. Populations of insects such as aphid and thrips are significantly reduced in cowpea-sorghum intercrops [11]. Pest and disease pressure are moderate in chili-maize [12] and tomato-maize [13]. The effect of intercropping on pests and diseases reduces the effort and inputs required for crop protection.

			Positive physiological interactions can sometimes be observed from intercropping. For example, interactive effects between population density and sorghum-soybean intercrops result in increases of soybean seed protein [14]. There may be a symbiotic cohabitation between the two crops where intercropping reduces soil erosion due to optimum coverage of the soil [15]. Negative interactions may also occur; sorghum variety CE145-66 had negative effects on groundnut intercrops due to the release of allelopathic phenolic compounds into the soil [16]. 

			To ease adoption by farmers, an improved intercropping system needs to be more productive than traditional intercropping or mono cropping. Some authors suggested that a common unit could be used as a basis for the evaluation of the two components of an intercropped system [4]. A method was proposed for quantitative evaluation of the productivity of the intercropped species based on the intensity of land use, the production of constituents and the capital return [17]. Willey defined the land equivalent ratio (LER) as the total land area necessary under a monoculture cropping system to achieve yield performance similar to that obtained in a poly culture system. Ajeigbe et al. [18] used the land equivalent ratio to measure the economic income of the two practices in cereal-cowpea intercrops. If intercropping gross return/ha over the single crop gross return/ha is greater than one, then intercropping is more beneficial than a single crop. It was found that intercropping maize with beans showed higher yield advantage in terms of LER compared to a single crop [19]. However, for most cropping systems, the benefits of intercropping have yet to be optimized due to a lack of knowledge regarding spatial arrangements and planting densities. The objectives of our investigation were to 

			1)	Assess the effects of spatial arrangements and planting densities of maize-vegetable intercrops on the production of both crop species, and 

			2)	Determine the productivity of the vegetable-maize intercropping system in three administrative regions of Northern Ghana. The null hypothesis tested was maize-African eggplant or maize-pepper intercrops and sole cropping of each component have equal benefits.

			Materials and Methods 

			Trials were designed and conducted during the rainy season from May to October in 2014 and 2015 in the Northern, Upper West and Upper East savanna regions of Ghana. Each test or test farmer formed a single replicate of eight treatments. These treatments, which were combinations of spatial arrangements and planting density, were tested in the vegetable-maize intercropped trials with three replications.

			Planting densities for maize and vegetables during 2014 and 2015 humid seasons in Ghana Treatments for spatial arrangements x planting density comprised 

			1)	sole vegetable at the recommended planting density for the region, 

			2)	sole maize at the recommended planting density (67,000 plants/ha) for the region, 

			3)	sole vegetable at low planting density, 

			4)	pure maize at high planting density (133,000 plants/ha). Intercropped maize-vegetable treatments were 1 row of maize at the recommended planting density and 1 row of vegetable the recommended desinty, 

			5)	1 row of maize at the recommended planting density and 2 rows of vegetable at low planting density

			6)	2 rows of maize at high planting density and 1 row of vegetable at the recommended planting density

			7)	2 rows of maize at high planting density and 2 rows of vegetable at low planting density. 

			Genetic materials

			Vegetables crops used in this study were African eggplant (Solanum aethiopicum L.) and hot pepper (Capsicum annum). Each farmer was considered as a replication and tested a set of eight treatments. ‘Abontem’ was the maize variety planted. The vegetable varieties were: 

			1)	eggplant - ‘Kotobi’ and 

			2)	pepper - ‘Cayenne’. 

			Nurseries were set up in all intervention communities for growing pepper, eggplant and tomato seedlings. Dressed seeds for all crops were sown at a depth of 2-3 cm and mulched. Experimental plots in all intervention communities were ploughed and harrowed. A randomized complete block design (RCBD) with a plot size of 9mx4m was used. Each experiment had eight treatments and three or four replications. Basal compound fertilizer (15N:15P:15K) was applied to both maize and vegetables. Crops were top-dressed with sulphate of ammonia 5-6 weeks after planting. Plots were hand-weeded at 2 and 5 weeks after planting. Pesticides Lambda Super and Cymetox Super were applied to control insect pests. Data collected on maize and vegetables included grain and fresh fruit weight, respectively. The data collected on roselle included dry calyx weight. 

			Statistical Analysis

			Genstat Edition 17th was used to compare treatments of spatial arrangements x planting density. The land equivalent ratio (LER) was used to estimate how productive intercropping was compared to pure stand cultivation. The Least Significant Difference (LSD) test procedure in Genstat Edition 17th was used for mean yield separation at 95% confidence interval.

			LER= [Maize intercropped*(Maize Pure stand)-1]+[Vegetable Intercropped*(Vegetable Pure stand)-1]

			These values were obtained for a given intercropped system by using means for the region. A LER value greater than 1 indicated a synergistic interaction between intercropping components (beneficial intercrop) while a LER value less than 1 indicated an antagonistic interaction, in which case pure stand cultivation was more productive than intercropping.

			Results and Discussion

			Optimized spatial arrangement x planting density for African eggplant-maize intercrops in three regions of Ghana

			In UER, except for treatments of African eggplant in 2014 (p=0.936), the results showed that the effects of treatments were significant for maize in 2014 (p=0.028) and 2015 (p=0.001) and African eggplant in 2015 (p=0.001) (Table 1).

			The treatment with 1 row of maize at recommended density and 2 rows of African eggplant at lower density was the highest yielding for maize (15,194 kg/ha) in 2014. In 2015, sole maize and sole African eggplant yielded higher than intercropped. The LER was>1 for all treatments of African eggplant-maize intercrops in UER in 2014. The LER was>1 for 2 rows of maize at higher density: 1 row of African eggplant at recommended density (LER=1.18) and for 1 row of maize at recommended density: 1 row of African eggplant at recommended density (1.15) in UER in 2015. These two out-performing treatments did not differ much in LER values but they did differ in the increase of maize populations from 1 row of maize at recommended density to 2 rows of maize at higher density. For the two intercropped systems with same maize populations, one row of African eggplant at the recommended planting density may be cheaper than 2 rows of African eggplant at higher density in terms of seed cost, and also may be the most appropriate choice based on crop yield. As reported by Baker and Norman (1975) and Beets (1990) such beneficial intercropping systems ensure sustained production with minimal risk to satisfy subsistence and commercial needs for farmers. 

			In NR, the results showed that the effects of treatments were significant for African eggplant (p=0.001) and maize (p=0.001) in 2014 and African eggplant in 2015 (p=0.014) and African eggplant in 2015 (p=0.001) (Table 2). The effects of treatments were not significant for maize in 2015 (p=0.136). LER was>1 for all intercrops in 2014 and 2015 except for 2 rows of maize at higher density: 2 rows of African eggplant at lower density (Table 2). Across two years, LER values were consistently highest for 2 rows of African eggplant at low planting density and 1 row of maize at the recommended density. In 2014 and 2015, sole maize and sole African eggplant yielded higher than all intercrops. Similar negative interactions were reported on groundnut intercrops by [16] that could be due to the release of allelopathic phenolic compounds into the soil.

			Table 1:  Yields (kg/ha) and land equivalent ratios (LER) of African eggplant and maize in the intercropped farm fields under different planting densities in Upper East Region (UER) of Ghana during 2014 and 2015 humid seasons.

			
				
					
					
					
					
					
					
					
					
				
				
					
							
							
							UER 2014

						
							
							UER 2015

						
					

					
							
							Plant density

						
							
							Spatial arrangement

						
							
							African eggplant

						
							
							Maize

						
							
							LER

						
							
							African eggplant

						
							
							Maize

						
							
							LER

						
					

					
							
							Maize (67.000)

						
							
							PSR1

						
							
							
							14806

						
							
							
							
							2101

						
							
					

					
							
							Maize (133.000)

						
							
							PSH2

						
							
							
							9014

						
							
							
							
							2003

						
							
					

					
							
							Eggplant (28.000)

						
							
							PSR1

						
							
							1505

						
							
							
							
							7298

						
							
							
					

					
							
							Eggplant (18.500)

						
							
							PSL3

						
							
							1769

						
							
							
							
							7558

						
							
							
					

					
							
							Maize (67.000) + Eggplant (28.000)

						
							
							1MR4 : 1EPR5

						
							
							1530

						
							
							10586

						
							
							2.19

						
							
							4800

						
							
							979

						
							
							1.15

						
					

					
							
							Maize (67.000) + Eggplant (18.500)

						
							
							1MR4 : 2EPL6

						
							
							1535

						
							
							15194

						
							
							2.55

						
							
							3894

						
							
							594

						
							
							0.81

						
					

					
							
							Maize (133.000) + Eggplant (28.000)

						
							
							2MH7 : 1EPR5

						
							
							1329

						
							
							11194

						
							
							1.64

						
							
							2230

						
							
							1830

						
							
							1.18

						
					

					
							
							Maize (133.000) + Eggplant (18.500)

						
							
							2MH7 : 2EPL5

						
							
							1600

						
							
							14722

						
							
							1.9

						
							
							2766

						
							
							1124

						
							
							0.9

						
					

					
							
							LSD

						
							
							
							NS

						
							
							4119*

						
							
							
							1750.1**

						
							
							569.7**

						
							
					

				
			

			Table 2: Yields (kg/ha) and land equivalent ratios (LER) of eggplant and maize in the intercropped farm fields under different planting densities in the Northern (NR) Region of Ghana during 2014 and 2015 humid seasons.
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							NR 2015

						
					

					
							
							Plant density

						
							
							Spatial  arrangement

						
							
							African eggplant

						
							
							Maize

						
							
							LER

						
							
							African  eggplant

						
							
							Maize

						
							
							LER

						
					

					
							
							Maize (67.000)

						
							
							PSR1

						
							
							
							1880

						
							
							
							
							4528

						
							
					

					
							
							Maize (133.000)

						
							
							PSH2

						
							
							
							1823

						
							
							
							
							3644

						
							
					

					
							
							Eggplant (28.000)

						
							
							PSR1

						
							
							10665

						
							
							
							
							5206

						
							
							
					

					
							
							Eggplant (18.500)

						
							
							PSL3

						
							
							9124

						
							
							
							
							3683

						
							
							
							1.69

						
					

					
							
							Maize (67.000) + Eggplant (28.000)

						
							
							1MR4 : 1EPR5

						
							
							3299

						
							
							3020

						
							
							1.97

						
							
							2194

						
							
							4622

						
							
							2.08

						
					

					
							
							Maize (67.000) + Eggplant (18.500)

						
							
							1MR4 : 2EPL6

						
							
							2456

						
							
							3145

						
							
							1.99

						
							
							3272

						
							
							4350

						
							
							1.37

						
					

					
							
							Maize (133.000) + Eggplant (28.000)

						
							
							2MH7 : 1EPR5

						
							
							3232

						
							
							1744

						
							
							1.23

						
							
							1778

						
							
							4667

						
							
							1.53

						
					

					
							
							Maize (133.000) + Eggplant (18.500)

						
							
							2MH7 : 2EPL5

						
							
							3623

						
							
							898

						
							
							0.87

						
							
							2350

						
							
							4039

						
							
					

					
							
							Mean separation test

							 (Tukey’s test)

						
							
							516.5**

						
							
							779.2**

						
							
							
							2150.3*

						
							
							NS

						
							
					

					
							
							
							
							
							
							
					

				
			

			In conclusion, LER was consistently>1 in both regions (UER and NR) across two years (2014 and 2015) for 2 rows of maize at higher density: 1 row of African eggplant at recommended density and for 1 row of maize at recommended density: 1 row of African eggplant at recommended density. These two treatments are recommended in UER and NR for African eggplant-maize intercrops.

			Optimized spatial arrangement x planting density for pepper-maize intercrops in two regions of Ghana

			In UER in 2015, the effects of pepper and maize treatments were significant with p=0.001 and p=0.047 respectively. Yield in pure stand cropping was higher than under intercropping (Table 3), except for 1 row of pepper at the recommended density: 1 row of maize at the recommended density. All other intercropped systems showed LER>1. The intercropped system, which involved 2 rows of maize at higher density: 1 row of pepper at the recommended density yielded 28% more than single cropping of each crop. Intercropping maize with pepper revealed higher yield advantage in terms of LER as compared to a single crop, which is similar to the results found by Tsubo et al. [19] on maize-bean intercrops. 

			In NR, the effects of treatments were significant for maize and pepper in 2014 and not significant in 2015 (Table 4). Sole crops showed higher yields than intercrops irrespective of the crop species. In 2014, LER was >1 for 1 row of maize at recommended density: 1 row of pepper at recommended density and for 2 rows of maize at higher density: 1 row of pepper at the recommended density. In 2015, LER was >1 for all intercrops. Gutierrez [12] reported that synergistic interactions for maize-pepper intercrops could be partly explained by moderate pest and disease pressure in chili-maize intercropping system.

			Table 3: Yields (kg/ha) and land equivalent ratios (LER) of pepper and maize in the intercropped farm fields under different planting densities in Upper East Region (UER) of Ghana in 2015 humid season.

			
				
					
					
					
					
					
				
				
					
							
							
							UER 2015

						
					

					
							
							Plant density

						
							
							Spatial arrangement

						
							
							Pepper 

						
							
							Maize

						
							
							LER

						
					

					
							
							Maize (67.000)

						
							
							PSR1

						
							
							
							1151.7

						
							
					

					
							
							Maize (133.000)

						
							
							PSH2

						
							
							
							1533.3

						
							
					

					
							
							Pepper (28.000)

						
							
							PSR1

						
							
							748.4

						
							
							
					

					
							
							Pepper (18.500)

						
							
							PSL3

						
							
							500.3

						
							
							
					

					
							
							Maize (67.000) + Pepper (28.000)

						
							
							1MR4 : 1RSR8

						
							
							304.2

						
							
							621.1

						
							
							0.81

						
					

					
							
							Maize (67.000) + Pepper (18.500)

						
							
							1MR4 : 2RSL9

						
							
							297.9

						
							
							683.4

						
							
							1.04

						
					

					
							
							Maize (133.000) + Pepper (28.000)

						
							
							2MH7 : 1RSR8

						
							
							189.7

						
							
							1182.3

						
							
							1.28

						
					

					
							
							Maize (133.000) + Pepper (18.500)

						
							
							2MH7 : 2RSL9

						
							
							211.6

						
							
							784.7

						
							
							1.10

						
					

					
							
							LSD

						
							
							114**

						
							
							607.6*

						
							
							
					

				
			

			Table 4: Yields (kg/ha) and land equivalent ratios (LER) of pepper and maize in the intercropped farm fields under different planting densities in the Northern  Region (NR) of Ghana during 2014 and 2015 humid seasons.
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							NR 2015

						
					

					
							
							Plant density

						
							
							Spatial arrangement

						
							
							Pepper

						
							
							Maize

						
							
							LER

						
							
							Pepper

						
							
							Maize

						
							
							LER

						
					

					
							
							Maize (67,000)

						
							
							PSR1

						
							
							
							1688

						
							
							
							
							3483

						
							
					

					
							
							Maize (133,000)

						
							
							PSH2

						
							
							
							1592

						
							
							
							
							3400

						
							
					

					
							
							Pepper (28,000)

						
							
							PSR1

						
							
							1377,8

						
							
							
							
							700

						
							
							
					

					
							
							Pepper (18,500)

						
							
							PSL3

						
							
							1626

						
							
							
							
							600

						
							
							
					

					
							
							Maize (67,000) + Pepper (28,000)

						
							
							1MR4 : 1RSR8

						
							
							905,2

						
							
							638

						
							
							1,06

						
							
							527,8

						
							
							2911

						
							
							1,61

						
					

					
							
							Maize (67,000) + Pepper (18,500)

						
							
							1MR4 : 2RSL9

						
							
							674,1

						
							
							703

						
							
							0,86

						
							
							477,8

						
							
							3750

						
							
							1,90

						
					

					
							
							Maize (133,000) + Pepper (28,000)

						
							
							2MH7 : 1RSR8

						
							
							467,1

						
							
							1244

						
							
							1,08

						
							
							444,4

						
							
							3794

						
							
							1,72

						
					

					
							
							Maize (133,000) + Pepper (18,500)

						
							
							2MH7 : 2RSL9

						
							
							512,5

						
							
							938

						
							
							0,87

						
							
							538,9

						
							
							3428

						
							
							1,88
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							320**

						
							
							498**

						
							
							
							NS

						
							
							NS

						
							
							
					

				
			

			Growing 2 rows of maize at higher density: 1 row of pepper at the recommended density or 1 row of maize at recommended density: 1 rows of pepper at recommended density were more beneficial than growing a sole crop of pepper or maize. This result was consistent with LER>1 over two consecutive years (2014 and 2015) and all three regions investigated (UER and NR), suggesting that this specific spatial arrangement x planting density can be recommended as an optimized pepper-maize intercropping practice for UER and NR.

			Conclusion

			Mixed cropping of vegetable and cereals are current practices in Sudan savanna zones of Ghana and West Africa. Studies were conducted in Northern Ghana in 2014 or 2015 with two vegetable crops (African eggplant and pepper) intercropped with maize using treatments combining different spatial arrangements and planting density. 

			Synergistic interactions were discovered for intensification of vegetable: maize production that showed more advantages than sole cropping or simple mixed cropping with no control of population density. Based on biological yields, the following spatial arrangements and planting densities can be recommended for more efficient crop production. With African eggplant, in both regions (UER and NR) across two years (2014 and 2015) the optimal intercropping system was 2 rows of maize at higher density: 1 row of African eggplant at recommended density, and for 1 row of maize at recommended density: 1 row of African eggplant at recommended density. With pepper, the optimal intercropping system was 2 rows of maize at higher density: 1 row of pepper at the recommended density. The above intercropping systems can be recommended for scaling and intensification in scaling out in Northern Ghana.
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