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Abstract: A field experiment was conducted at Wondo Genet Agricultural Research Center under irrigated conditions 

during 2018, to evaluate the performance of tomato yield and yield components under an intercropping system with 

different basil planting densities and row arrangements. it was arranged in a 2 × 4 factorial arrangement in randomized 

complete block design with three replications each consisting of ten treatments: two basil row arrangements (one tomato 

row alternating with one basil row (1T:1B) or with two basil rows (1T:2B)) and four basil population densities (66666, 

50000, 33333 and 16666 plants ha -1). Results of the study indicated that intercropping system significantly (p<0.05) 

affected the yield and yield components of tomato. Inter-cropped tomato with basil had the highest yield (36657.8 kg ha-1) 

as compared to sole cropped tomato (31004.3kg ha-1) and inter-cropping with basil increased its yield by 15.42%. 

Therefore, basil with a density of 33,333 plants ha-1and intercropped with tomato with 1T:1B row arrangement could be 

recommended for the wondo genet and similar agroecology area. However, the effect of tomato-basil intercropping on the 

incidence and severity of major tomato insects and diseases needs further study. 

Keywords: Intercropping, population density, Alternating. 

 

1. INTRODUCTION 
Tomato is a widely grown vegetable crop in 

Ethiopia. It is consumed by every household in different 

forms and as an important co-staple food (Gemechis et 

al., 2012). It is mainly cultivated as a mono-crop by 

intensive use of chemical inputs. Different agricultural 

systems that can increase crop production or yield per 

unit area have been investigated to overcome the 

problem of the decrease arable land worldwide. 

Intercropping is one of these systems, characterized as 

the production of two or more different crop species 

simultaneously on the same land by utilizing resources 

such as soil, water, nutrients, and solar radiation more 

efficiently (Bocken et al., 2013). Intercropping is one of 

the most effective methods in agricultural production 

with a long history and widespread application in the 

tropics, as it reduces losses caused by pests, diseases, and 

weeds, and also guarantees better yields. Some short-

duration crops, especially spices condiments and 

medicinal plants, if planted as an intercrop in or around 

the main crop, may reduce pest incidence, due to their 

pungent aromatic odor in the field (Gebru, 2015).  

 

Tomato and basil are pairs of crops that are 

commonly intercropped in different parts of the world 

(Bomford, 2009). Several studies have reported the 

performance of inter-cropping of aromatic and medicinal 

plant species with selected major horticultural crops in 

Ethiopia and different countries (Bomford, 2004; 

Neelam and Lokho, 2009; Girma, 2015; Mutisya et al., 

2016; Nigussie et al., 2017). Girma (2015) reported that 

inter-cropping of maize with basil at a 1:1-row 

arrangement could provide farmers with the best yield 

advantage and income over sole planting of component 

(maize) crops. For vegetable crops, intercropping 

systems to be successful in a given geographical 

location, effective cultural practices such as optimum 

plant population must be determined. Success in 

intercropping over sole cropping systems can be 

achieved by some agronomic manipulations. These 

manipulations involve plant density, planting time, 
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available resources, and intercropping patterns (Mousavi 

and Eskandari, 2011). Enhancing the productivity of 

tomato and basil intercrops requires improving the 

interspecies complementary action or reducing the 

competition effects. Planting density is one of the most 

important agronomic management decisions to be 

considered when deciding to practice intercropping. 

Wheeler et al., (2000) noted that poor management of 

planting density could be detrimental to intercropping. 

Plant densities that are too low may limit the potential 

yield while plant densities that are too high may lead to 

increased stress on the plants, and increased interplant 

competition for light, water, and nutrients (Adeniyi et al., 

2001) which also decrease the yield. The other important 

management aspect is row arrangement which can 

improve radiation interception through more complete 

ground cover and determine whether an intercropping 

system would be advantageous or not concerning yield 

gains (Nthabiseng et al., 2015). However, the greater 

challenge for farmers is to know the correct combination 

of the intercropping pattern and planting density that 

would maintain or enhance the growth and yield of the 

main crop under the increased population of the 

component crop in the intercrop (Lulie et al., 2016). 

During intercropping arrangement of crops is at random 

with an improper planting density of component crops, 

which results in poor crop yields. Even though it is 

possible to increase tomato production by intercropping 

with basil, yet no research has been done to determine 

optimum population density and row arrangement of 

basil for tomato-basil intercropping in the area. 

Considering the above-indicated gaps this work was 

initiated to evaluate yield and yield components of 

tomato under intercropping at different basil planting 

densities and row arrangements. 

 

2. MATERIALS AND METHODS 
2.1 Description of the Study Area 

The experiment was conducted in the field at 

Wondo Genet Agricultural Research Center (WGARC), 

southern Ethiopia, under irrigated conditions in 

2017/2018. The research center is located 264 km south 

of Addis Ababa and 14 km southeast of Shashemene 

town. It is located in Sidama Zone, Southern Nations 

Nationalities and People’s Region (SNNPR), of Ethiopia 

at latitude 7019’N and longitude 38038’E an altitude of 

1780 meters above sea level (m.a.s.l). The site has mean 

annual total rainfall of 1121.8 mm with mean maximum 

and minimum temperatures of 26oC and 12oC, 

respectively. The soil of the study area has clay loam 

texture (sand=38, clay=37, and silt=25) with pH values 

of 6.92, (neutral in reaction) and is low in organic matter 

content, medium in total N, low in available P, and high 

in CEC (Lulie et al., 2016). Wondo Genet has a bimodal 

rainfall distribution with two rainy seasons. Short rains 

occur from March to May and long rains from July to 

October.  

 

 

 

2.2 Experimental Materials, Design, and Treatments 

Seeds of a tomato variety Melka Shola obtained 

from Melkassa Agricultural Research Center (MARC) 

and a promising genotype (B04) of basil from Wondo 

Genet Agricultural Research Center (WGARC) were 

used for the experiment. Tomato variety Melka Shola is 

a determinate type and can be used for dual purposes and 

well adapted to Wondo Genet conditions. Melka Shola 

which was released by MARC in 1998, is still widely 

produced by small-scale farmers and is a high yielder 

(under farmers condition 30 t ha-1) (Benti et al., 2017) 

and (43 t ha-1in research plots) (Regassa et al., 2012). 

Basil genotype B04 is also a high yielder (herbage and 

essential oil yields) in the Wondo Genet area (Abewoy, 

2018).  

 

The field experiment was laid down in 

Randomized Complete Block Design (RCBD) with the 

factorial arrangement in three replications, each with ten 

treatments (including sole plots of basil and tomato). The 

experiment consisted of four population densities of basil 

(100%, 75%, 50%, 25%) and two-row arrangements of 

intercropping tomato (T): basil (B) (1T:1B and 1T:2B), 

as well as sole plots of tomato and basil, making the total 

number of treatments ten. A uniform population of 

33,333 plants ha-1with 100 cm by 30 cm inters and intra-

row spacing, respectively, was maintained for tomato in 

both cropping systems (for sole and intercropped plots). 

A population of 66,666 plants ha-1 with 50 cm by 30 cm 

inters and intra row spacing, respectively, was 

considered as an optimum density for a sole crop of basil. 

Besides, four different intercrop proportions of basil: 

(25% (16666 plants ha-1), 50% (33333 plants ha-1), 75% 

(50000 plants ha-1) and 100% (66666 plants ha-1)) were 

also maintained in the experiment.  

 

2.3 Data Collection and Analysis  

Plant height, Number of branches per plant, 

number of clusters per plant, number of fruits per cluster, 

Number of fruits per plant, Number of marketable and 

unmarketable fruits per plant, Total fruit weight per plant, 

Marketable fruit weight per plant, Unmarketable fruit 

weight per plant, Fruit length and Fruit diameter were 

recorded from five central plants selected at random. 

Besides, days to 50% flowering and days to maturity 

were recorded. Marketable fruit yield per hectare and 

Unmarketable fruit weight per hectare was calculated 

based on fruit yield per plant and converted to the hectare 

and the average value was computed.  

 

For each measured response variable, analysis 

of variance (ANOVA) was carried out using Statistical 

Analysis System (SAS) software version 9.3 (SAS, 

2012). Means of treatments showing significant effects 

were further separated by the least significant difference 

(LSD) test at 5% probability level to indicate the 

minimum difference between mean values under 

comparison for the variation to be significant or not. The 

results of the analysis were combined and presented 

together under the results and discussion. 
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3. RESULTS AND DISCUSSION 
3.1. Tomato Growth and Yield Responses  

3.1.1 Plant Height 

Plant height was significantly (p=0.05) 

influenced by row arrangement and basil population 

density and by their interaction. The result of this study 

indicated that the maximum plant height (62.66 cm) was 

recorded for the interaction of 100% basil population 

density with 1T:2B row arrangements, which was 

statistically similar to that of 100% population density by 

1T:1B row arrangement (62.30 cm) (Figure 1). The 

possible reason for this might be more competition 

between tomato and basil plants for light at higher 

population densities. In line with the present study, El-

Gaid et al., (2014) indicated that intercropping system of 

tomato with common bean significantly (P=0.05) 

affected tomato plant height. A similar result was also 

reported by Gebru et al., (2015), indicated that the denser 

the canopy under which tomato was grown, the greater 

was the struggle to enlarge its inter-nodal length, and in 

lesser rates that the plant increases the number of nodes 

and branches. The findings of Hussain (2003) also 

confirmed that the tomato plant was taller when 

intercropped with okra and maize as compared to sole 

planting. Similarly, the cropping system showed 

significant (P<0.05) variation for tomato plant height 

(Appendix Table 1), where intercropped plants had 

maximum height (59.15cm) compared to those in sole 

plots (56.58cm) (Table 2). The maximum plant height of 

tomato in intercropped plots might be due to more 

struggles for light in high population density per unit area. 

In agreement with this result El-Gaid et al., (2014) 

reported the highest mean values of plant height for 

intercropping tomato with common bean.  

 

 
Figure 1: Interaction of population density and row arrangement of basil for plant height of intercropped tomato. 

Bars capped with the same letter (s) are not significantly different at P≤0.05 

 

3.1.2. Number of Primary Branches 

The result of the present study revealed that the 

interaction of row arrangement and population density 

had no significant (p>0.05) effect on primary branches 

of tomato plants. However, the main factor, population 

density significantly (P<0.05) affected the number of 

primary branches. Tomato intercropped with 25% basil 

population density had the highest number of primary 

branches (9.17), followed by 50% (8.92) while the least 

value was recorded for 100% basil population density 

(7.15) (Table 2). This might be due to low competition 

for light that occurred in low population density (least 

dense canopies) as compared to denser canopies and 

increased rates of lateral growth and, thus number of 

nodes and branches. This result was in agreement with 

the finding of Hussain (2003) who reported that the 

number of branches of tomato decreased as plant density 

increased in the maize okra intercropped system.  

 

Table 1: Mean values for growth parameters of tomato as affected by row arrangement, population densities, and 

cropping system under intercropping with basil at Wondo Genet during 2017/2018 season 

Treatments 50% DF DPM PH (cm) NPB NCPP NFPC NCPP 

Row arrangements 

1T:1B 57.00 96.17a 59.15a 8.58 9.80 7.21a 9.80 

1T:2B 56.08 93.92b 56.58b 8.13 9.88 5.88b 9.88 

LSD0.05 Ns 1.31 1.27 ns Ns 0.47 Ns 

Population density  

100% 51.13b  90.17c 59.00 a 7.15c 9.02b 6.88a 9.02b 

75% 56.50a  93.67b 58.15a 8.17b 10.25a 6.10b 9.68ab 

50% 59.67a 97.33 a 57.95ab 8.92a 10.41a 6.50ab 10.25a 

25% 58.67a 99.00 a 56.35b 9.17a 9.68ab 6.70ab 10.41a 

mailto:LSD@0.05
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Treatments 50% DF DPM PH (cm) NPB NCPP NFPC NCPP 

LSD0.05 3.50 1.85 1.79 0.74 1.12 0.66 1.12 

CV (%) 5.00 1.57 2.50 7.13 9.23 8.12 9.23 

Cropping systems  

Sole  55.67 a 99.00 a 56.58b 8.57 9.80 7.20a 9.80 

Intercropped  52.92 b 95.08 b 59.15a 8.12 9.88 5.88b 9.88 

LSD0.05 1.86 2.43 2.52 ns 0.97ns 0.78 Ns 

CV (%) 2.75 2.00 5.09 12.08 11.55 14.00 11.55 

 

Means followed by the same letter within the 

column for a given treatment level are not significantly 

different at a 5% level of probability. ns= not significant; 

DF=days to flowering, DPM=days to physiological 

maturity, PH=plant height, NPB=number of primary 

branches, LL=leaf length, LW=leaf width, 

NCPP=number of cluster per plant, NFPC=number of 

fruit per cluster, NFPP=number of fruit per plant, 

cm=centimeter, RA=row arrangement, and 

PD=population density; 1T:1B= one tomato row 

alternating with one basil row, 1T:2B= one tomato row 

alternating with two basil rows. 

 

3.1.2. Number of Clusters Per Plant 

The analysis of variance showed that row 

arrangement didn’t show a significant effect on the 

number of clusters per plant of tomato. However, basil 

population density significantly affected the number of 

clusters per plant of tomato (P<0.05), where high values 

(10.41 and 10.25) were recorded for 25% and 50% basil 

population density intercropped with tomato, 

respectively, while the minimum number of clusters per 

plant (9.02) was recorded for 100% basil population 

density (Table 1). The maximum cluster number for 25% 

basil population density could be due to the wider 

spacing, which had less competition for light and favored 

more flower bud formation. This implies that as with the 

increased basil population the decrease in the number of 

clusters per plant of tomato was in agreement with the 

findings of Benti et al., (2017) who reported that the 

number of fruit clusters per plant may vary between 

seven (7) to 16 (sixteen).  

 

3.1.3. Number of Fruits Per Cluster 

The analysis of variance showed that interaction 

of row arrangement and population density had a 

significant (P<0.05) effect on the number of fruits per 

cluster of tomato (figure 2). Similarly, the cropping 

system significantly (P<0.05) affected the number of 

fruits per cluster. The maximum number of fruits per 

cluster (8.3) was recorded for 50% basil population 

density with 1T:1B row arrangement, while the 

minimum value (4.7) was recorded for 100% basil 

population density with 1T:2B row arrangement tomato 

to basil (Table 1). This result was in line with the finding 

of Benti et al., (2017) who indicated that an average 

number of fruits per cluster would lay between 2.27 and 

5.89.  

 

The number of fruits per cluster of tomato, on 

the other hand, was affected by the cropping system 

where intercropped tomato with basil gave more 

numbers of fruits per cluster (7.20) as compared to the 

solely planted tomato (5.88) (Table 1). This might be due 

to tomato plants tended to benefit from polyculture, 

suggesting lower inter-specific competition than the 

intra-specific competition for growth resources. The 

present result is in agreement with Bomford (2004) who 

reported that tomato plants grown in monoculture bore 

fewer fruits than those grown in bean, cabbage, or basil 

dicultures.  

 

 
Figure 2: Interaction of population density and row arrangement of basil for the number of fruits per cluster of 

intercropped tomato. Bars capped with the same letter (s) are not significantly different at P≤0.05 

 

mailto:LSD@0.05
mailto:LSD@0.05
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3.1.4. Number of Fruits Per Plant 

The analysis of variance showed that the 

interaction of row arrangement and population density 

was highly significant for the number of fruits per plant 

of tomato. The maximum number of fruits per plant 

(71.73) was recorded for 50% basil population density 

with 1T:1B row arrangement, while the minimum value 

(55.6) was recorded for 100% basil population density 

with 1T:1B row arrangement, which was statically 

similar to those of 75% and 25% basil population with 

1T:2B row arrangement (Figure 3). This might be 

because basil protects the surface of the soil against 

unfavorable factors and improve growing conditions for 

tomato. This result was in agreement with the findings of 

Maboko et al., (2017) reported that the number of fruits 

per plant decreased with increased plant density when 

tomato was grown in a closed hydroponic system. 

Maboko and Du Plooy, (2018) have also reported that 

increased plant density resulted in fewer fruits and lower 

marketable and total yield per plant of tomato.  

 

 
Figure 3: Interaction of population density and row arrangement for the number of fruits per plant of tomato 

intercropped with basil. Bars capped with the same letter (s) are not significantly different at P≤0.05 

 

3.2 Yield and Quality of Tomato Fruit 

3.2.1 Marketable Fruit Yield Per Plant 

The result of the present study revealed that the 

main effects of population density, row arrangement, and 

cropping system were significant for marketable fruit per 

yield plant (P<0.05). The current result is in line with the 

finding El-Gaid et al., (2014) who reported that the 

number of fruits per plant was significantly (p<0.05) 

influenced by intercropping tomato with common bean 

at different plant densities. The maximum fruit yield per 

plant (1.1 kg) was recorded for the 1T:1B row 

arrangement as compared to the value for 1T:2B row 

arrangements (0.95 kg) (Table 2). El-Gaid et al., (2014) 

have reported that one tomato plant with three common 

bean plants rows arrangement produced the highest mean 

number of fruits per plant (58.00), while the lowest mean 

value (48.20) was obtained from sole tomato.  

 

The highest marketable fruit yield per plant 

(1.1kg) was obtained from 50% basil population density 

intercropped with tomato, followed by 75% basil 

population density (1.06 kg), while the least value was 

recorded for 100% basil population density (0.92 kg) 

(Table 2). The present result is in line with the finding of 

Maboko and Du Plooy (2018), who reported that 

marketable yield and total yield per plant decreased with 

increasing plant density. Similarly, the cropping system 

also affected fruit yield per plant of tomato, where 

intercropped tomato with basil exhibited a higher value 

(1.1 kg) than the solely planted plot (0.95 kg) (Table 2). 

This might be because intercropping modify extreme 

temperatures both in the air and in the soil and, thus, 

improve the microclimate favoring yield of tomato 

during the offseason. A similar result has also been 

reported by Gogo et al., (2015) were shading effect 

offered by intercropping basil with tomato modified air 

temperature and the diurnal temperature range, hence, 

providing ideal growth condition for tomato resulting in 

improved yield. Bomford (2004) has also reported that 

tomato plants grown in monoculture bore fewer fruits 

than those grown in bean, cabbage, or basil dicultures. 

Similarly, de Carvalho et al., (2010) reported that the 

number of marketable fruits was on average 59% higher 

in tomato-basil intercrop than in the tomato monocrop.  

 

3.2.2 Unmarketable Fruit Yield Per Plant 

The analysis of variance showed that the main 

factors (row arrangement and population density) had a 

significant (P<0.05) effect on unmarketable fruit yield 

per plant. It was observed that the highest unmarketable 

fruit yield per plant (0.089kg) was recorded for the 

1T:2B row arrangement as compared to the 1T:1B row 
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arrangement (0.082kg) (Table 2). The lower 

unmarketable fruit yield per plant in the 1T:1B row 

arrangement might be due to better air circulation around 

plants and lower relative humidity as compared to the 

1T:2B row arrangement. Warner et al., (2002) reported 

that a higher incidence of fruit disease symptoms with 

the closest row arrangement may be attributed to the 

more rapid plant canopy filling, providing a wetter 

environment for the microorganisms to spread and 

develop early in the season.  

 

The maximum unmarketable fruit yield per 

plant was obtained from 25% basil population density 

(0.093kg) and, as basil population density increases the 

unmarketable fruit yield per plant decreases (Table 2). 

This might be due to intercropping basil with tomato 

might have decreased disease severity and the volatiles 

oil odor of basil masked or degrested the insect pests. In 

line with this, Carvalho et al., (2017) reported that 

intercropping tomato with basil reduced the incidence of 

whitefly in an open field.  

 

Unmarketable fruit yield per plant was 

significantly (P<0.05) affected by cropping system. The 

maximum unmarketable fruit yield per plant (0.099 kg) 

was recorded for sole planted tomato, while the plot 

intercropped with basil had the lowest value (0.085 kg) 

(Table 2). In agreement with this result, Mutisya et al., 

(2016) have reported that intercropping tomato with a 

row of basil in between adjacent rows of tomato result in 

the lowest number of non-marketable fruits compared to 

the sole cropped tomato. The result of this study was also 

in agreement with the findings of Carvalho et al., (2017), 

who reported that the percentage of damaged fruits of 

tomato was higher for sole planted (43.64 %) than for 

intercropped tomato with basil (29.37 %). This could be 

due to the release of Allelopathic oils of basil into the soil 

in the surrounding areas (Jenkins, 2016). Simon et al., 

(1999) have also reported that basil’s essential oils like 

linalool, citronellol, terpineol, and eucalyptol serve as 

pest repellents and insecticides for both basil and the 

plants around it.  

 

3.2.3 Marketable Fruit Yield Per Hectare  

Analysis of variance showed that the main 

factors (row arrangement and population density) and 

cropping system significantly (P<0.05) affected 

marketable fruit yield per hectare. The highest 

marketable fruit yield per hectare was obtained for 50% 

basil population (36691.3 kg ha-1) and the least was 

recorded for 100% basil population density (30736.9 kg 

ha-1) intercropped with tomato (Table 1). The result of 

this study was in agreement with the findings of 

Carvalho et al., (2017), who reported that the highest 

number of marketable tomatoes yields was obtained in 

tomato-basil intercrop in the field with the optimum 

planting density. Gebru et al., (2015) also reported that 

marketable fruit yield increased with increasing 

population density due to efficient utilization of 

resources such as light and nutrients as a result of total 

ground coverage by higher plant populations per unit 

area of land.  

 

Single row arrangement (1T:1B) gave 

maximum marketable fruit yield per hectare of tomato 

(36657.8 kg ha-1) (Table 3). The increase in marketable 

yield of tomato, when intercropped with basil in a single 

(1T:1B) row arrangement, could be due to wider spacing 

between rows of basil that makes less competition for 

resources as compared to double rows of basil (1T:2B). 

Sharaiha and Gliessman (1992) reported that lettuce 

intercropped with faba bean at 2:1 and 2:2 row 

arrangements gave less production as compared to 1:1 

row arrangement and lettuce sole crop. Higher 

marketable fruit yield of tomato per hectare was obtained 

(34862 kg ha-1) from tomato intercropped with basil as 

compared to solely planted tomato (30737 kg ha-1) 

(Table 2). In agreement with this result, Mutisya et al., 

(2016) reported that companion planting tomato with 

basil significantly increased tomato fruit weight per 

hectare. Miyazawa et al., (2010) also reported that better 

yields of intercrops compared to the yield of some of the 

component species grown alone and attributed the good 

performance to better use of available growth resources 

such as nutrients, water, and light. Basil has on the other 

hand been reported to be a poor resource (water, nutrient, 

space, and light) competitor when grown together with 

tomatoes in the open field (Bomford, 2004). Moreno et 

al., (2002) reported that tomato requires adequate soil 

moisture for its growth and development, and thus, 

intercropping basil with tomato may have enhanced the 

shading effect on the soil through the provision of living 

mulch (Banik et al., 2006), leading to a reduction in the 

rate of evapotranspiration and improved soil moisture 

status (Gurr et al., 2003), which in turn, encouraged 

better growth and development, and higher yields of 

tomato, as observed in the current study. 

 

3.2.4 Unmarketable Fruit Yield Per Hectare 

It was observed that unmarketable fruit yield 

per hectare was not significantly (P>0.05) affected by the 

interaction of row arrangement and population density, 

but the independent effect of row arrangement and 

population density was significant (P<0.05). Mean result 

revealed that the highest unmarketable fruit yield per 

hectare (2970.66 kg ha-1) was recorded from 1T:2B row 

arrangement as compared to 1T:1B tomato basil row 

arrangement (2738.86 kg ha-1) (Table 2). This might be 

due to a higher incidence of fruit symptoms with the 

closest row arrangement that attributed to plant canopy 

filling more quickly, providing a wetter environment for 

the microorganisms to spread and develop early in the 

season. Yarou et al., (2017) reported that single row-

intercropping of cabbage with basil seems to be the best 

arrangement of plants for reducing pest damage.  

 

The maximum unmarketable fruit yield per 

hectare was obtained from tomato plots intercropped 

with 25% basil population density (3089.97 kg ha-1), 

while the minimum value was recorded for 100% basil 
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population density (2622.20 kg ha-1). Unmarketable fruit 

yield per hectare was decreased as basil population 

density from 25% to 100% (Table 2). This might be due 

to the release of more amount of essential oils by basil 

plants with increasing population density of basil would 

lower the level of fruit damage by insects and disease 

Yarou et al., (2017) also reported that unmarketable 

cabbages in an intercropped plot with tropical basil were 

significantly low compared to the sole cabbages and 

cabbage plots surrounded by tropical basil. 

 

Similarly, unmarketable fruit yield per hectare 

was significantly (P<0.05) affected by the cropping 

system. The maximum unmarketable tomato fruit yield 

per hectare (3312.2 kg ha-1) was recorded for solely 

planted plots as compared to tomato intercropped with 

basil (2854.8 kg ha-1) (Table 3). This might be due to 

intercropping tomato with basil provides alternate food 

as intermediate hosts for predators, thus increasing 

natural enemy’s population in an intercropped system 

better growth and more flowers on basil translate to a 

higher concentration of volatile compounds, leading to 

more insect pests and beneficial insect attraction. This 

result is in line with that of Mutisya et al., (2016) who 

reported that tomato basil intercropping causes higher 

attraction of B. tabaci onto the basil, deterring them from 

feeding on tomato plants and for this reason, the 

reduction in non-marketable tomato fruits. Hordofa 

(2000) also reported that tomato-bean intercropping gave 

higher marketable fruit yield and lower fruit worm 

damage as compared to solely planted tomato. 

 

3.2.5 Fruit Diameter  

The analysis of variance showed that row 

arrangement and basil population density significantly 

affected tomato fruit diameter. Similarly, the cropping 

system also significantly affected tomato fruit diameter. 

The highest and lowest fruit diameter (4.61 cm and 4.12 

cm) was recorded for 75% and 50% basil population 

intercropped with tomato, respectively. Higher tomato 

fruit diameter (4.47cm) was recorded for 1T:2B, as 

compared with 1T:1B tomato to basil row arrangement 

(4.21cm) (Table 2). This showed that the population 

density of basil important factor influencing the fruit size 

of the intercropped tomato. In addition, when crops are 

sown densely, competition among plants is more for 

growth factors resulting in a reduction in size and yield 

of the plant. In line with the present result, Kirimi et al., 

(2011) reported that the fruits were bigger and unit fruit 

weight was higher in wider spacing size. 

 

The highest tomato fruit diameter was recorded 

from intercropped than solely planted tomato (4.46 cm 

and 4.21 cm), respectively (Table 2). This indicated that 

intercropping basil with tomato modifies soil 

microclimate and, thus helps attain potential fruit growth, 

which improves diameter of the fruits. On the other hand, 

Ahamd and Singh (2005) have reported that wider 

spacing minimizes competition for nutrients, water, and 

radiation which in turn favored fruit size. 

 

3.2.6 Fruit Length  

The analysis of variance showed that row 

arrangement significantly affected tomato fruit length. 

The highest fruit length (6.38 cm) was recorded for 

1T:2B rows arrangement of tomato to basil and the 

lowest value (6.09 cm) was for the 1T:1B row 

arrangement. On the other hand, Maboko et al., (2017) 

reported that tomato fruit size decreased with increased 

plant density which did not affect overall yield per plot 

area. Unlike row arrangement, population density did not 

show a significantly affected on fruit length (P>0.05). A 

similar result has been reported by Kirimi et al., (2011) 

indicating that fruit height and diameter were not 

affected the population density. However, the cropping 

system significantly affected the fruit length of tomato 

(P<0.05). Higher fruit length was recorded for tomato 

intercropped with basil as compare to solely planted 

tomato (Table 2). This might be because basil modifies 

the microclimate when intercropped with tomato and 

thus improves the growth condition for tomato.  

 

Table 2: Fruit size and yield of tomato intercropped with basil as affected by row arrangement, population 

density, and cropping system at Wondo Genet during 2017/2018 cropping season 

Treatments FD (cm) FL (cm) MFPP (kg) UMFPP (kg) MF (kg ha-1) UMF (kg ha-1) 

Row arrangements  

1T:1B 4.210b 6.090 b 1.100 a 0.082 b 36657.800 a 2738.860 b 

1T:2B 4.470a 6.380 a 0.950 b 0.089 a 31004.300 b 2970.660 a 

LSD0.05 0.180 0.270 0.050 0.003 1313.200 93.520 

Population densities  

100% 4.300 b 6.280 0.922 c 0.079 d 30736.900 b 2622.200 d 

75% 4.610 a 6.070 1.064a b 0.083 c 35498.800 a 2781.640 c 

50% 4.120 b 6.210 1.101 a 0.088 b 36691.300 a 2925.250 b 

25% 4.310 b 6.370 1.009 b 0.093 a 32397.200 b 3089.970 a 

LSD0.05 0.260 Ns 0.067 0.004 1857.100 132.260 

CV (%) 4.87 4.90 5.30 3.74 4.43 3.74 

Cropping systems 

Sole 4.210 b 6.080 b 0.949 b 0.099 a 30737.000 b 3312.200 a 

Intercropped  4.460 a 6.370 a 1.099 a 0.085 b 34862.000 a 2854.800 b 

mailto:LSD@0.05
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Treatments FD (cm) FL (cm) MFPP (kg) UMFPP (kg) MF (kg ha-1) UMF (kg ha-1) 

LSD0.05 0.244 0.259 0.050 0.008 2130.100 257.460 

CV (%) 6.57 4.85 5.70 6.97 6.36 6.97 

 

Means followed by the same letter within a 

column for a given treatment are not significantly 

different at 5% level of probability; ns=not significant; 

FD=Fruit diameter; FL=fruit length, MFPP=marketable 

fruit yield per plant, UMFPP=unmarketable fruit yield 

per plant, MF=marketable fruit yield per hectare, 

UMF=unmarketable fruit yield per hectare, LSD= Least 

significant difference, CV= Coefficient of variation; 

1T:1B= one tomato row alternating with one basil row, 

1T:2B= one tomato row alternating with two basil rows. 

 

4. CONCLUSION 
The present experiment showed that plant 

height, the number of fruits per cluster, and the number 

of fruits per plant of tomato was significantly affected by 

the interaction of basil population density and row 

arrangement. As a result, the tallest plant (62.30cm) was 

obtained at 1T:1B tomato to basil row arrangement with 

100% basil population density. The highest number of 

fruits per cluster and number of fruits per plant (8.3 and 

71.73) were recorded at 1T:1B row arrangement with 50% 

basil population density. On the other hand, population 

density, row arrangement, and cropping system showed 

a significant effect on tomato yields. The highest 

marketable fruit yield per plant and marketable fruit yield 

per hectare (1.1kg plant-1 and 36691.3kg ha-1) were 

obtained from tomato plots intercropped with 50% basil 

population density and from 1T:1B tomato to basil row 

arrangement (1.1kg plant -1 and 36657.8 kg ha-1). In 

general, it could be concluded that different 

intercropping systems compared to sole planting did not 

affect yield and some yield components of tomato. 

Therefore, from the practical perspective tomato 

producer around the study area can maximize tomato 

productivity by intercropping with basil at 1T:1B row 

arrangements with 50% basil population density.  
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