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ABSTRACT 
Wondo Genet area, which is located in the Sidama zone of south Ethiopia, is characterized by a rapidly increasing 
human population and scarcity of arable land per household. There is a need for developing an efficient cropping 
system to use the limited land efficiently and to enhance food security. An experiment was, therefore, was conducted 
at Wondo Genet Agricultural Research Center under irrigated during the 2018 cropping season to examine the growth 
and yield of sweet basil under different planting densities and row arrangements in tomato-sweet basil Intercropping 
System. The experiment was conducted with 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) factorial arrangement in RCBD with three replications each consisting of ten treatments. Results of the 
study indicated that the row arrangement by planting density interaction significantly influenced the yield of basil with 
the maximum dry herbal (341.49 kg.ha-1) and essential oil (22.86 kg.ha-1) yields were recorded at 100% basil 
population density with a 1T:2B row arrangements. The cropping system significantly influenced the essential oil 
content and essential oil yield of basil. The highest essential oil content (1.26%) and essential oil yield (21.83 kg.ha-1) 
of basil were obtained at sole planting compared to that of intercropping (0.96%) and (15.36 kg.ha -1) with tomato 
showing 23.81% and 29.64% reduction, respectively. Therefore, intercropping 100% basil population in tomato by 
1T:2B row arrangements could be recommended for Wondo genet and similar agroecology area, based on its better 
compatibility and productivity. 
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INTRODUCTION 

Globally, cultivable land has decreased due to rapid 
population growth and industrialization. Particularly in 
Asia and Africa where producers have small plots, 
agricultural areas are under pressure to produce greater 
quantities of food, feed, and biofuel on limited land 
resources (Ebert 2014). While global demand for food 
increases, agricultural expansion faces more strong 
environmental preservation demands and sustainability 
laws aimed at the prevention of deforestation (Crusciol 
et al. 2014). Industrialization and globalization in coupled 
with climate changes endanger agriculture and the future 
of humanity and the environment. Modern industrialized 
agriculture based on monoculture can lead to 
unsustainable environments such as building up disease 
pressure and reducing particular nutrients in the soil 
(Salaheen and Biswas 2019). Monoculture increase 
disease pressure and decline soil fertility resulted in 

increased crop yields with huge costs of production for 
synthetic fertilizers and pesticides (Yildirim and Ekİncİ 
2017). 

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). Medicinal and aromatic 
plants (MAPs) play a significant role in the uplifting rural 
economy and thus, their demand is increasing all over 
the world (Rao 2002; Mishra et al. 2020). However, they 
are less cultivated by farmers, because their cultivation 
as a mono-crop involves certain risk and their economic 
returns are uncertain. One of the means to address the 
issue would be to promote the cultivation of medicinal 
plants as inter-crop with local food crops. Numerous 
studies reported that such an inter-cropping system 
would increase the marginal incomes, especially for the 
small farmers, apart from meeting the market demand 
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and helping in the conservation of the wild types 
(Nigussie et al. 2017; Machiani et al. 2019). 

Basil and tomato are believed to be companion plants 
with similar light and water requirements and in the same 
cases, tomatoes taste better when they neighbor basil 
(Pereira et al. 2015; Gomes et al. 2021; Yaldiz and 
Camlica 2021). According to Carvalho et al. (2017), 
higher tomato yields have been observed under 
intercropping with aromatic plants as compared to 
tomato alone, and thus, intercropping is a more profitable 
system. It has also been observed that basil can attract 
some bacteria and Arbuscular mycorrhizal fungi (AMF) 
and helps prevent diseases in tomatoes and increases 
the biomass yield of tomatoes (Hage-Ahmed et al. 2013).  

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. Sattler and 
Bartelheimer (2018) 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 and 
Omotunde 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).  

Wondo Genet area, which is located in the Sidama 
zone of southern Ethiopia, is characterized by a rapidly 
increasing human population and is suitable for 
vegetable production but with a scarcity of arable land 
per household. There is a need for developing an 
efficient cropping system to use the limited land 
efficiently and to enhance food security. Since the 
shortage of arable land is a constraint; optimizing inter-
cropping performance can assist the effective use of 
space and nutrients (Lulie 2017). Smallholder farmers in 
the Wondo Genet area grow tomatoes both under rainfed 
and irrigated conditions. Moreover, growers have been 
challenged by inconsistent production and low yields. 
Inter-cropping vegetables on small land of the home 
garden is traditionally a common practice in the Wondo 
Genet area. However, the 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 with the objectives to determine the optimum 
planting density and row arrangements of basil for inter-
cropping with tomato and to examine growth and yield of 
sweet basil under different planting density and row 
arrangements under tomato-basil inter-cropping system 
under irrigation. 

MATERIALS AND METHOD 
Description of experimental site 

The experiment was conducted in the field at Wondo 
Genet Agricultural Research Center (WGARC), 
Southern Ethiopia, under irrigated conditions in the 2018 
dry-off season. 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 1780m above sea level (ASL). 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 (3.46%), medium in total N 
(0.154%), low in available P (2.54mg.kg-1), and high in 
CEC (43.7cmol.kg-1). Wondo Genet has a bimodal 
rainfall distribution with two rainy seasons. Short rains 
occur from March to May and the long rains from July to 
October. 

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 and Gemechu 
2014) and (43 t.ha-1 in research plots) (Nasir et al. 2017; 
Tujuba and Ayana 2020). Basil genotype B04 is also a 
high yielder (herbage and essential oil yields) in the 
Wondo Genet area (Bhutia et al. 2018).  

The 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-1 with 100 cm by 30 cm inters and intra-row 
spacing, respectively, was maintained for tomatoes 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. 

Data collection and analysis 
Plant height, Number of branches per plant, Fresh 

leaf weight per plant (g), Dry leaf weight per plant (g), 
were recorded from five randomly taken plants from the 
net plots. Besides, days to 50% flowering and days to 
maturity were recorded. Dry leaf yield (kg/ha) and Fresh 
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herbal weight (kg/ha) weight per hectare was calculated 
based on dry leaf weight and Fresh herbal weight per 
plant and converted to the hectare and the average value 
was computed. Essential oil content was determined by 
hydro-distillation method, according to the procedure 
described by (Bisrat et al. 2001) and essential oil yield 
per hectare was calculated by (Bisrat et al. 2001; 
Ghaffari et al. 2019) the formula as suggested by (Kasim 
et al. 2014).  

For each measured response variable, analysis of 
variance (ANOVA) was carried out using Statistical 
Analysis System (SAS) software version 9.4 (Lakens 
and Caldwell 2021). Means of treatments showing 
significant effects were further separated by the least 
significant difference (LSD) test at 5% probability level. 

RESULTS AND DISCUSSION 
Response of basil to intercropping 
Plant height. 

Sweet Basil Population density significantly (p<0.05) 
influenced plant height, where the tallest plant (37.93 cm) 
was observed 100% basil population density, while the 
shortest (31.66 cm) was for 25 % basil (Table 1). The basil 
population density decreases from 100% to 25% plant 
height also decreases. It was observed from 37.93 cm to 
31.66 cm the increase in plant height with increasing 
plant population could be due to increased competition 
for light. The present study was in line with the work of 
Alemu et al. (2018) who reported that as basil population 
density increases, the competition for sunlight and 
nutrient increased and, thus, stems length increased. 
Pereira et al. (2015) also reported that increased density 
increases the stem length of the plant due to increased 
competition between the plants for absorbing light to 
cause growth in their height. This result also showed that 
intercropping as compared to sole planting did not show 
significant (p>0.05) variation for basil plant height. This 
could be due to less competition for light between basil 
and tomato under intercropping. In line with the present 
result, Souza et al. (2020) also reported that basil is a 
poor resource (water, nutrient, space, and light) 
competitor when grown together with tomatoes in the 
open field. 

Number of primary branches per plant 
Results of the analysis of variance revealed that row 

arrangement had a significant (p<0.05) effect on the 
number of primary branches per plant. The highest 
number of primary branches (9.52) was recorded for the 
1T:1B row arrangement while the minimum value (8.03) 
was recorded 1T:2B row arrangement of tomato to basil 
(Table 1). This might be due to closer inter-row spacing 
which could have more favored plant competition to 
nutrition, air. and other growth thereby reduced the 
vegetative growth of plants. decrease of plant density in a 
unit area may cause increased light absorption by plants 
and provide more space for plant development, Therefore, 
1T:1B row arrangement has enough space for light 
absorption, as a result, more branches grow when 
compare with 1T:2B row arrangement. Similar results 
have also been reported by Fallah et al. (2018) who 
observed more branches at wider spacing because of 
enough space among plants to produce more branches. 

Fresh herbal yield per plant 
The analysis of variance showed population density 

had a significant (p<0.05) effect on fresh herbal yield per 
plant. The maximum fresh herbal yield per plant (30.76 g) 
was recorded at 50% basil population density (Table 1). 
This might be because yields per plant decrease 
gradually as plant population per unit area increased. 
However, the yield per unit area increased due to the 
efficient utilization of growth factors. Maximum yield per 
unit area can be obtained when individual plants are 
subjected to severe competition (Lamlom and Ahmed 
2021). Sadeghi et al. (2009) reported that basil is 
sensitive to plant density and lower densities do not 
produce sufficient fresh herbal yield per unit area. This 
result showed that intercropping as compared to sole 
planting did not affect fresh herbal per plants of basil. 
This indicated also that the basil plant can be tolerating 
tomato plants without adverse effects on individual fresh 
herbal yield under intercropped conditions. Similar 
results were reported by Rao (2002) indicating that 
intercropping of corn mint did not affect biomass yield of 
rose-scented geranium. 

Table 1. Means for plant height, number of primary 
branches, fresh herbal and stem weight per plant of basil 
as affected by row arrangement, population density, and 
cropping system intercropped with tomato at Wondo 
Genet during 2017/2018 cropping system 

Treatments PH (cm) NPB FHPP (g) FSPP (g) 

Row arrangements 

1T:1B 34.56 9.52 a 27.68 26.46 
1T:2B 35.42 8.03 b 27.30 26.93 

LSD0.05 ns 1.18 ns ns 

Population densities  

100% 37.93 a 9.28 27.73 b 25.89 b 
75% 36.25 b 8.93 26.64 b 25.13 b 
50% 34.13 c 8.76 30.76 a 33.05 a 
25% 31.66 d 8.13 24.84 b 22.71 b 

LSD0.05 1.40 ns 3.83 5.02 
CV (%) 3.24 15.39 11.26 15.2 

Cropping systems 

Sole 34.41 11.39 a 27.14 22.29 
Intercropped  35.42 8.03 b 27.30 26.93 

LSD0.05 ns 1.96 ns Ns 
CV (%) 3.38 9.73 5.55 10.89 

Means followed by the same letter with the same column for a given 
treatment are not significantly different at a 5% level of probability. ns= 
not significant; PH=plant height; NPB=number of primary branches per 
plant; FHPP=fresh herbal yield per plant; FSPP=fresh stem weight per 
plant; 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. 

Fresh stem weight per plant 
The population density was significantly (p<0.05) 

affected, but row arrangement and cropping system did 
not significantly (p>0.05) influence fresh stem weight per 
plant of basil. The maximum fresh stem weight per plant 
(33.05g) was recorded for 50% basil population density, 
while the least value (24.84g) was recorded for 25% basil 
population density, which was statistically similar to the 
value obtained from 75 % and 100% basil population 
density (26.64g and 27.73g, respectively) (Table 1).  
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A decrease in the weight of individual plants at higher 
plant density might be due to a reduction in the growth 
and development of the plants. The present result was in 
agreement with the finding of Faridvand et al. (2021), 
who reported that basil benefited from the reduction of its 
companions and, with more access to light, it 
accumulated more chlorophyll and produced more 
aboveground biomass. Nigussie et al. (2017) reported 
that the highest and lowest stem fresh weights were 
observed at 80% and 20% population density of 
rosemary intercropped with onion. 

Herbal fresh weight per hectare 
Herbage fresh weight of basil was significantly 

(P<0.05) influenced by the interaction of row arrangement 
and basil population density. The maximum fresh herbal 
yield (2116.8 kg.ha-1) was obtained from the 1T:2B row 
arrangement of tomato to basil combined with 100% basil 
population density, while the lowest value was obtained 
from the interaction of 1T:2B row arrangement with 25% 
basil population density (Figure 1). The increase in herbal 
fresh weight 1T:2B row arrangement and 100% basil 
population density could be due to optimum radiation, 
nutrient, and water supply which allow basil to bear a 
large number of leaves and inflorescence thereby 
increasing herbage yield (Oroka 2011; Rostaei et al. 
2018). A similar finding was reported by Carvalho et al. 
(2017), indicating that the herbal yield of basil was 
recorded when intercropped with tomato plants. 
Nthabiseng et al. (2015) also reported that the biomass 
and grain yield of cowpea increased at a high density of 
cowpea on a millet-cowpea intercropping system. 

 

Figure 1. The interaction effect of population density and 
row arrangement of basil in tomato basil intercropping on 
basil fresh herbal yield. Bars capped with the same letter 
(s) are not significantly different at p≤0.05 

Dry herbal yield per hectare 
It was observed that both the main factors and their 

interaction had a significant (p< 0.05) influence on dry 
herbal yield per hectare. The maximum dry herbal yield 
(341.49 kg.ha-1) was recorded for 1T:2B row 
arrangement with 100% basil density, whereas the 
lowest value was obtained from 1T:1B row arrangement 
with 25% basil population density (Figure 2). Dry herbal 
yield followed the same trend as fresh herbal yield. In line 
with this Barickman et al. (2021) reported that the 

maximum herbal yield of rosemary was obtained with 
80% rosemary intercropped with onion. Oroka (2011) 
has also reported that the maximum density of intercrops 
resulted in the maximum forage dry matter yield of rice 
intercropped with cowpea. Herbage dry yield of basil, on 
the other hand, was not significantly (p>0.05) affected by 
the cropping system. In line with this result, Abera and 
Gerkabo (2021) reported that the herbal yield of basil 
was not significantly varied with sole planting and 1:1 row 
arrangement in maize-basil intercropping. This might be 
due to the presence of less competition between basil 
and tomato when intercropped. In agreement with the 
present study, Formisano et al. (2021) reported that the 
highest herbal yield in of basil was recorded for both 
mono-cropping and intercropping with tomato plants. 
Fresh herb yield was highest for the sole Japanese mint 
plot, which was statistically on par with intercropping 
Japanese mint plus one row of onion (Rivest et al. 2009; 
Roshetko et al. 2013; Daneshnia et al. 2016). 

 
Figure 2. The interaction effect of population density and 
row arrangement of basil on herbal dry yield basil yield. 
Bars capped with the same letter (s) are not significantly 
different at p≤0.05 

Essential oil content 
Essential oil content was not significantly (p>0.05) 

affected by the interaction of main factors, but row 
arrangement and population density had a significant 
(p<0.05) effect. A similar result has been reported by 
Mirjalili and Poorazizi (2014) indicating that plant density 
significantly affected the essential oil content of basil. 
Higher essential oil content (1.17%) was obtained from 
1T:1B row arrangement as compared with 1T:2B row 
arrangement (0.95%) (Table 2). This could be since at 
wider row spacing, the competition between the plants 
reduces, and hence, each plant has more space and 
produces more leaves. In addition, the essential oil 
content of plants under high light was more than that of 
plants grown with low light as biosynthesis of essential 
oil is highly dependent on light conditions (Gavrić et al. 
2021). In line with this, Mirjalili and Poorazizi (2014) 
reported that two-row cultivation of basil, with low 
density, resulted in a higher yield of essential oil. 

The highest essential oil content (1.13%) was 
obtained from 100%, followed by 75% (1.12%) and 50% 
basil population density (1.1%), while 25% basil 
population density had the least value (0.88%) (Table 2). 
This result indicates that as population density increases 
the essential oil content of basil also increases. In line 
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with this, it has been reported that plant population 
densities affected plant growth by subsequently 
influencing the absorption of nutrients and exposure of 
plants to the light, which has a direct effect on 
photosynthesis and the production of essential oil 
(Akbari et al. 2018; Alemu et al. 2018; Lin et al. 2021). 
Singh (2015) also reported that as basil population 
density increases, the essential oil content also 
increased. 

The cropping system had a significant (p< 0.05) 
influence on the essential oil content of basil, which was 
higher in solely planted basil (1.26%) when compared 
with basil intercropped with tomato (0.96%) (Table 2). 
This might be due to the case that solely planted basil 
didn’t suffer from competition with tomato plants and, 
thus had higher production of essential oil than did the 
intercropped plot. However, intercropping basil with 
tomato affected the amount of sunlight that passes 
through the canopies, which could influence the 
photosynthetic rates of the leaves within the canopy. The 
higher essential oil content of spearmint was obtained 
from sole planting as compared to the intercropped 
spearmint with maize (Nigussie et al. 2017; Kebede and 
Bogale 2019). 

Table 2. Fresh herbal weight, fresh stem weight, dry 
herbal weight, and essential oil content of basil as 
affected by row arrangement, population density, and 
cropping system under intercropping with tomato at 
Wondo genet during 2017/2018 season 

Treatments 
FHW 
(kg.ha-1) 

FSW 
(kg.ha-1) 

DHW 
(kg.ha-1) 

EOC 
(%) 

Row arrangements 

1T:1B 1160.59 1067.68 172.53b 1.17a 

1T:2B 1167.14 1156.89 201.90a 0.95b 

LSD0.05 ns ns 21.53 0.13 

Population densities 

100% 1848.54a 1726.00 a 285.77 a 1.14 a 

75% 1332.07b 1256.40 b 211.31 b 1.12 a 

50% 1064.93c 1101.90 b 180.63 c 1.11 a 

25% 409.94d 364.90 c 71.14d 0.88 b 

LSD0.05 168.24 225.52 30.44 0.18 

CV (%) 11.67 16.37 13.13 13.63 

Cropping systems 

Sole 1607.60 1573.56 228.88 1.26a 

Intercropped  1581.90 1346.17 226.89 0.96b 

LSD0.05 ns ns ns 0.22 

CV (%) 9.32 9.48 5.99 9.80 

Means followed by the same letter within a column for a given treatment 
are not significantly different at a 5% level of probability. ns= not 
significant; FHW=fresh herbal weight, FSW=fresh stem weight, DHY= 
dry herbal yield (kg/ha); EOC=essential oil content; EOY=essential oil 
yield; LSD= Least significant difference, CV= Coefficient of variation 

Essential oil yield 
The result of this study revealed that the interaction 

of row arrangement and population density of basil 
significantly (p< 0.05) influenced the essential oil yield of 
basil. A similar result has been reported by Atghaei et al. 
(2020) where different intercropping patterns 
significantly affected the essential oil content of 
Japanese mint. The highest essential oil yield (22.86 
kg.ha-1) was obtained from the 1T:2B row arrangement 
combined with 100% population density of basil, while the 
lowest value was obtained from the 1T:2B row 
arrangement with 25 % population density (4.26 kg.ha-1) 
of basil (Figure 3). The reduction in essential oil yield of 
basil with decreasing basil population density might be 
probably due to decreased herbal biomass yield. The 
higher essential oil yield for higher plant density for sweet 
basil (Arsovski et al. 2018; Barickman et al. 2021; Qi et 
al. 2021). Ebenezer et al. (2019) also reported higher EO 
yield under narrow (30 cm) inter-row spacing for 
Japanese mint. The highest essential oil yield was 
obtained from solely planted basil (21.82 kg.ha-1) as 
compared with the intercropped basil (15.36 kg.ha-1). 
This result was in line with the finding of (Pereira et al. 
2015; Salaheen and Biswas 2019) indicating increased 
basil essential oil yield during sole cropping in 
comparison with a mixed cropping system. Similar 
results have been reported by Bitew et al. (2021) for 
rosemary-onion intercropping, where rosemary essential 
oil yield was higher in the sole as compared to the 
intercropped plot. 

 
Figure 3. The interaction of population density and row 
arrangement of basil intercropped with tomato on basil 
essential oil yield. Bars capped with the same letter (s) 
are not significantly different at p≤0.05 

CONCLUSIONS 
The present experiment was conducted at Wondo 

Genet Agricultural Research Center, southern Ethiopia 
under irrigated conditions in 2017/2018 to determine the 
optimum planting density and row arrangements of basil 
for intercropping with tomato. Basil population density 
and row arrangement showed a highly significant 
variation in different growth and yield parameters of basil. 
Fresh and dry herbal yield per hectare and essential oil 
yield of basil were affected by the interaction of basil 
population density and row arrangement of tomato and 
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basil. As a result, the maximum fresh and dry herbal yield 
per hectare and essential oil yield of basil (2116.8 kg.ha-1, 
341.49 kg.ha-1, and 22.86 kg.ha-1 respectively) were 
obtained from 100% basil population density 
intercropped at 1T:2B tomato to basil row arrangement. 
Therefore, basil with a density of 33,333 plants.ha-1 by 
one tomato row alternating one basil row arrangement 
could be recommended for intercropping with tomato in 
the target area, based on its better compatibility and 
productivity. 
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