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Abstract
Intensive crop cultivation like inter-cropping is a reasonable agronomic practice to fulfill and sustain food security
in areas where there is land shortage like that of Wondo Genet areas. An experiment was conducted at Wondo
Genet Agricultural Research Center experimental farm to examine productivity and economic return. The
experiment was a 2 × 4 factorial arrangement in RCBD consisting of ten treatments: two basil row arrangements;
one tomato row alternating with one basil row (1T:1B) and one tomato row alternating 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 the intercropping of tomato with basil had a total LER value greater than one which showed the advantage of
intercropping over sole cropping of each crop. Intercropping of tomato with basil at 100% population density gave
a total LER value of 1.9 and MAI value of 194600 ETB ha-1, respectively. Therefore, basil with a density of 33,333
plants ha-1 at a spacing of 100 cm × 30cm by 1T:1B row arrangements could be recommended for intercropping
with tomato in the target area, based on its better compatibility, productivity, and economic benefit.
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1. Introduction
Tomato and basil are common pairs that are intercropped (Bomford, 2009). Several studies 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 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. Basil
and tomato are companion plants that have similar lighting and watering needs, some even say tomatoes taste
better when they neighbor basil (Bomford, 2004). According to Carvalho et al. (2017), higher tomato yields have
been observed under intercropping with Aromatic plants as compared to tomato alone, so it is a more profitable
system. Previous research has also observed that Basil can attract the positive bacteria, Arbuscular mycorrhizal
fungi (AMF), and helps prevent diseases in tomatoes, and increases the biomass of tomato (Hage-Ahmed et al.,
2013).
Different indices have been suggested for evaluating productivity and efficiency per unit area of land of
different crop intercropping systems. Among them, the land equivalent ratio (LER) is the most widely used relative
index to evaluate the efficiency and productivity of intercropping (Willey, 1991). The LER could be used either
as an index of biological efficiency to evaluate the effects of various agronomic variables (e.g., fertility levels,
density and spacing, comparison of cultivars performance, the relative time of sowing, and combinations) on an
intercrop system in a locality or as an index of productivity across geographical locations to compare a variety of
intercrop systems. It is defined as the area that a sole crop has to occupy to produce the same amount of yield as
its component in the intercrop (Mead and Willey, 1980).
Wondo Genet area, which is located in the Sidama zone of southern Ethiopia, is characterized by a rapidly
increasing human population, suitable for vegetable production but with the 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 lack of arable land is a constraint; optimizing inter-cropping performance can assist the effective
use of space and nutrients (Lulie et al., 2016). Smallholder farmers in Wondo Genet grow tomatoes both under
rain-fed and irrigation. Moreover, growers have been challenged by inconsistent production and low yields. Intercropping vegetables are traditionally common in the Wondo Genet area on small land of the home garden, however,
the arrangement of crops is random, and improper planting density of component crops results in poor crop yields.
Even though it is possible to increase tomato production by intercropping basil with tomato under proper planting
density and row arrangements, yet no scientific research has been done to examine productivity and economic
return of tomato-basil intercropping in the study area.
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
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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
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 the 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 the 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 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 the 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, Fresh leaf weight per plant (g), Dry leaf weight per plant (g), were
recorded from five central plants selected at random. Besides, days to 50% flowering and days to maturity were
recorded. Dry leaf yield (kg/ha) and Fresh 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. (2009) and essential oil yield per hectare was determined.
For each measured response variable, analysis of variance (ANOVA) was carried out using Statistical
Analysis System (SAS) software version 9.4 (SAS, 2019). 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.
3. Result And Discussion
3.1 Land equivalent ratio
The analysis of variance revealed that the interaction of row arrangement and plant population density of basil had
a significant (P<0.05) influence on the partial land equivalent ratio of tomato. The mean separation analysis
revealed that the highest partial LER of tomato (0.99) was obtained at the interaction of 50% basil population
density with 1T:1B row arrangement, while the least partial LER tomato (0.70) was found at the interaction of 25%
basil population density with 1T:2B row arrangement (Figure 1). This indicated that inter-specific competition
between tomato and basil plants was lower than the intra-specific competition for basil plants. De Carvalho et al
(2010) reported that the tomato relative yield was higher than 1.0 when in intercrop with fennel and with rue plants.
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Figure 1. The interaction effect of population density and row arrangement of basil in tomato-basil intercropping
on tomato partial land equivalent ratio
The maximum partial LER of tomato was obtained from 1T:1B row arrangement (0.89) as compared to 1T:2B
row arrangement (0.73) (Table 1). This result is in agreement with Prakash et al. (2004) who reported that
intercropping of tomato in maize in the row ratio of 1:1 recorded the highest land-equivalent ratio (1.86), followed
by intercropping of 1 row of tomato within paired rows of maize and 1 row of tomato between 2 paired rows landequivalent ratio (1.79).
Similarly, population density showed a significant (p<0.05) effect for a partial land equivalent ratio of basil.
However, the partial land equivalent ratio of basil was not significantly (p>0.05) affected by row arrangement and
the interaction of main effects. The mean separation analysis revealed that 100% basil population density was
highest for partial LER of basil (1.17) while 25% basil population density had the least (0.26) partial LER basil
(Table 1). This result showed that partial LER of basil increased as basil population density increased in all
treatments due to efficient utilization of resources. This result was in agreement with Lulie et al. (2017) who
reported partial LER of haricot bean increased as haricot bean population density increased from 25% to 100%
(0.44-0.76) in maize haricot bean intercropping.
Additionally, the analysis of variance showed that there was no significant interaction effect of row
arrangement and population density and row arrangement on total LER, however, the main effects of population
density was significantly affected total LER. The highest and lowest LER (1.90 and 1.03) was recorded at 100%
and 25% basil population intercropped with tomato, respectively (Table 1). This value indicated as basil population
density increased in all treatments total LER also increased and the total LER in all cases was more than one (Table
1) showing that intercropping of basil with tomato is more advantageous than sole cropping of tomato. The present
study agreement with El-Gaid et al. (2014) who reported that the highest value of LER was obtained from 1 plant
tomato: 3 plant common beans (1.26) and the lowest LER values were obtained from 1 plant tomato: 1 plant
common bean (1.08).
3.2 Monetary advantage index (MAI)
Row arrangement did not show significant (P>0.05) variation on MAI. However, Population density shows
significant (P≤0.05) variation on MAI. Intercropping tomato with basil at 100%, gave the maximum MAI (194600
ETB) which was not statistically different from the MAI obtained from 75% and 50% population density (185828
and 163131 ETB respectively) (Table 1). Therefore, this value indicated that tomato growers can maximize the
land-use efficiency and profit by intercropping tomatoes with basil within limited land at 1T:1B or 1T:2B basil
row arrangements and 100% of basil population density gave extra income. Higher returns under intercropping
systems explained the suitability of intercropping systems of tomato with basil and to be adopted on a profitable
scale. The result of the present study is in harmony with that of Ijoyah and Dzer (2012) who reported that
intercropping gave greater combined yields and monetary returns than those obtained from either crop grown alone.
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El-Gaid et al. (2014) also reported that intercropping of 1 tomato plant: 3 common bean plants could provide
economically profitable options for farmers.
Table 1. Productivity measurement of intercropping of tomato as affected by population densities and row
arrangement of basil at Wondo Genet during 2017/2018 cropping season
Treatments
Partial LER of Tomato
Partial LER of basil
Total LER
MAI
Row arrangements
0.89a
0.69
1.57
158906.00
1T:1B
0.73b
0.77
1.51
135115.00
1T:2B
0.026
Ns
ns
ns
LSD0.05
Population densities
1.17a
1.90a
194600.00a
0.71c
100%
a
b
b
0.86
0.88
1.69
185828.00a
75%
a
c
b
0.87
0.66
1.54
163131.00a
50%
b
d
c
0.79
0.26
1.03
44484.00b
25%
0.37
0.17
0.18
49382.00
LSD0.05
3.72
18.68
9.45
27.13
CV (%)
Means followed by the same letter in the same column are not significantly different at the 5% level of probability.
ns= not significant; RA=row arrangement; PD=population density; LER=land equivalent ratio; MAI= Monetary
Advantage Index
4. Summary And Conclusions
In Wondo Genet southern Ethiopia, farmers’ livelihoods mainly depend on cash crop production under irrigation
and intercropping system. The present experiment was conducted in Wondo Genet Agricultural Research Center,
southern Ethiopia under irrigation conditions in the 2017/2018 cropping season to examine yield advantage and
economic return of the tomato-basil inter-cropping system under different planting densities and row arrangements.
The experiment was arranged in a 4x2 factorial combination in Randomized Complete Block Design (RCBD)
consisting of ten treatments including solely tomato and solely basil.
The efficiency of intercropping tomato with basil was significantly affected by basil population density and
row arrangement. The highest partial LER of tomato (0.89) was obtained at the interaction of 1T: 1B row
arrangement with 50% basil population density had the partial LER tomato (0.87), followed by 75% basil
population density (0.86). Partial LER of basil increased as basil population density increased from 25% to 100%
in all treatments due to efficient utilization of resources. Overall, the highest LER (1.90) was recorded at 100%
basil population intercropped with tomato. Similarly, population density revealed a significant effect on the
monetary advantage index. 100% basil population intercropping gave the maximum MAI (194600ETB) which
was not statistically different from the MAI obtained from 75% and 50% population density (185828 and 163131
ETB respectively). It could be concluded that different intercropping systems compared to sole did not affect yield
and some components of tomato. Therefore, from the practical perspective tomato producer around the study area
can maximize the land-use efficiency and profit by intercropping tomatoes with basil at 1T:1B basil row
arrangements and 50% of basil population density.
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