
Template: Editora Letra1 | www.editoraletra1.com.br

This is an open-access article distributed under the 
terms of the Creative Commons Attribution License.   |  1

Impact of aromatic plants on olive trees production
Matheus Batista dos Santos Pepe1, Kevin Fontana Fantinatti1, Camila de Toledo Castanho*1

1Universidade Federal de São Paulo (UNIFESP), Departamento de Ciências Ambientais, 09913-030, Diadema, São Paulo, Brazil
*Corresponding author: ctcastanho@unifesp.br

ABSTRACT
Plants interact in positive ways, facilitating each other. We can use this facilitative effect in agriculture by intercropping crop 
plants with aromatic plants that provide benefits such as the repulsion of pests, resulting in a reduction of agrochemical 
inputs and higher crop productivity. Considering this potential benefit, we conducted a study in an olive grove to test 
the effect of the aromatic plants basil (Ocimum basilicum) and rosemary (Salvia rosmarinus) on olive (Olea europaea) 
production. We planted six aromatic saplings under olive trees (20 trees with basil and 20 with rosemary) and selected 
20 olive trees with no aromatic plants as a control group. To estimate the productivity of olive trees, we measured the 
number of inflorescences per tree, the number of fruits, and the average fruit weight. After nine months, we did not find 
a significant difference in the productivity of olive trees intercropped with aromatic plants compared to olives without the 
association. However, basil and rosemary had low mortality rates and showed substantial growth. Consequently, while 
probably not increasing olive production, the absence of negative effects on olive productivity indicates that intercropping 
aromatic plants and olives is viable and might provide diversification and economic resilience to small farmers.
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Introduction
Plant-plant interactions are fundamental to defining 

the structure and organization of plant communities. 
Competition happens when plants compete against 
each other for resources, decreasing the performance of 
evolved plants (Brooker et al., 2007). However, plants 
can also increase the performance of neighboring plants 
by improving environmental conditions and/or resource 
availability through an interaction called facilitation 
(Brooker et al., 2007). There are many mechanisms through 
which facilitation can occur. Beneficial plants can ameliorate 
the conditions that reduce other plants’ performance by 
providing shade from excessive light, increasing water 
availability through hydraulic lift (Horton & Hard, 1998), 

increasing nitrogen content in the soil (Stern 1993; 
Bonanomi et al., 2011; Pappa et al., 2012) and even repelling 
herbivores through aromatic compounds (Tang et al., 2013; 
Zhang et al., 2017; Song & Han 2020). Although most 
facilitative interactions have been identified in natural 
ecosystems (Callaway & Walker 1997), these positive 
interactions between plants have also been explored in 
managed environments, such as areas under restoration 
(Gómez-Ruiz et al., 2013) and agricultural areas (Brooker 
et al., 2015a).

Facilitative interactions between plants can bring many 
benefits to human-altered environments. Historically, 
intercropping was and still is used in many societies to 
boost farmland production of food (Ngapo et al., 2021; 
Moore et al., 2022). More recently, it has also been 
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suggested that intercropping can be a viable alternative 
to the use of agrochemicals when facilitative species are 
included, allowing for more sustainable production of 
food in crop fields and ecosystem services (Brooker et al., 
2015b; Mthembu et al., 2019; Pierre et al., 2022). This is 
especially true considering the use of inorganic fertilizers 
and pesticides has been on the rise since the start of the 
Green Revolution (Smith, 1972) and delivers notable risks 
to human health and the degradation of the environment 
(Tilman et al., 2002; Nicolopoulou-Stamati et al., 2016).

Basil (Ocimum basilicum L.) and rosemary (Salvia 
rosmarinus Spenn.) are aromatic species from the Lamiaceae 
family, which are known to produce volatile chemicals capable 
of repelling insects (Werker 1993; Schader et al., 2005; Zhang 
et al., 2014; Song et al., 2015; Issa et al., 2017; Li et al., 2021). 
Studies have shown the benefits of intercropping aromatic 
herbs with several crops, such as coffee, tomato, pepper, 
cotton, apple, tea and pear (Schader et al., 2005; Bustos 
et al., 2008; Carvalho et al., 2009; Song et al., 2015; Zhang 
et al., 2017; Li et al., 2021; Zhang et al., 2021), but little 
is known about their effect on olive groves, a traditional 
Mediterranean crop whose cultivation has growing in Brazil 
in the last century (Villa & Oliveira 2012). There is evidence 
of benefits towards soil quality and olive productivity when 
associated with legumes and cereals (Panozzo et al., 2020; 
Beniaich et al., 2020; Ozturkmen et al., 2020), but there is 
still no knowledge of olive and aromatic herbs intercropping. 
The objective of this study was to test if basil and rosemary 
improve the yield of olive trees (Olea europaea L.). We expected 
to find a higher number of flowers and a higher number 
and weight of fruits produced by olive trees intercropped 
with aromatic plants compared with a conventional olive 
crop without associated species. Additionally, we tested if 
the location of the aromatic plants around the olive tree 
(six different distances from the olive stem) influences the 
performance of associated aromatic plants.

Material And Methods

Experimental design
We conducted the experiment in an olive grove (Fig. 1) in 

the city of Aiuruoca, MG, southeastern Brazil (21º 58’ 32’’ S, 
44º 36’ 10’’ W). The mean annual precipitation in Aiuruoca 
is 1,603 mm, most of it concentrated between October and 
March (Pinto et al., 2014). The climate is described as dry-
winter humid subtropical according to the Köppen climate 
classification (Beck et al., 2018).

The olive trees of the Alberquina variety (exsiccata 
deposited at São Paulo Federal University Herbarium - 
HUFSP - under voucher n° 2348) were planted in 2012 and 
2013 with an equidistant spacing of around 4 x 6 meters. 
We selected 60 non-neighbouring, similar-sized trees with 
a minimum distance of one tree between them (i.e., ~8m) 
to minimize interference among samples. Sample trees 
also were located at a minimum distance of 10 m from the 
edge of the olive grove to minimize possible edge effects. 
The treatments were orderly arranged across samples so 
that the first sample tree was associated with rosemary, 
the next one without associated aromatic (thus serving as 
control), and the third one was associated with basil. This 
sequence was repeated until all 60 sample trees had been 
assigned to one treatment.

In May 2018, we clear-cut the area beneath the canopy 
of all 60 sample trees removing all grassy vegetation. Next, 
we planted six saplings of rosemary (Fig. 2A) and six saplings 
of basil (Fig. 2B) beneath each of the 20 sample trees, 
according to their treatment. Exsiccates of both aromatic 
species were deposited at São Paulo Federal University 
Herbarium - HUFSP - under voucher n° 2349 for rosemary 
(Salvia rosmarinus Spenn.) and voucher n° 2350 for basil 
(Ocimum basilicum L.). Samplings of aromatic plants were 
used instead of seeds to guarantee a certain volume of 
aromatic biomass immediately after transplantation and 
the start of the experiment. Furthermore, the aromatic 

Figure 1. Study area, Aiuruoca, MG. (A) General view of the olive grove from the farmhouse. (B) View from inside olive grove.
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plants were transplanted under the canopy of the olive trees 
instead of between the tree lines to increase the proximity 
between the consociated plants and also to not disturb 
the olive grove management, which includes the use of 
agricultural vehicles between the tree lines. Twenty olive 
trees remained without aromatic plants to serve as control. 
To test the performance of aromatic plants under different 
conditions of shade, saplings were planted at six different 
distances near the olive stem (Fig. 3). We irrigated the area 
around all trees for the following month in case there was no 
rain and clipped the grasses monthly to avoid competition 
with the aromatic plants.

Olive trees performance
We estimated the productivity of olive trees by measuring 

the number of inflorescences, the number of fruits, and the 
average fruit weight per tree. We divided the crown of each 
tree into three different heights and four different quarters 
each. For each tree, we then randomly chose one quarter 
at each height to be sampled (i.e., three samples per tree). 
Each sample consisted of the number of inflorescences (in 
September 2018) and fruits (in February 2019) inside a 
volume of 0.027m3 (i.e., a cube with 30 cm side length). To 
estimate the number of inflorescences/fruits for the entire 
tree we first estimated the total crown volume (TCV) of 
each tree using an adapted Eq. (1) based on Sola-Guirado 
et al. (2017):

where D1 and D2 are the two perpendicular crown 
diameters in meters, Ht is the total tree height in meters 
and Hs is the height to crown base, in meters. D1 and D2 

were estimated with a measuring tape by evaluating the 
plant crown on two horizontal and perpendicular lines 
(north-south; east-west). Ht and Hs were estimated using 
a bamboo stick marked every half meter. With the mean 
number of inflorescences/fruits per sample and the TCV, 
we were able to estimate the total inflorescence and fruit 
count for each tree using the following equation (Eq. 2):

We also measured the mean weight of the tree’s fruits. 
One fruit was randomly picked from each of the sample 
heights at each tree, totaling three fruits per tree. Some trees 
had no fruit production that year and therefore could not be 
sampled. We dried the fruits in an oven at a constant 55ºC 
until they had a constant weight. They were subsequently 
weighed on an electronic analytical balance. Following that, 
we averaged the fruit’s dry weight for each tree.

We also evaluated aromatic plants’ growth. We measured 
the height and diameter at ground level (DGL) of each plant 
at the start (May 2018) as well as at the end (February 2019) 
of the experiment. DGL was measured with a measuring tape 
and then converted into the basal area using the following 
equation 3:

where DGL is the diameter of the stem at ground level. If 
the individual plant had more than one stem, all the stems 
on the ground had their individual basal area calculated. 
After that, we summed all the stems’ basal areas for the 
estimation of the basal area of the entire plant. We then 
calculated the differences between the height and basal 
area at the start and end of the experiment for each plant.

Figure 2. Intercropping between aromatic plants and olive trees. (A) Rosemary intercropped with olive trees. (B) Basil intercropped 
with olive trees.
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Data analysis
To guarantee all samplings of olive trees under distinct 

intercropping treatments have similar sizes, we performed 
an ANOVA (with α=0.05), where the independent variable 
was the treatment (control, rosemary or basil) and the 
dependent variables were the height and basal area at the 
ground level of the olive trees. To test for differences in 
mean productivity among treatments, we also used ANOVA. 
In this case, the independent variable was the treatment 
(control, basil or rosemary) and the dependent variables 
were the mean number of inflorescences, the mean number 
of fruits (both estimated for each olive tree), and the mean 
fruit weight per tree. Finally, to test for the influence of 
the olive position on the growth of rosemary and basil, we 
performed an ANOVA of each aromatic species and growth 
metric. The independent variable was the position of each 
aromatic seedling (six levels), and the dependent variables 
were the difference between the aromatic seedlings’ height 
and basal area at the start and end of the experiment. We 
used the R environment (R Development Core Team, 2021) 
for all statistical analyses.

Results
As expected, before the beginning of the experiment all 

sample trees were similar in height (F57,2= 0.66; p= 0.52), 
DGL (F57,2= 0.21; p= 0.81) and canopy volume (F57,2= 0.86; p= 
0.43). Furthermore, intercropping with aromatic plants did 
not impact olive trees’ productivity. There was no significant 
difference in the mean number of inflorescences (F57,2= 0.67; 
p= 0.51, Fig. 4A), the mean number of fruits (F19,2= 0.17; 

p= 0.84, Fig. 4B) or the mean weight of fruits (F45,2= 0.58; 
p= 0.56, Fig. 4C) between olives with aromatic plants and 
control. However, the lack of influence of aromatic plants on 
olive trees cannot be attributed to the poor establishment 
of aromatic plants since both aromatic plants had low 
mortality rates (20% for rosemary and 6% for basil) and 
showed substantial growth during the nine months of the 
experiment, independent of the position around the olive 
tree (Table 1). Basil plants were, on average, 4.1 times larger 
in basal area (t= 11.3; n= 113; p<0.0001) and 141% taller 
compared to the beginning of the experiment (t= 25.7; n= 
113; p<0.0001). Similarly, rosemary plants at the end of 
the experiment were 3.6 times larger in basal area (t=12.4, 
n=96; p<0.0001) and 133% taller (t=23.2, n=96; p<0.0001).

Discussion
We did not find a significant increase or decrease in 

olive productivity when intercropped with aromatic plants 
compared to the control, which suggests aromatic plants do 
not facilitate or compete with olive trees. On the other hand, 
after nine months, aromatic plants had higher survivorship 
and growth nearby olive trees.

Even though it has been demonstrated that aromatic 
plants can repel insects in plantations of pepper, cotton, 
apple, and tea (Schader et al., 2005; Zhang et al., 2014; Song 
et al., 2015; Issa et al., 2017; Li et al., 2021) the beneficial 
effect should only be detected when the predation of the 
herbivorous insects is relevant and negatively impact the 
main crop. Thus, if herbivory by insects was low or absent, 
a possible positive effect of the aromatic plants would be 
low as well. Although the low rates of predation are the 
more likely scenario here, further tests are necessary to 

Figure 3. Arrangement of aromatic plants and their positions in relation to the olive tree. The numbers inside the circles represent 
the position of each plant.

﻿

https://creativecommons.org/licenses/by/4.0/deed.en


Impact of aromatic plants on olive trees production

Template: Editora Letra1 | www.editoraletra1.com.br

Acta Botanica Brasilica, 2024, 38: e20230082  |  5

Table 1. Summary results related to the effect of position (see Fig. 3) around olive trees on the growth of aromatic plants after nine 
months of experiment. DF= degree of freedom for the numerator and denominator.

Mean ± SE DF F-statistic P-value
Rosemary ∆ Height (cm) 46.3 ± 19.6 90,5 0.82 0.54

∆ Basal area (mm2) 39.2 ± 31.1 90,5 1.17 0.33
Basil ∆ Height (cm) 46.2 ± 19.1 107,5 1.32 0.26

∆ Basal area (mm2) 68.5 ± 64.4 107,5 2.08 0.07

Figure 4. Mean and standard error of olives’ productivity (per tree) under each intercropping treatment. A) number of inflorescences 
(sample size = 20); B) number of fruits (*sample size = 7, 8, 7) and C) mean fruit weight (*sample size= 15,17,16). *Sample size numbers 
are rosemary, basil and control respectively.
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provide information on the effect of the density and age of 
aromatic plants on insect repulsion. Since the accumulation 
of essential oils of these aromatic plants is correlated 
positively to the number of leaves and flowers (Payne 1978; 
Werker 1993), higher densities and/or increased duration of 
the experiment (and thereby plant growth) might have an 
impact on productivity. The size, age, and density of aromatic 
plants during the flowering and fructification stages of olive 
trees could then be crucial to potentialize intercropping 
positive effects under moderate to high herbivore pressure. 

Although the absence of facilitation is an unexpected 
result, the absence of competition between the intercropped 
species is promising. This result indicates there is a small 
niche overlap between the involved species, which might 
be due to differences in root depths among olives and 
aromatic plants (Masmoudi-Charfi et al., 2011; Nishida 
2011), resulting in low competition for water or nutrients. 
Then, while intercropping small aromatic plants with olive 
trees may not provide positive effects on the olive tree’s 
productivity, it does not appear to impair their performance 
either. On the other hand, both aromatic species had high 
survival and similar growth in different positions around the 
olive trees. These results indicate that the shade of an olive 
tree does not prevent a good performance of aromatic plants. 
Therefore, since the aromatic plants produce valuable crops 
and essential oils of basil and rosemary are used in a variety 
of applications for food, medicine and cosmetics products 
(Borges et al., 2019; González-Minero et al., 2020; Dhama 
et al., 2021), intercropping might be a valuable method to 
improve overall farm productivity and crop diversity.

The low overall productivity might have played a role in 
the lack of detection of the overall effect of intercropping 
on the olive trees’ productivity. The reasons for the 
inconsistency are largely unknown, but the decrease might 
be due in part to alternate bearing, as it has been shown that 
olive trees have alternate periods of low and high growth 
and fructification (Rodrigues & Correia 2009; Kour et al., 
2018). Low winter temperatures are also important for 
olive flowering (Martin 1990), and the particular climatic 
condition of that year could explain the noticeable drop in 
olive productivity in this study, as there was a pronounced 
increase in mean temperature in the coldest months of 
2018, during the olive trees’ flowering (World Weather 
Online 2021). As human activities worldwide begin to have 
an increasingly notable effect on the climate of the planet 
(IPCC 2021), plant-plant interactions are also expected to 
change (Souza et al., 2021). Thus, it is important to consider 
the abrupt abiotic human-caused changes in environments 
if we are to correctly evaluate how different plants can 
interact with each other in the future.

Intercropping aromatic plants around olive trees shows 
great potential for increasing species richness in olive groves 
without any negative effects on olive trees. This approach 
can provide more options for production and contribute to 

economic stability in this type of farm system. As human 
activities influence an ever more unstable climate (IPCC 
2021), agricultural systems are bound to be impacted by 
these changes (Nelson et al., 2009). Intercropping with 
aromatic plants or other valuable intercrops can offer higher 
species diversity and improve financial security in Brazilian 
olive farms.
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