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ABSTRACT

The development of new strategies of integrate
pest management to improve processing tomato
yield and sustainable quality, are requested by
the market. This study was carried out to evalu-
ate the effects of foliar applications of glucosi-
nolates and certain medicinal plant essential
oils in open field cultivation management. Toma-
to yield from plots treated with rosemary oil and
glucosinolates resulted, on average, significant-
ly higher, until 28%, than that of the control plots.
However thyme and oregano oil treated plots
showed statistically lower values. Plant vegeta-
tive status, including phytosanitary aspects, had
the same trend as the production as showed by
the exponential regression between two parame-
ters. Findings allow us to conclude that foliar
spray of glucosinolates and rosemary essential
oils prove to be highly effective treatments in-
ducing increases of tomato yield through plant
health improvement.

Keywords: Foliar Applications; Integrate Pest
Management; Natural Pesticides; Seed Meal,
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1. INTRODUCTION

Tomato is a commercially important and most popular
annual vegetable crop throughout the world because it is
largely required by the market of the fresh and process-
ing industry. Since demand for canned tomatoes is con-
tinuously increasing, field production for processing is
predominant. In Italy, for example, cultivated areas de-
dicated to canned tomatoes is around 84,000 hectares
against the 19,500 ones invested for fresh consumption,
for a harvested total yield of more than 5.3 million tons
[1]. Disease and pest management is one of the most
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important productive factors, since tomato plants are
susceptible to a number of important pests and diseases
which significantly reduce fruit yield and quality, and
eventually causing complete crop loss. When severe bi-
otic epidemics occur, tomato growers generally respond
with applications of broad-spectrum chemicals on a cal-
endar basis, with up to 12 to 16 applications per season
[2] that weights by 4.1% on total costs [3]. Due to eco-
nomic and environmental sustainability needs and since
consumers are orienting towards ever more healthy pro-
ducts, reduction of chemical inputs is pursued. In the last
years, development of new strategies of integrated pest
management (IPM) to improve tomato yield and sus-
tainable quality are requested by producers. For this
scope, here foliar treatments with glucosinolates and es-
sential oils are proposed as potential natural pesticides in
open field processing tomato cropping systems. Activity
and toxicity of these bioactive substances have been well
demonstrated against arthropods [4,5], plant pathogens
[6,7] and nematodes [8,9]. Glucosinolates are glucosidic
compounds characteristic of Brassicas, that release toxi-
cants, mainly isothiocyanates, by action of the enzyme
myrosinase in the presence of water [10]. While, essen-
tial oils are stem distilled of medicinal plants, belonging
to the family Lamiaceae, in which terpenes and phenoles
are the major responsible for biocide activity [11]. The
aim of this paper is to propose the use of glucosinolate
containing-tissues from Brassica carinata and essential
oils in IPM of tomato cropping systems upon verification
of their impact on productive response.

2. MATERIALS AND METHODS
2.1. Experimental Design

The study was carried-out during the 2010 and 2011
cropping seasons at the experimental farm of the CRA-
ORT located in Battipaglia (40°35'02"N; 14°58'S0"E),
Salerno District, Italy. The trial’s field was a clay loam
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soil with the following features: 8.8 g organic C'kg™', 1.0
g Kjeldahl N-kg', pH 7.4, 34.6% sand, 36% silt, 29.4%
clay, in the top 0 - 0.40-m soil layer. The experimental
design was a randomized complete block with plot areas
of 6.80 m” each, replicated three times. Tomato crop was
grown on double raw, at distance of 1.7 x 0.4 m with a
density of 29,410 plants-ha . Seedling of cultivar Galeon
(peeled tomato with determinate growing) were trans-
planted on May 8™, 2010 (Year 1) and on May 16™, 2011
(Year 2), and fruits were harvested on August 7", 2010
and on August 12", 2011, respectively. In each plot, to-
mato cultivation was carried-out, in both years, following
the agrotechnical usual for the area, while data concern-
ing minimum and maximum temperature, atmospheric
relative humidity and rainfall, were recorded by mete-
orological station at CRA-ORT of Battipaglia.

Weekly, aerial treatments consisting of: traditional in-
secticides and fungicides (Chemicals), Glucosinolates
water suspension (Glucosinolate A), Glucosinolates wa-
ter suspension with mineral oil as coadjuvant (Glucosi-
nolate B), Glucosinolate-based formulate (Glucosinolate
C), water emulsion 1% essential oil of Rosmarinus offi-
cinalis L. (Rosemary oil), Thymus vulgaris L. (Thyme
oil), Origanum vulgare L. (Oregano oil), Carum carvi L.
(Caraway oil) and Melissa officinalis L. (Melissa oil),
were compared to non treated plots (Control). Glucosi-
nolates were administered as water suspension of B.
carinata seed meal (10 g-L™"). This meal is an industrial
by-product that originates by grinding exhausted B.
carinata seeds [12] that follow the extraction of oil used
for transesterification [13].

At harvest, total and marketable yield, weight, rotten,
rot tipped and viral damaged on ripe fruits, were deter-
mined in an assay area of 4.08 m” for each plot.

2.2. Vegetative Status Indexes

In order to get a quanti-qualitative measurement of the
vegetative state of plants in each plot, at harvest three
descriptive indexes were assessed as indicated below.
Covering index (CI), describing the ampleness of plant
projection on the land surface, was assessed using the
following scale: 1 = 20%, 2 = 40%, 3 = 60%, 4 = 80%
and 5 = 100% of total available area per plant. Health
index (HI), describing the global plant phytosanitary
status, was assessed using the following scale: 1 = 20%,
2 =40%, 3 = 60%, 4 = 80% and 5 = 100% of the plant
that did not show any disease symptoms. Finally, luxuri-
ance index (LI), describing the plant vigour, was as-
sessed using the follow scale: 1 = 20%, 2 = 40%, 3 =
60%, 4 = 80% and 5 = 100% of potential vegetative de-
velopment of the cultivar. These three indexes were
mathematically combined together to normalize, for each
plot, the HI on the base of CI and LI, to get vegetative
status index (VSI) with the following formula:
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VSI = HIx1/5CIx1/5LI

Therefore, VSI can assume values included in 1 - 5
range, just as well as absolute HI.

2.3. Statistical Analysis

Data from tomato production and descriptive indexes
were processed with the analysis of variance (ANOVA).
When the ANOVA was significant (p < 0.05), means
were separated with Duncan’s test. Relation between
yield and VSI was performed by inferring logarithmic
regression of data set.

3. RESULTS AND DISCUSSION

The efficacy of certain essential oils and glucosi-
nolate-based formulates as foliar spray was evaluated on
tomato productivity and vegetative status of plants, under
field conditions. Biennial trials were conducted under
meteorological conditions typical of the area, with only
minor variations between the two consecutive years
(Figure 1). In 2010, recorded temperatures were higher
than in 2011. During cultivation the temperature ranged
between 11°C and 37°C in 2010, while between 9.5°C
and 38°C in the following year. The average of the maxi-
mum and minimum which amounted to 29.2°C and
18.6°C, against in 2010 and 17.5°C of the second year.
Percentage of relative humidity in atmosphere showed
large fluctuations between 100 and 40 in 2010 and 90
and 37 in 2011. In general, concerning RH%, the climate
was drier in 2011 than in the previous year. This was also
confirmed by rainfall data. In 2010, in fact, the rains
were more intense and better distributed.

Over two years of experimental trials, on tomato yield
a significant variability was observed. As shown in Table
1, there was a reduction in reference controls by 35%, on
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Figure 1. Profiles of atmospheric temperature (T), minimum
(grey) and maximum (blak), relative humidity (RH) and rainfall
(R) recorded during the period of cultivation in two seasonal
trials (years 1 and 2).
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average, over the two successive cultivation seasons. The
interaction between year and treatments concerning the
productive response, as well as other measured parame-
ters, was significant (p < 0.05) as resulted by MANOVA
(data not shown). Productive data, distinguished for each
year, are presented in Table 1. In the first year, tomato
yield of glucosinolates B treated plots were, on average,
significantly higher 28% than that of the control plots.
These yields, together those obtained under rosemary oil
and glucosinolates A spraying, were statistically compa-
rable respect to control. While thyme and oregano oil
treated plots showed statistically lower values. This
situation has been largely confirmed in the second year,
in which total production of all plots were also statisti-
cally comparable to that harvested in chemical treated
plots. In this last trial, unfortunately, rosemary oil treat-
ments showed lower yield than control; however, it
minimally differed with other treatments in absolute
terms. Such contrasting indication may be ascribed to
general yield debacle registered in the second year of the
experimentation. Marketable production has followed a
very similar trend to that of total yield, while significant
difference was not found about single fruit weight in
both years. These findings indicate the potential of as-
sayed bioactive natural substances to surrogate chemicals
in tomato management.

Quality of tomato yield was adversely affected by rot-
ting of berries and rot tip, that were both reduced by
treatments with glucosinotates, and by viral damage that,
instead, was lower with the use of essential oils (Table 2).
These results were in agreement with preliminary inves-
tigation that showed the ability of essential oils and glu-
cosinolates to reduce viral symptomatic and rotten fruits
[14]. Plant vegetative status as noticed at harvest by cov-

ering, health and luxuriance indexes and VSI, had the
same trend as the production, showing a decrease in the
second year. From the clinical point of view, in fact, the
cultivations in the first year showed better features and
productivity than those of the second one. Likely, it
could be due to difference in climatic behaviour between
two trials, in particular, concerning the rains that, in the
first year, were abundant and better distributed. Here,
health index computed plant parts escaped from pests
and fungal diseases that included mainly aphids and
moths, Septoria leaf spot, early blight and late blight,
respectively. As showed in Table 3, the values of the
cited descriptive indexes were highest in plots carried-
out under chemical treatments. In the first year, glucosi-
nolates B and rosemary oil treated plants showed cover-
ing, health and VSI indexes at statistically comparable
levels of those treated by chemicals. While, in the follow
year, alternatives to the chemical method do not affected
plant indexes. Concerning the luxuriance index, statisti-
cally lower values were reported for oregano and melissa
oil treatments, in the first year, and for glucosinolates A
and B and rosemary oil, in the second year. This data
indicated that overall glucosinolates B and rosemary oil
treatments have excelled in the same way as chemicals.
Currently, treatments used here have already shown to be
able to control some pests of the tomato, such as CMV
aphid-vectored, leaf miner (Tuta absoluta) and rot dis-
ease (Phytophthora infestans) [14]. In a previous report,
volatic essential oils were used to reduce thrips-vectored
tomato spotted wilt virus incidence, as well as standard
insecticide treatments, by 6% to 51% of untreated control,
although without significant yield increases [2]. While, a
recent study proposed some Asteraceae essential oils
exhibiting insecticidal and antifungal activity that were

Table 1. Effect of foliar treatments on processing tomato productive response in two seasonal trials (years 1 and 2). Values within a
column followed by different letters are significantly different (Duncan’s test, p < 0.05).

Productive response

Treatments Total yisld Marketablei yield Single fruit
(ton-ha™) (ton-ha™) (g)
Year 1 Year 2 Year 1 Year 2 Year 1 Year 2

Control 78.5b 48.7b 74.8ab 42.9ab 49.7 75.3
Chemicals 99.7a 64.6a 90.0ab 57.0a 52.0 72.7
Glucosinolates A 91.3ab 51.1ab 88.0ab 45.9ab 49.3 70.3
Glucosinolates B 100.5a 55.0ab 95.4a 49.2ab 51.0 73.2
Glucosinolates C 79.5b 57.9ab 83.8ab 50.0ab 493 71.3
Rosmary oil 83.1ab 46.6b 80.0ab 42.3b 50.3 74.3
Thyme oil 20.5¢ 53.4ab 19.9¢ 47.7ab 51.0 74.2
Oregano oil 30.2¢ 59.4ab 29.5¢ 54.3ab 48.3 71.5
Caraway oil 74.9b 53.0ab 71.0b 46.3ab 51.7 70.5
Melissa oil 79.5b 53.4ab 74.6ab 46.9ab 53.0 76.7
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Table 2. Effect of foliar treatments on number of detected rotten and rot tip fruits and on incidence of viral damaged berries in two
seasonal trials (years 1 and 2). Values within a column followed by different letters are significantly different (Duncan’s test, p <

0.05).
Ripe fruits

Treatments Rotten (n.) Rot tip (n.) Viral damaged (%)

Year 1 Year 2 Year 1 Year 2 Year 1 Year 2
Control 61.7¢c 183.3bc - 50.33a - 16.0b
Chemicals 58.0c 48.33d - 17.0ab - 26.6ab
Glucosinolates A 64.7¢c 121.3cd - 9.7b - 27.7ab
Glucosinolates B 71.6bc 78.0d - 13.0b - 37.0a
Glucosinolates C 70.3bc 176.0bc - 6.7b - 30.3ab
Rosmary oil 81.33abc 219.0b - 11.3b - 23.0ab
Thyme oil 92.0ab 360.7a - 18.7ab - 16.6ab
Oregano oil 105.0a 387.0a - 8.6b - 13.6b
Caraway oil 104.3a 230.0b - 9.3b - 16.7b
Melissa oil 93.0ab 188.3bc - 17.3ab - 15.0b

Table 3. Effect of foliar treatments on tomato plant status noticed by covering, health and luxuriance index, and by vegetative status
index (VSI) in two seasonal trials (years 1 and 2). Values within a column followed by different letters are significantly different

(Duncan’s test, p < 0.05).

Tomato Plant Status

Covering (1 - 5) Health (1 - 5) Luxuriance (1 - 5) VSI(1-5)
Treatments Year 1 Year 2 Year 1 Year 2 Year 1 Year 2 Year 1 Year 2
Control 2.9b 2.1b 2.8b 1.8bc 4.2a 3.7ab 1.5b 0.6b
Chemicals 4.7a 3.7a 4.8a 3.5a 4.3a 3.9ab 3.9a 2.0a
Glucosinolates A 3.5b 2.0b 3.4b 1.7bcd 3.8ab 3.6b 1.9b 0.5bc
Glucosinolates B 4.0ab 1.7¢ 3.8ab 1.5cd 43a 3.6b 2.7ab 0.4bc
Glucosinolates C 3.4b 1.7¢ 3.3b 1.5¢cd 4.2a 4.0a 1.9b 0.4bc
Rosmary oil 4.0ab 1.5¢ 3.7ab 1.4d 4.1ab 3.6b 2.5ab 0.3¢c
Thyme oil 3.5b 1.7¢ 3.1b 1.5¢d 3.6ab 4.0a 1.6b 0.4bc
Oregano oil 3.1b 1.7¢ 3.1b 1.6bcd 3.1b 4.0a 1.3b 0.4bc
Caraway oil 3.5b 1.5¢ 3.5b 1.5¢d 3.5ab 3.8ab 1.9b 0.3c
Melissa oil 3.1b 2.0b 3.1b 1.9b 3.1b 3.8ab 1.5b 0.6b

exploitable to manage tomato crop affected by many
insects and fungal diseases, including Trialeurodes va-
porariorum and Tuta absoluta, and the fungi Alternaria
spp. and Botrytis cinerea [15].

Since these eco-friendly plant-derived products, gen-
erally, possess a broad spectrum of activity against sev-
eral pathogens and pests [7,16,17], health index can
prove to be a well parameter to measure the treatment
efficacy on the base of plant protecting ability, especially
in the absence of specific adversities. Actually, this can
be true since field conditions, by definition, may be quite
variable and outbreak occurrences are not easily predict-
able. Recently it was reported that B. carinata seed meal
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used as biofumigant incited a statistically significant in-
crement of lettuce yield under natural conditions in
which, however, disease occurred very rarely [18]. Here,
the VSI influences positively, with an exponential be-
haviour, the productivity of the tested system (Figure 2).
This suggests that foliar treatments could affect tomato
yield by protecting plants and by ensuring them a har-
monious and complete development. A previous field
study gained the same conclusions. Application of carna-
tion, caraway and thyme essential oils as foliar spray in
potato trials prove to be highly effective treatments in-
ducing increases of tuber yield by improving plant health
[19].
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Figure 2. Logarithmic regression between total yield and vege-
tative state index.

In

conclusion, glucosinolates and essential oils, par-

ticularly those distilled from rosemary plants, give good
perspective concerning their utilization in integrate pest
management of processing tomato cropping systems.
Nevertheless, it is necessary a lower variability in the
productive response to treatments. Further studies will
allow progress to be made on this point.
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