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Abstract

In Uruguay, the production of tomato (Solanum lycopersicum) in greenhouse presents pollination issues that
limit its yield. The use of bumblebees (Bombus spp.) as pollinators can help overcome this problem as they
perform “buzzing pollination”, a behavior that makes them excellent pollinators of Solanaceae and particularly
tomato. The aim of this study was to evaluate the effect of the native bumblebees Bombus atratus on the pro-
portion of fruit set, weight, diameter, number of seeds and number of locules of tomato (LAPATAIA and ELPIDA
varieties). An experience was carried out in Canelones, where the fruits from flowers pollinated by bumblebees
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and from flowers not visited by insects were compared; two other experiences carried out in Salto were similar
to that of Canelones, but included flowers treated with hormones. In the three analyzed greenhouses the visit of
bumblebees to the flowers increased the proportion of fruit set by 13 - 47%, compared to the result obtained in
flowers not visited by the insects. Also, the pollinating action of bumblebees significantly improved the weight,
size, and number of seeds compared to fruits obtained from flowers without access to pollinators. This improve-
ment was recorded in the experience in Canelones and only in one of the Salto's experiences. On the other
hand, a positive correlation was found between the number of seeds and the weight (R? = 0.37, R2 = 0.53;
LAPATAIA, ELPIDA, respectively) in the two tomato varieties. This study is the first in Uruguay to show the benefits
of using native bumblebees in tomato production in greenhouses.

Keywords: pollination, Bombus spp, tomato, Uruguay

Resumen

En Uruguay, la produccion de tomate (Solanum lycopersicum) bajo invernaculo presenta problemas de polini-
zacién que limitan su rendimiento. El uso de abejorros (Bombus spp.) como polinizadores puede contribuir a
superar este problema, ya que realizan «polinizacion por zumbido», comportamiento necesario para polinizar
las solanaceas y particularmente el tomate. El objetivo de este estudio fue evaluar el efecto de los abejorros
nativos Bombus atratus en el porcentaje de cuajado, peso, diametro, nimero de semillas y niumero de Iéculos
de tomate (variedades LAPATAIA y ELPIDA). Se realiz6 una experiencia en el departamento de Canelones donde
se cotejaron los frutos de flores polinizadas por abejorros y flores no visitadas por los insectos; y dos experien-
cias en Salto iguales a la de Canelones, pero que incluian flores tratadas con hormonas. En los tres invernaculos
la visita de los abejorros a las flores incrementd el porcentaje de cuajado entre 13 y 47 % en relacion con el
obtenido en flores no visitadas por los insectos. La accién polinizadora de los abejorros también mejord signifi-
cativamente el peso, tamafio y nimero de semillas respecto a frutos obtenidos de flores sin acceso a poliniza-
dores en dos de las tres experiencias realizadas. Por otro lado, en las dos variedades de tomate se encontro
una correlacién positiva entre el nimero de semillas y el peso (R?=0,37, R2=0,53; LAPATAIA, ELPIDA, respectiva-
mente). Este estudio es el primero en Uruguay que muestra los beneficios de utilizar abejorros nativos para
mejorar la produccién de tomates en invernaculos.

Palabras clave: polinizacién, Bombus spp, tomate, Uruguay

Resumo

No Uruguai, a producdo de tomate (Solanum lycopersicum) em estufas apresenta problemas de polinizagéo
que limitam sua produgéo. O uso de abelhas (Bombus spp.) como os polinizadores podem contribuir para su-
perar esse problema, uma vez que realizam a "polinizagao por zumbido", um comportamento necessario para
polinizar as mascaras e principalmente o tomate. O objetivo deste estudo foi avaliar o efeito da abelha nativa
Bombus atratus (abelh@o) sobre a porcentagem de frutos, peso, didmetro, numero de sementes e numero de
l6culos de tomate (variedades LAPATAIA e ELPIDA). Foi realizada uma experiéncia no departamento de Canelo-
nes, onde foram coletados os frutos de flores polinizadas por abelhas e as flores nao visitadas por insetos; e
duas experiéncias em Salto iguais as de Canelones, mas que incluiam flores tratadas com horménios. Nas trés
estufas, a visita das abelhas as flores aumentou o conjunto de frutos entre 13 e 47% em relagé&o ao obtido em
flores n&o visitadas pelos insetos. A agéo polinizadora das abelhas também melhorou significativamente o peso,
tamanho e nimero de sementes em comparagéo aos frutos obtidos de flores sem acesso aos polinizadores em
duas das trés experiéncias realizadas. Por outro lado, nas duas variedades de tomate, foi encontrada uma
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correlagao positiva entre 0 niumero de sementes e o peso (R2 = 0,37, R2 = 0,53; LAPATAIA, ELPIDA, respectiva-
mente). Este estudo é o primeiro no Uruguai a mostrar os beneficios do uso de abelhas nativas para melhorar

a produgao de tomate em estufas.

Palavras-chave: Bombus spp, polinizagao, tomate, Uruguai

1. Introduction

Tomato (Solanum lycopersicum L.) is one of the
most important vegetables in the world. Its fruit is an
important source of nutrients for the human diet
since it contains a great variety of vitamins, miner-
als, carotenes, and flavonoids. It is mainly produced
for fresh consumption, but it is also used as a raw
material for the elaboration of various derivatives(?).

Data from the Agricultural Information and Statistics
Office (DIEA by its Spanish acronym)@ show that in
the 2014/15 harvest, 382 hectares of tomato were
cultivated, being the main horticultural product pro-
duced both by the fresh volume and by the eco-
nomic value. The domestic market is supplied by a
continuous annual production favored by the use of
areas with different agroecological aptitudes, the
application of various technologies and the produc-
tion of protected crops. Greenhouse tomato produc-
tion reaches 70% of the total volume produced in
the country@, and is growing in terms of the number
of producers and cultivated area to replace field to-
mato production. The main reasons for this ten-
dency are the higher yield and quality obtained with
the protected method, which allows to extend the
production cycles and to control some environmen-
tal factors.

Among the factors that limit a better tomato yield,
produced both in the field and under protection,
stand out the lack of pollination, unfavorable tem-
peratures for anthesis, insufficient lighting, excess
or lack of nutrients, and relative humidity, which hin-
ders the release of pollen grains when high and the
germination of the pollen tube when low®). Local
studies indicate that tomato yield depends mainly
on the length of the production cycle, followed by
the fruit set percentage, and to a lesser extent by
the number of flowers. Fruit size has less impact,
but it is significant. However, the light intercepted by
the crop is the most important environmental

variable in determining vyield (conversation with
Berrueta; unreferenced). Some of these limitations
are typical of indoor production and could be over-
come with the use of an efficient pollinator that con-
tributes to obtaining greater performance.

The tomato flower anthers have poricidal dehis-
cence, so pollen release is achieved by vibrations at
a certain frequency (approximately 400 Hz)®). The
flower's movement, which can be given by the wind,
is enough for the stamens to spread their pollen
over the stigmas and, being an autogamous plant,
its pollination is easy®). Even so, it has been verified
that the size of the fruit depends directly on the num-
ber of pollen grains that are deposited on the
stigma, so that smaller quantities produce smaller
fruits, with few and deformed seeds®). In green-
house conditions, in the absence or low density of
insects appropriate for their pollination and almost
no incidence of wind, it is necessary to resort to
methods that guarantee the release of large vol-
umes of pollen or that modify the flower's physiolog-
ical conditions, achieving a greater amount of fruit.
Alternative methods such as manual pollination or
manual electric pollinators have been used for this
purpose(?).

The use of growth regulators (hormones) is another
method to improve the production of protected to-
mato crops, without the need to resort to pollina-
tion®). There are various regulators and their effects
on yield aim to favor the fruiting and size of the ob-
tained fruits©). The exogenous application of auxins
induces a rapid arrest of the ovary when the lack of
fruit set is given by the occurrence of temperatures
that are below or exceed the optimum required by
the crop(19); also favoring the fruit growth due to the
increase in the biosynthesis of gibberellins through
the activity of enzymes involved in its metabo-
lism(*). In this way, applying hormones in the to-
mato crop allows to obtain more and larger fruits®).
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However, replacing entomophilous pollination with
manual pollination, electric pollinators, or hormones
increases work on the crop and production
costs(12(13), Furthermore, this technique often pro-
motes the formation of deformed fruits that will later
be discarded.

Bumblebees of the genus Bombus (Hymenoptera;
Apidae) are annual cycle eusocial insects that stand
out for their pollinating potential in various crops('4).
They are capable of "buzzing pollination", shaking
the flowers by grasping the anthers with their jaws,
and contracting their flying muscles(*5X16)(17). This
behavior makes bumblebees excellent pollinators of
Solanaceae and particularly of tomato(18)(19)(20),

For some decades, bumblebee colonies have been
obtained by artificial breeding to improve pollination
of different crops, especially tomato(*3(20), Currently,
the commercialization of bumblebee colonies ob-
tained by artificial breeding is common in European,
Asian and American countries, in some cases using
native species®®)(17)20)21)22)(23), The benefits of us-
ing bumblebees as tomato pollinators lie, on the one
hand, in the reduction of costs by replacing other
pollination techniques or the use of fructification
stimulants and, on the other hand, in the improve-
ments of fruit quality and total production(20). Several
investigations have found that pollination with bum-
blebees improves fruit set024)(25), increases the
number of seeds, diameter and weight
B)(17)(22)(24)(25)(26), favors the formation of more regu-
lar and rounded fruits®), and improves the chemical
and sensory attributes of tomatoes (concentration of
soluble solids, acidity, sweetness, aroma, vola-
tiles) @),

Two native species of bumblebees are present in
Uruguay: Bombus atratus and Bombus belli-
cosus@), Studies on the botanical origin of pollen
stored in hives have shown that a significant propor-
tion of the pollen collected by both species belongs
to the Solanaceae family?9), so they could be effi-
cient tomato pollinators.

Some tomato producers, looking for an improve-
ment in product quality, have ventured into the use
of bumblebees for pollination, resorting to importing
colonies of B. atratus obtained by artificial breeding
from Argentina.

Native bumblebees as tomato pollinators

The objective of this study was to determine the ef-
fect of bumblebees B. atratus on tomato fruit's char-
acteristics considering weight, diameter, number of
seeds and number of locules, obtained from flowers
pollinated by these insects.

2. Material and Methods

Three experiments were carried out in two areas of
the country on covered table tomato crops, one in
Canelones and two in Salto.

2.1 Experiment 1

In April 2015, work was carried out in the town of
Sauce, in the province of Canelones (34° 66 'S, 56°
12' W), in a tomato crop (LAPATAIA variety) planted
in a wooden-structured greenhouse, covered by
polyethylene on top and sides. The latter are built to
control the temperature and humidity inside (semi-
open greenhouse), so it is not possible to prevent
insects from entering the crop. Two bumblebees
colonies of approximately 60 individuals each ob-
tained by artificial breeding in the Ethology Section
of the College of Sciences were placed in the green-
house(30),

The tomato flowers were subjected to two treat-
ments: one group of flowers was visited by bumble-
bees and another group was excluded from the in-
sects' sight. At the beginning of the fifth cluster flow-
ering, 40 pairs of neighboring plants were randomly
chosen. In one of them, a flower visited by bumble-
bees was chosen, which was identified by direct ob-
servation of the necrotic spot (mark that bumble-
bees leave when visiting the flower). In the neigh-
boring plant, a flower not visited by the bumblebees
was chosen, marked and isolated by using a tulle
"bag". In this way, 40 flowers were marked per treat-
ment. The proportion of flowers that developed fruit
(fruit set) was recorded, and when they met com-
mercial requirements, they were harvested and the
fresh weight, diameter, number of seeds and num-
ber of locules were determined.

2.2 Experiments 2 and 3

In July 2015 and July 2016, work was done in the
province of Salto (31° 36 'S, 57° 93' W). Tomato
crops (ELPIDA variety) were planted in a multiple-
type greenhouse (chapel model), with metal
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structure, polyethylene roof, and sides, and anti-
aphids mesh, forming a completely closed structure.

Four bumblebee colonies of B. atratus of approxi-
mately 110 individuals produced by the Brometan
company (Argentina) were placed in each season.

Tomato flowers were assigned to three treatments:
one group of flowers was visited by bumblebees, a
second group was excluded from the insects' sight,
and a third group received the application of hor-
mones. At the beginning of the flowering of the fifth
cluster, 30 groups of three flowers were randomly
chosen, each one belonging to neighboring plants.
A flower visited by bumblebees was chosen in one
of the plants, a flower not visited by bumblebees
was chosen in one of the neighboring plants, which
was marked and isolated with a tulle “bag”, and a
flower was marked in the other neighboring plant
and a fruiting stimulant was applied. The applied
hormone was B-naphthoxyacetic acid (Tomatosa®)
with 1 gram per liter dose. In this way, 30 repetitions
of each treatment were obtained.

The proportion of flowers that developed fruit (fruit
set) was recorded, and when they met commercial
requirements, they were harvested and the fresh
weight, diameter, number of seeds and number of
locules were determined.

2.3 Statistical analysis

The number of fruit set with the different treatments
was compared using the Chi-square test. The differ-
ent characteristics of tomato fruits were analyzed
separately using an ANOVA (analysis of variance) fol-
lowed by the separation of means by LsD (least sig-
nificant difference) for the variables: weight, diame-
ter, number of seeds and number of locules. The re-
lationship between the number of seeds and the
weight of the tomatoes was studied using a simple
linear regression, and the Pearson correlation coef-
ficient was also determined. It should be noted that
for this analysis the fruits obtained by applying hor-
mones were excluded.

In all analyzes, a significance level of less than 0.05
was considered. The analyzes were performed us-
ing the InfoStat®(3!) statistical program.

_ >
>

3. Results
3.1 Experiment 1

The fruit set percentage of the flowers that were vis-
ited by bumblebees was 95%, while that of the un-
visited flowers was 77.5%, being significant differ-
ences (x2 =5.16; P = 0.05). The tomatoes obtained
from the flowers visited by the bumblebees showed
higher weight (F = 4.14; P <0.05), diameter (F =
6.24; P <0.05) and number of seeds (F = 11.47; P
<0.01) than those obtained from flowers that were
not visited by insects (Table 1). On the other hand,
when analyzing the number of locules, no significant
differences were found between the two treatments
(F =0.40; P = 0.53). The average temperature and
relative humidity registered were 18.1 £ 1.9 °C and
65.8 + 6.9%, respectively.

Table 1. Means of the different fruit quality varia-
bles measured in tomatoes obtained from flowers
visited and not visited by bumblebees in Experi-
ment 1. Different letters indicate significant differ-
ences (P<0.05) for the ANOVA test.

Flowers visited Flowers not
Variable by bumblebees visited by
y bumblebees
Weight (g) | 187.5+58.32 1514 +£62.5°
Diameter | e 84862 | 621+134°
(mm)
No. of seeds | 162.3 +53.22 115.3+61.4°
No.ofloc- | 57, g 36+09°
ules
3.2 Experiment 2

The fruit set percentages of the flowers that were
visited by bumblebees, the flowers that were not vis-
ited by bumblebees and the flowers that received
hormones were 100, 63.4 and 90%, respectively,
these differences being significant (x2=18.9;
P<0.05).

The diameters of tomatoes obtained from flowers
visited by bumblebees were larger than those ob-
tained from flowers that were not visited by insects
(F=3.73; P<0.05), but not larger than those obtained
from flowers treated with hormones (F=0.54;
P=0.46). The tomatoes of these last two treatments
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did not show differences (F=2.19; P=0.15). Toma-
toes of the three treatment groups did not show sig-
nificant differences in the weight, number of seeds
and number of locules (F=1.99; P=0.15, F=0.80;
P=0.45, F=1.41; P=0.25, respectively) (Table 2).

Table 2. Means of the different fruit quality varia-
bles measured in tomatoes obtained from flowers
visited and not visited by bumblebees, and in flow-
ers treated with hormones in Experiment 2. Differ-
ent letters indicate significant differences (P<0.05)

Native bumblebees as tomato pollinators

tomatoes from flowers not visited by bumblebees
and those from flowers treated with hormones
showed significant differences, the latter being
higher (F=3.96, P<0.05). Tomatoes from flowers
visited by bumblebees did not show significant dif-
ferences with those obtained from flowers that re-
ceived hormones (F=2.97; P=0.09), nor with those
obtained from flowers not visited by bumblebees
(F=0.86; P=0.36) (Table 3).

A comparison of the results obtained in the Salto
greenhouse in both seasons showed a relationship
between year and treatment (F=4.25; P<0.05).

for the ANOVA test.
Flowers Flowers not | Hormone-
Variable visited by visited by treated Table 3. Means of the different fruit quality varia-
bumblebees | bumblebees | flowers bles measured in tomatoes obtained from flowers
Weight (g) | 17>-2% 1021 127.2£19.11165.2£22.0 visited and not visited by bumblebees, and in flow-
_ i i i ers treated with hormones in Experiment 2. Differ-
D'(an’:‘rﬁ;er 734+242 | 627+310 | 70.9+35a ent letters indicate significant differences (P<0.05)
for the ANOVA test.
No. of soeds | 157 12 0.0+ | 1468% 158 | 1356 140 orthe Anovates
' T b b Flowers Flowers not | Hormone-
No. of loc- a . . Variable visited by | visited by treated
ules 45+03 4205 35405 bumblebees | bumblebees flowers
. 1614+£91.1| 1142+ 51.0 | 100.3 £ 54.4
Weight (g) ; ) )
3.3 Experiment 3 i
_ Diameter | 6534+ 1382 |57.8+1200| 55+ 11.9°
The fruit set percentages of the flowers that were (mm)
visited by bumblebees, the flowers that were not vis- No. of seeds 1121%%’;’ 76.0+55.85 | 64.8+61.65
ited by bumblebees, and the flowers that received :
hormones were 73, 60 y 60%, respectively, not find- No.ofloc- | ooy qga | 25+102 | 38+150
ing significant differences (Chi2=1.47; P=0.48). ules

Tomatoes obtained from the flowers of the three
treatment groups showed significant differences in
weight (F=5.21; P<0.01), diameter (F=4.05;
P<0.05), number of seeds (F=3.40; P <0.05) and
number of locules (F=3.96; P<0.05). Tomatoes from
flowers visited by bumblebees showed higher
weight, diameter and number of seeds than those
from flowers not visited by insects or that received
hormones. The tomatoes of these last two treat-
ments did not show differences in the mentioned in-
dicators. Regarding the number of locules, only

Consequently, the environmental conditions of the
greenhouses in the two seasons were analyzed,
finding significant differences in the mean tempera-
ture (F=13.26; P<0.001), minimum (F=33.20;
P<0.001) and maximum (F=8.08; P<0.001). In all
cases, the temperature was higher in 2015 than in
2016. Regarding the mean relative humidity, signif-
icant differences were found (F=252.45; P<0.001),
presenting lower relative humidity values in 2015
than in 2016 (Table 4).
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Table 4. Temperature and relative humidity (mean * standard deviation) inside the greenhouse for the day
(06:59-18:59 hours) and night (19:59-5:59 hours) during the months of June and July, 2015 and 2016.

2015 2016
June July June July
Day Night Day Day Night Day Night
Tem("%ft“re 105440 | 150443 | 186435 | 139434 | 176454 | 107418 | 162447 | 11.9+2.8
Rn‘::gﬂmt)’ 61.7420.3 | 82.4+12.6 | 75.6£16.0 | 915475 | 80.5+14.8 | 93.6+2.9 | 84.3+11.8 | 942422

3.4 Correlation between number of seeds and
weight

Significant associations were obtained between the
number of seeds and the weight of the tomatoes of
the two varieties used in the two studied areas,
LAPATAIA (F=38.21; P<0.001) and ELPIDA (F=101.5;
P<0.001) (Figure 1), and the Pearson's correlation
coefficients were determined, being R? = 0.37; R2 =
0.51, respectively.

Figure 1. Association between the number of
seeds and the weight of tomatoes obtained by a
simple linear regression for LAPATAIA variety (Ex-

periment 1, left), and ELPIDA variety (Experiments 2
and 3 grouping the data, right).
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4. Discussion

The results found in this study allow us to determine
the effect of bumblebee pollination on the weight,
diameter, number of seeds and number of tomatoes
locules produced under greenhouse conditions.

Firstly, the visit of bumblebees to the flowers in-
creased the percentage of fruit set between 13 and
47%, compared to that obtained in flowers not vis-
ited by the insects, in the three greenhouses. This
was found in the three experiments and coincides
with reported results when using other bumblebee
species@)24), |t should be highlighted that this
yield component is of utmost importance in tomato
productivity since the fruiting process will determine
the resulting number of fruits.

The pollinating action of bumblebees also signifi-
cantly improved the weight, size, and number of
seeds compared to fruits obtained from flowers
without access to pollinators. This improvement was
clearly observed in Experiments 1 and 3, where the
tomatoes obtained from flowers pollinated by bum-
blebees showed higher values in all the recorded
variables, except in the number of locules.

The lower effect of bumblebees in Salto's green-
house in 2015, although the tendency of the perfor-
mance indicators values was the same as that of the
other two experiences, can be explained by environ-
mental conditions that favored tomato production,
which were better than those of the following year in
the same greenhouse. Thus, in 2015 the average
temperature approached the optimum value for the
germination of the pollen grain, which is 21 °C, ac-
cording to Martinez and others®), and the average
relative humidity was around 61%, which favors fruit
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set and development(32). These very favorable con-
ditions for tomato production could dilute the benefit
of the bumblebee's pollinating action. However, if
we consider in this experiment the fruit set and the
weight together, the flowers pollinated by bumble-
bees result in a higher yield of tomatoes than those
that only self-pollinated (36.6% more fruit and 50 g
more of weight). The weight, size, and number of
tomato seeds improvement in greenhouses due to
the use of different species of bumblebees had been
verified in several studies®)(17)(24)(25)26),

A plant regulator was used in the two experiences
carried out in Salto's greenhouse, known for in-
creasing fruiting and promoting fruit development.
Even so, in 2016 the flowers pollinated by bumble-
bees produced tomatoes of greater weight, size and
number of seeds than those from hormone-treated
plants. These differences were not found in the pre-
vious year, surely because the best environmental
conditions for production mentioned above could
have favored the effect of the plant regulator.

The use of hormones to improve tomatoes' devel-
opment is frequent in Uruguay, allowing to obtain
fruits of good size and with a greater number of loc-
ules. These benefits were verified in this study, alt-
hough not clearly when considering experiments 2
and 3 carried out in Salto. In experiment 2, the to-
matoes obtained from flowers treated with hor-
mones were larger than those obtained from flowers
not visited by bumblebees, although the latter had
more seeds. Experiment 3 highlights the high num-
ber of locules that tomatoes presented, but with a
low number of seeds. These results agree with that
reported by Martinez and others®), who pointed out
that the use of hormones results in numerous but
empty locules, which does not occur with tomatoes
obtained from flowers pollinated by bumblebees. On
the other hand, it highlights the quality of the toma-
toes obtained from flowers pollinated by bumble-
bees, which maintained their characteristics regard-
less of environmental conditions.

In the three experiences, an association was found
between the number of seeds and the tomato's
weight, with intermediate determination coefficients
(37-51%). This association had already been found
for other varieties of tomatoes©(3)34) and demon-
strates that increasing the number of tomato seeds

Native bumblebees as tomato pollinators

with pollinators results in heavier fruits. This, asso-
ciated with better fruit set, contributes to higher crop
yields.

In addition to the association with the tomato weight,
the number of seeds could be associated with the
number of soluble solids, as has been reported for
the cherry tomato (Conchita variety)@). These re-
searchers also found that consumers tend to
choose pollinated tomatoes for their better flavor. In
Uruguay, the effect of pollinators on the sensory
quality of tomatoes and whether an improvement in
this aspect is perceived by consumers is yet to be
studied.

The results found in this study show that the use of
native bumblebees B. afratus may contribute to a
greater efficiency in the greenhouse production of
LAPATIA and ELPIDA tomato varieties in two produc-
tive regions of the country. The greatest benefit lies
in the possibility of stabilizing production throughout
the year, effectively increasing the percentage of
fruit set at critical moments of the cycle. In addition,
the fruits obtained presented higher weight, improv-
ing the yield of the crops. This improvement in
greenhouse tomato productivity due to the use of
different bumblebee species had been verified in
several studies@)(17)(24)(25)(26),

This study is the first in Uruguay to show the bene-
fits of using native bumblebees to improve green-
house tomato production. The possibility of incorpo-
rating this biotechnology is subject to the availability
of commercial bumblebee colonies and to a favora-
ble cost/benefit analysis.
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