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ABSTRACT

The intercropping system is characterized by interspecific
competition and leads to one of the most limiting abiotic
factors for high plant yield in this cropping system.
Plants under low light can carry significant weight in
physiological parameters that can limit growth. Light
is one of the abiotic factors that limits productivity;
in the present study, it was hypothesized that tomato
(Solanum lycopersicum L.) and lettuce (Lactuca sativa
L.) intercropping in different transplanting periods
promotes changes in gas exchange, photosynthetic
pigments, and biomass accumulation in two lettuce
cultivars. An experimental study was carried out in
Jaboticabal, Sao Paulo, Brazil. The treatments consisted
of a combination of the following factors: lettuce (one
‘Lucy Brown’ plant between two tomato plants and two
‘Vanda’ plants between tomato plants), two cultivation
systems (intercropping and monoculture), and four lettuce
transplanting periods (0, 7, 14. and 21 d after tomato
transplanting). The experiment was a randomized block
with a 3 x 2 x 4 factorial design and four replicates.
Transpiration and stomatal conductance were reduced
in lettuce by insterspersing plants under a monoculture
system. Lettuce-tomato intercropping severely reduced
photosynthesis, fluorescence, chlorophyll pigment content,
and DM accumulation. Therefore, ‘Vanda’ is better than
‘Lucy Brown’ for intercropping with tomato.
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INTRODUCTION

Intercropping is a cultivation system that is used in many
regions of the world to produce food or fiber, and it is aimed
at greater crop productivity and high profitability. This system
is a strategy to maximize land use when two or more species
are simultaneously cultivated with cycles and/or different
architectures and which do not need to be concurrently sown
(Willey, 1979).

In vegetable species, intercropping conducted in greenhouses
has been targeted to maximize the efficient use of this
environment and be the most cost-effective with greater
productivity in the same area. Intercropping is mainly used in
the cultivation of vegetables due to fast growth and maturation,
as well as high biomass productivity (Oliveira et al., 2010).
However, the benefit of crop association requires that species
not only have distinct but also complementary agronomic
characteristics, which are key criteria in this type of cultivation
system (Cecilio Filho et al., 2011; Chapagain and Riseman,
2014). In general, the main limiting factors for plant growth and
development are related to the availability of water, nutrients,
and light (Jose et al., 2006). In the case of intercropping, light
intensity can be considered a limiting factor for plant growth
because the canopy can shade the associated species (He et
al., 2013; Gong et al., 2015). In low light, energy processes of
plant metabolism will be reduced, such as ATP synthesis and
carbohydrates, causing lower biomass production and decreased
productivity (Su et al., 2014).

As an acclimatization mechanism, fluctuations in ambient
light availability make plants exhibit slower leaf area growth
to maximize light absorption due to the reduced quantity
and quality of light (Dai et al., 2009; Pacheco et al., 2013;
Saraiva et al., 2014). Even with increased shading due to the
growth of larger species, leaf thickness is reduced and there is
higher biomass allocation to roots, higher chlorophyll a and b
contents for leaf area, and higher ratio between chlorophyll b
and a of shaded plants (Boardman, 1977). Changes in the light
environment influence leaf anatomy, physiology, and morphology
(Hogewoning et al., 2010; Huang et al., 2011).

Therefore, competition for resources needed for plant growth
and ecophysiological implications of space-time interaction
between plants with contrasting architecture and cultivated under
intercropping system should be considered for the production
of smaller species (Ghanbari et al., 2010). Studies have found
that shading caused by intercropping reduces plant physiological

CHILEAN JOURNAL OF AGRICULTURAL RESEARCH 77(4) OCTOBER-DECEMBER 2017

RESEARCH



responses, thus reduced growth and productivity (Su et al.,
2014; Gong et al., 2015).

Lettuce (Lactuca sativa L.) and tomato (Solanum
lycopersicum L.) are crops of great economic interest;
they have different agronomic characteristics, which allow
exploration of spatial and temporal complementarity of the
available resources in an intercropping agroecosystem. The
coexistence period between intercropped species, which
depends on the transplanting period of the secondary
crop as related to the main crop, significantly changes
the complementarity between species, thus the agro-
economic viability of intercropping (Wu et al., 2012;
Tringovska et al., 2015).

Based on the fact that light constitutes one of the
limiting abiotic factors for productivity, the objective of
this study was to evaluate the effect of the lettuce-tomato
intercropping system at different transplanting periods with
respect to gas exchange, chlorophyll pigments, and biomass
accumulation.

MATERIALS AND METHODS

The experiment was conducted from 28 August 2013 to 15
February 2014 in a greenhouse at the Universidade Estadual
Paulista (UNESP), Campus Jaboticabal (21°15°22” S,
48°15°58” W; 575 m a.s.l.), Sao Paulo, Brazil. Two lettuce
cultivars ‘Lucy Brown’ (crisphead group) and ‘Vanda’
(looseleaf group) as well as one tomato cultivar ‘Débora
Victory’ of indeterminate growth and Santa Cruz fruit type
were used. Mean tomato weight was 180 g and the cycle
was approximately 115 d. The experiment was a randomized
block with a 3 x 2 x 4 factorial design, including the
following factors: lettuce (one ‘Lucy Brown’ plant between
two tomato plants, and one/two ‘Vanda’ plants between
tomato plants), two cropping systems (intercropping and
monoculture), and four lettuce transplanting periods (0,
7, 14, and 21 d after tomato transplanting DATT]). Four
replicates were performed. Each intercropping unit consisted
of four tomato plants interspersed with lettuce plants. Plots
with tomato and ‘Lucy Brown’ and ‘Vanda’ lettuce under
monoculture had 4, 8, and 6 plants, respectively.

After sowing tomato and lettuce, trays were placed in a
protected environment and watered daily until transferred
to the cultivation trench 0.18 m wide at the base, 0.38 m
wide, 0.20 m high, and 5.00 m long, and capacity of 280
L), which contained coconut fiber substrate, composed of
50% long fibers and 50% short fibers. The tomato plant
was transplanted at the four-leaf stage after cotyledon leaf
emergence with 1.10 m x 0.40 m spacing (between rows
x between plants). Plants were vertical with an individual
stem and wrapped with plastic. ‘Lucy Brown’ and ‘Vanda’
lettuce seedlings were transplanted at the four-leaf stage
after cotyledon leaf emergence. ‘Lucy Brown’ and ‘Vanda’
(one lettuce plant between tomato plants) were transplanted
halfway between tomato plants (0.40 m from each other).
Two ’Vanda’ plants were transplanted between tomato
plants at 0.20 m from each other (Figure 1).

Figure 1. Plant distribution in the experimental units: (A)
lettuce monoculture, (B) tomato monoculture, (C) intercropping
with one lettuce plant between tomato plants, and (D)
intercropping with two lettuce plants between tomato plants.
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Drip irrigation was installed in each cultivation trench
using self-emitters spaced at 0.40 m. The automatic
irrigation system was activated when the mean humidity
value recorded by the sensors placed in the trenches reached
-4.0 kPa. Plants were grown in a complete nutrient solution
for macronutrients and micronutrients (Muckle, 1993).

Photosynthetically active radiation (PAR) was collected
above the tomato and lettuce canopies. Maximum and
minimum temperature (°C) observations, mean RH(%), and
solar radiation were measured every 15 min with a plant
growth station (WatchDog 2475, Spectrum Technologies,
Ilinois, USA) located inside the greenhouse (Figure 2).

Physiological evaluations were performed on the first
fully-expanded leaf of the lettuce plants 2 d before harvest.
The following physiological evaluations were performed:
(i) maximum quantum efficiency of photosystem II (PSII)
(F./F) by dark adaptation of a leaf blade segment for 30
min using an OS30p+ fluorometer (Opti-Sciences, Hudson,
New Hampshire, USA) between 08:00 and 09:00 h, (ii)
transpiration rate (E), stomatal conductance (g,), and net
photosynthetic rate (Py) using an infrared gas analyzer
(IRGA) (LCpro+, ADC BioScientific, Hoddesdon, UK).

The source of light reading was 1200 mol m™ s,
while the CO, concentration and RH in the chamber
were 380 = 2 umol™ mol™ and 70%, respectively, according
to He et al. (2013), (iii) photosynthetic pigment contents,
chlorophyll @ (Chl a), chlorophyll & (Chl b), and carotenoids
(Car) were determined according to the methodology
described by Lichtenthaler (1987), and (iv) growth was
verified by obtaining shoot DM of lettuce harvested 28 d
after transplanting. For this purpose, a randomly sampled
plant was used, which was placed to dry in forced air
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Figure 2. Maximum and minimum temperature, mean relative
humidity, and mean solar radiation incidence on tomato
and lettuce (PAR pmol m? s™) every 5 d during lettuce crop
growth.
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circulation at 65 °C for 96 h. After drying, samples were
weighed and dry weight determined with an analytical
precision balance. Data were subjected to ANOVA by the
F-test and treatment means were compared by Tukey’s test
at 5% probability.

RESULTS

‘Lucy Brown’ lettuce had lower transpiration (E) and
stomatal conductance (gs) than ‘Vanda’ under the
intercropping system (31.5% and 53.9%, respectively)
and under monoculture (42.2% and 68.5%, respectively)
(Figures 3A, 3B). For ‘Vanda’, regardless of whether one or
two plants were evaluated, E values were the same (Figure
3A). Observed results for g, corroborate results from the
interaction between lettuce and cultivation systems for E;
therefore, higher g, leads to a higher E rate (Figures 3A,
3B). For both lettuce cultivars, g values from intercropping
were lower, over 40%, as compared to monoculture (Figure
3B). This result is also related to the photosynthesis (Py)
response, which was 55.2% lower in the intercropping
system than in monoculture (Figure 3C). Transplanting
periods also influenced the evaluated parameters. Such
time periods in the intercropping system influenced g in
intercropped plants (Figure 3D). Lettuce in the intercropping
system 14 d after transplanting showed reduced g, E, and
Px with values of 74.0%, 20.5%, and 18.3%, respectively,
compared to transplanting on the same day, that is, 0 DATT
(Figures 3D, 3E, 3F).

Results for E, g, and Py showed that gas exchange of
‘Lucy Brown’ plants was lower than in ‘Vanda’ plants (one
or two plants) at 0 and 21 DATT (Figure 4). Taking into
account transplanting periods, E values were variable for
each cultivar (Figure 4A). Compared to the first day of
transplanting at 7 and 14 d, the results of E and g decreased
for ‘Vanda’, regardless of the number of plants (Figure
4A, 4B). In ‘Vanda’ lettuce, regardless of the number of
lettuce plants between tomato plants, E, g, and Py were
significantly similar (Figure 4).

Although F,/F,, values were significant for the lettuce
cultivar and cultivation system, the transplanting period
did not change F,/F,,. For ‘Lucy Brown’, F,/F,, was 1.4%
lower than ‘Vanda’ with either one or two plants between
tomato plants (Figure 5A). Plants in the intercropping
system exhibited a 0.02 reduction of F,/F,, compared to
monoculture (Figure 4B). Light reduction in the canopy
of lettuce plants reduced F,/F, and therefore Py and Chl
(Figures 3C, 5B, 6C).

The quantification of photosynthetic pigments in lettuce
cultivars showed that chloroplast pigment contents were
always higher in ‘Lucy Brown’ than ‘Vanda’, regardless
of the cropping system and transplanting periods of the
lettuce plants (Figures 6A, 6B, 6E, 6F, 7A, 7C). In the
intercropping system, because lettuce was transplanted later,
the values of photosynthetic pigments were higher (Figure
6C, 6D). Regardless of the cropping system, lettuce plants
had a higher Car ratio when transplanted later (Figure 7B).

The lower growth of ‘Lucy Brown’ when compared
to ‘Vanda’ (Figures 8A, 8C) is corroborated by the
results found for E, g, and Py (Figure 4). Although the
monoculture system resulted in lower growth at 21 DATT,
the intercropping system was more harmful to lettuce plant
growth, thus showing a higher decrease in lettuce dry matter
in all transplanting periods (Figure 8B).

DISCUSSION

Under the lettuce-tomato intercropping system, lower
light intensity intercepted by lettuce plants can be the
limiting factor because more than half of the radiation is
lost due to shading caused by the tomato plants (Figure
2). It is well known that low irradiance on plants has a
direct effect on physiological characteristics (Zhang et al.,
2008; Ghanbari et al., 2010). Photosynthesis is extremely
dependent on light, so that shade-tolerant plants (shade
plants) have peculiar photosynthetic characteristics to adapt
to environments with different light intensities. According
to Dai et al. (2009) and Huang et al. (2011), plants can
modify the photosynthetic apparatus (e.g., provision of
chloroplasts focuses on light interception by pigments or
greater synthesis of chlorophyll) to adapt to the light deficit
of the environment in which they are living.

In the present study, tomato shading on lettuce
(intercropped) caused significant reduction in E, g, and
Px (Figures 2 and 3), indicating that increased stomatal
resistance, due to lower g, leads to reduced Py because
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Figure 3. Leaf transpiration (E) (A and E), stomatal conductance (gs) (B and D), and net photosynthesis (Py) (C and F) of
lettuce (‘Lucy Brown’, ‘Vanda’ 1 and 2 plants) under two cropping systems (monocropping and intercropping) and four lettuce
transplanting periods (0, 7, 14, and 21 d after tomato transplanting).
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of less C assimilation in determining the photosynthetic
process. Our results corroborate those mentioned by Mendes
et al. (2013) and Gong et al. (2015), who found that low
brightness significantly reduces gas exchanges (E, g, and
Py) in shaded plants cultivated under intercropping. Less
cooling in the lettuce leaves may have occurred, caused by
minimizing E from the reduction of g;. Indirectly, the lowest
incident brightness may have triggered other physiological
changes in lettuce plants, which were not addressed in our
study but which could be considered in future research
work.

Regarding transplanting periods, when transplanting was
later, lower light availability for plants led to lower growth

and biomass accumulation (Figures 3E, 3F, 4, 8B). This is
related to higher shading on plants, which prevents light
interception required for stomatal opening. In the early
morning hours, the incidence of blue light from the light
spectrum is not absorbed by the leaves because the light has
a characteristically shorter wavelength and more energy;
it is decisive in the opening movement of the stomata that
does not occur at the maximum opening of stomatal pore,
and therefore results in lower g; and Py. According to Su
et al. (2014), this condition is known as stomatal limitation
of photosynthesis. These results are consistent with those
found by other researchers, who evaluated the effect of
shading on the growth of various crops under intercropping

CHILEAN JOURNAL OF AGRICULTURAL RESEARCH 77(4) OCTOBER-DECEMBER 2017

298



Figure 4. Leaf transpiration (E) (A), stomatal conductance (gs)
(B), and net photosynthesis (Py) (C) of lettuce (‘Lucy Brown’
and ‘Vanda’ 1 and 2 plants) at four lettuce transplanting
periods (0,7, 14, and 21 d after tomato transplanting).
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at different transplanting periods (Rezende et al., 2011;
Cecilio Filho et al., 2011; 2013; Su et al., 2014).

The estimated maximum quantum efficiency of
photochemical activity of PSII is verified by determining
the fluorescence of Chl a. This physiological parameter has
been frequently used to detect changes in the photosynthetic
system due to biotic and abiotic stresses because reduced
fluorescence indicates inhibited photochemical activity (Dai
et al., 2009; He et al., 2013). In fact, there was less Py and
F,/Fy, in the intercropping system compared to monoculture
(Figures 3C and 5B). The results of our study corroborate
those observed by Su et al. (2014) and Gong et al. (2015).

Chlorophyll concentration can be used as an indicator of
stress in plants because it is present in leaf chloroplasts to
participate in light reactions that are very important for the
photosynthetic process to take place. The highest chlorophyll
and carotenoid contents under shading conditions in lettuce
plants can be related to the compensatory effect of species

Figure 5. Maximum quantum yield of photosystem II (F,/Fy,)
of lettuce (‘Lucy Brown’ and ‘Vanda’ 1 and 2 plants) under
two cropping systems (monocropping and intercropping).
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to a lower amount of available radiation (Figures 6 and
7). In leaves under low light, a higher Chl b content is an
important feature because this type of chlorophyll captures
light energy at different wavelengths and transfers it to the
oxidizable Chl a (P680 and P700), which is a fundamental
reaction center of the photochemical stage to produce ATP
and NADPH. Observations by Scalon et al. (2002) revealed
that increased Chl b is an adaptation mechanism to lower
the light intensity condition.

However, based on the hypothesis that chlorophyll can be
used to estimate photosynthetic efficiency, the results of the
present study showed that the highest chlorophyll contents
during the transplanting period was found in ‘Lucy Brown’,
and it was not decisive for growth because it showed lower
biomass accumulation (Figures 6E, 6F, 8C). On the other
hand, ‘Vanda’ exhibited lower chlorophyll contents and
higher growth (DM accumulation); this shows that it is
more efficient in chlorophyll content and growth ratio than
‘Lucy Brown’ (Figures 6E, 6F, and 8C). The results of our
study for Chl b concur with those found by Su et al. (2014)
and Gong et al. (2015), who confirmed that shading causes
increased Chl b content in leaves and decreased plant

CHILEAN JOURNAL OF AGRICULTURAL RESEARCH 77(4) OCTOBER-DECEMBER 2017

299



Figure 6. Chlorophyll a (A, C, and E) and chlorophyll 5 (B, D, and F) of lettuce (‘Lucy Brown’ and ‘Vanda’ 1 and 2 plants) under
two cropping systems (monocropping and intercropping) in four lettuce transplanting periods (0, 7, 14, and 21 d after tomato

transplanting).
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biomass accumulation. Shading can also reduce biomass
production and the accumulation of biomass from the
secondary crop (in this case, lettuce plants) in intercropping
systems (Reynolds et al., 2007; Peng et al., 2009). This is
associated with the lowest available brightness and reduced
photosynthetic rate due to light interception caused by
tomato plants (Ghanbari et al., 2010). Results for Py, E,
g, and photosynthetic pigments in lettuce plants subjected
to shading by intercropping had lower values for these
physiological parameters, which directly caused biomass
reduction (Figure 8). This finding, on average led to a
74.9% reduction in lettuce productivity (Figure 8B). Such a
significant decrease in productivity was caused by shading
of tomato plants. Lettuce plants in monoculture were not

restricted in the amount of luminosity and achieved higher
productivity. This also occurred in the research of several
authors who evaluated lettuce-tomato intercropping (Yan
et al., 2010; Cecilio Filho et al., 2011; Su et al., 2014;
Tringovska et al., 2015), and corroborates our results.

CONCLUSIONS

Shading conditions imposed by tomato-lettuce intercropping
reduced gas exchange, chlorophyll pigment contents, and
secondary crop (lettuce) growth rate. When lettuce was
transplanted later in relation to tomato, shading of tomato
on lettuce plants was higher and caused harmful effects
on physiological parameters and DM accumulation. In
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Figure 7. Carotenoids (Car) of lettuce ‘Lucy Brown’
and ‘Vanda’ 1 and 2 plants under two cropping systems
(monocropping and intercropping) in four lettuce transplanting
periods (0,7, 14, and 21 d after tomato transplanting).
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the intercropping system with tomato, ‘Vanda’ was more
productive than ‘Lucy Brown’ plants. However, to obtain
higher productivity, transplanting ‘Vanda’ lettuce should be
carried out on the same day as tomato transplanting.
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Figure 8. Growth (g DM plant™) of lettuce (‘Lucy Brown’
and ‘Vanda’ 1 and 2 plants) under two cropping systems
(monocropping and intercropping) in four lettuce transplanting
periods (0,7, 14, and 21 d after tomato transplanting).
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