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EFFECT OF ROOSTER TREE GREEN MANURE ON CARROT AND LETTUCE
INTERCROPPING SYSTEM'

RICARDO CARLOS PEREIRA DA SILVA’*, FRANCISCO BEZERRA NETO?, MAIELE LEANDRO DA SILVA®,
AURELIO PAES BARROS JUNIOR?, ANTONIO EWERTON DA SILVA ALMEIDA?, FLAVIANA DE ANDRADE
VIEIRA?

ABSTRACT - Intercropping is a cropping system that involves cultivating two or more crops in the same area
with different cycles and vegetative architectures. One of the ways to increase productivity and efficiency in
this cropping system is through green manuring and by properly considering crop combinations, cultivation
timing, and planting configuration of the component crops. Thus, the aim of this study was to evaluate the
productive performance of carrot and lettuce intercropping systems under different amounts of rooster tree
biomass incorporated into the soil and under different spatial arrangements. The study was conducted at the
experimental farm Rafael Fernandes, RN, Brazil, in the period from September 2012 to January 2013, in an
experimental design of randomized complete blocks in a 4 x 3 factorial scheme, with twelve treatments and 3
replicates. The treatments consisted of the combination of four rooster tree biomass amounts incorporated into
the soil (10, 25, 40 and 55 t ha™' on a dry basis) with three predetermined spatial arrangements between the
component crops (2:2, 3:3 and 4:4), which correspond to the rows of carrot alternating with the rows of lettuce.
The agronomic performance of the carrot and lettuce intercropping system was optimized in the amount of
approximately 46.36 t ha™' of rooster tree incorporated into the soil. There was no influence of the spatial
arrangements on the agronomic efficiency of the carrot and lettuce intercropping. The use of rooster tree as
green manure is agronomically viable in intercropped systems of carrot and lettuce.

Keywords: Daucus carota. Lactuca sativa. Calotropis procera. Intercropping. Organic fertilization.

EFEITO DO ADUBO VERDE FLOR-DE-SEDA NO SISTEMA CONSORCIADO DE CENOURA E
ALFACE

RESUMO - A consorciagdo de culturas ¢ um sistema de cultivo que envolve o cultivo de duas ou mais
culturas na mesma area com diferentes ciclos e arquiteturas vegetativas. Uma das maneiras de aumentar a
produtividade e a eficiéncia neste sistema de cultivo ¢ através de adubagdo verde e considerando
adequadamente as combinagdes de culturas, o tempo e a configuragdo de plantio das culturas componentes.
Assim, o objetivo deste estudo foi avaliar o desempenho produtivo de sistemas consorciados de cenoura e
alface em diferentes quantidades de biomassa de flor-de-seda incorporadas no solo e em diferentes arranjos
espaciais. O estudo foi realizado na fazenda experimental Rafael Fernandes, RN, Brasil, no periodo de
setembro de 2012 a janeiro de 2013, em um delineamento experimental de blocos completos casualizados, em
esquema fatorial 4 x 3, com doze tratamentos e 3 repetigdes. Os tratamentos consistiram da combinagdo de
quatro quantidades de biomassa de flor-de-seda incorporadas no solo (10, 25, 40 ¢ 55 t ha™ em base seca) com
quatro arranjos espaciais predeterminados entre as culturas componentes (2:2, 3:3 e 4:4), que correspondem as
fileiras de cenoura alternadas com as fileiras de alface. O desempenho agrondmico do sistema de consorcio de
cenoura e alface foi otimizado na quantidade de aproximadamente 46.36 t ha' de flor-de-seda incorporada no
solo. Nao houve influéncia dos arranjos espaciais sobre a eficiéncia agrondmica do consorcio de cenoura e
alface. O uso da flor-de-seda como adubo verde ¢ agronomicamente vidvel em sistemas consorciados de
cenoura e alface.

Palavras-chave: Daucus carota. Lactuca sativa. Calotropis procera. Associagdo de culturas. Adubagio
organica.
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INTRODUCTION

The practice of intercropping carrot with
lettuce is beginning to be adopted in the Northeastern
region of Brazil, as this system deals with the growth
of two or more different cultures, with different plant
architecture and root system, being able to be
explored simultaneously in the same area.
Intercropping systems, in addition to increasing unit
productivity, also operates efficiently by combining
optimal use of space, nutrients and sunlight, and
mutual benefits including protection from pests and
diseases (PIVETTA et al. 2007; SILVA et al., 2011).
In general, intercropping is challenging as it requires
planning on how the crops should be associated,
especially with regard to crop management, and
maximizing the use of land and environmental
resources (ALMEIDA et al., 2015).

The arrangement of two or more species is
possible due to the different requirements of the
intercropped crops, such as competition among
plants for light, CO,, water and mineral nutrients
(TAVORA; SILVA; BLEICHER, 2007). The
competition depends on the species involved, their
root systems and the availability of water and
nutrients (COSTA; SILVA, 2008).

The combination of this management and the
use of green manuring have been shown to be
practical and an efficient alternative for nutrient
supply and the addition of organic matter to the soil
directly in the growing area. Legumes are among the
plants used as green manures; they produce a large
amount of biomass and are able to associate with the
nitrogen-fixing bacteria that make nitrogen available
for species of commercial interest (SANTOS;
SEDIYAMA; PEDROSA, 2013).

The use of biomass of plants of spontaneous
species of the Caatinga biome as green manure has
been an important option of agricultural production
to establish a balance between the demand for higher
productivity and the resource drain from the
environment (BEZERRA NETO et al., 2014).

Among the plants of spontaneous species of
the Caatinga used in green fertilization in
horticultural crops is the rooster tree [Calotropis
procera (Ait). R. Br.], belonging to the family of
Apocynaceae, popularly known as rooster tree. This
plant, besides being very prolific, has a capacity to
supply biomass throughout the year, even in times of
drought, which is a key advantage over several
native and naturalized species of the Caatinga biome
(ALMEIDA et al., 2015). It is worth mentioning that
its tissue has high concentrations of N, P and K, and
can reach values up to 22.7, 10.0 and 28.9 g kg™,
respectively (SILVA et al., 2013). This species has
shown promising results in crops of arugula
(LINHARES et al., 2009), carrot (SILVA et al.,
2013), coriander (LINHARES et al., 2014) and in a
lettuce and arugula  intercropping  system
(ALMEIDA et al., 2015) as well.

In order to provide support research on
intercropping systems among vegetable crops
fertilized with spontaneous species of Caatinga, this
study aimed to evaluate the performance of carrot
and lettuce intercropping treated with different
biomass amounts of rooster tree incorporated into the
soil and at different spatial arrangements.

MATERIAL AND METHODS

The study was conducted at the Rafael
Fernandes Experimental Farm of the Universidade
Federal Rural do Semi-Arid (UFERSA), located in
the district of Alagoinha, Mossor6-RN (5° 11' S
and 37° 20' W, 18 m altitude), Brazil, from
September 2012 to January 2013. The -climate
of the region is semi-arid and, according to the
Koppen  climate  classification  scheme, is
designated as ‘BShw’, dry and very hot, with two
seasons: a dry season, which usually runs from
June to January; and a rainy season, from
February to May (ALMEIDA et al, 2015).
During the experimental period, the maximum
temperature was between 32.1 - 34.5 °C and
minimum temperature was between 21.3 - 23.7 °C,
respectively; mean air relative humidity was 67%;
mean wind speed was 4 m s™'; mean radiation was
25 mjm?’; rainfall was 0 mm; mean atmospheric
pressure was 1012 hPa and mean dew point
temperature was 19 °C. The climate is therefore,
characterized as tropical and semiarid.

The soil of the experimental area is classified
as dystrophic yellow-red oxisol (EMBRAPA, 2009).
Prior to installation of the experiment, 20 soil
samples were collected at 0-20 cm depth and then
homogenized to obtain a composite sample, which
was processed and analyzed at the soil, water and
plant analysis laboratory of the Department of
Environmental Sciences of UFERSA. Soil testing
results were as follows: pH (water) = 6.45; Organic
matter = 645 g kg'; N = 045 g kg’
P = 3.4 mg dm”; (H + Al) = 0.00 cmol, dm>;
K" = 0.18 cmol, dm?; Ca’" = 1.85 cmol, dm?;
Mg>" = 0.37 cmol, dm™; Na* = 0.11 cmol, dm™;
Sum of bases = 248 cmol, dm?>; Cation
exchange capacity at pH7 = 2.48 cmol, dm™;
Base saturation = 100%, and Electrical
conductivity = 0.14 dS m™".

The rooster tree used as green manure was
collected in an area of the rural zone of the
municipality of Mossor6é (RN) before the initiation
of flowering. After harvesting, the plants were
crushed into pieces of 2-3 cm and placed to dry at
room temperature until they reached a moisture
content of 10%. Samples of this green manure were
taken randomly for chemical composition and the
results were: N = 29.58 g kg; P = 4.08 g kg';
K =50.09 g kg™ and C:N ratio of 20:1.

The experimental design was in randomized
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complete blocks, with treatments arranged in a
4 x 3 factorial scheme, with 3 replicates. The first
factor was constituted by the amounts of rooster tree
biomass incorporated in the soil (10, 25, 40, and
55 t ha” in dry basis) and the second factor by the
spatial arrangements used between the component
cultures (2:2, 3:3 and 4:4), which correspond to the
rows of carrot alternated with the rows of lettuce.

Carrot and lettuce were planted in alternate
rows according to the spatial arrangement. The total
area of the plot in the 2:2 arrangement was 1.92 m?,
which was formed by alternating double rows of the
crops, flanked by two border-rows of each,
carrot and lettuce, with a harvest area of 0.80 m?
containing 40 plants of carrot in a spacing of
0.20 m x 0.05 m, and 20 lettuce plants in a spacing
0f 0.20 m x 0.10 m. The arrangement 3:3 constituted
of alternating triple rows of vegetable crops, flanked
by the same border-rows as in 2:2 arrangement with
a total plot area of 2.40 m” and a harvest area of
1.20 m’ containing 60 carrot plants at a spacing of
0.20 m x 0.05 m and 30 lettuce plants at a spacing of
0.20 m x 0.10 m. The 4:4 arrangement composed of
alternating four rows of vegetables, flanked by the
same border rows as in the 2:2 configuration. The
total area of the plot was 2.88 m” and a harvest area
of 1.60 m? containing 80 carrot plants at a spacing of
0.20 m x 0.05 m and 40 lettuce plants at a spacing of
0.20 mx 0.10 m.

The soil preparation at the site consisted of
manual cleaning of the area with hoe, harrowing and
construction of the beds. Prior to initiation of the
experiment, a soil solarization was performed on
the beds with a 30 micron transparent plastic for
45 days, in order to reduce the population of
nematodes and soil phytopathogen.

Irrigation was provided twice daily (morning
and afternoon) through a micro sprinkler system
providing a water layer of approximately 8 mm dia™,
in order to favor soil microbial activity. Weeds were
removed manually.

In each experimental wunit of the
intercropping, rooster tree was incorporated in two
different levels at 50% dry weight basis. The first
amount was applied at 20 days before sowing carrot
and transplanting the first lettuce crop, while the
second was at 55 days after sowing carrot and before
transplanting the second lettuce crop.

The lettuce seedlings were produced by a
local vegetable grower, sown on September 5, 2012
at 20 days before transplanting to the experimental
area in expanded polystyrene trays (128 cells) on
September 25, 2012, and planted in the experimental
field. The same procedure was used for the second
crop of lettuce, with the sowing date being
November 24, 2012, 60 days of the experimental
period, and on December 14, 2012 at 80 days
transplantation to experimental field of the second
lettuce crop. Four seeds per cell were sown in a tray
and thinning was performed 12 days after sowing

leaving one seedling per cell. During this period of
seedling growth they were conditioned to the open
environment and covered with a 40% black shading
screen. The "Taind" cultivar of lettuce suitable for
warm  season  production  with  favorable
characteristics such as crisp head or iceberg,
uniform, vigorous with good butt cover and an
excellent taste was used (SEMENTES SAKATA,
2016).

Carrot sowing was carried out on September
25, 2012, by placing 3 to 4 seeds per hole and
thinning was done 20 days after planting on October
14, 2012 leaving one plant per hole. The cultivar
Brasilia, suitable for summer cultivation, has
vigorous foliage with dark green coloration, dark
orange pigmentation in roots, low incidence of green
or purple shoulder and good resistance to leaf-blight.
Sowing is typically from October to February, in the
Midwest, North and Northeast regions of Brazil, and
recommended for semi-arid Northeastern Brazilian
(LOPES et al., 2008).

Harvesting of the first lettuce crop was
performed on October 23, 2012 and the second crop
was harvested on January 13, 2013, at 28 days after
transplanting in the experimental area. The carrot
harvest was performed on January 3, 2013, at
100 days after sowing. In the lettuce culture, the
evaluations were carried out on 5 plant samples and
for carrot, 20 plants were randomly collected within
the harvest area of each plot and evaluated.

For carrot, the characteristics evaluated were:
plant height (cm), from the ground level to the tip of
the highest leaf, determined using a scaled ruler, dry
masses of shoots and roots were determined in a
forced air oven at 65 °C until it reached a constant
weight, expressed as t ha. Classified productivity of
roots was obtained according to the length and the
greatest transverse diameter in: longs, with lengths of
17 to 25 cm and diameter smaller than 5 cm; means,
with length of 12 to 17 cm and diameter greater than
2.5 cm; shorts, with length 5 to 12 cm and diameter
larger than 1 cm, and scrap, roots that did not fit the
previous measurements (LANA; VIEIRA, 2000;
LOPES et al., 2008). Quality screening commercial
productivity was performed by examining the roots
and selecting roots free of cracks, bifurcations,
nematodes, and mechanical damages. The total
productivity of roots was the sum of economic
productivity and scrap, expressed in t ha™'.

The characteristics evaluated in lettuce plants
were: plant height (cm), from the ground level to the
tip of the highest leaf that was determined using a
scaled ruler. Leaf diameter, which was recorded by
measuring the distance between the two leaf edges,
number of leaves per plant, which was determined in
the same sample by direct counting of the number of
leaves with lengths >5 cm. Lettuce productivity was
determined as the fresh weight of shoots of all plants
of the harvest area, expressed in t ha™'. The dry mass
of shoots was also recorded for the same sample by
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drying them in a forced air oven at 65 °C until they
reached a constant weight (also expressed in t ha™).

The efficiency of the intercropping system
was determined by the score of the canonical
variable, obtained through the bivariate analysis of
variance of the yields of carrot and lettuce.

We performed univariate analyzes of variance
on the variables studied using the statistical package
SISVAR (FERREIRA, 2011) for the randomized
complete block design with treatments arranged in a
factorial scheme. The Tukey test at the 5%
probability level was used to compare the means
between the spatial arrangements. Regression
analysis was also performed to evaluate the behavior
of each characteristic as a function of the biomass
amounts of rooster tree used, and the response curve
fitting procedures between each variable and the
amounts of rooster tree incorporated into the soil
were performed through the Table Curve software
(JANDEL SCIENTIFIC, 1991).

A
65
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RESULTS AND DISCUSSION

From the regression analysis it can be
observed that there was no significant interaction
between the amounts of rooster tree biomass
incorporated in the soil and the spatial arrangements
for the variables analyzed, namely, plant height,
shoot dry mass, root dry mass, productivity of long,
medium, short and scrap roots, and productivity of
commercial and total roots (Figures 1 and 2).
However, we observed an increase in plant height
(9.07 cm), dry mass of shoots (1.18 t ha™) and roots
(032 t ha') for carrot, particularly between
treatments with the lowest and highest amount of
rooster tree biomass added to the soil (Figures 1A
and 1B). The highest values recorded for these
attributes were 64.48 cm, 4.97 and 2.04 t ha’,
respectively, as expected, in the highest amount of
green manure added to the soil (55 t ha™).

Shoot dry mass
¢y =3.526%% + 0.0262**x
R? = 0.99%*

Root dry mass

Shoot and root dry mass (tha'!)
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Figure 1. Plant height (A), shoot and root dry mass (B) of carrot intercropped with lettuce as a function of amounts of

rooster tree biomass incorporated into the soil.

The productivities of long, medium and
commercial-grade roots had an ascendant
relationship to rooster tree biomass. In other words,
the yield of roots increased with increasing amounts
of rooster tree biomass incorporated into the soil
(Figures 2A, 2B and 2E). The maximum values for
these productivities were 5.79 (long); 12.99
(medium) and 23.08 (commercial) t ha’,
respectively, obtained with addition of 55 t ha™ of the
green manure. On the other side, the productivities of
short, scrap and total roots increased up to the
maximum values of 4.34 (short); 0.92 (scrap) and
23.18 (total roots) t ha, with the following amounts
of rooster tree biomass addition, 22.06, 38.97 and
47.05 t ha, respectively, and then decreasing up to
the final dose of biomass addition to the soil (Figures
2C, 2D and 2F).

For the above-described characteristics
evaluated in the carrot, no effect of spatial
arrangements was observed, except for the medium
root productivity, which was significant in the 2:2

arrangement (yield 11.87 t ha™) in comparison to the
3:3 (Table 1) configuration. These results indicate
that there was practically no antagonistic
interference in the spatial arrangements in the carrot-
lettuce intercropping system.

This increase in medium root productivity is
due in part to increasing amounts of rooster tree
biomass and benefits of the manuring, days prior to
planting, thus providing nutrients that can be easily
absorbed and accumulated by the plants (SILVA et
al., 2015). The C:N ratio of 17: 1 of the rooster tree
makes it easy to decompose rapidly and
consequently, release nitrogen in a form that can be
easily taken up by the plants (BATISTA et al,
2013).

Bezerra Neto et al. (2014) stated that green
manuring can also influence the physical, chemical
and biological properties of the soil, because it has
conditioning effects and increases the capacity of
soils to store nutrients necessary for the development
of plants.
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Figure 2. Productivity of long (A), medium (B), short (C), scrap (D), commercial (E), and total (F) roots of carrot
intercropped with lettuce as a function of amounts of rooster tree biomass incorporated into the soil.

The ascendant responses and the optimization can cause toxic effect and/or decrease the
of the variables can be attributed to the law of effectiveness of others, leading to reduced
maximum, where the excess of a nutrient in the soil production (ALMEIDA et al., 2015).

Table 1. Plant height (PH), shoot dry mass (SDM), root dry mass (RDM), productivities of roots long (L), medium (M),
short (S), scrap (Sc), commercial (C), and total (T) of carrot intercropped with lettuce as a function of the spatial
arrangements.

Spatial PH SDM RDM L M S Sc C T
arrangements (cm) (tha™) (tha™) (tha™) (tha™) (tha™) (tha™) (tha™) (tha™)
2:2 58.11 a* 425a 1.80 a 6.26 a 11.87a 341 a 0.60 a 21.37 a 2197 a
3:3 60.26 a 4.19a 1.86 a 549 a 10.04 b 385a 0.82a 2041a 21.07a
4:4 61.71 a 4.53 a 1.92a 4.71 a 11.22 ab 440 a 0.67 a 20.13a  20.80a

*Means followed by different lowercase letters in the column differ statistically from each other by the Tukey test at the
5% probability level.
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There was significant interaction between
planting times and spatial arrangements with regards
to plant height and interaction between times and
amounts of rooster tree biomass applied on lettuce
productivity (Table 2 and Figure 3E). By analyzing
the spatial arrangements adopted for each planting
time, we concluded that there was no significant
difference in plant height in the different spatial
arrangements used for lettuce. On the other hand,

when studying the planting times within each spatial
arrangement, we noticed significant differences in
plant height, particularly, in the 2:2 and 3:3 spatial
arrangements, where the means of plant height for
the first planting time were different from the second
(Table 2). These taller lettuce heights from the first
planting are likely due to the minimal inter- and
intra-specific competition between the component
cultures in relation to the arrangement.

Table 2. Plant diameter (PD), number of leaves per plant (NL), shoot dry mass (SDM), productivity (PROD), score (Z) of
the canonical variable, and plant height (PH) of lettuce intercropped with carrot as a function of the spatial arrangements

and planting times.

Planting times PH (cm) PD (cm) NL SDM (tha') PROD (tha') SCORE (Z)
Time 1 16.79 a* 65.25a 0.70 a
Time 2 14.68 b 50.36 b 0.51b
Spatial Time 1 Time 2
Arrangements
2:2 13.17 aA* 10.92 aB 16.16 a 57.16 a 0.59 ab 10.52 a 0.84a
3:3 12.89 aA 10.81 aB 15.56 a 56.70 a 0.56b 10.10 a 0.81a
4:4 12.21 aA 12.03 aA 1548 a 59.54 a 0.66 a 10.58 a 0.85a
Productivity
Planting times Amounts of rooster tree (t ha™)
10 25 40 55
Time 1 10.88 a* 1597 a 19.96 a 18.76 a
Time 2 3.05b 398b 5.01b 593b

*Means followed by the same lowercase letters in the column and upper case in the row do not differ from each other by

the Tukey Test at the 5% probability level.

Regarding the diameter, leaf number per plant
and dry mass of the lettuce shoots, a significant
difference due to lettuce planting times was
observed, with a higher average value for Time 1
(Table 2). On the other hand, plant height, diameter,
and number of leaves per lettuce plant increased with
the increasing amounts of rooster tree biomass up to
the values of 12.24 cm, 16.42 cm and 11.9 leaves per
plant, in the amounts of 50.55; 52.84 and 40.37 t ha™
of the green manure, and then, decreasing until the
last application of rooster tree biomass to the soil
(Figures 3A, 3B and 3C). For dry mass of shoots, an
increase of 0.24 t ha” was observed between the
highest and the lowest amounts of rooster tree added
to the soil, with a maximum value recorded for
55 t ha' of green manure incorporated in the soil
(Figure 3D).

For lettuce, an increase in the productivity
was observed with increasing amounts of rooster tree
biomass up to the values of 19.57 and 5.42 t ha”' in
the amounts of 45.59 and 44.99 t ha™' incorporated in
the soil during both planting times 1 and 2,
respectively, and then decreasing until the largest
application of green manure added to the soil (Figure
3E). By examining the lettuce planting times within
each rooster tree biomass dosage, we observed
significant differences in the productivity between
the planting times, with the productivity in Time 1
being higher than Time 2 (Table 2).

This superiority of the productivity for Time
1 is due to the shorter cycle for lettuce compared to
the carrot cycle. Also, the growth of the carrot
culture at the initial stages is slow, and requiring
little water and nutrients. This may have reduced the
resource competition for, which is in contrast to what
was observed when lettuce was cultivated during
Time 2.

The competition between plants is importance
key consideration in these cropping systems, since
the efficiency of an associated system is mainly
based on the complementarity between the crops
involved, and this will be greater insofar as it is
possible to minimize the established effects of one
species on the other (PORTO et al., 2011).

Oliveira et al. (2015), working with
agronomic viability of arugula, carrot, and lettuce in
polycultures under different amounts of rooster tree
biomass and population densities, reported the
absence of interspecific competition, since the best
productive performance of the carrot was recorded in
the highest population densities of the crops, perhaps
resulting from the best utilization of the resources.
These results with lettuce reflect the importance of
an adequate amount of rooster tree that must be
applied to the soil to increase the productivity of the
vegetables and to provide nutrients in concentrations
that allow for the efficient use by the plants without
impacting soil properties.
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Figure 3. Plant height (A) and diameter (B), number of leaves per plant (C), shoot dry mass (D), productivity (E) and score
of the canonical variable (F) of lettuce intercropped with carrot as a function of amounts of rooster tree biomass

incorporated in the soil.

In relation to the spatial arrangements, there
were no significant differences between lettuce
productivities, plant diameter and number of leaves
per plant (Table 2). A significant difference was
observed between the mean values of dry mass of
lettuce shoots, with higher value recorded in the
4:4 spatial arrangement (Table 2).

Compared with monoculture, the
intercropping between plants stands out by the fully
use of all natural resources, preventing diseases,
pests and insects, reducing the need for chemical
fertilizers and pesticides, reducing environmental
pollution, reducing production costs and improving
the yield of the grower as well as their profits
(ZHANG et al., 2003).

A large number of species can improve
ecosystem productivity and the occurrence of species
or functional groups with different and specific
ecological strategies taking to an increase of the
resource exploitation and therefore, for a positive

relationship between biodiversity and the functioning
of ecosystems (TILMAN; FORNARA, 2008).

There was no significant interaction between
the amounts of rooster tree incorporated in the soil
and spatial arrangements in the score of the
canonical variable analyzed (Table 2 and Figure 3F).
However, an increase in the values of these scores
was recorded with increasing amounts of rooster tree
up to a value of 0.95 when 46.36 t ha” of green
manure was incorporated into the soil, decreasing
then with increasing of the green manure application
(Figure 3F). This result indicates that the productive
efficiency of the vegetables was optimized in the
intercropping system. In relation to spatial
arrangements, there was no significant difference
between the values of the canonical variable scores
(Table 2), thus showing that these arrangements did
not cause any inter- and intra-specific competition
between the carrot and lettuce in the intercropping
system.
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Almeida et al. (2015), working with
agronomic  efficiency of the lettuce-arugula
intercropping fertilized with rooster tree reported that
the result is due to the fact that the intercropping
responded to the green manuring with rooster tree
and the nutrients provided has translated into
agronomic efficiency.

It is well-known that green manuring
improves fertility, increases organic matter content,
decreases erosion rates, increases soil water retention
and soil microbiota activity by increasing nutrient
availability and reducing the amount of invasive
plants (GRAHAM; HAYNES, 2006), and these
observations are in agreement with other reports.

CONCLUSIONS

The best productive performance of the carrot
and lettuce intercrop was obtained when the rooster
tree biomass of approximately 46.36 t ha' was
incorporated into the soil.

There was no influence of the spatial
arrangements on the agronomic efficiency of the
carrot and lettuce intercropping system.

Two crops of lettuce during the carrot cycle
appear to be a viable alternative for the vegetable
growers.

The use of rooster tree as green manure is
agronomically feasible in the carrot and lettuce
intercropping system.
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