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Article

Abstract

Lettuce (Lactuca sativa L.) is a leafy vegetable that could be grown under mineral or organic 
fertilizing, being also very influenced by environmental conditions. This study evaluated the 
growth and yield of lettuce cultivars submitted to different doses of organic fertilization and 
environmental conditions. The experiment was carried out at the Horticulture Sector of the 
Campus Cinobelina Elvas, at the Federal University of Piauí (CPCE/UFPI), Brazil. The experimental 
was carried out in a completely randomized block design, with the treatments distributed in 
split-split-plot, according to cultivation systems in the plots (with 50% of shading and outdoor 
cultivation), organic fertilization rates in subplots (0, 20, 40, 60 and 80 t ha-1) and lettuce cultivars 
in the sub-subplots (‘Delícia’, ‘Babá de Verão’ and ‘Itapuã 401’) with three repetitions and with 
eighteen plants per experimental unity and four useful plants per plot. Plant height, number of 
leaves, head circumference, stem length, leaf area, leaves chlorophyll content, commercial 
fresh mass, shoot dry matter and lettuce yield were evaluated. For the conditions in which 
the present study was carried out, the use of doses of organic fertilization with cattle manure 
influenced lettuce growth and yield using 50% of shading and is also suggested the use of the 
cultivars ‘Delícia’ and ‘Babá de Verão’, in a protected environment (50% of shade).

Keywords: cattle manure, leafy, Lactuca sativa L., greenhouse

Introduction
Lettuce (Lactuca sativa L.) is a leafy 

vegetable consumed all over the world, and in 
Brazil it is the most produced, commercialized 
and consumed (IBGE, 2013), due to ease of 
acquisition and for being produced all over 
the year, depending on the region. In addition, 
it is a crop that allows the adoption of different 
production systems with different technological 
levels (Freitas et al., 2016).

Based on this information, in many 
regions of Brazil, part of the production comes 
from small farms with little founding to invest in 
the crop, especially regarding plant fertilization 
supplements. It is a crop which presents positive 

responses to organic fertilization. Silva et al. 
(2010) reported that the use of organic fertilizers 
has increased due to the beneficial effects 
that organic matter provides to intensively and 
conventional cultivated soils. However, the 
source and ideal dose of organic fertilizer for 
lettuce cultivation is not yet a consensus in the 
literature, since the doses can vary according to 
soil, climate and cultivar conditions used (Silva 
et al., 2010; Batista et al. 2012; Figueiredo et al., 
2012). 

Another important aspect associated 
with lettuce cultivation is the climatic condition, 
since its adaptation to places of high temperature 
and luminosity can cause problems in its growth, 
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preventing the crop from expressing its full 
productive potential. When exposed to stress 
conditions, as in high temperatures, lettuce tends 
to reduce its cycle, compromising the production 
and making the leaves more rigid, and also to 
stimulating the tassel induction, an undesirable 
characteristic, since it makes the vegetable 
unfeasible for commercialization (Luz et al., 2009).

Puiatti & Finger (2005) report that the 
maximum tolerable temperature for lettuce is 
around 30oC, with an optimum variation of 4 to 
27oC. Thus, in regions with temperatures higher 
than the indicated, the adaptation of cultivars 
may be difficult. The Bom Jesus region, in the state 
of Piauí, for example, has a warm and semi-humid 
climate with an annual average temperature of 
26.6°C, reaching high temperatures all over the 
year, with maximum temperatures above 36°C 
(Bandeira et al., 2010). According to Queiroz 
et al. (2014), the challenge for this species is to 
develop tropicalized genotypes, because it is an 
originally mild climate species, since it presents 
high demand in all regions of Brazil.

In this context, the aim of this study was 
to evaluate the growth and yield of lettuce 
cultivars under organic fertilization and cultivation 
environments in Bom Jesus, Piauí State, Brazil.

 
Material and Methods

The experiment was conducted in the 
Horticulture Sector of Campus Cinobelina Elvas 
at the Federal University of Piauí (CPCE / UFPI), 
in Bom Jesus, Piauí (09º04'28 ''S, 44º21'31''W, 277 
m), Brazil, from September to November 2011, 
on soil classified as distrofic yellow Latosol. The 
soil chemical and granulometric analysis, in the 
0-20 cm depth layer, presented the following 
characteristics: organic matter 2.0%; pH (CaCl2) 
5.9; Ca2+ 3.5 cmolc dm-3; Mg2+ 1.1 cmolc dm-3; Al3+ 

0.0 cmolc dm-3; H+ + Al3+ 2.5 cmolc dm-3; CEC 7.4  
cmolc dm-3; Base saturation 66.0 cmolc dm-3; P 
(Melich) 110.00 mg dm-3; K+ 1.32 mg dm-3;  sand 
40%; silt 21% and clay 39%. The characteristics of 
the cattle manure were: organic matter 20.5%; N 
0.80%; Mg 0.24%; K2O 1.64%; P2O5 0.24% and Ca 
0.62%.

The experiment was carried out in a 
complete randomized block design, with the 
treatments distributed in split-split-plot, with 

cultivation systems in the plots (planted with 
50% of shading and open environment (full sun) 
cultivation); doses of organic fertilization in the 
plots (0, 20, 40, 60 and 80 t ha-1), and lettuce 
cultivars in the sub-subplots ('Delícia', 'Babá de 
Verão' and 'Itapuã 401'), with three replicates 
and each experimental unit composed by 
eighteen plants, with evaluation of four useful 
plants of the plot.

For the production of lettuce seedlings, 
pelletized seeds were used, with one seed per 
cell, seeded in trays of expanded polystyrene with 
capacity of 200 cells, arranged at 0.80 m above 
soil surface, on wooden pallets. The substrate 
for the production of the seedlings was based 
on regional materials used by small growers, 
elaborating the mixture based on carnauba 
straw residue with rice skin and vermiculite in 
the proportion of 1:1:1 (v/v). The seedlings were 
irrigated twice a day using a sprayer.

The transplanting of the seedlings was 
carried out 20 days after sowing, on 10/17/2011, 
when the seedlings presented three definitive 
leaves, at a spacing of 0.30 x 0.30 m. The area 
of ​​each environment (cultivation system) had a 
dimension of 28 x 4 m and each site that received 
the organic fertilization had 1.25 x 1.25 m. The 
environment with the shading screen presented 
1.70 m in height. The light protection was realized 
on all sides of the environment (roof and sides) up 
to a height of 0.70 m from soil level.

Planting fertilization was carried 
out 10 days before transplantation with the 
incorporation of cattle manure doses into the 
soil of the respective treatment, corresponding 
to each dose of organic fertilization. The doses 
were based on the amount of cattle manure 
commonly used in the region of Bom Jesus, PI 
(average of 40 t ha-1). The levels of cattle manure 
(0, 20, 40, 60 and 80 t ha-1), based on the cattle 
manure analysis, respectively, providing the 
amounts of 0, 16, 32, 48 and 64 kg ha-1 of N; 0; 4.8; 
9.6; 14.4 and 19.2 kg ha-1 of P2O5; and 0; 32,8; 65.6; 
98.4 and 131.2 kg ha-1 of K2O.

Irrigation was performed with garden 
hoses (Santeno II®) with lateral nozzles to provide 
a uniform distribution of water. The plants were 
irrigated once a day for an average time of two 
hours. Weed control was manual and no spraying 



267

Campos et al. (2017) / Microbial biomass in a haplic gleysol ...

Com. Sci., Bom Jesus, v.8, n.2, p. 265-274, Abr/Jun. 2017

with any chemicals to control pests and diseases 
was required.

The temperature, relative air humidity 
and luminosity in the environments (open and 
shading) were daily monitored (Figure 1). The 
temperature and relative air humidity were 
obtained through a digital thermo-hygrometer 
(Model Q401BHT, Quimis®, Brazil), installed in the 

central part of the environments, with the sensor 
arranged at a height of 1,50 m; The luminosity was 
measured using a digital luxmeter (Model LD-240, 
Instrutherm®, Brazil) and precipitation data were 
collected at the Meteorological Station of INMET 
(Instituto de Meteorologia) installed 500 m from 
the crop.  

Figure 1. Daily means for air temperature (A), air relative humidity and 
precipitation (B) and luminosity (C) from the seedlings transplant to 
lettuce (Lactuca sativa L.) harvest.



268

Plant Production and Crop Protection

Com. Sci., Bom Jesus, v.8, n.2, p. 265-274, Abr/Jun. 2017

At 41 days after transplantation (DAT), 
the following variables were evaluated: plant 
height (H, cm), measured from the soil level to 
the highest end of the plant; number of leaves 
(NL): not counting yellow and/or dry leaves, 
starting from the basal leaves to the last open 
leaf; head circumference (HC, cm): with a tape-
measure around the lettuce head; stem length 
(SL, cm) measured from the base to the final 
insertion of the leaves; leaf area (LA), using areas 
known as blades, according to Benincasa (2003). 
Discs were removed and the rest of the material 
from the leaf of each analyzed plant group were 
packed separately in paper bags and taken 
to the forced-air circulation oven at 65°C, until 
constant weight. The leaf area was estimated by 
the equation A = Da x (ddm + rb) / ddm, where 
A = area of ​​the blades sampled; Da = area of ​​
the discs; ddm = discs dry mass; rb= dry mass of 
the remaining blades; leaf chlorophyll content 
(LC), expressed as leaf chlorophyll index (LCI) 
and performed using a digital chlorophyllometer 
(Model CFL1030, Falker®, Brazil).  Two plants 
were randomly selected in an useful plot and in 
each plant, three leaves were chosen to obtain 
a representative average of each plot, being 
carried out three readings per leaf (in the base, 
in the median and at the apex of the leaf); head 
fresh mass (HFM, g), by weighing, removing the 
damaged external leaves; head dry mass (HDM, 
g), the plant material was placed in an oven with 
forced air circulation at a temperature of 65°C 
until constant weight; and yield (Y, t ha 1) obtained 
from the production of fresh commercial mass 
of each plant, removing the damaged and/or 
blemished leaves before weighing, cutting the 
roots at the height of insertion of the first root. Later 
the fresh mass obtained by plant was multiplied 
by the total number of plants in one hectare.

Data were submitted to variance analysis, 
by F test, for the significant effect confirmation; 
cultivars and environments of cultivation were 
compared by Tukey´s test and simple correlations 
between variables were performed using the 
Assistat software. Organic fertilizers doses were 
submitted to quantitative analysis using simple 
regression with the aid of Sigmaplot 12.0. 

Results and Discussion 
The number of leaves, head fresh mass 

and yield were influenced (P <0.05) by cattle 
manure doses and their interaction with the 
environment (Table 1). Regarding the interactions, 
for the number of leaves per plant (Figure 2A) a 
quadratic and decreased linear effect were 
observed when plants were conducted in open 
and shaded environment, respectively. The 
highest number of leaves (25.32) in 50% shading 
environment was observed with the application 
of 40 t ha-1 of cattle manure, on the other hand, 
when grown in an open environment, the highest 
number of leaves (28,25) was observed in plants 
without application of cattle manure. Quadratic 
equations were obtained for fresh head mass 
(Figure 2B) and yield (Figure 2C). The highest 
yields observed were, 244.26 g plant-1 and 28.14 
t ha-1, respectively, using 80 t ha-1 of organic 
fertilization for plants under shade environment. 
In open environment cultivation, the highest 
yields were obtained at a dose of 40 t ha-1 and 60 
t ha-1, respectively, resulting in a fresh head mass 
equivalent to 219.64 g plant-1 and a yield of 25.30 
t ha-1.

These results, especially for head fresh 
mass, are below the values ​​observed  by Abreu 
et al. (2010), which obtained a fresh mass of 
91.14 g when growing lettuce with only 30 t ha-1 
of cattle manure. On the other hand, they are 
superior to the results presented by Peixoto Filho 
et al. (2013) which, when producing lettuce using 
cattle manure in the first crop cycle, obtained 15 
leaves plant-1, 102.50 g plant-1 and 26.72 t ha-1. 
The same authors evaluated the residual effect 
of applied cattle manure during the second crop 
cycle and obtained a maximum yield of 37.59 t 
ha-1.

It is possible the improvement of the 
values of these variables obtained for the region 
of the present study applying larger doses of cattle 
manure or by performing consecutive cycles in 
the same area to take advantage of the residual 
effect of the fertilizer, as verified by Peixoto Filho 
et al. (2013). A fact that can be assigned to the 
observed results in the present study is the slow 
mineralization of the organic matter of cattle 
manure, which can directly interfere in the 
availability of nutrients for the plants, especially N 
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for those crops that present short cycle, such as 
lettuce, as observed by Peixoto Filho et al. (2013).

However, lettuce plants cultivated under 
fertilization with different doses of cattle manure 
responded better when grown in a shaded 
environment (Figure 2), which means that the 
difference between the cultivation environments 
was influenced by climatic condition. Probably 
the use of the shading environment allowed 
constancy in the temperature and humidity of 
the soil and, on the other hand, in the condition 
of open environment, without shading, a greater 
variation was observed on these two climatic 
variables. It should be emphasized that the soil 
cover could not be carried out. This procedure has 
a direct effect on soil microclimate, promoting a 
greater evaporation in field condition and could 
influence, in consequence, the reduction of soil 
moisture.

According to Wienhold (2007), one factor 
that interfere in the mineralization of organic 
matter is the temperature, which can be slower 
or faster, being the differences mainly attributed 
to the temperature fluctuation and soil moisture. 
To confirm this, Kuhnen (2013) concluded that 
the fraction of cattle manure mineralization, 
determined in the field, was lower than that 
obtained with incubation in the laboratory. 
Only 4.2% of the N applied as cattle manure 
was mineralized in 112 days of incubation in the 

field, while in the laboratory it was 18.9%, with 
temperature being one of the factors associated 
with this result.

The average temperature reached in 
the crops with or without shade was respectively, 
was 29oC and 32oC (Figure 1). In addition, 
the luminosity was also higher in the open 
environment, resulting in direct solar radiation 
incidence on the plants. This situation probably 
influenced the production variables, since they 
may be responsible for plants physiological 
and morphological changes. In addition, it was 
observed that during the experimental period, 
in plants of open environment, maximum 
temperatures of 37oC were recorded, which 
are considered unappropriated for lettuce 
cultivation, which tolerates the maximum of 30oC 
(Puiatti & Finger 2005), being a consequence the 
impediment of the productive potential of the 
crop. This predicted result was confirmed, which 
means that the shade can provide a reduction 
of light intensity and consequently a temperature 
decrease, influencing production gains and 
yield, in agreement with the observations of 
Santos et al. (2010) and Diamante et al. (2013). 
This demonstrates the viability of cultivation in hot 
and semi-moist climate conditions.

Head circumference (HC) was 
influenced (P <0.01) by cattle manure doses and 
their interaction with cultivars (Table 1). It can be 

Table 1. Height, number of leaves per plant, head circumference, stem length, leaf area, leaf chlorophyll, head fresh 
mass, head dry mass and yield of lettuce cultivars as a function of organic fertilization and cultivation environment.

Source of variation H NL HC SL LA LC HFM HDM Y
- cm - ----- - cm - - cm -   - cm2 - - ICF - g plant-1 g plant-1 - t ha-1-

Fertilization (F) (“F”) 1.7ns 0.2ns 1.0 0.4ns 0.3ns 0.7ns 0.1ns 0.5ns 0.1ns

C.V. (%) 21.9 25.5 17.8 42.7 38.2 17.6 48.9 41.8 48.9
Environment (En) 17.9** 4.9** 5.7* 2.4ns 10.6** 0.9ns 12.8 ** 0.2ns 12.8**
Shade 17.9a 24.2b 49.6a 6.2a 279.9a 28.1a 222.5a 5.1a 25.6a
Open environment 14.6b 25.6a 46.9b 5.1a 197.4b 27.4a 192.6b 4.9a 22.2b
C.V. (%) 22.5 12.0 11.1 28.5 50.3 13.7 19.1 44.2 19.1

Cultivars (C) 9.1**  
327.9** 6.9** 46.6** 1.9ns   21.1** 2.0ns 0.9ns 2.0ns

C1 (Delícia) 14.8b 14.7c 48.9a 3.8b 227.8a 31.7a 197.7a 4.7a  22.8a
C2 (Babá de Verão) 16.6a 35.0a 49.7a 6.8a 222.3a 26.1b 216.8a 5.1a 25.0a
C3 (Itapuã 401) 17.4a 25.1b 46.3b 7.0a 226.0a 25.5b 208.1a 5.2a   24.0a
C.V. (%) 15.0 12.4 7.8 24.1 39.1 14.8 17.7 26.7 17.7
Interaction F x En 1.0ns 3.8* 1.7ns 1.3ns 1.0ns 1.3ns 4.0* 1.4ns 4.0*
Interaction F x C 0.2ns 0.4s 3.4** 0.3ns 0.7ns 0.7ns 1.3ns 1.2ns 1.3ns

Interaction En x C 2.0ns 4.6* 13.3** 0.0ns 0.8ns 15.2** 0.1ns 0.4ns 0.1ns

Interaction F x En x C 0.6ns 0.3ns 0.7ns 0.3ns 0.5ns 0.5ns 0.8ns 0.4ns 0.8ns

* and ** = significant at 5 and 1% of probability, respectively; ns = not significant; MSD = minimum significant difference; C.V. = coefficient of variation; F = Fertilization; En = 
Environment; C = Cultivar; H= height; NL= number of leaves per plant; HC= head circumference ; SL= stem length; LA= leaf area; LC= leaf chlorophyll; HFM= head fresh mass; 
HDM= head dry mass; Y= yield 
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Figure 2. Effect of the interaction of different cattle manure doses and 
grown environments on number of leaves (A), head fresh mass (B) and 
yield (c) of lettuce (Lactuca sativa L.).

observed in the interaction that the means were 
adjusted to the quadratic regression models 
(Figure 3). The highest head circumference for 
'Delícia' (56.36 cm), 'Babá de Verão' (52.62 cm) 
and 'Itapuã 401' (48.95 cm) were obtained at 
the estimated doses of 30.4 t ha-1, 53.41 t ha-1 
and 60 t ha-1, respectively, allowing an increase 
of 13.81%, 20.27% and 15.06%, when compared 
to no application treatment  (dose 0) for the 

respective cultivars.
Batista et al. (2012) when applying cattle 

manure in the amount of 200 t ha-1 obtained a 
mean head diameter of 26.73 cm (equivalent to 
a circumference of 83.97 cm), considered above 
those found in the present study. It is known that 
fertilization is a fundamental management so that 
crops can express their productive potential, and 
that organic fertilization, also confirmed by Silva 
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et al. (2011) not only increases the lettuce yield, 
but also produces plants with better qualitative 
characteristics than those grown exclusively with 
mineral fertilizers, also influencing their nutritional 
quality.

Considering the hypothesis that the 
decomposition and mineralization of the organic 
residue did not occur in a timely manner so 
that the culture could use the nutrients more 

efficiently, which is very important (Figueiredo 
et al., 2012), and that the soil condition was 
the same for the three cultivars under study, it 
is suggested that this difference is attributed to 
the genetic material used. Nevertheless, they did 
not present the minimum commercial diameters 
reported in the packages that is around 20-30 
cm. Possibly, local climatic conditions influenced 
this variable.

Figure 3. Effect of the interaction of different cattle manure doses 
and cultivars ('Delícia', 'Babá de Verão' and 'Itapuã 401') for the head 
circumference of lettuce plants (Lactuca sativa L.).

The interaction of environment (x) 
cultivars (Table 1) was significant for number of 
leaves (P <0.05), head circumference and leaf 
chlorophyll (P <0.01). For the number of leaves 
(Table 2), it was observed that only the cultivar 
'Babá de Verão' was significantly influenced by 
the cultivation environment, presenting superiority 
for plants from the cultivation without shading 
(37.13 leaves plant-1). Also for this variable, 
among the cultivars, a significant influence of the 
cultivation environments was observed, following 
a trend, in which the cultivar 'Babá de Verão'> 
'Itapuã 401'> 'Delícia'.

Results obtained by Santos et al. (2009), 
evaluating looseleaf lettuce cultivars were 
9.7 to 20.4 leaves plant-1, indicating that this 
characteristic can be influenced by the local of 
cultivation, as well as the genetic component.

Certainly, the temperature of the air 
together to the genetic material influenced 
the observed results. According to Hermes et 
al. (2001), lettuce needs 45.1 degrees-day for 
the emission of a new leaf, suggesting that a 
greater accumulation of degrees-day increases 

the number of leaves. In addition, it can also 
accelerate the process of leaf appearance 
which may consequently reduce the crop cycle. 
According to Sediyama et al. (2009) the leaf 
number characteristic is of great interest for a 
good production, and very high temperatures 
can accelerate the vegetative phase of the 
plant causing the early tasseling and reducing 
the number of leaves. Thus, it is necessary to 
obtain cultivars with good adaptability and 
stability to ensure good production.

For the head circumference (Table 2), 
it can be observed that among the cultivation 
environments, the use of shade resulted in 
statistical superiority for both 'Delícia' (52.05 
cm) and 'Babá de Verão' cultivars (52,13 cm). 
In the environment under cover, there was no 
significant statistical difference between 'Delícia' 
and 'Babá de Verão’, being superior to 'Itapuã 
401'; In the open environment, no statistical 
difference between cultivars was observed.

These results are similar to those found 
by Prela-Pantano et al. (2015) when evaluating 
cultivars in open environment at 42 days after 
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transplant, in which was observed for 'Bruna' (from 
the looseleaf group), 'Maravilha' and 'Verdinha' 
(smooth group) and 'Angelina' (american group) 
head diameters of 16.38 cm, 20.38 cm, 17.25 cm 
and 15.25 cm. On the other hand, Diamante et 
al. (2013) obtained larger diameters for 'Elisa', 
'Elizabeth', 'Regiane' and 'Regina' cultivars, all 

from the smooth group with 32.49 cm, 28.48 cm, 
29.26 cm and 32.24 cm, respectively. As already 
mentioned, the explanation for these variations 
is due to the genetic characteristics of each 
cultivar as well as the cultivation environment 
itself.

Table 2. Effect of the interaction of the different environments of cultivation and cultivars for the number of leaves, 
head circumference and leaf chlorophyll of lettuce plants (Lactuca sativa L.).

Evaluated Variables Environments Cultivars
C1 (Delícia) C2 (Babá de Verão) C3 (Itapuã 401)

Number of leaves
Shade 14.76 aC 32.94 bA 24.97 aB

Open environment 14.57 aC 37.13 aA 25.17 aB

Head circumference (cm)
Shade 52.05 aA 52.13 aA 44.75 aB

Open environment 45.83 bA 47.23 bA 47.77 aA

Leaf cholophyll (LC)
Shade 29.72 bA 25.54 aB 29.10 aA

Open environment 33.65 aA 26.59 aB 21.81 bC
Means of three repetitions. Means followed by the same lowercase letter in the column are not different between the studied environments for each lettuce cultivar. Means 
followed by the same uppercase in the line are not different between cultivars for each environment, according to Tukey´s test at P<0.01 and P<0.05. 

For leaf chlorophyll, the effect of the 
interaction of environment (x) cultivars (Table 2), 
resulted in a significantly higher mean for 'Delícia' 
presented in the open  environment (33.64 LCI) 
than that observed with shading (29.71 LCI); with 
the opposite effect for the ''Itapuã 401'' cultivar. 
Among cultivars, 'Delícia' obtained significantly 
higher average than the others under both 
environments, but similar to the 'Itapuã 401' under 
shade.

Alencar et al. (2012), studying the cultivar 
'Elba' (looseleaf group), for example, obtained 
the lowest reading in the order of 221 LCI, when 
cultivated only using base mineral fertilization 
in a protected environment. It can be inferred 
that the climatic condition of the place exerted 
a strong influence on these results. According 
to Wahid et al. (2007) high solar radiation, 
associated with high temperature, can result in 
degradation of chlorophyll pigments, reduction 
of carbohydrate photoassimilation and increase 
of plant respiration. Consequently, it can 
decrease growth and dry mass accumulation, 
affecting plant performance.

Analyzing the factors in isolation, it was 
observed that the growing environment had a 
significant influence on the height (17.89 cm) and 
leaf area (279.92 cm2) of the lettuce plants (Table 
1). Santana et al. (2009) presented similar results for 
'Quatro Estações' lettuce cultivar with a height of 
13.49 cm (open environment) and 18.89 cm (50% 

of shade). According to Kendrick & Frankland 
(1981), plants kept in shading conditions tend to 
be taller and have a larger leaf area than those 
growing in full sunlight. In this condition, intense 
light tends to favor the development of long 
palisade cells, often arranged in two or three 
layers, while shading favors the production of 
higher amounts of lacunar parenchyma, which 
is due to the presence of a well development 
system of spaces, enabling gas exchanges 
between the internal and external environment. 
Considering these aspects, the use of shading 
in high temperature conditions can generate 
a microclimate, which is more appropriate for 
the development and growth of lettuce plants, 
resulting in a better agronomic performance of 
the crop.

When considering the number of leaves, 
head circumference and leaf chlorophyll (Table 
2), it is notorious that, being the same species, 
there are variations among cultivars due to 
the genetic characteristics of each material. 
However, comparing environments, even though 
a statistically similar number of leaves occur, the 
largest head size for circumference is obtained 
when the plants are grown under shading. This 
fact may be related to the size of leaves within 
each cultivar, that is, a larger leaf area (Table 1) 
may result in a larger head circumference.

Regarding the cultivars, when analyzed 
separately, there was a significant difference for 
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the height and stem length variables (Table 1). 
It was observed that 'Itapuã 401' and 'Babá de 
Verão' were statistically equal and superior to 
'Delícia' for both variables. The 'Delícia' presented 
3.84 cm, an acceptable value for the industry, 
while the cultivars 'Babá de Verão' and 'Itapuã 
401', presented respectively 6.80 and 6.99 cm. 
According to Santana et al. (2012), stems up to 
7.0 cm would be the most suitable for lettuce, 
but up to 9.0 cm are less recommended, but the 
stem is discarded at the time of processing.

Due to the high temperatures during the 
execution of the experiment, it could be affirmed 
that the cultivars ‘Babá de Verão’ and ‘Itapuã 
401' would be stimulated to early tasseling, but it 
was not observed. According to Luz et al. (2009) 
stem length is considered a parameter to verify the 
resistance to early tasseling. The stem elongation 
may influence the number of leaves, head size, 
harvest of smaller plants and reduced fresh mass. 
Therefore, the maximum genetic potential of 
the cultivars was not expressed, mainly due to 
climatic conditions. In this sense, together with 
the choice of the adequate genotype for high 
temperatures, the use of shading is an alternative 
that can provide a favorable microclimate for 
the development of the lettuce crop, promoting 
gains in production and improving the vegetable 
quality.

  
Conclusions

1. There is an increase in growth and 
yield with the application of cattle manure doses 
under shade environment, however, further 
studies with higher doses are suggested for the 
Bom Jesus, Piauí, Brazil region;

2. The use of the shading (50%) can 
positively affect the growth of lettuce plants, 
obtaining higher yields;

3. For cultivation in the region of Bom 
Jesus, Piauí, the cultivation 'Delícia' and 'Babá de 
Verão' with 50% of shading are suggested.
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