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Lettuce (Lactuca sativa L.) is the main leafy vegetable consumed in Brazil

towards healthy eating, lettuce has been gaining 
producers, which gives it great economic and social importance 

In 2011, it is estimated that lettuce production in Brazil was 1.276 million tons and, together with cabbage, a 
total cultivated area of 123,580-hectares 
as a method to further enhance the production of this crop and meet the increasing demand for high quality 
products. Hydroponics offer many advantages such as: 
generally higher rates of production, a reduction of labor requirements, a lower water requirement when compared 
to traditional agriculture, increased productivity,
required for production, the possibility of cultivation at any time of
quality products (Silva eMelo, 2014).

Australian Journal of Basic and Applied Sciences, 10(10) June 2016, Pages: 128-135

 
AUSTRALIAN JOURNAL OF BASIC AND 

APPLIED SCIENCES 
 

ISSN:1991-8178        EISSN: 2309-8414 
Journal home page: www.ajbasweb.com 

 

© 2016 AENSI Publisher All rights reserved 
This work is licensed under the Creative Commons Attribution International License (CC 

http://creativecommons.org/licenses/by/4.0/ 

Leonardo Antonio Thiesen, Denise Schmidt, Bruna Stringari Altissimo, Ezequiel Holz, 
Daiane Prochnow, 1John Stolzle., Impact Of Shade Cloth On Hydroponically Grown Lettuce.Aust. J. Basic &Appl. Sci.,

Impact Of Shade Cloth On Hydroponically Grown Lettuce 

Denise Schmidt,1Bruna Stringari Altissimo,1Ezequiel Holz,1Marcos Vinícius Marques Pinheiro

University of Santa Maria, FredericoWestphalen/RS, Brazil. 
Federal University of Pelotas–Campus Capão do Leão, Pelotas/RS, Brazil. 

Leonardo Antonio Thiesen, Departament of Agronomy, Federal University of Santa Maria, FredericoWestphalen/RS, Brazil.

A B S T R A C T  
Background: In regions with conditions with high levels of
andtemperatures, it is essential to use components that reduce the effects of 
temperature in order to increase quality and productivity of lettuce. Objective: The 
objective of this study was to evaluate the use of shading meshes in hydroponic systems 
for the cultivation of lettuce in the spring and summer seasons in Mediu
Uruguay / RS region. Results: greater production was seen in the spring season, without 
the use of ashade cloth or shading mesh; in the summer, where temperatures and solar 
radiation are normally higher, the mesh did not result in higher growth 
production, ie, there was no difference between the treatment and control environment 
without the mesh. The mesh provided better theoretical growing conditions by reducing 
the air temperature, luminosity and an increasing the relative humidity
spring, the use of the shading mesh only resulted in greater growth regarding the length 
and weight of stems. The lower levels of incident radiation caused by the shading mesh 
promoted greater stem elongation due to the plants search for incre
the summer season, the mesh resulted in a greater leaf area; thus, during the spring, the 
cultivar of hydroponically grown lettuce experiencedgreater plant growth when 
compared to the summer season. Conclusion: The use of a s
reduces the temperature and light intensity during the summer season, which provides 
the best theoretical conditions for the cultivation of hydroponically grown lettuce.
order to provide a favorable microclimate for growing lettuce, we recommend the use 
of shading meshes because they provide a reduction of temperature and solar radiation 
leading to more ideal growing conditions;these reductions were observed during the 
summer seasonand did affect crop production. 

INTRODUCTION 

.) is the main leafy vegetable consumed in Brazil, and with a general social trend 
been gaining space in markets. It has traditionally been cultivated by 

, which gives it great economic and social importance (Heredia Zárateet al., 2010)
In 2011, it is estimated that lettuce production in Brazil was 1.276 million tons and, together with cabbage, a 

hectares (AnuárioBrasileiro de Hortaliças, 2013). Hydroponic systems have arisen 
o further enhance the production of this crop and meet the increasing demand for high quality 

products. Hydroponics offer many advantages such as: improvedquality of lettuce (and various vegetable crops), 
, a reduction of labor requirements, a lower water requirement when compared 

to traditional agriculture, increased productivity, uniform plant production,a significant reduction in
possibility of cultivation at any time of the year, rapid economic return,
2014). 
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with high levels of solarradiation 
temperatures, it is essential to use components that reduce the effects of light and 

in order to increase quality and productivity of lettuce. Objective: The 
objective of this study was to evaluate the use of shading meshes in hydroponic systems 
for the cultivation of lettuce in the spring and summer seasons in Medium High 
Uruguay / RS region. Results: greater production was seen in the spring season, without 

shade cloth or shading mesh; in the summer, where temperatures and solar 
radiation are normally higher, the mesh did not result in higher growth or increased 
production, ie, there was no difference between the treatment and control environment 
without the mesh. The mesh provided better theoretical growing conditions by reducing 
the air temperature, luminosity and an increasing the relative humidity. During the 
spring, the use of the shading mesh only resulted in greater growth regarding the length 
and weight of stems. The lower levels of incident radiation caused by the shading mesh 
promoted greater stem elongation due to the plants search for increased light levels. In 
the summer season, the mesh resulted in a greater leaf area; thus, during the spring, the 

greater plant growth when 
compared to the summer season. Conclusion: The use of a shading mesh effectively 

during the summer season, which provides 
the best theoretical conditions for the cultivation of hydroponically grown lettuce.In 

tuce, we recommend the use 
of shading meshes because they provide a reduction of temperature and solar radiation 

reductions were observed during the 

ith a general social trend 
traditionally been cultivated by small scale 

2010).  
In 2011, it is estimated that lettuce production in Brazil was 1.276 million tons and, together with cabbage, a 

Hydroponic systems have arisen 
o further enhance the production of this crop and meet the increasing demand for high quality 

various vegetable crops), 
, a reduction of labor requirements, a lower water requirement when compared 

a significant reduction in the area 
the year, rapid economic return, and high 
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The hydroponically grown cultivation of lettuce in greenhouses, in Brazil, presents many difficulties such 
as high ambient temperatures, a consequence of high solar radiation. To minimize the effects of climatic factors, 
shading meshes have been used in order to minimize the effects of temperature and glare; the type of mesh and 
ideal level of shading depends on the climatic conditions of the region and cultivation period and specific 
cultivar requirements (Seabra Junior et al., 2012). 

By doing this, they can also help to minimize the effects of extreme radiation and temperatures, promoting 
healthy plant growth, increasing production, and facilitate cultivation throughout the year (Seabraet al., 2010). In 
the summer, this reflectivity can help to reduce summer temperatures, while still increasing the efficiency of 
photosynthesis by promoting diffuse light (Gotoet al., 2005). Consequently, the maintenance of relative humidity is 
an important component when considering ideal growth conditions, as it can result in a reduction of irrigation and 
spray requirements. The reflection of the meshescan cause greenhouse temperatures to decrease by 10 to 20% 
(Oliveiraet al., 2009). 

They can lower incidence of solar radiation and reduce the effects of photorespiration and thereby provide more 
favorable environmental conditions for plant growth, contributing to increased productivity, and a higher quality of 
the obtained produce (Macielet al., 2009). A negative of shading screens, is that they may provide inadequate levels of 
solar radiation, shading promoting plant etiolation, increasing plant cycles, and reduced productivity, among others. 

Due to the effects that radiation has on the physiological processes in the plant, the objective of this study was to 
evaluate the influence of shade cloths on the production of hydroponic lettuce in the spring and summer seasons. 

 
MATERIALS AND METHODS 

 
The experiment was conducted undergreenhouseconditionsin the experimental area at University of Santa 

Maria, Campus ofFredericoWestphalen - RS, with a geographic location of27º 23’ south latitude, 53º 25’ west 
longitudeand an altitude of 490 metros. According to Köppen, the climate is classified as Cfa - humid temperate 
with hot summers and maximum air temperatures in the warmer months greater than 22ºC (Moreno, 1961).  

Plantingthelettuce cultivar Solaris was held in phenolic foam with dimensions of 2x2x5 cm on October 28, 
2013 for the spring cultivation and January 9, 2014 for summer cultivation. When the plants had two to three 
leaves, they were transferred to the intermediate bench (nursery), where they remained until reaching 
approximately five to six leaves, and then were transplanted into the final stands. In the nursery the plants 
received nutrient solution composed of HidrogoodFert, calcium nitrate and iron, according to the 
recommendations by Furlaniet al. (2008). 

The final transplantation was made on November 21, 2013 (24 days after sowing) for the spring season; and 
on January 30, 2014 (21 days after sowing) for the summer season. The plants were arranged in two banks: one 
without the shading cloth, and one with a shade cloth that reflected 35% original sunlight. Each bank had 11 
hydroponic profiles, each containing 23 orifices. A thermal-hydrometer was installed on each hydroponic bank, in 
order to record temperatures and relative humidity at the time the plant canopy in each treatment. 

The system for supplying water and nutrients to the plants was established through flow of the nutrient 
solution was composed of400 grams of Hidrogood Fert, 500 grams of calcium nitrate and 30 grams of iron per 
1,000 liters of water.The flow of the solution was controlled by a timer with a frequency of 15 minutes irrigation 
during daytime. During the night, the irrigation interval was 30-45 minutes with a circulation period of 15 
minutes. The pH of the solution was adjusted manually by adding sulfuric acid to reduce the pH or sodium 
hydroxide to raise it; the pH was kept around 5.5 to 6.0. The electrical conductivity was measured with the aid 
of a conductivity meter and kept around 1.2 to 1.5 µS m-2.  

To evaluate the growth after transplant, the experiment was conducted in a completely randomized design 
(CRD), triple factorial 2 x 2 x 6, two plant covers (with and without shading mesh), two production seasons 
(spring and summer) and six evaluation dates (0, 7, 14, 21, 28, 35 days after transplanting), a total of 32 
treatments, 12 replicates per treatment, and experimental units consisting of a plant / repetition. The evaluations 
were performed weekly by collecting 12 plants of each treatment, with a boarder of individual plants which were 
not collected. The collections took place until the plants reachedanoptimum stage of growth for ‘commercial sale’ 
which was considered to begin with stem elongation. Growth evaluations were performed by a destructive method, 
separating the aboveground root, and then drying these roots in an oven at 60 °Cuntil a constant weight was 
achieved. The variables analyzed were: number of leaves, root length (cm), dry weight of leaves (g), root dry 
weight (g), stem dry weight (g), stem length (cm) and leaf area (cm2). The leaf area was determined by a method 
using leaf disks, in which several circular leaf samples were collected with a known area and evaluated through a 
mass ratio analysis. The significance of the regression coefficients and were tested by the F test (p <0.05) by t test 
(p <0.05), respectively. The fit of the regression was performed by the determination coefficient (R2%). 

For the evaluation of production data, Plants were collected when they reached the point of harvest, which was 
28 days after transplanting in the spring and 35 days after transplantation in the summer. For this, there was CRD in 
double factorial 2 x 2, two covering treatments (shading mesh and without a mesh covering), two production seasons 
(spring and summer), totaling four treatments, each treatment consisted of 12 replications, and the experimental unit 
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was a plant / repetition. The variables analyzed w
fresh and dry roots (g), fresh and dry stem (g), stem length (
analysis of variance, comparing the treatment means by Tukey test (p <0

 

 
During the spring season, there was less daily fluctuation of air temperature, and during most of the cycle the 

use of shading mesh showed higher means for relative humidity
shade cloth, with values close to 25ºC

During the summer season, the air temperature under 
that during the summer, the relative humidity was higher and the air temperature was lower under 
when compared to temperatures without the use of any 
(Figure 1B). Accordingly, it appears that the presence of the mesh minimized the effect of direct solar radiation 
reflectance of promoting a fraction of the radiation, allowing the formation of a milder microclimate. It was 
observed that with increasing temperature
(Figure 1B).Rampazzoet al. (2014) found that the use of shading meshes were efficient methods to reduce light and 
air temperature, as well as provided increased relative humidity, indicating the viable use of these materials in 
tropical conditions 

During the summer the temperature v
first days after transplantation the temperature was approximately 30 
was approximately 25 ° C. In the summer season occurred higher temper
acceleration of the crop cycle, resulting in smaller plants

 

 
Fig. 1:Average daily air temperature and relative humidity in envir

the hydroponic banks in spring(A) and
 
In the results from an analysis of variance 

dry root weight, and leaf area, there was a triple interaction between meshes x season

(A) 
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was a plant / repetition. The variables analyzed were: number of leaves, root length (cm), fresh and dry leaves (g), 
and dry stem (g), stem length (cm) and leaf area (cm2).All variables were subjected to 

analysis of variance, comparing the treatment means by Tukey test (p <0.05). 

RESULTS AND DISCUSSION 

During the spring season, there was less daily fluctuation of air temperature, and during most of the cycle the 
use of shading mesh showed higher means for relative humidity, and  lower temperatures were observed 

ºC (Figure 1A). 
During the summer season, the air temperature under shading mesh varied between 20 e 30º

that during the summer, the relative humidity was higher and the air temperature was lower under 
when compared to temperatures without the use of any mesh; this trend held for virtually all of the cultivation cycle 

Accordingly, it appears that the presence of the mesh minimized the effect of direct solar radiation 
reflectance of promoting a fraction of the radiation, allowing the formation of a milder microclimate. It was 
observed that with increasing temperatures, the relative humidity was inversely proportional most days of the cycle

(2014) found that the use of shading meshes were efficient methods to reduce light and 
air temperature, as well as provided increased relative humidity, indicating the viable use of these materials in 

During the summer the temperature variations may have impaired the acclimatization of the plants, since the 
first days after transplantation the temperature was approximately 30 ° C. In the following week, the temperature 
was approximately 25 ° C. In the summer season occurred higher temperatures than in the spring, promoting the 
acceleration of the crop cycle, resulting in smaller plants. 

verage daily air temperature and relative humidity in environments with and without the shading
spring(A) andsummer (B).FredericoWestphalen - RS, UFSM, 2016.

analysis of variance it was observed that for mass variables of dry weight, dry leaf weight, 
dry root weight, and leaf area, there was a triple interaction between meshes x seasonx evaluation dates, for the F test 

135 

ere: number of leaves, root length (cm), fresh and dry leaves (g), 
All variables were subjected to 

During the spring season, there was less daily fluctuation of air temperature, and during most of the cycle the 
were observed under the 

20 e 30ºC.It can be seen 
that during the summer, the relative humidity was higher and the air temperature was lower under theshade cloth, 

held for virtually all of the cultivation cycle 
Accordingly, it appears that the presence of the mesh minimized the effect of direct solar radiation 

reflectance of promoting a fraction of the radiation, allowing the formation of a milder microclimate. It was 
ortional most days of the cycle 

(2014) found that the use of shading meshes were efficient methods to reduce light and 
air temperature, as well as provided increased relative humidity, indicating the viable use of these materials in 

ariations may have impaired the acclimatization of the plants, since the 
° C. In the following week, the temperature 

atures than in the spring, promoting the 

 

 

onments with and without the shading mesh, in 
RS, UFSM, 2016. 

observed that for mass variables of dry weight, dry leaf weight, 
x evaluation dates, for the F test 
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at 5% probability. Thevariableof stem 
evaluation dates with the F-test at5% probability. Number of leaves, root length, length and stem dry weight was
subject to an analysis of double interaction with significance among the factors station x evaluation dates, by F test

The variable root dry weight presented superior performance for the spring season; however, both in the spring 
and in the summer, greater root dry weight was obs
observed from seven days after transplantation in the season and spring the difference between the use of mesh 
occurred only after 14 days. 

In summer, major differences were observed from 21 days after transplantation, with no mesh was greater 
increase in root dry weight (Figure 2A). The results demonstrate that the use of shade fabric reduced the proportion 
of roots in plants, which may have influenced the other variables of the plant.

The variable of ‘dry leaf mass’ showed a statistical difference 
spring season showed higher values 
the spring, the absence of mesh was more efficient in all evaluations, while in the summer there was no significant 
difference between the use orlack of 

Maggi et al. (2006),reached a production of 210
July, in Botucatu-SP. The averages obtained by these authors were higher in
due to the periodin which these plants were grown; favorable climatic conditions such a
adequate light intensity were more favorable and 

Feltrinet al. (2005) report that the spring season provides better conditions for growth and production of 
plants. The same was observed in this s
when the plants reached an ideal point for 
thermal fluctuations during the summer, promoting stress to plants.

Regarding the leaf area, as in the previous variables, the spring season outperformed the summer crops
In the spring, no similarity existedbetween season cultivation 
small differences can be observed from 28 days after transplantation, and the use of the mesh provided larger size 
leaves (Figure 2C). Aquino et al. (2007), obtained more satisfactory results in the cultivation field, providing 
greater leaf area, when they were compared with two t
a diffusing mesh (ChomatiNetDifusor® 30%), 
MG. This demonstrates that reduction of solar radiation and consequently reduction of e
provided by the mesh shadingresulted in 

 

 
Fig. 2:Average of interactions for dry

shading mesh in the spring and summer seasons 
- RS, UFSM, 2016.  

(B) 

(A)
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stem length and dry weight showed significant double interaction between meshes x 
test at5% probability. Number of leaves, root length, length and stem dry weight was

double interaction with significance among the factors station x evaluation dates, by F test
The variable root dry weight presented superior performance for the spring season; however, both in the spring 

and in the summer, greater root dry weight was observed without the use of a shading mesh
observed from seven days after transplantation in the season and spring the difference between the use of mesh 

In summer, major differences were observed from 21 days after transplantation, with no mesh was greater 
increase in root dry weight (Figure 2A). The results demonstrate that the use of shade fabric reduced the proportion 

influenced the other variables of the plant. 
‘dry leaf mass’ showed a statistical difference between seasons 14 days after transplanting; 

n showed higher values until harvesting (Figure 2B). A comparison among treatments showed 
e spring, the absence of mesh was more efficient in all evaluations, while in the summer there was no significant 

of reflective mesh, for dry leaf mass. 
. (2006),reached a production of 210-325 g / plant, smooth lettuce cultivation between May and 
SP. The averages obtained by these authors were higher in relation to production. This was likely 

hese plants were grown; favorable climatic conditions such as milder temperatures and 
adequate light intensity were more favorable and better supported plant production. 

. (2005) report that the spring season provides better conditions for growth and production of 
was observed in this study; the spring season showed a shorter plant cycle than in 

when the plants reached an ideal point for commercialization. The longer cycle may be related to significant 
thermal fluctuations during the summer, promoting stress to plants. 

Regarding the leaf area, as in the previous variables, the spring season outperformed the summer crops
between season cultivation at 14 days after transplantation; a

observed from 28 days after transplantation, and the use of the mesh provided larger size 
. (2007), obtained more satisfactory results in the cultivation field, providing 

greater leaf area, when they were compared with two types of reflective mesh, thermal (Aluminet® 30 e 40%) 
(ChomatiNetDifusor® 30%), in an experiment conducted in the autumn-winter conditions

This demonstrates that reduction of solar radiation and consequently reduction of environmental temperature 
resulted in an increase in the leaf area of the plants grown in the summer.

Average of interactions for dry root weight (A), dry mass of leaves (B), and leaf area (C) for the use of 
in the spring and summer seasons for 0-35 days after transplantation

(C) 

(A) 

135 

wed significant double interaction between meshes x 
test at5% probability. Number of leaves, root length, length and stem dry weight was 

double interaction with significance among the factors station x evaluation dates, by F test. 
The variable root dry weight presented superior performance for the spring season; however, both in the spring 

ading mesh. Differences were 
observed from seven days after transplantation in the season and spring the difference between the use of mesh 

In summer, major differences were observed from 21 days after transplantation, with no mesh was greater 
increase in root dry weight (Figure 2A). The results demonstrate that the use of shade fabric reduced the proportion 

14 days after transplanting; 
until harvesting (Figure 2B). A comparison among treatments showed that in 

e spring, the absence of mesh was more efficient in all evaluations, while in the summer there was no significant 

plant, smooth lettuce cultivation between May and 
relation to production. This was likely 

s milder temperatures and 

. (2005) report that the spring season provides better conditions for growth and production of 
the spring season showed a shorter plant cycle than in the summer 

. The longer cycle may be related to significant 

Regarding the leaf area, as in the previous variables, the spring season outperformed the summer crops overall. 
t 14 days after transplantation; as for the summer, 

observed from 28 days after transplantation, and the use of the mesh provided larger size 
. (2007), obtained more satisfactory results in the cultivation field, providing 

(Aluminet® 30 e 40%) and 
winter conditionsViçosa-

nvironmental temperature 
an increase in the leaf area of the plants grown in the summer. 

 

weight (A), dry mass of leaves (B), and leaf area (C) for the use of 
days after transplantation. FredericoWestphalen 
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For the variables of length and stem dry weight, growth curv

shade cloth showed similar trend lines with similar growth rates. The use of the 
performance for the length and mass of the stem. 
days after transplantation, while the stem dry weight showed no significant differences in course of the cycle (Figure 
3). These results agree with those obtained by Luz 
shady environments (30% shading and thermal reflector 40%) when compared to crops in the field. The largest 
increase in stem size can be explained
due to the nature of plant competition, this promoted 

 

 
Fig. 3:Estimation of the mean interaction for days after transplantation and the variables stem length (A), and stem 

dry weight (B), due to the use of 
 
Becoming more apparent after transplant

variables: number of leaves, and root length;1
length and stem dry weight (Figure 4). During the spring season, superior results 
The largest number of leaves indicates the best adaptation of genetic material to the cultivation environment and is of 
fundamental importance both for the producer as well as for marketing the product as it is a key component of 
production (Diamond et al., 2013). In the spring season, the plants showed greater root growth, which possibly 
contributed to an overall increase in other variables. A greater total root mass could lead to
absorption area and thus an increase in plant growth.

Paulus et al. (2010), in an experiment conducted in a protected environment in the city of Piracicaba 
evaluating lettuce production grown in hydroponics with the use of saline water, found that with increasing 
salinity reduced the fresh weight and dry weight of s
With the reduction of the root system, 
impairing the absorption of water and nutrients. The same principle can 
which the spring season demonstrated 
the absorption of water and nutrients. 

 Lettuce tolerates an approximate
temperatures can result in early plant 
poor performance of the plants in the summer can also be related to the high temperatures that occur this season, 
resulting in smaller plants. 

 
(A) 

(A) 
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For the variables of length and stem dry weight, growth curves demonstrate that treatments with and without the 
showed similar trend lines with similar growth rates. The use of the shade cloth 

performance for the length and mass of the stem. A slightly higher rate, and increased stem elongation occurred 21 
days after transplantation, while the stem dry weight showed no significant differences in course of the cycle (Figure 

These results agree with those obtained by Luz et al. (2010) wherein the stem lengths at harvest were h
shady environments (30% shading and thermal reflector 40%) when compared to crops in the field. The largest 
increase in stem size can be explained by the shading mesh reflecting and reducing the intensity of 

nt competition, this promoted stem etiolation, providing increase in stem length and mass.

Estimation of the mean interaction for days after transplantation and the variables stem length (A), and stem 
dry weight (B), due to the use of shading mesh in FredericoWestphalen - RS, UFSM, 2016. 

transplantation, the plants showed significant differences 
, and root length;14 days after transplantation significant correlations were

length and stem dry weight (Figure 4). During the spring season, superior results were observed 
The largest number of leaves indicates the best adaptation of genetic material to the cultivation environment and is of 
fundamental importance both for the producer as well as for marketing the product as it is a key component of 

., 2013). In the spring season, the plants showed greater root growth, which possibly 
in other variables. A greater total root mass could lead to higher water and nutrient 

an increase in plant growth. 
. (2010), in an experiment conducted in a protected environment in the city of Piracicaba 

evaluating lettuce production grown in hydroponics with the use of saline water, found that with increasing 
salinity reduced the fresh weight and dry weight of shoots, leaves, and stems, and also the dry mass of roots. 
With the reduction of the root system, it is likely that the other components of the plant may have been affected, 
impairing the absorption of water and nutrients. The same principle can be used to explain 
which the spring season demonstrated better conditions for root growth, and therefore an increased ability for 

sorption of water and nutrients.  
an approximatetemperature range from 4 to 27ºC (Puiatti e F

early plant anthesis, in plants with low vegetative development (Sales 
poor performance of the plants in the summer can also be related to the high temperatures that occur this season, 

(B) 

(B) 

135 

es demonstrate that treatments with and without the 
shade cloth provided superior 

stem elongation occurred 21 
days after transplantation, while the stem dry weight showed no significant differences in course of the cycle (Figure 

wherein the stem lengths at harvest were higher in 
shady environments (30% shading and thermal reflector 40%) when compared to crops in the field. The largest 

mesh reflecting and reducing the intensity of ambient light; 
, providing increase in stem length and mass. 

 

Estimation of the mean interaction for days after transplantation and the variables stem length (A), and stem 
RS, UFSM, 2016.  

significant differences between seasons for the 
t correlations wereseen for variables 

were observed for all these variables. 
The largest number of leaves indicates the best adaptation of genetic material to the cultivation environment and is of 
fundamental importance both for the producer as well as for marketing the product as it is a key component of 

., 2013). In the spring season, the plants showed greater root growth, which possibly 
higher water and nutrient 

. (2010), in an experiment conducted in a protected environment in the city of Piracicaba - SP 
evaluating lettuce production grown in hydroponics with the use of saline water, found that with increasing 

hoots, leaves, and stems, and also the dry mass of roots. 
the other components of the plant may have been affected, 

explain the present work, in 
and therefore an increased ability for 

Finger, 2005).Elevated 
with low vegetative development (Sales et al., 2014). The 

poor performance of the plants in the summer can also be related to the high temperatures that occur this season, 
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Fig. 4:Estimated average interaction of days after transplanting 

length (B), stem length (C) and dry stem weight (D) due to the spring and summer seasons 
inFredericoWestphalen - RS, UFSM, 2016.

 
The final production results observed 

no significant effect by the F test at 5% probability. For the variables fresh and dry mass of leaves, fresh and dried 
stem, leaf area and stem length were significant for the interaction station production x 
(p<0,05). 

The beginning of the stem elongation mark
more lignified and should be harvested before the organoleptic quality diminishes for consumption. Thus, 
obtained in the last collection in each growing season, featuring the 

For the variables fresh and dry weight of leaves, the values 
did not differ during the summer period. W
fresh and dry weight of leaves were observed (12.75 g and 236.27, respectively) and statistically superior compared to 
the values produced during the summer season (T
sun had higher fresh and dry weight values 
statistically different. They also report that higher values of 
availability of light. The results agree with 
showed superior growth (p <0.05). This shows that plants need warm temperatures associated 
development; However, excessive shading can be harmful because it reduces the flow and photosynthetic growth of 
plants showing direct action on the physiological processes of plants

In relation to leaf area, the plants cultivated during spring presents greater averages, but were not statistically 
different under shading mesh for either 
mesh; however these differences were not statistically significant. Plants in shade conditions presented greater 
heights and leaf area when compared to plants grown in direct sunlight, likely due to the fact that intense sunlight 
favors the development of palisade parenchyma
results justify that conditions with elevated levels of light radiation, the use of the shading mesh presented 
increased leaf area, likely due to the expansion of 
lower light intensity. 

For the variable stem length, it was observed that all the means were statistically higher in the spring season
when compared to the summer season, which 
stem length was seen spring season with the shading 
the intensity of solar radiation and due to the 
greater intensity of light. The use of 
lights levels for plants, plants to search for brightness thereby reducing 
Netoet al. (2010),  evaluating the lettuce growing hydroponically, observed that plants exposed to black mesh and 
reflective mesh of 60 or 70% were superior in the stem size, and 
likely due to the increased shading level induced by meshes. These results 
the leaf area did not differ between the use or
two study stations because of etiolation

The fresh and dry stem were also higher during the spring season.
caused stem mass increase, reaching higher values 
mesh. The largest mass increase is directly related to the length of stem, because with the increase in its size has a 
tendency to have higher mass. 

The results of increased mass production obtained during the spring season c
temperatures and lower temperature variation
Purquerio eTivelli (2006) reported that temperature and solar radiation are the main meteorological factors 

(C) 
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Estimated average interaction of days after transplanting to the number of leaves variables (A), root 
length (B), stem length (C) and dry stem weight (D) due to the spring and summer seasons 

RS, UFSM, 2016. 

he final production results observed in theanalysis of variance showed that the variable number of leaves had 
no significant effect by the F test at 5% probability. For the variables fresh and dry mass of leaves, fresh and dried 
stem, leaf area and stem length were significant for the interaction station production x valuation date, the test 

The beginning of the stem elongation marks the height of the lettuce crop. At this stage, the leaf tissue becomes 
more lignified and should be harvested before the organoleptic quality diminishes for consumption. Thus, 
obtained in the last collection in each growing season, featuring the point of lettuce harvest (Table

For the variables fresh and dry weight of leaves, the values for the treatments with and without reflective mesh 
summer period. When the treatments were compared within the spring season,

were observed (12.75 g and 236.27, respectively) and statistically superior compared to 
ced during the summer season (Table 1). Santana et al. (2009) (a) reported that plants grown in full 

sun had higher fresh and dry weight values compared to mesh with 30% and 50% shading, however,
lso report that higher values of fresh and dry massproductionmay

light. The results agree with the present study, in which the spring season without the 
(p <0.05). This shows that plants need warm temperatures associated 

However, excessive shading can be harmful because it reduces the flow and photosynthetic growth of 
plants showing direct action on the physiological processes of plants (Santanaet al., 2009) (b).

In relation to leaf area, the plants cultivated during spring presents greater averages, but were not statistically 
for either season. During summer, higher averages were seen when using the 

were not statistically significant. Plants in shade conditions presented greater 
and leaf area when compared to plants grown in direct sunlight, likely due to the fact that intense sunlight 

parenchyma cells (Whatley e Whatley, 1982 apud Santana 
results justify that conditions with elevated levels of light radiation, the use of the shading mesh presented 

leaf area, likely due to the expansion of lacunar parenchyma cells which expand to 

For the variable stem length, it was observed that all the means were statistically higher in the spring season
compared to the summer season, which was greater when the shade mesh was used.

with the shading mesh treatment, because the conditions promoted reduction in 
the intensity of solar radiation and due to the compensation for low light conditions by stretch

. The use of the shading mesh can cause a reduction in light intensity leading to 
to search for brightness thereby reducing productivity (Leite

evaluating the lettuce growing hydroponically, observed that plants exposed to black mesh and 
of 60 or 70% were superior in the stem size, and a reduced number of leaves and 

level induced by meshes. These results agree with the present study in which 
the leaf area did not differ between the use orlack of mesh shading, where stem length was higher with mesh in the 

etiolation andplants’ search for greaterluminosity. 
The fresh and dry stem were also higher during the spring season.; however, the use of the 

caused stem mass increase, reaching higher values of fresh and dry stem, which were superior to treatment without 
mesh. The largest mass increase is directly related to the length of stem, because with the increase in its size has a 

The results of increased mass production obtained during the spring season can be correlated to the lower 
temperatures and lower temperature variations during the cycle of the plants achieved in tha

Tivelli (2006) reported that temperature and solar radiation are the main meteorological factors 

(D) 

135 

 

to the number of leaves variables (A), root 
length (B), stem length (C) and dry stem weight (D) due to the spring and summer seasons 

that the variable number of leaves had 
no significant effect by the F test at 5% probability. For the variables fresh and dry mass of leaves, fresh and dried 

valuation date, the test F 

. At this stage, the leaf tissue becomes 
more lignified and should be harvested before the organoleptic quality diminishes for consumption. Thus, the data 

(Table 1). 
for the treatments with and without reflective mesh 

hen the treatments were compared within the spring season, the highest 
were observed (12.75 g and 236.27, respectively) and statistically superior compared to 

. (2009) (a) reported that plants grown in full 
and 50% shading, however, they were not 

may be related to greater 
without the shading mesh 

(p <0.05). This shows that plants need warm temperatures associated with adequate light for 
However, excessive shading can be harmful because it reduces the flow and photosynthetic growth of 

. 
In relation to leaf area, the plants cultivated during spring presents greater averages, but were not statistically 

, higher averages were seen when using the shading 
were not statistically significant. Plants in shade conditions presented greater 

and leaf area when compared to plants grown in direct sunlight, likely due to the fact that intense sunlight 
(Whatley e Whatley, 1982 apud Santana et al.,2009). These 

results justify that conditions with elevated levels of light radiation, the use of the shading mesh presented 
cells which expand to compensate for the 

For the variable stem length, it was observed that all the means were statistically higher in the spring season 
sed. The largest value for 

because the conditions promoted reduction in 
stretching, in search of a 

a reduction in light intensity leading to inadequate 
(LeiteapudRampazzo, 2010). 

evaluating the lettuce growing hydroponically, observed that plants exposed to black mesh and 
reduced number of leaves and overall leaf area, 

the present study in which 
stem length was higher with mesh in the 

owever, the use of the shade mesh in summer 
superior to treatment without 

mesh. The largest mass increase is directly related to the length of stem, because with the increase in its size has a 

an be correlated to the lower 
during the cycle of the plants achieved in that period (Figure 1A). 

Tivelli (2006) reported that temperature and solar radiation are the main meteorological factors that 



134                                                           Leonardo Antonio Thiesen et al, 2016 
Australian Journal of Basic and Applied Sciences, 10(10) June 2016, Pages: 128-135 

 

 

influence the growth and development of plants. The average temperature in the spring cycle did not show great 
variations, remaining between 20 and 30°C with low temperature range, providing a favorable environment for the 
growth of plants. 
 
Table 1:Averagefresh leaf mass (FLM), stem length (SL), dry mass of leaves (DML), leaf area (LA), fresh weight of stem (FWL) and stem 

dry weight (SDW) in lettuce in hydroponic cultivation, with and without shading mesh in the spring and summer season in the 
harvest point for commercial sale.FredericoWestphalen/RS, UFSM, 2016. 

Treatments FLM (g) DLM (g)  LA (cm²)  
Spring Summer Spring Summer Spring Summer 

Without Mesh 236.27 Aa 71.69Ba 12.75 Aa 6.71 Ba 6828.83Aa 2241.27Ba 

WithMesh 171.65 Ab 77.91 Ba 9.62 Ab 6.42 Ba 6564.82Aa 2907.00Ba 
CV (%) 17.79 15.37 17.42  

* Means followed by the same small letter in the column do not differ. Means followed by the same capital letter in line do not differ by 
Tukey test at 5% of probability. 

 
In the summer season, there were major variations in temperature (between 21 and 35 ° C) during the 

plant’s life cycle, which may have caused heat stress to plants, leading to less satisfactory end result. Outside of 
favorable temperatures and meteorological conditions ideal for plant growth, various types of damage may 
occur which depend on the intensity and duration of the thermal stress (Taiz and Zeiger, 2013). The same 
authors report that photosynthesis and respiration may be inhibited due to high temperatures which can result in 
stomatal closure, thereby reducing the canopy area and regulating the partition of assimilates. 

 
Conclusions: 

We observed that the cultivation of lettuce in hydroponic systems during spring wasrelatedto greater growth 
rates when compared to growth in the summer season 

The use of the shading mesh was effective at reducing temperature and luminosity during summer, which 
helped create ideal cultivation conditions for lettuce production. 

In order to provide a favorable microclimate for growing lettuce, we recommend the use of shading meshes 
because they provide a reduction of temperature and solar radiation leading to more ideal growing 
conditions;these reductions were observed during the summer seasonand did affect crop production. 
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