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Lettuce (Lactuca sativa L.) is a vegetable of higher consumption and economic value in Brazil. Due of 
the sensitivity of the leaves, the wind can bring losses to the perfect harmony of growth and 
physiological development the plant. Wind can also cause irreversible mechanical damage, such as 
senescence, burning, breaking, fall leaves and tear. The city of Cascavel in western Paraná is at an 
average altitude of 760 m enabling the continuous occurrence of strong winds. The aim of this study 
was to evaluate the effect of this meteorological variable in the production of lettuce and water 
evapotranspiration phenomenon with plants. Wind were made ducts with fans who had average wind 
speeds of 0, 2, 4, 6, 8 and 10 km/h, positioned at 2 m of plants in greenhouses. The evapotranspiration 
was verified by a evaporimeter installed in each wind duct for three sunny days, rainy and cloudy. After 
49 days, they were taken and analyzed the height of plants and roots, number of leaves, fresh and dry 
mass of leaves and roots. It was found that the increase in wind speed also increases the evaporation, 
however, other environmental factors influence this parameter and the production decreases, as we 
increase the wind speed. 
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INTRODUCTION 
 
Lettuce (Lactuca sativa L.) is a herbaceous plant 
belonging to the family of Asteraceae and is a typical 
salad vegetable. Considered as a tranquilizing properties 
plant and due to being consumed raw, retains all of its 
nutritional properties. It is a big source of vitamin A, and 
fewer vitamins: B1, B2, B5 and C, besides the minerals: 
Ca, Fe, Mg, P, K and Na. It has on average 96% water 
and it has low calorie (100 g of lettuce have an average 
of   15   calories).   It   is   the   leafy  vegetable  of  higher 

consumption and economic importance in Brazil (Lisbão 
et al., 1990; Sonnenberg, 1985; Maroto-Borrego, 1983; 
Campbell-Clause, 1994; CEAGESP, 2013). Lettuce is 
grown in all regions of Brazil and has an area of 35,000 
ha and the optimum temperature for development of 
lettuce is around 23°C during the day and 7°C at night. 
When is grown in regions with very high temperatures, 
burning occurs at the edges of the sheets (Resende et 
al.,  2007;  Jackson  et  al.,  2013). American cultivars are  

 

*Corresponding author. E-mail: wltparana@yahoo.com.br 

 

 Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution 

License 4.0 International License 

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


 
 
 
 
 
characterized by leaves together to the center, forming a 
cabbage head and compact and can be curly or flat 
sheets. The roots are of the pivoting type having thin and 
short branches, exploiting only the first 25 cm of soil 
(Feltrim et al., 2005; Filgueira, 1982). The main purposes 
of the cultivation of lettuce protected structures are nullify 
the negative effects of low temperatures, frost, wind, 
excessive rain and hail; shorten the production cycle; 
increase productivity and get better quality products 
(Sganzerla, 1990). 

The amount of evapotranspiration is of great importance 
in assessing the severity, frequency and distribution of 
water deficits, project design and management of 
irrigation and drainage. Evapotranspiration can be defined 
as a combined process of soil water transfer into the 
atmosphere, including the process of transpiration 
through the plant tissue and is an important factor in 
water balance, it helps to quantify water demand in a 
particular region (Junior and Resende, 2011; Vescove 
and Turco, 2005; Silva et al., 2007). 

The wind is air movement in relation to the ground. The 
gradient of the atmospheric pressure is responsible for 
their training, being modified by the earth's rotation, the 
friction with the earth's surface and centrifugal force to its 
movement. The wind with height below 500 m going to 
suffer the effect of the frictional force, which acts in the 
same direction, but with the opposite direction to the wind 
speed. In this way, winds which occur continuously and 
excessively show up as a major problem for the 
development of agricultural activities, with a need for 
alternatives such as windbreaks to protect crops (Tubelis 
and Birth, 1980; Pereira et al., 2007). 

As the wind increases, the shoot tends to send efforts 
to support, through the deepening of the root system and 
greater induration the stem. Mechanical stresses induced 
by the wind affects the root activity since there is 
increased growth and diameter. The same goes for the 
shoot, the wind action induces changes in the 
development, resulting in a more compact plant (Coutts 
et al., 1990; Fayle, 1976; Telewski, 1993). Assuming the 
report, the aim of this study is to evaluate the 
consequences of the wind, with different rates applied on 
plants of lettuce. 
 
 
MATERIALS AND METHODS 
 
The survey was conducted in Cascavel, Paraná, Brazil, at latitude 
24°53'47 "S and longitude 53°32'09" W, on the campus of the State 
University of Western Paraná, in plastic greenhouse. The average 
annual rainfall is 1971 mm and the average temperature is 19.6°C, 
with the region's climate and temperate mesothermal and super 
humid (Iapar, 2011). 

The arrangement used was experimental entirely randomized 
design with 4 repetitions for each treatment, in plastic greenhouse, 
planted on August, 15, 2013, in pots of 20 L in humus, with 5 cm 
seedlings and two leaves, with one plant each, installed in wind 
ducts separated by fences. The pots were set at 2 m away from  the  
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fans of 40 cm diameter and an angle between the main beam and 
wind plants of approximately 20°. In ducts, average wind speeds 
over the plants were applied: 0 (T1), 2 (T2), 4 (T3), 6 (T4), 8 (T5) e 
10 (T6) km/h, whereas the value of 0 km/h as witness and daily 
leaving the fans connected between 9:00 and 18:00 pm, and used 
an anemometer to measure the measurements. Every day, they 
collected data of the minimum and maximum temperature inside the 
greenhouse, as well as the minimum and maximum relative 
humidity. 

Irrigation was 180 daily ml in each pot on sunny days, and on 
cloudy and rainy days, was flooded 180 ml every 2 days, amount 
that based on the average evapotranspiration index in the city of 7 
liters per square meter per day about (Silva et al., 2007). After 49 
days, samples were collected and analyzed: the number of sheets 
(NF), plant height (AP) and root (AR) fresh mass of the leaves 
(MFF) and roots (MFR) and dry mass of the leaves (MSF) and roots 
(MSR). These results were submitted to analysis of variance 
(ANOVA) and their means compared by Tukey test, adopting the 
level 1-5% significance using the statistical Assistat® version 7.7 
beta package (Silva, 2014). 
 
 
RESULTS AND DISCUSSION 
 
Figure 1 shown the contents of average daily 
evapotranspiration, on sunny days, rain and cloudy for 
each wind speed used in the ducts. It was found that the 
evaporation is larger as the wind speed increases. The 
typical of evapotranspiration values in Western Rio 
Grande do Sul region is 6 to 7 mm/day in sunny days and 
4 to 5 mm/day in days rainy, differing from those obtained 
that were between 2.123 and 11.818 mm/day on sunny 
days and 0.557 mm and 1.337 mm/day on rainy days 
(Tabbal et al., 2002). 

Figure 2 shows the values of minimum and maximum 
temperature and the maximum and minimum relative 
humidity collected. It was observed that the average 
temperature during the experiment was 20.37°C, 
however, there is a large variation in temperature of the 
region, and days 35.4°C with maximum temperature only 
0.9°C minimum temperature, testifying to the 
measurements made by Iapar (2011).  

The average relative humidity during the trial period 
was 65.51%, but with wide variations, with a minimum of 
28% and a maximum of 94%, confirming Amorim et al. 
(2001) who obtained the average relative humidity 75 to 
81%. 

It showed that rainy days have a higher relative 
humidity and consequently, low evaporation. In contrast, 
the sunny days have a high evapotranspiration and lower 
relative humidity. The microclimatic behavior of rainy and 
cloudy days were similar, however, the sunny days 
showed high amplitude variation in temperature, relative 
humidity and evaporation. 

The results of the samples taken are shown in Table 1. 
It was found that strong winds cause a deficit in the 
production of lettuce, having damage and reducing the 
amount of fresh dough, so the leaves, the roots. 

Thus, it is seen that strong winds cause a deficit  in  the 
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Figure 1. Evaporation average (mm day -1) in the wind ducts in sunny, cloudy and rainy days. 

 
 
 

 

 

 

 

 

 

 

 
 

 
 
Figure 2. Temperature (T ºC) Minimum (Tmin) and maximum (Tmax) and relative humidity (%) Minimum (URmin) and 
maximum (URmáx). 
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Figure 2. Temperature (T °C) Minimum (Tmin) and maximum (Tmax) and relative humidity (%) Minimum 
(URmin) and maximum (URmáx). 

 
 
 
production of lettuce crop, or increased as the wind 
speed, the plants showed damage to leaves by reducing 
the amount of fresh mass, so the leaves, the roots. In 
winds of 10 km/h only remaining 2 plants, and fresh mass 

of leaves average was only 2.46 g. Campbell-Clause 
(1994) evaluated the effect of the winds in grape cultivars 
Rubi and Italy, using windbreaks, with permeability of 
40% and  height  around  4 m,  arranged perpendicular to  
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Table 1. Results obtained in the experiment. 
 

Wind AP (cm) NF MFF (g) MSF (g) AR(cm) MFR (g) MSR(g) 

T1 24.125
a 

18.500
a 

159.292
a
 5.807

a 
9.750

ab 
5.965

a 
1.237

ab 

T2 26.625
a 

19.750
a 

126.622
ab 

5.282
ab 

12.000
a 

4.945
a 

1.437
a 

T3 29.625
a 

18.500
a 

104.150
bc 

4.182
bc 

9.500
ab 

3.460
ab 

0.910
abc 

T4 24.125
a 

16.250
a
 72.125

cd 
3.104

c 
7.625

b 
2.032

bc 
0.297

c 

T5 23.375
a 

14.500
a 

67.105
d 

3.075
c 

7.625
b 

2.210
bc 

0.500
bc 

T6 5.475
b 

3.000
b 

1.232
e 

0.170
d 

2.807
c 

0.222
c 

0.042
c 

F 17.437
**
 28.191

**
 44.587

** 
38.814

**
 14.698

** 
13.738

**
 7.919

**
 

CV% 18.37 15.51 18.59 17.96 19.72 36.01 52.83 

GA 22.222 15.083 88.421 3.604 8.218 3.199 0.737 
 
a
 Means followed by the same letter within each analyzed parameter (column), do not differ by Tukey test at 5% error 

probability. (**) = Significant at 1% probability (*) = significant at the 5% probability (NS) = not significant. CV%: coefficient 
of variation. GA: General Average. 

 
 
 
the direction of the winds, in Western Australia and 
obtained a productivity and fresh pasta grape of up to 
23% compared to the control that did not use the 
windbreak, corroborating the data obtained in the 
experiment and noting that, for different cultures, the 
winds are harmful. 
 
 

Conclusion 
 

Winds applied to the crop of lettuce significantly increase 
evapotranspiration on sunny days, but on cloudy and 
rainy days, this occurs less. Wind action result in 
mechanical damage and disorderly growth of leaves, 
which reduces the fresh mass of aerial part of the plant. 
At speeds of 10 km/h, the culture is practically lost. 
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