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ABSTRACT

The objective of this work was to evaluate the behavior of Crisphead lettuce as a function of production seasons
under diferent forms of protected environmefvo experiments were carried out in the field afedént times:
September to December 2017 and Judeigust 2018, in a randomizaed blocks desing, in a 4 x 7 factorial scheme, the
first one being production environments under shade nets: red screen, chréisageet, black screen and full sun,
and the second, lettuce cultivavéinslow, Irene, Balsamo, Rafaela, Irévood, Great Lakes and Deliciehe harvest
was carried out at forty-two days after transplanting, where the following variables were analyzed: stem length (cm),
total production and commercial productivity (t'haThe data were submitted to analysis of variance, and a joint
analysis was performed to analyze the treatments effect, then the means were compared by the Scott-Knott test, at 5%
probability The microclimate was altered in the shaded beds, wHietted the cultivars developmemhe cultivation
in protected environment provides higher productivity of Crisphead lettuce from September to Deattindigime
the cultivars Balsamo and Delicia were highlighted under chromatinethe period of mild temperatures, a better
performance was observed for Balsamo in full sun.
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INTRODUCTION and S&o Paulo. While Ceasas of Ceara and Pernambuco

ere responsible for about 750 tons, less than 15% of the
In the segment déafy vegetables, the most producecg P ’

. . . razilian market (CONAB, 2018).
is lettuce (actuca satival..). This represented around

i ) ) This is because the production of Crisphead lettuce
50% of Brazils production and sales in 2018 (2B19). In (Lactuca sativavar. capitatg, is disadvantageous in

the year 2017, approximately 49,436 t of lettuce Wergqions with high temperatures. When these, exceed 20 °C,
commercialized in CEAGESRith the main group being o5+ holting is induced earlgausing depreciation of the
the Crisphead type, with 47% of the totakny product (Santkét al, 2010). Thus, production data of
commercialization. (CEAGESRO18).The cultivation of - s yegetable in regions with high temperatures in most of
this vegetable generates income, mainly for small aqfe yearsuch as the Brazilian semi-arid, are incipighe
medium producers, and it drives a high volume of resourcesh-region of the Sao Franciddaley has agricultural areas
such as seeds, fertilizers, pesticides and labor and access to water that makes irrigation possible, so it is
The majority of Crisphead lettuce is commercialized iefficient for the production of quality vegetables and high
the warehouse of S&o Paulo, due to the proximity of tipgoductivity In addition to being close to the dast
major producing regions: Mas Gerais, Rio de Janeirodistribution centers in the Brazilian Northeast, facilitating
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the commercialization. Howeyeome agroclimatic factors Red screen (RS), chromatifi€CS), black (BS) and full
can delay or hinder the development of crops, such asn (FS), with three replicates. Each plot was composed
average air temperature and high solar radiation. of twelve plants, and the four plants were evaluated as
The use of shading screens has great advantagesgful plots. Most of the cultivars studied are indicated
including positive responses in plant physiologicafor summer or year-round cultivation, except cvs. Balsamo
processes, as well as yield and product quality étiz, and Rafaela that are indicated for winter cultivation.
2017). It may also reduce the direct incidence of solar The experiments were conducted in two areas, the first
radiation, especially in leafy vegetable, such as lettucepmprised the period from September to December 2017
which can attenuate the deleterious effects of higlhigh average temperatures), while the second was from
temperature in the leaves. Leafy vegetable, as lettuckine toAugust 2018 (mild average temperaturéd)e
cultivation under shade screens has been studied (Ferrégiguce seedlings were prepared in expanded polystyrene
etal, 2014; Paulat al, 2015). Reporting, increments oftrays filled with commercial Plantm&substrate, with a
up to 10 t.ha, when the thermo-reflective screen is#.90 g.kg of N, 1.47 g.kg of R 7.0 g.kg' K, 12.50 g.kg
compared with the full sun, under tropical condition®f Ca, 120 g.kg of Mg, 1.80 g.kd of S, C/N of 34/1 ,
(Neveset al, 2016). Therefore, the production in protecte@rganic matter 285 g.Kgand pH (in water) of 6.20.
environment can allow better performance of the The trays were placed on benches with 0.5 m height,
Crisphead lettuce under conditions limiting itsunder protected environment covered with 50% black
development, when compared to the crop in full sun. shading screen. Transplanting took place twenty-five
Another important aspect of the Crisphead lettucdays after sowing (DAS), in four rows with spacing of
production system is the growing season of this vegetabf25x 0.25m.
Primarily in regions with an intra-annual climatic variabjlity ~ The area soil was classified as Entisols (Saeitas,
such as Submedia region of the S&o Francitey. 2018) and the 0-20 cm layer had the following chemical
Therefore, studies should recommend cultivars that c&haracteristics: pH (8) = 6.42; P= 56 mg diK=0.22
produce satisfactorily throughout the year or specifigmol, dn?* Ca = 5.0 cmolc drf) Mg=1.70 cmoldn® Al =
genotypes to each climate condition during the.year 0.0 cm.ogdm’*; CCS_:7-01 cmodm?®; CEes:0'7_7 dS.m. _
Identification of Crisphead lettuce cultivars with good ~ SOIl Preparation was performed with plowing,
performance in field or in a greenhouse environment und&@"oWing and lifting of the beds at 30 cm height, each
high temperature conditions, will allow planting in timed?!0t Was 28 meters long by 1.5 m wide, each experimental
of low supply increasing competitiveness of this regiorPIOt Wa§ 0.75x1.50 m with twelve plants. The envworymen?s
when compared to other producers. Selection arflipd a right foot of 2._00 m and the screens were fixed in
development of cultivars and lettuce cultivatiorPUCalyptus stakes with wire at a height of 1.50 m. _
techniques appropriate to these areas will also reduce cropPlanting fertilization was based on the state of Bahia

loss and improve economic opportunity for produceréert”ization recommendation for lettuce cultivation, and
especially family farmers according to the soil analysis 6.3 kg'ted N and 21,3 kg

1 0, 1
Therefore, the objective of this work was to evaluatgf P,0, ha' as source, urea (44% N) and single
superphosphate (18% dgfP) were used. Coverage was

the production of crisphead lettuce cultivars in two "~ _ )
growing seasons, under different semi-protecteE())‘Op“ed 20 days after transplanting, adding 38.0 kgpha

. . . = N and 26.0 kg.hbof Ca using as the source calcium nitrate
environments, in the Submedia of the S&o Frantlatiey.
(15% N and 19% of Ca).

MATERIAL AND METHODS For irrigation management, three tgnsiometers were
used per plot. Samples were collected in the 0-20 cm soill

The experiments were conducted in the experimentalyer of the beds for physical-water characterization, and
area of vegetables of the State University of Bahia - UNERiith this result the water retention curve in the soil was
located in the city of Juazeiro-BA. The region has amade. From this, the matric potential values were converted
average elevation of 360 m at sea level, latitude 9°25'1416 gravimetric humidityThe irrigation level applied at each
and longitude 40°29°08"WAccording to the Kdppen irrigation was determined based on the matric potentials
classification, the region presents a semi-arid BSWh typsing the means of the tensiometer readings. Which were
climate, with a mean temperature and precipitation of 23iistalled per environment at 10 cm depth representing the
°C and 455 mm, respectively 0-20 cm layerThe irrigation level was applied through a

The experimental design was a randomized bloakicro-sprinkler system, with a flow emitter of 10 E,h
design in a 7x4 factorial scheme, with seven Crispheagaced every 1.0 m. For phytosanitary and weed control,
lettuce cultivars (Wislow, Irene, Balsamo, Rafaela, Ironthe treatments commonly applied in the crop were used,
Wood, Great Lakes and Delicia) and four environmentaccording toruri et al. (2017).
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In the crop environments with black, red andn general terms, the agroclimatic results corroborate with
chromatinét shading screens the meteorological elemen@Gamaet al. (2017), who working with shade screens for
were monitored by means of meteorological sensotise production of cherry tomatoes in the same region of
installed at 50 cm high, they were connected to ahe present research, identified microclimatic changes in
automatic data system (Datalogger), programmed to cathe environments, howevyavith greater changes for solar
out readings to each five seconds and hourly averageadiation, whereas, the average temperature did not vary
The meteorological elements monitored in eachn any way significant.
environment were: air temperature (average, maximum and For the Petrolina-Juazeiro dipole region, the hottest
minimum); relative humidity (mean, maximum andmonths are October and Novempand the coldest
minimum); and solar radiation. The sensors were installedonths are June and July (Heribertdéixeira, 2010). In
in each environment for five days, so it was possible #ddition to higher temperatures, solar radiation is also
correlate the data between the shaded and opswore intense in the period from October to December
environments, in which there was an automati@rigure 2a)At the same time, the red, chromatinet® and
meteorological station, 300 m away from the experimentblack shading screens reduced direct sunlight by 20, 40
area. and 45%, respectively

Harvesting was carried out at 45 days after Regarding the microclimatic evaluated characteristics,
transplanting (DA), and the length of the stem (cm) wag larger difference is observed between the values of global
evaluated after cutting the head of the lettuce in half. Tis@lar radiation, for the two production seasons. This has
total fresh mass (g.plabBtwas obtained by cutting the direct action on photosynthesis and, in transpiration;
plants close to the ground and weighing in a digital scalghaded plants tend to narrow the thickness of the leaves,
while the commercial fresh mass (g.pl§rwas obtained thus accelerating the photosynthetic process. While
by weighing only the head, removing the outer sheetglants exposed to full sun, they may lose productivity
With the results of the total and commercial fresh masgye to increased evapotranspiratory demand.
the extrapolation was carried out to calculate the total According to Jie & Kong (1998), in experiments with
production and commercial productivity (tha lettuce, global solar radiation around 20.7 M3favors

The collected data were submitted to analysis ¢faximum photosynthetic rate of the crayithough
variance, for each experiment, and after observing ti6reens promoted a reduction in radiation, for the first
minimum variation between the largest and the smalleBfoduction period (September to December), shading
mean square of the residue, a joint variance analysis vi@nerated by the black and chromativeas around 19.5
performed to verify the isolated or combined effects dyM %, thus justifying highest productions of Crisphead
the evaluated factors: cultivars, environments and timé&ftuce when compared to full sun, which presented about
of production. Then, using the F-test for comparison 0 MJ m? on average during the cycle.
the 5% average squares, the means were compared by thélowever for the second season (JuneAtogust),

Scott-Knott test, at 5% probability shading screens promoted an attenuation that reduced
overall solar radiation to approximately 10 MZhalf of
RESULTSAND DISCUSION the value described as optimal for photosynthesis. While

the full sun presented about 20 M3,mpromoting better

The microclimatic conditions were altered by the usgerformance for the cultivars studied in this environment
of shading screens, such as by the time of year gf that time.
production, especially in the second semester (September|n addition, protected-environment cultivation
to December) when compared to full sun. Therovides a reduction in water requirements and makes
meteorological variations are preponderant in the viabilitylant water use more efficient due to reduced
of the cultivation of vegetables and, in the case @vapotranspiration (Oliveirat al, 2014). The main
Crisphead lettuce, temperature and solar radiation are #gteorological factor for the composition of reference
most important variables. The average temperature da@apotranspiration, in shaded and open sky
at different times and in the different shaded environmenégvironments, is solar radiation. In the present research it
are shown in Figure 1. Itis generally observed that in the noticed that Crisphead lettuce, in the second semester
first cycle, from September to December 2017, the averaggeptember to December), presented higher production
was around 30 °C. While in the second, from June {@ the shaded environments with chromafiretd black
August 2018, this value was 25 °C. screen, when compared to full sun. This may be due to

In both planting seasons, the use of black anithproved water use efficiency and high radiation observed
chromatinet® shading screens caused a slight reductidaring the cultivation of Crisphead lettuces. Being that
in the average air temperature in the beds, of about 0.5 Haltivation in full sun influenced the closure of the stomata
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and sweating interruption. Santiagfal (2018), observed The length of the lettuce stem varied significantly (p
microclimatic and productive differences of cherry tomate0.05) as a cultivar function, time of production and
under protected conditions in the region of Juazeiro-BAenvironment used for cultivation ble 1).The use of
associating the low productivity of the plants conducteshading screens in lettuce cultivation promoted an
in full sun to the high atmospheric demand. Which iscrease in length of the lettuce stem. Cultivars under
characterized mainly by high incidence of solar radiatioeffect of chromatinet® screen had a significant effect as a
and low air humidity since a high rate of evaporation,function of production time (p <0.05).
consequently reducing available water content and While in cultivation from June tAugust/2018, all the
nutrients absorption. cultivars presented diminutive stem, excepQreat Lakes

In this way the production of cultivars was altered byunder chromatiné&tfabric and in this environment, the
the effects of shading screens under beds and for periaddtivars Irene, Balsamo, Rafaela and Delicia decreased
that the work was conducted. For cultivation anthe stem lengthAccording toAquino et al (2017), this
commercialization of Crisphead lettuce, stem length shoulddicates higher resistance of these cultivars to early
be analyzed to measure the compactness of the hetilthge. No increase in lettuce stem length was observed
which is the commercial product. More compact headssing shade screens when cultivated from JuAadost/
are intended for industrial processing, while lesg018. This difference can be related to the decrease in the
compacted or longer stem lengths are intended for “mean air temperature (Figure 1) of this time, when compared
natura” consumption. Length of stem up to 6.0 cm aie the period from September to December/2017.
most suitable and acceptable up to the 9.0 cm level and Cultivars showed a decrease of the stem when
unacceptable or less recommended for processing ab@wgosed to full sun, observing that use of shading
this. (Muri et al, 2004; Resendst al, 2005). screens promoted an increase in stem length, only in

36 a

Avergae temperature ( °C)

0 5 10 15 20 25 30 35 40 45
Days after transplanting (DAT)

Average temperature (°C)

225 1

0 5 10 15 20 25 30 35 40 45
Days after transplanting (DAT)

Figure 1: Average air temperature (°C) in full sun (FS) and in shaded environments with red screen (RS), clr(@®&jtamed black
(BS). In the periods from September to December (a) and from JAngust (b).
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the production season from September to December/ Therefore, for the studied crisphead lettuce cultivars,
2017, for most of cultivars of Crisphead lettuce usedplar radiation above 20 MJ%tan cause chlorophyll
except for Irene andVinslow. The microclimatic degradation and reduce the net photosynthesis of plants,
conditions generated by crop protection can directlyegatively affecting production. For plants grown under
affect their growth and development (Hassanien & Lichromatinet and black screens, in Septembacember
2017). Based on this principle, it is possible that lettude chlorophyll content may have been enough to absorb
plants under full sun have kept the stomata closed forore light enagy, which allowed the plants to achieve
long periods during the daystagnating the greater CQ assimilation, and consequently greater
photosynthesis and consequently limiting itgroductivity
development. For total production (@ble 2) there were significant
Another important aspect is the low light-saturationlifferences for cultivars, environments and production
point of the lettuce plants (Stagnatial, 2015), under time.The combination was highlighted:.®alsamo, full
conditions of high solar radiation, as observed in the periedin and period from June t#ugust/2018, with
from September to Decembethe rate of net approximately 74.0t.HaYurietal (2017), evaluating the
photosynthesis of the plant is reduceausing less performance of crisphead lettuce genotypes in the same
growth. Physiologicallyunder shading nets, there mayregion of the present research, found total productivity
also be an increase in the levels of chlorophyll a anddf cv. Balsamo of 72.8 t.Hafrom May to Julyin open
and carotenoids, when compared to plants grown in fileld. Thus, it is verified that this cultivar can be indicated
sun, as reported by llie al.(2019) in lettuce plants, this for cultivation in the Submedia region of the S&o Francisco
happens because in plants submitted to high soldalley in times of mild temperatures, without use of
radiation, chlorophyll degradation occurs. shading screens.

Solar radiation (MJ.m?. dia*)
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Figure 2: Global solar radiation (MJ fiday?) in full sun (FS) and in shaded environments with red screen (RS), chroh{@B)et
and black (BS). In the periods from September to December (a) and from Awggisd (b).
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Table 1: Mean values of stem length of Crisphead lettuce cultivars under protected environment in two seasons of production in the Submedia of the Bateyrdneiseivo-BA2019)

Sem length (cm)

Period: Sep - Dec 2017 Period: JunAug 2018
Cultivars mbient Ambient
RS CS BS FS RS CSs BS FS

Winslow 8.31 Baa 6.20 Baa 6.86Aaa 5.45 Aaa 3.91 Baa 4.25 Baa 3.88 Aaa 5.75 Aaa
Irene 7.28 Baa 7.35 Baa 6.90Aaa 5.70 Aaa 4.83 Baa 4.62 Bab 458 Aaa 5.25Aba
Balsamo 8.71 Baa 6.86 Bba 5.65Ab a 5.42 Ab a 5.87Aaa 4.16 Bab 3.58 Aaa 5.87 Aaa
Rafaela 11.7Aaa 10.3Aaa 9.23Aaa 6.31 Aba 6.83Aaa 5.18 Bab 4.75 Aaa 558 Aaa
Iron Wood 8.35 Baa 5.98 Baa 6.41Aaa 3.10 Aba 4.75 Baa 6.25 Baa 5.08 Aaa 4.66 Baa
Great Lakes 7.66 Baa 7.06 Bab 7.60Aaa 471 Aba 5.30 Bca 9.75 Aaa 421 Aca 6.83 Aba
Delicia 10.6Aaa 6.45 Bba 6.06Ab a 472 Ab a 4.25 Baa 3.41 Bab 4.21 Aaa 3.83 Baa
CV (%) 22.60

RS- Red Screen; CS- Chromatih&creen; BS- Black Screen and FS- Full SAwverages followed by diérent letters, upper case in columnsfetifoetween cultivars; lowercase in lines, between
environments; and italics, between the production times for the same cultivar and the same environments, by the Scott & Knott test, at 5% probability

Table 2: Average values for total production of Crisphead lettuce cultivars under protected environment in two production seasons, in the Submedia of the Béaltelyrdnaizeioo-BA
(2019)

Total production (t ha?)

Period: Sep - Dec 2017 Period: JunAug 2018
Cultivars Ambient Ambient
RS Cs BS FS RS Cs BS FS

Winslow 55.52 Aaa 42.24 Cd 46.02 Ab a 32.64Adb 33.10 Bbb 53.15Aa a 32.80 Bbha 53.82 Baa
Irene 29.12 Chb 50.64 Bab 45.44 Aa a 25.68 Bbb 44.05 Bba 58.85Aa a 52.48Ab a 62.11 Baa
Balsamo 55.14Ab a 65.52 Aaa 52.80Ab a 34.34Acb 54.16Ab a 47.98Ab b 55.70Ab a 73.35Aa a
Rafaela 40.21 Bbb 55.20 Baa 47.62 Aaa 22.08 Bcb 48.21Aaa 53.81Aaa 54.27Aa a 56.66 Baa
Iron Wood 51.12 Aaa 42.08 Cab 47.68 Aaa 28.48 Acb 52.86Aa a 63.61Aaa 41.90 Bba 55.11 Baa
Great Lakes 38.16 Bbb 33.44 Dbb 50.40 Aaa 20.64 Bcb 52.26Aa a 57.71Aaa 52.50Aa a 48.95 Caa
Delicia 44.64 Bab 49.22 Baa 43.62 Aaa 28.64Abb 53.15Aa a 44.35Aa a 48.05Aa a 40.15 Caa
CV (%) 14.50

RS- Red Screen; CS- Chromatih&creen; BS- Black Screen and FS- Full SAwverages followed by diérent letters, upper case in columnsfetifoetween cultivars; lowercase in lines, between
environments; and italics, between the production times for the same cultivar and the same environments, by the Scott & Knott test, at 5% probability
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The greater accumulation of fresh matter by plants @
related to the capacity of each cultivar to us@
edaphoclimatic factors mordfiefently.

For cultivation in period of high temperatures, from-
September to Decemhethe shaded enwronments,m
provided higher production for the evaluated cultivar
mainly black and chromatirfescreens. In this context, @
the cv Balsam under chromatiffefabric, with about 66.0
t.ha. The best performance of the cultivars in thesg
environments may be associated with the decreasen
temperature and direct solar radiation caused by shadng
screens. Brzezinskt al (2017), evaluating the Crisphead £
lettuce production also observed a better performan%
for plants conducted in protected environmentp
reinforcing that this type of technique provides &
favorable microclimate, modifying temperature an d£
relative humidity of the ajrsolar radiation and wind &
speed, influencing in a positive way the developmer&?
and growth of the culture. 5

Regarding production times, a significant differencé
was observed for cultivars produced in full sun. Thé
cvs. Irene, Balsamo and Rafaela doubled totg}
production in the period from JuneAagust/2018, when 2
compared to September to December/2017. Thi§
difference can be justified with the data of averag@
temperature and solar radiation (Figures 1 and 2), &
reduction of 5 °C from September to December/20172
for June toAugust/2018.

For commercial productivity @ble 3), which refers to
the total production of “heads” per hectare, a significart
effect was observed for cultivars, environments an@'
production times, such as, interaction among these factog.
The cv Balsamo emees as the most productive in theg
season from June fgust in full sun and chromatirfet
fabric environments with 42.73 and 39.50 ttha
respectively Moreovey there was no significantfett
for this cultivar under chromatirfefabric at the time of
production, reaching 33.60 t:haTherefore, the use of
shading screen allows higher productivity in months
high temperature as well as in mild periods.

Crisphead lettuce reaches its full development i
temperature range of 21.1 °C to 26.6 °Gr{¥t al, 2002).
Using this reference that recommends the optim
cultivation condition, only the period from JuneMagust
had an average air temperature of 25 °C, whereas
September to Decembéhis was 30 °CAs for the global
radiation, lower values were observed for protecteg
environments in both experiments, so the lower radiatiod
promotes production of larger leaves, increasing thé
plant’s fresh matter (Kosmet al, 2013).This fact was <
observed mainly in the period from September tg
December/2017, where the highest productivities We%
found in a protected environment. ©
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As for the production times, there was a 100% increasbromatinet screen had better productivity than those
in the productivity of cultivars conducted in full sun, fromdeveloped under black screen. Thermo-reflective screens
June tcAugust/2018, when compared to the period fromare more effective in reducing air temperature and these
September to December/2017. meshes provide 15% diffuse radiation to the environment.

Blind et al. (2014), studying the performance ofBecause of this radiation behayidris suggested that
Crisphead lettuce cultivars in the dry season of centrtis type of coverage is more effective in periods of mild
Amazonia, found productivity varying from 11.0 to 23.0temperatures, when compared with the others.
t.ha'. The cultivars: Delicia (20.7 t Hp Balsamo (21.2t
ha?), Irene (18.3 t.h, Winslow (22.9 t hd), Great Lakes CONCLUSIONS
(18.7 t.hd), Rafaela (1.13 t ha), IronWood (22.5 t.h3d), The cultivation in protected environment provides
obtained lower yields than the present research under falfjher productivity of Crisphead lettuce from September to
sun conditions. This demonstrates the suitability of thBecemberat that time the cultivars Balsamo and Delicia
Submedia region of the S&o Franciscalley for were highlighted under chromatifisteen. In the period
production of Crisphead lettuce, since the chosen cultivkbm June tAAugust there is no need to use screens, and
is appropriate to the regian'conditions, so that it is cultivation in the full sun under the conditions of the
competitive with the traditional production centers. Submedia of the S&o Francistiley, may be recommended.

The higher cultivars productivities, in full sun, when g otivar Balsamo was suitable for cultivation in

compared to protected environment, in second cycle (JUpR, sypmedia of the Sao Francistdiey, in the first half
toAugust/2018), may be justified by excessive reductiogs e yearcultivated in full sun.

of solar radiation, mainly in black screen, therefore, there
was a limitation of energy radiant for culture. Patlal. REFERENCES

(2015), WhO report that O_"y matter prOd_ucnon and Iettucﬁquino CFE Silva HR Neves JMGCosta CAAquino FF & Costa
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