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ABSTRACT: The vegetative growth and yield of strawberry in relation to irrigation levels and soil
mulches are still not well known, mainly for different environmental conditions. Two experiments were
carried out in Atibaia, SP, Brazil, during 1995, one in a protected environment and the other in an open
field, to evaluate the cultivar Campinas IAC-2712, under different irrigation levels and soil mulches
(black and clear polyethylene). Three water potential levels in the soil were used in order to define
irrigation time, corresponding to -0.010 (N1), -0.035 (N2), and -0.070 (N3) MPa, measured through
tensiometers installed at the 10 cm depth. A 2 × 3 factorial arrangement was adopted, as randomized
complete block, with 5 replicates. In the protected cultivation, the irrigation levels of -0.010 and -0.035
MPa and the clear plastic mulch favored the vegetative growth, evaluated through plant height,
maximum horizontal dimension of the plant, leaf area index, as well as by total marketable fruit yield and
its components (mean number and weight of fruits per plant). In the open field cultivation, no effect of
treatments due to rainfall were observed.
Key words: Fragaria × ananassa Duch., trickle irrigation, water management, greenhouse

DESENVOLVIMENTO VEGETATIVO E PRODUTIVIDADE DO
MORANGUEIRO IRRIGADO, COM COBERTURAS DE SOLO EM

DIFERENTES AMBIENTES DE CULTIVO

RESUMO: O desenvolvimento vegetativo e a produção do morangueiro submetido a diferentes níveis
de irrigação e coberturas do solo ainda não é bem conhecido, principalmente para diferentes ambientes
de cultivo. Foram instalados dois experimentos em Atibaia, SP, Brasil, em 1995, um em ambiente
protegido e o outro em campo aberto, para avaliar o crescimento vegetativo e a produção da cultivar
Campinas IAC-2712, sob diferentes níveis de irrigação e coberturas do solo (polietileno preto e
transparente). Três níveis de potencial de água no solo foram utilizados a fim de determinar o momento
de irrigação, correspondendo a -0,010 (N1), -0,035 (N2) e -0,070 (N3) MPa, medidos por tensiômetros
instalados a 10 cm de profundidade. Os experimentos foram instalados em esquema fatorial 2 × 3, em
blocos ao acaso com cinco repetições. No cultivo protegido, os níveis de irrigação de -0,010 e -0,035
MPa e a cobertura de solo com plástico transparente favoreceram o crescimento vegetativo, avaliado
por meio da altura da planta, máxima dimensão horizontal da planta e índice de área foliar, além da
produção total de frutos comerciáveis. No cultivo em campo aberto não houve efeito de tratamentos
devido a ocorrência de chuvas durante o período experimental.
Palavras-chave: Fragaria × ananassa Duch., irrigação localizada, manejo da água, estufa

INTRODUCTION

Nowadays, strawberry production plays a sig-
nificant role in the Brazilian agribusiness, the growing
area being around 4,000 ha (Embrapa, 2006). The São
Paulo State, second in importance, produced 22,412 t
of strawberries on 645 ha in 2005 (IEA, 2006), the

Atibaia region having been the most important. The in-
fluence of the use of management techniques for the
strawberry crop was intensively studied in different
regions of the world, among these practices, soil
mulching, irrigation, and protected cultivation are
worth mentioning, because they significantly affect
plant growth and yield.
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Protected cultivation has been used for straw-
berry cultivation in order to protect plants from harsh
weather and for a better control of diseases (Passos,
1997; Goto & Tivelli, 1998; Andriolo et al., 2002;
Fernandes-Jr. et al., 2002). The adoption of protected
systems for strawberry production in Brazil must be
carefully evaluated and implemented, since a number
of reports mention the occurrence of higher tempera-
tures under protected environments in relation to field
conditions, specially with regard to maximum tempera-
tures (Montero et al., 1985; Farias et al., 1993;
Pezzopane et al., 1995 and Alves & Klar, 1996); this
condition could be adverse for strawberry production
(Iuchi, 1993), requiring an adaptation of cultural prac-
tices.

Conversely, irrigation is an essential technique
for strawberry cultivation in Brazil due to crop sensi-
tivity to water deficits (Voth, 1967; Hanson &
Bendixen, 2004). Crop sensitivity to water stress at dif-
ferent stages of development has strong interference
on plant growth and yield (Krüger et al., 1999). The
plant water status influences photosynthesis and con-
sequently growth, since the occurrence of water defi-
cit has direct action on metabolic and physiological pro-
cesses, resulting in increased stomatal resistance
(Iuchi, 1993). Stomatal opening is one of the main
physiological processes affected under water stress
conditions (Hsiao & Acevedo, 1974), and is highly im-
portant because it is the main water passway controlled
by the plant during gaseous exchanges. On the other
hand, water excess conditions are also detrimental to
strawberry growth, health, and yield (Voth, 1967).
Within this context, studies that provide support to the
rational use of water under different environmental
conditions assume great importance (Hanson &
Bendixen, 2004).

The use of different soil mulches for straw-
berry cultivation has been extensively investigated.
However, conflicting results have been observed with
regard to their performance. This fact has been asso-
ciated with edaphoclimatic factors, cultivation condi-
tions, and cultivar (Passos, 1997).

The objective of the present study was to evalu-
ate the vegetative development of the above-ground
part and yield of strawberry submitted to different ir-
rigation levels and soil mulches under protected culti-
vation and open field conditions.

MATERIAL AND METHODS

Two strawberry experiments were carried out,
one as a protected crop and the other in the open field,
in Atibaia, São Paulo State, Brazil (25º07’S and
46º50’W, 744m above sea level). The climate is Cfa,

according to Köppen’s classification, defined as sub-
tropical (upland), with a hot summer without a pro-
nounced dry season.

In order to monitor environmental conditions,
thermo-hygrographs were installed (1.5 m above soil
surface) in shelters located approximately 15 m away
from the experiment in the open field, and in the cen-
ter of the greenhouse. A pluviometer was also installed
in the open field. Maximum, minimum, and mean tem-
perature averages for both experiments, and precipi-
tation totals were grouped in periods of 10 to 11 days,
and are presented in Table 1.

The soil is a clayey-textured Typic Eutrudox,
that was fumigated with Bromex (98% methyl bromide
and 2% chloropicrin). Soil parameter corrections and
pre-planting fertilization followed the recommendations
of Raij et al. (1996). Post-planting fertilizations were
performed based on leaf analysis, following Ulrich et
al. (1980) interpretations and recommendations of Raij
et al. (1996).

The protected cultivation was carried out in an
even-span greenhouse, 7 m wide and 50 m long, cov-
ered with clear polyethylene, installed prior to plant-
ing. The largest side of the greenhouse was oriented
in the northwest-southeast direction. The greenhouse
height at the center was 3.0 m, and 2.15 m at the sides.
The greenhouse sides were protected up to a 0.75 m
from the ground, and the remainder was maintained
completely open during rainless days. The plots were
installed in a parallel fashion in relation to the largest
side of the greenhouse. A polyethylene film was in-
troduced to a 70 cm depth around the greenhouse, in
order to prevent rain water entrance.

Cultivar Campinas IAC-2712 runner plants
were transplanted on April 20th and 21st, 1995, accord-
ing to the strawberry recommendation for the State
of São Paulo (Passos et al., 1998). Planting was made
in beds 0.30 m high and 1.20 m wide, spaced 0.50 m
from each other, using a 0.30 × 0.30 m spacing be-
tween plants. Fruits were harvested from June through
December, whenever 75% of their surface was red-
dish.

Both experiments were implemented as a 2 ×
3 factorial scheme (soil mulches and irrigation levels),
in randomized complete block design with 5 replicates,
totaling 30 plots. In the open field, the plots consisted
of beds 18 m long and 1.2 m wide; in the protected
cultivation, each plot was 5.1 m long. There were 240
plants per plot in the open field, and 68 plants per plot
in the protected cultivation. These plot size differences
were adopted because in the open field beds included
four sub-plots from which plants were sampled to
evaluate dry matter along the crop cycle. The yield
evaluation plots were identical in both experiments,
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consisting of 40 plants (3.6 m2). The experimental ar-
eas were 943.5 m2 for the open field and 350 m2 for
the protected cultivation.

Black (30 μm thick) or clear (50 μm in the
greenhouse and 150 μm in the open field) low-den-
sity polyethylene film (LDPF) was used as soil mulch.
Black plastic is the more frequently used soil mulch
in the State of São Paulo, and clear plastic has been
successfully used for several cultivars and locations
in the world (Voth & Bringhurst, 1990). In the open
field experiment, the soil mulches were installed on
May 24th, and in the protected cultivation on June 1st.

During the runner plant establishment stage,
irrigations were performed by sprinkling, divided into
2 to 6 times a day (until May 10th). The drip irrigation

system was installed on May 10th, with drip emitters
spaced at 0.3 m and with a flow rate of 1.74 L h-1.
Two drip emitter tube lines were placed over each four
plant-row bed, and each line was located between two
rows of plants, except the central one. Until the be-
ginning of the water level treatments, irrigations were
performed whenever the water potential in the soil
reached -0.010 MPa, at a 10 cm depth. Starting on
June 12nd and 13th, water levels were differentiated.
Three water potential levels in the soil were used in
order to determine irrigation time, corresponding to -
0.010 (N1), -0.035 (N2), and -0.070 (N3) MPa mea-
sured by tensiometers installed at 10 cm depth. Three
tensiometer stations were installed for each soil mulch
and irrigation level combination; two of them with ten-

Table 1 - Average maximum (max), minimum (min), and mean temperature (°C) measured inside instrument shelters, under
protected crop conditions and in the open field, and precipitation totals (mm) observed in the period April 20th to
December 22nd, 1995, in Atibaia, Brazil.

doireP
porcdetcetorP dleifnepO

erutarepmeT noitatipicerP
xaM niM *anaeM xaM niM *anaeM

-------------------Cº------------------- mm
03/40ot02/40 - - - - - - 2.6
01/50ot10/50 - - - - - - 0.44
02/50ot11/50 - - - - - - 0
13/50ot12/50 7.22 9.9 5.51 3.22 0.11 0.61 0
01/60ot10/60 8.42 3.7 4.41 6.42 2.9 1.61 0
02/60ot11/60 9.22 9.8 6.41 4.32 2.11 5.61 1.82
03/60ot12/60 6.32 4.11 3.61 0.22 6.11 9.51 4.02
01/70ot10/70 4.32 6.11 5.61 1.22 1.21 5.61 6.66
02/70ot11/70 7.62 4.11 5.71 6.42 6.11 9.61 0
13/70ot12/70 7.72 6.01 6.71 2.62 6.01 8.71 0.52
01/80ot10/80 5.62 8.11 5.71 3.52 6.11 8.71 6.7
02/80ot11/80 6.82 8.11 7.81 4.72 6.21 3.91 0
13/80ot12/80 8.03 5.01 5.91 5.92 7.01 6.91 0
01/90ot10/90 7.82 7.9 1.81 2.72 0.01 0.81 0
02/90ot11/90 3.62 1.31 4.81 6.52 6.31 8.81 4.01
03/90ot12/90 7.52 0.51 0.91 6.32 5.41 3.81 4.77
01/01ot10/01 9.82 6.41 3.02 5.82 8.51 8.02 0.8
02/01ot11/01 3.52 1.41 9.02 2.42 4.51 1.91 4.671
13/01ot12/01 9.72 8.11 8.91 0.72 3.31 7.12 4.18
01/11ot10/11 9.03 2.51 9.12 7.92 9.61 0.32 0.8
02/11ot11/11 7.62 9.41 1.02 0.62 3.61 3.02 6.42
03/11ot12/11 4.92 4.41 3.02 1.82 1.51 0.02 6.64
01/21ot10/21 8.92 2.51 3.12 8.82 2.61 6.12 8.12
22/21ot11/21 4.82 8.61 4.12 8.72 4.71 0.22 0.111

latoT 5.367
a*Values estimated from the mean of two hour readings throughout the day. - Not measured values.
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siometers at depths of 10 and 20 cm, and a third one
with five tensiometers at depths of 10, 20, 30, 40, and
50 cm. The irrigation depths were estimated from the
soil water retention curve (Libardi, 2005). The tensi-
ometers at depths of 20, 30, 40 and 50 cm were used
in order to monitor the soil moisture profile for ad-
justment, if necessary.

In order to evaluate the strawberry vegetative
growth several samplings were taken from plants at
blooming time and at the end of the cycle, after the
last harvest, in both experiments. Evaluations of leaf
area index, dry matter, plant height, and maximum hori-
zontal dimension of plants were made to characterize
the vegetative growth of strawberry, since they have
also been adopted successfully by several authors
(Lucchesi & Minami, 1980; Olitta, 1980; Tessarioli
Neto, 1993; Camargo et al., 1974; Iuchi, 1993; Passos,
1997).

In the open field experiment, four plant sam-
plings were performed when more than 50% of the
plants bore flowers in the plots, measuring the dry
matter in the above-ground part (DMAGP), leaf area
index (LAI), maximum horizontal dimension of the
plant (HDP), and plant height (PH). Six plants were
collected from the central rows in the sub-plots at each
sampling time to determine DMAGP and LAI. Plants
were cut at soil surface and in the laboratory they were
washed and their leaflets separated from the petioles
and fruits. The leaf area was scanned. Next, the leaf-
lets, petioles, and fruits were dried in an oven at 70ºC
until constant weight. Finally, the samples were
weighed, and DMAGP was obtained from the sum of
dry matter from leaflets, petioles, and fruits. Three
plants per plot were sampled at each bloom to evalu-
ate PH and HDP.

Only tree blooms occurred in the protected
cultivation, and the following parameters were evalu-
ated for each of them: PH and HDP, number of leaves
per plant, and leaflet width and length. The first bloom
in the protected cultivation occurred before treatments
were imposed; for this reason, during this bloom 25
plants were randomly sampled and the above-men-
tioned parameters were measured. In the second and
third blooms, the same parameters were measured in
three plants per plot. Leaf area was estimated accord-
ing to Pires et al. (1999) using a leaf area measuring
device (LICOR LI-3100); the total number of leaves
per plant was tallied, and length and width were ob-
tained for 15 leaflets, for three plants per plot.

On December 22nd, after the last harvest, three
plants per plot were sampled to evaluate vegetative
growth at the end of the cycle, in both experiments.
The plants were removed with a shovel, to prevent
damage to the root system. The excess soil attached

to the roots was carefully removed. In the laboratory,
the plants were washed, and the above-ground part
was separated from the underground part at the plant
root collar.

In the above-ground part of the plant, leaflets
were separated from petioles and fruits. DMAGP was
determined as previously described for the open field
experiment. In order to determine dry matter in the
underground part (DMUGP), the material was washed,
dried in an oven at 70oC until constant weight, followed
by final weighing.

After harvest, the fruits were classified as ei-
ther marketable or unmarketable. Fruits with rots and
imperfections were considered unmarketable. After
classification, the fruits were counted and weighed.

The yield and vegetative growth results of each
environment were submitted to analysis of variance and
the F test. Means were compared by Tukey test, at
5%. A split-plot design was used for the vegetative
development analysis at various seasons during the
cycle.

RESULTS AND DISCUSSION

For both environments total irrigation depths
were similar when black and clear mulchings are com-
pared at the same irrigation level. Therefore, the total
water depths under protected cultivation were 580, 496
and 474 mm, and in the open field 438, 380 and 336
mm, at irrigation levels of –0.010 MPa, -0.035 MPa
and –0.070 MPa, respectively. In the open field rain-
fall was 764 mm in addition to irrigation during the
cropping season.

The results obtained during the strawberry veg-
etative development cycle, at the four blooms in the
open field and at the second and third blooms in the
protected cultivation, can be found in Table 2. Because
the plants in the protected environment reached the 1st
sampling season (1st bloom) before the treatments
could be differentiated (end of May), the vegetative
development in this stage was characterized by mea-
surements of PH, HDP, and LAI of 25 plants. The fol-
lowing means (and their corresponding standard de-
viations) were obtained: PH 10.4 cm (1.5 cm); HDP
25.0 cm (3.1 cm), and LAI 0.797 (0.258).

The interactions between irrigation levels and
soil mulches, irrigation levels and seasons (blooms),
and soil mulches and seasons were not significant for
all variables in the open field, and for HDP and LAI in
the protected cultivation.

In the open field, there was no effect of soil
mulches and irrigation levels on the analyzed variables
(Table 2). The absence of irrigation level effect on
plant development was probably associated with the
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natural precipitations that occurred during the experi-
mental period (Table 1). Significant differences in veg-
etative growth were observed with regard to sampling
season (Table 2). The PH and LAI values were supe-
rior for the 3rd and 4th blooms, when compared to val-
ues obtained in the other blooms. For all variables, the
smallest values were observed in the 1st bloom, and
peak development was attained in the 3rd bloom, ex-
cept for PH and HDP. The occurrence of DMAGP and
LAI peak values before the end of the cycle is similar
to the obtained results by Lucchesi & Minami (1980)
and Olitta (1980), for the Piracicaba climatic condi-
tions. However, they are different from those presented
by Tessarioli Neto (1993), in Monte Alegre do Sul, SP,
who observed that the values of these variables in-
creased until the end of the crop cycle. HDP observed
values were similar to those presented by Camargo et
al. (1974), for the same cultivar in Jundiaí, SP, but were
different in relation to PH, being about 30% above the
obtained values by these authors. With reference to
DMAGP, the observed values in Table 2 are higher than
those obtained by Lucchesi & Minami (1980), specially
in the initial blooms. They used the same cultivar
(Campinas), however, these differences could be as-
sociated with the plant spacing (35 × 35 cm) and soil
mulch (wood shreds). At the beginning of October,
DMAGP results (Table 2) were similar to those pre-
sented by Tessarioli Neto (1993), who also used the
Campinas cultivar and black polyethylene as bed

mulch. LAI values, presented in Table 2, were higher
than those obtained by Tessarioli Neto (1993) and
Lucchesi & Minami (1980).

With regard to PH in the protected cultivation,
only the interaction between water levels and sampling
seasons was significant. In the 2nd bloom, there was
no effect of water levels on PH. However, in the 3rd

bloom, the measured PH values for soil water poten-
tials of –0.010 and –0.035 MPa were significantly
higher than those observed for the –0.070 MPa po-
tential. In the 3rd bloom, PH was significantly higher
than that obtained in the 2nd bloom, at the –0.010 MPa
irrigation level., but at the –0.070 MPa water level the
opposite occurred.

In the protected cultivation, according to re-
sults presented in Table 2, the clear polyethylene sig-
nificantly favored plant growth (PH, HDP and LAI).
In the protected cultivation, where precipitations did
not occur, we were able to verify the effects of irri-
gation levels on the vegetative growth of strawberry
(Table 2); a favorable significant difference was ob-
served at the -0.010 MPa level when compared to the
–0.070 MPa level. The –0.035 MPa level was not sig-
nificantly different from the other. Possibly, the greater
interval between irrigations that occurred in the driest
treatment (-0.070 MPa) affected plant development.
The irrigation level effects on LAI, observed in Table
2, are similar to those presented by Serrano et al.
(1992). With regard to soil mulch, it was verified that

Table 2 - Mean values of plant for height (PH) (cm), maximum horizontal dimension of the plant (HDP) (cm), dry matter in the
above-ground part (DMAGP) (g), and leaf area index (LAI), obtained in 4 blooms of strawberry grown in the open
field, and in the 2nd and 3rd blooms under protected cultivation, with different soil mulches and irrigation levels
(MPa), in Atibaia, Brazil, 1995. a*

a*Means followed by the same letter are not different by Tukey test (P < 0.05). b*The interaction between water levels and sampling
seasons was significant.

noitavitlucdleifnepO noitavitlucdetcetorP
HP PDH PGAMD IAL HP PDH IAL

sehclumlioS
citsalpraelC a9.81 a8.03 a6.71 a97.1 a4.12 a3.03 a58.2
citsalpkcalB a3.81 a2.13 a0.71 a57.1 b9.81 b3.82 b42.2

)aPM(slevelnoitagirrI
010.0- a2.91 a2.13 a4.71 a77.1 *b8.12 a0.13 a98.2
530.0- a6.81 a2.13 a2.71 a57.1 *b5.02 ba5.92 ba96.2
070.0- a1.81 a7.03 a2.71 a08.1 *b2.81 b5.72 b50.2
smoolB

1 ts c1.31 b1.72 c7.9 c31.1
2 dn b1.81 a9.23 b4.61 b85.1 *b2.02 a6.92 a06.2
3 dr a9.02 a8.23 a4.52 a32.2 *b1.02 a0.92 a94.2
4 ht a3.22 a3.13 b7.71 a51.2
VC tolp )%( 7.7 9.4 4.21 9.11 3.21 9.7 2.92
VC tolp-bus )%( 0.31 8.8 8.41 1.51 2.61 1.41 9.92
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the obtained results in the protected cultivation and in
the open field were different. These differences may
be associated with differences in phytosanitary actions
and environmental conditions to which the plants were
submitted. The sampling season effect (2nd and 3rd

blooms) on HDP and LAI values was not significant
in the protected cultivation (Table 2). In spite of this,
a tendency can be noticed that the vegetative devel-
opment peaks occurred during the 2nd bloom in the pro-
tected cultivation. In the open field cultivation, they
predominantly occurred during the 3rd bloom and a
higher number of flowers was produced. This fact
probably occurred due to higher maximum and am-
plitude temperatures in the greenhouse (Table 1)
(Galletta & Bringhurst, 1990). In the protected culti-
vation, the 1st bloom was advanced by 15 days and a
reduction in the number of blooms was observed. The
CV values observed in Table 2 concerning the plots
and sub-plots were smaller than 20%, except for LAI.
These values can be considered acceptable for field
experimentation.

The results obtained for the final vegetative
growth period of the plants at the end of both experi-
ments (247 days after planting) are presented in Table
3. The interaction between soil mulches and irrigation
levels was not significant for all analyzed variables
(DMAGP, DMUGP and LAI) in both cultivation envi-
ronments.

No significant differences were observed in the
protected cultivation for DMUGP, DMAGP, and LAI
variables, in relation to soil mulches (Table 3). There
was also no effect of irrigation levels on DMUGP. On
the other hand, significant differences occurred for
DMAGP and LAI variables with reference to irriga-
tion levels. The DMAGP and LAI results were about
67% higher at the wettest irrigation level (–0.010 MPa)
when compared to those obtained at the driest level

(–0.070 MPa). The obtained values at the intermedi-
ate water level did not differ significantly from the
other.

The ranking of obtained results for LAI in the
protected cultivation at the end of the experimentation
(Table 3) was the same observed in Table 2 with re-
gard to the effect of irrigation levels, and different with
respect to the effect of soil mulches.

In the open field cultivation (Table 3), there
was no effect of soil mulches or irrigation levels for
all studied variables. The occurrence of diseases in a
homogeneous manner in the plots, and of precipita-
tions, possibly contributed to the fact that no signifi-
cant differences were observed in the studied variables.
The LAI values were similar in Table 2 and Table 3.

The DMUGP values were similar in both cul-
tivation environments (Table 3), except for the –0.070
MPa water level, at which the value in the open field
was 12.6% above that obtained in the protected culti-
vation.

In the last evaluation, the DMAGP values were
higher for the open field cultivation, when compared
to the protected cultivation, with increases of approxi-
mately 22 and 36%, in relation to clear and black poly-
ethylene soil mulches, respectively (Table 3). With re-
gard to the –0.010, –0.035, and –0.070 MPa water lev-
els, increases were of the order of 4, 26 and 70%,
respectively. Iuchi (1993) also observed smaller straw-
berry vegetative growth under protected cultivation,
when compared to open field conditions. The CV val-
ues presented on Table 3 were larger than those pre-
sented on Table 2. This fact could be due to the
weakening of the plants at the end of the harvest sea-
son leading to a greater variability.

Yield and its components were analyzed based
on the total observed values during crop cycles. Un-
marketable fruit yield was very low, less than 1%, in

noitavitlucdleifnepO noitavitlucdetcetorP
PGUMD PGAMD IAL PGUMD PGAMD IAL

sehclumlioS
citsalpraelC a2.21 a4.81 a89.1 a7.11 a1.51 a98.1
citsalpkcalB a2.21 a9.51 a47.1 a9.11 a7.11 a44.1

)aPM(slevelnoitagirrI
010.0- a0.21 a5.71 a59.1 a9.11 a9.61 a51.2
530.0- a2.21 a7.61 a18.1 a3.21 ba3.31 ba55.1
070.0- a5.21 a2.71 a18.1 a1.11 b1.01 b92.1
)%(VC 1.02 8.72 8.82 1.22 6.53 1.83

Table 3 - Mean values of dry matter in the underground part (DMUGP, in g), dry matter in the above-ground part (DMAGP,
in g per plant), and leaf area index (LAI) of strawberry in the open field and under protected cultivation, with
different soil mulches and irrigation levels (MPa), on December 23rd 1995, in Atibaia, Brazil. a*

a*Means followed by the same letter are not different by Tukey test (P < 0.05).
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the open field cultivation, and was practically inexis-
tent in the protected cultivation. The total yield, num-
ber of fruits per plant and mean weight of fruits veri-
fied in the protected cultivation and in the open field
cultivation can be found in Table 4.

In relation to total yield, number of fruits per
plant and mean weight of fruits, the interaction be-
tween soil mulches and water levels was not signifi-
cant in any of the environments.

For the protected cultivation an effect of soil
mulching and irrigation levels was present on the ana-
lyzed variables (Table 4). The most favorable soil
mulch was the clear polyethylene, for the 3 analyzed
variables. Total yield and number of fruits were sig-
nificantly higher at the water levels of –0.010 and –
0.035 MPa, when compared to the obtained values
at the -0.070 MPa level. With respect to mean weight
of fruits, cultivation at the –0.010 MPa irrigation level
resulted in a value higher than at the -0.070 MPa level.
The –0.035 MPa irrigation level was not different
from the other. It can be noted that yield and its com-
ponents were favored in the treatments with greater
vegetative growth (Tables 2 and 3) and the smaller
intervals between imposed irrigation, similarly as ob-
served by Passos (1997).

According to the presented results (Table 4),
in the open field cultivation there was no effect of soil
mulches and irrigation levels on variables total yield,
number of fruits per plant and mean weight of fruits
variables. The total yield achieved in both cultivation
environments practically did not differ with the use of
clear polyethylene (Table 4). On the other hand, total
yield was 23% lower in the protected cultivation with
black polyethylene, when compared to the obtained
yield in the open field. The CV values presented in Table

4 were lower than 10%, except the total yield under
protected cultivation, even so they can be accepted for
agronomic experimentation.

The obtained results in relation to the positive
effect of the use of clear polyethylene on yield, when
compared to black, in the protected cultivation (Table
4), are in agreement with those observed by Voth &
Bringhurst (1990) in California, USA, for several
strawberry cultivars. On the other hand, the observed
results under open field conditions, where no soil
mulching effect was verified, are similar to those ob-
served by Martins (1983) in open field cultivation with
cv. Campinas, in Viamão, Rio Grande do Sul State, Bra-
zil.

Under protected cultivation conditions, in
Spain, Serrano et al. (1992), observed similar results
as those presented in Table 4, with regard to the ef-
fect of irrigation levels on total yield.

In the open field conditions, the non-influence
of irrigation levels on total yield and its components
(Table 4) may be associated with the rain events that
occurred during the experimentation and the occur-
rence of diseases in a homogeneous manner in the ex-
periment. Strabbioli (1988), in Italy, also did not ob-
serve effects of different irrigation levels on yield, size,
and number of strawberry fruits. The author associ-
ated this fact to the natural precipitations that occurred
during the experimentation.

Fruit yield per plant was high in the protected
cultivation (Table 4), ranging from 466.7 to 662.4 g
plant-1, when compared to those achieved by Passos
(1997) and Fernandes-Jr. et al. (2002), using the same
cultivar under protected cultivation.

With regard to open field cultivation, the mean
total yield values per plant were always higher than 600
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070.0- b7.664 b4.66 b0.7 a0.656 a3.97 a3.8
)%(VC 9.81 4.7 5.5 3.9 6.4 5.4

Table 4 - Mean total marketable yield values (g), number of fruits per plant, and mean weight of fruits (g fruit-1) per plant
under protected cultivation and open field cultivation, with different soil mulches and irrigation levels (MPa), from
June to December 1995 in Atibaia, Brazil. a*

a*Means followed by the same letter are not different by Tukey test (P < 0.05).



Pires et al.424

Sci. Agric. (Piracicaba, Braz.), v.63, n.5, p.417-425, September/October 2006

g plant-1 for the different water levels and soil mulches
(Table 4). These values suggest that the cv. Campinas
tolerated well a high level of water in the soil, because
in the open field cultivation the plants received more
than twice as much water as under protected cultiva-
tion (Table 1), and even then maintained a high pro-
ductivity level. During the entire experimentation pe-
riod, the soil in question proved to have a good inter-
nal drainage. Irrigation management can however save
water, energy, and labor, and avoid excess water that
favors the occurrence and development of diseases.
The obtained productivities under open field conditions
in the present study were higher than those obtained
by other researches and published in other papers, de-
veloped with the same cultivar (Passos, 1982; Mar-
tins, 1983; Tessarioli Neto, 1993 and Conti et al.,
2002).

CONCLUSIONS

Protected strawberry cultivation, at irrigation
levels of –0.010 and –0.035 Mpa and the clear poly-
ethylene mulch favored the vegetative growth (plant
height, maximum horizontal dimension of the plant, and
leaf area index), as well as the total marketable fruit
yield and its components (number of fruits per plant
and mean weight of fruits).

Open field cultivation, presented no effect of
treatments due to rainfall occurrence during the crop-
ping season.
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