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Abstract Drip irrigation has the potential to save
water and mitigate foliar diseases for processing tomato
production in Central Brazil. Four experiments were
carried out at Embrapa Vegetables, Brasília, Brazil, to
establish irrigation management strategies during vege-
tative, fruit development, and maturation growth stages
of drip-irrigated processing tomato. Soil water tension
(SWT) threshold values ranging from 5 to 120 kPa were
evaluated. Plants growing under higher water deWcit
during the vegetative stage showed root systems up to
10 cm deeper than those irrigated more frequently.
Maximum fruit yield was reached when irrigations were
performed at SWT thresholds of 35, 12, and 15 kPa dur-
ing vegetative, fruit development, and maturation
growth stages, respectively. Total soluble solids content
was not aVected by irrigation treatments during vegeta-
tive and fruit development stages, but increased as SWT
increased during fruit maturation growth stage.

Introduction

Presently, about 80% of the entire Brazilian processing
tomato production is located in Central Brazil, because

of favorable soil and climatic conditions. Drip irrigation
associated with fertigation can increase processing
tomato fruit yield and save 30% of irrigation water
compared with sprinkle irrigation (Colla et al. 1999;
Prieto et al. 1999). Center pivot sprinkler irrigation is
the method generally employed in Brazil for processing
tomato production. Because drip irrigation applies
water directly to the soil, without wetting leaves and
fruits, foliar disease, fungicide use, and fruit decomposi-
tion are reduced with drip irrigation (Silva et al. 1999).

Although the drip-irrigated area of processing
tomato in Brazil has been increasing, it still occupies a
small area. In the last 10 years, the area has grown
from about 200 to 1,300 ha and currently represents
9% of the total irrigated processing tomato. In general,
both lack of coherent information about the advanta-
ges of drip irrigation and the absence of irrigation man-
agement strategies under Brazilian conditions are
important constraints which have limited its expansion.
Marouelli et al. (2003) reported that even with higher
production costs, the net economic revenue of drip irri-
gated processing tomatoes is slightly higher than the
net revenue under center pivots.

Several studies on sprinkler irrigated processing
tomato irrigation have been conducted in Central Bra-
zil (Silva and Marouelli 1999). In the case of sprinkler
systems, excess irrigation favors higher incidence of
foliar diseases and higher occurrence of decomposed
fruit, while deWcit irrigation, mainly in the fruit devel-
opment stage, reduces fruit yield. However, the occur-
rence of moderate water deWcits during the vegetative
stage favors deeper rooting and during the maturation
growth stage increases the total soluble solids, regard-
less of the irrigation system used (Marouelli et al. 2004;
Johnstone et al. 2005; Machado and Oliveira 2005).
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The design of proper irrigation scheduling should
avoid detrimental water deWcits or excesses and
requires information on the eVects of water stress dur-
ing the diVerent crop development stages (Renquist
and Reid 2001). Appropriate soil water tension (SWT)
threshold values can vary signiWcantly as a function of
crop development stage (Marouelli et al. 1991) and are
important for the establishment of adequate irrigation
schedules. In the Brazilian literature there are no
recommendations regarding these thresholds for drip
irrigated processing tomato. According to Renquist
and Reid (2001), the diVerential eVects of soil–water
deWcit on tomato fruit yield and quality are complex
and poorly deWned despite much research worldwide.
Irrigation thresholds should be determined for site-
speciWc conditions, because they may be aVected by
factors such as climate and soil conditions, cultivar, and
irrigation system (Martin et al. 1990; Prieto et al. 1999;
Shock et al. 2007). For drip irrigation under California
conditions, Hartz and Hanson (2005) recommended
that until the beginning of fruit maturation growth
stage the SWT irrigation thresholds should be in the
range of 20–35 kPa and from then on, in the range of
40–50 kPa.

The objective of this work was to establish the
parameters of water management for processing toma-
toes irrigated by drip systems in Central Brazil, by
evaluating the eVects of SWT irrigation thresholds dur-
ing tomato’s vegetative, fruit development and fruit
maturation growth stages.

Materials and methods

Four experiments were carried out during the months
of May through September, the drier and cooler season
of the year, from 2000 throughout 2002, at the experi-
mental Welds of Embrapa Vegetables, located in the
Federal District of Brazil, in the central region of the
country. The experimental site was 997 m above the
sea level and was located at 15°56� south and 48°08�

west. The local climate is classiWed by Köppen as Cwa-
type, humid and hot summers and dry and cold winters,
and  the soil is a well-drained clayey red Oxysol.
Soil–water retention characteristics, for the top 40 cm
of the proWle, in the range of 5–1,500 kPa, are repre-
sented by the adjusted equation �(�m) = 23.0 + 14.9/
[1 + (0.0576 £ �m)1.7563]0.4301 (van Genuchten 1980),
where � is the volumetric soil moisture content (%)
and �m the soil matric tension (kPa).

Experiment I consisted of nine irrigation manage-
ment treatments resulting from the combination of
three levels during two timings: (1) SWT irrigation

thresholds (15, 30 and 70 kPa) applied during the vege-
tative growth stage, and (2) SWT irrigation thresholds
(15, 30 and 70 kPa) applied during the fruit develop-
ment stage. Treatments in experiment II consisted of
six SWT irrigation thresholds (6, 10, 15, 30, 60 and
120 kPa) during the vegetative growth stage, and
experiment III consisted of six SWT irrigation thresh-
olds (5, 8, 12, 20, 45 and 100 kPa) during the fruit
development stage. Four SWT irrigation thresholds
(15, 30, 60 and 120 kPa) were evaluated during fruit
maturation growth stage in experiment IV. Each
experiment was carried out during one growing season.
During the nontarget crop growth stages of each exper-
iment, no treatments were applied and irrigations were
scheduled uniformly at SWT threshold values of
20 kPa during fruit development stage and 45 kPa dur-
ing both vegetative and fruit maturation growth stages
(Hartz and Hanson 2005).

The vegetative growth stage corresponded to the
period between the initial seedling establishment and
the beginning of Xowering (from the 8th to the 33rd
day after the seedling transplant). The fruit develop-
ment stage started at the end of the vegetative stage
and Wnished at the beginning of the fruit maturation
growth stage (from the 34th to the 90th day). In experi-
ment IV, the irrigation treatments were started when
70% of the plants had at least one red fruit and irriga-
tions were ended when 80% of the fruit were red (from
the 85th to the 110th day after transplant).

In each experiment, tomato seedlings were planted
about 30 days after sowing, at 30 £ 120 cm spacing, in
pre-irrigated soil with a water content near Weld capac-
ity in the top 40 cm. Experimental plots (28.8 m2) were
situated inside a continuous crop Weld and included
four 6-m long rows. Five-meter long sections of the
central two rows of the plot were harvested for yield
analysis.

Tomato plants were cultivated during the traditional
dry growing season. Seedlings were planted in the sec-
ond week of May in experiments I and III, in the third
week of June in experiment II, and in the second week
of April in experiment IV. The objective of applying
this strategy was to avoid rainfall during the target
growth stage when the treatments were evaluated.
Three diVerent tomato hybrid cultivars (AP533, H9498
and H99921) were used in the four experiments
because those were the planting material typically cul-
tivated by the growers and available in the market at
the time of the experiments.

1 The mentioning of trade names does not imply in endorsement
by the authors or Embrapa.
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All treatments were fertilized with 200 kg of N,
300 kg of K2O, 600 kg of P2O5, 100 kg of Ca, 40 kg of
Mg, 5 kg of Zn, and 2 kg of B, per hectare. Fertilizer
sources included urea, potassium and calcium nitrate,
potassium and calcium chloride, phosphate, limestone,
magnesium and zinc sulfate, and borax. All phosphorus
and micronutrients were applied pre-plant as well as
15% of the nitrogen and potassium, and 70% of the
calcium. The remaining nutrients were supplied weekly
through fertigation. Pest management followed stan-
dard commercial procedures.

A single drip line was placed on the soil surface
within 5–10 cm of the crop row. This placement pre-
vented the formation of a water saturated zone near
the plant stems and soil-borne diseased. Drip line had
emitters spaced 30 cm apart and a Xow rate of
4.0 l h¡1 m¡1.

In the Wrst week after transplanting, irrigations were
scheduled on a daily basis for all treatments. Subse-
quent irrigations were scheduled according to the
treatments previously established for each experiment.

In each treatment, SWT irrigation thresholds were
evaluated with sensors at depths corresponding to 50%
of the eVective root system depth, that is, at 10 cm dur-
ing the vegetative growth stage, at 15 cm in the begin-
ning of the fruit development stage (from the 34th to
the 55th day), and at 20 cm from thereon until the irri-
gations were ceased. SWT was measured using tensi-
ometers for tensions up to 60 kPa and individually
calibrated electrical resistance gypsum blocks for ten-
sions above 60 kPa. Sensors were installed in three rep-
licates of each treatment and placed 10 cm from the
emitter and the plant. Sensors were read manually up
to four times a day, and irrigations were performed
when SWT reached values near threshold values estab-
lished for each treatment.

The amounts of water to be applied were deter-
mined according to the rate of soil moisture depletion
(Keller and Bliesner 1990), considering a SWT at Weld
capacity of 6 kPa, taking into account 35% of the wet-
ted area and employing the adjusted van Genuchten
equation. The low SWT at Weld capacity is due to the
strong aggregation of the Brazilian Oxisols, usually
attributed to the presence of high contents of alumi-
num and iron oxides (Muggler et al. 1999). For treat-
ments with SWT irrigation threshold below 10 kPa,
water depths were determined as the product of refer-
ence crop evapotranspiration and crop coeYcient
(% canopy cover £ 1.1). Daily reference crop evapo-
transpiration was estimated using data from a weather
station localized near to the experimental sites, using
FAO Penman-Monteith method (Allen et al. 1998).
For adjusting the amount of applied water, sensors

were placed about 5 cm below the limit of the eVective
crop rooting depth. At that depth, the SWT was main-
tained between 15 and 25 kPa, 1 day after irrigation.

The average climatic conditions during the vegeta-
tive growth stage in experiments I and II, fruit develop-
ment stage in experiments I and III, and fruit
maturation growth stage in experiment IV were,
respectively, air temperature: 22.4, 22.8, and 23.6°C;
relative humidity: 54, 55, and 51%; solar global radia-
tion: 18.9, 19.3, and 18.4 MJ m¡2day¡1; wind speed: 1.2,
1.3, and 1.0 m s¡1; cumulative rainfall: 0, 4 and 1 mm,
and class A pan evaporation: 6.9, 6.4, and 5.9 mm
day¡1. Corresponding reference grass crop evapotrans-
piration based on pan evaporation were 4.8, 5.1, and
5.7 mm dia¡1. Cumulative rainfall during the entire
growth period of experiments I, II, III, and IV was 149,
240, 188, and 48 mm, respectively.

Fruits were harvested manually when the proportion
of red fruit reached about 95%. The evaluation vari-
ables for the treatments in all experiments were the
depth of applied water, eVective rooting depth, Wnal
plant stand, biomass production, proportion of red
fruit, marketable fruit yield, average fruit mass, num-
ber of fruits per plant, proportion of decomposed
fruits, total soluble solids content and yield, and titra-
ble acidity.

Plant vegetative biomass production was deter-
mined by weighing the mass of plant canopy, except
the fruit, dried in a ventilated oven at 60°C. The pro-
portion of red fruit at harvest was determined by the
relationship between the mass of red (includes orange)
fruit and the sum of masses of red and green fruit. Only
red, disease-free fruits were considered for yield, aver-
age fruit mass, and number of fruit per plant. Titrable
acidity and soluble solids content were determined
from homogenized samples of 15 fruits per plot accord-
ing to Moretti et al. (1998). EVective root system
depth, containing about 80% of the root mass, was
evaluated in two replicates after the harvest of experi-
ment II by the method of the reticulate proWle (Atkin-
son and Mackie-Dawson 1991).

All experiments used a randomized-block design
with four replicates in experiments I, II and III and six
replicates in experiment IV. Data from each experi-
ment were analyzed using analysis of variance
procedures. Treatments with signiWcant diVerences
(P < 0.05) were further analyzed using linear regres-
sion using the method of the orthogonal polynomials.
Since the levels of the SWT irrigation threshold in kPa
were not equally spaced, a logarithmic transformation
was used. Student’s t was used for testing hypotheses
about equality of two population regression coeY-
cients (Zar 1999).
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Results and discussion

Similarly to the results of Marouelli et al. (1991), there
was no signiWcant interaction (P > 0.05) among factors
for the evaluated variables in experiment I. This allowed
the factors “water tension during vegetative growth
stage” and “water tension during fruit development
stage” to be analyzed separately. Although experiments
I and II were carried out in diVerent years using diVerent
tomato cultivars, the variance analysis of experiments I
and II (“water tension during vegetative growth stage”
factor) showed that the relationship between the larger
and the smaller residual mean square of the evaluated
variables were smaller than seven; that is, the residuals’
mean square of both experiments are homogeneous
(Gomes 1991). This allowed the data to be analyzed all
together. The same trends were observed among experi-
ments I and III during the fruit development stage.

EVect of SWT during vegetative growth stage

The amount of water applied each year during the veg-
etative growth stage in experiments I and II ranged
from 46 to 136 mm, depending upon the treatment.
During the other stages 204 mm was applied to all
treatments.

The maximum tomato eVective root system depth,
evaluated at the end of the crop season in experiment
II, had a linear response to the log of SWT (Fig. 1a).
Treatments with a larger soil–water deWcit during the
vegetative growth stage had deeper roots than those
irrigated more often. According to Lopes et al. (2006),
plants with deeper root system, besides absorbing
nutrients more eYciently, tolerate less frequent irriga-
tion during subsequent growth stages, and are less
prone to soil-borne disease.

The Student’s t test indicated that the relative
responses to the levels of water tension threshold in the
vegetative growth stage in experiments I and II were
similar. Since the population regression curves in each
experiment did not show diVerent slopes, aggregate
regression equations were adjusted for the variables
that were signiWcantly aVected by SWT during the veg-
etative growth stage.

Fruit harvest was conducted 116 and 112 days after
transplant for experiment I and II, respectively. The
proportion of red fruit averaged 94.3%, and was not
signiWcantly aVected by SWT. Therefore, the duration
of the plant phenological cycle was not aVected by
SWT during vegetative growth stage, consistent with
the results reported by Prieto et al. (1999).

Plant stand during the vegetative growth stage had a
quadratic response to the log of SWT (Fig. 1a). The

maximum number of plants per unit of area occurred
at the SWT of 19 kPa [log(kPa) = 1.28]. The SWT of
120 kPa [log(kPa) = 2.08] reduced plant stands, proba-
bly due to water deWcits early in the vegetative growth
stage when the new plants were not well-established.
The reduction in stand due to lower SWT may have
been due to soil-borne diseases favored by the mainte-
nance of high moisture content near to plant stem
(Lopes and Avila 2005).

Plant vegetative biomass production decreased line-
arly with the increase of the log of soil water deWcit
(Fig. 1b). In the 120 kPa treatment, a 23% biomass
reduction occurred due to both stand reduction and
smaller plant growth.

Based on the adjusted response function, the maxi-
mum marketable fruit yield was obtained for the SWT
irrigation threshold of 35 kPa [log(kPa) = 1.54]
(Fig. 1b). Under these experimental conditions, this
SWT corresponded to an irrigation interval of 4–5 days
during vegetative growth stage. These results are in
agreement with Hartz and Hanson (2005), who recom-
mended a SWT irrigation threshold in the range of
25–35 kPa for irrigation management in clay soils. The
lowest yield was associated with a SWT of 120 kPa,
with a reduction of 18% in comparison to the maxi-
mum yield.

Fig. 1 Maximum eVective root system depth and plant Wnal stand
(a); and plant vegetative biomass production and marketable
fruit yield (b) as aVected by soil–water tension during processing
tomatoes vegetative growth stage
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According to the present work, the largest root sys-
tem development was associated with moderate SWT
during vegetative growth stage, in contrast to grower’s
beliefs, and did not result in increased fruit yield.
Therefore, the deWcit management strategy used in
tomato sprinkler-irrigated Welds that helps to minimize
foliar diseases was not advantageous under drip
irrigation.

Individual fruit mass averaging 78 g and number of
marketable fruits averaging 59.9 fruits per plant were
not aVected by the SWT treatments. Yield variations
from SWT irrigation thresholds during vegetative
growth stage were predominantly due to the eVects of
on plant stand. For processing tomatoes irrigated by
sprinkler systems, Marouelli et al. (1991) showed that
water deWcit during the vegetative growth stage did not
aVect fruit mass, but decreased the number of fruits per
plant. That can be attributed to the diVerence between
the irrigation systems employed in each situation and
to the fact that the plants were submitted to water
tensions up to 460 kPa by Marouelli et al. (1991), com-
pared to a maximum of 120 kPa in the present study.

Furthermore, none of the evaluated fruit quality
variables were aVected by the SWT treatments. The
average rate of decomposed fruit was 3.4%, the aver-
age titrable acidity was 0.31% of citric acid, and the
total content of soluble solids averaged 4.4%. The non-
signiWcant eVect of SWT treatments on the quality vari-
ables was expected since they were applied only during
vegetative growth stage, before eVective fruit set,
development, and maturation. Since the soluble solids
content was not aVected by the treatments, the soluble
solids yield can be interpreted as a direct function of
the marketable fruit yield, that is, it was also maxi-
mized for the SWT irrigation threshold of 35 kPa
during vegetative growth stage.

EVect of SWT during fruit development stage

The average net water depth applied during the fruit
development stage in experiments I and III ranged
from 118 to 192 mm, depending upon the treatment.
During the other stages a depth of 155 mm was applied
uniformly to all treatments.

The regressions in experiment I and III for the levels
of SWT evaluated during fruit development stage did
not have statistically diVerent slopes. Therefore, an
aggregate regression equation was adjusted for each
variable that was aVected signiWcantly by SWT.

Fruits were harvested at 116 and 121 days after
transplant for experiments I and III, respectively. The
proportion of red fruit averaged 95% for all treat-
ments; consequently, the crop development cycle was

not signiWcantly aVected by SWT irrigation thresholds
evaluated during fruit development stage. These
results are consistent with those of Prieto et al. (1999)
who did not observe variations in the rate of fruit mat-
uration as a function of diVerent irrigation regimes.

Final plant stand averaged 2.65 plants per square
meter and was not signiWcantly aVected by irrigation
treatments during fruit development stage, consistent
with Marouelli et al. (1991). Plant vegetative biomass
production was linearly reduced with the log of SWT
(Fig. 2a). Plants submitted to a SWT of 100 kPa
[log(kPa) = 2.00] had a biomass reduction of 17% com-
pared to low SWT (5–12 kPa).

Number of marketable fruits per plant was linearly
reduced as SWT increased (Fig. 2a). This reduction

Fig. 2 Processing tomato plant vegetative biomass production
and number of marketable fruits per plant (a); marketable fruit
mass and fruit yield (b); and fruit decomposition and titrable acid-
ity (c) as aVected by soil–water tension during fruit development
stage
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may be explained by smaller plant growth, higher
Xower drop and abortion of small fruit as the plants
were submitted to drier conditions during the short
period between the end of the Xowering and the begin-
ning of the fructiWcation (Marouelli et al. 1991; Prieto
et al. 1999).

The average marketable fruit mass showed a qua-
dratic response to the log of SWT and was maximized
for SWT of 11 kPa [log(kPa) = 1.04] (Fig. 2b). Fruit
mass reduction, even under moderate soil–water deWcit
conditions during fruit development stage, was also
observed by Colla et al. (1999). Very frequent irriga-
tions from the adoption of low SWT irrigation thresh-
old such as 5 kPa may have caused a lack of soil
aeration in the root zone and nutrient leaching.

Marketable fruit yield had a quadratic response to
SWT irrigation threshold and it was maximized at
12 kPa [log(kPa) = 1.08] (Fig. 2b), which corresponded
to a 1-day irrigation interval during fruit development
stage. Based on the evaluated production variables, it
was observed that yield diVerences, as aVected by the
treatments, may be attributed to both the number of
fruits per plant and the fruit mass, since plant stand did
not change.

For California conditions, Hartz and Hanson (2005)
recommended that irrigations should be performed at
a SWT between 20 and 35 kPa, which are considerably
higher than the value obtained in the present study.
Nevertheless, such large diVerences may occur because
the magnitude of that parameter is aVected, among
other factors, by soil and climatic conditions and the
position of the sensor in relation to the plant and the
emitter (Martin et al. 1990; Hartz and Hanson 2005).

Fruit decomposition showed a linear and negative
response to the log of SWT (Fig. 2c). In accordance
with the observations recorded by Machado and Olive-
ira (2005), the highest rate of decomposed fruit
occurred in the plots more frequently irrigated. That
was mainly due to the longer time the fruit remained in
contact with the wet soil surface and the higher devel-
opment of the foliage, which most likely favored a
more humid environment within the plant canopy.
Humid conditions favor fungi and bacteria diseases
such as those caused by Rhizoctonia solani and Erwinia
spp. that occur mainly in fruits which have direct con-
tact with the soil and/or due to wounds caused by
insects (Lopes and Avila 2005).

The soluble solids content averaged 4.8% and was
not aVected by SWT irrigation threshold during fruit
development stage. Consequently, soluble solid yield
had a response similar to that of the fruit yield, that is,
it was maximized at the SWT irrigation threshold of
12 kPa. According to Lowengart-Aycicegi et al. (1999),

the water regime has little eVect on the soluble solid
content during fruit development stage, but it is deci-
sive from the beginning of the fruit maturation growth
stage. The titrable acidity increased linearly as the log
of SWT increased (Fig. 2c). Such response is consistent
with the Wndings of Colla et al. (1999) who observed
that water supply restrictions during either fruit devel-
opment or maturation growth stages promote signiW-
cant increase in fruit acidity.

EVect of SWT during fruit maturation growth stage

Before the beginning of the SWT treatments, a water
depth of 232 mm had been applied uniformly to all the
tomato plants. During fruit maturation growth stage
the SWT treatments resulted in total irrigations rang-
ing from 45 to 128 mm, according to treatment.

Fruits were harvested 117 days after transplanting
and the proportion of red fruit increased linearly as the
log of SWT increased (Fig. 3a), indicating that the irri-
gation threshold aVected the length of crop develop-
ment cycle as opposing to what was observed in the
other crop growth stages.

The plant Wnal stand averaged 2.56 plants per square
meter and the dry mass of the canopy averaged
2.64 Mg ha¡1, but neither was signiWcantly inXuenced
by the SWT treatments (P > 0.05). The drip irrigation
system did not wet the plants and so irrigation-induced
disease problems were not observed on either plant
stands or vegetative growth at the end of the crop
growth cycle.

Marketable fruit yield, number of fruits per plant,
and average fruit mass were reduced linearly as the log
of SWT increased during fruit maturation growth stage
(Fig. 3a, b). These reductions may be attributed to a
higher soil water deWcit to which the plants were sub-
mitted. Thus, the diVerences in fruit yield were directly
related to the variations in the number of fruits per
plant and fruit size. For the conditions of this study,
SWT irrigation thresholds which maximized fruit yield
(15 kPa) corresponded to a daily irrigation frequency
during fruit maturation growth stage.

The reduced number of marketable fruits per plant
with greater SWT (greater irrigation deWcit) during
fruit maturation growth stage can be explained by the
facts that: (1) treatments began when only about 30%
of the plants had at least one red fruit and, therefore, a
signiWcant number of small green fruits did not enlarge
under drier conditions; and (2) small, red pear-shaped
fruit (Ø < 2 cm) were not harvested, consistent with
commercial practices.

The results obtained in this study diVer from those
normally observed in processing tomato irrigated by
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center pivot sprinkler irrigation systems in Brazil (Silva
and Marouelli 1999), where fruit yield is generally
reduced as irrigation frequency increases during fruit
maturation growth stage. This can be explained by the
fact that high frequency sprinkler irrigation favors great
incidence of foliar disease and decomposed fruit (Lopes
and Ávila 2005). In the present work, decomposed fruits
averaged 1.4% and was not aVected by irrigation treat-
ments during fruit maturation growth stage. These
results are consistent with the Wndings of Johnstone
et al. (2005) who reported that deWcit irrigation during
the fruit maturation growth stage resulted in substantial
yield loss in drip-irrigated processing tomato.

Total soluble solids increased linearly as the log of
SWT increased (Fig. 3c). That is in accordance with

Cahn et al. (2002) and Johnstone et al. (2005) who
reported that moderate and controlled water deWcit
during the beginning of the fruit maturation growth
stage is crucial for high soluble solids content. On the
other hand, soluble solids yield averaged 5.87 Mg ha¡1

and was not signiWcantly aVected by the treatments,
which can be explained by the fact that the fruit yield
and the soluble solids content showed a negative cor-
relation. Fruit yield and soluble solids content
response to SWT obtained in this work are in agree-
ment with Hartz and Hanson (2005) who reported that
moderate SWT (40–50 kPa) promotes an increase in
soluble solids content and a slight reduction in fruit
yield.

Similarly to Colla et al. (1999) and Marouelli et al.
(2004), it was observed that a linear increment in the
titrable acidity with increasing water deWcits (Fig. 3c).
Thus, greater SWT (less frequent irrigations) during
the fruit development and maturation growth stages
favor fruit with higher acidity content.

Conclusions

Maximum fruit yields were associated with SWT
irrigation thresholds of 35, 12 and 15 kPa, during
the vegetative growth, fruit development and fruit
maturation growth stages, respectively. Under the
experimental conditions, maximum fruit yield was
associated with the adoption of average irrigation
interval ranging from 4 to 5 days during the vegeta-
tive growth stage and 1 day during the remaining crop
growth stages.

Processing tomato plants submitted to higher SWT
(hence less frequently) during vegetative growth stage
had deeper root systems than those ones irrigated at
low SWT (and more frequently). Higher SWT during
the beginning of the vegetative growth stage also
reduced yield, due to plant stand reductions.

Fruit soluble solids content was not aVected by the
SWT irrigation threshold during vegetative growth or
fruit development stages, but increased at higher SWT
irrigation thresholds (higher soil–water deWcits) during
fruit maturation growth stage. Total soluble solids
yield responses to SWT during vegetative growth and
fruit development stages were similar to fruit yield
responses, but soluble solids yield was not aVected by
SWT between 15 and 120 kPa during fruit maturation
growth stage.

Acknowledgments The authors thank Rain Bird do Brasil Ltda.
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the manuscript revision.

Fig. 3 Fruit maturation concentration and number of market-
able fruits per plant (a); marketable fruit mass and fruit yield (b);
and total soluble solids content and titrable acidity (c) as aVected
by soil water tension during processing tomatoes maturation
growth stage
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