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ABSTRACT

Le AT, Pék Z., Takics S., Neményi A., Helyes L. (2018): The effect of plant growth-promoting rhizobacteria on yield,
water use efficiency and Brix Degree of processing tomato. Plant Soil Environ., 64: 523-529.

Open field experiments were conducted to investigate the effects of plant growth-promoting rhizobacteria (PGPR)
(Phylazonit MC®) as a biofertilizer on processing tomato cultivar var. Uno Rosso F,, grown under three different
regimes of water supply. Field effectiveness of rhizobacteria inoculation on total biomass production, yield and wa-
ter use efficiency, were examined in 2015 and 2016. Seedlings were inoculated with 1% liquid solution of Phylazonit
MC® (Pseudomonas putida, Azotobacter chroococcum, Bacillus circulans, B. megaterium; colony-forming unit:
10° CFU/mL) at sowing and planting out by irrigation. There were three different regimes of water supply: rain-fed
control (RF); deficit water supply (WS50) and optimum water supply (WS100); the latter was supplied according
to the daily evapotranspiration by drip irrigation. Total aboveground biomass (shoot and total yield) and red fruits
yield were measured at harvest in August, in both years. Total biomass changed between 32.5 t/ha and 165.7 t/ha,
the marketable yield from 14.7 t/ha to 119.8 t/ha and water use efficiency (WUE) between 18.5 kg/m3 to 32.0 kg/m?3.
The average soluble solids content of the treatment combinations ranged from 3.0 to 8.4°Brix. Seasonal effects were
significant between the two years with different precipitation, which manifested in total biomass and marketable
yield production. PGPR increased WUE only in WS50 in both years, while under drought stress and higher water
supply, the effect was not clear. The effect of PGPR treatment on marketable yield, total biomass and WUE was
positive in both years when deficit irrigation was applied and only in the drier season in the case of optimum water

supply.
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Tomato is one of the most popular and impor-
tant vegetable crops grown all over the world.
Processing tomato production was 38 Mt worldwide
and 10.6 Mt in Europe in 2016 (World Processing
Tomato Council 2017). Tomato quality is affected
by the interactions between cultivars, environ-
mental factors such as light, temperature and
water supply, and the composition of the nutri-
ent solution and crop management (Dorais 2007,
Helyes et al. 2014).

Production of processing tomato requires
400-800 mm of water from transplanting to har-
vest. Drip irrigation is very efficient in saving water
itself, but its efficiency can be increased by applying
deficit irrigation (DI) in the field (Battilani et al.
2012). This irrigation method causes water stress
to plants, but if the yield reduction is lower than
the benefit it gets from the water saving or quality
improvement, then the lower yield becomes less
important (Johnstone et al. 2005, Pék et al. 2017).
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Effects of DI vary year by year and it affects
crops differently, moreover soil also influences
its impact (Helyes and Varga 1994). The most
common water deficit applied is 50% of evapo-
transpiration (Bakr et al. 2017), but other rates
can be used as well (Nguyen et al. 2012, Pataneé
et al. 2014, Al Mamun Hossain et al. 2017). Other
techniques include the application of different DI
rates in different vegetative stages (Kuscu et al.
2014, Nangare et al. 2016), or simply terminated
irrigation for the duration of different phenological
stages (Johnstone et al. 2005, Lei et al. 2009). In
processing tomato production, water use efficiency
(WUE) is the ratio between the yield produced by
the plant and the consumed water (Battilani et
al. 2009). In this way, WUE can be considered as
relatively constant for a given crop under a given
climate (Patane et al. 2014). WUE is a very useful
index for demonstrating the efficiency of water
use in plant production which may allow saving of
irrigation water, contributing to the preservation
of this restricted resource (Battilani et al. 2009).

Plant growth-promoting rhizobacteria (PGPR)
have many benefits in the soil environment, they
can improve the availability of micro- and macro-
nutrients via nitrogen fixation, solubilisation of
phosphate and potassium from sparingly solu-
ble forms or mineralization of plant nutrients
that are bound in organic matter (Adesemoye et
al. 2008). PGPR have also increased marketable
yield significantly, while reducing the fertilizer
demand in tomato (Adesemoye et al. 2009). Other
researchers found, that PGPR are a useful tool for
enhancing phytochemicals in tomato (Sabin et al.
2017) especially under stressful conditions (Ruzzi
and Aroca 2015).

Soluble solids content (SSC) is a refractometric
index, which specifies the percentage of solids in
tomato fruits, and it is measured in °Brix (Johnstone
etal. 2005). For tomato processing, the lower yield
per hectare and higher SSC of tomato fruits re-
sults in higher income, because of the high cost
of transportation and volatilization (Grandillo et
al. 1999, Hartz et al. 2005). Nowadays, profitable
production is over 100 t/ha yield to stay in com-
petition and reach high SSC, because of its strong
negative correlation with the cost of processing
(Barrios-Masias and Jackson 2014). The effects
of yield levels are not so significant as the effect
of SSC on cost (Rocco and Morabito 2016). The
fulfilment of these two needs is a great challenge
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and demands professional research work related to
the different production technology (Nichols 2006).

The PGPR bio-fertilizer Phylazonit MC® from
Phylazonit Ltd. (Nyiregyhdza, Hungary) can be
used for many horticultural plant cultures (Gajdos
et al. 2009, Balla-Kovécs 2010).

The aim of this study was to investigate the
effect of the PGPR product Phylazonit MC® on
processing tomato cv. Uno Rosso F, under three
different irrigation regimes. Plants treated at the
time of sowing with PGPR were evaluated for the
total biomass, yield, SSC and water use efficiency.

MATERIAL AND METHODS

Plant material. Open field experiments were
conducted with processing tomato cv. Uno Rosso
F, (United Genetics Seeds Co. Hollister, USA), in
2015 (Location 1: 47.594292'N, 19.359758'E), 2016
(Location 2: 47.577380'N, 19.379573'E), Institute of
Horticulture’s farm at the Szent Istvan University,
Go6dollé, Hungary. Location 1 was classified as
Calcaric Arenosol, sandy loam in texture, consisted
of 69% sand, 22% silt, and 9% clay, 1.57 g/cm3
bulk density, 19% field capacity, neutral in pH,
free from salinity (0.16 dS/m) and low in organic
carbon, NO;-N, ., (5 g/kg), P, (6.6 g/kg), K,
(29.1 g/kg). Soil type of location 2 was Calcaric
Arenosol, loam soil in texture (41% sand, 47.5 silt
and 11.5% clay) with bulk density of 1.49 g/cm?3,
25% field capacity, free from salinity (0.212 dS/m)
and low in organic matter, consisted of NO,;-N
(8.6 g/kg), P, (3.49 g/kg), K, (47.1 g/kg). The
sowing was carried out on the 13 of April in a
greenhouse using the Klasmann TS3 substrate in
plastic trays (256 seeds/tray). The experimental
design was a randomized complete block, 24 m?
of plot size with four replicates. Seedlings were
arranged in double (twin) rows with a distance of
1.6 m between bed centres and 0.4 m in between
the twin rows and 20 cm between the plants.
Seedlings were planted out 4 weeks after sow-
ing at the development stage BBCH 104 (Hack
et al. 1992). Weight of aboveground biomass
and marketable yield were measured removing
the total of 10 plants in each plot at harvest on
August 18™ and August 28" in 2015 and 2016,
respectively.

PGPR and irrigation treatments. Immediately
after sowing, plastic trays were inoculated with
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liquid solution of Phylazonit MC® (PGPR). Some
trays were not inoculated (control). This solution
is a mixture of Pseudomonas putida, Azotobacter
chroococcum, Bacillus circulans, and B. mega-
terium produced by Phylazonit Ltd., located in
Hungary (Gajdos et al. 2009, Balla-Kovécs 2010).
Seedlings were inoculated with 1% Phylazonit
MC®(2 mL/plant) and again after planting out
(41 667 plants/ha) the same solution (4170 L/ha)
was given by the drip irrigation system.

Temperature and precipitation were recorded six
times per hour using a Campbell 21X Datalogger
meteorological station (Campbell Scientific Inc.,
Logan, USA). The daily amount of irrigation
demand was calculated by potential evapotran-
spiration (ETc) and crop coefficient (K ) using
CROPWAT 8.0 software (Rome, Italy), where to-
mato was the reference crop (Surendran et al. 2017).

There were two different irrigation regimes,
based on ETc: ETc x K, meaning optimum water
supply (WS100), and half of this, 0.5 x ETc x K,
DI (WS50), which were compared with unirri-
gated, rain-fed control (RF). The crop coefficient
K, ranged between 0.4 and 0.7 from planting out
(BBCH 104) to crop establishment (BBCH 109);
between 0.7 and 1.1 from crop establishment to
main flowering (BBCH 609); between 1.1 and 0.8
from the beginning of flowering to the beginning of
fruit set (BBCH 701); between 0.8 and 0.6 from the
beginning of fruit set to full maturity (BBCH 802)
of the 15t and 2" fruit truss. Harvest index (%)
was calculated as the ratio of marketable yield
(t/ha) and total biomass (t/ha).

Water use efficiency (kg/m3) was calculated as
the ratio of marketable yield on fresh weight basis
(FW, kg/ha) at harvest and total water used (ET,
m?3/ha), as measured by water balance (Patané et
al. 2014).

Degree Brix (“Brix), as an indicator of the soluble
solids concentration in tomato fruits, was estimated
by the Digital Refractometer Kriiss DR 201-95 from
the homogenized fruit samples (Kriiss Optronic,
Hamburg, Germany).

Statistical analysis. The software IBM SPSS ver-
sion 23.0 for Windows (IBM Hungary, Budapest,
Hungary) was used for data analysis. The effects
of Phylazonit MC?®, irrigation regimes, and their
interaction were determined by two-way ANOVA.
Mean values (n = 4) not sharing the same letters are
significantly different at (P < 0.05) as determined
by the Tukey’s test.

https://doi.org/10.17221/818/2017-PSE

RESULTS AND DISCUSSION

Yield and total biomass. Irrigation for optimum
(WS100) and deficit (WS50) water supply received
in total (including rainfall) 426.3 mm and 306.3 mm,
respectively. Seasonal temperature in both years was
high. In 2015, heat was paired with low precipitation
(186.3 mm) inducing drought stress for processing
tomato, which is usual in Hungary (Pék et al. 2017).
Season of 2016 differed significantly from 2015. The
total precipitation amount was with 296 mm (RF)
almost double compared to 2015. In addition, WS100
and WS50 received 480 mm and 388 mm of the total
water, respectively, during the season of 2016.

In 2015, WS50 and WS100 increased significantly
the marketable yield by 384% and 465% respectively,
whereas in 2016, the respective yield increases were
lower amounting to 22% (WS50) and 51% (WS100)
compared to RF. PGPR treatment combined with
better water supply further increased the yield of
tomato, but not in RF and WS100 in 2016. WS50
combined with PGPR increased the marketable
yield by 28% (72.6 t/ha) in 2015 and by 45% in
2016 reaching the highest value of 119.8 t/ha in
that year (Figure 1). This finding is in agreement
with previous studies of processing tomato (Helyes
et al. 2014, Pék et al. 2017).
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Figure 1. Mean values of marketable yield on fresh
weight basis in different irrigation and plant growth-
promoting rhizobacteria (PGPR) treatment combinations
in 2015 and 2016. Columns bearing the same letter are
not significantly different at P < 0.05 and vertical bars
represent significant differences (# = 4). RF — rain-fed
control; WS50 — deficit water supply; WS100 — opti-
mum water supply
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A positive effect of drip irrigation could be real-
ized through the inhomogeneity of the soil moisture
distribution concluded by Selim et al. (2012) and
increased microbial activity mobilizing mineral
nutrients by mineralization according to Wang
et al. (2017).

SSC of tomato fruits was often very high without
irrigation (Helyes et al. 2014). Irrigation decreased
SSC significantly compared with control (8.03,
5.03, 3.73°Brix, respectively) in 2015, but had no
significant effect (3.65, 4.45, 3.55°Brix) in 2016.
Tendency in PGPR treatments combination with
different water supplies was mostly the same (7.60,
4.13, 4.38°Brix) in 2015. As a result of better water
conditions, decreasing SSC also appeared (4.10,
4.13, 3.05°Brix) in 2016. The greatest effect of
increasing soil water deficit was the rise in soluble
solids and a decrease in yield, which was expectable
and agrees with the other researchers (Patane and
Cosentino 2010). However, a clear PGPR effect on
SSC was not observed in this study, as found by
other researchers (Selim et al. 2012).

Irrigation increased significantly total biomass
production (228%, 284%) in 2015, but only slightly
in 2016 (1%, 10%), compared to RF (Figure 2). WS50
combined with PGPR increased total biomass by
32% (98.0 t/ha) and by 19% (165.7 t/ha) in the two
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Figure 2. Mean values of total biomass (fresh weight)
in different irrigation and plant growth-promoting
rhizobacteria (PGPR) treatment combinations in 2015
and 2016. Columns bearing the same letter are not
significantly different at P < 0.05 and vertical bars
represent significant differences (n = 4). RF — rain-fed
control; WS50 — deficit water supply; WS100 — opti-
mum water supply
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years, respectively. However, PGPR increased total
biomass significantly by 30% (120.6 t/ha) only in
2015 in WS100 treatment, it was not effective in
2016 (99%).

Higher water supply resulted in harvest index
higher by 7% and 16% WS50 and WS100, respec-
tively only in 2015, in agreement with Lei et al.
(2009), but it showed statistically no difference
in 2016. The water demand for the processing
tomatoes varied between 300 mm and 400 mm
depending on the weather (Pék et al. 2017), which
was covered by precipitation in 2016. PGPR in-
creased the harvest index in all of the three irriga-
tion regimes in 2015, and reached its maximum
in the deficit irrigation. Yet, there was no change
in 2016 (Table 1).

Water use efficiency. WUE as the main indicator
of plant water status is regulated by physiological
processes (Lei et al. 2009). WS50 produced the
best results of WUE (24.3 kg/m?), significantly
(P <0.05) higher than in WS100 and RF with 12%
and 22% respectively in 2015. PGPR treatment
resulted in significantly (P < 0.001) higher WUE in
both WS50 (32%) and WS100 (30%). The maximum
WUE was achieved at 32 kg/m3 in WS50 with the
PGPR treatment compared to the respective control
without PGPR application (Table 1). In a combi-
nation of treatments, PGPR could increase WUE
only in irrigated plots in 2015. DI usually increases
WUE (Patané et al. 2011, 2014), but this effect was
detected in this study only in combination with
PGPR in 2015. With respect to all water supply
regimes (RF, WS50, WS100), no difference was
found in WUE of the control samples without PGPR
in 2016, either. Better WUE was reached by PGPR
treatments, in combination with RF (26.9 kg/m?)
and WS50 (30.9 kg/m?) in 2016, which were mostly
the same values as in the previous year (Table 1).
Higher WUE than 10 kg/m3 is usual in the
Mediterranean climate (Patane et al. 2011, Kusgu
et al. 2014, Giuliani et al. 2016), and all results
exceeded this value in both years.

The most important quality factor of process-
ing tomato is the °Brix, which can be very high
without irrigation (Pataneé and Cosentino 2010,
Helyes et al. 2014, Kuscu et al. 2014). °Brix was
significantly higher in RF (7.3-8.4), and WS50 was
also higher (3.6-5.5) than WS100 (3.0-4.9) with-
out PGPR, while PGPR treatments showed higher
variability in irrigated (3.0-5.2) and lower in RF
(7.3=7.9) plots. WS50 and WS100 reached higher



Plant Soil Environ.

Vol. 64, 2018, No. 11: 523-529

https://doi.org/10.17221/818/2017-PSE

Table 1. Mean values of harvest index and water use efficiency (WUE) in different irrigation and plant growth-

promoting rhizobacteria (PGPR) treatment combinations in two years

Harvest index (%)

WUE (kg/m?)

control PGPR control PGPR
RF 0.44 + 0.0624 0.68 + 0.062PB 19.8 + 2.43A 18.5 + 1.224
2015 WS50 0.51 + 0.042bA 0.76 + 0.03bE 24.3 + 0.9P4A 32.0 + 1.0<B
WS100 0.60 + 0.05PA 0.75 + 0.05"E 21.7 + 0.6% 28.3 + 0.5PB
RE 0.60 + 0.07°A 0.60 + 0.0524 22.2 + 1.92bA 26.9 + 1.7°B
2016 WS50 0.60 + 0.09>A 0.63 + 0.0424 21.3 + 2,534 30.9 + 1.4P
WS100 0.59 + 0.07°4 0.66 + 0.0424 21.2 + 1.5%4 20.8 + 1.9%4

Different letters in the same column and different capitals in the same row represent significant differences at P < 0.05

(n = 4). RF - rain-fed control; WS50 — deficit water supply; WS100 — optimum water supply

marketable yield in the range of 65 to 126 t/ha
with PGPR and only 55 to 109 t/ha without it. °Brix
and marketable yield had an adverse relationship
(Pék et al. 2017). The higher the yield production
rose (more than 55 t/ha in average) the lower the
°Brix obtained (below 5.5 in the irrigated samples).
Regression analyses showed a different correlation
between marketable yield and °Brix as affected by
PGPR. According to the slope of power regressions,
°Brix decreased to a lesser extent with increasing
marketable yield when the plants were treated with
PGPR than without PGPR, but this effect only
prevailed under irrigated conditions (Figure 3).
Cultivar var. Uno Rosso was popular for process-
ing tomato production near northern limit of cul-
tivation in recent years, because of its good Brix
yield per hectare (Andrejiova et al. 2016, Bakr et
al. 2017, Helyes et al. 2017). Cut-off is a very useful
DI method to increase °Brix under Mediterranean
climate conditions (Mdacua et al. 2003, Johnstone et
al. 2005, Patane et al. 2013), but not under Hungarian
weather conditions (Helyes et al. 2012). Season-long
deficit irrigation is more useful in Hungary, because
of the expectable rainy period before harvest. Positive
effects of irrigation on yield and of water deficit on
°Brix agree with other researchers (Patane et al. 2014,
Pék et al. 2017). According to multiple correlation
of determination, marketable yield had a great ef-
fect on °Brix with (R2 = 0.75) or without (R% = 0.83)
PGPR, which is due to better water supply (Figure 3).
Applied PGPR solution could increase tomato
yield, and increase mineral nutrient availabil-
ity by improved root growth, as previously pub-
lished about A. chroococcum (Baba et al. 2018) and
B. circulans (Mehta et al. 2015). Plant growth-

promoting effects of B. megaterium and P. putida
on tomato could be due to phytohormonal effects,
like ethylene-related processes, which resulted in
higher yield in rockwool (Hernandez-Montiel et
al. 2017) or in soil (Aslam et al. 2018).

Tomato yield, WUE and °Brix were significantly
influenced by water supply and DI was a useful
tool to enhance soluble solids content of fruit.
The effect of PGPR treatment was not clearly
positive under all treatment combinations, except
for between 296-426 mm total water supply. A
positive impact of PGPR treatment combined with
DI (WS50) was realized in both years in terms of
biomass production, marketable yield, harvest
index and WUE. Additional studies are needed
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Figure 3. Effect of yield on soluble solids content (°Brix)
with plant growth-promoting rhizobacteria (PGPR)
and control in 2015 and 2016. Vertical bars represent
standard error (SE) of regressions (n = 24)

527



Vol. 64, 2018, No. 11: 523-529

Plant Soil Environ.

https://doi.org/10.17221/818/2017-PSE

to determine how the time of PGPR application
and the amount of irrigation water can be further
optimized.

Acknowledgements

Thanks to the Stipendium Hungaricum, Research
Center of Excellence 1476-4/2016/FEKUT, and the
Higher Education Institutional Excellence Program
awarded by the Ministry of Human Capacities
within the framework of water related researches
of the Szent Istvan University projects.

REFERENCES

Adesemoye A.O., Torbert H.A., Kloepper J.W. (2008): Enhanced
plant nutrient use efficiency with PGPR and AMF in an in-
tegrated nutrient management system. Canadian Journal of
Microbiology, 54: 876—886.

Adesemoye A.O., Torbert H.A., Kloepper ]J.W. (2009): Plant
growth-promoting rhizobacteria allow reduced application
rates of chemical fertilizers. Microbial Ecology, 58: 921-929.

Al Mamun Hossain S.A., Wang L.X., Chen T.T,, Li Z.H. (2017):
Leaf area index assessment for tomato and cucumber grow-
ing period under different water treatments. Plant, Soil and
Environment, 63: 461-467.

Andrejiova A., Mezeyovi L., Hegediisova A. (2016): Impact of the
symbivit preparation on quantitative and qualitative indicators
of tomato (Lycopersicon esculentum Mill.). Potravinarstvo, 10:
631-636.

Aslam H., Ahmad S.R., Anjum T., Akram W. (2018): Native
halotolerant plant growth promoting bacterial strains can
ameliorate salinity stress on tomato plants under field con-
ditions. International Journal of Agriculture and Biology,
20: 315-322.

Baba Z.A., Tahir S., Wani F.S., Hamid B., Nazir M., Hamid B.
(2018): Impact of Azotobacter and inorganic fertilizers on
yield attributes of tomato. International Journal of Current
Microbiology and Applied Sciences, 7: 3803—3809.

Bakr J., Daood H.G., Pék Z., Helyes L., Posta K. (2017): Yield and
quality of mycorrhized processing tomato under water scarcity.
Applied Ecology and Environmental Research, 15: 401-413.

Balla-Kovdacs A. (2010): Effects of ammonium nitrate, wheat straw
and Phylazonit MC bacterial fertilizer on the N supply of soil.
Agrokémia és Talajtan, 59: 185-194.

Barrios-Masias F.H., Jackson L.E. (2014): California processing
tomatoes: Morphological, physiological and phenological traits
associated with crop improvement during the last 80 years.

European Journal of Agronomy, 53: 45-55.

528

Battilani A., Prieto H., Argerich C., Campillo C., Cantore V. (2012):
Tomato. In: Steduto P., Hsiao T.C., Fereres E., Raes D. (eds.):
Crop Yield Response to Water FAO Irrigation and Drainage
Paper 66. Rome, Food and Agriculture Organization of the
United Nations, 92—198.

Battilani A., Solimando D., Plauborg F.L., Andersen M.N., Jensen
C.R., Sandei L. (2009): Water saving irrigation strategies for
processing tomato. ISHS Acta Horticulturae, 823: 69-76.

Dorais M. (2007): Organic production of vegetables: State of the art
and challenges. Canadian Journal of Plant Science, 87: 1055—1066.

Gajdos E., Veres S., Békonyi N., Téth B., B6di E., Marozsédn M.,
Lévai L. (2009): Role of biofertilizers in plant nutrition. In: Sequi
P., Ferri D., Rea E., Montemurro F., Vonella A.V., Fornaro F.
(eds.): More Sustainability in Agriculture: New Fertilizers and
Fertilization Management. Proceedings of the 18" Symposium
of the International Scientific Centre of Fertilizers. Rome, Ital-
ian Scientific Centre of Fertilizers, 16—22.

Giuliani M.M., Gatta G., Nardella E., Tarantino E. (2016): Water
saving strategies assessment on processing tomato cultivated in
Mediterranean region. Italian Journal of Agronomy, 11: 69-76.

Grandillo S., Zamir D., Tanksley S.D. (1999): Genetic improve-
ment of processing tomatoes: A 20 years perspective. Euphytica,
110: 85-97.

Hack H., Bleiholder H., Buhr L., Meier U., Schnock-Fricke U.,
Weber E., Witzenberger A. (1992): Einheitliche Codierung
der phanologischen Entwicklungsstadien mono-und dikotyler
Pflanzen-Erweiterte BBCH-Skala, Allgemein. Nachrichtenblatt
Des Deutschen Pflanzenschutzdienstes, 44: 265-270.

Hartz T.K., Johnstone P.R., Francis D.M., Miyao E.M. (2005):
Processing tomato yield and fruit quality improved with potas-
sium fertigation. HortScience, 40: 1862-1867.

Helyes L., Varga G. (1994): Irrigation demand of tomato accord-
ing to the results of three decades. ISHS Acta Horticulturae,
376: 323-328.

Helyes L., Lugasi A., Daood H.G., Pék Z. (2014): The simultaneous
effect of water supply and genotype on yield quantity, antioxi-
dants content and composition of processing tomatoes. Notulae
Botanicae Horti Agrobotanici Cluj-Napoca, 42: 143-149.

Helyes L., Lugasi A., Pék Z. (2012): Effect of irrigation on process-
ing tomato yield and antioxidant components. Turkish Journal
of Agriculture and Forestry, 36: 702-709.

Helyes L., Pék Z., Daood H.G., Posta K. (2017): Simultaneous
effect of mycorrhizae and water supply on yield formation
of processing tomato. ISHS Acta Horticulturae, 1159: 31-36.

Herndndez-Montiel L.G., Chiquito-Contreras C.J., Murillo-Ama-
dor B., Vidal-Herndndez L., Quifiones-Aguilar E.E., Chiquito-
Contreras R.G. (2017): Efficiency of two inoculation methods
of Pseudomonas putida on growth and yield of tomato plants.
Journal of Soil Science and Plant Nutrition, 17: 1003—-1012.

Johnstone P.R., Hartz T.K., Le Strange M., Nunez J.J., Miyao E.M.
(2005): Managing fruit soluble solids with late-season deficit



Plant Soil Environ.

Vol. 64, 2018, No. 11: 523-529

irrigation in drip-irrigated processing tomato production.
HortScience, 40: 1857-1861.

Kusgu H., Turhan A., Demir A.O. (2014): The response of processing
tomato to deficit irrigation at various phenological stages in a sub-
humid environment. Agricultural Water Management, 133: 92—103.

Lei S., Yunzhou Q., Fengchao J., Changhai S., Chao Y., Yuxin L.,
Mengyu L., Baodi D. (2009): Physiological mechanism contrib-
uting to efficient use of water in field tomato under different
irrigation. Plant, Soil and Environment, 55: 128—-133.

Mdicua J.I., Lahoz 1., Arzoz A., Garnica J. (2003): The influence
of irrigation cut-off time on the yield and quality of processing
tomatoes. ISHS Acta Horticulturae, 613: 151-153.

Mehta P., Walia A., Kulshrestha S., Chauhan A., Shirkot C.K.
(2015): Efficiency of plant growth-promoting P-solubilizing
Bacillus circulans CB7 for enhancement of tomato growth under
net house conditions. Journal of Basic Microbiology, 55: 33—44.

Nangare D.D., Singh Y., Kumar P.S., Minhas P.S. (2016): Growth,
fruit yield and quality of tomato (Lycopersicon esculentum Mill.)
as affected by deficit irrigation regulated on phenological basis.
Agricultural Water Management, 171: 73-79.

Nguyen T.-T., Fuentes S., Marschner P. (2012): Effects of compost
on water availability and gas exchange in tomato during drought
and recovery. Plant, Soil and Environment, 58: 495-502.

Nichols M.A. (2006): Towards 10 t/ha Brix. ISHS Acta Horticul-
turae, 724: 217-223.

Pataneé C., Cosentino S.L. (2010): Effects of soil water deficit on
yield and quality of processing tomato under a Mediterranean
climate. Agricultural Water Management, 97: 131-138.

Patané C., La Rosa S., Pellegrino A., Sortino O., Saita A. (2014):
Water productivity and yield response factor in two cultivars of
processing tomato as affected by deficit irrigation under semi-
arid climate conditions. ISHS Acta Horticulturae, 1038: 449—-454.

Patane C., Saita A., Sortino O. (2013): Comparative effects of salt
and water stress on seed germination and early embryo growth
in two cultivars of sweet sorghum. Journal of Agronomy and

Crop Science, 199: 30-37.

https://doi.org/10.17221/818/2017-PSE

Pataneé C., Tringali S., Sortino O. (2011): Effects of deficit irri-
gation on biomass, yield, water productivity and fruit quality
of processing tomato under semi-arid Mediterranean climate
conditions. Scientia Horticulturae, 129: 590-596.

Pék Z., Daood H.G., Neményi A., Helyes L., Szuvandzsiev P.
(2017): Seasonal and irrigation effect on yield parameters and
soluble solids content of processing cherry tomato. ISHS Acta
Horticulturae, 1159: 45-49.

Rocco C.D., Morabito R. (2016): Production and logistics planning
in the tomato processing industry: A conceptual scheme and
mathematical model. Computers and Electronics in Agricul-
ture, 127: 763-774.

Ruzzi M., Aroca R. (2015): Plant growth-promoting rhizobacteria
act as biostimulants in horticulture. Scientia Horticulturae,
196: 124-134.

Sabin F.,, Tehmina A., Riaz H., Basharat A. (2017): PGPR mediated
bio-fortification of tomato fruit metabolites with nutritional
and pharmacological importance. Pakistan Journal of Biotech-
nology, 14: 17-21.

Selim T., Berndtsson R., Persson M., Somaida M., EI-Kiki M.,
Hamed Y., Mirdan A., Zhou Q.Y. (2012): Influence of geometric
design of alternate partial root-zone subsurface drip irrigation
(APRSDI) with brackish water on soil moisture and salinity
distribution. Agricultural Water Management, 103: 182-190.

Surendran U., Sushanth C.M., Mammen G., Joseph E.J. (2017):
FAO-CROPWAT model-based estimation of crop water need
and appraisal of water resources for sustainable water resource
management: Pilot study for Kollam district — Humid tropical
region of Kerala, India. Current Science, 112: 76-86.

Wang J.W., Niu W.Q., Zhang M.Z., Li Y. (2017): Effect of alternate
partial root-zone drip irrigation on soil bacterial communities
and tomato yield. Applied Soil Ecology, 119: 250-259.

World Processing Tomato Council (2017): World Production Esti-
mate of Tomatoes for Processing. Monteux, General Secretary
of the World Processing Tomato Council. Available at: https://
www.wptc.to/pdf/releases/ WPTC (accesseed 12 October 2017)

Received on December 20, 2017

Accepted on June 25, 2018
Published online on October 25, 2018

529



