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Abstract: Phelipanche ramosa (L) Pomel is a root holoparasitic weed for many crops, particularly for
the processing tomato in Italy. In order to integrate the use of chemical methods to control P. ramosa
(L.), there has been an increased effort to research alternative methods using natural compounds.
In this regard, two experimental trials were set up in an open field in Foggia (southern Italy) during
the 2016 spring—summer seasons. The first trial compared two tomato seedling transplanting dates
to evaluate the effects on emerged shoots of P. ramosa. The second trial compared six organic
compounds added to the soil to control P. ramosa: olive-mill wastewater and five commercial products
(Allyl Isothiocyanate®, Alfaplus®, Radicon®, Rhizosum Max®, and Kendal Nem®). An untreated
control was also included. The numbers of P. ramosa emerged shoots (branched plants) were
significantly lower for the late tomato seedling transplanting date than for the earlier one. All of the
organic products tested that were applied to the soil, particularly olive-mill wastewater, Alfaplus®,
Rhizosum Max®, and Kendal Nem®, showed a significant reduction of the P. ramosa infestation of the
tomato crop with respect to the untreated control, with a positive effect on the productive parameters.

Keywords: organo-mineral fertilizers; olive-mill wastewater; Phelipanche ramosa; tomato crop

1. Introduction

The Apulia region (southern Italy) is the most important area for processing tomatoes
(Lycopersicon esculentum Mill.), with almost 20,000 hectares [1] grown annually, 90% of which are
located in the agricultural area of Foggia province. Phytoparasitic weeds are destructive parasites
for many agricultural crops in the Mediterranean region, eastern Europe, and northern Africa [2].
Phelipanche ramosa (L.) Pomel is the most widespread holoparasitic species that parasitizes tomatoes in
the early spring. It scatters seeds in the summer at the end of the tomato growing season, which can
also be considered the most damaging for many other dicotyledons. In the last years, this parasite has
continuously expanded into new areas which were previously considered to be parasite-free.

The germination of P. ramosa seeds is stimulated by root exudates from the crop hosts, and in
the absence of a host, the seeds can remain dormant and viable for 10 years or more. This persistent
“seed bank” makes it complex for any crop rotation to be efficient and indicates the need for rigorous
prevention of P. ramosa seed production for its successful control [3,4]. Completely eliminating the
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parasite seed bank in the soil is practically impossible. The seed bank can only be reduced when the new
seed input is smaller than the output caused by unsuccessful germination, pathogens, seed predation,
or natural death of the seed [5-8]. However, two or three emerged Striga weed plants per m 2 left to
seed are enough to keep the seed bank in balance [9].

The early growth stages of parasitic plant development, such as seed germination, host attachment,
and tubercle development, are the key phases and ideal targets for the successful management
of these weeds. The air and soil temperatures are the main factors that influence the dynamic of
host/parasite interaction and development. A probability model based on temperature regimes
(mean and maximum) was used to determine whether or not the seeds would germinate under a
given climatic regime [10-13]. At supraoptimal temperatures (i.e., over 25 °C), O. crenata seeds will not
germinate due to the high temperature [14]. Moreover, the optimum temperature for the maximum
germination of Orobanche seeds decreases as the level of their water stress increases [15]. On the other
hand, temperature and seed water stress are strongly connected with the climatic conditions, which are
themselves related to the periods for crop transplanting into the field. In this regard, studies on the
modification of host planting dates have reported the indirect effect of temperature on Orobanche and
Phelipanche parasitism [12,16].

Different methods for the control of P. ramosa have been investigated, including physical, chemical,
agronomic, biological, and biotechnological methods. However, when these methods are applied
alone, they are often only partially effective and the results are sometimes inconsistent. An integrated
and sustained management strategy consisting of different control methods is highly recommended to
contain the broomrape weed problem [9,17-20].

In farming systems characterized by low external input, herbicides are largely or entirely
avoided, and weeds are suppressed largely through physical and ecological strategies [21]. Therefore,
much research has focused on suitable alternative methods, such as the use of organic compounds,
for improving weed management [22-25]. Moreover, the practice of organic soil amendment and the
use of some compounds of natural origin, such as amino acids, are suitable because they represent a
rich source of microorganisms that can suppress plant diseases and phytotoxicity [26-28].

Apulia is the most important region for olive oil production (200,000 t year—!), and the extraction
process from olive fruit produces a large quantity of liquid waste, referred to as olive-mill wastewater.
This wastewater, derived from olive oil centrifuge extraction methods, has chemical properties
(i.e., organic carbon, potassium, and phosphorus contents) that could increase soil fertility, and their
phenolic compounds can act on the germination of seeds [29,30].

In recent years, the use of organic fertilizers or biostimulant compounds has encountered
increasing interest in agriculture because they play roles in various soil and plant functions [31].
Some of these compounds of natural origin, such as natural amino acids, were also suggested for use
in P. ramosa management strategies in order to inhibit seed germination [22,32].

Brassica green residue crops, incorporated into the soil, suppressed the growth of many
weeds [33]. In particular, the inhibitory effect of Brassicas is attributed to its volatile glucosinolates
that by themselves are not phytotoxic, but after the enzymatic breakdown of the plant tissue
are converted into isothiocyanates and ionic thiocyanates, particularly allyl-, methyl-, benzyl-,
and 3-phenylethyl-isothiocyantes [34]. Isothiocynates are strong inhibitors of seed germination [35,36]
and can be used as promising bioherbicides or weed suppressants [37].

However, due to the intrinsic diversity of organic compounds, many studies are still necessary in
order to increase knowledge of their specific use for P. ramosa control. This study is mainly focused on
the use of some organic compounds applied to the soil prior to crop transplanting or during the tomato
cycle in order to assess: (i) whether these methods are efficient for P. ramosa control in processing
tomatoes cultivated in the open field; and (ii) the effects on the quali-quantitative parameters of the
tomato yield. Moreover, to investigate the possible effects of the transplanting period of a processing
tomato crop on P. ramosa infestation, two transplanting dates were evaluated.
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2. Results and Discussion

2.1. Climate of the Experimental Site

The main climatic parameters were recorded daily by a meteorological station near the
experimental area supplied by the Consorzio per la Bonifica della Capitanata of Foggia province [38]
(Figure 1). The mean temperatures increased almost linearly through the season, from 14.8 °C (for the
first week of April) to 26.6 °C (for the third week of July), and then decreased to 17.7 °C by the end of
September. The summer season of 2016 was very dry, with the effective decade rainfall ranging from
12.7 mm to 63.2 mm, mainly occurring during the first stage of tomato cultivation (first and second
week of May;, first week of June, end of tomato cultivation cycle in September). The daily maximum
temperature was almost always below 25 °C from April to mid-May, the period that corresponds
to the first stage of the tomato cycle for the early crop (transplanting in April), while it increased to
values always higher than 25 °C from mid-May to September. According to Kebreab and Murdoch

(1999) [14], this threshold value represents nonoptimal temperatures for the seed germination of the
root holoparasitic weed.
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Figure 1. Daily maximum (T max), mean (T mean), and minimum (T min) temperatures and rainfall
during the two experimental trials. The arrows represent the early transplant of 14 April and the late
transplant of 19 May. The red horizontal line indicates the temperature of 25 °C.

2.2. First Trial Results: Effects of Tomato Transplanting

As given in Table 1, the number of P. ramosa shoots that emerged at the end of the tomato
growth cycle was significantly higher for the early crop (51.4 m~?2) than for the late crop (11.7 m~2).
This appears to be due to the effects of the different daily fluctuating maximum and mean temperatures
that occurred during the early stages of the tomato crop that corresponded to the underground stage
of the parasite. In the later crop, the greater amplitude of daily maximum and mean temperatures
were suboptimal for seed germination of P. ramosa (Figure 1). This is in agreement with the results
from Kebreab and Murdoch (1999) and Murdoch and Kebreab (2005) [14,39,40], who reported that
during the conditioning period for the P. ramosa seeds, their survival is limited by higher temperatures
at which the process of germination cannot take place. The late seedling transplanting reduced the
P. ramosa infestation by 77% on average. This would give the tomato crop a time advantage over the
P. ramosa and thereby render it more competitive against this parasitic weed. These data show that
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by delaying the seedling transplanting date to the warmer part of the season (i.e., from 14 April to
19 May), the P. ramosa infestation can be reduced. The early transplanting of the tomato seedling
does not allow the rapid development of the tomato crop, as the temperatures favor the germination
and competitive growth of P. ramosa. Therefore, the choice of the tomato transplanting date can have
a significant influence on the competitive relationship between this crop and the P. ramosa parasite.
For this reason, delayed transplanting is suggested as good practice in tomato fields that are known to
be infested by P. ramosa.

Table 1. Mean values of emerged branched shoots of Phelipanche ramosa and quanti-qualitative traits of
the tomato fruit for the early and late crops at harvesting.

Parameters Evaluated Transplanting Dates
Early crop Later crop
P. ramosa emerged shoots (n. m~—2) 514+332 11.7 £09°
Marketable yield (t ha™1) 643 +34P 700+092
Total biomass (t ha—1) 104 +0.7P 1314212
Mean fruit weight (g) 751+612 762 +£522
Dry matter (%) 64+102 50£072
Color index (-) 1.12+0.12 1.15+022
Soluble solids content (°Brix) 41+01°2 44+02°
pH 43+012 42+01°2
Titratable acidity (g citric acid 100 mL ™! juice) 037+012 021+012

Data are means =+ standard error (1 = 4). Data followed by different letters within rows are significantly different
(p < 0.05 according to Tukey’s test).

Table 1 also gives the quantitative and qualitative traits related to the tomato yields. The mean
marketable yield was significantly higher in the late crop (70.0 t ha~!) compared with the early
crop (64.3 t ha™!), with an increased yield for the late crop of 8.9%. Therefore, these data show
that the relationship between the tomato marketable yield and P. ramosa infestation is such that the
smaller numbers of emerged shoots for the late transplanting resulted in increased marketable yield.
In Figure 2, the negative correlation (R? = 0.63) between P. ramosa emerged shoots and marketable
yield is reported.
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Figure 2. Relationship between tomato marketable yield and number of emerged branched shoots of P.
ramosa detected at the end of the tomato cycle (harvesting time).
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Parasitism also affected the growth of the host plant, as at the end of tomato cycle, the biomass
of the early crop was significantly lower (20.6%) than that of the late one (Table 1). On the contrary,
no significant differences between the two transplanting dates were found for the tomato quality
parameters (Table 1).

2.3. Second Trial Results: Effect of Organic Compounds

The first parasitic branched P. ramosa plants emerged above the ground 56 days after transplanting
(DAT) for the untreated tomato crop. For all of the treatments, P. ramosa shoots were detected during
the growth of the tomato crop at 56, 63, and 75 DAT and at the end of the crop cycle (116 DAT). In
general, the mean numbers of P. ramosa shoots, although with differences among treatments, increased
more slowly in the last part of the tomato cycle (from 63 DAT to 116 DAT) because the high temperature
values could have resulted in the secondary dormancy induction of parasitic seeds (Figure 3).
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Figure 3. Number of emerged shoots of P. ramosa at 56, 63, 75, and 116 days after transplanting (DAT)
for the different treatments. Data are means + standard error (1 = 4). Means with different letters (a—d)
are significantly different at p < 0.05 according to Tukey’s test.

Both the olive-mill wastewater and the organo-mineral treatments showed a significant reduction
in the emerged shoots of P. ramosa compared with the untreated control. Considering the several
P. ramosa shoot surveys during the tomato cycle, the values ranged from 0.1 to 8.8 shoots m 2 in the
organic compound treatments and from 0.7 to 12.3 shoots m~2 in the control. In particular, at harvest
(116 DAT), the emerged shoots in olive-mill wastewater, Alfa plus K®, Rhizosum Max®, and Kendal
Nem® treatments varied from 0.1 and 3.0 shoots per m~2. These treatments significantly reduced the
number of emerged P. ramosa plants, compared with the untreated control (2-3 vs. 12-13), limiting the
production of additional seeds and thus preventing areas not yet contaminated from becoming infested.
Many studies [41-43] report that the containment of infested areas and prevention of seed distribution
should be major objectives of parasitic weed management strategies, in addition to direct control
interventions against the parasites. The significant reduction of the emerged shoots of P. ramosa could
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also be due to additive effects of the mineral compounds, as nitrogen could improve the nutrient
status of the tomato crop while producing negative effects for P. ramosa seed germination. This is in
agreement with earlier studies that reported that mineral nutrients and organic matter introduced into
the crop rhizosphere can promote severe physiological disorders for the germination of P. ramosa seeds,
with reductions in the number of developing tubercles [44—46].

Allyl Isothiocyanate® treatment showed very poor Phelipanche control compared with other
treatments, probably due to inaccurate mechanical fumigant injection into the soil. Effective soil
fumigation requires adequate soil preparation, soil moisture control, precise and uniform application,
and means to avoid the evaporation of the fumigant [47]. On the other hand, the relatively lower effects
obtained by Radicon® could be due to the law of the mineral elements in its composition. Radicon®,
in respect to other mineral products, contains a lower percentage of nitrogen, which may have an
impact on lower soil fertility. The relationship between the production of strigolactones and nutrient
availability may explain the prevalence of root parasitic weeds on soils of poor fertility, especially for
those low in organic matter or those with a high pH, where nitrogen and available phosphorus are
predominantly low.

Table 2 gives the effects of the different experimental treatments on the quantitative and qualitative
traits of the processing tomato fruits. The marketable yield was clearly affected by the P. ramosa
infestation, since the untreated control gave the lowest value (69.40 t ha~!), which was significantly
different from other treatments that gave values ranging between 79.7 and 114.2 t ha—!. The highest
marketable yield was for the Alfaplus® treatment, although it was not significantly different from
the other treatments with the exception of Radicon®, which sowed a lower value. Also, in this
second trial, the relationship between the level of P. ramosa infestation and crop yield was negative
and linear (Yield = 97.44 — 2.99 x Emerged shoots; R? = 0.78). For the fruit characteristics, such as
mean fruit weight, dry matter, color index, pH, and soluble solids content, there were no significant
differences seen across these treatments (Table 2). This result is in disagreement with a previous
research performed on tomatoes [48]. This could be associated with the much higher number of shoots
per tomato plants (108-209) than those of our trial (an estimated maximum value of 40 shoots per host
plant) (data not shown).

3. Materials and Methods

3.1. Site Description and Experimental Setup

During the spring-summer seasons of 2016, two open-field experiments were performed in
Foggia (41° 65’ N, 12° 48’ E, altitude, 54 m a.s.l; Apulia region, southern Italy). In the area selected
for the trials, the processing tomato crop is very intensively cultivated and infestation by P. ramosa
is widespread. The field experiments consisted of two trials: in the first, the effects of two tomato
transplanting dates (April and May 2016) on infestation by P. ramosa was evaluated; in the second,
the effects of the soil application of olive-mill wastewater produced from the olive oil extraction
process and five commercial organo-mineral compounds (Allyl Isothiocyanate®, Alfaplus®, Radicon®,
Rhizosum Max®, and Kendal®) on the control of P. ramosa were evaluated.

3.1.1. First Trial Setup—Effects of the Tomato Transplanting Date

The first trial was performed on processing tomato plants (cultivar ‘Dres’), belonging to
the pear-shaped fruit typology, that were transplanted on two different dates: the early crop on
14 April 2016 and the late crop on 19 May 2016.

The soil was clay-loam (USDA classification) with the following characteristics: total N (Kjeldahl),
1.3%o; assimilable P,Os5 (Olsen), 86 ppm; exchangeable K,O, 1430 ppm; electrical conductivity,
09dScm™1; pH, 8.2; organic matter (Walkley and Black), 1.2%.
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Table 2. Effects of quanti-qualitative traits of the tomato fruits under different treatments (second trial).
P Marketable Yield Plant Biomass Fruit Weight Dry Matter Color Index Solid Soluble H Titratable Acidity
arameter p
(tha=?1) (tha™1) (g) (% fw) (a/b ratio) (°Brix) (g Citric Acid Per 100 mL Juice)

Olive-mill wastewater 96.8 +12.02b 135+ 1.8 80.10+£7.20° 6.60 = 0.40 2 1.10+0.10° 52040102 48+022 0.45+0.12
Allyl Isothiocyanate® 943 + 872 14.0 +0.5P 74.00 £ 6.07 @ 571+£0.712 128 £0.21° 413 4+0.092 45+0.1° 0.41+0.12
Alfaplus® 1142 £ 1492 20.8+352 75.54 £3.932 6.78+0912 1.17+0.11° 430+0.062 48+0.1° 042+022
Radicon® 79.7 £ 7.2b¢ 98 +13¢ 81.13 £5.042 6.81 £0.802 122 +0.112 397 +0.152 47+022 035+0.12
Rhizosum Max® 106.0 +14.82 153 +29P 71.03 +£4.452 575+0.702 1.15+0.232 42040172 47+022 047 £022
Kendal Nem® 88.2 + 6.8 182+4.12 89.81 +£2.962 7.554+0.812 1.16 +£0.18% 450+0.102 45+0.1°% 0.38+0.12
Control 69.4+3.7¢ 114+23¢ 7532 £ 6222 6.53 +£0.822 1.13+0.222 42540102 44+012 038 +022

For each column, statistical differences among mean values are indicated by different letters (p < 0.05) according to Turkey’s test.
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The tomato seedlings were transplanted into double rows, 0.4 m apart, which were spaced at 2-m
intervals, with the plants positioned 0.3 m apart within each single row. This provided a theoretical
plant density of 3.3 plants m 2. Each seedling transplanting date used a plot of 20 m? (2 x 10 m).
A randomized block design was adopted, with four replicates (i.e., plots) for each seedling date.
Drip irrigation was used, with the drip lines placed between each pair of plant rows. The water
volume for each irrigation varied from 100 m® ha~! to 300 m3 ha~!, which depended on the crop
growth stage, with a watering interval of 3—4 days. The agricultural management practices applied
to these tomato crops during the experimental trials were those commonly adopted by local farmers,
such as for fertilizers and for other types of weed and pest control. In this trial, the branched shoots of
P. ramosa (hereafter referred to as “shoots”) that had emerged from the soil were counted at the end of
the tomato cycle (i.e., before tomato harvest) on four sampling areas of 2 m? for each plot.

The tomato fruits were harvested in the same sampling areas at full-maturity stage, on 30 August
2016 for the early crop and on 12 September 2016 for the late crop, with the marketable yield and
total plant biomass measured for each plot. The following major qualitative and quantitative yield
parameters were determined on 10 fruits for each plot: mean weight (g); dry-matter content (% fruit
fresh matter); soluble solids content (°Brix); pH; and titratable acidity (g citric acid per 100 mL fresh
fruit juice) [49]. The color parameters were also measured using a spectrophometer (CM-700d; Minolta
Camera Co. Ltd., Osaka, Japan), using the CIELAB coordinates (i.e., L*, a* b*) on four randomly
selected areas of the fruit surface. Here, only the a*/b* ratio is reported, which represents an index
that describes the color changes of tomato fruit well [50,51].

3.1.2. Second Trial Setup—Effects of the Organic Compounds

The second trial was performed on the same processing tomato cultivar (‘Dres’), transplanted on
a single day (19 May 2016) in a field in the same area as the first trial. The aim here was to compare
six treatments using organo-mineral products such as olive-mill wastewater and five commercial
biostimulant products—Allyl Isothiocyanate®, Alfaplus®, Radicon®, Rhizosium®, and Kendal®—to
control P. ramosa in the open field, all of which are allowed products in organic farming. The above
treatments were compared with an untreated control. In Table 3, the composition and application
mode of the organic products used in the trial are reported.

The soil was clay-loam (USDA classification) with the following characteristics: total N (Kjeldahl),
1.2%0; assimilable P,Os5 (Olsen), 91 ppm; exchangeable K;O, 1230 ppm; electrical conductivity,
0.8dScm™1; pH, 7.8; organic matter (Walkley and Black), 1.1%.

A randomized block design with four replicates (i.e., plots) for each treatment was adopted.
Each plot was 20 m? (2 x 10 m) and separated by two double rows (4 m apart) of tomato seedlings
that were not included in these experimental treatments. The cultivation techniques were the same
as those described for the first trial. In this trial, the level of parasite infection was also evaluated by
counting the number of emerged main branches from the soil. During the tomato growth cycle, at 56,
63,75, and 116 (harvest) days after transplanting on four sampling areas of 2 m? along the two rows of
each plot, the emerged P. ramosa shoots were counted.

The tomato fruits were harvested on the same sampling areas, at full maturity stage on
13 September 2016, when the marketable yield and plant biomass were measured. For the qualitative
tomato fruit parameters, the same analyses described for the first trial were performed.

3.2. Statistical Analysis

To determine whether the data obtained followed normal distributions, Shapiro-Wilk tests
were used. The homogeneity of the variance of the whole dataset was assessed using Levene’s
test. When required, Box-Cox transformations [52] were applied prior to analysis.

The one-way ANOVA procedure was performed according to a randomized block design with
four replicates. In the second trial, for the emerged shoot parameter, combined analysis was performed
to determine the mean values over the four sampling dates (56, 63, 75, and 116 days after transplanting).
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Table 3. Composition and application mode of the products used in the experiment.

Treatment

Main Characteristics

Application Mode

Olive-mill wastewater

pH, 5.23; dry matter, 62.0 (g L~1); total nitrogen, 1.6 (Kjeldhal, g L’l),'
phosphorus, 185 (P,05, mg L~1); potassium, 1044 (K,O; g L~1); total
organic carbon, 43.3 (g Lfl) ; sodium, 36 (mg Lfl) ; calcium,

69 (mg L1 magnesium, 90 (mg L~ 1) iron, 14 (mg L.

Applied in the field at 80 m3 ha~!, the maximum amount permitted
to be used in the fields on capable soil (in agreement with Italian Law
No 574, 1996) [53] 40 days before tomato seedling transplantation.

Allyl Isothiocyanate® (ATC) (Isagro S.p.A.)

Volatile organo-sulfur compound extracted from Brassica nigra,
Brassica Juncea, and Brassica iric. Groundbreaking soil biofumigant,
the active ingredient of which is Allyl Isothiocyanate® (96% w /w).

Applied mechanically into the soil 4 days before tomato seedling
transplantation on 15 May 2016, at a dose of 320 L ha~!.

Organic mineral fertilizer containing organic nitrogen (3%),

Alfaplus® (Spagro S.r.l.) ammoniacal nitrogen (13%), organic carbon (16%), and water-soluble Applied mtq the soil 2 days before thﬁ ltomato seedling
. . e transplantation, at a dose of 70 kg ha™".
iron (0.5). Organic components: dried borland and panels.
S:;sfegsstl (()Si_sﬁltuct;;)?vlz f d})an;:t:;Cil:ug;caa:f;gzzl?gﬁ /frgf(; v;lo)r. m Applied into the soil at transplantation, by soaking the tomato
Radicon®(Fertek) p & y & Or& 7 Y seedling roots in 1.5% concentrated solution and as fertigation by

humified organic matter (90% of total organic matter); nitrogen (1%);
rate C/N = 4.

drip irrigation on 28 June and 20 July at a dose of 5 kg ha—1.

Rhizosum Max® + Prosum + Push up + (Biosum)

Rhizosum Max® is a powder product containing mycorrhize (2%)
and rhizosphere bacteria (Azotobacter vinelandii, Bacillus megaterium,
Pseudomonas putido) (1 x 101 CFU g*l). Prosum is a solution of total
nitrogen (8%), ureic nitrogen (8%), phosphorus anhydride (4%),
potassium oxide (3%), iron (0.08%), and zinc (0.6%). Push up is a
solution of N (15%), K (5.5%), Mg (13.5%), Mn (7.2%), Fe (30%),

S (40%), amino acids (60%), vitamin (30%), alga kelp (24%),
triacontanol (0.2%), and Mo (5%).

Applied into the soil 2 days before the seedling transplantation,
with tomato roots soaked in concentrated solution (0.84 g L.
Applied by drip irrigation on 28 June and 20 July 2016 at a dose of
75 kg ha 1.

Kendal Nem® (Valagro)

Liquid fertilizer, containing total nitrogen (9%), urea nitrogen (9%),
potassium oxide (9%), and GEA 099 (matrix of vegetal origin).

Applied at transplantation, by soaking the tomato seedling roots in
2.2% concentrated solution.

Applied by drip irrigation on 28 June and 20 July 2016 at a dose of
5Lha"!.
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The statistical significance of the differences in the means was determined using Tukey’s honest
significance difference post hoc test at the 5% significance probability level. Bivariate statistical methods
were applied to define the relations among marketable yield and emerged shoot parameters. All of
the graphical representations were carried out using the SigmaPlot software (Systat Software, Inc.,
San Jose, CA, USA).

4. Conclusions

The results obtained in this study show that agronomic strategies, such as transplanting date and
the soil application of organo-mineral compounds, are particularly suitable to promote tomato plant
growth and reduce P. ramosa infestation.

Based on our experimental data, the late seedling transplanting, from April to May, reduced
the P. ramosa infestation by 77% on average. This would give the tomato crop a time advantage
over the P. ramosa, and thereby make it more competitive against this parasitic weed. Moreover,
the outcomes related to the second experimental trials showed that the use of olive-mill wastewater and
of commercial organo-mineral products (i.e., Alfaplus®, Rhizosum Max®, and Kendal Nem®) applied
into the soil can be effective against P. ramosa infestation in the field, whereas Allyl Isothiocyanate®
and Radicon® treatments showed poorer results. These low performances of Allyl Isothiocyanate®
and Radicon® with respect to other mineral products could be due to inaccurate mechanical fumigant
injection into the soil and a lower percentage of nitrogen content, respectively.

These methods by themselves are not sufficiently effective to completely eliminate the seed
bank of parasitic weeds but can impede or reduce seed production and dispersal. Therefore,
more investigation should be carried out with integrated methods for the control of this parasite
in processing tomato crops.

In the two experimental trials, the tomato marketable yield was significantly reduced by
the higher number of emerged shoots, whereas no significant influences were found for fruit
quality characteristics.

Considering that organo-mineral compounds are not normally toxic to humans or to the
environment and are metabolized by soil microorganisms, they could represent safe agents for
the management of parasitic weeds. The promising and attractive strategy applied to control
Phelipanche ramosa needs more research in order to target these control measures most effectively
and maintain the seed bank of less infested areas beneath a threshold level of damage.

The advantage of utilizing alternate planting dates and the application of organo-mineral fertilizer
could be efficient for integration with other methods for conventional agriculture as well as for possible
application in suitable agriculture in organic farming, especially for a gradual and continuing reduction
of parasite seed banks in the soil.
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