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P9. Efecto del cultivo de cobertura sobre la parasitacion de P.
ramosa del tomate en condiciones controladas

P9. Cover cropping effect on P. ramosa parasitation in tomato
under controlled conditions
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El control del jopo (Phelipanche ramosa; Orobanchaceae) del tomate de industria
solo puede ser logrado con un enfoque integrado que apunte a una sinergia entre
los métodos culturales, fisicos, quimicos, biologicos y biotecnologicos. Los cultivos
de cobertura son métodos culturales con expectativas de crecimiento para reducir
la carga de malas hierbas. El presente estudio se llevo a cabo para evaluar el poten-
cial de diferentes especies de cobertura para reducir la parasitacion de P. ramosa
en tomate. Se instald un ensayo en invernadero desde noviembre de 2020 hasta
septiembre de 2021 para evaluar cuatro cultivos de cobertura: dos cultivos-trampa
(Linum usitanissimum y Pisum sativum), una Poaceae micorizante (Lolium rigidum)
y una mezcla de Fabaceae x Poaceae. La densidad fue de 1,5 g semillas en macetas
con 14 cm de didametro llenas de mezcla de tierra y turba (2: 1) previamente sembra-
das con 0,0 2 g (circa 3000) de semillas de P ramosa excepto en el control absoluto.
Cuatro meses mas tarde, se cortaron los cultivos de cobertura a nivel del suelo y se
plantd una planta de tomate en suelo no perturbado, una por maceta. Se observo
un total de 20 plantas por tratamiento. Tres meses mas tarde, se examinaron las
raices de tomate y se contaron y pesaron los tubérculos de jopo semanalmente. El
numero de tubérculos de P. ramosa por planta de tomate oscilo entre cero y siete.
Hasta julio se registrd el numero maximo de 30 plantas parasitadas en control (sin
cultivo de cobertura) y el minimo de cero en una mezcla de Fabaceae x Poaceae.
Los otros cultivos de cobertura redujeron la parasitacion del tomate de 20 % hasta
63 %. El cultivo de cobertura mas efectivo fue la mezcla de Fabaceae y Poaceae, que
se encontraba bien adaptado a las condiciones de los campos de tomate de Ribate-
jo en el valle del Tajo, Portugal. Las especies de Fabaceae son conocidas por su gran
potencial para el control de jopo. Las combinaciones de Fabaceae con Poaceae
aumentaron la resiliencia frente a condiciones climaticas adversas, una ventaja para
lograr un control eficiente de malas hierbas durante un periodo prolongado.

Palabras clave: jopo, tubérculos, tomate de industria, Linum usitanissimum, Pisum
sativum, Lolium rigidum, cultivo mixto

Broomrape (Phelipanche ramosa, Orobanchaceae) control in processing tomato
could only be achieved with an integrated approach aiming for a synergy among
cultural, physical, chemical, biological and biotechnological methods. Cover crops
are cultural methods with growing expectations for reducing weed burdens. The
present study was carried out to assess the potential of different cover cropping plant
species to reduce parasitation of P. ramosa in tomato.

)



@ SESION 2 Control integrado

A greenhouse assay was set from November 2020 to September 2021 to evaluate
four cover crops, two trap crops (Linum usitanissimum and Pisum sativum), one
mycorrhizal Poaceae (Lolium rigidum) and a species mixture of Fabaceae x Poaceae.
The density was 1,5 g seeds per m? in pots with14 cm diameter with soil and turf mix
(2:1). Previously, seeds of P. ramosa were spread on top of soil (0,02 g, circa 3000
seeds) except in the absolute control. Four months later, cover crops were cut at soil
level, and a tomato plant was planted in undisturbed soil, one per pot. A total of 20
tomato plants per treatment was observed. Three months later, roots of tomato were
screened, and broomrape tubers were counted and weighed on a weekly basis.

The number of broomrape tubers ranged from zero to seven per tomato plant. Until
July, the maximum number of 30 parasited plants were registered in control (no
cover-cropping) and the minimum of zero in the species mixture of Fabaceae x Po-
aceae. The other crops reduced tomato parasitation from 20 % to 63 %, compared
to the control.

The most effective cover cropping was the mixture of Fabaceae and Poaceae, which
was well adapted for the condition of Ribatejo tomato fields in Tagus valley, Portugal.
Fabaceae species are known for their great potential for broomrape control. Faba-
ceae combinations with Poaceae increased resilience against adverse weather con-
ditions, an advantage to achieving efficient weed control over a long-term period.

Key words: Broomrape, tubercles, processing tomato, Linum usitanissimum, Pisum
sativum, Lolium rigidum, mixed crop

Introduction

Processing tomatoes are important to the Portuguese agricultural economy;, in 2021,
Ribatejo accounted for over 90% of the 1.5 million tons of tomatoes grown in Portu-
gal (INE, 2021). Recently, branched broomrape (Phelipanche ramosa, Orobanchace-
ae), one of the most potentially damaging pests of tomato was registered in Ribatejo.
Broomrapes are obligate root parasitic plants that can cause devastating damage to
tomatoes and many other economically important broadleaf crops. These weeds
use a modified root, called a haustorium, to fuse into a host plant root and extract
nutrients andwater. This greatly reduces productivity and sometimes kills the host.
Broomrapes control is difficult, largely due to its unique biology and complex life
cycle. Most of the broomrape life cycle occurs below the soil surface, which makes
it difficult to detect and control before it causes damage to the host plant. Effective
management of broomrape will require a long-term, integrated approach that in-
volves sound understanding of the biology of the parasitic weed and the dissemi-
nation of information about management practices to all stakeholders (Osipitan et
al 2021).

Nowadays efforts of researches are directed towards the development of biochemi-
cal products or the extension of other crops as alternatives to chemical soil disinfes-
tation. The inclusion of cover cropping in rotation during periods when cash crops
are not grown is effective in increasing fertility and enhancing soil supressiveness
against soil-borne diseases and weeds. Cover crops provide toxic substances (al-
lelochemicals) preventing the germination of weed seeds and favouring the growth
of antagonists (Schappert et al, 2016, Fernandez-Aparicio et al., 2016).
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Therefore the aim of this study was to evaluate the effect of selected cover corps for
the control of branched broomrape in transplanted tomato.

Material and Methods

The study was carried out during autumn 2020 and summer 2021 in a greenhouse
located in INIAV campus in Oeiras (38° 41 N; 9° 18" W) using soil collected from a
field located in Golega (central Portugal) previously cultivated with potato and maize
where branched broomrape was absent.

Twenty pots per treatment were prepared using a mix of Golegé soil (coluviosol;
pH 7.6, O-M .2 %), peat and sand (2:2:1). The experiment comprised three dates of
sowing per pot: in autumn, first broomrape then four different cover crops and in
spring, transplanted tomato ‘H1015: Cover crops were selected as two trap crops (Li-
num usitanissimum and Pisum sativum), one mycorrhizal Poaceae (Lolium rigidum)
and a species mixture of Fabaceae x Poaceae (Consociation of Lolium multiflorum
with Trifolium spp.) (Qasem, 2019). The trial was laid out in a randomized —block
design of six treatments with 20 replications (pots diam 15 cm and 15 cm height) .
The treatments and dates of sowing are listed in Table 1. Pramosa seeds (0,03 g/pot)
were sown on the 27th November, in every treatment except Absolute control (TA).
Cover cropping were sown the following week. The aerial biomass of the Lolium
rigidum and Consoclation was cut and used as mulching in three dates (Table 2).
Fresh weight was registered only or the first cut, to assess the density of mulching.
Tomato (one plant per pot) was transplanted 70 days after the last cut.

Table 1. Experimental treatments in 2020 and 2021

BRANCHED SEED RATE | SOWING | TOMATO
TREATMENT BROOMRAPE COVER CROP (gm?) DATE -
X - - X

T -Control Absent
TA -Absolute Absent Absent - - X
control
Li - Flax X Linum 5seeds/pot 510100 x
usitanissimum
E - Pea X Pisum sativu 5 seeds/pot  02/12/20 X
Lo - ryegrass X Lolium rigidum 15¢g 02/12/20 X
Consociation
CcC X Fabaceae x 15¢g 02/12/20 X
Poaceae

Table 2. Timming for cover crop cuttings

COVER CROP 1st CUT 2nd CUT 3rd CUT

Lolium rigidum, 28/12/20 14/01/21 19/02/21

Consociation 28/12/20 14/01/21 19/02/21

The efficacy of cover cropping on tomato root parasitism was assessed 60 days after
tomato transplanting, starting in June in a weekly basis until August, as follows: roots
separation from soil, observation of roots with a magnifier and counting number of
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parasited roots, number of tubercles of Pramosa and number of subterranean stems.
After the measurements, tomato roots were eliminated by autoclave sterilization. A
total of six observations were registered including a final observation in September
2021. In the first and last observation plant height, number of leaves per plant and
plant fresh weight was also determined for tomato plants.

Air temperature was recorded daily in the greenhouse with a maximum-minimum
thermometer. Growing Degree Days (GDD) were calculated during the period be-
tween tomato planting date and harvest using the following equation (McMaster
& Wilhelm, 1997): GDD =% [(Tmax + Tmin)/ 2 — Tbase]. where Tmax and Tmin, are
the maximum and minimum daily temperatures (C), respectively. Thase, is the base
temperature, which has been defined as 10° C for tomato (Van Der Ploeg & Heuvelink
2005). According to Ephrath et al (2012) as the development of the parasite depends
mainly on the development of the host, we used 102 C as the base temperature,
because the base temperature of the broomrape is much lower, 4,92 C (Kebreab &
Murdoch 1999).

All data were subjected to the analysis of variance and treatment means were sepa-
rated by using Duncan test at p =0.05 level. All data were tested for assumptions of
normality using R (R core team, 2002).

Results and Discussion

Evolution of tomato parasitation with time

A strong relation was found for the broomrape stage and GDD (Figure 1). The model
can be divided into three phases for each parasite stage: lag, log and maximum.
During the lag phase, the parasite population grows very slowly. After that, the log
phase covers an exponential growth of the parasite population. Finally, a maximum
is reached and the parasite population remains stable. Our results are in accordance
with Pérez-de-Luque et al. (2016) in the exponential phase, but requires that data as-
sessement started earlier because we missed the lag phase. This initial phase is very
important to model as it indicates when the first parasitism occurs and need to be
verified in the following experiments, that will be carried out in 2021/2022.

Parasitation
(%total)

GDD (°C)

Figure 1 — Relation between broomrape attachment number and growing degree
days (GDD) in control.
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Effect of cover crops on tomato parasitation by P. ramosa

ab a

Figure 2. Number of tomato plants parasited with Pramosa (percentage of control — T).

The number of broomrape tubers ranged from zero to seven per tomato plant. Until
July the maximum number of 20 parasited plants were registered in control (no cov-
er-cropping) and the minimum of zero in the Consociation (mixture of Fabaceae x
Poaceae). The other crops reduced tomato parasitation from 20 % to 63 %, compared
to control (Figure 2).

Plant fresh weight of tomato plants ranged between 8.6 g and 28.0 g between the 1st
and the last observation, for all treatments. At the last date of observation, the fresh
weight was not very different between cover cropping treatments except for conso-
cliation where tomato plants were smaller.

Conclusions

The most effective cover cropping was the mixture of Fabaceae and Poaceae, that
was well adapted for the condition of Ribatejo tomato fields in Tagus valley, Portugal.
Fabaceae species are known for their great potential for broomrape control. Faba-
ceae combinations with Poaceae increased resilience against adverse weather con-
ditions, an advantage to achieving efficient weed control over a long-term period.
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Los niveles de fosforo (P) pueden afectar tanto al crecimiento de las malas hierbas
como al de los cultivos e influir en las interacciones competitivas resultantes entre
ambos. Se realizé un estudio en condiciones controladas para determinar la res-
puesta del crecimiento de dos especies de Bromus (B. rigidus y B. diandrus) y de
dos cultivares de cebada (Albacete y Volley) al P aplicado a 0, 6, 10, 20, 30, 35 o 40
mg-L* en condiciones hidropdnicas. La biomasa de todas las especies aumento con
el incremento de la dosis de P. En el caso de la cebada, los incrementos de peso
seco fueron similares entre los dos cultivares y oscilaron entre 3,5 y 4,2 veces para
el cv. Albacete y de 3,7 a 5,1 para el cv. Volley a medida que se incrementaba la
concentracion de P de 0 a 40 mg-L™. Sin embargo, para B. rigidus los incrementos
de biomasa oscilaron entre 4,5 y 10,9 veces, mientras que en el caso de B. diandrus
entre 7.9 y 12,3. Por tanto, ambas especies de bromos respondieron a la adicién de P
en condiciones hidropdnicas con un mayor crecimiento que los cultivares de ceba-
da. La clasificacion de la capacidad de respuesta a la adicion de P fue Albacete<Vo-
lley<B. rigidus<B. diandrus. Estos resultados deben ser confirmados en condiciones
de campo y podrian tener implicaciones para un manejo mas efectivo del bromo
reduciendo la fertilizacion con fosforo sin afectar el rendimiento de la cebada.

Palabras clave: P, bromos, Hordeum vulgare, nivel de ploidia, manejo integrado

Phosphorus (P) levels can affect both weed and crop growth and influence the re-
sulting competitive interactions between the two. A study was conducted under
controlled conditions to determine the growth response of two Bromus species (B.
rigidus and B. diandrus) and two barley cultivars (Albacete and Volley) to P applied
at 0, 6, 10, 20, 30, 35 or 40 mg-L* under hydroponic conditions. Biomass of all spe-
cies increased with increasing P dose. For barley, biomass (dry weight) increases
were similar between the two cultivars and ranged 3.5-4.2-fold for cv. Albacete and
3.7-5.1 for Volley as P concentration increased from O to 40 mg-L. However, the
biomass increases ranged 4.5-10.9-fold for B. rigidus and 7.9- 12.3 for B. diandrus.
Thus, both brome species responded to P addition under hydroponic conditions
with higher growth than barley cultivars. The ranking of responsiveness to added P
was Albacete<Volley<B. rigidus<B.diandrus. These results must be confirmed under
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INTRODUCTION

Processing tomatoes are important to the Portuguese agricultural economy. Recently, branched broomrape (Phelipanche ramosa; Orobanchaceae), one of the most potentially
damaging pests of tomato was registered in Ribatejo . This region accountes for over 90% of the 1.5 million tons of tomatoes grown in Portugal (INE, 2021).

The inclusion of cover cropping in rotation during periods when cash crops are not grown is effective in increasing fertility and enhancing soil supressiveness against soil-borne diseases
and weeds. Cover crops provide toxic substances (allelochemicals) preventing the germination of weed seeds and favouring the growth of antagonists (Schappert et al.,, 2016;
Fernandez-Aparicio et al. , 2016). Therefore the aim of this study was to evaluate the effect of selected cover crops for the control of branched broomrape in transplanted tomato.

D\

MATERIAL AND METHODS

The study was carried out during autumn 2020 and summer 2021 in a greenhouse located in INIAV campus in Oeiras (38° 41 N; 9° 18' W) using soil (coluviosol; pH 7.6; OM 2 %)
collected from a field located in Golega (central Portugal) previously cultivated with potato and maize where branched broomrape was absent. The trial was laid out in a randomized —
block design of six treatments with 20 replications. Cover crops were selected as two trap crops (Linum usitanissimum and Pisum sativum), one mycorrhizal Poaceae (Lolium rigidum)
and a species mixture of Fabaceae x Poaceae (Consociation of Lolium multiflorum with Trifolium spp.). Phelipanche ramosa seeds (0,02 g, circa 3000 seeds) were sown on the 27t
November, in every treatment except Absolute control (TA). The efficacy of cover cropping was assessed from June till August 2021 in a weekly basis as follows observation of roots with
a magnifier and counting number of parasited roots, tubercles and subterranean stems of P. ramosa . Growing Degree Days (GDD) were calculated based on air temperatura. Analysis
of variance and treatment means were separated by using Duncan test at p =0.05 level (R Core team, 2002).

......

Cover crops - sowing: 02-12-20 cuttings: 28-12-20/14-01-21/19/02/2021 TOMATO ‘H1015’ transplanted 70 days after the last cover crop cut
LI-FLAX E-PEA CC-Cover-crop mixture Lo-RYEGRASS 7T - Control LI-FLAX E-PEA CC-Cover-crop mixture LO-RYEGRASS T - CONTROL

RESULTS AND DISCUSSION
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with P. ramosa after diferent
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parasitation Figure 2 — Number of tomato plants parasited with P. ramosa
(percentage of control)

The number of branched broomrape tubers ranged from zero to seven per tomato plant. Until July the maximum number of 20 parasited plants were registered in control (no cover-
cropping) and the minimum of zero in the Consociation (mixture of Fabaceae x Poaceae). The other crops reduced tomato parasitation from 20 % to 63 %, compared to control
(figure 2).

Plant fresh weight of tomato plants ranged between 8.6 g and 28.0 g between the first and the last observation, for all treatments. At the last date of observation, the fresh weight was
not very different between cover cropping treatments except for Consociation where tomato plants were smaller.

CONCLUSION

The most effective cover cropping was the mixture of Fabaceae and Poaceae (Consociation of Lolium multiflorum with Trifolium spp.) that was well adapted for the condition of Ribatejo tomato
fields in Tagus valley, Portugal. Fabaceae species are known for their great potential for broomrape control. Fabaceae combinations with Poaceae increased resilience against adverse weather

conditions, an advantage to achieving efficient weed control over a long-term period.
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