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to control Phelipanche aegyptiaca infection in tomato
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Vol. 64, No. 2: 189-199, 2024 Abstract

Two independent pot experiments were conducted to evaluate the potential of two different
application methods for culture filtrates of 10 Trichoderma spp. strains to reduce infection
of Phelipanche aegyptiaca in tomatoes. In the first method (foliar spray), seedlings were fo-
liar sprayed three times with culture filtrate of each Trichoderma spp. strains pre- and post-
transplanting. In the second method (soil drench), these culture filtrates were incorporated
into the top 5 cm of the soil surface during transplantation. Foliar sprays of T33, T60, and
T36 significantly reduced the progression of P. aegyptiaca infection throughout the grow-
ing period (85 days). The number of P. aegyptiaca's aboveground stalks and underground
juveniles was also significantly reduced (83 and 66%) in T33-treated plants at the end of
the experiment, while the fresh and dry weights of tomato fruits was significantly increased
(86% and 90%). In the second approach, T66, T33, T35, T36, and T67 strains caused
a significant reduction in the progression of P. aegyptiaca infection on tomatoes dur-
ing the same period. The fresh and dry weights of stalks and attached juveniles of
P aegyptiaca in T66-treated plants were significantly reduced by 77, 52, 75, and 49%, respec-
tively, compared to the control. The conclusion showed that T. virens T33 culture filtrate as
foliar spray through some kind of induced systemic resistance (ISR) and T. brevicompactum
T66 culture filtrate as soil drench can be used as natural bioherbicides to control P. aegyp-
tiaca in tomatoes.
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Introduction

genera have 12 major species of weeds. Broomrapes
that are well-known holoparasites in the Mediterrane-
an basin, central and eastern Europe and all over Asia

Parasitic plants, are some of the most serious problems
in agriculture (Hatcher and Froud-Williams 2017).
Infestation by some of them directly decreases crop

biomass through a parasitic strategy of accumulation
of the plant with the parasite, activity of the parasite
sink and reduction of nutrient uptake or further by
changes in the photosynthetic system and hormo-
nal balance which lead to noteworthy losses in many
monocots or dicots (Ferndndez-Aparicio et al. 2016;
Cartry et al. 2021). Orobanchaceae is the major family
of parasitic plants (Joel 2013) which consists of Alec-
tra, Orobanche, Phelipanche, and Striga genera. These

belong to Orobanche and Phelipanche genera (Parker
2013). O. crenata, O. cernua, O. cumana, O. foetida,
O. minor, P. aegyptiaca, and P. ramosa are the seven
species infesting crop plants and pose problems for ag-
riculture (Parker 2009).

Tomato (Lycopersicon esculentum L.) is one of the
main vegetables in Iran. According to the latest report
provided by Iran’s Ministry of Agriculture, the total
tomato planting area is about 80,000 hectares, with
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a yield of more than 370,000 tons. In Kermanshah
province, which is located in the western part of Iran,
Phelipanche aegyptiaca is one of the harmful agents
that causes great damage to tomato production. The
rate of infestation in some fields has reached such
levels that it has become uneconomical to grow toma-
toes on them.

Currently, according to available reports, there is no
effective treatment for controlling broomrapes without
affecting the host because they are host-attached para-
sites. Crops are abandoned, quarantined or replaced
to prevent parasite infestation. However, infestation
can still occur due to the establishment of a bank of
seeds which is difficult to eliminate due to the prolific
production of seeds, their easy dispersion, physiologi-
cal dormancy, seed durability, and germination coor-
dinated with a specialized range of hosts (Fernandez-
-Aparicio et al. 2016; Haring and Felsner 2018).

It has been shown that soil fungi contribute to the
decrease in the weed seed bank due to their enzymes.
Additionally, microbial phytotoxins have been found
in the spermosphere of cultivated seeds (Schiltz et al.
2015). Although there is no information on the effects
of these compounds on parasitic plant seeds, some of
them may have a negative impact on the survival of
them. The radicles of parasitic weeds that grow from
seeds and carry haustoria are also attacked by these
compounds. This method results in killing the seed-
lings before they attach to the roots and prevents para-
sitism (Fernandez-Aparicio et al. 2016).

Another possibility of microorganisms interfering
with parasitism is through induced systemic resistance
(ISR) in the host. Some of these biological inducers
have been successful against broomrape parasitism
under experimental conditions (Ferndndez-Aparicio
et al. 2016). Pseudomonas isolates induce ISR and are
marketed as Proradix, which reduces P. ramosa para-
sitism by 80% in susceptible varieties of hemp and to-
bacco without toxic effects on the plant (Gonsior et al.
2004). However, the role of jasmonic acid-dependent
ISR against broomrape is unclear. Likewise, Rhizobium
leguminosarum induces the phenylpropanoid path-
way and leads to the development of defense mecha-
nisms against O. crenata penetration (Mabrouk et al.
2007a, b, ¢, 2010).

Trichoderma spp. are among the most successful
biological control fungi (BCF) in agriculture. They
have many direct and indirect beneficial effects on
plants (Tyskiewicz et al. 2022), including promotion
of plant growth (Hermosa et al. 2012), ISR to plant
disease (Mathys et al. 2012), tolerance to abiotic
stresses (Zhang et al. 2016; Jalali et al. 2017) and anta-
gonism against plant pathogens, mainly fungi, bacteria
and nematodes (Zaidi et al. 2014).

Abdel-Kader and co-workers reported that isolates
of Trichoderma spp. could colonize O. crenata juveniles
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at different levels under laboratory conditions. In other
studies, to find an economical and appropriate meth-
od to obtain the maximum positive effect when using
T. harzianum (T1 and T3) and T. viride (T2) mycoher-
bicides against P. ramosa infections, various methods
were used in pea, faba bean, and tomato fields (Abdel-
Kader and El-Mougy 2007, 2009). The inhibitory effect
of crude extracts of T. harzianum on the germination of
P. ramosa seeds under in vitro conditions has also been
reported (Yahia et al. 2015). Considering that there
are currently no studies on the effects of Trichoderma
spp. culture filtrate in reducing broomrape infection
on plants, our study aimed to evaluate the potential of
application of Trichoderma spp. culture filtrates to con-
trol P. aegyptiaca infection in tomato.

Materials and Methods

Fungal strains

During the winter season of 2020-2021, tomato fields
around the tomato paste manufacturer of Rojin Taak
Agro-industries Company, Kermanshah, Iran were
surveyed for isolation of Trichoderma spp. The soil
samples were collected from 75 locations. Each point
was randomly sampled at 5-10 cm depth. The samples
were stored in plastic bags and were subjected to isola-
tion of Trichoderma spp. using the spreading method.
Briefly, one gram of powdered soil of each sample
was spread onto four spots on Petri dishes containing
amended TSM (trichoderma selective sedia). The me-
dium contained: 0.2 g MgSO, - 7H,0, 0.9 g K HPO,,
0.15 g KCI, 1.0 g NH,NO,, 3.0 g glucose, 0.15 g rose
Bengal, 20 g agar, 0.25 g chloramphenicol, 0.2 g captan,
and 0.2 g pentachloronitrobenzene (Elad and Chet
1983). Without chloramphenicol, pentachloronitro-
benzene and captan were dissolved in 1000ml distilled
water and autoclaved at 121°C for 20 min. Then these
three components were added into the solution at 45°C.

The plates containing soil samples were incubated
in the dark for 48 hours and then were transferred to
12 h day/12 h night conditions. Trichoderma colonies
were isolated after 5 days of incubation at 25°C. These
colonies were purified by transferring to water agar
(WA) medium in one step and then transferring their
hyphal tips to potato dextrose agar (PDA) media. Pure
fungal cultures were maintained on PDA slants at 4°C
for further studies.

Plant materials

In greenhouse experiments, the tomato cultivar Ka-
roon (Falat Company, Iran) was used as one of the
common tomato cultivars in Iran. Seeds of P. aegyptiaca
were collected from a broomrape-infected field of
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tomato in Kermanshah, Iran. The seeds were cleaned
and stored in a refrigerator until use (about 1 year
later).

Preparation of fungal culture filtrates

Among the obtained Trichoderma isolates, 10 distinct
strains were selected based on the differences in colo-
ny morphology and location and used in greenhouse
experiments. PDB (potato dextrose broth) medium
was used for the cultivation of selected Trichoderma
strains.

Growth suspensions of Trichoderma strains were
prepared for use with mycoherbicidal methods. Two
discs of each fungal strain (collected by cork borers
with a diameter of 5 mm) obtained from 7-day-old
cultures propagated on PDA medium were inoculated
into individual Falcon tubes (15 ml) containing 10 ml
of PDB medium. The Falcon tubes were incubated at
27+2°C for 14 days and shaken every 3 days to pro-
mote fungal growth. Fungal growth was then isolated
by filtration through sterile gauze and then through
a microbial filter (0.2 um) to obtain the culture filtrate.
These culture filtrates were transferred immediately to
spray bottles and used in greenhouse experiments.

Greenhouse experiments

The experiment was conducted in the summer and
autumn of 2022 in the research greenhouse of the De-
partment of Plant Pathology, Faculty of Agriculture,
Razi University, Kermanshah, Iran. Two independent
pot experiments were conducted to evaluate the po-
tential of the culture filtrates produced by the tested
fungi.

The following procedure for preparing pots was
carried out in both experiments: Pots (25 cm diameter,
25 cm deep) were filled with autoclaved soil to a depth
of 10 cm and artificially infested with P. aegyptiaca seed
bank (10 mg) into a circle with a 15 cm diameter. The
pots were again filled with autoclaved soil to more than
5 cm and artificially infested with an equal amount of
P. aegyptiaca into a 10 cm diameter circle.

Experiment 1: Foliar spray

Tomato seedling preparation
Tomato seeds were sown into polystyrene foam cells
containing coco-peat soil. For each treatment, a sepa-
rate polystyrene foam unit was considered. Seedlings
were kept at 25°C, 16 h day/8 h night for 8 weeks. Ir-
rigation was done regularly from the bottom of the
polystyrene foam unit.

Five weeks after germination, 3 ml of the culture
filtrate of the corresponding treatment was sprayed

on the aerial part of each seedling in each individual
polystyrene foam cells with spray bottles. Spraying was
repeated twice in the 7th week (1 week before trans-
ferring to the pot), and once in the 9th week (1 week
after transferring to the pot). Eight-week-old tomato
seedlings were transferred to each pot (one seedling
per pot). Then pots were filled with sterilized soil to
the appropriate height and irrigated thoroughly.

Experiment 2: soil drench

The preparation of tomato seedlings was the same as
in the previous experiment, except that they did not
receive any treatment until they were transferred to
the pot. When the seedlings were transplanted, 5 ml
associated with each specific treatment was incorpo-
rated into the planting holes in the pots. Other details
remained the same as in the previous trial.

Both experiments consisted of 12 treatments,
including seedlings treated with culture filtrates of
10 strains of T26, T33, T35, T36, T40, T46, T60, T66,
T67 and T72 that would be infected with P. aegyptiaca
and untreated controls with and without P. aegyptiaca.
The pots associated with both experiments were main-
tained at 28-32°C and 16-h day/8-h night and received
the usual irrigation.

Experimental design and data analysis

Treatments were arranged according to a completely
randomized design (CRD), with four replicates (pots)
of each specific treatment, and the experiment was
repeated twice independently, for a total of eight rep-
licates. Statistical analysis was performed on the ob-
tained data using SPSS software (version 16.0). Data
were submitted for Analysis of variance (ANOVA).
The significance of the treatment effects used was de-
termined at the 5% probability level (p = 0.05), and
treatment means were separated by Duncan’s multiple
range test. Excel software was used to draw charts and
calculate the area under the chart.

Accurate identification
of effective Trichoderma strains

Among the Trichoderma strains tested, T33 and T66
strains, which had significant effects on P. aegyptiaca,
were accurately identified based on morphological and
molecular data.

Morphological characterization

The colony growth patterns of Trichoderma strains
of T33 and T66 cultured on PDA, malt extract agar
(MEA), and corn meal dextrose agar (CMD) media
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and the micro-morphological characteristics of co-
nidia, conidiophores, phialides, and chlamydospores
were observed according to the description of Gams
and Bissett (2002).

DNA extraction and polymerase
chain reaction

DNA extraction of the selected strains was done us-
ing the DNA extraction kit manufactured by Denzaist
Asia Company, according to the instructions recom-
mended by the manufacturer. A portion of the transla-
tion-elongation factor 1 alpha tefl gene was amplified
using the primer pairs teflfw (5- GTGAGCGTGG-
TATCACCATCG-3’) and teflrev (5-GCCATCCTTG-
GAGACCAGC -3’) (Kullnig-Gradinger et al. 2002)
and The ITS-rDNA region (ITS1-5.8 S-ITS2) was
amplified using the primer pairs ITS1 (5-TCCGTAG-
GTGAACCTGCGG-3’) and ITS4 (5-TCCTCCGCT-
TATTGATATGC-3’) (White et al. 1990). The reaction
mixture in the final volume of 50 ml included 25 ml of
2X PCR Master Mix (Sinaclon Company, Iran), 10 uM
of each primer and about 50 ng of genomic DNA.

The cycling conditions for the tefl gene included:
initial denaturation at 94°C for 1 min, followed by
30 cycles of denaturation at 94°C for 1 min, annealing
at 59°C for 1 min, extension at 74°C for 50 s, and final
extension at 74°C for 7 min. For the ITS-rDNA region
cycling conditions consisted of an initial denaturation
at 90°C for 2 min, 35 PCR cycles of denaturation at
95°C for 40 s, annealing at 57°C for 40 s and extension
at 72°C for 50 s. These were followed by a final exten-
sion at 72°C for 10 min. The PCR reactions were per-
formed in a Biometra thermocycler (Tpersonal, Ger-
many). The amplicons were separated on a 1% agarose
gel. The gel was stained with Red Gel and visualized
under UV to confirm DNA amplification. The PCR
products were purified and sequenced by Macrogen,
Inc. (South Korea).

The sequences were manually edited using the
BioEdit software. Edited sequences were submitted to
the GenBank (www.ncbi.nlm. nih.gov/genbank).

Results

Survey of soils and isolation
of Trichoderma spp. strains

Nearly 100 Trichoderma spp. isolates were obtained
from 36 sampling sites. These isolates belonged to at
least 10 different morphotypes. Therefore, we selected
10 strains of each type obtained from different loca-
tions for our greenhouse experiments.
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Greenhouse experiments

Experiment I: Effects of foliar spray of tomato
seedlings with Trichoderma culture filtrates

on inducing a possible systemic resistance against
Phelipanche aegyptiaca infection

Daily monitoring of the appearance of aboveground
stalks of P. aegyptiaca on tomato plants for 85 days
after transplantation showed that foliar spray of to-
mato seedlings with filtrates of three Trichoderma
spp. strains of T33, T60 and T36, could effectively in-
hibit the progress of P. aegyptiaca infection on tomato
plants compared to the positive control by 78, 63 and
51%, respectively (based on the area under the graph)
(Fig. 1A, 1B). At the end of the experiment, the number
of P. aegyptiaca aboveground stalks and underground
juveniles attached per host plants was significantly re-
duced in plants treated with T33 (83 and 66%) and T60
(65 and 72%) culture filtrates compared to the positive
control (Table 1).

Furthermore, fresh and dry weights of tomato
fruits were significantly increased in plants treated
with T33 culture filtrate compared to the positive con-
trol (86% and 90%, respectively). The dry weight of to-
mato fruits in plants treated with T33 culture filtrate
was not significant compared to the negative control

(Table 2).

Experiment IlI: Effects of soil drench
with Trichoderma spp. culture filtrates
on Phelipanche aegyptiaca populations and
parameters and tomato plant growth parameters
Daily monitoring of the appearance of P. aegyptiaca
aboveground stalks on tomato plants for 85 days after
transplantation showed a reduction in the progression
of P. aegyptiaca infection on tomato plants throughout
the growth period by 77, 60, 60, 53 and 53%, respec-
tively, compared to the positive control (based on area
under the chart) (Figs. 2a, 2b). At the end of the exper-
iment, the number of aboveground stems on a single
tomato plant treated with T66, T33, T35, T67, and T72
culture filtrates was significantly reduced by 71, 58, 53,
47 and 43%, respectively, (85 days after transplanta-
tion) compared to the positive control (Table 3).
Although no significant differences were observed
in the number of aboveground stalks and attached
juveniles, the fresh and dry weights of stalks and at-
tached juveniles of P. aegyptiaca were significantly re-
duced when treated with T66 culture filtrate compared
to the positive control by 77, 52, 75 and 49%, respec-
tively (Table 3). Furthermore, the root dry weight of
tomato plants treated with T35, T33, and T66 cul-
ture filtrate significantly increased by 60, 53 and
48%, respectively, compared to the positive control
(Table 4).
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Fig. 1A. The progress chart of the appearance of Phelipanche aegyptiaca stalks on tomato plant cultivar, Karoon, artificially infested
with Phelipanche aegyptiaca in response to foliar spray with culture filtrates of Trichoderma strains

C - negative control, C* - positive control, T26-T72 — Trichoderma strains

Fig. 1B. Mean values of area under the chart of the progress of the appearance of Phelipanche aegyptiaca stalks on tomato plants in
response to foliar spray with culture filtrates of Trichoderma strains

C - negative control, C* - positive control, T26-T72 - Trichoderma strains (Number of replicates, n = 8). Error bars represent the
standard deviation of the mean.

*indicates significance compared to the positive control using Duncan’s multiple range test (p < 0.05)

Table 1. Growth parameters of parasitic Phelipanche aegyptiaca on tomato plants in response to foliar spray with Trichoderma culture
filtrates under greenhouse conditions (mean +SE)

Treat- Broomrape growth parameters

ments TNAS TNUAJ FWAS [g] FWUAJ [g] DWAS [g] DWUAJ [g]
C 00a 00a 00a 0.0a 0.0a 0.0a

ct 6.0+£09d 143+24cd 31.3+3.2bcd 59.2 £ 9.5 bcdef 5.7 £ 0.8bcd 11.1+1.0 bed
T26 50+1.1d 10.5+ 2.5 bed 51.0+8.0d 713 +4.8ef 10.3+2.1d 12.7 +1.7 bcd
T33 1.0+ 04ab 50+ 1.17ab 244+ 8.9 bc 49.5 +£12.5 bcde 3.8+ 1.5ab 10.4 £ 3.7 bed
T35 40+13cd 163+23d 16.1+5.1ab 752 +58f 4.7 £0.7bc 143+04cd
T36 40+0cd 8.5+ 1.4 bcd 27.1+£9.6 bc 459 +£7.7 bed 5.6 = 1.5bc 125+ 1.4 bcd

T40 6.0+04d 83+4.4bcd 31.7+1.8 bcd 37.7 £6.6 bc 6.5+ 1.1bcd 9.4+0.9bc
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Table 1. Growth parameters of parasitic Phelipanche aegyptiaca on tomato plants in response to foliar spray with Trichoderma culture
filtrates under greenhouse conditions (mean +SE) — continuation

Treat- Broomrape growth parameters

ments TNAS TNUAJ FWAS [g] FWUAJ [g] DWAS [g] DWUAJ [g]
T46 58+0.7d 145+25cd 35.7+4.2bcd 69.9 + 7.3 def 8.2+ 0.9bcd 149+1.8d
T60 2.0+ 0.6 abc 40+0.8ab 29.2+4.9 bc 354+86Db 4.6 + 1.3bc 86+0.7b
T66 55+1.0d 9.5+ 2.2 bcd 41.0+46cd 60.8 + 4.0 cdef 8.6 +0.8cd 149+04d
T67 53+04d 11.3+0.9bcd 434+69cd 745+4.7f 9.1+2.7cd 11.5+ 2.0 bed
T72 33+ 1.2 bcd 6.5 + 3.4 abc 36.6 +4.6 cd 59.8 £ 7.2 cdef 6.1 +0.3bcd 147+ 0.5 cd

TNAS - total numbers of aboveground stalks; TNUAJ - total numbers of underground attached juveniles; FWAS - fresh weight of aboveground stalks;
FWUAJ - fresh weight of underground attached juveniles; DWAS - dry weight of aboveground stalks; DWUAJ - dry weight of underground attached
juveniles. C - negative control, C+ - positive control, T26-T72 - Trichoderma strains. Mean values within columns followed by the same letter are not
significantly different (p < 0.05)
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Fig. 2A. The progress chart of the appearance of Phelipanche aegyptiaca stalks on the tomato plant cultivar, Falat Karoon, artificially
infested with Phelipanche aegyptiaca in response to soil drench with culture filtrates of Trichoderma strains

C™ - negative control, C* - positive control, T26-T72 - Trichoderma strains

Fig. 2B. Mean values of area under the chart of the progress of the appearance of Phelipanche aegyptiaca stalks on tomato plants in
response to soil drench with culture filtrates of Trichoderma strains

C - negative control, C* - positive control, T26-T72 - Trichoderma strains (Number of replicates, n = 8). Error bars represent the
standard deviation of the mean.

*indicates significance compared to the positive control using Duncan’s multiple range test (p < 0.05)
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Table 2. Growth parameters of tomato plants in response to foliar spray with culture filtrates of Trichoderma strains and infection with
Phelipanche aegyptiaca under greenhouse conditions (mean +SE)

Treat- Growth parameters of tomato plants
ments SFW [g] FFW [g] RFW [g] SDW [g] FDW [g] RDW [g]
C 109.8 £ 4.7 ab 723+47a 499x42a 29.2+05a 63x0.2a 120+ 14a
ct 106.3 + 13.0 abcd 48+18c 39.9+10.1ab 17.4+25bc 04=+0.1c 86+26ab
T26 117.0+6.1a 59+25c 30.8+1.8ab 143+£05c 05+0.2c 86+ 1.8ab
T33 112.7+6.0a 33.7+11.0b 32.8+4.0ab 20.8+1.9b 43+15b 69+22ab
T35 109.3 £ 6.1 abc 108+4.0c 258+3.6b 15.8+09c 1.0+04c 34+19b
T36 98.3 +3.3abcd 49+30c 33.1+73ab 146+09c 06x+04c 56+3.1b
T40 87.7£6.7 bcd 6.8+25c 17.8+5.7b 11.8x24c 04x=0.1c 26+1.1b
T46 83.6+3.6d 0.0c 18.7+64b 144x1.1c 0.0c 24+09b
T60 83.8+82d 8.6x53c 20.8+6.6 b 124x14c 0.8x05¢c 21+1.0b
T66 93.9 £ 4.4 abcd 0.6+04c 30.6+4.9ab 12507 c 0.1c¢ 6.7+ 1.8ab
T67 823+105d 0.0c 20.1+£75b 126x1.0c 0.0c 6.4+2.1ab
T72 85.9+25cd 0.0c 227+77b 13.0x27c 0.0c 24+04b

SFW - shoot fresh weight; FFW - fruit fresh weight; RFW - root fresh weight; SDW - shoot dry weight; FDW - fruit dry weight; RDW - root dry weight.
C - negative control, C* - positive control, T26-T72 - Trichoderma strains. Mean values within columns followed by the same letter are not significantly
different (p <0.05)

Table 3. Growth parameters of parasitic Phelipanche aegyptiaca on tomato plants in response to soil drench with Trichoderma culture
filtrates under greenhouse conditions (mean +SE)

Treat- Broomrape growth parameters
ments TNAS TNUAJ FWAS [g] FWUAJ [g] DWAS [g] DWUAJ [g]
(e 0.0a 00a 0.0a 0.0a 0.0a 00a
cr 155+16e 27.5+7.0 bc 538+126¢ 1259+4.2cd 65+0.2b 27.8+3.0cd
T26 9.3+2.9 bcde 16.3+3.2bc 37.3+£6.5bc 116.2+11.3cd 6.6+09b 269+2.0cd
T33 6.5+ 1.1 bc 15.0+5.4 bc 28.3+8.8bc 101.4+14.9 bc 60+1.1b 17.3+4.8bc
T35 73+1.0 bcd 233+24bc 30.8+13.5bc 1429+10.0d 53+£1.2b 27.1+2.0cd
T36 10.8 + 3.3 bcde 21.5+2.7 bc 24.2 +7.3 abc 1066 +5.5¢ 48+0.6b 21.0+0.8 bed
T40 13.5+1.6de 22.8+2.6 bc 36.6 £ 5.2 bc 118.8+4.5cd 50+0.7b 233+ 1.2bcd
T46 120+ 1.4 cde 285+1.6cC 33.8+7.2bc 127.3+76cd 6.5+0.5¢ 274427 cd
T60 10.8 + 2.7 bcde 19.3+3.2bc 353+6.2bc 1245+84cd 54+1.0b 285+4.3d
T66 45+1.1ab 13.8+£35b 125+52ab 598+ 14.1b 1.6+0.7a 140+3b
T67 8.8+0.9 bcd 16.8 £ 5.4 bc 28.5+6.4 bc 102.1+3.1¢ 51+£03b 229+ 1.2 bcd
T72 8.3+2.0 bcd 21.8+4.3 bc 26.2+11.8 abc 99.6 £16.7 ¢ 52+14b 21.0+5.4 bcd

TNAS - total numbers of aboveground stalks; TNUAJ - total numbers of underground attached juveniles; FWAS - fresh weight of aboveground stalks;
FWUAJ - fresh weight of underground attached juveniles; DWAS - dry weight of aboveground stalks; DWUAJ - dry weight of underground attached
juveniles; C - negative control; C* - positive control, T26-T72 - Trichoderma strains. Mean values within columns followed by the same letter are not
significantly different (p < 0.05)

Table 4. Growth parameters of tomato plants in response to soil drench with culture filtrates of Trichoderma strains and infection
with Phelipanche aegyptiaca under greenhouse conditions (mean +SE)
Mean values within columns followed by the same letter are not significantly different (P <0.05)

Treat- Tomato growth parameters

ments SFW [g] FFW [g] RFW [g] SDW [g] FDW [g] RDW [g]
C 157.7+3.0ab 162.0+21.7a 40.1+16a 365+1.8a 94+13a 79+12a
c 129.1+15.1ab 89+54b 274+50a 18.0+04b 05+03b 40+0.7c
T26 144.1+£9.2 ab 75+46b 453+9.0a 188+0.6b 04+02b 4.5+ 0.4 bc
T33 143.3+6.9ab 288+17.6b 406+62a 21.9+1.2b 18+1.1b 6.1+1.1ab
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Table 4. Growth parameters of tomato plants in response to soil drench with culture filtrates of Trichoderma strains and infection with

Phelipanche aegyptiaca under greenhouse conditions (mean +SE)

Mean values within columns followed by the same letter are not significantly different (P <0.05) - continuation

Treat- Tomato growth parameters

ments SFW [g] FFW [g] RFW [g] SDW [g] FDW [g] RDW [g]
T35 1453+ 2.7 ab 13.8+£84b 335+28a 19.0£0.2b 09+05b 6.4+ 0.6 ab
T36 160.2 £ 15.4 ab 00b 385+80a 20.6+0.6b 00b 4.8+ 0.6 bc
T40 151.2+8.7 ab 00b 336+10a 19.2+06b 00b 49+ 0.3 abc
T46 1522 +25ab 00b 36.1+x2.1a 204+06b 0.0b 4.6+ 0.4 bc
T60 169.8+18.2a 13.9+52b 379+5.1a 19.3+£0.8b 08+0.5b 5.0+0.9bc
T66 1274+20.0b 333+7.7b 388+3.7a 218+24b 21+05b 59+08ab
T67 153.1+6.6 ab 93+57b 357+5.1a 209+1.2b 05+03b 44+0.3bc
T72 1419+ 74 ab 153+9.4b 328+3.1a 194+£1.0b 09+05b 4.9+0.2 abc

SFW - shoot fresh weight; FFW - fruit fresh weight; RFW - root fresh weight; SDW - shoot dry weight; FDW - fruit dry weight;
RDW - root dry weight; C- - negative control; C+ - positive control, T26-T72 - Trichoderma strains. Mean values within columns

followed by the same letter are not significantly different (p < 0.05)

Accurate identification of effective
Trichoderma strains

The colony growth rate of T33 on MEA-contain-
ing Petri dishes was fast and reached 9 cm in diam-
eter after 3 days at 30°C. The colony growth rate on
PDA-containing Petri dishes was moderate. Sporula-
tion was scattered through the whole medium area
and the color of the colony became green soon after
sporulation. Conidia were subglobose to ellipsoidal,
dark green, 3.7-4.3 x 2.8-3.2 pm. Conidia from ad-
jacent phialides formed spherical masses. The base of
conidiophores was sterile and had no branches but
was fertile at apices. Phialides were 3-6 often ampul-
liform 8.8-9.2 x 3.1-3.9 pum with closely appressed
which only form at apices of branches. Clamidospores
formed in aged cultures, 6.9-9.1x 5.8-8.2 um and had
smooth walls.

The colony growth rate of T66 on MEA-contain-
ing Petri dishes was also fast and reached 9 cm in
diameter after 4 days at 30°C. Colonies had compact
conidiophores in olive green to blue-green or gray olive
groups. Conidia were subglobose with smooth walls,
2.7-3.3 x 2.1-2.7 yum. Phialides were long and ampul-
liform with 2-5 in each group, 8.9-14.2 x 2.1-2.8 um.
Clamidospores in aged cultures were solitary
in the middle or end of the hypha and were al-
most colorless and oblong to oval or pear shaped,
7.3-9.8 X 4.9-7.5 um.

Through nucleotide sequencing analysis of the tefl,
ITS1, and ITS4 regions of the genomes of T33 and T66
strains, and based on morphological characteristics,
these strains were identified as T. virens and T. brevi-
compactum, respectively.

Discussion

Agriculture faces new challenges due to variables such
as climatic conditions, pest and disease management
methods, health issues and socio-economic benefits.
Some common methods from the past may no long-
er apply. For example, the use of synthetic pesticides
for management purposes is receiving more criticism
than in the past (Cartry et al. 2021). In addition to
health concerns, widespread pesticide use can lead to
the development of resistance in target pests over time
(Baucom 2019). Therefore, there is a need to use new
ecological methods such as biological control to meet
agricultural needs including parasitic weed manage-
ment.

In this study, for the first time, we attempted to in-
vestigate the potential of metabolites in 14-day culture
filtrates of some Trichoderma spp. strains on control of
P, aegyptiaca infection in tomato plants. We chose cul-
ture filtrates of Trichoderma strains because based on
a series of in vitro and greenhouse experiments con-
ducted by Hassan et al. (2019) to study the effective-
ness of the fungus T. harzianum on Striga hermonthica
germination and sorghum infestation, various kinds
of T. harzianum inoculum (autoclaved, culture, and
filtrate) significantly (p < 0.05) reduced germination
rates, but germination rates were minimized using
T. harzianum culture filtrate compared to control and
other inocula.

The results of the first experiment indicated that
there was sufficient evidence that ISR against P. aegyp-
tiaca occurs in tomato plants, at least in the case of
T. virens T33 culture filtrates. Considering the physical
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distance between the application site of Trichoderma
spp. culture filtrate and where the parasites were pre-
sent, it seems that reduction in disease progression in
plants treated with culture filtrates from five Trichoder-
ma strains (Fig. 1A, 1B) may be the result of the ability
of these metabolites to reprogram plant gene expres-
sion, possibly by stimulating a limited number of com-
mon plant pathways, as has been repeatedly reported
for Trichoderma species and some of its metabolites
(Shoresh et al. 2010). Furthermore, in tomato plants
treated with T. virens T33 culture filtrate, a significant
reduction in the severity of P. aegyptica infection was
observed by 83% of stalks and 66% of attached juve-
niles per host plant compared to the positive control.
In other words, according to statistical analysis, to-
mato plants treated with T. virens T33 culture filtrate
were identical to the negative control (Table 1). It pro-
vides further evidence that spraying three times with
foliar spray of T. virens T33 culture filtrate throughout
the growing season can induce systemic resistance in
tomato plants to attack by P aegyptica and can sig-
nificantly reduce its intensity compared to the native
range recorded in the positive control. As has been
mentioned previously by Cartry et al. (2021), defense
mechanisms (mechanical barriers) and attack mecha-
nisms (metabolite production) that protect plants from
nearby parasitic plants may also be activated in this in-
duced resistance, which requires further investigation.
For example, Lopez-Réez et al. (2011) reported that ar-
buscular mycorrhizal symbiosis reduces strigolactone
production in tomato. Such an effect on the degrada-
tion of synthetic strigolactones has also been report-
ed for Trichoderma spp. metabolites in vitro by Boari
et al. (2016). Significant reductions of 65 and 72% in
the number of stalks and juveniles, respectively, were
also observed in plants foliar treated with T60 culture
filtrate. Despite this, tomato growth parameters did
not increase.

Furthermore, the most important growth param-
eter of the crop is the biomass of reproductive tis-
sues, which is negatively affected by the presence of
P aegyptiaca (Fernandez-Aparicio et al. 2016). Our
results also showed that fruit biomass was reduced by
94% in the positive control compared to the negative
control. However, foliar spray of T. virens T33 culture
filtrate can compensate for 90%, with no significant
difference from the negative control (Table 2). Since
treatment occurs only in the aerial parts, even be-
fore exposure to parasites (in two times out of three),
the resulting increase in the fruit weight of T. virens
T33-treated plants compared to the control could be
a direct effect of these metabolites on plant growth,
or the result of reduced P. aegyptiaca infection due to
ISR or both. Considering that other growth param-
eters of tomato plants in the positive control were not
significantly affected by the parasite compared to the
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negative control, this could explain the lack of signifi-
cant increase in these parameters in plants treated with
T. virens T33 culture filtrate (Table 2).

In the second experiment, T66, T33, T35, T36, and
T67 metabolite treatments resulted in a significant
reduction in P. aegyptiaca infection progression com-
pared to the positive control (Fig. 2a, 2b). The culture
filtrate of T. brevicompactum T66 significantly reduced
almost all parameters of P. aegyptiaca, including the
number of total stalks of P aegyptiaca and the fresh
and dry weights of stalks and juveniles in pots, com-
pared to the positive control as shown in Table 3. Since
these metabolites were applied to sites where seed
parasites were encountered, it appeared that these me-
tabolites could affect the seeds or germinating seeds of
P aegyptiaca, as well as developing tubercles and ju-
veniles before and after the emergence of stalks on the
soil surface. Significant reductions in the total number
of P. aegyptiaca stalks were also recorded for T33, T35,
T67, and T72 (Table 3), which may be part of the rea-
son for the slower progression of P. aegyptiaca infec-
tion in treated tomato plants compared to the positive
control. The dry weight of tomato roots treated with
T35, T33, and T66 culture filtrates also increased sig-
nificantly compared to the positive control (Table 4).
Promotion in plant growth, especially root growth and
particularly under stress caused by Trichoderma spp.
and their metabolite interactions with plants have been
reported (Jalali et al. 2017; Zaidi et al. 2014), which
may be another reason for the slower progression of
infection in treated plants than in positive controls.

In the study of Abdel-Kader and El-Mougy (2007,
2009) to control O. ramosa in tomato, pea and faba
bean fields, significant reductions in disease incidence
(percentage of visual flowering stalks of Orobanche
around the host plants) and intensity (their numbers
attached to the roots of host plants) of O. ramosa infec-
tion were observed with a combination of mycoher-
bicide (T. harzianum T1 and T3 and T. viride T2) and
herbicide (glyphosate) treatments. In other studies,
the use of combinations of microbial isolates was more
effective (Hassan et al. 2019; El-Dabaa and Abd-El-
-Khair 2020). Since an integrated and sustained man-
agement plan consisting of multiple control methods
acting on different broomrape life stages is well suited
to address the broomrape weed problem long term
(Fernandez-Aparicio et al. 2016), and considering
our results, it is possible that a combination of foliar
spray with Trichoderma metabolites (T. virens T33,
three times) followed by soil drench at the planting site
(T. brevicompactum T66) may be a better way to con-
trol P. aegyptiaca infection and severity on tomato. The
operational technology needs further research in our
future work. Determination of culture filtrate compo-
sition and evaluation of its components are some of
our other goals to be addressed in further studies. In
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summary, our results have promising efficient accessi-
biliy, the continuation of which may contribute signifi-
cantly to the development of a new method to control
P. aegyptiaca in tomato.
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