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Abstract

Background: Orobanche crenata is an obligate root parasite belonging to Orbanchaceae. Broomrape causes great
damage to the faba bean. Several attempts were applied for controlling parasitic weeds. So, the aim of this work is
to study the application of Trichoderma spp. as well as three rhizobacteria species in comparison to herbicidal effect
of Glyphosate (Glialka 48% WSC) for controlling broomrape infesting faba bean (Vicia faba).

Materials and methods: Three pot experiments were carried out in the greenhouse of the National Research Centre,
Dokki, Giza, Egypt during two successive winter seasons. Trichoderma inocula were adjusted to 3.6 x 10° propagules/ml
and the bacterium inocula were adjusted at 10’=10° colony-forming unit (CFU)/ml. All treatments were applied, before
1 week of sowing, at rate of 50 ml per pot in experiments | and I, while 100 ml per pot in experiment |Il.

Results: Trichoderma spp. (T. harzianum, T. viride and T. vierns) as well as three rhizobacteria species (Pseudomonas
fluorescens, Bacillus subtilis and Bacillus pumilus) enhanced the growth parameters in faba bean plants, i.e. shoot length,
shoot fresh weight, shoot dry weight and leaf number in the first experiment when applied without O. crenata
infection. In the second experiment, all bio-control could protect plants against O. crenata infection, where it had
better juvenile number reduction, than glyphosate after 2 months of application. Both B. subtilis and B. pumilus had the
highest reduction to juvenile fresh weight, while their effect was equal to herbicide for juvenile dry weight,
respectively. The bio-control agents had high effects until the 4th month, but it was less than that of the
herbicide. In experiment lI, the bio-control agents could highly reduce the juvenile parameters after 2 months, as
well as juvenile fresh weight and juvenile dry weight after 4 months, than the herbicide, respectively. The bio-
control agents were effective until 6 months, but less than the herbicide effect. All bio-control treatments highly
increased the plant growth parameters, than the herbicide.

Conclusion: The application of Trichoderma spp. as well as rhizobacteria species could play an important role in
controlling broomrape in faba bean as a natural bioherbicide.

Keywords: Glyphosate, Faba bean, Orobanche crenata, Rhizobacteria, Trichoderma spp.

Background

Broomrape is a parasitic weed widespread in many parts
of the world (Brhane et al. 2016) as well as in Egypt
(Abdel-Kader and El-Mougy 2009; Ghannam et al. 2012),
where it is a major factor limiting faba bean production
(Vicia faba). Broomrape attacks a wide range of plant spe-
cies such as carrot, celery, eggplant, faba bean, potato,
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peppers, peas and tomato. By chemicals released from
host roots, the broomrape seeds could germinate, and
their seedling roots attack the host plant roots to obtain
water and nutrients and remain underground until flower-
ing. Broomrape seeds can be spread by footwear, livestock,
machinery, vehicles and flooding (Punia 2014). No single
method was effective for economically managing Oro-
banche spp. Therefore, several alternative methods viz.
preventive, physical, chemical, agronomic, biological, crop
resistance and integrated management were applied for
controlling the Orobanche. Therefore, we need a single
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cheap method to be effectively, economically and com-
pletely controlling this parasite (Habimana et al. 2014;
Punia 2014).

The plant growth-promoting bacteria (PGPB) can play a
role in protecting plants against Orobanche infection.
Pseudomonas fluorescens showed a high bio-control activ-
ity against Orobanche crenata and Orobanche foetida and
positively enhanced the plant growth parameters of faba
bean (Zermane et al. 2007). Pseudomonas marginalis re-
duced the incidence of O. crenata and improved faba bean
(Zermane et al. 2007). Bacillus circulans, Bacillus mega-
therium var. phosphaticum (BMP) and the combination of
BMP plus Rhizobium leguminosarum bv. viceae signifi-
cantly reduced the germination of O. crenata and in-
creased the dry weight of faba bean (Elabaied et al. 2018).

Application of Trichoderma harzianum and Tricho-
derma viride, as soil treatment, followed by spray with gly-
phosate significantly reduced the broomrape infection and
increased the yields of peas, faba bean and tomatoes in the
fields, compared with each fungus treatment (Abdel-
Kader and El-Mougy 2007, 2009).These treatments may
be effective, applicable and cost-effective for controlling
Orobanche. Several fungi also viz. Chaetomium sp., Fusar-
ium oxysoprum, Fusarium solani, Rhizoctonia solani,
Sclerotium rolfsii and T. harzianum could attack the living
tissues of Orobanche ramose segments causing black le-
sions, soft rots and complete deterioration within 7 days
(Nawar and Sahab 2011). Application of T. viride and T.
hamatum reduced the number of Orobanche shoots
(Nawar and Sahab 2011). Trichoderma harzanium, when
applied single or in combination with Rhizobium legimu-
nosarum, significantly reduced the disease severity of O.
crenata and improved the seeds and biomass yield of faba
bean varieties (Brhane et al. 2016). F. oxysporum, as conid-
ial suspension, significantly decreased the germination and
tubercles of Orobanche, where the microconidia and
chlamydospore formulations greatly diminished the
emerged shoots and the germinated seeds of Orobanche
(Alla et al. 2008). Babalola (2010) found that infested to-
mato roots with Fusarium compactum mycelia plus pecti-
nase treatment (20 U ml™') had over 50% tubercles dead
after 1 week of treatment, while mycelia with mycelia plus
cellulose treatment (20 U ml™ ') had above 60% mortality.

This work aimed to investigate the application of plant
growth-promoting bacteria, ie. P. fluorescens, Bacillus
subtilis and Bacillus pumilus and Trichoderma spp., i.e.
T. harzianum, T. viride and T. vierns for controlling O.
crenata infestation and their effects on the growth pa-
rameters of faba bean under greenhouse conditions.

Materials and methods

Bio-control agents

The plant growth-promoting bacteria, i.e. P. fluorescens,
B. subtilis and B. pumilus as well as T. harzianum, T.
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viride and T. vierns were obtained from Plant Pathology
Department, National Research Centre, Egypt.

Herbicide

The herbicide Glyphosate (Glialka 48% WSC) was ap-
plied at recommenced dose (225 cm® per hectare) as the
control.

Preparation of bio-control agent’s inocula

For preparation of Trichoderma spp. propagules (col-
ony-forming unit, CFU), the pure culture of each T.har-
zianum, T. viride and T. vierns fungal species was
maintained on potato dextrose agar in Petri plates at
30+ 2 °C. For mass production, 1-1 conical flasks con-
taining 500 ml of malt extract medium (MEM; 30 g malt
extract, 5 g peptone in 1000 ml distilled water) were
autoclaved. Then, each flask was separately inoculated
with 1-cm-diameter disc of each Trichoderma sp. The
flasks were inoculated at 30 + 2 °C for 1 week. Then, the
Trichoderma inocula were adjusted to 3.6 x 10° propa-
gules/ml by using a haemocytometer slide. Then a mix-
ture of MEM and Trichoderma propagules was applied
(Abd-El-Khair et al. 2010).

For the preparation of rhizobateria, the pure culture of
each bacterium was grown in nutrient broth medium at
30+2 °C for 48 h. For mass production, 1-1 conical
flasks containing 500 ml of nutrient glucose (2%) broth
medium (NGBM; 3 g beef extract, 5 g peptone, 20 g glu-
cose, in 1000 ml distilled water and pH at 7.2) were
autoclaved. Then, each flask was separately inoculated
with 1.0 ml of broth culture of each bacterium. Then,
the inoculated flasks were incubated at 30+2 °C for
48 h and the flasks were shaken twice daily. Each bacter-
ium inoculum was adjusted at 10’~10° colony forming
unit (CFU)/ml using dilution method. Each inoculum of
bacterial species was applied as mixture of bacterial cells
and cultural filtrate (EI-Nagdi et al. 2019).

Greenhouse experiments
Three experiments were carried out in the greenhouse
of Botany Department, National Research Centre, Egypt.
The first experiment was conducted to study the ability
of tested bio-control agents for improving growth pa-
rameters of faba bean, while the second and third ones
were conducted to assess the pathogenic effect of tested
bio-control agents against O. crenata. The soil free of O.
crenata contamination was applied in the first experi-
ment, while heavily contaminated soil artificially infected
with a seeds bank of O. crenata (at the rate of 5% w/w)
was applied in the 2nd and 3rd experiments.

The plastic pots (30-cm diameter), containing 5 kg of
a sterilized mixture of loamy soil were arranged accord-
ing to a completely randomized design on a bench under
greenhouse conditions. In experiment I, the treatments
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were as follows: (1) Untreated control, (2) MEM only,
(3) T. harzianum, (4) T. viride, (5) T. vierns, (6) NGBM
only, (7) P. fluorescens, (8) B. subtilis and (9) B. pumilus.
All treatments were applied at a rate of 50 ml microbial
medium per pot before 1 week of sowing and then all
pots were watered. In experiments II and III, pots filled
with heavily contaminated soil artificially infected with a
seeds bank of O. crenata (at a rate of 5% w/w) was ap-
plied and the microbial treatments were as follows: (1)
O. crenata only, (2) O. crenata + glyphosate only, (3) O.
crenata + NGBM only, (4) O. crenata + P. fluorescens, (5)
O. crenata + B. subtilis, (6) O. crenata + B. pumilus, (7)
O. crenata + MEM only, (8) O. crenata + T. harzianum,
(9) O. crenata + T. viride and (10) O. crenata + T. vierns.
All treatments were applied at a rate of 50 ml of micro-
bial medium per pot in experiments I and II, while at
100 ml of microbial medium per pot in experiment III
before 1 week of sowing and then all pots were watered.
Eight seeds of faba bean (Giza 3 cv.) were sown at 3 cm
from the soil surface of each pot and then the resulted
plants thinned to 4 plants per pot (El-Dabaa et al. 2019).
Eight pots were used as replicates for each treatment as
well as the controls.

The growth parameters of faba bean plants as shoot
length, shoot fresh and dry weights and leaf numbers
were recorded in the first experiment at 2, 4 and
6 months of application. Effects of tested bio-control
agents in reducing numbers, fresh and dry weights and
length of the emerged juvenile O. crenata were recorded
at 2 and 4 months and 2, 4 and 6 months of applications
in experiments II and III, respectively. The same growth
parameters of faba bean plants were also recorded at the
same periods.

Statistical analysis

Data were subjected to analysis of variance using Com-
puter Statistical Package User Manual Version 3.03,
Barkley Co., USA, and mean values of each treatment
was compared according to Duncan’s multiple range test
at P=0.05 level of significance (Snedecor and Cochran
1999).

Results

Experiment |

Effects of rhizobacteria and Trichoderma spp on the growth
parameters of faba bean plants without O. crenata
infection in pots

Effects of P. flourencens, B. subtilis, B. pumilus, T. har-
zianum, T. viride and T. vierns on the growth parame-
ters of faba bean plants without O. crenata infection in
pots are listed in Table 1. After 2 months, application of
rhizobacteria treatments enhanced the shoot length (SL),
fresh shoot weight (FSW), dry shoot weight (DSW) and
leaf number (LN) in the ranges of 4—8%, 24—35%, 23—
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34% and 21-35% comparing with the controls, respect-
ively. Maximum enhancement effects on FSW, DSW
and LN were obtained by B. pumilus, whereas B. subtilis
highly increased the SL. Tichoderma spp. increased the
same growth parameters in the ranges of 6-9%, 16—31%,
10-32% and 16-32%, respectively. The highest increase
in the previously mentioned parameters was obtained by
T. vierns (SL, FSW and DSW) and T. viride (LN),
respectively. After 4 months, the growth parameters
mentioned before increased by rhizobacteria applications
in the ranges of 22-27%, 104-131%, 99-124% and 29—
52%, respectively. P. flourencens highly enhanced SL,
FSW and DSW, while B. pumilus highly increased LN.
Trichoderma spp. improved the growth parameters in
the ranges of 14-31%, 43-112%, 32—-105% and 27-34%,
respectively. T. vierns highly increased the SL, FSW and
DSVW, while 7. viride highly increased LN. After
6 months, rhizobacteria application increased the growth
parameters in the ranges of 17-31%, 7-17%, 33—43%
and 11-35%, while the increase with Trichoderma spp.
was in the ranges of 22-28%, 12-53%, 41-104% and
20-64%, respectively. B. subtilis highly improved SL,
ESW and DSW, while P. fluorescens increased LN. On
the other hand, T. vierns, followed by T viride and T.
harzianum showed the best growth parameters
(Table 1).

Experiment Il

Effect of rhizobacteria and Trichoderma spp. on Orobanche
crenata parameters

The tested rhizobacteria species as well as Trichoderma
spp. reduced the O. crenata juvenile parameters in pots,
under artificial inoculation conditions, as shown in
Table 2. After 2 months of application, the rhizobacteria
reduced the juvenile numbers (JN) and juvenile fresh
weight (JEW) and juvenile dry weight (JDW) in the
ranges of 64—75%, 22—-61% and 29-57%, compared with
control corresponded with the values of 57, 41 and 57%
with glyphosate treatment, respectively. B. pumilus
highly reduced JFW and JDW, whereas P. fluorescens
highly reduced JN. Many of the previously mentioned
parameters were reduced by Tichoderma spp. in the
ranges of 59-82%, 26—37% and 29-43%, compared to
57, 41 and 57 with glyphosate, respectively. T. vierns
highly reduced the JEW and JDW, while T. harzanium
highly reduced the JN, respectively. After 4 months, rhi-
zobacteria application reduced many of the parameters
mentioned before in the ranges of 43-60%, 40—55%, 41—
52% and 38-52% compared to 68, 65, 67 and 49% with
glyphosate, respectively. P. flourecenss highly reduced JN,
JDW and juvenile length (JL), while B. subtilis highly re-
duced the JEW. Trichoderma spp. reduced the juvenile
parameters in the ranges of 38-51%, 43-60%, 41-59%
and 37-49%, compared to 68, 65, 67 and 49% with
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Table 1 Effects of plant growth-promoting bacteria and Trichoderma species on growth parameters of faba bean without
Orobanche crenata treatment under greenhouse conditions (Experiment )

Treatments Faba bean growth parameters
Shoot length Fresh weight Dry weight Leaf no.
cm Incr% g/plant Incr.% g/plant Incr.% No./ plant Incr.9%
Two months
Untreated plants 329% - 19.1° - 349° - 14.0° -
Nutrient broth only 33.5° 2 21.1° 11 406° 16 16.8%° 20
P. fluorescens 34.1° 4 2512 31 458° 31 186° 33
B. subtilis 354° 8 236° 24 430° 23 169%° 21
B. pumilus 34.9° 6 25.72 35 466° 34 1897 35
Malt extract medium 333° 1 20.5° 7 3.74° 7 15.5% 11
T. harzianum 34.9° 6 22.3° 17 3.85° 10 17.0% 21
T. viride 35.12 7 22.2° 16 4032 16 185° 32
T. vierns 36.0% 9 25.12 31 459° 32 163 16
Four months
Untreated plants 475¢ - 38.9° - 5.00° - 328° -
Nutrient broth only 54.0°¢ 14 479° 23 6.00° 20 33.0¢ 1
P. fluorescens 604%° 27 89.5° 131 11.19° 124 45.87¢ 40
B. subtilis 578% 22 79.6°° 104 9.94% 99 42.470¢ 29
B. pumilus 59.6°° 26 85.3° 119 10.53° 111 498° 52
Malt extract medium 558% 18 51.9° 33 6.49° 30 36.6° 12
T. harzianum 54,3%¢ 14 55.6°¢ 43 6.61° 32 426%¢ 30
T. viride 60.5°° 27 80.3% 106 9.93° 99 44,0%0¢ 34
T. vierns 62.3° 31 82.4° 112 10312 106 47.87%¢ 27
Six months
Untreated plants 80.8° - 79.3° - 1263¢ - 46.8° -
Nutrient broth medium 84.5% 5 804° 1 15.255¢ 21 47.1°¢ 1
P. fluorescens 95.5%b¢ 18 86.5% 9 16.80°° 33 63.0° 35
B. subtilis 105.6° 31 92.5% 17 18.00% 43 54.1b° 16
B. pumilus 94,10 17 85.1° 7 17.20°¢ 36 52.15¢ 11
Malt extract medium 89,0°4¢ 10 80.6° 2 14.755¢ 17 51.55¢ 10
T. harzianum 98,6%°¢ 2 88.5% 12 17.83% 41 56.1°¢ 20
T. viride 102.3% 27 946 19 19.70P 56 63.0° 35
T. vierns 103.3%° 28 1086° 53 25732 104 76.8° 64

*In each column (for each month) followed by the same small letter are not significantly different according to Duncan’s multiple range test (p = 0.05)

glyphosate, respectively. T. vierns highly exhibited fresh
weight, dry weight and length of juvenile, respectively
(Table 2).

Effect on growth parameters of faba bean

Results in Table 3 revealed that P. flourencens, B. subtilis
and B. pumilus increased the SL, FSW, DSW and LN of
faba bean, under artificial inoculation conditions, in the
ranges of 10-25%, 6-31%, 6-31% and 27-46% after
2 months of application, respectively. B. pumilus showed
the best increase of SL, FSW and DSW, followed by B.
subtilis and P. fluorsecens, while B. pumilus highly

increased LN, followed by P. fluorsecens and B. subtilis.
Whereas, T. harzianum, T.viride and T. vierns increased
the same parameters in the ranges of 13-24%, 13-30%,
5-29% and 13-34%, compared to increase of 15, 64, 26
and 36% with glyphosate, respectively. Data showed that
T. viride highly increased SL, FSW and DSW, while T.
vierns highly increased LN. After 4 months of applica-
tion, the rhizobacteria increased the SL, FSW, DSW and
LN in the ranges of 13-24%, 9-15%, 11-15% and 7-
38%, compared to 24, 37, 37 and 30% with glyphosate,
respectively. Maximum increase in SL character was ob-
tained by P. fluorescens, whereas maximum values of
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Table 2 Effects of plant growth-promoting bacteria and Trichoderma species on O. crenata growth parameters in faba bean under

greenhouse conditions (Experiment 1)

Treatments Averages of O. crenata growth parameters
Numbers Fresh weight Dry weight Length
No./plant Red.% g./plant Red.% g./plant Red.% cm Red.%
Two months
Orobanche alone (Orob.) 44% - 0.54° - 0.07° - ND ND
Orob. + glyphosate alone 1.9%¢ 57 0325 41 0.03° 57 ND ND
Orob. + nutrient broth medium 36°° 18 0.53° 2 0.07° 0 ND ND
Orob. + P. fluorescens 11° 75 0427 22 0.05% 29 ND ND
Orob. + B. subtilis 16 64 029> 46 003° 57 ND ND
Orob. + B. pumilus 16° 64 0.21¢ 61 0.03° 57 ND ND
Orob. + malt extract medium 397 11 053% 2 0.07° 0 ND ND
Orob. +T. harzianum 0.8° 82 039% 28 0.05% 29 ND ND
Orob. + T. viride 18 59 0.40°° 26 0.05°° 29 ND ND
Orob. +T. vierns 1.0c 77 034> 37 0.04° 43 ND ND
Four months
Orobanche alone (Orob.) 354° - 2252 - 0.27° - 8.88° -
Orob. + glyphosate alone 12.5° 68 0.78° 65 0.09° 67 450 49
Orob. + nutrient broth medium 330° 7 1932 14 0.22% 19 7.25% 18
Orob. + P. fluorescens 143° 60 1075 52 013 52 538> 39
Orob. + B. subtilis 17.8° 50 1.02°¢ 55 0.13¢ 52 4259 52
Orob. + B. pumilus 20.1° 43 1.34° 40 0.16" 41 5.50°< 38
Orob. + malt extract medium 340° 4 2.00° 1 0.20° 26 7.75%¢ 13
Orob. +T. harzianum 184° 48 1.29¢ 43 0.15% 44 5130 42
Orob. +T. viride 22.1° 38 090> 60 0.11° 59 456 49
Orob. +T. vierns 17.3° 51 1295 43 0.16" 41 563> 37

*In each column (for each month) followed by the same small letter are not significantly different according to Duncan’s multiple range test (p = 0.05)

ESW, DSW and LN criteria were obtained by B. subtilis.
Trichoderma spp. also improved the growth parameters
in the ranges of 12-38%, 4-75%, 12-75% and 11-26%,
compared to 24, 37, 37 and 30% with glyphosate, re-
spectively. Results showed that T. vierns highly increased
SL, FSW and DSW, while T. viride highly increased LN,
respectively (Table 3).

Experiment Il

Effect of rhizobacteria and Trichoderma spp. on O. crenata
parameters

Application of rhizobacteria species and Trichoderma spp.
tended to produce significant reduction effect on O. crenata
infestation as shown in Table 4. After 2 months of applica-
tion, rhizobacteria reduced JN, JFW and JDW in the ranges
of 31-54%, 9-50% and 30-60%, compared to values of 15, 4
and 20% with glyphosate, respectively. B. pumilus had the
best reduction in JN and JEW, whereas B. subtilis highly re-
duced JDW, respectively. Tichoderma spp. reduced O. cre-
nata juvenile parameters in the ranges of 31-92%, 7-86%
and 50-80% compared to 15, 4 and 20% with glyphosate,

respectively. 7. viride highly reduced O. crenata juvenile pa-
rameters than other Trichoderma spp. After 4 months of ap-
plication, rhizobacteria reduced the juvenile parameters in
the ranges of 11-65%, 66—76%, 65-74% and 5-31%, com-
pared to 92, 36, 37 and 43% with glyphosate, respectively. B.
pumilus highly reduced JEW, JDW and JL, while B. subtilis
highly reduced JN. The juvenile parameters’ reduction were
in the ranges of 6-63%, 50-62%, 51-63% and 8-31% with
Trichoderma spp., compared to 92, 36, 37 and 43% with gly-
phosate, respectively. T. vierns highly reduced the JFW and
JDW, while T. harzianum highly reduced the JN and JL.
After 6 months of application, the tested rhizobacteria re-
duced the juvenile parameters in the ranges of 23—-64%, 42—
65%, 25—64% and 12—65%, compared to 78, 72, 69 and 71%
with glyphosate, respectively. P. fluorescens highly reduced O.
crenata parameters than other rhizobacteria. Trichoderma
spp. reduced the juvenile parameters in the ranges of 6-42-
66%, 47-57%, 19-46% and 21-22%, compared to 78, 72, 69
and 71% with glyphosate, respectively. T. vierns highly re-
duced the JN and JEW, while T. harzianum highly reduced
the JDW and JL, respectively (Table 4).
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Table 3 Effects of plant growth-promoting bacteria and Trichoderma species on growth parameters of faba bean with O. crenata

infection, under greenhouse conditions (Experiment Il)

Treatments Growth parameters
Shoot length Fresh weight Dry weight Leaf no.
cm Incr.% g/plant Incr.9% g/plant Incr.% No. /plant Incr.9%
Two months
Orobanche alone (Orob.) 324d" - 16.6° - 301° - 10.9° -
Glyphosate alone 37.12b¢ 15 20.8° 64 3.79° 26 14.8% 36
Orob. + nutrient broth medium 336 4 1697 2 3.09° 3 12.1¢de 11
Orob. + P. fluorescens 35,50 10 176° 6 3197 6 14,126 29
Orob. + B. subtilis 404° 25 19.2° 16 348° 16 13,870 27
Orob. + B. pumilus 40.5° 25 21.7° 31 3.93° 31 15.9° 46
Orob. + malt extract medium 34,9 8 16.8° 1 3.08° 2 11.9° 9
Orob. +T. harzianum 400° 24 188° 13 3.15° 5 12.80de 17
Orob. + T. viride 39.9%° 23 215° 30 389° 29 12.30cde 13
Orob. +T. vierns 36,570 13 19.5° 18 3547 18 14675 34
Four months
Orobanche alone (Orob) 39.5° - 278° - 3.48° - 234° -
Orob. + glyphosate alone 4897 24 380%° 37 476° 37 30.5%° 30
Orob. + nutrient broth medium 419° 6 285° 3 370° 6 236° 1
Orob. + P. fluorescens 48.9% 24 309% 1 3.88° 12 25.1° 7
Orob. + B. subtilis 456°° 15 3207 15 401° 15 323° 38
Orob. + B. pumilus 44.8%° 13 304% 9 3.83° 11 273% 17
Orob. + malt extract medium 435° 10 284° 3 365° 5 24.9° 6
Orob. +T. harzianum 441° 12 308% 11 3.98° 14 2607 11
Orob. +T. viride 46.1ab 17 285° 4 390° 12 27.0% 15
Orob. +T. vierns 544a 38 486° 75 6.08° 75 294%° 26

*In each column (for each month) followed by the same small letter are not significantly different according to Duncan’s multiple range test (p = 0.05)

Effect on growth parameters of faba bean

Under artificial inoculation conditions with O. crenata,
rhizobacteria species and Trichoderma spp. increased
the growth parameters of faba bean in pots as shown in
Table 5. After 2 months of application, rhizobacteria in-
creased the SL, FSW, DSW and LN in the ranges of 22—
38%, 7-51%, 11-53% and 1-31%, while the increases
were in the ranges of 19-33%, 22—64 and 23-32% and
7-11% with Tichoderma spp., compared to 16, 5, 7 and
2% with glyphosate, respectively. Results revealed that B.
pumilus highly increased the growth parameters,
followed by P. flourencens and B. subtilis. T. vierns highly
increased the SL, FSW and DSW, while T. harzianum
highly increased LN. After 4 months of application, the
rizhobacteria increased the growth parameters in the
ranges of 5-17%, 12-46%, 15-53% and 9-23%, while
Trichoderma spp. improved it in the ranges of 6-19%,
11-38%, 16—44% and 5-31%, compared to 2, 9, 5 and
6% with glyphosate, respectively. B. pumilus had the
highest increase of growth parameters. 7. vierns highly
increased growth parameters, followed by T. harzianium

and T. viride, respectively. After 6 months of inocula-
tion, the rhizobacteria increased the growth parameters
in the ranges of 13-21%, 36—43%, 13-24% and 14—30%,
while the growth parameters were improved in the
ranges of 12-25%, 18—42%, 3-23% and 8-10% with T7i-
choderma spp., compared to 5, 23, 6 and 6% with gly-
phosate, respectively. B. pumilus highly improved the
SL, FSW and DSW, while P. fluorescens increased leaf
number. T. viride highly increased growth parameters,
than other Trichoderma spp., respectively (Table 5).

Discussion

Broomrape is a parasitic weed which decreases the pro-
duction of legumes, especially faba bean (Vicia faba;
Rubiales et al. 2016). It is a root holoparasitic plant de-
void of chlorophyll and entirely depending on the host
for nutritional requirements (Habimana et al. 2014). Ap-
plication of biotic agents can induce systemic resistance
in treated plants against many plant diseases (Walters
et al. 2013). Therefore, application of chemical control
with systemic herbicides (e.g. glyphosate) at low rates as
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Table 4 Effects of plant growth-promoting bacteria and Trichoderma species on O. crenata growth parameters in faba bean under

greenhouse conditions (Experiment Il)

Treatments Averages of orobanche growth parameters
Numbers Fresh weight Dry weight Length
No./plant Red. % g/plant Red. % g/plant Red. % cm Red. %
Two months
Orobanche alone (Orob.) 1.3% - 0.56° - 0.10% - ND ND
Orob. + glyphosate alone 1.1° 15 054%° 4 0.08° 20 ND ND
Orob. + P. fluorescens 09° 31 051° 9 007° 30 ND ND
Orob. + B. subtilis 09° 31 033° 4 0.04° 60 ND ND
Orob. + B. pumilus 06° 54 0.28° 50 0.05¢ 50 ND ND
Orob. + T. harzianum 03° 77 0.14f 75 0.04¢ 60 ND ND
Orob. +T. viride 0.1° 92 0.08° 86 0.02¢ 80 ND ND
Orob. +T. vierns 09° 31 0.52°¢ 7 0.05° 50 ND ND
Four months
Orobanche alone (Orob.) 1432 - 2.09° - 049° - 241° -
Orob. + glyphosate alone 1.1¢ 92 133% 36 031% 37 138° 43
Orob. + P. fluorescens 128° 11 064° 69 0.15° 69 197%° 18
Orob. + B. subtilis 50> 65 071° 66 0.17° 65 228% 5
Orob. + B. pumilus 1242 13 0.50° 76 0.13° 74 1.66%° 31
Orob. + T. harzianum 53 63 1.05° 50 0.24° 51 166™ 3]
Orob. +T. viride 134° 6 0.84° 60 0.20° 59 220% 8
Orob. +T. vierns 86™ 40 079° 62 0.18° 63 2197 9
Six months
Orobanche alone (Orob.) 13.5% - 261° - 0.52% - 9.00° -
Orob. + glyphosate alone 3.0¢ 78 0.73¢ 72 0.16° 69 2.60° 71
Orob. + P. fluorescens 49 64 092" 65 0.19° 64 318 65
Orob. + B. subtilis 104°° 23 1520 42 030> 42 6.25° 31
Orob. + B. pumilus 7.0°¢ 48 143° 45 039%° 25 7922 12
Orob. + T. harzianum 7.8 42 1.38%¢ 47 028" 46 7.00° 22
Orob. +T. viride 46 66 1125 57 0427 19 7.10° 21
Orob. +T. vierns 6.0bc 56 1.57b 40 041ab 21 7.00b 22

*In each column (for each month) followed by the same small letter are not significantly different according to Duncan’s multiple range test (p = 0.05)

well as application of fumigation, solarization and cul-
tural practices is possible for controlling broomrape in-
fection, where use of economical and environmentally
friendly control is very important (Rubiales and Aparicio
2012). In this study, P. flourencens, B. subtilis, B. pumi-
lus, T. harzianum, T. viride and T. vierns were applied
in three separate pot experiments for determining their
ability to enhance growth parameters of faba bean as
well as decreasing O. crenata juvenile parameters.
Table 2 illustrates the effect of rhizobacteria on O. cre-
nata. Results of experiment II revealed that the tested
rhizobacteria and Trichoderma could protect faba bean
plants for 4 months against O. crenata infection, where
most plants were dead after that. The rhizobacteria and
Trichoderma spp. had better reduction of JN than

glyphosate after 2 months of application, while both B.
subtilis and B. pumilus had the highest reduction of
JEW; their effect was equal to the herbicide for JDW. Ef-
fects of bio-control agents were high until the 4th
month, but it was less than the herbicide effect. In ex-
periment III, the tested bio-control agents highly re-
duced the juvenile parameters after 2 months, while it
reduced the JFW and JDW after 4 months more than
the herbicide, respectively. The tested bio-control agents
were effective until 6 months, but their effect was less
than that of the herbicide. These results are in agree-
ment with those recorded by Samejima and Sugimoto
(2018) who reported that the weeds can be controlled by
using resistant or tolerant varieties, microbiological ap-
proach, cultural practices, chemical controls and
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Table 5 Effects of plant growth-promoting bacteria and Trichoderma species on growth parameters of faba bean with O. crenata

infection, under greenhouse conditions (Experiment IlI)

Treatments Growth parameters
Shoot length Fresh weight Dry weight Leaf no.
cm Incr.% g./plant Incr% g/plant Incr.9% No./plant Incr.9%
Two months
Orobanche alone (Orob.) 3314 - 14.6° - 1.21¢ - 13.0° -
Orob. + glyphosate alone 383¢ 16 15.3¢ 5 1.30° 7 133° 2
Orob. + P. fluorescens 4447 34 19.0° 30 1617 33 145° 12
Orob +B. subtilis 403 22 156° 7 1.34° 11 13.1° 1
Orob. + B. pumilus 456° 38 22.1% 51 185%° 53 17.0° 31
Orob. + T. virde 44.1°° 33 24.0° 64 195° 61 13.9° 7
Orob. +T. harzianum 475%¢ 25 17,85 22 1495 23 14.0° 8
Orob. +T. vierns 39.3° 19 19.35¢ 32 1.60° 32 144° 1
Four months
Orobanche alone (Orob.) 49.0° - 209° - 3.75° - 21.0° -
Orob. + glyphosate alone 50.1%° 2 26.0°° 24 393° 5 22.3% 6
Orob. + P. fluorescens 57.1% 17 228%° 9 430 15 246%° 17
Orob. + B. subtilis 51.3% 5 235% 12 4.44%° 18 228% 9
Orob. + B. pumilus 524 7 305° 46 575° 53 25.8% 23
Orob. + T. harzianum 554% 13 25.5% 22 4.83% 29 239% 14
Orob. +T. viride 5197 6 23.1% i 436%° 16 220° 5
Orob. +T. viems 5837 19 28.8% 38 541%° 44 275° 31
Six months
Orobanche alone (Orob.) 70.4° - 21.0° - 508° - 25.0° -
Orob. + glyphosate alone 73.9% 5 258% 23 538%° 6 264%° 6
Orob. + P. fluorescens 79.8" 13 300° 43 6.24% 23 325° 30
Orob. + B. subtilis 79,5 13 2857 36 573% 13 285%™ 14
Orob. + B. pumilus 84.8% 21 30.1° 43 6.28° 24 2907 16
Orob. +T. harzianum 819> 16 24.8% 18 539%° 6 27.0% 8
Orob. +T. viride 8807 25 2087 42 6.23° 23 325° 30
Orob. +T. vierns 7865 12 250% 21 523 3 27.5% 10

*In each column (for each month) followed by the same small letter are not significantly different according to Duncan’s multiple range test (p = 0.05)

integrated management. Boari and Vurro (2004) revealed
that numerous microorganisms potentially useful for
bio-controlling of Orobanche species were isolated and
reported, but none had been subjected to continuous
widespread use. Improving soil fertility also by using
beneficial microorganisms appeared to decrease O. cre-
nata infestation and its suppressiveness effects on host
growth (Elabaied et al. 2018). Application of T. harzia-
num, T. viride and T. hamatum reduced the number of
Orobanche shoots in comparison with the control
(Nawar and Sahab 2011; Hyder et al. 2017).

The results cleared that P. flourencens, B. subtilis, B.
pumilus, T. harzianum, T.viride and T. vierns could im-
prove the growth parameters of faba bean plants, ie.
shoot length, shoot fresh weight, shoot dry weight and

leaf number, when applied with or without Orbanche
spp. The plant growth-promoting rhizobacteria (PGPR)
are rhizospheric microbes produce bioactive substances
and promote plant growth and/or protect them against
pathogens. Root-colonizing bacteria also improved the
plant growth through direct stimulation by producing
growth regulators or by suppression of pathogens. PGPR
have to be highly competitive to successfully colonize
the root zone (Raaijimaker et al. 2002). These results are
in agreement with those recorded by Abd-El-Khair et al.
(2019) who mentioned that B. pumilus, followed by B.
subtilis and P. fluorescens had the highest increase in
plant growth parameters in cowpea, respectively. Appli-
cation of B. subtilis and B. pumilus, alone or in combin-
ation, controlled root-knot nematode and significantly
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increased the growth parameters of pea plants such as
shoot length, shoot fresh and dry weights, leaf numbers
and pod fresh and dry weights in pot experiment (El-
Nagdi et al. 2018).

The antagonistic potential effects of both T. harzianum
(Plantgard) and B. subtilis (Rhizo-N) controlled the incidence
of Fusarium root rot disease and increased the growth pa-
rameters per plant viz,, shoot length, both fresh and dry
shoot weights, branch number, root length and both fresh
and dry root weights as well as yield parameters as pod num-
ber and fresh and dry weights of pod in faba bean plants in
field application in organic farming (Abd-El-Khair et al.
2018). The herbicide Clethodim and three Trichoderma
strains, as lone or in combination application controlled
weeds, root-knot nematodes and Rhizoctonia root rot in field
applications. The plant growth parameters, (i.e. shoot length,
shoot fresh and dry weights and branch and leaf numbers)
and yield parameters (fresh pod and dry weights, seed num-
ber per pod, seed weight and ash pod weight of plant) were
greatly improved with combination treatments when com-
pared to each treatment separately (EI-Dabba et al. 2019).

Conclusion

e Broomrape is a weed causing great damage to
legumes specially faba bean.

e Several methods were applied to control broomrape.

e This study aimed to apply Trichoderma spp. as well
as three rhizobacteria species in comparison to
herbicidal effect of glyphosate for controlling
broomrape infesting faba bean.

e Results revealed that the application of Trichoderma
spp. as well as rhizobacteria species could play an
important role in controlling broomrape in faba
bean as a natural bioherbicide as well as enhancing
the growth parameters of faba bean.

Abbreviations

B. pumilus: Bacillus pumilus; B. subtilis: Bacillus subtilis; DSW: Dry shoot weight;
FSW: Fresh shoot weight; JDW: Juvenile dry weight; JFW: Juvenile fresh
weight; JN: Juvenile numbers; LN: Leaves number; O. crenata: Orobanche
crenata; P. fluorescens: Pseudomonas fluorescens; PGPB: Plant growth
promoting bacteria; SL: Shoot length; T. harzianum: Trichoderma harzianum;
T. vierns: Trichoderma vierns; T. viride: Trichoderma viride

Acknowledgements
Thanks are due to the National Research Centre for allowing the use of the
greenhouse and laboratory facilities.

Authors’ contributions
All authors contributed equally in all parts of this study. All authors read and
approved the final manuscript.

Funding
The work was self-funded by the authors.

Availability of data and materials
The datasets generated and/or analysed during the current study are
included in this published article.

(2020) 44:4

Page 9 of 10

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Botany Department, Weed Biology and Control, National Research Centre,
33 El Bohouth St, Dokki, P.O. Box 12622, Cairo, Egypt. “Plant Pathology
Department, National Research Centre, 33 El Bohouth St, Dokki, P.O. Box
12622, Cairo, Egypt.

Received: 4 November 2019 Accepted: 27 December 2019
Published online: 08 January 2020

References

Abdel-Kader MM, El-Mougy NS (2007) Applicable control measure against
Orobanche ramosa in tomato plants. Australas Plant Pathol 36(2):160-164.
https.//doi.org/10.1071/AP07004

Abdel-Kader MM, El-Mougy NS (2009) Prospects of mycoherbicides for control of
broomrapes (Orobanche spp.) in Egypt. J Plant Prot Res 49(1):63-75 https//
doi.org/10.2478/v10045-009-0009-1

Abd-El-Khair H, EI-Nagdi WMA, Youssef MMA, Abd-Elgawad MMM, Dawood MG
(2019) Protective effect of Bacillus subtilis, B. pumilus and Pseudomonas
fluorescens isolates against root knot nematode Meloidogyne incognita on
cowpea. Bull Natl Res Centre 43:64 https.//doi.org/10.1186/542269-019-0108-8

Abd-El-Khair H, Haggag KHE, Seif EI-Nasr HI (2018) Field application of
Trichoderma harzianum and Bacillus subtilis combined with Rhizobium for
controlling Fusarium root rot in faba bean in organic farming. Middle East J
Appl Sci 8(3):865-873

Abd-El-Khair H, Khalifa RKM, Haggag KHE (2010) Effect of Trichoderma species on
damping off diseases incidence, some plant enzymes activity and nutritional
status of bean plants. J Am Sci 6(12):122-134

Alla NMM, Shabana YM, Serag MM, Hassan NM, El-Hawary MM (2008) Granular
formulation of Fusarium oxysporum for biological control of faba bean and
tomato Orobanche. Pest Manag Sci 64(12):1237-1249. https://doi.org/10.
1002/ps.1625

Babalola OO (2010) Pectinolytic and cellulolytic enzymes enhance Fusarium
compactum virulence on tubercles infection of Egyptian broomrape. Int J
Microbiol 2010:273264. 7 pages. https;//doi.org/10.1155/2010/273264

Boari A, Vurro M (2004) Evaluation of Fusarium spp. and other fungi as biological
control agents of broomrape (Orobanche ramosa). Biol Control 30:212-219

Brhane T, Kiros-Meles A, Chala A, Asefa D (2016) Integrated management of
Orobanche crenata in faba bean in Ethiopia, RUFORUM Working Document
Series (ISSN 1607-9345) No. 14 (2), pp 575-582 https://repository.ruforum.
org/ag_dli

Elabaied EM, Rugheim AME, Hassan MM, Ahmed MM, Yahia MA, Abakeer RA
(2018) Influence of bacteria on Orobanche crenata seed bank size, incidence
and Vicia faba L. performance. Am Eurasian J Sustainable Agric 11(4):30-39

El-Dabaa MAT, Abd-El-Khair H, EI-Nagdi Wafaa MA (2019) Field application of
Clethodim herbicide combined with Trichoderma spp. for controlling weeds,
root knot nematodes and Rhizoctonia root rot disease in two faba bean
cultivars. J Plant Prot Res 59(2):255-264 https://doi.org/10.24425/jppr.2019.
129287

El-Dabba MAT, Ahamed SA, Messiha NK, EI-Masry RR (2019) The allelopathic
efficiency of Eruca sativa seed powder in controlling Orobanche crenata
infected Vicia faba cultivars. Bull Natl Res Centre 43:37 https://doi.org/10.
1186/542269-019-0079-9

El-Nagdi WMA, Abd-El-Khair H, Dawood MG (2018) Nematicidal effects of Bacillus
subtilis and Bacillus pumilus against Meloidogyne incognita infecting pea. Adv
Agric Sci 6(4):52-59

El-Nagdi WMA, Youssef MMA, Abd-El-Khair H, Abd Elgawad MMM, Dawood MG
(2019) Effectiveness of Bacillus subtilis, B. pumilus, Pseudomonas fluorescens on
Meloidogyne incognita infecting cowpea. Pak J Hematol 37(1):35-43

Ghannam 1, Al-Masri M, Barakat R (2012) The effect of herbicides on the Egyptian
broomrape (Orobanche aegyptiaca) in tomato fields. Am J Plant Sci 3:346—
352. https;//doi.org/10.4236/ajps.2012.33041


https://doi.org/10.1071/AP07004
https://doi.org/10.2478/v10045-009-0009-1
https://doi.org/10.2478/v10045-009-0009-1
https://doi.org/10.1186/s42269-019-0108-8
https://doi.org/10.1002/ps.1625
https://doi.org/10.1002/ps.1625
https://doi.org/10.1155/2010/273264
https://repository.ruforum.org/ag_dlios-by-conferences/36057/African%20Higher%20Education%20Week%20and%20RUFORUM%20Fifth%20Biennial%20Conference%202016%2C%20Cape%20Town%2C%20South%20Africa%2C%2017-21%20October%202016
https://repository.ruforum.org/ag_dlios-by-conferences/36057/African%20Higher%20Education%20Week%20and%20RUFORUM%20Fifth%20Biennial%20Conference%202016%2C%20Cape%20Town%2C%20South%20Africa%2C%2017-21%20October%202016
https://doi.org/10.24425/jppr.2019.129287
https://doi.org/10.24425/jppr.2019.129287
https://doi.org/10.1186/s42269-019-0079-9
https://doi.org/10.1186/s42269-019-0079-9
https://doi.org/10.4236/ajps.2012.33041

El-Dabaa and Abd-El-Khair Bulletin of the National Research Centre (2020) 44:4

Habimana SA, Nduwumuremyi A, Chinama JDR (2014) Management of
Orobanche in field crops - a review. J Soil Sci Plant Nutr 14(1):43-62 https://
doi.org/10.4067/50718-95162014005000004

Hyder S, Inam-ul-Haq M, Bibi S, Malik AH, Ghuffar S, Igbal S (2017) Novel potential
of Trichoderma spp. as biocontrol agent. J Entomol Zool Stud 5(4):214-222

Nawar LS, Sahab AF (2011) Evaluation of compost fortified with Trichoderma spp.
isolates as biological agents against broomrape of chamomile herbs. Nat Sci
9(8):229-236

Punia SS (2014) Biology and control measures of Orobanche. Ind J Weed Sci
46(1):36-51

Raaijimaker JM, Vlami M, de Souza JT (2002) Antibiotic production by bacterial
biocontrol agents. Antonie Van Leeuwenkoek 81(1-4):537-547. https://doi.
0rg/10.1023/3:1020501420831

Rubiales D, Aparicio MA (2012) Innovations in parasitic weeds management in
legume crops. A review. Agron Sustain Dev 32:433-449. https://doi.org/10.
1007/513593-011-0045-x

Rubiales D, Rojas-Molina Maria M, Sillero Josefina C (2016) Characterization of
resistance mechanisms in faba bean (Vicia faba) against broomrape species
(Orobanche and Phelipanche spp.). Front Plant Sci 7:1747. https://doi.org/10.
3389/fpls.2016.01747

Samejima H, Sugimoto Y (2018) Recent research progress in combating root
parasitic weeds. Biotechnol Biotechnol Equip 32(2):221-240 https://doi.org/
10.1080/13102818.2017.1420427

Snedecor GW, Cochran WG (1999) Statistical methods, 5th edn. lowa State Univ.
Press, Ames, p 593

Walters DR, Ratsep J, Havis ND (2013) Controlling crop diseases using induced
resistance: challenges for the future. J Exp Bot 64(5):1263-1280. https://doi.
0rg/10.1093/jxb/ert026 Epub 2013 Feb 5

Zermane N, Souissi T, Kroschel JR, Sikora R (2007) Biocontrol of broomrape
(Orobanche crenata Forsk. and Orobanche foetida Poir) by Pseudomonas
fluorescens isolate Bf7-9 from the faba bean rhizosphere. Biocontrol Sci Tech
17(5):483-497 https://doi.org/10.1080/09583150701309535

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 10 of 10

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your manuscript to a SpringerOpen®
journal and benefit from:

Submit your next manuscript at » springeropen.com



https://doi.org/10.4067/S0718-95162014005000004
https://doi.org/10.4067/S0718-95162014005000004
https://doi.org/10.1023/a:1020501420831
https://doi.org/10.1023/a:1020501420831
https://doi.org/10.1007/s13593-011-0045-x
https://doi.org/10.1007/s13593-011-0045-x
https://doi.org/10.3389/fpls.2016.01747
https://doi.org/10.3389/fpls.2016.01747
https://doi.org/10.1080/13102818.2017.1420427
https://doi.org/10.1080/13102818.2017.1420427
https://doi.org/10.1093/jxb/ert026
https://doi.org/10.1093/jxb/ert026
https://doi.org/10.1080/09583150701309535

	Abstract
	Background
	Materials and methods
	Results
	Conclusion

	Background
	Materials and methods
	Bio-control agents
	Herbicide
	Preparation of bio-control agent’s inocula
	Greenhouse experiments
	Statistical analysis

	Results
	Experiment I
	Effects of rhizobacteria and Trichoderma spp on the growth parameters of faba bean plants without O. crenata infection in pots

	Experiment II
	Effect of rhizobacteria and Trichoderma spp. on Orobanche crenata parameters

	Effect on growth parameters of faba bean
	Experiment III
	Effect of rhizobacteria and Trichoderma spp. on O. crenata parameters

	Effect on growth parameters of faba bean

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

