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Abstract: Broomrapes (Orobanche spp.) are root parasitic plants that threaten agricultural production
in many parts of the world. In this study, the effect of two orobanche species, Orobanche crenata and
O. foetida, on faba bean plants was studied in Tunisia. The two orobanche species inhibited both
biomass production and pod formation, decreased the chlorophyll (Chl) content and total lipid (TL),
and enhanced electrolyte leakage (EL) and lipid peroxidation. Concomitantly, orobanche parasitism
induced a lower degree of fatty acid (FA) unsaturation due to a shift in the FA composition. On
the other hand, with regard to orobanche seeds, oleic and linoleic acids were the predominant FA
in the two orobanche species. After orobanche seed germination and penetration of host tissues,
all the orobanche development stages showed a decrease in the TL content and changes in the FA
composition in comparison to orobanche seeds. The level of TL was equal to or lower in all parasite
development stages (except for S4) than that in the roots and leaves of healthy faba bean plants. These
results suggest that the negative effect of orobanche infestation on faba bean development can be
attributed to the reduced chlorophyll content and alteration in membrane stability attested by the
reduced TL level and FA unsaturation.

Keywords: chlorophyll; faba bean; fatty acids; lipid peroxidation; orobanche

1. Introduction

Broomrapes are parasitic flowering plants that cause important damage in many
cultivated crop species. These parasites are entirely dependent on their hosts for their
nutritional requirements. Orobanche crenata, O. cumana, Phelipanche aegyptiaca, P. ramosa, and
O. minor are the most harmful species [1]. In Tunisia, O. crenata and O. foetida are considered
the major parasitic weeds, and faba bean yield losses caused by O. foetida are estimated to
be 66–90% in the Beja region (Tunisia) [2].

The germination of orobanche seeds, induced by strigolactones in root exudates of host
plants, results in the formation of a haustorium, which serves as a bridge for the transfer of
nutrients from the host phloem to the parasitic plant. After orobanche attachment on roots,
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a subterranean tubercle is developed, giving rise to a flowering spike after emergence from
the soil [1,3].

Osmoregulation and nutritional relationships between hosts and parasites have been
studied by several authors [4–6]. These studies showed that osmolarity was higher in
tubercles than in the host root, facilitating nutrient transfer from the host to the parasitic
plant. For the case of the system faba bean (cv. Bachaar)/O. foetida, Abbes et al. [5,6]
showed that carbohydrates (such as sucrose and stachyose), organic acids, and amino acids
were the major organic components transferred from the host to the parasite. However,
hexoses and soluble amino acids, in particular, were preferentially accumulated by the
parasite. The accumulation of hexoses was also detected in O. crenata [4,7], O. aegyptiaca [8],
O. hederae [9], and P. ramosa [10]. The implication of invertases and glutamine-dependent
asparagine synthetase enzymes in the C and N metabolism of the parasite could explain
the difference in the organic components accumulated by the host and parasite [6]. Abbes
et al. [5] indicated that the phloem composition of the susceptible cv. Bachaar did not
change significantly in response to the O. foetida attack.

On the other hand, studies on lipid peroxidation, membrane permeability, and fatty
acid (FA) profile in plants infested by orobanche species are scarce. The FAs are important
molecules that play multiple crucial roles in plants. They have structural functions as
constituents of phospholipids, which are the building blocks of cell membranes [11]. They
also serve as biologically active molecules that can be involved as signal transduction
mediators [12] and as energy sources for various metabolic processes [13]. In addition, they
are implicated directly and indirectly in stress defense via multiple mechanisms [14]. Very
few studies have investigated the effect of plant parasite infestation on the lipid content
and the FA composition of hosts. Only a small number of studies have explored the effect
of Cuscuta parasitism on hosts [15–17]. The present study deals with the lipid composition
of two orobanche species, O. crenata and O. foetida, and investigates in parallel alteration
in the levels of TL content and FA composition after the infestation of faba bean plants by
these two plant parasites.

2. Results
2.1. Effect of Orobanche Infestation on Faba Bean Development

Broomrape infestation significantly decreased faba bean root and shoot dry weight
(DW) by 61.51% and 47.66% for O. crenata and by 83.02% and 67.26% for O. foetida, respec-
tively. No pod formation was detected for infested plants with the two orobanche species.
In contrast, the shoot length was not affected by the broomrape infestation (Table 1).

Table 1. Shoot height (SH, cm), shoot DW (SDW, g), root DW (RDW, g), and pod number (PN) in
non-infested and orobanche-infested cv. Bachaar plants.

SH (cm) SDW (g) RDW (g) PN

Control 69.60 a a 4.49 a 2.65 a 2.00 a
O. crenata 58.00 a 2.35 b 1.02 b 0.00 b
O. foetida 58.80 a 1.47 c 0.45 c 0.00 b

a Data with different letters within a column are significantly different (p = 0.05, Duncan test), n = 3.

The orobanche attachment number and DW did not differ significantly between the
two orobanche species, with around 30% of tubercles evolving into emerged spikes (S5).
No significant differences were observed in subterranean attachments and emerged spikes
between the two orobanche species (Table 2).
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Table 2. Total orobanche number and dry weight (g) attached to cv. Bachaar plants.

Total
Orobanche Number S2 b S3 S4 S5 Non-Emerged

Orobanche Number
Orobanche

DW (g) % S5

O. crenata 21.20 a a 0.00 a 0.80 a 14.20 a 6.20 a 15.00 a 2.51 a 29.9 a
O. foetida 18.80 a 0.60 a 2.40 a 10.20 a 5.60 a 13.20 a 3.19 a 29.2 a

a Data with different letters within a column are significantly different (p = 0.05, Duncan test), n = 3. b S2: small
orobanche tubercles without root formation; S3: orobanche tubercles without shoot formation; S4: underground
orobanche tubercles with shoot development; S5: emerged spikes.

2.2. Chlorophyll Contents

The chl a content was predominant and showed significant differences between non-
infested and infested plants (Figure 1). However, for the chl b content, no significant
differences were observed. Parasitism decreased the total chlorophyll content by 32.32%
and 29.82% with O. crenata and O. foetida, respectively.
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Figure 1. Chlorophyll content (mg/g FW) in leaves of non-infested and orobanche-infested cv.
Bachaar plants. Data are means ± SE. For each parameter, data with different letters are significantly
different (p = 0.05, Duncan test), n = 3.

2.3. Malondialdehyde (MDA) Content and Electrolyte Leakage (EL)

There was an increase in the MDA content and EL in response to the orobanche
infestation as compared with the control treatment (Figure 2). The MDA content and
electrolyte leakage increased by 68.41% and 1.31% with O. crenata and by 37.54% and 1.60%
with O. foetida, respectively, in comparison with the control treatment.
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Figure 2. Effect of orobanche infestation on the MDA content (a) and EL (b) in leaves of cv. Bachaar
plants. Data are means ± SE. Data with different letters are significantly different (p = 0.05, Duncan
test), n =3.
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2.4. Total Lipid Content and Fatty Acid Composition in cv. Bachaar Plants

The parasitic impact of both orobanche species on faba bean plants significantly
decreased the TL content of host leaves. This decrease was 43.64% and 56.36% upon
infestation by O. crenata and O. foetida, respectively. However, no significant decrease in the
TL content in host roots in response to both orobanche species was observed (Table 3).

Table 3. Total lipid content (mg/g FW) in roots and leaves of non-infested and orobanche-infested cv.
Bachaar plants.

Bachaar Leaves Bachaar Roots

Control 3.30 a a 2.72 a
O. crenata 1.86 b 2.03 a
O. foetida 1.44 b 1.83 a

a Data with different letters within a column are significantly different (p = 0.05, Duncan test), n = 3.

Table 4 shows that in tissues of non-infested plant leaves, linolenic acid was the
predominant FA. However, the predominant FAs were palmitic and stearic acids upon
O. crenata infestation and palmitic, stearic, and linolenic acids upon O. foetida infestation.
In roots, palmitic and stearic FAs were the predominant FAs in both non-infested and
infested plants.

Table 4. Fatty acid composition (% of total lipids) in roots and leaves of non-infested and orobanche-
infested cv. Bachaar plants.

Organ Treatment C16:0 b C18:0 C18:1 C18:2 C18:3 Others Unsaturation

Leaves
Control 18.09 b a 10.44 c 15.14 a 11.92 a 37.60 a 6.81 a 65.36 a

O. crenata 31.57 a 39.74 a 3.56 c 3.53 c 14.17 b 7.44 a 21.59 c
O. foetida 21.83 b 26.71 b 8.08 b 8.12 b 28.11 a 7.13 a 44.58 b

Roots
Control 32.71 c 47.08 a 5.09 a 5.04 a 2.71 a 7.37 b 12.99 a

O. crenata 35.04 b 44.71 a 3.48 b 6.58 a 3.00 a 7.19 b 13.36 a
O. foetida 37.06 a 41.13 a 3.09 b 7.33 a 2.25 a 9.13 a 14.08 a

a For each organ, data with different letters within a column are significantly different (p = 0.05, Duncan test),
n = 3. b C16:0: palmitic acid, C18:0: stearic acid, C18:1: oleic acid, C18:2: linoleic acid, C18:3: linolenic acid, and
“Others” include minor fatty acids such as C12:0: lauric acid, C14:0: myristic acid, C16:1: palmilotic acid, C20:0:
arachidic acid, and C22:0: behenic acid.

In leaves, the parasitism by O. crenata significantly increased the palmitic and stearic
acids and decreased oleic, linoleic, and linolenic acid percentages. However, the alteration
in the other FAs was insignificant. O. foetida induced a significant increase in the percentage
of stearic acid and a decrease in oleic and linoleic acids. However, the alterations in palmitic,
linolenic, and other FAs were insignificant. In roots, the two orobanche species increased
the palmitic acid and decreased the oleic acid percentages. The percentages of the other
FAs did not change significantly after the orobanche infestation (Table 4). The percentage
of unsaturated FA of faba bean leaves decreased by 43.77% and 20.78% upon infestation
by O. crenata and O. foetida, respectively. In roots, this percentage did not show significant
changes (Table 4).

2.5. Total Lipid Content and Fatty Acid Composition in Parasitic Plants

The two orobanche species were characterized by similar levels of TL content and FA
composition (Tables 5 and 6). For the two orobanche species, the highest amount of TL
was observed in seeds, with more TL content in O. foetida than in O. crenata. The other
development stages (S2–S5) showed a significant decrease in the TL content in comparison
with seeds. The difference between stages (S2–S5) was not significant.



Plants 2023, 12, 3578 5 of 10

Table 5. Changes in TL contents (mg/g FW) in O. crenata and O. foetida seeds and subsequent
development stages of cv. Bachaar plants.

O. crenata O. foetida

Seeds 19.40 a a 33.94 a
Tubercles S2 + S3 b 0.91 b 1.29 b

Tubercles S4 4.21 b 4.66 b
Orobanche S5 1.41 b 1.27 b

a Data with different letters within a column are significantly different (p = 0.05, Duncan test), n = 3. b See Table 2.

Table 6. Changes in fatty acid composition (% of total lipids) in O. crenata and O. foetida seeds and
subsequent development stages of cv. Bachaar plants.

Orobanche
Species

Development
Stage C16:0 b C18:0 C18:1 C18:2 C18:3 Others Unsaturation

O. crenata

Seeds 10.27 d a 6.16 c 49.83 a 31.18 b 0.64 b 1.91 b 81.76 a
Tubercles S2 + S3 c 27.68 b 14.08 b 6.64 b 29.14 b 11.45 a 11.00 a 49.19 b

Tubercles S4 34.04 a 40.00 a 3.53 b 10.76 c 2.04 b 9.64 a 16.45 c
Orobanche S5 23.35 c 14.77 b 6.40 b 41.03 a 9.54 a 4.91 b 57.51 b

O. foetida

Seeds 9.68 c 4.50 b 54.36 a 28.99 b 0.24 d 2.22 c 83.72 a
Tubercles S2 + S3 26.10 b 7.69 b 3.54 b 41.68 a 17.46 a 3.52 bc 63.33 b

Tubercles S4 33.08 a 30.71 a 2.53 b 18.76 c 7.76 c 7.16 a 29.13 c
Orobanche S5 25.64 b 6.80 b 5.02 b 43.04 a 14.82 b 4.68 b 63.31 b

a For each orobanche species, data with different letters within a column are significantly different (p = 0.05,
Duncan test), n = 3. b See Table 4. c See Table 2.

The FA composition of the TL content in dry seeds and subsequent development
stages is presented in Table 6. The predominant FAs were oleic and linoleic acids in the two
orobanche seeds, accounting for 49.83% and 31.18% in O. crenata and 54.36% and 28.99% in
O. foetida, respectively. The other FAs ranged from 0.24% to 10.27%.

The FA percentages were changed after orobanche seed germination and penetration
in host roots. The two orobanche species and their development stages were characterized
by similar FA compositions. For the two orobanche species, during the first development
stages (stages S2 + S3) and the final stage of development (Stage S5), the predominant FAs
were palmitic and linoleic acids. However, during stage S4, palmitic and stearic acids were
the predominant FAs, with 34.04% and 40.00% for O. crenata and 33.08% and 30.71% for
O. foetida, respectively (Table 6). The percentage of unsaturated FAs decreased significantly
in all development stages (S2–S5) in comparison to seeds of the two orobanche species.

3. Discussion

Broomrapes are angiospermic root parasites that cause morphological and metabolic
perturbation in susceptible hosts. In this study, the orobanche infestation reduced root
and shoot dry weight and no pod production was observed on infested cv. Bachaar plants.
The susceptible cv. Bachaar showed similar behaviors in response to infestation by the
two orobanche species. Similar observations were reported in other studies [18,19].

The reduction in pod setting in cv. Bachaar can be explained by the alteration of
photosynthetically active pigments. Our results showed that the two orobanche species
lead to a decrease in the chl content, especially chl a. The effect of orobanche parasitism
on the chl content was also observed on other host–parasite relations, such as chickpea—
O. foetida, faba bean—O. foetida, and tomato—P. ramosa [18–21].

In the present work, the effect of orobanche infestation on membrane integrity could
be related to changes in TL content and FA profiles (Tables 3 and 5). O. crenata and O. foetida
infestation resulted in a decrease in the TL content of faba bean plants, especially in leaves.
Similar observations were made by Mostafa et al. [22] and Abbes et al. [3], who found
decreased lipid content in orobanche-infested faba bean leaves. Mishra & Sanwal [15]
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also observed a decrease in the lipid content of Brassica juncea seeds following infestation
by Cuscuta reflaxa. On the contrary, Sharma et al. [17] mentioned the higher TL content
in several host plants infested with C. reflaxa. The reduced lipid levels in orobanche-
infested Bachaar plants may be related to higher lipid degradation. In fact, results showed
that lipid peroxidation and EL levels significantly increased in response to orobanche
infestation in comparison with the control (Figure 2). The stimulation effect of broomrapes
on MDA (a major product of lipid peroxidation) was reported in several studies [3,23]. The
current results indicated that O. crenata and O. foetida infestation caused oxidative stress by
disturbing redox homeostasis and accumulating reactive oxygen species (ROS), probably
through increasing the photorespiration rate and NADPH oxidase activity in host plants.
Consequently, these could impair cell macromolecules through oxidation of DNA, lipids,
and proteins and eventually decrease cell viability [24]. These results were consistent with
the findings of Dos Santos et al. [25], who found that various genes involved in oxidative
stress were up-regulated in Arabidopsis thaliana plants after a few hours of infection with
O. ramosa. Additionally, O. cumana-infested sunflower and A. thaliana exhibited a significant
accumulation of H2O2 contents as compared with uninfected plants [26]. On the other
hand, Mishra & Sanwal [16] showed that the infestation of rape plant by Cuscuta resulted
in a lipid reduction in leaf chloroplast, probably associated with high lipase activity in
host leaves.

Faba bean leaves showed that the predominant FA was linolenic acid. Similarly,
Arbaoui & Link [27], Ryu et al. [28], and Abbes et al. [3] reported that linolenic acid is the
main FA in faba bean leaves. However, immature pods and seeds showed linoleic acid
as the predominant FA [28]. In general, the two orobanche species induced a decrease in
unsaturated FA and an increase in saturated ones. Our results showed that the percentage
of unsaturated FA of infested faba bean plants decreased, especially in leaves (Table 4). This
is in accordance with the results of Mishra & Sanwal [15], who showed a decrease of 23% in
the percentage of unsaturated FA in B. juncea infested by Cuscuta. Similarly, Abbes et al. [3]
indicated that the orobanche parasitism decreased the unsaturated FA percentage in leaves
of the susceptible cv. Badi (up to 41%), but not in resistant varieties Najeh and Chourouk.
The decrease in the tri-unsaturated FA observed under the orobanche infestation probably
led to reduced fluidity and permeability of lipid membranes.

In the two parasitic plants, TL content was equal to or lower in all parasite de-
velopment stages (except S4) than in the roots and leaves of healthy faba bean plants
(Tables 3 and 5). This confirms the results obtained by Mostafa et al. [22], who stud-
ied the relation of V. faba with O. crenata. In the case of Cuscuta reflexa, this level was
higher in the parasite than in its hosts [17]. The authors indicated that the lipid level
of C. reflexa was related to the lipid content of the host plants. In the present study,
oleic and linoleic acids were the predominant FAs in seeds of the two orobanche species
(Table 6). Similar results were observed by Velasco et al. [29] and by Bar-Nun & Mayer [30],
who studied the FA composition in P. aegyptiaca seeds. With respect to O. cernua and
O. cumana, Pujadas-Salva & Velasco [31] reported that O. cernua is characterized by high
oleic acid concentration. However, O. cumana showed a high linoleic acid concentration.
Velasco et al. [29] examined the ratio of oleic to linoleic acids in a number of species of
Orobanche from different accessions. They showed that in most cases, the ratio was two
or less. In our case, this ratio was 1.60 for O. crenata and 1.87 for O. foetida seeds. In
general, several factors could explain the differences observed in the FA profiles of the
different orobanche species, such as the plant lipid metabolism, the harvest location, and
the diversity of metabolic precursors derived from different host plants.

Seeds of the two orobanche species showed higher amounts of lipids. Similarly,
Thomas et al. [32] and Aber & Sallé [33] reported that orobanche seeds are rich in lipid
reserves. Bar-Nun and Mayer [29] indicated that during orobanche seed conditioning,
significant changes were observed in carbohydrate metabolism and protein synthesis but
not in nitrogen lipid contents. According to Joel & Losner-Goshen [34], both the endosperm
and embryo of O. cumana and P. aegyptiaca seeds showed lipids as the main storage material.
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In our results, after orobanche germination and penetration of host tissues, all the
orobanche development stages (S2–S5) showed changes in the TL content and FA composi-
tion in comparison with orobanche seeds. The TL content decreased significantly, and the
predominant FA also changed. The percentage of unsaturation decreased significantly in
all development stages (S2–S5) of the two orobanche species. An increase in the percentage
of saturated FA was observed, especially in the development stage S4. These changes are
in accordance with studies of Velasco et al. [29], who showed high levels of oleic, linoleic,
and palmitic acids in orobanche seeds, and Ben Attia et al. [35], who showed, in contrast,
that the lipids extracted from the whole plants (flowering stage) of the parasitic weeds
Cistanche violacea, O. crenata, and O. lavandulacea predominantly contained linoleic and
palmitic acids. According to Chapman et al. [36], the pathways of lipid synthesis may vary
depending on the parasitic development stage.

The decrease in the TL content in the attached parasites (Table 5) and the increases
in reducing sugars, sucrose, and starch [5,6] can be explained by the conversion of FA
into carbohydrates through the glyoxylate cycle. Joel & Losner-Goshen [34] found that
the orobanche embryonic phase is characterized by a large accumulation of lipids, while
the parasitic phase (developed parasitic plants) instead showed an accumulation of starch.
Several studies have mentioned the presence of large quantities of starches in different
mature orobanche shoots [5,6,8].

Overall, these results showed the negative effects of the orobanche infestation on faba
bean development and pod setting and production. This can be attributed to the reduced
chlorophyll content and increased accumulation of MDA and EL levels, resulting in the
alteration of membrane stability attested by the reduced TL level and FA unsaturation.
Such findings could be useful in future research activities targeting the development of a
resistant faba bean germplasm through the combination of different resistance mechanisms.

4. Materials and Methods
4.1. Plant Culture

The commercial faba bean cv. Bachaar was used in this study. This variety is known
for its susceptibility in O. crenata- and O. foetida-infested fields [2,19]. O. crenata and
mboxemphO. foetida seeds were collected in 2015 from mature parasitic plants in infested
faba bean fields, respectively, from Ariana and Beja (Tunisia).

Faba bean and orobanche seeds were sterilized in calcium hypochlorite (1%). The faba
bean plants were grown in 10 l pots containing a substrate of sterilized soil, non-infested
or artificially infested with 20 mg of O. crenata or O. foetida seeds per kg. Five pots were
prepared for each treatment. The experiment was conducted in a greenhouse at 20 ± 3◦C,
70% relative humidity, and 16 h photo-period. Plants were watered as needed. Four months
after planting (at maturity stage), roots of non-infested and infested plants were removed
from the substrate, and the orobanche attachments were harvested and classified into
S1–S5 stages with S1: haustorium attached to host root; S2: small orobanche tubercles
without root formation; S3: orobanche tubercles without shoot formation; S4: underground
orobanche tubercles with shoot development; and S5: emerged spikes [37]. SH, SDW, RDW,
and orobanche number and DW per plant were also determined. DW was determined
after drying the fresh samples at 80 ◦C for 48 h. Host and parasite tissue samples were also
collected for physiological and biochemical analyses.

4.2. Determination of Lipid Peroxidation

In this experiment, a 0.5 g tissue sample was homogenized in 1 mL 5% trichloroacetic
acid (TCA) and then centrifuged at 10,000× g for 15 min. Then, 1 mL of 20% TCA containing
0.5% 2-thiobarbituric acid (TBA) was added to the supernatant (1 mL) and heated at 95 ◦C
for 15 min. The non-specific absorbance of cooled extracts was measured at 600 nm and
subtracted from the specific absorbance readings (532 nm). Results were expressed as
µmoles of malondialdehyde (MDA)/g fresh weight formed using an extinction coefficient
of 155 mM/cm [38].



Plants 2023, 12, 3578 8 of 10

4.3. Determination of Membrane Permeability

Tissue samples (100 mg) were cut into uniform discs, placed in tubes containing 10 mL
of deionized water, and vibrated for 30 min, and the first medium conductivity (EC1)
was determined. Then, the samples were boiled for 15 min, and EC2 (final conductivity)
was measured. The EL percentage was determined using the following the formula:
(EC1/EC2) × 100.

4.4. Determination of Chlorophyll Contents

Chlorophyll (chl a, chl b, chl t) contents were determined as described by Arnon [39].
Measurements were made at the pod setting stage on leaves (from the fifth nodes) of control
and infested plants.

4.5. Lipid Extraction and Determination of FA Composition

Tissue samples were boiled in water for 5 min, homogenized in chloroform: methanol
(1:1, v/v), and then centrifuged at 3000× g for 15 min (Neofuge 13R model). Lipids (chloro-
formic phase) were aspired and evaporated under vacuum using a rotary evaporator. The
residue was redissolved in 2 mL toluene: ethanol mixture (4:1, v/v) for conservation [40].
FAs were methylated using the method of Metcalfe et al. [41]. Methyl esters of total FA
were separated and quantified using gas chromatography (GC) (HP 4890 D, Hewlett-
Packard Company, Wilmington, DE, USA) equipped with an Innowax capillary column
(30 m × 0.53 mm × 0.25 µm), which was maintained isothermally at 210 ◦C. The detector
was a flame ionization detector (FID). For measuring the amounts of fatty acids, heptade-
canoic acid (17:0) was added as an internal standard. Calculation of FA quantities was
performed using an integrator HP model 3390 A.

4.6. Statistical Analysis

The statistical analyses were conducted using SPSS software (Version 19.0 for Win-
dows). ANOVA was performed employing a general linear model, with treatments
considered as fixed factors. All measurements were carried out in triplicate. Signifi-
cance levels were set at p = 0.05, and Duncan’s multiple-range test was employed for
pairwise comparisons.

Author Contributions: Conceptualization, Z.A.; methodology, A.B., S.T., I.N., N.T. and Z.A.; software,
Z.A.; validation, Z.A.; formal analysis, A.B., I.N., N.T. and Z.A.; investigation, A.B. and Z.A.; resources,
H.M., M.K. and Z.A.; data curation, A.B. and Z.A.; writing—original draft, A.B. and Z.A.; writing—
review and editing, F.H., T.H., I.N., H.M., M.A., M.K. and Z.A.; visualization, A.B., M.A. and Z.A.;
supervision, Z.A.; project administration, M.K. and Z.A.; funding acquisition, H.M., M.A., M.K. and
Z.A. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The authors wish to thank the Ministry of Higher Education and Scientific
Research; the Ministry of Agriculture, Hydraulic Resources, and Maritime Fisheries; and the project
ZeroParasitic Prima Section 2 for their support of this study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Parker, C. Observations on the current status of Orobanche and Striga problems world-wide. Pest Manag. Sci. 2009, 65, 453–459.

[CrossRef] [PubMed]
2. Abbes, Z.; Kharrat, M.; Delavault, P.; Simier, P.; Chaïbi, W. Field evaluation of the resistance of some faba bean (Vicia faba L.)

genotypes to the parasitic weed Orobanche foetida Poiret. Crop Prot. 2007, 26, 1777–1784. [CrossRef]
3. Abbes, Z.; Bouallegue, A.; Trabelsi, I.; Trabelsi, N.; Taamalli, A.; Amri, M.; Mhadhbi, H.; Kharrat, M. Investigation of some

biochemical mechanisms involved in the resistance of faba bean (Vicia faba L.) varieties to Orobanche spp. Plant Prot. Sci. 2020,
56, 317–328. [CrossRef]

https://doi.org/10.1002/ps.1713
https://www.ncbi.nlm.nih.gov/pubmed/19206075
https://doi.org/10.1016/j.cropro.2007.03.012
https://doi.org/10.17221/103/2019-PPS


Plants 2023, 12, 3578 9 of 10

4. Wegmann, K. Biochemistry of osmoregulation and possible biochemical reasons of resistance against Orobanche. In Biology and
Control of Orobanche; Ter Borg, S.J., Ed.; LH/VPO: Wageningen, The Netherlands, 1986; pp. 107–117.

5. Abbes, Z.; Kharrat, M.; Delavault, P.; Chaïbi, W.; Simier, P. Nitrogen and carbon relationships between the parasitic weed
Orobanche foetida and susceptible and tolerant faba bean lines. Plant Physiol. Biochem. 2009, 47, 153–159. [CrossRef]

6. Abbes, Z.; Kharrat, M.; Delavault, P.; Chaïbi, W.; Simier, P. Osmoregulation and nutritional relationships between
Orobanche foetida and faba bean. Plant Signal. Behav. 2009, 4, 336–338. [CrossRef] [PubMed]

7. Harloff, H.J.; Wegmann, K. Mannitol pathway in Orobanche. In Parasitic Flowering Plants. Proceedings of the 4th ISPFP; Weber, H.C.,
Forstreuter, W., Eds.; Philipps-University Marburg: Marburg, Germany, 1987; pp. 295–309.

8. Singh, M.; Singh, D.V.; Misra, P.C.; Tewari, K.K.; Krishnan, P.S. Biochemical aspects of parasitism by the Angiosperm parasites:
Starch accumulation. Physiol. Plant. 1968, 21, 525–538. [CrossRef]

9. Simier, P.; Fer, A.; Renaudin, S. Identification of the main osmotically active solutes in the unstressed and water-stressed
root-hemiparasitic angiosperm Thesium humile and its host Triticum vulgare. Austr. J. Plant Physiol. 1994, 20, 223–230. [CrossRef]

10. Delavault, P.; Simier, P.; Thoiron, S.; Véronési, C.; Fer, A.; Thalouarn, P. Isolation of mannose6-phosphate reductase cDNA,
changes in enzyme activity and mannitol content in broomrape (Orobanche ramosa) parasitic on tomato roots. Physiol. Plant. 2002,
115, 48–55. [CrossRef]

11. Batsale, M.; Bahammou, D.; Fouillen, L.; Mongrand, S.; Joubès, J.; Domergue, F. Biosynthesis and Functions of Very-Long-Chain
Fatty Acids in the Responses of Plants to Abiotic and Biotic Stresses. Cells 2021, 10, 1284. [CrossRef]

12. Lim, G.-H.; Singhal, R.; Kachroo, A.; Kachroo, P. Fatty Acid- and Lipid-Mediated Signaling in Plant Defense. Annu. Rev.
Phytopathol. 2017, 55, 505–536. [CrossRef]

13. Kim, H.U. Lipid Metabolism in Plants. Plants 2020, 9, 871. [CrossRef] [PubMed]
14. He, M.; Ding, N.Z. Plant Unsaturated Fatty Acids: Multiple Roles in Stress Response. Front. Plant Sci. 2020, 11, 562785. [CrossRef]

[PubMed]
15. Mishra, S.; Sanwal, G.G. Alterations in lipid composition of seed oil from Brassica juncea upon infection by Cuscuta reflexa. J. Agric.

Food Chem. 1992, 40, 52–55. [CrossRef]
16. Mishra, S.; Sanwal, G.G. Effect of Cuscuta infection on chloroplast lipid composition of Brassica leaves. Eur. J. Plant Pathol. 1994,

100, 61–70. [CrossRef]
17. Sharma, S.; Khanna, R.; Sanwal, G.G. Lipids of Cuscuta reflexa and changes in lipids of its host plants after infection. Physiol. Plant.

1985, 63, 315–321. [CrossRef]
18. Trabelsi, I.; Abbes, Z.; Amri, M.; Kharrat, M. Study of some resistance mechanisms to Orobanche spp. infestation in faba bean

(Vicia faba L.) breeding lines in Tunisia. Plant Prod. Sci. 2016, 19, 562–573. [CrossRef]
19. Amri, M.; Abbes, Z.; Trabelsi, I.; Ghanem, M.E.; Mentag, R.; Kharrat, M. Chlorophyll content and fluorescence as physiological

parameters for monitoring Orobanche foetida poir. infection in faba bean. PLoS ONE 2021, 16, e0241527. [CrossRef]
20. Mauromicale, G.; Lo Monaco, A.; Longo, M.G.A. Effect of branched broomrape (Orobanche ramosa) infection on the growth and

photosynthesis of tomato. Weed Sci. 2008, 56, 574–581. [CrossRef]
21. Nefzi, F.; Trabelsi, I.; Amri, M.; Triki, E.; Kharrat, M.; Abbes, Z. Response of some chickpea (Cicer arietinum L.) genotypes to

Orobanche foetida Poiret. parasitism. Chil. J. Agric. Res. 2016, 76, 170–178. [CrossRef]
22. Mostafa, S.A.; El Gammal, S.M.A.; Attia, S.H.A. Phytochemical comparison of parasitism of aflowering plant and a microorganism.

Zentralbl. Mikrobiol. 1982, 137, 651–660. [CrossRef]
23. Demirbas, S.; Acar, O. Physiological and biochemical defense reactions of Arabidopsis thaliana to Phelipanche ramosa infection and

salt stress. Fresenius Environ. Bull. 2017, 26, 2268–2275.
24. Madany, M.M.Y.; Saleh, A.M.; Habeeb, T.H.; Hozzein, W.N.; AbdElgawad, H. Silicon dioxide nanoparticles alleviate the threats of

broomrape infection in tomato by inducing cell wall fortification and modulating ROS homeostasis. Environ. Sci. Nano 2020,
7, 1415–1430. [CrossRef]

25. Dos Santos, C.V.; Letousey, P.; Delavault, P.; Thalouarn, P. Defense gene expression analysis of Arabidopsis thaliana parasitized by
Orobanche ramose. Phytopathology 2003, 93, 451–457. [CrossRef] [PubMed]

26. Yang, C.; Hu, L.Y.; Ali, B.; Islam, F.; Bai, Q.J.; Yun, X.P.; Yoneyama, K.; Zhou, W.J. Seed treatment with salicylic acid invokes
defense mechanism of Helianthus annuus against Orobanche Cumana. Ann. Appl. Biol. 2016, 169, 408–422. [CrossRef]

27. Arbaoui, M.; Link, W. Effect of hardening on frost tolerance and fatty acid composition of leaves and stems of a set of faba bean
(Vicia faba L.) genotypes. Euphytica 2008, 162, 211–219. [CrossRef]

28. Ryu, J.; Kim, D.; Lee, M.; Kim, J.M.; Hong, M.J.; Kang, K.Y.; Eom, S.H.; Kang, S.Y.; Kim, J.B.; Kwon, S.J. Fatty acid composition,
isoflavone and L-3, 4-dihydroxyphenylalanine (L-dopa) contents in different parts of faba bean (Vicia faba) genotypes. Plant Breed.
Biotechnol. 2017, 5, 314–324. [CrossRef]

29. Velasco, L.; Goffman, F.D.; Pujadas-Salvà, A.J. Fatty acids and tocochromanols in seeds of Orobanche. Phytochemistry 2000,
54, 295–300. [CrossRef]

30. Bar-Nun, N.; Mayer, A.M. Composition of and changes in storage compounds in Orobanche aegyptiaca seeds during precondition-
ing. Isr. J. Plant Sci. 2002, 50, 278–279. [CrossRef]

31. Pujadas-Salvà, A.J.; Velasco, L. Comparative studies on Orobanche cernua L. and O. cumana Wallr. (Orobanchaceae) in the Iberian
Peninsula. Bot. J. Linn. Soc. 2000, 134, 513–527. [CrossRef]

https://doi.org/10.1016/j.plaphy.2008.10.004
https://doi.org/10.4161/psb.4.4.8192
https://www.ncbi.nlm.nih.gov/pubmed/19794856
https://doi.org/10.1111/j.1399-3054.1968.tb07278.x
https://doi.org/10.1071/PP9930223
https://doi.org/10.1034/j.1399-3054.2002.1150105.x
https://doi.org/10.3390/cells10061284
https://doi.org/10.1146/annurev-phyto-080516-035406
https://doi.org/10.3390/plants9070871
https://www.ncbi.nlm.nih.gov/pubmed/32660049
https://doi.org/10.3389/fpls.2020.562785
https://www.ncbi.nlm.nih.gov/pubmed/33013981
https://doi.org/10.1021/jf00013a010
https://doi.org/10.1007/BF01871966
https://doi.org/10.1111/j.1399-3054.1985.tb04272.x
https://doi.org/10.1080/1343943X.2016.1221734
https://doi.org/10.1371/journal.pone.0241527
https://doi.org/10.1614/WS-07-147.1
https://doi.org/10.4067/S0718-58392016000200006
https://doi.org/10.1016/S0232-4393(82)80062-0
https://doi.org/10.1039/C9EN01255A
https://doi.org/10.1094/PHYTO.2003.93.4.451
https://www.ncbi.nlm.nih.gov/pubmed/18944360
https://doi.org/10.1111/aab.12311
https://doi.org/10.1007/s10681-007-9521-4
https://doi.org/10.9787/PBB.2017.5.4.314
https://doi.org/10.1016/S0031-9422(00)00085-6
https://doi.org/10.1560/E2KB-FM11-X4U2-YC9J
https://doi.org/10.1006/bojl.2000.0346


Plants 2023, 12, 3578 10 of 10

32. Thomas, H.; Heller, A.; Sauerborn, J.; Muller-Stover, D. Fusarium oxysporum f. sp. orthoceras, a Potential Mycoherbicide, Parasitizes
Seeds of Orobanche cumana (Sunflower broomrape): A Cytological Study. Ann. Bot. 1999, 83, 453–458. [CrossRef]

33. Aber, M.; Sallé, G. Graine et procaulôme d’ Orobanche crenata Forsk: Étude histocytologique et cytochimique. Can. J. Bot. 1983,
61, 3302–3313. [CrossRef]

34. Joel, D.M.; Losner-Goshen, D. The attachment organ of the parasitic angiosperms Orobanche cumana and O. aegyptiaca and its
development. Can. J. Bot. 1994, 72, 564–574. [CrossRef]

35. Ben Attia, I.; Zucca, P.; Marincola, F.C.; Nieddu, M.; Piras, A.; Rosa, A.; Rescigno, A.; Chaieb, M. Evaluation of the Antioxidant
and Cytotoxic Activities on Cancer Cell Line of Extracts of Parasitic Plants Harvested in Tunisia. Pol. J. Food Nutr. Sci. 2020,
70, 253–263. [CrossRef]

36. Chapman, K.D.; Dyer, J.M.; Mullen, R.T. Biogenesis and functions of lipid droplets in plants: Thematic review series: Lipid
droplet synthesis and metabolism: From yeast to man. J. Lipid Res. 2012, 53, 215–226. [CrossRef] [PubMed]

37. Abbes, Z.; Kharrat, M.; Pouvreau, J.B.; Delavault, P.; Chaïbi, W.; Simier, P. The dynamics of faba bean (Vicia faba L.) parasitism by
Orobanche foetida. Phytopathol. Mediterr. 2010, 49, 239–248.

38. Zhao, S.J.; Xu, C.C.; Zhou, Q.; Meng, Q.W. Improvements of the method for measurement of malondialdehyde in plant tissue.
Plant Physiol. Commun. 1994, 30, 207–210.

39. Arnon, D.I. Copper enzymes in isolated chloroplasts. Polyphenol-oxidase in Beta vulgaris. Plant Physiol. 1949, 24, 1–15. [CrossRef]
40. Allen, C.; Good, P. Acyl Lipids in Photosynthetic Systems. In Methods in Enzymology; Colowic, S.P., Kaplan, N.O., Eds.; Academic

Press: New York, NY, USA, 1971; Volume 23, pp. 387–389.
41. Metcalfe, L.D.; Schmitz, A.A.; Pelka, J.R. Rapid preparation of fatty acid esters from lipids for gas chromatographic analysis. Anal.

Chem. 1966, 38, 514–515. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1006/anbo.1998.0847
https://doi.org/10.1139/b83-370
https://doi.org/10.1139/b94-075
https://doi.org/10.31883/pjfns/122040
https://doi.org/10.1194/jlr.R021436
https://www.ncbi.nlm.nih.gov/pubmed/22045929
https://doi.org/10.1104/pp.24.1.1
https://doi.org/10.1021/ac60235a044

	Introduction 
	Results 
	Effect of Orobanche Infestation on Faba Bean Development 
	Chlorophyll Contents 
	Malondialdehyde (MDA) Content and Electrolyte Leakage (EL) 
	Total Lipid Content and Fatty Acid Composition in cv. Bachaar Plants 
	Total Lipid Content and Fatty Acid Composition in Parasitic Plants 

	Discussion 
	Materials and Methods 
	Plant Culture 
	Determination of Lipid Peroxidation 
	Determination of Membrane Permeability 
	Determination of Chlorophyll Contents 
	Lipid Extraction and Determination of FA Composition 
	Statistical Analysis 

	References

