
Vol.:(0123456789)

Acta Physiologiae Plantarum (2024) 46:54 
https://doi.org/10.1007/s11738-024-03681-5

ORIGINAL ARTICLE

Physio‑biochemical and nutritional alterations in faba bean due 
to bean yellow mosaic virus infection

Charanjeet Kaur1,2 · Ashish Srivastava3,4 · Rashmi Raj1 · Abhishek Niranjan5 · Alok Lahri5 · Susheel Kumar1   · 
Shri Krishna Raj1,6 

Received: 4 August 2022 / Revised: 16 May 2023 / Accepted: 14 April 2024 / Published online: 6 May 2024 
© The Author(s) under exclusive licence to Franciszek Górski Institute of Plant Physiology, Polish Academy of Sciences, Kraków 2024

Abstract
The association of bean yellow mosaic potyvirus (BYMV) was investigated earlier with the severe mosaic and stunting dis-
ease of V. faba. In the present study, we mechanically transmitted BYMV on V. faba to assess the impact on physiological, 
biochemical, and nutritional attributes. BYMV-inoculated plants exhibited severe symptoms, and their height, length of the 
pod, and seed yield (size and number) were reduced to half of the mock-inoculated V. faba. In BYMV-inoculated V. faba, 
chlorophyll a, b, and total (Chl a + Chl b) were lowered to 66.70%, 64.94%, and 66.19% respectively, and corroborated with 
the decrease in photosynthetic efficiency (Fv/Fm) from 0.36 to 0.26. An increase in membrane ion leakage and malondial-
dehyde was observed in inoculated V. faba indicating virus-induced physiological stress. The non-structural carbohydrates, 
total protein, and free proline contents were also significantly altered. More, the high accumulation of salicylic acid and 
other defense-related antioxidant enzymes (ascorbate peroxidase, guaiacol peroxidase, superoxide dismutase, and catalase) 
was observed to ameliorate virus-induced stress. An increase in polyphenols and flavonoids: gallic acid, protocatechuic acid, 
chlorogenic acid, caffeic acid, rutin, ferulic acid, quercetin, and kaempferol suggests the proactive action by BYMV-infected 
V. faba. A reduced accumulation of nutrition-related parameters while induced accumulation of anti-nutritional factors 
like tannin (as tannic acid) and phytate observed is suggestive of poor nutritional quality of the plants. The present study 
comprehensively elucidates the BYMV-induced perturbations in physio-biochemical and nutritional attributes of V. faba, 
diminishing the quality of plants and seeds, and raises serious concerns for the management measures against the BYMV.
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Introduction

Faba bean (Vicia faba L.), also known as broad bean or 
horse bean, is a species of bean in the Fabaceae family. 
V. faba is the fourth most important and oldest cultivated 

pulse crop worldwide (Mínguez and Rubiales 2021). Seeds 
of V. faba are a staple dietary protein source in North 
Africa, East Africa, Middle East, West, and East Asia 
(Karkanis et al. 2018; Makkouk et al. 2003). Processed 
food products are also a cheap source of high-quality pro-
tein (about 25–30% in seeds) in the human diet whereas 
green haulm, dry seeds, and straw are used as animal feed 
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supplements (Karkanis et al. 2018). Other than the protein 
source, seeds of V. faba are rich in carbohydrates, min-
eral nutrients, vitamins, microelements (Iron and Zinc), 
and bioactive compounds (Maalouf et al. 2021). They are 
also rich in the amino acid, l-3,4-dihydroxyphenylalanine 
(L-DOPA) which is a precursor of dopamine having some 
potential for the treatment of Parkinson's and hypertension 
(Dhull et al. 2021).

Both the biotic and abiotic stress factors limit the yield 
potential of V. faba. Among the biotic stresses, about 50 
viruses have been reported to infect V. faba worldwide 
(Kumari and Makkouk 2007; Schwinghamer et al. 2009) 
of which, bean yellow mosaic virus (BYMV, a species in 
the genus Potyvirus, family Potyviridae), is reported as a 
virus of economic importance (Cheng and Jones 2000). 
The severe mosaic disease of V. faba caused by BYMV was 
reported in Australia, Egypt, Iran, and India (Katoch et al. 
2003; Radwana et al. 2008; Rohani et al. 2008; Younes et al. 
2021). We have also identified BYMV infection in V. faba 
plants (Kaur et al. 2013) where infected plants were exhibit-
ing the symptoms of dark green mosaic on leaves, stunting 
of plants, reduction in pod sizes, and low seed yield as com-
pared to the healthy V. faba.

Compatible infection wherein the virus is able to infect 
the host plant is a controlled process whereby the virus 
maneuvers the host’s cellular functions to establish sys-
temic infections. Conversely, the plant raises a multi-layered 
defense including physiological, biochemical, and metabolic 
processes to restrict viral infection and also to counteract 
the adverse effects induced by the virus (Whitham et al. 
2006; Radwana et al. 2008). Such biotic stresses negatively 
affect the survival and fitness of the plant, induce aging, and 
synthesis of stress-induced biomolecules (Huseynova et al. 
2018). The measurement of those induced biomolecules rep-
resents markers for stress determination (Kumar et al. 2016). 
A study by Radwan et al. (2010) revealed a higher accu-
mulation of H2O2 and malondialdehyde (MDA) along with 
the induced activity of antioxidants while a reduction in the 
protein content in leaves of BYMV-infected V. faba. They 
suggested that the accumulation of representative antioxi-
dants and metabolites is the response of plants against virus 
invasion. However, a comprehensive study exhibiting the 
virus-induced changes in physiological, biochemical, and 
nutritional attributes of V. faba is lacking. In the present 
study, we broadly demonstrate change in these attributes in 
BYMV-inoculated and mock-inoculated (healthy control) V. 
faba. More, the assessment of polyphenols, flavonoids, pro-
tein content, and other nutritive values of leaf, immature and 
mature seed tissues of BYMV-inoculated V. faba elucidates 
the virus-induced consequences. The strain of BYMV con-
sidered for this study is genetically diverse from the reported 
BYMV strains, though clad together with the Asian strains 
of BYMV (Kaur et al. 2013).

Materials and methods

Plant material, BYMV culture, and mechanical sap 
transmission of virus

To raise plant material for experimentations, seeds of the 
Swarna Gaurav variety of V. faba were directly grown in 
12-inch earthen pot filled with soil, vermicompost, and 
sand (3:1:1; v:v:v), and germinated seedlings were thinned 
to one plant per pot. A total of 60 pots with one plant in 
each were maintained in a glasshouse under natural day-
light illumination and 25 ± 3 °C temperature. BYMV strain 
(Kaur et al. 2013), to be used for inoculations, was main-
tained on the Swarna Gaurav variety in the glasshouse. 
The virus was sap-inoculated on leaves of 4th node stage 
plants (40 days after seed sowing) to assess the BYMV-
induced changes. Briefly, 1 g of infected leaf tissue was 
macerated in 10 mL ice-chilled 50 mM potassium phos-
phate buffer supplemented with 10 mM sodium sulfite (pH 
7.0). The suspension was squeezed through double-layered 
muslin cloth and the clear sap obtained was mechanically 
rubbed on the carborundum pre-dusted leaf using a cotton 
swab onto the 30 seedlings (10 biological and 3 technical 
replicates). Mock inoculation was also performed on 30 
seedlings (10 biological and 3 technical replicates) using 
inoculation buffer only and treated as a control (healthy) 
during all experiments. The severity of the disease 
symptom (green mosaic on leaf and plant stunting) was 
observed regularly, and growth and all parameters were 
recorded at 28 days post inoculations (dpi).

RNA isolation and reverse transcription‑polymerase 
chain reaction (RT‑PCR)

To ascertain the presence of BYMV in inoculated plants, 
total genomic RNA was isolated from 100 mg of youngest 
leaf tissue along with mock-inoculated and a positive con-
trol plant (Kaur et al. 2013) using TRIzol reagent (Invitro-
gen Co., Carlsbad, CA, USA) following the manufacturer’s 
instructions. CI-F and CI-R degenerate primers (Ha et al. 
2008) capable of amplifying 700 bp DNA fragment from 
the conserved sequence within the cylindrical inclusion 
(CI) protein-coding region of the Potyviridae family were 
used for BYMV detection. All RNA preparations were 
treated with RNase-free DNase (50 µg/mL, Promega Co., 
WI, USA) to eliminate DNA contamination and assessed 
for quality check. For cDNA preparation, the reaction was 
set up in a final volume of 20 μL using 5 μg of genomic 
RNA, 5 U of RNase-H (Invitrogen Co. Carlsbad, CA, 
USA), 100 ng CI-R primer, 0.2 mM dNTPs, and 200 U 
M-MuLV reverse transcriptase (Invitrogen Co., Carlsbad, 
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CA, USA), and synthesized following the manufacturer’s 
instructions. Next, the PCR was performed in a final vol-
ume of 25 μL using 1.5 μL of cDNA as template, 1X PCR 
buffer, 1.5 mM MgCl2, 0.2 mM dNTP, 100 ng of each 
CI-F and CI-R primers, and 1 U of Taq DNA polymerase 
(Promega Co., Madison, WI, USA). The PCR conditions 
were: initial denaturation at 94 °C for 5 min followed by 
40 cycles of denaturation at 94 °C for 1 min, annealing at 
56 °C for 45 s, extension at 72 °C for 1 min, and a final 
extension at 72 °C for 10 min. The size of the amplicon 
was assessed on 1% agarose gel with a standard DNA 
marker (Genei Pvt. Ltd., India).

Evaluation of BYMV‑inoculated and 
mock‑inoculated V. faba plant for different 
attributes

Plant growth parameters

The morphological attributes like plant height, pod length, 
pods per plant, seeds per pod, and total seed yield per plant 
were recorded from 120-day-old BYMV-inoculated and 
mock-inoculated (healthy) plants after germination. The data 
was recorded for 10 biological replicates and 3 technical 
replicates and shown in their respective measurement units.

Total moisture content

Total moisture content was estimated in BYMV and mock-
inoculated V. faba using 2.0 g of fresh leaves from each plant 
immediately and after air drying under the shade. To calcu-
late the percentage of total moisture, the estimated weight 
of leaves was put into the following formula:

Membrane ion leakage

Membrane ion leakage was measured following the method 
of Fan et al. (1997). Briefly, the youngest fully expanded 
leaves obtained from the BYMV and mock-inoculated plants 
were immersed in 10 mL of 0.4 M mannitol solution at room 
temperature (25 ± 3 °C) with 200 rpm shaking for 3 h, and 
the conductivity of the bathing solution was measured using 
a conductivity meter (Milwaukee Economical Pocket Tester, 
Noida, India). Total conductivity was determined by boiling 
leaves for 10 min in 10 mL of 0.4 M mannitol solution and 
expressed as the percentage of the initial conductivity versus 
the total conductivity.

Total moisture content = Freshweight − Dryweight

Freshweight
× 100

Photosynthetic activity

Photosynthetic activity, a measurement of the maxi-
mum quantum yield of photosystem II (PS-II) performed 
on dark-adapted samples, was calculated in the 6th node 
leaves of BYMV and mock-inoculated V. faba following the 
method of Fan et al. (1997). The ratio of variable chloro-
phyll fluorescence (Fv) to maximum yield of chlorophyll 
fluorescence (Fm) was expressed as Fv/Fm. The 6th node 
leaves were first dark-adapted in leaf clips of the fluorometer 
for 10 min at room temperature prior to the measurement of 
Fv/Fm ratio for 3 technical replicates, where n = 10, with a 
Pocket PEA Chlorophyll Fluorimeter (PP Systems Interna-
tional, Inc., MA, USA).

Estimation of chlorophyll pigment

To assess the chlorophyll damage in V. faba due to BYMV 
inoculations as compared to the mock-inoculated control 
plants, estimation of chlorophyll a (Chl  a), chlorophyll 
b (Chl b), and total chlorophyll (Chl a + Chl b) pigments 
was carried out. 100 mg of leaf tissue, collected from each 
treatment, was macerated in 10 mL of 80% acetone and the 
lysate was centrifuged at 5000 rpm for 10 min. The superna-
tant was transferred to fresh test tubes and absorbance was 
recorded at 664 nm and 647 nm in a UV spectrophotometer 
(Shimadzu, UV-160, Japan). Chl a, Chl b and Chl a + Chl b 
pigments were calculated using the formula of Lichtenthaler 
and Wellbum (1983) as follows:

where results were expressed as milligram per gram of fresh 
weight (mg g−1 FW). D, optical density at respective nm; 
V, final volume of chlorophyll extract in 80% acetone; and 
W, fresh weight of the tissue from which chlorophyll was 
extracted.

Sugar (non‑structural carbohydrate)

Sugar estimation was carried out following an improved 
method of Gerchacov and Hatcher (1972). Briefly, 200 mg of 
fresh leaf tissue each from the BYMV and mock-inoculated 

Chl a (mg∕g FW) =
[

12.7
(

D
664

)

− 2.69
(

D
647

)]

× V∕1000 × W

Chl b (mg∕g FW) =
[

22.9
(

D
647

)

− 4.68
(

D
664

)]

× V∕1000 × W

Chl a + Chl b (mg∕g FW) =
[

20.2
(

D
647

)

+ 8.02
(

D
664

)]

× V∕1000 ×W



	 Acta Physiologiae Plantarum (2024) 46:5454  Page 4 of 12

V. faba were crushed in 80% methanol. The extract was cen-
trifuged at 10,000 rpm for 10 min and obtained supernatant 
was incubated in a water bath at 70 °C. To this supernatant, 
equal volume of 5% phenol and 5 mL of sulfuric acid were 
added and absorbance was measured at 640 nm. A stand-
ard curve was plotted using the different concentrations of 
standard glucose solutions and sugar estimation was done 
on the background of this standard curve and results were 
expressed as mg g−1 of fresh weight (mg g−1 FW).

Total protein content

Total protein from leaf and mature seed tissues of BYMV 
and mock-inoculated V. faba was estimated using the 
method of Bradford (1976). Briefly, 50 mg of dry tissue 
was extracted independently in 10 mL of alkaline medium 
(0.1 N NaOH) for 2 h at 90 °C. The debris was pelleted at 
10,000 rpm and 1 mL of the collected supernatant was added 
to 5 mL of alkaline reagent (2% Na2CO3 prepared in 0.1 N 
NaOH and 0.5% hydrated CuSO4 in 1% sodium potassium 
tartarate) and allowed to stand for 10 min after thorough 
mixing. To this solution, 0.5 mL of Folin reagent, diluted in 
1:1 (v/v), was added and mixed immediately. The data was 
recorded at 595 nm absorbance and results were expressed 
as mg g−1 of dry weight (mg g−1 DW).

Free proline content

Free proline was determined according to the method 
of Bates et al. (1973). Briefly, 500 mg of leaf samples was 
homogenized in 3% (w/v) sulfosalicylic acid and filtered 
through 0.2 µ Whatman filter paper. After the addition of 
ninhydrin and glacial acetic acid, the resulting mixture was 
heated at 100 °C for 1 h in a water bath and the reaction 
was stopped by placing on ice-bath for 30 min. The mixture 
was extracted with toluene and the absorbance of the frac-
tion with toluene aspired from the liquid phase was read at 
520 nm absorbance. Proline concentration was determined 
using the calibration curve and expressed as micromole pro-
line per gram of fresh weight (µM g−1 FW).

Total phenolic content

Phenolic content in the leaf, stem, and immature and mature 
seeds was estimated by the Folin–Ciocalteu assay (Folin 
and Ciocalteu 1927). Total phenolics were extracted from 
100 mg dried powder of leaf, stem, immature, and mature 
seed tissues independently in 50% methanol following 
centrifugation at 10,000 rpm for 10 min. The supernatants 
were collected in fresh test tubes and mixed with 0.5 mL 
Folin–Ciocalteu reagent and 2 mL of 20% Na2CO3 before 
incubation at room temperature for 2 h in dark and optical 

density measured at 720 nm absorbance. The phenol content 
was measured using gallic acid as standard and results were 
expressed as mg g−1 of gallic acid equivalents (GAE).

Specific phenolic and flavonoid compounds

The specific phenolic and flavonoid compounds: gallic acid, 
protocatechuic acid, chlorogenic acid, caffeic acid, rutin, 
ferulic acid, quercetin, kaempferol, and salicylic acid were 
estimated in the leaf, stem, immature, and mature seed tis-
sues of BYMV-inoculated and mock-inoculated V. faba by 
HPLC (Prominence HPLC, Shimadzu) using their respective 
standards and results were expressed as µg g−1 of dry weight 
(µg g−1 DW).

Malondialdehyde (MDA) content

Lipid peroxidation expressed as MDA and was determined 
as 2-thiobarbituric acid (TBA) reactive metabolites (Qiu 
et al. 2007). Briefly, 300 mg of fresh leaf samples collected 
from each treatment was homogenized independently in 
5 mL of 5% trichloroacetic acid. The homogenate was clari-
fied by centrifuged at 5000 rpm for 15 min. 1 mL of super-
natant was then mixed with 2.5 mL of TBA and heated at 
100 °C in a water bath for 20 min and quickly chilled on ice. 
The mixture was centrifuged at 10,000 rpm for 5 min and 
the absorbance of the resulting supernatant was measured at 
532 nm and 600 nm. By subtracting the non-specific absorb-
ance at 600 nm, the MDA in leaves was determined by its 
molar extinction coefficient (155 mM−1 cm−1). Results were 
presented as nM g−1 MDA FW.

Antioxidative enzyme activity

For antioxidant enzyme activity assays, 1 g of fresh leaf tis-
sue from BYMV and mock-inoculated V. faba were homog-
enized in 3 mL of 100 mM Tris–HCl (pH = 7.8) containing 
1 mM dithiothreitol, 1 mM EDTA, and 5 mM MgCl2. After 
proper mixing, 20 mg of polyvinyl polypyrrolidone was 
added and the homogenate was centrifuged at 14,000 rpm 
for 15 min at 4 °C. The supernatant was immediately used 
for enzyme activity measurements. Catalase (CAT) was 
detected at 240 nm by the rate of decomposition of H2O2 as 
described by Aebi (1984). Glutathione peroxidase (GPx) 
activity was assayed by the oxidation increase of NADPH 
at 340 nm according to Goldberg and Spooner (1984). Total 
Ascorbate peroxidase (APx) activity was determined as 
the decrease in absorbance of ascorbate at 298 nm by the 
method of Gerbling et al. (1984). The activity of superoxide 
dismutase (SOD) was assayed by its ability to inhibit the 
photochemical reduction of nitroblue tetrazolium (NBT) 
following the method of Beauchamp and Fridovich (1971).
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Assessment of nutritional quality

The nutritional parameters of BYMV-inoculated and mock-
inoculated V. faba were measured in 1 g leaf samples inde-
pendently following the procedures described elsewhere 
(Singh et al. 2014) and data represented in their respective 
values.

Statistical analyses

All experiments for the assessment of different parameters or 
treatments were performed in triplicates, where n = 10. All 
data were subjected to an independent t test and shown as the 
mean ± SE (n = 10). Significant values of the test between 
pairs of mean values were determined at p > 0.05. All statis-
tical tests were carried out using SPSS v.27.0 for Windows 
software (SPSS Inc., Chicago, IL).

Results and discussion

Morphological impact of BYMV on V. faba

The association of BYMV with the severe leaf mosaic and 
plant stunting disease of V. faba was identified earlier by us 
(Fig. 1a, Kaur et al. 2013). Mechanical (sap) inoculations of 
BYMV on V. faba led to the development of mosaic symp-
tom at 15 dpi and the size of the entire plant and pod was 
reduced significantly at 60 dpi (Fig. 1b,1c), as was observed 
in naturally infected field-grown plants (Kaur et al. 2013). 
In BYMV-inoculated plants, the height was compromised 
by more than 46% as the average height decreased from 
76.7 ± 6.05 cm to 41.24 ± 6.84 cm (Fig. 1d). Other plant 
vigor-related attributes like pod number per plant, number 
of seed per pod, and total seed yield per plant were also 
reduced by 43.6% (from 7.1 ± 1.34 to 4.0 ± 1.06 g), 47.5% 
(from 3.4 ± 0.5 to 1.8 ± 0.6 g) and 48% (from 19.3 ± 1.59 g to 
10.06 ± 2.33 g) respectively (Fig. 1e–g). The RT-PCR with 

Fig. 1   BYMV-infected V. 
faba exhibiting severe mosaic 
symptom on leaves in filed 
condition (a). Mock (left) 
and BYMV-inoculated (right) 
plants of V. faba exhibiting no 
symptom and, mosaic and stunt-
ing symptom respectively at 28 
dpi (b). The pod of mock and 
BYMV-inoculated plants at 60 
dpi showing size variability (c). 
Plant growth parameters includ-
ing plant height (d), pod num-
ber per plant (e), seed number 
per pod (f) and total seed yield 
per plant (g) were recorded at 
90 dpi. Values are the means 
of three replicates ± standard 
deviation (SD)
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CI-F and CI-R degenerate primers confirmed the presence 
of BYMV in all the inoculated plants by showing corre-
sponding 700 bp DNA fragments but not in mock-inoculated 
(control) plants (data not shown).

Alteration in physiological and biochemical 
attributes of V. faba due to BYMV inoculation

Studies revealed that the virus infection negates the sur-
vival and fitness of the plant, perturbs nutritional values, 
and manifests the synthesis of stress-induced biomolecules 
as was observed in previous studies (Radwana et al. 2008, 
2010; Kumar et al. 2016). The plant exhibits adaptive physi-
ological and biochemical features to cope with and amelio-
rate the deleterious effects of the virus and help the plant 
sustain under stress (Huseynova et al. 2018). And hence, 
BYMV-induced changes in both physiological (total mois-
ture, membrane ion leakage, photosynthetic efficiency) and 
biochemical (sugar proline, chlorophyll pigments, MDA, 
antioxidant enzymes, polyphenols, and specific phenolics) 
attributes were assessed in BYMV-inoculated and mock-
inoculated V. faba.

Alteration in physiological attributes

Change in membrane permeability is one of the first detect-
able attributes of disease and is expressed as ion leak-
age (Epple et al. 2003). In the present study, the leaves 
of BYMV-inoculated plants showed 27.73% conductivity 
than 11.83% as compared to the mock-inoculated control 
(healthy) samples (Fig. 2a). An increase of 55.6% in ion 
leakage was observed and has a clear correlation with the 
plant stress due to the infection of BYMV (Radwana et al. 
2010). Though, the total moisture content was not much 
affected and relatively lowered only to 4.8% in the BYMV-
inoculated plants and was 84.85% as compared to the mock-
inoculated control plants (89.65%) (Fig. 2b). A reduction 
in moisture is suggestive of morphological damage in the 
xylem cells as the disfigured xylem and poor water trans-
portation were observed in N. tabacum cv. White Burley due 
to the infection of Cucumber mosaic virus (CMV, Kumar 

et al. 2016). It has been shown that the decrease in photo-
synthetic efficiency, i.e. Fv/Fm ratio, is due to a decrease in 
efficiency of photosystem-II (PS-II) in the BYMV-infected 
plants (Huseynova et al. 2018). In the present study, Fv/Fm 
ratio was found to decrease to 0.26 in BYMV-inoculated leaf 
samples while it was observed 0.36 in the healthy samples 
(Fig. 2c) and suggests a decrease in the photosynthetic effi-
ciency in V. faba due to the BYMV infection.

Alteration in biochemical attributes

As a response to biotic as well as abiotic stresses plants 
accumulate a higher amount of different types of compatible 
solutes like proline, sucrose, and polyols (Serraj and Sin-
clair 2002). These biochemicals protect the plant by further 
maneuvering defense processes like cellular osmotic adjust-
ment, protection of membrane integrity, reactive oxygen spe-
cies (ROS) detoxification, and protein (enzyme) stabilization 
(Islam et al. 2003). And therefore, alteration in sugar, pro-
tein, proline, chlorophyll, lipid peroxidase (MDA), antioxi-
dative enzymes, phenols, and specific phenolic contents was 
assessed. The total protein in the leaf and mature seed tissues 
of mock-inoculated V. faba was found 31.8 and 33.9 μg of 
per g tissue respectively, whereas it increased to 33.1 and 
35.9 μg of per g tissue respectively in BYMV-inoculated V. 
faba (Fig. 3a, Table S1). These results indicated an incre-
ment of 3.9% and 5.67% protein in the BYMV-infected sam-
ples (Table S1). Accumulation of proteins in TMV-infected 
tobacco plants was also reported previously due to induced 
pathogenesis-related protein (Fraser 1982). MDA (a byprod-
uct of lipid peroxidation) is a suitable marker for assessing 
the peroxidation and integrity of the membrane system both 
under biotic and abiotic stresses (Shaik and Ramakrishna 
2014). During this study, the MDA in the leaves of BYMV-
inoculated V. faba increased to a concentration of 0.6 nM/g 
of FW from 0.44 nM/g of FW in mock-inoculated leaves 
(Fig.  3b). Also, the membrane ion leakage (measured 
as % conductivity) is directly proportional to the level of 
MDA and therefore an increase of 55.6% conductivity was 
observed in BYMV-inoculated V. faba (Fig. 2a). Studies 
revealed the increase of MDA production and membrane ion 

Fig. 2   Image showing physi-
ological changes in terms of 
moisture content, photosyn-
thetic efficiency and membrane 
ion leakage in mock (Healthy) 
and BYMV-inoculated (Inocu-
lated) V. faba. The data was 
measured in the leaf samples 
collected at 28 dpi. The x-axis 
represents the measuring unit. 
Values are means of three repli-
cates ± standard deviation (SD)
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leakage during drought and heat (Savicka and Škute 2010) 
as well as against the infection of CMV in tobacco (Kumar 
et al. 2016) and BYMV in faba beans (Radwana et al. 2010). 
Our results also corroborated well with the earlier findings.

The virus-infected leaves are characterized by reduced 
photosynthetic rate leading to a decrease in the concentra-
tion of soluble sugars (non-structural carbohydrate) and 
often starch accumulation (structural carbohydrate) (Shali-
tin and Wolf 2000). Studies revealed that sugar metabo-
lism is influenced by the infection of CMV in melon (Tecsi 
et al. 1996) and tobacco plants (Kumar et al. 2016). During 
this study, the total soluble sugar was found to decrease to 
38.96 mg g−1 FW in leaves of BYMV-inoculated V. faba 
from 61.46 mg g−1 FW in mock-inoculated plants (Fig. 3c). 
The increase in total protein was found associated with the 
reduction in sugar in tomato fruits infected with tomato 
yellow leaf curl virus (Singh et al. 2014). Our findings are 
consistent with these results as an increase in total protein 
together with a decrease in soluble sugar was observed in 
BYMV-infected V. faba.

Chlorophyll pigment is critical in the photosynthesis sys-
tem for the production of food in the form of carbohydrates 
and was observed seriously affected by the viral infection 
(Kumar et al. 2016; Ananthu and Umamaheswaran 2019). In 
this study, a reduction of 66.70%, 64.94%, and 66.19% in chl 

a, chl b, and total (chl a + chl b) pigments respectively was 
observed in leaves of BYMV-inoculated V. faba as compared 
to the mock-inoculated control plants (Fig. 3d–f, Table S2). 
The reduction in chlorophyll pigments indicated a poor pho-
tosynthetic system in the virus-infected leaves and therefore 
poor assimilation of non-structural sugars was observed. In 
an earlier study, the morphophysiological changes in the 
leaves of V. faba due to BYMV infection were observed 
and found that virus-infected cells had lower chloroplast 
pigmentation compared to the cells of uninoculated plants 
at 21 dpi (Elbeshehy et al. 2014). A highly gradual decline 
in photosynthetic pigments was also observed by Hemidia 
(2005) in BYMV-infected samples along with an increase in 
carbohydrates and soluble proteins. Our results are consist-
ent with these findings as reduced photosynthetic efficiency 
(Fv/Fm), lesser chlorophyll pigments and soluble sugar was 
found in the BYMV-inoculated V. faba. It is extrapolated that 
reduced photosynthetic efficiency may be due to improper 
chloroplast structures including dilated grana and thylakoids. 
This is evident in a study that showed ultrastructural changes 
in chloroplasts with an increased stromal area which became 
spherical in shape and some lost their envelopes, either par-
tially or totally, with the cylindrical inclusion body of varied 
shapes (Radwana et al. 2008).

Fig. 3   Image showing changes 
in biochemical attributes in 
mock (Healthy) and BYMV-
inoculated (Infected) plants 
of V. faba. The data was 
measured from samples col-
lected at 28 dpi. The x-axis 
represents the measuring unit. 
Values are means of three repli-
cates ± standard deviation
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The strict regulation of proline in plants is essential for 
maintaining the osmotic potential of tissues (Wang et al. 
2012), whereas the accumulation of free proline is an 
indicator of stress (Mazid et al. 2011). Estimation of free 
proline content revealed a significant increase of 29.31% 
(increased to 34.32 μM g−1 FW in BYMV-inoculated from 
24.26 μM  g−1 FW in mock-inoculated plants) (Fig. 3g, 
Table S2) and indicated that the inoculated plants have 
undergone stress due to the BYMV infection. The results are 
consistent as an increase of proline was observed in CMV-
infected tobacco plants to counterbalance the disturbed 
electrolyte system and to maintain the osmotic potential 
of infected tissues (Kumar et al. 2016). The phenolic com-
pounds in plant cells are secondary metabolites that have 
strong free radical scavenging capacity (Huang et al. 2006) 
and are reported to accumulate in response to pathogen 
attacks (Gachon et al. 2004). In the present study, increase 
in 9.41%, 14.94%, 1.61%, and 17.46% in the phenolic con-
tents of leaf, stem, immature, and mature seed samples 
respectively was observed in the BYMV-inoculated V. faba 
as compared to mock-inoculated plants (Fig. 3h, Table S3).

Specific phenolic compounds could open a way for 
revealing plant strategies against pathogen attacks in 
plant–virus interactions (Chaerle et al. 2007). In the present 
study, status of V. faba specific phenolic compounds: gal-
lic acid, protocatechuic acid, chlorogenic acid, caffeic acid, 
rutin, ferulic acid, quercetin, and kaempferol were observed. 
The amount of gallic acid was increased by 5.37% and 
24.04% in BYMV-inoculated leaf and stem tissues respec-
tively compared to the mock-inoculated plants, whereas in 
immature and mature seeds, it was reduced by 32.87% and 
10.09% respectively (Fig. 4a, Table S4). Similarly, protocat-
echuic acid was increased by 20.74%, 34.53%, and 6.89% 
in infected leaf, stem and mature seed samples. However, 
it was reduced to 17.5% in immature seeds (Fig. 4b). An 
increase of 12.56% and 32.32% was observed in infected 
leaf and stem sampled for chlorogenic acid, whereas it was 
reduced by 11.36% in immature seeds and 7.73% in mature 
seeds (Fig. 4c). Caffeic acid also followed the same trend 
and was increased by 7.13% and 43.02% in infected leaf 
and stem sampled whereby reduced by 3.0 9% and 14.05% 
in infected immature seeds and mature seeds respectively 

Fig. 4   Image showing changes in the specific polyphenols (gallic 
acid, protocatechuic acid, chlorogenic acid, rutin, ferulic acid, querce-
tin, caffeic acid, kaempferol and salicylic acid) in mock (Healthy) and 
BYMV-inoculated (Inoculated) V. faba. The data was measured in the 

leaf, stem and immature seed samples collected at 28 dpi and mature 
seeds at 30 days post harvesting. The x-axis represents the measuring 
unit. Values are means of three replicates ± standard deviation (SD)
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(Fig. 4d). Rutin and ferulic acid were the only polyphenols 
that showed an increasing trend in all tissue types. Rutin 
was increased by 7.33%, 61.14%, 56.00%, and 14.13% in 
all infected leaf, stem, immature seeds, and mature seeds 
respectively (Fig. 4e). The level of ferulic acid increased 
by 30.69%, 33.10%, 71.43%, and 1.62% in all infected 
leaf, stem, immature seeds, and mature seeds respectively 
(Fig. 4f). The level of quercetin was increased by 68.67% 
and 83.33% in infected leaf and stem samples respectively, 
whereas decreased by 88.89% and 33.33% in immature and 
mature seeds (Fig. 4g). Kaempferol remained unchanged in 
the leaf and immature seed samples of BYMV-inoculated 
plants, whereas increased up to 10% in infected stem and 
decreased by 9.09% in infected mature seeds (Fig. 4h). Inter-
estingly, the level of salicylic acid was increased by 71.69%, 
48.5%, 27.38%, and 38.71% in leaf, stem, and immature and 
mature seed samples respectively of BYMV-inoculated plant 
samples (Fig. 4i). The estimation of jasmonic acid (JA) was 
also attempted in both BYMV and mock-inoculated V. faba. 
However, the amount of JA was below the detection thresh-
old limit in the healthy samples and therefore could not be 
detected in BYMV-inoculated samples.

During this study, phenolic compounds showed either 
their up- or down-regulation in various plant parts. 
Higher accumulation of gallic acid, protocatechuic acid, 
chlorogenic acid, caffeic acid, rutin, ferulic acid, querce-
tin, and salicylic acid in the leaf samples was found due 
to the BYMV infection. Also, a high accumulation of 
rutin, ferulic acid, and salicylic was observed in imma-
ture seeds of BYMV-infected V. faba, whereas the con-
centration of protocatechuic acid, rutin, ferulic acid, and 
salicylic acid was high in mature seeds as compared to 
the healthy controls. These specific polyphenols are the 
exemplary compounds present not only in V. faba but 
also in many other plants species and have recently been 
reported to inhibit the growth cycle of seasonal influ-
enza and other human viruses (Kim and Chung 2018; 
Khan et al. 2020; Chojnacka et  al. 2021). In a study, 
Parvez et al. have clearly shown that quercetin can inhibit 
genome replication in human cells, and coincubation 
with nucleoside analogs enhances its efficacy against 
the Hepatitis B virus (Parvez et al. 2019). Cumulatively, 
our study is a first study that has shown the regulation of 
these polyphenols against a plant virus infection for the 
first time; however, this need to be evidenced further by 
the molecular studies.

The high accumulation of total phenolics in different 
plant parts of BYMV-infected V. faba tempted us to further 
study the activity of non-enzymatic detoxification of reac-
tive oxygen species (ROS). The level of ROS in plants is 
not only regulated by the antioxidant enzyme activities but 
also by the presence or absence of antioxidant metabolites, 
such as phenolic compounds and flavonoids. It is reported 

that the higher phenolic contents proportionally increased 
due to higher total antioxidant capacity (Cai et al. 2004). 
Also, when plants are exposed to pathogens, they produce 
ROS that induces programmed cell death in the plant cells to 
restrict the pathogen and limit the disease process (Apel and 
Hirt 2004). Therefore, the activity of antioxidant enzymes 
was assayed in leaf and mature seed samples of V. faba. The 
activity of APx was increased by 18.0% and 6.5% in leaf 
and seeds of BYMV-inoculated plants respectively (Fig. 5a, 
Table S5). CAT enzyme activity was induced by 59.5% and 
60.0% in leaf and seeds of BYMV-infected samples respec-
tively (Fig. 5b). SOD enzyme revealed 30.07% and 20.9% 
increase in leaf and seeds respectively (Fig. 5c). The enzy-
matic activity of GPx was also induced by 40% and 54.6% in 
the leaf and seed sample of infected V. faba plants (Fig. 5d). 
As a result, a modified antioxidant status was observed in 
BYMV-inoculated plants of V. faba. To support this, Rad-
wana et al. also observed modifications in proline, phenolics 
and antioxidant enzyme activities in BYMV-inoculated V. 
faba (Radwan et al. 2010). It is reported that phenolic com-
pounds are free radical scavenging molecules that are rich 
in their antioxidant activity (Dat et al. 2000). More, the need 
for proline in maintaining the elevated ROS level and shift 
in nitrogen metabolism has been reported earlier (Cai et al. 
2004; Hare and Cress 1997). Some studies revealed that 
the proline may also act as a potent scavenger of elevated 

Fig. 5   Image showing comparative changes in antioxidant enzyme 
activities in leaf tissue of mock (Healthy) and BYMV-inoculated 
(Inoculated) V. faba. The data was measured in the leaf samples col-
lected at 28 dpi and seed at 30 days post harvesting. The x-axis repre-
sents the measuring unit. Values are means of three replicates ± stand-
ard deviation (SD)
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reactive oxygen species (ROS) (Hare and Cress 1997; Chen 
and Dickman 2005) and the 29.31% increase in proline in 
BYMV-inoculated V, faba observed during the present study 
is corroborating well with the findings.

Nutritional quality after infection of BYMV

The nutritional composition of mature seeds obtained from 
the BYMV-inoculated and mock-inoculated V. faba was 
evaluated and the results are described in Table 1. A signifi-
cant decrease in dietary fiber (24.58%), protein (40.72%), 
fat (21.00%), total carbohydrate (31.25%), phosphorus 
(38.46%), zinc (14.67%), copper (18.62%), manganese 
(16.91%), and iron (7.70%) was observed, whereas the con-
centrations of tannins (measured as tannic acid), phytate, 
and total soluble sugar were increased by 31.91%, 12.50%, 
and 4.50%, respectively in seeds of BYMV-inoculated 
plants than in mock-inoculated (control) samples. V. faba 
also is reported to have a number of anti-nutrients includ-
ing phytates, vicine, convicine, saponins, lectins, raffinose, 
stachyose, tannins, trypsin inhibitors, and protease inhibi-
tors (Labba et al. 2021), present in mature seeds. The pres-
ence of anti-nutritional factors, such as phytate and tannins, 
has significant negative effects on nutritional quality (Towo 
et al. 2006). They are reported to negatively influence the 
bioavailability of minerals and alter the absorption of pro-
teins in the diet (Luo et al. 2008). During human consump-
tion, both phytate and tannins can bind to minerals, such 
as iron (Fe), and reduce its digestibility and bioavailability 
to cause iron deficiency in humans (Towo et al. 2006). Our 
results revealed that BYMV infections not only altered the 

physiological and biochemical attributes but also diminished 
the nutritional value of plants and their seeds.
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