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infections on the morphological and physiological characteristics
of the bell pepper (Capsicum annuum L.)
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Abstract:

Bell pepper (Capsicum annuum L.), in Solanaceae family plays a vital role in a
healthy diet due to its fiber, vitamins, and minerals. Bell pepper production is
significantly affected by viral, bacterial, fungal, and nematode infection. This study
aimed to examine effects of cucumber mosaic virus (Cucumovirus CMV) and alfalfa
mosaic virus (Alfamovirus AMV) infections on the morphological and physiological
characteristics of the bell pepper cultivar California Wonder. The traits assessed
included plant height, greenness index, leaf area index (LAI), fresh and dry weight
of the plant, fresh fruit weight, total phenol content, vitamin C, chlorophyll a and b,
carotenoids, and proximate composition, including moisture, protein, crude fiber,
ash, crude fat, and carbohydrates. The results indicated that infection with CMV and
AMV resulted in a significant reduction in plant height, greenness index, LAI, fresh
and dry weight of the plant, chlorophyll a and b, carotenoids, vitamin C, and fresh
fruit weight. No significant change was found in the total phenol content between
infected and control plants. The percentages of moisture, protein, ash, crude fat, and
carbohydrates were not affected by viral infections. However, the percentage of
crude fiber significantly increased in infected plants. Overall, the findings of this
study suggest that infection to CMV and AMV, reduces growth, yield, fresh fruit
weight and vitamin C, leading to a decline in the nutritional value of bell pepper
fruits.

Keywords: bell pepper, cucumber mosaic virus (CMV), alfalfa mosaic virus
(AMV), Vitamin C



https://doi.org/10.22034/IJPP.2025.2021842.478
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0

Saghazade Mahani et al. | Effects of cucumber mosaic virus and alfalfa mosaic virus infections on...

Extended Abstract
Introduction

Bell pepper (Capsicum annuum L.), a member of the
Solanaceae family, is valued worldwide for its nutritional
and health benefits due to its rich content of fiber, vitamins,
and minerals, while being low in fat and calories (Anaya-
Esparza et al., 2021; Thuphairo et al., 2019) . Its bioactive
phytochemicals—including phenolics, flavonoids,
carotenoids, capsaicinoids, and tocopherols—contribute to
human health by providing antioxidant, anti-inflammatory,
and therapeutic properties (Wahyuni et al., 2013). However,
bell pepper productivity and fruit quality are highly
vulnerable to viral infections that cause significant
agronomic and economic losses. Among the most
destructive viruses are cucumber mosaic virus (CMV;
Cucumovirus CMV) and alfalfa mosaic virus (AMV;
Alfamovirus AMV), which induce mosaic patterns, chlorosis,
leaf deformation, and growth suppression (Ayazpour, 2014).
Such infections negatively affect plant morphological and
physiological traits including plant height, leaf area index
(LALI), photosynthetic pigments, fruit yield, and biochemical
composition (Kim et al., 2010; Pazarlar et al., 2013).
Additionally, CMV and AMV can compromise fruit
nutritional value by reducing chlorophylls, carotenoids, and
vitamin C, components vital to human diet and antioxidant
defenses (Martins et al., 2023; Rahman et al., 2019).

This study investigated the effects of CMV and AMV
infections on the morphological and physiological
characteristics of bell pepper (Capsicum annuum L.) under
greenhouse conditions.. The assessed parameters, crucial for
crop yield and nutritional value, included plant growth
(height, LAI, fresh and dry biomass), leaf greenness, and
concentrations of chlorophyll a, chlorophyll b, and
carotenoids. Additionally, analyses were performed on total
phenolic content, ascorbic acid (vitamin C) levels, and the
proximate composition. The antioxidant activity of the

infected plants was also evaluated.

Materials and Methods

Seeds of bell pepper cultivar ‘California Wonder’ were
germinated and grown under controlled greenhouse
conditions with optimal temperature (15-26 °C) and natural
light. Two viral isolates were used: CMV-Fny (sourced from
infected cucumber) and AMV (Leiden strain 425) from
tobacco (Nicotiana tabacum cv. Samsun). Mechanical
inoculation was performed on two- to three-leaf stage
seedlings using phosphate buffer and virus inoculum
prepared from infected plant tissues. Successful infection
was confirmed by reverse transcription polymerase chain
reaction (RT-PCR) using virus-specific primers and back-
inoculation on indicator plants such as cucumber and
Nicotiana clevelandii.

A completely randomized design was applied with 15
replicates per treatment; CMV-inoculated plants, AMV-
inoculated plants, and mock-inoculated controls.
Morphological indices (plant height, LAI, fresh and dry
weights of shoots and fruits) were measured using Delta-T
equipment and gravimetric methods. Greenness was
SPAD-502

Photosynthetic pigments content, includechlorophyll a, b,

assessed using a chlorophyll  meter.
and carotenoids were quantified spectrophotometrically
following Arnon (1949). Vitamin C content was determined
via iodine titration (Helmenstine, 2024). Total phenolic
content was assayed using the Folin—Ciocalteu method
(Ainsworth & Gillespie, 2007). Proximate analysis included
determination of moisture, crude fiber (AOAC 978.10;
(Thiex et al., 2019), protein (Kjeldahl method with 4.4
nitrogen-to-protein conversion factor; (Mariotti et al.,
2008)), fat (petroleum ether extraction), ash, and
carbohydrate content (calculated by difference; (Bakhtiar et
al., 2024). Data were analyzed using a general linear model
(GLM) in Minitab software. Traits were also clustered by

heatmap analysis to visualize viral impact patterns.
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Results

Mechanical inoculation successfully established systemic
CMV and AMV infections, confirmed by characteristic
mosaic, yellowing, leaf curling, and stunting symptoms that
intensified by 30 to 90 days post-inoculation. CMV caused
more severe deformities and delayed fruit set compared to
AMV.

Both viruses significantly reduced plant height and LAI
relative to controls (p < 0.01). CMV-infected plants
exhibited a 33.4% height reduction, while AMV reduced
height by 42.6%. Similar declines were observed in fresh
and dry shoot biomass: CMV decreased fresh weight by
~62.8% and dry weight by ~74.7%, whereas AMV caused
~47.4% and ~39.6% reductions, respectively. Fresh fruit
weight also dropped markedly under both infections, with
CMV imposing the greatest yield loss.

Leaf greenness (SPAD index) decreased significantly in
both CMV- and AMV-infected plants. Chlorophyll a and b
concentrations and total carotenoids also declined under
infection (p < 0.01), though carotenoid reduction was more
pronounced in CMV than AMV treatments. Total phenolic
content, however, did not differ significantly between
infected and control plants in either leaves or fruits.

Vitamin C content decreased substantially following viral
infection. CMV caused the strongest reduction—up to
79.8% compared to healthy controls—while AMV also
significantly diminished vitamin C levels, albeit less
severely.

Analysis of proximate fruit composition showed no
significant changes in moisture, protein, ash, fat, or
carbohydrate percentages between treatments. However,
crude fiber content increased notably in infected fruits,
suggesting cell wall remodeling under viral stress.

Heatmap clustering grouped the evaluated traits into three
distinct clusters, revealing differential viral effects. Moisture
formed an independent cluster; greenness, carotenoids, and
carbohydrates clustered together; while chlorophylls, plant
growth parameters, vitamin C, and proximate metrics like

fiber and ash formed a larger group. CMV exerted stronger

suppressive effects on greenness, chlorophyll a, plant height,
and vitamin C, while AMV had greater influence on

chlorophyll b.

Discussion

The present findings confirm that CMV and AMV
pepper growth,
physiology, and fruit nutritional quality. Significant

infections profoundly disrupt bell
reductions in plant height, LAI, and biomass under both
viruses align with earlier reports of CMV- and AMV-
induced stunting and biomass loss in peppers (Hosseini et
al., 2021; Pazarlar et al., 2013). The decline in chlorophyll
content and leaf greenness parallels prior studies linking
CMV infection with impaired chlorophyll biosynthesis
(Rahman et al., 2019; Shakeel et al., 2016). Reduced
chlorophyll and carotenoids not only weaken photosynthetic
output but also lower antioxidant potential and nutritional
value (Martins et al., 2023). Vitamin C depletion in infected
fruits is especially concerning, given its central role in
antioxidant defense and consumer health. The magnitude of
reduction under CMV corroborates earlier findings in
Capsicum and other crops experiencing viral stress (Azam et
al., 2017; Zarrillo et al., 2017). Crude fiber enrichment
suggests stress-induced structural reinforcement of cell
walls, a response also noted under other biotic challenges
(Nitiema & Sombié, 2019).
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Fig. 1. Symptoms observed in bell pepper plants inoculated with cucumber mosaic virus (CMV) and alfalfa mosaic

virus (AMV) 14-, 30- and 90-days post-inoculation (dpi) in comparison with control plants (Mock).
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Fig 2. Symptoms observed after back-inoculation of the extract of bell pepper plants inoculated with cucumber

mosaic virus on cucumber plants.
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Fig 3. Symptoms observed after back-inoculation of the extract of bell pepper plants inoculated with alfalfa mosaic

virus on Nicotiana clevelandii and N. tabacum cv. Samsun plants
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Fig 4. Results of electrophoresis of the amplified 780 nucleotide fragment of the coat protein gene of alfalfa mosaic

virus using primers AMV-F and AMV-R. RT-PCR of total RNA extract of plant inoculated with lane 1: alfalfa mosaic virus,

Lane 4: RT negative control, Lane 5: PCR lane 2: cucumber mosaic virus and lane 3: phosphate buffer (negative control)

negative control. Lane 6: DNA size marker (100 bp plus ladder marker CinnaGen, Iran).

iy SSlise rsps 5ok SSlise esps bedd Giale OS5 gLl S ool slsls a3 5 sdel oy slaesls 4 a5
‘)C\A:)‘&ASMLA)LA:;bMM))\‘Y/?}M)JW/Yg_,\:;):M w‘)ﬁ}‘})\?} g_i::\)}» w}ﬁjbo:}_ﬂduggffdamupuj
(0 I8 wsls ol il .,\,.a).s&c\a.ﬂ); Sl sme als (als QLS L ans 5 Sl 50
Height LAI
30 a 40 1 ¢
25 5 35 4
2 30 -
20 - b b o s ]
E 15 - I g 20
o ]5 -
10 A E b
- L 10 1 b
, ] S 1 :
0 0
Mock CMV AMYV Mock CMV AMYV

OLLS 5 wni g Silige s ps Ol Slige wsps b odd Giale slaads Jals OLS & s jasls 5 pls,1 o Kils amslis O S
LI el Sl pme sl LS By b slasles dals

Fig. 5. Comparison of the means of height and leaf area indices (LAI) of bell pepper plants inoculated cucumber
mosaic virus, alfalfa mosaic virus with those of control plants (Mock). Treatments with the same letters are statistically

not significant different.
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Fig. 6. Comparison of the mean of fresh weight (FW), dry weight (DW), and fresh fruit weight of bell pepper plants
inoculated with cucumber mosaic virus, alfalfa mosaic virus with those of control plants (Mock). Treatments sharing the

same letters indicate no statistically significant difference.
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Fig. 7. Comparison of the mean of greenness of bell pepper plants inoculated with cucumber mosaic virus, alfalfa mosaic
virus, and control plants (Mock). Treatments sharing the same letters indicate no statistically significant difference.
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Figure 8. Comparison of the mean of chlorophyll a, chlorophyll b, and carotenoids in bell pepper plants inoculated
with cucumber mosaic virus, alfalfa mosaic virus, and control plants (Mock). Treatments sharing the same letters are not

statistically significantly different.
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Fig. 9. Comparison of the mean of vitamin C content in bell pepper plants inoculated with cucumber mosaic virus,

alfalfa mosaic virus, and control plants (Mock). Treatments sharing the same letters are not different, significantly.
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Fig. 10. Comparison of the approximate composition of bell pepper plants inoculated with cucumber mosaic virus,

alfalfa mosaic virus, and control plants (Mock).
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Fig. 11. Comparison of the mean of crude fiber percentages in bell pepper plants inoculated with cucumber mosaic
with those of control plants (Mock). Treatments sharing the same letters are not statistically virus, alfalfa mosaic virus

significantly different.

‘(yji);rjf&)l:(Ji;))w)jsﬂ&);leamﬁa,ujf Syse Dlis ghuad gt 5 BLssl ke 4 Slis L;)\FM}QUT

Q\ﬁﬁau@)uf&)sq}b)wyw.;;,&ﬁ;L“U'AJ.VSJ'l DB ad a5 Oles a5 sl 0L J«Llﬁﬂ 350 clasled 5y axdllas

\FY




cee g3 A g) Sl 190 g g 9 sb Sl 190 g pg 4 (FOPT Wil 151y l%0n g (Sllo 00! jlaw

Q‘J:"}L?)’)>JSJ"3U‘jf‘dﬂwjé‘&“bu)ﬁ‘c"wti}u\ﬁ Jw?ﬁ)f)b:ﬁ 6&: 4.«54)5-)} Qb.\:—hﬁﬁ.\.&)}j.&jjﬁj)ls ‘g;“.'.}""”
QY ISK2) s 85138 ol adss 3 5o o 3 S Lo bt b Ao Wiy i) b a il omen Slins il

Lh_fj c}a.ﬂ U.G;-L.:J 445)..!); Q)} “j’.‘:‘)”' U)j ‘g}.‘.“‘;jﬂ Loy A,’L..Sb-

120
100
80

0 ‘ SR CSPRR) [N [ — el [ o | |

0
20

Eudlidean distance

Carotencide
Spad

5
8
=

TP Fruit

TP leaf

Fat

ow

Vit

LAl

Fw

Fruit weight
Protein

Ash

Fiber

Height
Chiorophyll a
Ghiorophyll b
Carbohydrate

Aol 5 (AMV) ai gy Salise w9 (CMV) Sl Solige g s & 0381 Jalb 0LLE 55 ob3)l 5,50 Slawo guad g 50T Y IS
LAI “S.:é' b}_’ DW LJJ b}_’ FW ‘ﬁ.}:‘“ b‘}:& SPAD ....\3)|.>J|J§ ﬂ‘)}’“)) Quﬁ}déﬂjﬁ)é L‘b)L&.; é)‘f'&ﬁ&i‘)é

.JSJLé:TP“S/ﬂck.auaéLi

Fig 12. Cluster analysis of the evaluated traits in bell pepper plants inoculated with cucumber mosaic virus (CMV),
alfalfa mosaic virus and control plants (mock). In this heatmap, the treatments and the studied traits are shown on
vertical horizontal axis, respectively SPAD: Chlorophyll content, FW: Fresh weight, DW: Dry weight, LAI: Leaf area index,

TP: Total phenols.
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