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Okra Yellow Vein Mosaic Virus (OYVMYV) is an important and significant threat to okra production, causing great yield
losses in tropical and subtropical regions. The distribution and prevalence of OYVMYV infection were estimated in the okra
fields of Punjab, Pakistan, during 2020 and 2021. Surveys were conducted across Sargodha division (Sardogha, Khushab,
Mianwali, and Bhakkar districts) to collect symptomatic and asymptomatic leaf samples. The presence of OYVMV was
confirmed through PCR using specific primers. Disease incidence and severity were calculated using established formulas
and rating scales. Significant differences were found in the incidence and severity of OYVMYV infection among the districts
and crop varieties. In 2020, Sargodha had the highest incidence and severity (80% and 52 %), followed by Mianwali and
Khushab, while in Bhakkar, the lowest incidence and severity were recorded (70 % and 47 %). In 2021, Mianwali showed
the highest incidence and severity (73 % and 47 %), followed by Bhakkar and Khushab with Sargodha showing the least
values for both parameters (69 % and 44 %). Among the varieties, Sultan-121 displayed the highest incidence and severity of
the disease, while Sabz Pari had the lowest indices. Heat maps were utilized to visualize spatial variations in the incidence
and severity of the virus infection. These findings highlight the widespread presence of OYVMYV in Sargodha division and
determine a baseline for future control and management strategies intended to mitigate the OY VM V-incurred losses in okra

production.
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Introduction

Okra crop is threatened by many fungal, bacterial and viral
diseases, such as damping off (Matny 2013), leaf spot disease
(Arain et al., 2012), powdery mildew (Gogoi et al., 2013)
and Okra Yellow Vein Mosaic Virus (OYVMYV) (Kumar and
Vashisth 2024). The latter is the major disease in okra fields,
being one of the main yield hindrances in okra production.
OYVMV is a systemic pathogen, broadly transmitted by
the whitefly Bemisia tabaci vector as a considerable threat
to okra cultivation in the tropical and subtropical regions
(Davis, Thompson 2024). OYVMYV infects plants belonging
to several species in the genus Abelmoschus and brings
severe havoc into okra fields (Akinyele, Osekita 2006). Viral
diseases like OYVMYV have become a serious challenge in the
agricultural scenario of South Asia and Africa, contributing
to huge losses (Jamir et al., 2020). It causes symptoms like
vein yellowing, stunted growth and a reduction in fruit yield,
which may lead to total crop failure if management practices

are not employed in a timely manner. Unlike many other plant
viruses, the molecular diagnostics for OYVMV are more
developed and PCR-based techniques have been effective in
detecting the virus even in asymptomatic plants (Shabbir et
al., 2025). Virus-induced damage reported in okra plants of
several divisions in Pakistan and India was associated with
the whitefly transmission (Mubeen et al., 2017). Other means
of disease dispersal is grafting. The infection finally turns
symptomatic with observations like yellowing of veins, leaf
curling, and stunting. It severely affects okra pod quality and
quantity (Shwetha et al., 2024). Research focused on OYVMV
infection in major okra-growing regions, but it remained
noticeably deficient in Pakistan (Ali et al., 2012). Hence, this
study targets monitoring the incidence and spread of OYVMV
in okra fields within important growing divisions of Pakistan,
and as such, aims at developing a baseline for future control
and management strategies.

Materials and Methods

A survey was carried out to collect leaf samples in okra
growing areas of division Sargodha, viz. Sargodha, Bhakkar,
Mianwali and Khushab between 2020 and 2021. Leaf samples
were collected from infected okra fields in all areas. Areas
selected for monitoring and sample collection were Musakhel,
Rokhri, Chasma and Harnoli in Mianwali, Duellewala,
Goharwala, Jhok Mehar Shah and Kotla Jam in Bhakkar,
Jauharabad, Mitha Tiwana, Padhrar and Naushehra in

Khushab along with Chak 104 SB, Chak 128 SB, Chak 136 SB
and Sial Sharif in Sargodha district. Samples were randomly
collected from symptomatic and asymptomatic plants from
okra fields (Fig. 1). Infected samples were diagnosed based on
OYVMYV symptoms (Fig. 2A, B, C, D): yellowing of veins,
leaf curling, stunted growth and reduced fruit yield. Infected
fruits are yellow, fibrous, small and tough (Chaudhary et al.,
2017). These symptoms can be associated with significant
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Figure 1. Map of the districts under study

Pucynoxk 1. Kapra paifoHOB B uccle1oBaHU

Figure 2. Okra Yellow Vein Mosaic Virus infection symptoms on okra plants

Pucynok 2. CUMNTOMBI 3apa)keHHs] pacTeHUH 0aMHUU BUPYCOM JKENTOMN JKHIIKOBOM MO3auKu OaMHun

yield losses if not managed effectively (Mubeen et al., 2021).  during the sample collection. Hot spots were marked for future
The severity of virus infection (Mubeen et al., 2017) was  investigation. The incidence of viral infection in okra plants
based on a visible manifestation of symptoms by the plants  was calculated based on positive samples confirmed through
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polymerase chain reaction (PCR). Five leaf samples for each
variety were subjected to PCR and the formula is mentioned

as follows:
Number of Diseased Plants

Disease Incidence ( %) = x 100
Total number of Plants Examined

(Mubeen et al., 2017)

The severity of OYVMV infection was recorded as
described by Mubeen et al. (2017) and disease rating scale is
given in Table 1. The DSI was calculated according to the for-
mula given by McKinney (1923).

Severity Scalex Number of Diseased Plants
Disease Severity Index= x100
6x Total number of Plants Examined

Disease incidence and severity data were collected for
the years 2020 and 2021 and analyzed using R programming
language (version 4.4.3). Data were imported from Microsoft
Excel files using the readxl package and pre-processed using

Table 1. Severity rating scale of Okra Yellow Vein Mosaic
Virus infection

dplyr. The mean incidence or severity was calculated as the
arithmetic average while the standard error was determined as
the standard deviation divided by the square root of the sample
size. Visualizations were generated using the ggplot2 and
cowplot packages. Bubble maps were created for each variety
in both years, where circle sizes represented the magnitude of
disease incidence or severity and color gradients were used to
denote intensity levels. The heat map technique was utilized to
illustrate the combined effect of different varieties. A heat map
is defined as the 2-dimensional data visualization technique
which is used to represent the intensity of individual values
within a dataset as a color. The variation of value is as the color
intensity. Blue, grey, green, yellow and red colors of different
intensityshow the values of severity which are being exploited
for comparison in different locations over two years, as well as
for different locations within a year.

Tabauuna 1. [lIxana oreHKH MOpakeHHOCTH BUPYCOM
JKENITOM JKUIIKOBOM MO3auKU OaMHH

Rating Sevoe iy, Symptoms Remarks banbHas Creners o CuMIITOMBI [Ipumeuanus
scale % mKajga | mopaxenus, %
0 0 No symptoms _Imrnune. 0 0 Her cHMITOMOB HeBOCl‘IpI:I-
Few scattered | Highly resist- HMMYMBBINA
1 Upto 10 .
lesions only ant | 1010 OpnuHOYHBIE pa3po3- Bricoxo-
HEHHBIE IOPAKCHUS CTONYUBBII
2 11-25 Visible lesions | YVioderately P Y
resistant Cpenne-
. . 2 11-25 3aMeTHbIC TOpaKEHUS N .
Visible lesions YCTOHYMBBII
3 26-50 without stem Tolerant 3 26-50 [Nopaxxenus 6e3 onosi- | TomepaHt-
girdling CBIBaHHS YeperIKa HBIH
Lesions with Moderately [opaxenus ¢ omnoscel- | CpenHeqyBs-
4 51-60 o . 4 51-60 .
stem girdling susceptible BaHUEM CTeOIst CTBUTEIBHBII
Early vein Hauano noxentenus
. . . UyBcTBU-
5 61-70 yellowing with Susceptible 5 61-70 JKUIIOK ¢ MO3aHMYHBIM G-
mosaic pattern pacnpeneneHueM
Vein yellowing [oxenteHue KAIOK C
6 71-100 with mosaic nghly suscep- 6 71-100 MO3aWYHBIM pacrpere- Bmcoxo‘in-u
pattern and stem tible JICHWEM U OTOSICHIBA- | CTBUTENBHBIN
girdling HHEM YepeniKa
Results

The data was transformed to analyze the incidence and
disease severity statistically. PCR showed that the incidence
was significantly different in all the districts of Sargodha
division. Among the four varieties, disease incidence (Fig. 3A,
B) and severity (Fig. 4A, B) significantly differed. The disease
incidence and severity scores were high in Sultan-121 with
mean values of 83.94% and 55.23 %, respectively, followed
by BS728 (78.88%, 51.62%) and Ujala (76.56 %, 51.43 %).
The least disease incidence and severity were recorded in Sabz
Pari with mean values of 66.56 % and 41.52 %, respectively in
2020.1In 2021, the highest values were found in Sultan-121 with
mean values of 81.81% and 41.52% respectively, followed
by BS728 (72.18%, 47.95%) and Ujala (67.00 %, 42.54%).
The disease incidence and severity were found lowest in Sabz
Pari, with mean values of 61.18% and 36.72 %, respectively.
During 2020, the highest incidence was recorded in Sargodha,
with a value of 80.06 %, followed by Mianwali (79.69 %) and
Khushab (75.75%). The lowest incidence was recorded in
Bhakkar (70.44 %) (Fig.4), Whilein 2021, the highest incidence
was recorded in Mianwali, with a value of 72.88 %, followed
by Bhakkar (71.00%). The least was recorded in Khushab

(69.19 %), at par with Sargodha (69.06 %). The same trend was
found in disease severity. During 2020, the highest severity
(DS) was recorded in Sargodha with the value of 52.02%
followed by Mianwali (51.07 %) and Khushab (49.85 %) and
the least severity was recorded in Bhakkar (46.85 %) while in
2021 the highest Severity was detected in Mianwali with the
value of 47.26% followed by Bhakkar (47.02 %), Khushab
(44.93%) and least was observed in Sargodha (44.04%).
There was a difference in disease incidence and severity
among the same areas and varieties for two years which might
be due to environmental conditions, agronomic practices and
insect vectors. For example, Duellewala displayed red- and
yellow-colored severity bubbles for Sultan-121 in 2020 and
2021, respectively; i.e. the severity was reduced. Heat map
analysis for same year showed that the severity was higher in
Duellewala than in Harnoli. Jhok Mehar Shah exhibited high
severity (over 90%) for the Sultan-121 in both years, being
slightly less intense red in 2020, which became dark red in
the next year. Heat maps of the incidence (Fig. 5) of different
varieties and heat maps of varying severity (Fig. 6) of varieties
are given in this chapter for a clear picture of the situation.
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Discussion

The data analysis revealed the prevalence of infection across
all okra-growing regions of the Sargodha division in Punjab,
Pakistan. While virus detection based on symptomology is
often unreliable and time-consuming (Ali et al., 2005), as it
depends on the visible manifestation of symptoms in indicator
plants, PCR offers a more practical, sensitive and effective
detection method using specific primer pairs (Senevirathna
et al., 2016). This study was the continuation of a previous
study by the authors where OY VM V-infected samples showed
the desired amplification levels when subjected to PCR. Our
results confirmed the presence of virus in the infected samples
in the previous study by Shabbir et al. (2025). The present
study on OYVMV’s distribution across okra-growing areas
agreed with the already published data. Similar survey had
also been carried out in Bangladesh and PCR was applied
to show the presence of the virus OYVMYV (Hossain et al.,
2023). Subsequently, OYVMYV was discovered globally as an
important pathogen of the okra crop. It was first discovered

in the USA in 2010 (Hernandez-Zepeda et al., 2010), though
Venkataravanappa et al. (2015) detailed its genomic features,
with DNA A encoding 5-7 proteins and DNA B encoding two
proteins, providing a total survey of virus sizes ranging from
2.5 to 2.8 kbp (Shuja et al., 2022). It was recorded for the first
time in Sri Lanka by Tharmila et al. (2017) and later reported in
Thailand by Tsai et al. (2013). OYVMYV was detected in 17 of
18 okra genotypes in PCR analysis and resistance was shown
by one genotype (Shabbir 2025). Recent research also covers
the study conducted by Tharmila et al. (2017), which described
a qPCR methodology used in the detection and quantification
of beta satellites linked to OYVMYV. Furthermore, several
studies considered PCR as a significant method to indicate the
presence of OYVMYV in okra plants. Mondal et al. (2015) also
studied image processing techniques to detect and classify the
presence of yellow vein mosaic virus in okra leaves, thereby
solidifying PCR’s reliability as a successful detection method.

Conclusions

Our study concludes that OYVMYV is widely distributed
across all the okra-growing areas in the Sargodha Division,
Punjab. The virus has a significant impact on various okra
varieties with notable differences in incidence and severity
between districts and cultivars. Sultan-121 showed the highest
disease incidence and severity and highlighted its vulnerability
to the virus. The successful detection of OYVMV through
PCR-based methods proved to be a reliable and sensitive
approach which enabled the identification of infected plants
including those with no visible symptoms. This underscores
the importance of early and precise detection in managing the

disease. Regular monitoring coupled with PCR diagnostics
is essential for effective disease management and early
intervention especially in the areas where virus prevalence is
high. The development of resistant varieties, integrated pest
management strategies targeting whitefly vectors and timely
interventions could help mitigate the impact of OYVMYV on
okra crops. Future research should focus on assessing the long-
term impact of OYVMYV on okra productivity and exploring
potential control measures. Overall, this study provides a
foundation for future efforts aimed at controlling OYVMV
and ensuring the sustainability of okra cultivation in Pakistan.

Acknowledgements

Checking English grammar and style was the courtesy of Ken Smith, Master in TESOL (Santo Domingo, Dominican Republic).

References

Akinyele BO, Osekita OS (2006) Correlation and path
coefficient analyses of seed yield attributes in okra
(Abelmoschus esculentus (L.) Moench). Afr J Biotechnol
5:1330-1336

Ali MI, Khan MA, Rashid A, Javed MT, Sajid M (2012)
Epidemiology of Okra Yellow Vein Mosaic Virus
(OYVMYV) and its management through tracer, mycotal and
imidacloprid. Am J Plant Sci 3:2122-2126

Ali S, Khan MA, Habib A, Rasheed S, Iftikhar Y (2005)
Correlation of environmental conditions with okra yellow
vein mosaic virus and Bemisia tabaci population density. /nt
J Agri Biol 7:142-144

Arain AR, Jiskani MM, Wagan KH, Khuhro SN, Khaskheli
MI (2012) Incidence and chemical control of okra leaf spot
disease. Pak J Bot 44:1769-1774

Chaudhary A, Khan MA, Bilal Y (2017) Management of
okra yellow vein mosaic virus and its vector through plant
extracts. J Plant Pathol Microbiol 8:393

Wilbur DT, Thompson AN (2024) Begomoviruses associated
with okra yellow vein mosaic disease (OY VMD): diversity,
transmission mechanism, and management strategies. Mol
Horti 4:36

Gogoi R, Singh PK, Kumar R, Nair KK, Alam I, Srivastava
C, Yadav S, Gopal M, Choudhury SR, Goswami A (2013)

Suitability of nano-sulphur for biorational management of
powdery mildew of okra (4belmoschus esculentus Moench)
caused by Erysiphe cichoracearum.J Plant Pathol Microbiol
4:171-175

Hernandez-Zepeda C, Isakeit T, Scott Jr A, Brown JK (2010)
First report of Okra yellow mosaic Mexico virus in okra in
the United States. Plant Dis 94:924

Hossain MA, Hossen MS, Nasib MAO, Hossain MT, Karim
MR (2023) Field survey and molecular characterization of
a bipartite begomovirus causing okra yellow vein mosaic
virus disease in the Rajshahi region of Bangladesh. Indian
Phytopathol 76:1063—1072

Jamir I, Mandal AK, Devi AP, Bhattacharjee T, Maurya PK,
Dutta S, Chattopadhyay A, Pramanik K, Banik S. (2020)
Screening of genotypes against viral diseases and assessment
of yield loss due to yellow vein mosaic virus in okra grown
in the eastern part of India. /ndian Phytopatho 73:125-133

Kumar Y, Vashisth L (2024) Study on Yellow Vein Mosaic
Virus of Okra and Management. Viral Diseases of Vegetable
& Fruit Crops 33:151

Matny ON (2013) First report of damping-off of okra caused
by Phytophthora nicotianae in Iraq. Plant Dis 97:558-558



Shabbir M A. et al. / Plant Protection News, 2025, 108(3) p. 182—189 189

McKinney HH (1923) Influence of soil temperature
and moisture on infection of wheat seedlings by
Helminthosporium sativum. J Agric Res 26(5)195-217

Mubeen M, Iftikhar Y, Abbas A, Abbas M, Zafar-ul-Hye M,
Sajid A, Bakhtawar F (2021) Yellow Vein Mosaic Disease in
Okra (dbelmoschus esculentus L.): An Overview on Causal
Agent, Vector and Management. Phyton 90:1573

Mubeen M, Iftikhar Y, Ullah MI, Shakeel Q, Aatif M, Bilgees
1 (2017) Incidence of Okra Yellow Vein Mosaic disease in
relation to insect vector and environmental factors. Environ
Ecol 35:2215-2220

Shabbir MA, Iftikhar Y, Zeshan MA, Mubeen M, Shafique
T, Ambreen K, Sajid A (2025) Molecular and Biological
Characterization of Okra Yellow Vein Mosaic Virus in the
Punjab, Pakistan. Int J Agric Biol 34(04).

Shabbir MA, Iftikhar Y, Mubeen M, Zeshan MA, Jun Y,
Almutairi LA, Ahmed AE (2025) Effect of Okra Yellow
Vein Mosaic Disease on Biochemical Components of Okra
Plants. Pak J Agri Sci 62(2):291-299.

Senevirathna HMSI, Wasala SK, Senanayake DMIJB,
Weerasekara D, Wickamasinghe HAM, Deepal PKGA
(2016) Characterization and detection of yellow vein disease
of okra (4belmoschus esculentus (L.) Moench) in Sri Lanka.
Trop Agric Res 27:360-369

Becrtauk 3amuTsl pactennit, 2025, 108(3), c. 182-189

OECD+WoS: 1.06+QU (Microbiology); 4.01+AM (Agronomy)

Shuja MN, Riaz H, Ali M, Qasim M, Anees M, Winter S,
Hassan S, Hassan MM, Elsharkawy MM (2022) Molecular
characterization and identification of bhendi yellow vein
mosaic virus with satellite DNAs infecting okra plants of
district Mardan, Pakistan. Egypt J Biol Pest Cont 32:49

Shwetha A, Gunnaiah R, Basavaraja N, Krishna KA, Kumar
HRU, Sameer S (2024) Discovery of an SSR marker
linked to Yellow Vein Mosaic Virus resistance in Okra
(Abelmoschus esculentus L. Moench). Genet Resour Crop
Evol 71:2573-2584

Tharmila CJ, Jeyaseelan EC, Thsan U, Wetten AC, De Costa
DM, Shaw MW (2017) First report on association of okra
yellow vein mosaic virus with yellow vein mosaic disease
of okra (Abelmoschus esculentus) in Sri Lanka. Plant Dis
101:1335

Tsai WS, Shih SL, Lee LM, Wang JT, Duangsong U, Kenyon
L (2013) First Report of Bhendi yellow vein mosaic virus
associated with yellow vein mosaic of Okra (4belmoschus
esculentus) in Thailand. Plant Dis 97:291

Venkataravanappa V, Prasanna HC, Reddy CNL, Reddy
MK (2015) Evidence for two predominant viral lineages,
recombination and subpopulation structure in begomoviruses
associated with yellow vein mosaic disease of okra in India.
Plant Pathol 64:508-518

https://doi.org/10.31993/2308-6459-2025-108-3-17058

Ilonnomexcmosas cmamosn

MOHUTOPHUHI BUPYCA XEJITOM XXUJIKOBOM MO3ANKU BAMUU
B OKPYTE CAPJOI'XA, [TAKMCTAH

M.A. lI1a66upt, M. Mybunt, . Ubtuxap*, M.A. 3eman, A. Camxung

Omoen dhumonamonozuu, Konneodxc cenvckozo xosaticmea, Yuusepcumem Capozooxu, Capzooxa, [lakucman
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1A6mopbi ¢ pagHO3HAYHBIM 6KIAOOM

Bupyc xénroit xunkoBoit Mozaukn Gamum (OYVMYV) — BaxHas W 3HauMTeNbHAs yrpo3a IMPOWU3BOACTBA OaMuH,
BBI3BIBAIOIIAs OTPOMHBIC ITOTEPH YpOXKasi B TPOIMUECKUX M CyOTponuueckux pernonax. Pacnpocrpanénnocts OY VMV
OlLIeHMBaJIach Ha oJsix Oamuu B IlyHpkabe, [lakucran, B 2020 u 2021 rr. O6cnenoBanus nposesieHk! B paiioHax Caprorxa,
Xymab, MuanBamu u bxakkap okpyra Capaorxa juisi coopa o0pasIioB JIMCTBEB C CUMITOMaMu 1 0e3 Hux. [Ipucyrcrue
OYVMYV mnoxarsepxxaeHo ¢ momomsio 1P ¢ BumocnenuduunsiMu npaiiMepamu. PacnpoctpaneHHOCTh OONe3HH U
CTENEHb MOPaXXEHHS PACTEHHH PacCUUTHIBAIACH C TIOMOIIBIO OOMICTIPUHATHIX (OPMYN M OaJUTbHBIX OLIEHOK. BEBISBIECHBI
CYIIECTBEHHBIC pa3fIMyMs ITHUX MOKa3areJed NpH CpPaBHEHWH DPasHBIX paifoHoB M coptoB. B 2020 romy HanbGomnbuine
3Ha4YEHMs PAcIIPOCTPAHEHHOCTH OOJIC3HH M CTEeNeH! mopaxeHus pactenuid (80 u 52 %) nabmronanuce B paiione Capiorxa;
3aTeM cienoBadn MwuanBaiu n Xyma0, a B paiione bxakkap Obuim HammeHbmme mnokaszarenu (70 m 47%). B 2021
TOly MaKCHMAaJIbHBIC 3Ha4eHUs oTMeueHbl B MuanBamu (73 u 47 %), muaumanbsHeie — B Caprorxe (69 u 44 %). Cpeau
MPOaHaJIN3UPOBAHHBIX copToB, Cynran-121 mpopeMOHCTPHpOBal HanOoJee BBHICOKHE 3HAYECHUsI PaclpOCTPaHEHHOCTH
Oone3Hn W cTeneHu nopaxeHus pactenuii, a Cad3 Ilapn — HanbGonee Hu3kHe. «TemyoBble KapThD» MCHOJIB30BAHBI JUIS
BU3YaJIM3allMd TPOCTPAHCTBEHHOTO BapbHUPOBAHMUS PAcCHpPOCTPAHEHHOCTH BHUPYCHOM MH(EKLIUHM W CTEIEHH MOPaKEHUS
pacTeHuii. OTU pe3yabTaThl MOAYEPKUBAIOT MIUPOKYIO BcTpedaeMocTs OY VMYV B okpyre Capaorxa u 3a1atoT OTIIPaBHYIO
TOYKY JUIsl TIOCHERyIomeil pa3paboTKu cTpareruii OOpbObI, HANIPaBICHHBIX Ha CHMKEHHE IOTEph IPOM3BOJCTBA OaMuH,
CBSI3aHHBIX ¢ 3apakeHneM OY VMV,

KaioueBnie cioBa: OY VMYV, Oone3Hu pacTeHHi, BCTpEYaeMOCTh, CTENIeHb NopakeHus! pactenuid, Capronxa, Xyao,
Muansanu, bxakkap
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