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A B S T R A C T 

Abelmoschus esculentus L. Moench, more often known as okra, is a popular and widely consumed vegetable that belongs 
to the Malvaceae family. It is rich in a variety of essential nutrients, including carbohydrates, proteins, and vitamins. The 
okra yellow vein mosaic disease (OYVMD) is one of numerous biotic and abiotic variables that pose a danger to okra 
productivity. In order to investigate the impact of amino acid treatments and algal extracts on inducing systemic 
resistance in okra against the Okra yellow vein mosaic virus, an experiment was carried out in the fields in the western 
areas of Samawa City-Muthanna Governorate, Iraq (OYVMV). Research on the impact of the virus found that amino acid 
and algal extract treatments were most effective, leading to the fewest number of infected okra plants. Peroxidase 
enzyme, superoxide dismutase, and catalase levels were highest in those who received a combination of amino acids and 
algal extract. The duration of 14 days was also longer than the spans of 7 and 21 days. While amino acid and algal extract 
therapy for 21 days had the highest total phenolic concentration, it also had the most negative effects. 
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INTRODUCTION 

Okra (Abelmoschus esculentus L. Moench) is one of the 

most important and well-liked vegetables in the world 

and is a member of the Malvaceae family (Mubeen et al., 

2021). One of the important vegetable crops grown in 

Iraq is okra (Al-Shammary, 2018). The production has 

substantially decreased over the past few years as a 

result of a variety of problems, including biotic pressures 

from various insects and viral infections (Fekrat and 

Shishehbor, 2007; Hussain et al., 2011, 2012, 2014, 

2016; Hussain and Mukhtar, 2019; Kassi et al., 2018, 

2019; Mukhtar and Hussain, 2019; Mukhtar et al., 2013a 

b, 2014, 2017). The whitefly Bemisia tabaci (Genn.), 

which feeds on okra, is responsible for the propagation 

of Phyto-viruses such okra yellow vein mosaic virus and 

okra leaf curl. Significant crop losses due to whitefly  

infestations and viral transmission affect the okra 

industry. The family Geminiviridae includes the genus 

Begomovirus, which includes the Okra Yellow Vein 

Mosaic Virus (OYVMV) (Mubeen et al., 2021). There is a 

sizable viral family called OYVMV that is responsible for 

widespread crop failures around the world. Caused by a 

virus, symptoms include chlorosis, stunting, chlorosis of 

different degrees, and yellowing of veins and veinlets 

(Venkataravanappa et al., 2012). However, the OYVMV 

has a detrimental effect on okra plants, the virus is 

widespread throughout the world's okra-growing 

regions, and the virus infects okra plants at every stage 

of development and is to blame for 80–90% of yield 

losses (Mubeen et al., 2017; Mohanta et al., 2020). Since 

there is currently no viricide, viral infections are only 

indirectly treated by using insecticides against their 

vectors, the widespread use of insecticides puts the 

environment's safety at risk by contaminating the air, 

water, and soil (Ali et al., 2014). It can be tricky to detect 

a virus through the morphological symptoms of the host 

plant, as the symptoms of each viral strain differ from 

host to host, and as the symptoms of a plant virus 
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infection can manifest in a wide range of ways 

depending on the plant (Lacroix et al., 2016). Thus, 

bioassays based on polymerase chain reaction (PCR) and 

enzyme-linked immune-sorbent assays (ELISA) have 

greatly improved virus detection (Diaz-Lara et al., 2020). 

The creation and application of new alternative inputs 

for agricultural production are in high demand. 

Researchers have recently been investigating the use of 

organic biostimulants to improve plant growth and 

defensive mechanisms (yakhin et al., 2017). Seaweed 

extracts, which have been demonstrated to exhibit both 

phytostimulatory and phytoelicitor qualities, are a 

prospective source of biostimulants (Ramkissoon et al., 

2017; Rayorath et al., 2008). Although extracts from a 

number of marine algae species have been shown to 

have potential as plant biostimulants, Ascophyllum 

nodosum, brown seaweed, is the most significant species 

used internationally for commercial extraction (Ali et al., 

2016; Jayaraj et al., 2008). Inducible defense systems 

allow plants to fend off a wide range of pathogens, but 

they are only activated in response to specific signaling 

molecules released by pathogens or by plants subjected 

to environmental challenges. Seaweed extracts 

containing elicitor molecules can boost several inducible 

defensive reactions in plants. Induced resistance occurs 

in plants after a sequence of events in which the elicitor 

attaches to specific receptor sites on the membrane. 

After binding, secondary chemical messengers further 

amplify a signal, which triggers subsequent defensive 

mechanisms (Jayaraj et al., 2008). This starts a series of 

chemical processes in the plant that help it become more 

resistant to pathogen invasion. The plant can defend 

itself from a wide range of pathogens and pests, 

including as bacteria, fungus, parasites, viruses, 

nematodes and insects, thanks to this broad-spectrum 

resistance (Jayaraj et al., 2008). Induced resistance is the 

outcome of chemical stimulation, which triggers a 

cascade of events including the phenylpropanoid 

pathway, the assembly of defense signaling molecules, 

and the accumulation of antimicrobials including 

pathogenesis-related (PR) proteins and phytoalexins 

(Ramkissoon et al., 2017). 

As for amino acids, In order to improve growth and 

development, they work by enhancing the inherent 

tolerance and resistance of plants to stress and by 

stimulating genetic potential (Kumar et al., 2020). As a 

result, biostimulants can increase the effectiveness of 

conventional fertilizers and can replace synthetic 

chemicals that are used to protect plants. The European 

Biostimulants Industry Council estimates that 

biostimulants are used on more than four million 

hectares of land in Europe, however other sources place 

the number at more than six million hectares (EBIC 

Biostimulants, 2003; Calvo et al., 2014). Infection 

problem was reduced after amino acid spraying was 

implemented, with reports of a 16% decrease in 

Fusarium patch (Microdochium nivale) infection and a 

20% decrease in Dreschlera leaf spot (Drechslera 

siccans) (Radkowski et al., 2020). Biostimulant 

treatments had varying effects on all test parameters, 

but they were most effective in reducing the imbalance 

caused by PepMV infection, which was practically halved 

in the two virus-resistant pepper cultivars (Betti et al., 

1992).  

MATERIALS AND METHODS 

Experiment layout: The effectiveness of inducing 

resistance in okra to the okra yellow vein mosaic virus 

was assessed in an experiment (OYVMV). We used the 

Local-Hussainawya type of okra, and we planted the 

seeds in 8–10 cm deep holes in plastic dishes with a 

mixture of one part peat moss to two parts sand. 

Spraying the plants with an algae extract (Quelafert 

quelgreen) and amino acid (Aminoprim) solution at a 

rate of 0.5 milliliters per liter of water was done after the 

plants had grown to the size of three complete leaves. 

The whitefly was then sprayed with Mospilan 

(acetamiprid 20%) after being artificially inoculated 

with the virus by pre-feeding on an infected plant. The 

plants had their soil replaced with plastic pots that were 

22 cm by 24 cm, and they were placed in a tiny area 

(hidden by a boring cloth tent) to prevent pests from 

getting to them. Every day and in accordance with the 

plants' requirements, the pots are watered, following 

that, tests were taken 7, 14 and 21 days after the virus 

inoculation. Young symptomatic leaves were gathered 

and examined by DAS-ELISA to confirm that the virus 

was the source of the symptoms (Clark and Adams, 

1977). These were the treatments. 
 

Table 1. Treatments Applied and details. 

Treatment Detail 

T0 Healthy control 

T1 Inoculated control 

T2 OYVMV + Amino acids 

T3 OYVMV + Algal extract 

T4 OYVMV + Amino acids + Algal extract 
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Screening for OYVMV under natural conditions: The 

plants were grown in an open field where they could be 

exposed to the virus freely, and the severity of the 

disease was measured using a standardized scoring 

system (Wasala et al., 2019). Because of this, the 

following grades have been given out (Table 2). 

Table 2. OYVMV disease symptoms are described for the score. 

Symptoms description Severity scale Severity range (%) 

Absence of symptoms 0 0 

Very mild symptoms 1 1-20 

Leaf veins turn yellow, but interveinal areas remain green or normal. 2 20-40 

Curly leaves and the entire leaf become yellow. 3 40-60 

The entire leaf turns yellow. The margin begins to dry. 4 60-80 

Yellowish, malformed pods with completely yellow leaves. 5 80-100 

Assays of antioxidant enzymes: Enzyme Extraction: 

According to the procedure listed below, the POD, SOD 

and CAT activities in okra leaves were measured. With 

the aid of a pestle and mortar, three 0.2 g FW leaf 

samples were collected, using the aid of a pestle and 

mortar, and ground in liquid nitrogen. After adding and 

homogenizing 2ml of 50mm ice-cold phosphate buffer 

(pH 7.7) and 1mM ethylene diamine teraacetic acid 

(EDTA) was added. Centrifuged for 15 minutes at 4°C at 

1500 rpm. The enzyme extract was made from the 

supernatant.  

Assay for peroxidase (POD) (U/mg): For the assay of 

the peroxidase enzyme, the method described by Pitotti 

et al. (1994). 

Assay for superoxide dismutase (SOD) (U/mg): For 

the assay of the superoxide dismutase enzyme, the 

method described by Magnani et al. (2000).  

Assay for catalase (CAT) (U/mg): For the assay of the 

catalase enzyme, the method described by Hadwan and 

kadhum (2018). 

Assay for Total phenolic (µg/ml): For the assay of the 

Total phenolic, the method described by Cl and Indira 

(2016). 

STATISTICAL ANALYSIS 

The experiment was designed to be carried out using a 

randomized complete block design (RCBD). The results 

were put through a series of statistical analyses using 

GenStat version 18. (LSD, 0.05). 

RESULTS 

Disease Severity of OYVMV: Disease Severity was 

measured and the results were displayed graphically in 

Figure 1. The inoculation plants (control) comparison 

plants gave the highest infection severity by 41%, while 

the treatment (OYVMV + amino acids + algae extract) 

had the lowest disease severity with the virus, 

amounting to 13%. Disease Severity was at (26% and 

18%, respectively) for the two treatments (OYVMV + 

algal extract and OYVMV + amino acids). 

 
Figure 1. Disease Severity of OYVMV in a Glass House Regarding Treatments  
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Peroxidase (POD) (U/mg): It also showed the peroxidase 

enzyme (POD) concentration in okra leaves (Figure 2), 

When compared to the other treatments, the treatment 

(OYVMV + Amino acids + algal extract) had the greatest 

concentration of the enzyme after 14 and 21 days (18.05 

and 17.32 U/mg). Then followed the (OYVMV + Amino 

Acids) treatment, which resulted in the lowest 

concentration of the enzyme after 21 days of all treatments. 

  
LSD (0.05) Treat. = 0.023, Times= 0.018 and for Intersection= 0.04 
Figure 2. Okra leaf content of peroxidase (POD) (U/mg) 
Superoxide dismutase (SOD) (U/mg): During the 14 days, 

the highest concentration of the enzyme superoxide 

dismutase (SOD) was also given to the treatment (OYVMV + 

Amino acids + algal extract) (3.58 U/mg), there was no 

significant variation in enzyme concentration between 7 and 

21 days (3.22 and 3.27 U/mg) (Figure 3). 

 
LSD (0.05) Treat. = 0.015, Times= 0.012 and for Intersection= 0.026 
Figure 3. Okra leaf content of superoxide dismutase (SOD) (U/mg) 
Catalase (CAT) (U/mg): Figure 4 shows that after 14 days, 

there was no statistically significant difference between the 

OYVMV + Amino acids + algal extract and OYVMV + Amino 

acids treatments in terms of enzyme concentration (3.68 

and 3.55 U/mg). However, there was little change in 

enzyme content between 7 and 21 days in the leaves. 
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LSD (0.05) Treat. = 0.148, Times= 0.115 and for Intersection= 0.257 
Figure 4. Okra leaf content of catalase (CAT) (U/mg) 
Total phenolic (µg/ml): Regarding the concentration of 

total phenolic in okra leaves (Figure 5), The highest 

concentration after 21 days of treatment was (OYVMV + 

Amino acids + algal extract) (26.97 µg/ml) , followed by 

the enzyme concentration for the treatment (OYVMV + 

Amino acids) (26.29 µg/ml). There was no significant 

difference between the concentration of total phenols for 

the periods of 7 and 14 days for most of the treatments. 

 
LSD (0.05) Treat. = 0.72, Times= 0.557 and for Intersection= 1.246 
Figure 5. Okra leaf content of Total phenolic (µg/ml) 
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Xanthomonas campestris pv tomato and sweet pepper. 

The highest levels of illness were reduced by 60%, and 

the highest yield was increased by 57% (Ali et al., 2019). 

Applications of A. nodosum extracts to the leaves and 

roots of carrot, cucumber, and tomato plants 

significantly reduced the incidence of leaf and soil-borne 

diseases (Jayaraj et al., 2011). 

In our study, we utilized (amino acids and algal extracts) 

obtained in local markets to see how they affected the 

virus-infected okra plant. The findings revealed that all 

of these treatments decreased the virus's effects on the 

plant. And it gave the highest level of peroxidase 

enzyme, superoxide dismutase, and catalase, especially 

for the period after 14 days, while phenols gave the 

highest level during the period after 21 days. 

CONCLUSIONS 

Coefficients were used in this experiment (Healthy 

Control, Inoculated control, OYVMV + Amino acids, 

OYVMV + algal extract and OYVMV + Amino acids + algal 

extract). The treatment (OYVMV + Amino acids + algal 

extract) gave the highest results compared to the rest of 

the treatments, which also gave good results. The 14-day 

duration performed the best for peroxidase, superoxide 

dismutase, and catalase. Except for total phenolic, period 

21, was the best. 

ACKNOWLEDGEMENTS 

The authors are thankful to the Chairman of the 

Department of plant protection for providing necessary 

research facilities. 

REFERENCES 

Ali, N., A. Farrell, A. Ramsubhag and J. Jayaraman. 2016. 

The effect of Ascophyllum nodosum extract on the 

growth, yield and fruit quality of tomato grown 

under tropical conditions. Journal of Applied 

Phycology, 28: 1353-1362. 

Ali, O., A. Ramsubhag and J. Jayaraman. 2019. 

Biostimulatory activities of Ascophyllum nodosum 

extract in tomato and sweet pepper crops in a 

tropical environment. PLoS One, 14: e0216710. 

Ali, S., M. A. Khan, M. A. Zeshan and M. Usman. 2014. Eco-

friendly approaches for the management of okra 

yellow vein mosaic virus disease (OYVMVD) 

incidence. Pakistan Journal of Phytopathology, 26: 

113-116. 

Al-Shammary, A. M., F. M. Suhal and A. A. Khmias. 2018. 

Effect of treatment with bio-fertilizers and 

chemical fertilizers in: 2-some yield quantative 

characters of three varieties of Okra. Diyala 

Agricultural Sciences Journal, 10: 100-113. 

Betti, L., A. Canova, M. Paolini, A. Merendino and P. Maini. 

1992. Effects of foliar application of an amino-

acid-based biostimulant on the response of 

pepper seedlings to PepMV infection. Effects of 

foliar application of an amino-acid-based 

biostimulant on the response of pepper seedlings 

to PepMV infection. Advances in Horticulture 

Science, 1992: 1000-1007. 

Calvo, P., L. Nelson and J. W. Kloepper. 2014. Agricultural 

uses of plant biostimulants. Plant and soil, 383: 3-

41. 

CI, K. C. and G. Indira. 2016. Quantitative estimation of 

total phenolic, flavonoids, tannin and chlorophyll 

content of leaves of Strobilanthes Kunthiana 

(Neelakurinji). Journal of Medicinal Plants, 4: 282-

286. 

Clark, M. F. and A. Adams. 1977. Characteristics of the 

microplate method of enzyme-linked 

immunosorbent assay for the detection of plant 

viruses. Journal of General Virology, 34: 475-483. 

Diaz-Lara, A., K. Stevens, V. Klaassen, D. Golino and M. Al 

Rwahnih. 2020. Comprehensive real-time RT-PCR 

assays for the detection of fifteen viruses infecting 

Prunus spp. Plants, 9: 273-285. 

EBIC Biostimulants—A sector born from industry 

convergence and sustainability-driven innovation. 

In Position on the Revision of Reg (EC) 

2003/20031; European Biostimulants Industry 

Consortium: Antwerp, Belgium; L’Haÿ-les-Roses, 

France. 

Fekrat, L. and P. Shishehbor. 2007. Some biological 

features of cotton whitefly, Bemisia tabaci 

(Homoptera: Aleyrodidae) on various host plants. 

Pakistan Journal of Biological Sciences, 10: 3180-

3184. 

Hadwan, M. H. and S. kadhum Ali. 2018. New 

spectrophotometric assay for assessments of 

catalase activity in biological samples. Analytical 

Biochemistry, 542: 29-33. 

Hussain, M. A. and T. Mukhtar. 2019. Root-knot 

nematodes infecting okra in major vegetable 

growing districts of Punjab, Pakistan. Pakistan 

Journal of Zoology, 51: 1137-1144. 

Hussain, M. A., T. Mukhtar and M. Z. Kayani. 2014. 

Characterization of susceptibility and resistance 

responses to root-knot nematode (Meloidogyne 

incognita) infection in okra germplasm. Pakistan 

http://dx.doi.org/10.33866/phytopathol.034.02.0799


Pak. J. Phytopathol., Vol. 34 (02) 2022. 213-220    DOI: 10.33866/phytopathol.034.02.0799 

219 

Journal of Agricultural Sciences, 51: 309-314. 

Hussain, M. A., T. Mukhtar and M. Z. Kayani. 2016. 

Reproduction of Meloidogyne incognita on 

resistant and susceptible okra cultivars. Pakistan 

Journal of Agricultural Sciences, 53: 371-375. 

Hussain, M. A., T. Mukhtar, M. Z. Kayani, M. N. Aslam and 

M. Haque. 2012. A survey of okra (Abelmoschus 

esculentus) in the Punjab province of Pakistan for 

the determination of prevalence, incidence and 

severity of root-knot disease caused by 

Meloidogyne spp. Pakistan Journal of Botany, 44: 

2071-2075. 

Hussain, M., T. Mukhtar and M. Kayani. 2011. 

Assessment of the damage caused by Meloidogyne 

incognita on okra (Abelmoschus esculentus). 

Journal of Animal and Plant Sciences, 21: 857-861. 

Jayaraj, J., A. Wan, M. Rahman and Z. Punja. 2008. 

Seaweed extract reduces foliar fungal diseases on 

carrot. Crop Protection, 27: 1360-1366. 

Jayaraman, J., J. Norrie and Z. K. Punja. 2011. Commercial 

extract from the brown seaweed Ascophyllum 

nodosum reduces fungal diseases in greenhouse 

cucumber. Journal of Applied Phycology, 23: 353-

361. 

Kassi, A. K., H. Javed and T. Mukhtar. 2018. Screening of 

okra cultivars for resistance against Helicoverpa 

armigera. Pakistan Journal of Zoology, 50: 91-95. 

Kumar, H. D. and P. Aloke. 2020. Role of biostimulant 

formulations in crop production: An overview. 

International Journal of Applied Research and 

Veterinary Medicine, 8: 38-46. 

Lacroix, C., K. Renner, E. Cole, E. W. Seabloom, E. T. Borer 

and C. M. Malmstrom. 2016. Methodological 

guidelines for accurate detection of viruses in wild 

plant species. Applied and Environmental 

Microbiology, 82: 1966-1975. 

Magnani, L., E. M. Gaydou and J. C. Hubaud. 2000. 

Spectrophotometric measurement of antioxidant 

properties of flavones and flavonols against 

superoxide anion. Analytica Chimica Acta, 411: 

209-216. 

Mohanta, R., R. Nath, N. K. Jena and A. Mishra. 2020. 

Effect of different dates of sowing and weather 

parameters on vector whitefly (Bemisia tabaci 

Gennadius) and incidence of yellow vein mosaic 

disease in okra (Abelmoschus esculentus L. 

Moench). Journal of Entomology and Zoology 

Studies, 8: 1774-1784. 

Mubeen, M., Y. Iftikhar, A. Abbas, M. Abbas, M. Zafar-ul-

Hye, A. Sajid and  F. Bakhtawar. 2021. Yellow Vein 

Mosaic Disease in Okra (Abelmoschus esculentus 

L.): An Overview on Causal Agent, Vector and 

Management. Phyton, 90: 1573-1579. 

Mubeen, M., Y. Iftikhar, M. I. Ullah, Q. Shakeel, M. Aatif 

and I. Bilqees. 2017. Incidence of Okra Yellow Vein 

Mosaic disease in relation to insect vector and 

environmental factors. Environment & Ecology, 

35: 2215-2220. 

Mukhtar, T. and M. A. Hussain. 2019. Pathogenic 

Potential of Javanese Root-knot Nematode on 

Susceptible and Resistant Okra Cultivars. Pakistan 

Journal of Zoology, 51: 1891-1897. 

Mukhtar, T., I. Arshad, M. Z. Kayani, M. A. Hussain, S. B. 

Kayani, A. M. Rahoo and M. Ashfaq. 2013. 

Estimation of damage to okra (Abelmoschus 

esculentus) by root-knot disease incited by 

Meloidogyne incognita. Pak.istan Journal of 

Botany, 45: 1023-1027. 

Mukhtar, T., M. A. Hussain and M. Z. Kayani. 2017. Yield 

responses of 12 okra cultivars to southern root-

knot nematode (Meloidogyne incognita). 

Bragantia, 76: 108-112. 

Mukhtar, T., M. A. Hussain, M. Z. Kayani and M. N. Aslam. 

2014. Evaluation of resistance to root-knot 

nematode (Meloidogyne incognita) in okra 

cultivars. Crop Protection, 56: 25-30. 

Mukhtar, T., M. A. hussain and M. Z. kayani. 2013. 

Biocontrol potential of Pasteuria penetrans, 

Pochonia chlamydosporia, Paecilomyces lilacinus 

and Trichoderma harzianum against Meloidogyne 

incognita in okra. Phytopathologia Mediterranea: 

66-76. 

Pitotti, A., B. E. Elizalde and M. Anese. 1994. Effect of 

caramelization and Maillard reaction products on 

peroxidase activity. Journal of Food Biochemistry, 

18: 445-457. 

Radkowski, A., I. Radkowska, J. Bocianowski, T. 

Sladkovska and K. Wolski. 2020. The effect of 

foliar application of an amino acid-based 

biostimulant on lawn functional value. Agronomy, 

10: 1656. 

Ramkissoon, A., A. Ramsubhag and J. Jayaraman. 2017. 

Phytoelicitor activity of three Caribbean seaweed 

species on suppression of pathogenic infections in 

tomato plants. Journal of Applied Phycology, 29: 

3235-3244. 

http://dx.doi.org/10.33866/phytopathol.034.02.0799


Pak. J. Phytopathol., Vol. 34 (02) 2022. 213-220    DOI: 10.33866/phytopathol.034.02.0799 

220 

Rayorath, P., M. N. Jithesh, A. Farid, W. Khan, R. 

Palanisamy, S. D. Hankins, A. T. Critchley and B. 

Prithiviraj. 2008. Rapid bioassays to evaluate the 

plant growth promoting activity of Ascophyllum 

nodosum (L.) Le Jol. using a model plant, 

Arabidopsis thaliana (L.) Heynh. Journal of Applied 

Phycology, 20: 423-429. 

Venkataravanappa, V., C. Lakshminarayana Reddy, S. 

Jalali and M. Krishna Reddy. 2012. Molecular 

characterization of distinct bipartite begomovirus 

infecting bhendi (Abelmoschus esculentus L.) in 

India. Virus Genes, 44: 522-535. 

Wasala, S., S. I. Senevirathne, J. B. Senanayake and A. 

Navoditha. 2019. Genetic analysis of Okra Yellow 

Vein Mosaic Virus disease resistance in wild 

relative of okra Abelmoschus angulosus Wall. ex 

Wight & Arn. Plant Genetic Resources, 17: 346-

351. 

Yakhin, O. I., A. A. Lubyanov, I. A. Yakhin and P. H. Brown. 

2017. Biostimulants in plant science: a global 

perspective. Frontiers in Plant Science, 7: 2049-

2055. 

Contribution of Authors: 

Malik H. Karem : Designed the layout and performed experiments and wrote the manuscript. 

Ali A. A. Haidery : Editing of  manuscript 

 

http://dx.doi.org/10.33866/phytopathol.034.02.0799

