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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Abstract: Cucumber mosaic disease caused by Cucumber mosaic virus leads to substantial cucumber production losses in Egypt and worldwide. So, we study the impact of CMV Egyptian isolate on plant height, growth parameters, carbohydrates, and antioxidant activities in Cucumis sativus L. alfa-beta and the use of yeast extract hopping to abolishing the harmful belongings of CMV on these plants. DAS-ELISA confirmed the infectivity of CMV Egyptian isolate. The results indicated that CMV challenged plants were reductions in shoot & root length, fresh & dry weight of shoot and root, leaves number, fruits number, fruits weight, fruits hold, soluble carbohydrates, glutathione reductase and ascorbate peroxidase when being compared with an absolute control plants. On the other hand, challenged treatment (soaked seeds with yeast extract + CMV) showed arise value in all measured parameters when being compared with and challenged control plants. It can conclude that yeast treatment improved the systemic acquired resistance against CMV. 
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1. Introduction
Stress factors (a biotic and biotic) reflect and specify the plant morphology and called as "stress" and have negative effect (s) on growth, development, quality, quantity and can reduce average plant productivity by 65 to 87%, depending on the plants and stage (s) and also give various permanent or temporary damage (s) according to length of exposed period, violence/density, developmental stage, age, etc. [1].
Plants are under constant assault by biotic agents, including viral, bacterial and fungal pathogens, parasitic plants and insect herbivores, with economic and ecological impact [2].
Certain biochemical and physiological changes associated with virus infection include the oxidative burst [3], growth inhibition, changes in pigment content, chlorophyll synthesis and antioxidant enzyme systems [4]. Altered active oxygen species (AOS) formation occurs under biotic and abiotic stress. This alteration causes direct or indirect damage to plants, leading to the appearance of epidemiological symptoms [5].
Plant viruses affect physiological processes such as photosynthesis [6], by decreasing the photosynthesis rate, pigment contents [4], soluble sugar contents and reducing starch accumulation [7]. Peroxidase is the first to show changes in its activity during viral infection stages, where it shows an increase in its activity in Cucurbita pepo plants infected with viruses such as CMV [7, 8].
SAR in plants is analogous to the innate immunity in animals and was first described by Chester [9], who referred to it as “acquired physiological immunity.” Administration of viral disease can also be expert through the initiation of plants natural defenses, e.g., systemic acquired resistance [10].
Systemic acquired resistance against viral infection has been recognized using Biotic and Abiotic inducer [8, 11, 12, 13].
The biological control of plant diseases has received considerable attention and appeared as an alternative to chemical control. Microorganisms can be used as bio fertilizers to promote crop growth and protect crops from pathogens by inducing plant defense responses via a signaling network of cellular pathways [14].
Generally, some yeast fungi protect crops by activating an induced systemic resistance [15]. Many studies have been published on the development of biological control agents, such as plant growth-promoting fungi [16].
The developing price of pesticides and consumer demand for pesticide-free food have led to a search for alternates for these chemical products. There are also a number of fastidious diseases, i.e., virus and viroid diseases, for which chemical solutions are few, ineffective, or non-existent [17].
[bookmark: _Hlk504693869]So, the goal of this scholarship is to study the influence of viral infection on morphological changes and metabolism of cucumber plants and also the use of yeast extract hopping to abolishing the harmful belongings of Cucumber mosaic virus on these plants.

2. Material and Methods 
[bookmark: _Hlk504271753]2.1. Source of cucumber seeds and yeast extract
Seeds of cucumber plant category alf-beta were obtained from Agriculture Research Centre, Ministry of Agriculture, Giza, Egypt, and grown in seed trays containing perlite. Seedlings were cultivated under natural lighting, day/night temperature of approx. 22/20°C and 60% mean relative humidity. One-week-old seedlings were potted in soil and grown under the same conditions.
Yeast extract was kindly provided by Agriculture Research Center (ARC) Giza Egypt. It was filtered through a filter paper, and the filtrate was obtained.

2.2. Cucumber mosaic virus (CMV) inoculation
A CMV isolate was isolated from naturally infected cucumber plants (Cucumis sativus) showing distinct viral symptoms were collected from Sharkia and Ismailia Governorates, Egypt. The virus isolate was detected using polyclonal antibody specific CMV kits provided by DAS-ELISA according to Clark and Adams [18]. The virus was checked on Chenopodium amaranticolor L. and reisolated from a single lesion. The extraction of resulted local lesions was inoculated on the healthy Nicotiana glutinosa plants as a CMV propagative host (unpublished data).

2.3. Methods of Planting, Treatments, and Collection of Samples
[bookmark: _Hlk504681503]A pot experiment was carried out in the greenhouse of Botany and Microbiology Department, Faculty of Science, Al-Azhar University, Cairo, Egypt to evaluate yeast extract for inducing systemic resistance in cucumber plants against CMV. Surface sterilized seeds were soaked in the following treatments for 2 hrs before planting. A randomized complete block design was used with two treatments and two controls, where each consisted of eight replicate pots and two plants per pot. Treatments included sterilized seeds were soaked in yeast extract (T1), T1 + CMV (T2), in addition to a virus challenged control (ChC, water-soaked seeds) and absolute control (AC, water-soaked seeds, and no virus). The pots were maintained in a greenhouse under natural lighting, day/night temperature of approx. 22/20°C and 60% mean relative humidity. After two weeks of growth, the two true-leaf seedlings of the plants with treatment T2 in addition to the challenged control (ChC) were challenged inoculated mechanically with CMV inoculum. The plant samples were collected for analysis when the plants were 45 days old.


2.4. Morphological, Physiological and Metabolic Changes
2.4.1. Morphological Measurements
The shoot height (cm), the root height (cm), leaves a number, fruits number, fruits weight (g), fruits hold (%), as well as the fresh and dry weight of both shoot and root (g), were measured. 
2.4.2. Determination of Soluble Carbohydrates
Total soluble carbohydrates were estimated according to the method of Umbriet et al. [19].
2.4.3. Antioxidant Enzymes Activities
Antioxidant enzymes were extracted according to the method of Mukherjee and Choudhuri [20]. Ascorbate peroxidase (ASC) and glutathione reductase (GR) activities were measured according to the methods of Chen et al. [21] and Karni et al. [22], respectively.

2.5. Statistical Analysis 
All statistical calculations were done using SPSS (statistical package for the social science version 20.00) statistical program at 0.05 level of probability [23]. Quantitative data with parametric distribution were done using analysis of variance the two-way ANOVA and Post hoc-LSD tests (the least significant difference). The confidence interval was set to 95% and the margin of error accepted was set to 5%. The p-value was considered non-significant (NS) at the level of > 0.05, significant at the level of ≤ 0.05, 0.01 and highly significant at the level of ≤ 0.001.

3. Results 
3.1. Growth Parameters
Figures (1, 2, 3, 4, 5 & 6) indicated that Cucumis sativus L. plants infected with Cucumber mosaic virus, resulted in significant decreases in shoot length, root length, the fresh and dry weight of both shoots and roots when being compared with absolute control plants. On other hand, cucumber plants infected with CMV and treated with yeast extract resulted in significant decreases in shoot length and fresh weight of both shoots and roots, as well as significant increase in shoot dry weight and insignificant increase in root length, while insignificant decrease in root dry weight when being compared with absolute control plants.
From this work (Figs. 7, 8, 9 & 10) illustrated that Cucumis sativus L. plants infected with CMV, lead to significant decreases in leaves number, fruits number, fruits weight, and fruits hold, while insignificant in fruits hold when being compared with healthy plants. On the other hand, cucumber plants infected with CMV and treated with yeast extract lead, significant decreases in fruits weight, but significant increase in fruits hold, and insignificant in leaves number when being compared with healthy plants.
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Figure 1. Effect of tap water and yeast extract on shoot length of healthy and infected cucumber plants
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Figure 2. Effect of tap water and yeast extract on root length of healthy and infected cucumber plants
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Figure 3. Effect of tap water and yeast extract on shoot fresh weight of healthy and infected cucumber plants
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Figure 4. Effect of tap water and yeast extract on root fresh weight of healthy and infected cucumber plants
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Figure 5. Effect of tap water and yeast extract on shoot dry weight of healthy and infected cucumber plants
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Figure 6. Effect of tap water and yeast extract on shoot dry weight of healthy and infected cucumber plants
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Figure 7. Effect of tap water and yeast extract on leaves number of healthy and infected cucumber plants
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Figure 8. Effect of tap water and yeast extract on fruits number of healthy and infected cucumber plants
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Figure 9. Effect of tap water and yeast extract on fruits weight of healthy and infected cucumber plants
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Figure 10. Effect of tap water and yeast extract on fruits hold of healthy and infected cucumber plants

3.2. Soluble Carbohydrate 
The result of this work (Figs. 11 & 12) showed that Cucumis sativus L. plants infected with CMV, lead to significant decreases in carbohydrates shoot and fruits when being compared with healthy plants. While, in infected treatments, significantly decreasing in carbohydrates shoot and fruits were observed in cucumber plants, where infected yeast extract significant decrease in carbohydrates fruits, but insignificant in carbohydrates shoot when compared with absolute control plants.
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Figure 11: Effect of tap water and yeast extract on dry weight carbohydrates of healthy and infected cucumber plants
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Figure 12. Effect of tap water and yeast extract on fresh weight carbohydrates of healthy and infected cucumber plants

3.3. Antioxidant Enzymes Activities 
The influence of viral infection and treatment with yeast on the actions of ascorbate peroxidase (ASC) and glutathione reductase (GR) are shown in Figs. (13 & 14). In virus injected leaves, the antioxidant enzymes activities (ASC and GR) increase significantly when compared to that of the healthy control. Also, the rise reached the highest value in challenged treatment [yeast] when compared with absolute control plants.
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Figure 13. Effect of tap water and yeast extract on ascorbate peroxidase of healthy and infected cucumber plant
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Figure 14. Effect of tap water and yeast extract on glutathione reductase of healthy and infected cucumber plants

4. Discussion
The objective of this study was induction systemic acquired resistance (SAR) in Cucumis sativus L. alfa-beta plants against virus infection with CMV upon priming with yeast extract treatment and subsequent challenge inoculation of the plant with the virus. No strategies are currently available to completely protect these plants against the virus, but a common feature of induced resistance to the disease is the priming of plant tissues by elicitors that allows rapid deployment of active defense mechanisms against invading pathogen [24]. We try to realize this purpose; many experiments were successive to deduce if induction of systemic acquired resistance was successfully achieved could also protect Cucumis sativus L. alfa-beta plants against infection by CMV. During the present work, two inducer seeds-soaked treatments (yeast extract) were tested for their potentiality as resistance inducers in the treated plants.
This work illustrated that Cucumis sativus L. alfa-beta plants infected with Cucumber mosaic virus, resulted in significant decreases in leaves number, fruits number, and fruits weight but insignificant in fruits hold when being compared with healthy plants. On the other hand, cucumber plants infected with CMV and treated with yeast extract resulted in significant decreases in fruits weight, but significant increase in fruits hold and insignificant in leaves number when being compared with healthy plants. These results in agreement with Sikora et al. [25] and Gianessi et al. [26]. As well as, the CMV infection in Indonesia cause a decrease in tomato yield, approximately 50 to 100%, and dry yeast is a natural bio-substance suggested to have stimulating, nutritional and protective functions when used on vegetables. Foliar application of yeast was found to increase growth, yield and quality of many vegetable crops [27, 28, 29], where improving growth and productivity of vegetable crops by application of active yeast extract on pea [30, 31], beans [32], eggplant [33] and potato [34], 
The present work proved that, Cucumis sativus L. plants infected with CMV, lead to significant decreases in carbohydrates shoot and fruits, when being compared with healthy plants. Too, in infected treatments, significantly decreasing in carbohydrates shoot and fruits were observed in cucumber plants, where infected yeast extract significant decrease in carbohydrates fruits, but insignificant in carbohydrates shoot when compared with healthy plants. It has been acknowledged that the virus infection leads to decreased sugar levels in plant tissues, where the plants have the ability to modulate their sugar pools to act either as a source of carbon and energy or to use as signals and perhaps as putative priming agents to intensify immune reactions [35, 36]. Like results were verified where the Cucumis sativus L. leaves infected with cucumber mosaic virus were having a low concentration of carbohydrates, which increases the chances of the establishment of the virus. Where yeast extract was suggested to participate in a beneficial role during vegetative and reproductive growths. This through improving flower formation and their set in some plants due to its high auxin and cytokinins content and enhancement carbohydrates accumulation [37].
Yeast extract stimulatory effects on cell division and enlargement, protein and nucleic acid synthesis and chlorophyll formation [38], in addition to its content of cryoprotective agent, i.e., sugars, protein, amino acids and also several vitamins [39]. A lot of resistance enzymes that have been related to systemic acquire resistance comprise ascorbate and glutathione reductase [40, 41]. These enzymes also transport about freedom of molecules that elicit the first steps in the initiation of resistance, phytoalexins and phenolic compounds [42]. In virus injected leaves, the antioxidant enzymes activities (ASC and GR) increase significantly when compared to that of the absolute control. Also, the increase reached the highest value at challenged treatment yeast extract when equated to that of the absolute control. These results are in promise with Vitti et al. [43], where they showed that tomato plants infected with CMV had significantly increased ASC compared with control, which may lead to the induction of defense responses according to several studies [44, 45].
The changes in biochemical components in mesta plant infected with yellow vein mosaic disease were studied by Arpita and Subrata [46], they described that the enzyme assays exposed lower activity of CAT and GR enzymes in diseased plants in comparison with healthy ones; in difference, a marked increase in activities of PPO and SOD was found in diseased plants as compared with the respective healthy plants. The compatible and incompatible plant-virus interactions between Vigna mungo and Mungbean yellow mosaic india virus were studied by Subrata [41], they informed that the activity of GR sharply increased upon MYMIV infection at 3 dpi (day post infection) during incompatible interaction and gradually increased up to 2.3-fold at 14 dpi compared to that of the control. While there was a steady increase in the GR activity during compatible interaction from 7 dpi (day post infection) onwards and significant level was attained at 14 dpi, CAT activity declined significantly at 3 and 7, dpi as compared to that of the control during incompatible interaction. Whereas CAT activity increased significantly from 7 dpi during compatible interaction and 1.8-fold increment was noted at 14 dpi. The activity of APX was induced significantly from 3 dpi during the incompatible interaction, whereas a significant increase in APX activity was recorded from 7 dpi onwards during incompatible interaction.

5. Conclusion 
[bookmark: _GoBack]The goal of this scholarship is to study the influence of viral infection on morphological changes and metabolism of cucumber plants and also the use of yeast extract hopping to abolishing the harmful belongings of Cucumber mosaic virus on these plants. It can conclude that yeast extract treatment increases the Cucumis sativus L. alfa-beta plants resistance against CMV.
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