Short Research Article
Control Efficacy of Jingdusha Against
Corynespora cassiicola on Cucumber

ABSTRACT

Aims: The aim of the paper was to clarify the effect of cucumber target leaf spot (TLS) under
the Jingdusha (JDS) treatment.

Study design: We applied the method of artificial inoculation in the pot, and analyzed the
changes in growth indexes and physiological characteristics.

Place and Duration of Study: In 2018, these experiments were conducted in College of
Bioscience and Biotechnology of Shenyang Agricultural University (Lab 240).

Methodology: The seedlings in two-leaf period were induced by the best application
scheme of JDS, then inoculated Corynespora cassiicola for 24 h. Cucumber seedlings of
each treatment group were randomly selected for photographing and growth index
determination after inoculation for 5 d. The leaves of cucumber seedlings in each treatment
group were randomly collected at 1 d, 3 d, 5d, 7 d and 9 d after inoculation for the
determination physiological and biochemical indicators.

Results: When C. cassiicola infects cucumber, JDS can effectively improve the growth and
photosynthetic pigment content of cucumber, reduce the degradation of chlorophyll (Chl)
under the stress of C. cassiicola, strengthen the variety of metabolic responses in the plant,
repair the enzyme protection system of cucumber leaves, reduce the accumulation of
reactive oxygen species, shorten the process of membrane lipid peroxidation in blades.
Conclusion: Taken together, these results suggest that JDS can improve the resistance of
cucumber seedlings to C. cassiicola by regulating growth indexes and physiological
characteristics. This work will provide a theoretical basis for further elucidating molecular
mechanism of JDS in cucumber defense against C. cassiicola.

Keywords: Jingdusha; Cucumber; Induced resistance; Corynespora cassiicola; Physiological
and biochemical parameters




1. INTRODUCTION

Target leaf spot (TLS) was also called Rhizoctonia solani and Cercospora leaf spot, which is
caused by C. cassiicola [1,2]. TLS has a wide host range and mainly affects cucumbers and
tomatoes, which makes the production of cucumber decrease by 20%~70% [3]. In recent
years, TLS has become increasingly harmful to cucumber production. We mainly use
chemical pesticides to resist TLS in field production. However, the continuous use of
pesticides not only makes pathogens resistant but pollute the environment [4-6].

A resistance inducer is a specific microorganism or plant molecule, which can induce
plants themselves to stimulate immune systems, with high efficiency, security and
sustainability and broad-spectrum [7,8]. Currently, using a resistance inducer to make plants
have the ability to resist diseases on their own to defend against some bad conditions has
gotten satisfying results [9], but lack of the research on the resistance of cucumber as a
host. JDS is a kind of plant immune resistance inducer whose main cemponents, are
chitosan, bio-iodine, and natural amino acids. Among them, chitosan can effectively.improve
the disease prevention effect of fruits and vegetables, such as tomato against botrytis
cinerea, cucumber against pythium, pumpkin against powdery mildew, potato against
Clavibacer michiganensis subsp. sepedonicus and cotton against Colletotrichum gossypii
Soutllw. and so on [10,11].

In our previous study, applying JDS as a resistance inducer on the cucumber seedlings
can improve the ability to resist TLS. In particular, three times:inductions at 7 d intervals for 1
d with 2.0 mL-L™ of JDS treatment provided the best protection against the TLS [12].
Nevertheless, the resistance mechanism of JDS on TLS.is still.not clear. This experiment will
adopt the above scheme to spray treatment on tested cucumbers, and then inoculate the
pathogen TLS, we tested and analyzed the-changes of various growth indexes and
physiological characteristics, preliminary clarify the resistance mechanism of TLS under the
JDS treatment. This paper discussed the impossible function of TLS treated with a kind of
plant resistance inducer JDS, so as to, provide an essential basis for better application of
resistance inducers in the production of cucumber:in the northeast solar greenhouse.

2. MATERIAL AND METHODS

2.1 Materials

The cucumber tested in this study was JinKe 1, which is provided by Tianjin Kexing
Vegetable Research Institute. C. cassiicola was purchased from the Bacterium Conservation
Center of the Chinese Academy:-of Agricultural Sciences. JDS was purchased from Qingdao
Seawin Biotech Group Co., Ltd.

2.2 Experiments Design.and Treatment

This experiment began;from September to December 2018 in a plant culture room, which is
located in .College of Bioscience and Biotechnology of Shenyang Agricultural University.
After accelerated generation, cucumber seeds were cultivated on pots with 2/3 of turf soil
and 1/3'of vermiculite in a light incubation room. Cucumber seedlings of uniform growth were
selected when the plants had two leaves and one heart, and were induced every 7 d with 2.0
mL-L™ of JDS for a total of three inductions, then inoculated C. cassiicola on each treated
leaves after the last induction 24 h. The specific method of induction and inoculation followed
as described by Meng [12]. There are four treatments in this experiment, (1) cucumber
seedlings only treated with spray water as CK group (2) cucumber seedlings induced by JDS
as JDS group (3) cucumber seedlings affected with C. cassiicola as C. cassiicola group (4)
cucumber seedlings treated with JDS and C. cassiicola as JDS+C. cassiicola group. Each
group had twenty seedlings and repeated three times.

2.3 Measurement of Growth Index

We chose six plants treated with the method mentioned before to take photos, and another
nine plants to measure the growth index after inoculation for 5 days. The height and main
root length (mm) of cucumber seedlings were determined by a meter ruler, and the stem
thickness was determined by a vernier caliper, the leaf area of the third euphylla of seedlings



was determined by the square grid method [13], and the fresh and dry weights of the whole
seedlings (0.01 g) were determined by an electronic scale, and calculate moisture content
and seedling strength index (strength index = (stem thickness/plant height) x whole plant dry
weight).

2.4 Measurement of Physiological and Biochemical Index

The third euphylla was harvested at five time points (1, 3, 5, 7, and 9 days post-inoculation
[dpi]) to take measures of the physiological and biochemical index, each treatment was
replicated three times, and the materials from each treatment were collected in triplicate.

The contents of Chl were determined by Acetone ethanol colorimetric method [14]. The
contents of soluble sugar and protein were measured by the anthrone colorimetric method
and Coomassie brilliant blue G250. The activity of POD was determined by guaiacol method,
SOD activity was determined by the nitroblue tetrazolium method, the activity-of, CAT and
PAL was determined by methods refer to Ulgen [15]. The contents of MDA was determined
by the thiobarbituric acid method [16].

2.5 Statistical Analysis
Data was conducted by Microsoft Excel 2010. The ANOVA method-of SPSS 17.0 software
was applied for the significance of differences. Pictures were created by using Origin 8.5.

3. RESULTS AND DISCUSSION
3.1 Effects of JDS Treatment on Seedlings Growth in Cucumber under C.
cassiicola Stresses

By comparing with the CK group, JDS treatment promoted-the increase in leaf area of
cucumber seedlings, had little effect on plant height and stem thickness, and inhibited root
length growth (Fig. 1 and Table. 1). Otherwise; the root length and leaf area of cucumber
that in C. cassiicola group were inhibited remarkably than CK, representatively reduced by
44.0% and 10.70%. Furthermore, JDS+C. cassiicola treatment could reduce the inhibition of
root length and leaf area of cucumber seedlings infected by C. cassiicola, in this condition,
the leaf area of cucumber seedlings increased:by 9.48% than CK group.

As shown in Table 2, the fresh weight and moisture content of cucumber seedlings
treated with JDS respectively increased by 69.67% and 2.77% compared with CK group. It
shows that JDS treatment can; efficiently improve the moisture content of cucumber
seedlings. Compared with-.CK group, the dry weight and strength index of cucumber
seedlings in the C. cassiicola group were significantly reduced by 16.22% and 22.67%, while
in JDS+C. cassiicola group, ‘those two factors increased by 21.62% and 10.67%
respectively. It can indicate that the accumulation of biomass in cucumber seedlings under
the C. cassiicola stress was. inhibited and the strength index was also decreased, however,
the JDS group got the contrary result.

Fig. 1 Effects of Jingdusha (JDS, 2.0 mL-L™) treatment on the growth of cucumber
seedlings under C. cassiicola stresses

Table 1 Effects of JDS treatment on the morphological index of cucumber seedlings
under C. cassiicola stresses



Plant Root Stem

Treatment height/cm length/cm thickness/cm Leaf area/cm’
CK 8.25+0.76° 24.50+1.50% 1.65+0.27° 48.21+0.83°
JDS 8.48+1.06° 17.47+0.47° 1.65+0.35° 62.74+0.53%
C. cassiicola 8.01+0.96° 13.50+0.87° 1.52+0.29° 43.05+1.77°
JDS+C. cassiicola 8.09+1.29° 23.50+1.41% 1.49+0.29° 52.78+1.11°

aPThe different letters indicate significant differences according to LSD and Duncan test (P < 0.05)

Table 2 Effects of JDS treatment on the biomass and strength index of.cueumber
seedlings under C. cassiicola stresses

Treatment weighug  Pyweighug gt S mder

CK 5.21+0.89" 0.37+0.01° 92.78+1.06° 0.075+0.004%
JDS 8.84+0.75*°  0.41+0.01%° 95.35+0.28° 0.080+0.003°
C. cassiicola 4.98+0.87" 0.31+0.01° 93.67+0.92" 0.058+0.003"
JDS+C. cassiicola 5.52+0.36" 0.45+0.05° 91.87+0.38° 0.083+0.011%

3.2 Effects of JDS Treatment on the Contents of Photosynthetic Pigments in
Cucumber Leaves under C. cassiicola Stresses

Fig. 2 shows that the content of Chl a, Chl b and carotenoid in the cucumber seedlings are
higher than CK group during the entire sampling period, indicating that JDS treatment
significantly increased the content of the photosynthetic pigment in cucumber seedlings.

The content of Chl a, Chl b and carotenoid in the cucumber seedlings of the C.
cassiicola group are consistently lower than the CK group. The content of the photosynthetic
pigment in cucumber seedlings of dDS+C. cassiicola group is lower than the JDS group, the
photosynthetic pigment contentin both C..cassiicola and JDS+C. cassiicola group tended to
increase and then decrease with increasing stress time, and both reached a maximum at 3 d
after inoculation. The content of Chl-a, Chl b and carotenoid in the cucumber seedlings of
JDS+C. cassiicola group is_higher than the C. cassiicola group on 5, 7 and 9 days after
inoculation. It can be seen that'C. cassiicola reduces the content of the photosynthetic
pigment in cucumber blades::But spraying JDS can increase the photosynthetic pigment to a
certain extent, which was conductive to plant adaptation to the stress environment.
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Fig. 2 Effects of JDS treatment on the contents of photosynthetic pigments in
cucumber under C. cassiicola stresses

3.3 Effects of JDS Treatment on the Contents of Soluble Sugar and Protein in
Cucumber Leaves under C. cassiicola Stresses

During the whole sampling period, the content of soluble sugar in cucumber seedlings of the
JDS group is higher than the CK group, which can represent that JDS can significantly
induce the increase of soluble sugar content in plants. The content of soluble sugar in
cucumber seedlings of JDS+C. cassiicola group was significantly higher than that of C.
cassiicola at 1 d after inoculation, not significantly different from that of C. cassiicola at 3 d, 5
d, and 7 d, and lower than that of C. cassiicola at 9 d (Fig. 3A). The content of soluble sugar
in cucumber seedlings of JDS+C. cassiicola group was significantly higher than that of C.
cassiicola at 1 d, 7 d and 9 d after inoculation and there is no distinction to the C. cassiicola
group after 3 d and 5 d inoculation (Fig. 3B).
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Fig. 3 Effects of JDS treatment on the contents of soluble sugar and protein in
cucumber under C. cassiicola stresses

3.4 Effects of JDS treatment on the activity of the defense-related enzyme in
cucumber leaves under.C. cassiicola stresses

As shown in Fig. 4A, there are two maximums of the POD activity at 5 d and 9 d in the CK
group, but these two are lower-than that treated with JDS. The POD activity of JDS
treatment showed.an increasing trend and reached a peak at 3 d, which was 3.10 times
higher than that.of CK, indicating that JDS treatment markedly induced an increase in the
POD activity of the plants. After C. cassiicola affecting 9 d, the statistic of JDS+C. cassiicola
group is higher-than both the JDS group and C. cassiicola group.

As shown.in Fig. 4B, the activity of SOD has an increasing tendency and that of the JDS
group.is always higher than the CK group, but the most significant difference appeared at 5
d. In JDS+C, cassiicola group, the top level of SOD activity is 7 d after inoculation, but in the
C.'cassiicola group, the maximum is 9 d. Concluding by analyzing these statistics, JDS and
C. cassiicola can induce the activity of SOD in cucumber seedlings to get to the top level
rapidly.

As shown in Fig. 4C, the activity of SOD in the CK group shows a trend from decline to
rise, in the JDS group has a rising tendency, both the two groups reach the peak at 9 d, JDS
group is 17.22 U g'l min* higher than CK. In JDS+C. cassiicola group, a period of 1to 7 d is
obviously higher than the JDS group and C. cassiicola group, the biggest difference is 9 d
after inoculation.

As shown in Fig. 4D, when the activity of PAL in cucumber seedlings treated with JDS is
significantly higher than the CK group from 5 d, the maximum is 51.22 U g'l min™ at 9 d,
which is the 1.35 times than the CK group. In JDS+C. cassiicola group the top level of PAL
activity is at 1 d after inoculation, but the result in the C. cassiicola group is 5 d after



inoculation, representing that JDS can effectively induce the improvement of PAL activity in
cucumber seedlings.
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Fig. 4 Effects of JDS treatment on the activity of the defense-related enzyme in
cucumber under C. cassiicola stresses

3.5 Effects of JDS Treatment on the Contents of MDA in Cucumber Leaves
under C. cassiicola Stresses

As shown in Fig. 5,. the .content of MDA in cucumber seedlings treated with JDS is
significantly lower than in the CK group, and it keeps a low level throughout the whole
sampling period. In the C. cassiicola group, the highest level of MDA is the day after
inoculation, in-3DS#+C:.casslicola group is 9 d, meanwhile, the content is lower than the C.
cassiicola group at 3 d and 5 d. These suggested that being treated with JDS can inhibit the
process of membrane lipid peroxidation in blades.
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Fig. 5 Effects of JDS treatment on the contents of MDA in cucumber under C.
cassiicola stresses

4. CONCLUSION

Cucumber growth and development are severely affected by TLS, and it also obviously
reduces root length, leaf area and dry weight. Leaf area reduction may be caused by leaf
senescence or oxidative damage, and the reduction of root length and dry weight may be
caused by the production of virulent pathogenic factors by C. cassiicola on photosynthetic
organs or plant structures. However, the use of biological resistance inducer solves the
inhibition of C. cassiicola stresses to cucumber seedlings and increases leaf area, fresh
weight and moisture content strikingly, which is advantage for seedlings' development. The
strength index is a target for judging plants' growth, the higher the value, the better the plant
is growing. When the cucumber seedlings are treated with JDS, the strength«index does not
differ a lot, but it can relieve the effect of C. cassiicola on cucumber seedlings' strength
index. Chl is an indispensable role in plant photosynthesis, and it can also affect the usage
of plants to light energy, which is a representation of the ability of plant;phetosynthesis [17].
Under C. cassiicola stresses, the content of the photosynthetic pigment in.cucumber leaves,
but after spraying JDS can relieve the inhibition of C. cassiicela to the' photosynthetic
pigment in cucumber leaves and increase the content of Chl.in leaves;:which is beneficial to
adapting threatening environment.

The production of induced resistance in plants isgusually achieved through enzyme-
catalyzed regulation, POD, SOD, CAT and PAL are‘important enzymes in plant resisting
reactions, which have become essential factors in judging plant resistance in the process of
host-pathogenic bacteria reaction [18]. POD is widely found in plants and is closely related to
respiration, photosynthesis and the oxidation of growth hormones [19]. SOD is an important
antioxidant enzyme in living organisms with special physiological activity and is the primary
substance for scavenging radicals in living. The level of SOD in an organism is a visible
indicator of aging and death [20]. CAT is an 'enzyme cleaner, which can divide H,O, into o
and H,O and clean it in plants to protect cells from the damage of H,O, [21]. PAL is a key
enzyme in the metabolic process of phenylpropane, which is related to the synthesis of
some antibacterial substances,. like many secondary phenolic compounds, lignin and
flavonoid phytochemicals [22]. MDA is one of the most important products of membrane lipid
peroxidation, which can-measure the damage to the membrane system and plant stress
resistance indirectly [23]. After JDS treatment, the activities of POD, SOD, CAT and PAL
have a sharply improvement, in other hand, the content of MDA has a relative reduction.
These results demonstrate that cucumber treated with JDS can effectively induce the
activities of defense-related enzyme improvement, like POD, SOD, CAT, PAL, removal the
damage of plant caused by increased levels of reactive oxygen due to leaf spot botrytis
stresses due to.C. cassiicola stresses, meanwhile inhibit the process of membrane lipid
peroxidation. in blades, to improve the resistance of cucumber seedlings to C. cassiicola.

Above. all, under C. cassiicola stresses, JDS can effectively improve the content of
photosynthetic pigment and how well it is growing, reduce the degradation of Chl, strengthen
the occurrence of various metabolic reactions in plants, promote the enhancement of
protected enzymes activities, repair enzyme protect system in cucumber leaves, reduce the
level of reactive oxygen, inhibit the process of membrane lipid peroxidation in blades. In
addition, it was found that the effect of JDS inducing on TLS resistance tended to weaken as
the period of induction was extended, which is consistence with Sequeira [24] and Chen [25]
who showed that induced disease resistance in plants has the disadvantage of being time-
sensitive. Previous studies [26-28] point out that the process of inducers inducing disease
resistance in plants may have some influences on cucumber Chl fluorescence parameters,
photosynthetic properties and the expression of disease resistance-related protein genes, so
it is necessary to experiment with the above possibilities for the next step, to clarify the
resistance-inducing mechanism of the JDS induced from additional perspectives.



REFERENCES

1. Li J, Hong N, Peng B, Wu H, Gu Q. Transformation of Corynespora cassiicola by
Agrobacterium tumefaciens. Fungal Biol. 2019;123(9):669-675.

2. Yamashita M, Fraaije B. Non-target site SDHI resistance is present as standing genetic
variation in field populations of Zymoseptoria tritici. Pest Manag Sci. 2018;74(3):672-681.

3. Zhao Q, Shi Y, Wang Y, Xie X, Li L, Fan T, Guo L, Chai A, Li B. Temperature and
Humidity Regulate Sporulation of Corynespora cassiicola That Is Associated with
Pathogenicity in Cucumber (Cucumis sativus L.). Biology. 2022;11(11):1675.

4. Zhu J, Li X, Zhang L, Gao Y, Mu W, Liu F. The Bioactivity and Efficacy of Benzovindiflupyr
Against Corynespora cassiicola, the Causal Agent of Cucumber Corynespora Leaf Spot.
Plant Disease. 2021;105(10):3201-3207.

5. Duan Y, Xin W, Lu F, Li T, Li M, Wu J, Wang J, Zhou M. Benzimidazole-and Qol-
resistance in Corynespora cassiicola populations from greenhouse-cultivated,cucumber: An
emerging problem in China. Pesticide biochemistry and physiology. 2019;153:95-1.05.

6. Sggaard Jargensen P, Folke C, Henriksson PJG, Malmros K, Troell'M, Zorzet A; Living
with Resistance project. Coevolutionary Governance of Antibiotic and Pesticide Resistance.
Trends Ecol Evol. 2020;35(6):484-494.

7. Feng J, Cheng Y, Zheng C. Expression patterns of octoploid strawberry TGA genes
reveal a potential role in response to Podosphaera aphanis;infection: Plant Biotechnology
Reports. 2019;14(5):1-13.

8. Draz IS, Elkhwaga AA, Elzaawely AA, El-Zahaby HM, Ismai AA. Application of plant
extracts as inducers to challenge leaf rust of wheat. Egyptian Journal of Biological Pest
Control. 2019;29(1):1-8.

9. Yuan B, Li L, Li X, Yang W, Shi Y, Chai A, Zhang H, Xie:X, Li B. Preparation of Bacillus
amyloliquefaciens ZF57 micropowder and its control. effect on cucumber coryneform leaf
spot. Acta Phytopathologica Sinica. 2022;52(2):235-246.

10. Xie S, Wang W, Zhang F, Yin H. Research Progress of Plant Biostimulants. Chinese
Journal of Biological Control. 2019;35(3):487-496.

11. Riseh RS, Vazvani GM, Ebrahimi-Zarandi M, Skorik YA. Alginate-Induced Disease
Resistance in Plants. Polymers (Basel). 2022;14(4):661.

12. Meng X, Ma Z, Li W, Lu C; .Zhang P, Fan H. Resistance of cucumber to Corynespora
cassiicola under induction of Jingdusha. Chinese Cucurbits and Vegetables. 2019;32(9):18-
21.

13. Maylani ED, Yuniati R, Wardhana W. The Effect of leaf surface character on the ability of
water hyacinth, Eichhornia crassipes (Mart.) Solms. to transpire water[C]//IOP Conference
Series: Materials Science and Engineering. IOP Publishing, 2020;902(1):012070.

14. Yang X, Wo X;.Liu.Y, Li T, Qi M. Analysis of chlorophyll and photosynthesis of a tomato
chlorophyll-deficient mutant induced by EMS. Chinese Journal of Applied Ecology.
2018;29(6):1983-1989.

15. Ulgen C, Yildirim AB, Sahin G, Turker AU. Do magnetic field applications affect in vitro
regeneration, growth, phenolic profiles, antioxidant potential and defense enzyme activities
(SOD, CAT and PAL) in lemon balm (Melissa officinalis L.)?. Industrial Crops and Products,
2021;169:113624.

16. Zhang M, Shi M. Effects of selenium and silicon on wheat growth, physiological
characteristics and Cd distribution under cadmium stress. Jiangsu Agricultural Sciences.
2022;50(17):66-73.

17. Wang Y, Xu D, Yang Z, Liu X, Hong Z, Zhang N. Influence of Different Cultivation
Measures on Protective Enzymes, PAL Activity and MDA Content of Dalbergia odorifera.
Molecular Plant Breeding. 2019;17(2):635-642.

18. Huang D, Xiang Z, Zhou S, Wang Z, Meng X, Wang J, Zeng F, Cao C, Wan Z, Yang Z.
Studies on Controlling Effect of Oligosaccharide on Corynespora Leaf Spot of Eggplant.
China Vegetables. 2017;(9):46-49.



19. Zhang Q, Deng X, Wang J. The effects of mepiquat chloride (DPC) on the soluble
protein content and the activities of protective enzymes in cotton in response to aphid
feeding and on the activities of detoxifying enzymes in aphids. BMC Plant Biology.
2022;22(1):1-15.

20. Wang J, Germinara G S, Feng Z, Luo S, Yang S, Xu S, Li C, Cao Y. Comparative effects
of heat and cold stress on physiological enzymes in Sitophilus oryzae and Lasioderma
serricorne. Journal of Stored Products Research. 2022;96:101949.

21. Faria JMS, Pinto AP, Teixeira D, Brito I, Carvalhho M. Diversity of native arbuscular
mycorrhiza extraradical mycelium influences antioxidant enzyme activity in wheat grown
under Mn toxicity. Bulletin of Environmental Contamination and Toxicology.
2022;108(3):451-456.

22. Kobyletska M, Kavulych Y, Romanyuk N, Korchnska O, Terek O. Exogenous salicylic
acid modifies cell wall lignification, total phenolic content, PAL-activity in wheat (Triticum
aestivum L.) and buckwheat (Fagopyrum esculentum Moench) plants: under. cadmium
chloride impact. Biointerface Res. Appl. Chem. 2022;13:117.

23. Zhang X, Ma M, Ye B, Liu L, Ji S. Calcium ion improves cold:resistance of green
peppers (Capsicum annuum L.) by regulating the activity of protective ‘enzymes and
membrane lipid composition. Scientia Horticulturae. 2021;277:109789.

24. Sequeira L. Mechanisms of induced resistance in plants. Annual Review of Microbiology.
1983;37(1):51-79.

25. Chen Y, Puentes A, Bjorkman C, Brosset A, BylundsH..Comparing Exogenous Methods
to Induce Plant-Resistance Against a Bark-Feeding Insect. Frontiers in Plant Science.
2021;12:695867.

26. Feng H, Zhang M, Chen Y, Ran R. Effects.of salicylic'acid on chlorophyll content and
fluorescence characteristics of Angelica sinensis seedlings under Cu stress. Journal of
Northwest Normal University(Natural Science). 2019;55(1):83-88.

27. Luo W, He W, Sun X, Xun J. Study on the Application Effects of Five Plant Immune
Inducers on Cucumber. Xinjiang Agricultural'Sciences. 2021;58(1):107.

28. Zhao L, Chen L, Gu P, Zhan X, Zhang Y, Hou C, Wu Z, Wu Y, Wang Q. Exogenous
application of melatonin improves plant resistance to virus infection. Plant Pathology.
2019;68(7):1287-1295.



