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Effect of Populus nigra spring 
and autumn leaves extract 
on Capsicum annuum infected 
with pepper mild mottle virus
H. A. Gharib 1* & A. M. Mandour 2

Capsicum annuum is one of the main vegetable crops for the local market and exportation in Egypt. In 
this concern, pepper mild mottle virus (PMMoV) infection caused a significant decrease in Capsicum sp. 
leading to large economic losses. An isolate of PMMoV was obtained from naturally infected pepper 
plants, exhibiting different patterns of mottling, leaf distortion, yellowing, and stunting of leaves. The 
virus was identified. The molecular detection of PMMoV was done using RT-PCR with specific primers 
designed for coat protein genes. An RT-PCR product (474) bp of the coat protein gene of (PMMoV) was 
cloned. The target of the investigation was the effect of spring and autumn ethanol extracts of Populus 
nigra leaves on C. annuum seedling growth and infected C. annuum with (PMMoV) under greenhouse 
conditions. The experimental data showed that treated spring leaf extract of P. nigra enhanced 
infected C. annuum seedling growth parameters and fruit quality compared to uninfected seedlings. P. 
nigra spring leaf extract containing some allo-chemicals had a negative effect on uninfected seedlings. 
P. nigra autumn leaf extract significantly improved the growth and fruit quality of infected C. annuum 
seedlings compared to the control.

Abbreviations
PMMoV  Pepper mild mottle virus
PLE  Populus nigra leaves extract
SPLE  Spring Populus nigra leaves extract
APLE  Autumn Populus nigra leaves extract

Populus nigra known as cottonwood, poplar and aspen deciduous  trees1. Trees produce a large quantity of fallen 
leaves as a waste during autumn in Egypt ‘s environment. P. nigra is a member of the Salicaceae family, which 
included several species and had distributed extensively throughout the  world2. Poplar leaves used as a boost to 
 antimicrobials3. A lot of bioactive structures, such as terpenoids and flavonoids, far more to phenolic compounds, 
have been extracted from Populus sp.  by4–7. On this side, the results provided a hopeful baseline in sequence for 
using flavonoids from these trees as antimicrobials to control plant  diseases7. Meanwhile, different flavonoids 
with the structure pinobanksin and 3,7-dimethylquercetin as well as pinocembrin separated from the P. nigra 
ethanol  extract8.

On the other side, phenolic structures with caffeic and p-coumaric additions to cinnamic were  mentioned6. 
Previous investigations studied poplar trees’ naturally occurring aromatic compounds, such as salicylic acid 
and salicylic  alcohol9,10. Plants and their extracts used for medicinal purposes since ancient times. According 
to the World Health Organization, over 75–80 percent of the world’s population uses plant medicine in some 
form or another. Willow bark, for example, eaten by ancient Egyptians to ease fevers and headaches. Scientists 
found thousands of years later that the bark contained salicylic acid, the key element in aspirin. John Buckner 
discovered salicyl alcohol glucoside (Salicine) from willow bark in 1928, and Raffaele Piria called the compound 
salicylic acid (hereinafter SA) in  193811.

Sweet pepper C. annuum is a member of the solanaceae family of vegetables. It had considered a major 
greenhouse yield cultivated during different seasons to meet increasing demand in Egypt. The cultivation area 
reached 91,404  feddan12.
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Pepper mild mottle virus (PMMoV) has only recently identified on commercial bell pepper fields in Florida, 
Italy,13. The virus had spread by mechanical means and infected seeds but cannot transmit by insects. It has 
grown worldwide in field-grown bell, hot, and ornamental peppers. It found in pepper cultivars where produc-
tion practises are typical for the rapid spread of the  disease14.

As foliar symptoms can be mild, infected plants may did not notice till fruit symptoms were evidently result-
ing in spread to adjoining plants and higher yield  losses13. (PMMoV) causes serious economic losses in pepper 
production in China. 15 identified two PMMoV isolates (named PMMoV-ZJ1 and PMMoV-ZJ2) with decre-
ment symptoms in a survey for viral diseases on pepper in Zhejiang province. (PMMoV) infected fruits general 
appeared small and malformed and this was obvious by off-colored sunken areas. 16 found that a virus was 
causing damage to pepper yield.

The main target of this demonstration evaluated leaves of Populus nigra as a natural woody trees products 
had a chemical values. In this concern applied to study the effect of foliar (25–50 and 100%) concentrations of 
spring and autumn leaves (APLE) on C. annuum seedlings and fruit parameters. As well as studying the effects 
of (25–50 and 100%) concentrations of (SPLE) and (APLE) foliar applications, the process took 20 and 40 days 
from germinating infected pepper under greenhouse conditions in the Ismailia region.

Material and methods
This investigated study highlight the important of Populus nigra leaves and indicator differences between chemical 
strictures during spring and autumn content. In this concern, clear new untraditional process struggle PMMoV 
infections. During the spring on 2020, the current trial had carried out at Ismailia Governorate, Egypt. After 
pepper seedlings had three or four true leaves transplanting, Capsicum annuum was cultivated on pots 30 cm in 
mixed loam and sand (1:1) under greenhouse conditions. Mineral fertilizer had using the nitrogen fertilizer in 
the structure of calcium nitrate (17% N), potassium fertilizers in the structure of potassium sulphate (48%  K2O) 
and phosphorus fertilizers in the structure of phosphoric acid (61.5%  P2O5) according to Table 1.To investigate 
the effect of concentrations (% 25–50 and 100) foliar application of spring Populus nigra leaves extract (SPLE) 
and autumn Populus leaves extract (APLE) individuals after (20 and 40 days) respectively pepper transplant on 
growth parameters without infection as a split block treatment. On this concern pepper plant had infected with 
(PMMoV) during a first week after transplant, then treated at (20 and 40 days) respectively from transplant with 
foliar application extract, form (SPLE) and (APLE) individual as another split block treatment.

Greenhouse conditions. Greenhouse air was 21–30 °C during daylight and 16–18 °C at nighttime. Atmos-
phere had relative humidity from 40 to 90%. The suggested vapor pressure deficit (VPD) might be from 3 to 7 g/
m317–20. The solar radiation between 200 and 450 W/m2 within the gable-even-span greenhouse was 6 measured 
and evidenced for short and long requisites. In contrast, other greenhouses conditions control using some appa-
ratus, like black net sheets and natural airing  systems20.

Tree materials. Collection of tree material poplar tree spring leaf collected in March 2019 and 2020 from 
trees growing in the nursery of timber trees department at the Horticulture Research Institute Agriculture 
Research Center, Giza, Egypt. Senescent leaves were collected in September (2018 and 2019). The samples dried 
in the electric oven at 40 °C until they reached constant weight, according  to21. Dried material was ground by an 
electric mixer to find the crush forms of each sample. The powder preserved in sterilised glass jars.

Preparation extracts samples. Then samples were air dried in the laboratory for seven days under room 
conditions and later in the electric oven for two days at 40  °C22. The dried material then pulverised using a 
blender (electric mixer) to get powder forms of each sample. The powder collected and kept in clean and sterile 
conditions. Each leaf in spring and autumn, an individual dried powdered sample 500 g had lain in a 2000 ml 
beaker and processed by drenching 1000 ml of ethanol solvent. Then they enclosed with aluminium foil and 
put into a water bath 60 °C and had shaken to get homogenous solutions. After that, the samples filtered and 

Table 1.  Fertilizer program of Capsicum annuum under greenhouse conditions (g/pot).

Week after transplanting Calcium nitrate Potassium sulphate Phosphoric acid

2 0.15 0.10 0.02

3 0.35 0.20 0.05

4 0.50 0.30 0.08

5 0.70 0.40 0.10

6 1.00 0.60 0.15

7 1.00 0.60 0.15

8 1.00 0.60 0.15

9 1.00 0.60 0.15

10 0.70 0.40 0.10

11 0.70 0.40 0.10

12 0.70 0.40 0.10

13 0.70 0.40 0.10
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evaporated by a rotary evaporator 60 °C to isolate the solvent extract and store it in clean-capped glass bottles 
and reserve it in the refrigerator for  reuse23.

Source of virus isolates. Several field visits had been conducting to pepper plant growing areas in the 
Ismailia Governorate. The naturally infected pepper plants contain viral symptoms including mottling, leaf dis-
tortion, yellowing, and stunting collected according to Fig. 1. After being collected from the field, the infected 
leaf samples had placed in cool boxes and stored at 80 °C for later use.

Mechanical inoculation. Mechanical inoculation carried out  according24. Infectious sap extracted from 
young leaves indicator clear and typical symptoms. Leaves were ground in a sterilized mortar with a few drops 
of 0.2 M phosphate buffer. The extracted sap filtrated through two layers of chasse cloth and then centrifuged for 
5 min. at 5000 rpm. Before it was used to inoculate the leaves of tested plant seedlings. The infected plant extract 
measured on a NanoDrop device and found that the virus concentration was high.

Propagation of virus isolates. Infected leaf samples were ground in a phosphate buffer solution (pH7.2). 
Infectious sap had mechanically inoculated onto Chenopodium amaranticolor. The single local lesion assay used 
for biological purification of the isolate and propagated on healthy pepper plants.

Virus identification. Host range and symptomatology. Twenty-one plant species belonging to four fami-
lies mechanically inoculated with infectious crude sap expressed from pepper plants. The seedlings of each host 
species inoculated and observed daily for symptom development, and the mechanically inoculated plants kept 
under observation in insect-proof cages under the greenhouse. Three weeks later, plants examined visually for 
any signs of symptom appearance. Symptomless plants were checked for virus infection by back inoculation of 
Chanopodium amaranticolor leaves and/or the ELISA technique  by25.

Different symptoms observed on the infected pepper plants. This virus infection had indicator mottling, leaf 
distortion, yellowing, and stunting. This virus propagated on pepper plants, which developed the same symp-
toms as those in naturally infected plants. This isolated of PMMoV indicator different styles of symptoms on 
pepper hosts, such as mild mottling, mottling, yellowing, and malformation (Table 1 and Fig. 2). The incidence 
of PMMoV confirmed by back inoculation with Chanopodium amaranticolor. The tested plants could divide, 
according to their reactions, into two groups:

Figure 1.  The naturally infected pepper plant had indicator symptoms including mottling, leaf distortion, and 
stunting in the field.

Figure 2.  Symptomology of PMMoV (a) mottling and yellowing on Capsicum annum L. cultivar California, 
(b) mottling on Capsicum fratescens L. cv. Chilli (c) Local chlorotic lesions on Chanopodium amaranticolor (d) 
Local necrotic lesions on N. glutinosa. 
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Susceptible hosts to PMMoV. Plants reacted with systemic symptoms. Systemic symptoms observed in the 
tested Capsicum annum L. cv. California, Capsicum fratescens L. cv. Chilli and Nicotiana clevelandii Fig. 2. Sys-
temic symptoms, general appear nearly 11–14 days after inoculation.

Plants reacted with local lesions. Virus isolate produced chlorotic local lesions on the inoculated leaves of Cha‑
nopodium amaranticolor, Ch. quinoa and necrotic local lesions on the inoculated leaves of Datura metal, Datura 
stramonium, Nicotiana tabacum, and N. glutinosa nearly 7–10 days after inoculation (Fig. 2).

Unsusceptible plants. These plant species were not susceptible to pepper infection. These plants belong to dif-
ferent families: Cucurbitaceae, Fabaceae, and N. arusica. Host range studies for diagnosis will usually be most 
useful for those infecting a relatively narrow range of  plants26.

The general outlook of the result in Table 2 indicator that the studied isolate of PMMoV had a wide host range 
between members of the family Solanaceae. On the other side, the virus infects a few species of Chenopodiaceae. 
PMMoV induced mottling, yellowing, and malformation symptoms in the family Solanaceae. The informed data 
in Table 1 confirmed the results  of27.

Modes of transmission. Mechanical transmission. Inoculums prepared by homogenising infected pep-
per leaves with a few drops of phosphate buffer (pH 7.2) in a sterilised mortar. Leaves of host plants previously 
dusted with carborundum (600 mech) rubbed with the forefinger or with a cheesecloth pad previously soaked 
in the inoculum. The plants rinsed with tap water and kept in the insect proof greenhouse. Obtainment results 
revealed that PMMoV easily transmitted mechanically to indicator hosts like Chenopodium amaranticolor which 
indicator chlorotic local lesions.

Insect transmission. Two aphid species, name, Aphis faba (scop) and Myzus persicae (sulz) checked for their 
ability to transmit the isolated virus. A. faba (scop) and M. persicae (sulz) maintained on virus- free health faba 
beans for A. faba (scop) and cabbage plants for M. persicae (sulz) and kept under insect-proof cages in the green-
house. The aphids starved for one hour and then transferred to feeding for a 30 min acquisition feeding period 
on diseased pepper plants. At the end of the feeding period, aphids transferred to healthy plants at a rate of 10 
aphids/plant. After a 24 h feeding period, the insects had killed by spraying all tested plants with an effective 
insecticide (malathion 0.2%). Symptoms and the percentage of transmission recorded.

Results indicator these A. faba (scop) and M. persicae (sulz) did not able to transmit the virus. None of the 
tested plants produced any symptoms.

Seed transmission of virus. To study the transmission of (PMMoV) through seeds. Two hundred pepper 
seeds cv. California collected from previously inoculated infected peppers had sown in 20 cm sterilized pots and 
kept in an insect- proof greenhouse for symptom observation for three weeks after sowing, and the percentage 
of seed transmission calculated. (PMMoV) transmitted through pepper seeds. Data showed that the percentage 
of seed transmission differed according to cultivar. (PMMoV) transmitted at 38%. The result confirmed using 
ELISA.

Molecular characterization. RNA extraction. RNA extraction from leaf samples carried out using the 
RNeasy Plant Mini Kit (QIAGEN) according to the manufacturers’ instructions.

Primers for the coat protein gene of (PMMoV). For the amplification of the capsid protein (CP) gene (474 bp), 
two pairs of specific primers (CP/s: 5′-ATG GCA TAC ACA GTT ACC AGT-3′) and (CP/a: 5′-TTA AGG AGT TGT 
AGC CAC ACGTA3′) used in RT-PCR28.

Table 2.  The reaction of different hosts to Pepper mild mottle virus.

Family Host plant Symptoms

Chenopodiaceae
Ch. amaranticolor Coste and Reyn
Ch. quinoa Wild
Beta vulgaris

CLL
CLL
NS

Cucurbitaceae

Cucurbita pepo cv. Cavili
Cucurbita pepo cv. Eskandarni
Cu. maxima cv. Wintersquash
Cucumis sativus cv. Balady
Citrullus lanatus cv. Giza 2

NS
NS
NS
NS
NS

Fabaceae

Glycine max L.cv.Giza22
Lupinus termis cv. Lupine
Phaseolus vulgaris cv. Giza 4
Pisium sativum L. cv. Sugar sweet
Vicia faba cv. Giza 3

NS
NS
NS
NS
NS

Solanaceae

Capsicum annum L. cv. California
Capsicum fratescens L.cv. Chilli
Datura metal
Datura stramonium
Nicotiana tabacum L.cv.Whit Burley

M + Y
M + Mf
NLL
NLL
NLL
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One‑step RT‑PCR. One-step RT-PCR reactions carried out using the “iScript One Step qRT-PCR Kit” (BIO-
MATIK) in a 25 µL reaction volume. Each reaction contained 1 µL of the RNA extract (40 mg of total RNA), 
12.5 µLi Green Mastermix, 1.5 µL of 10 µM of each primer, 0.5 µL of qRT-PCR Enzyme Mix, and 25 μL of 
nuclease-free water. Synthesis of cDNA done at 42 °C for 30 min and denaturation at 95 °C for 10 min, followed 
by 35 cycles of 94 °C for 30 s, 50 °C for 1 min, 72 °C for 1 min, and a final cycle of 72 °C for 10 min (Velasco 
et al. 2011). 5 μL of PCR products were loaded into 1% agarose gels with a 100 bp DNA ladder (BIOMATIK) and 
pictures taken under UV light with a digital imaging system gel doc (Syngene Bio Imagins, IN Genius).

Analysis of RT‑PCR products. The cp genes of PMMoV collected from Ismailia had isolated using RT-PCR with 
specific primers. The PMMoV-cp gene had (~ 474) bp as shown in (Fig. 3).

Experimental design and treatments. A randomized complete block design used with fourteen treatments, eve-
ryone had sixteen plants, including control. It had contained four replicated. Each one contained four pots had 
one plant per pot. Pepper seedlings treated with extract by spraying whole leaves, even run-off, with different 
(PLE) concentrations after 20 and 40 days, respectively, follows:

 1. Pepper seedling untreated control.
 2. Pepper seedlings had foliar with 25% (SPLE) + 75% tap water.
 3. Pepper seedlings had foliar with 50% (SPLE) + 50% tap water.
 4. Pepper seedlings had foliar with 100% (SPE).
 5. Pepper seedlings had foliar with 25% (APLE) + 75% tap water.
 6. Pepper seedlings had foliar with 50% (APLE) + 50% tap water
 7. Pepper seedlings had foliar with 100% (APLE).
 8. Pepper seedling infected (PMMoV) without foliar application.
 9. Pepper seedlings infected (PMMoV) foliar with treated with 25% (SPLE) + 75% tap water.
 10. Pepper seedlings infected (PMMoV) foliar with 50% (SPLE) + 50% tap water.
 11. Pepper seedlings infected (PMMoV) foliar with 100% (SPLE).
 12. Pepper seedlings infected (PMMoV) foliar with 25% (APLE) + 75% tap water.
 13. Pepper seedlings infected (PMMoV) foliar with 50% (APLE) + 50% tap water.
 14. Pepper seedlings infected (PMMoV) foliar with 100% (APLE).

Gas chromatography (GC) analysis. Varian 3400 chromatography line, 30 cm in height and 0.32 mm in width, 
was working with helium as a transporter gas. GC temperature software program Spectra of mass saved in elec-
tron ionization (EI) form at 70 eV. The check repetition ranged over a mass of atomic mass units.

Statistical design and analysis. The design was a completely randomized block (RCBD) with five replicates. For 
each treatment, the least significant differences (LSD) were used to test the differences among the means of each 
parameter.

Results
Populus nigra leaf extract chemical composition in autumn and spring. The investigated data 
indicator that there were differences in the chemical structure of P. nigra extract between spring and autumn 
periods under Egypt conditions. It had clear that spring (PLE) extract more enhanced the chemical composi-
tion present compared to the autumn extract period. In comparison the autumn (PLE) extract, the spring (PLE) 
extract contained more tiglic acid, phenol, benzoic acid, dihydrocinnamic acid, cinnamic acid, 4-hydroxyphe-
nylacetic acid, 4-methoxycinnamic acid, 3,4-dimethoxymethyl cinnamate, ferulic acid, caffeic acid, and pinos-
trobin chalcone as shown on Table 3.

Effect of P. nigra spring leaves extract on C. annuum growth. The data of (PMMoV) pepper 
infected had the highest significant decrease mean value of C. annuum fruits and growth parameters compared 
to other treatments. Meanwhile Plant length of health pepper plants treated (25, 50 and 100%) of Populus spring 
leaves extract recorded significantly means value (64.530, 64.040 and 61.528  cm) respectively compared to 

Figure 3.  Agarose gel electrophoresis of RT-PCR amplified products. M: 1 kb DNA ladder (Promega); 1–7: 
seven infected pepper samples; 8: a negative sample.
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control while (PMMoV) infected pepper (PMMoV + PLE25 and PMMoV + PLE50%) more significant capable 
than (PMMoV + PLE100). This side P. nigra spring leaf extracts 25% concentration application on health pep-
per more significantly enhanced than poplar leaves application 50% on pepper number branches as well as 
(PMMoV + PLE25) the highest significant mean value compared to other infected pepper plants. Fruit weight 
of pepper plants data had indicator that treated with (PLE 100 and PMMoV + PLE50%) had no significantly 
mean value between (healthy and infected pepper, respectively. PLE 25 and PMMoV + PLE25 recorded the high 

Table 3.  Chemical composition of P. nigra leaves extract during autumn and spring.

Chemical P. nigra leaves P. nigra litter-layer

Heptanal + +

Β-eudesmol + +

2-Phenylethanol + +

Guaiol + +

Α-eudesmol + +

Γ-selinene + +

Δ-cadinene + +

Α-elemene + +

Γ-cadinene + +

1,8-Cineole + +

Benzyl alcohol + +

Tiglic acid + −

Phenol + −

Benzoic acid + −

1,2-Cyclohexadiol + +

1,n-Cyclohexadiol + +

Phosphoric acid + +

Glycerol + +

n-Tricosane + +

Pyrocatechol + +

Cinnamyl cinnamate + +

Succinic acid + +

n-Pentacosane + +

n-Heptacosane + +

Dihydrocinnamic (benzenepropanoic) acid + −

Eugenol + +

Malic (2-hydroxybutanedioic) acid + +

Cinnamic acid + −

Protocatechuic aldehyde + +

4-Hydroxyphenylacetic acid + −

4-Methoxy methyl cinnamate + +

Guaiol + +

4-Hydroxyhydrocinnamic acid + −

4-Methoxycinnamic acid + −

3,4-Dimethoxy methyl cinnamate + −

Β-Coumaric acid + +

3,4-Dimethoxycinnamic acid + −

Hexadecanoic acid + +

Ferulic acid + −

Caffeic acid + −

Α-Linolenic acid + +

Octadecanoic acid + +

Pinostrobin chalcone + −

Pinocembrin + +

Chrysin (2,5-dihydroxyflavone, mono-TMS) + +

5,7-dihydoxy-flavone + +

Gallic acid + +

Salicine + +
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mean value compared to other treatment. PMMoV + PLE100% application had enhanced significant mean val-
ues compared to PMMoV on the pepper fruit diameter, according to Table 4.

Effect of Populus autumn leaves extract on C. annuum growth. Data on Table 5 investigated that 
treated healthy C. annuum with autumn leaves extract 100% concentrations of P. nigra extract (PLE) had the 
heights significantly increment mean value plant length flowed with PMMoV + PLE100 compared to other treat-
ments. Pepper branches number (control and PMMoV) treatments had the lowest significantly mean value 
compared to other treatments. On this side, healthy pepper plants at (PLE 50 and PLE 100%) more enhanced 
significantly increment mean value (31.800e and 33.400bc) respectively pepper leaves number. On the other 
hand, pepper fruits weight recorded a significantly increment (28.404 and 25.667 g) at treatment (PLE 100 and 
PMMoV + PLE100%) respectively while treated with (control and PMMoV) had the lowest significant decre-
ment mean value. Study data showed that treated with (PLE 100, PMMoV + PLE100 and PLE 50%) recorded a 
significantly increment mean value (7.656, 7.228 and 6.600 cm) respectively of pepper fruit height. The experi-
ment treatments (PMMoV + PLE50, PMMoV + PLE25 and PMMoV) had the lowest significant mean value of 
pepper fruit diameter.

Effect of (PLE) after 20 and 40 days from (PMMoV) on symptoms. Using (SPLE) foliar application 
with different concentrations, processed infected pepper plants enhanced fruit pepper virus symptoms com-
pared to untreated infected fruit peppers, a regard to Table 6.

According to data shown in Table 7, treated infected peppers with 50 and 100 APLE concentrations were more 
capable of battling virus symptoms of pepper infected peppers when compared to unprocessed infected peppers. 
Meanwhile, foliar application with (25% APLE is incapable of managing symptoms of (PMMoV).

Effect of (PLE) after after 20 and 40 days from (PMMoV) on pepper ELISA. Data in Table 8 indi-
cated that treated infected pepper with spring (PLE) foliar application enhanced pepper defense for (PMMoV) 
compared to untreated. By using (PLE100%) recorded the highest significant decrease in treatment after the 
first and second. The second season had the same trend. On the other hand, autumn (PLE) applications lead to 
significantly decreased virus concentration and reproductive.

Table 4.  Effect of foliar application of P. nigra spring leaves extract (PLE) and inoculation with pepper mild 
mottle virus (PMMoV) on morphological characters of pepper plants. Different superscript letters in each row 
indicate significant differences (p < 0.05), ± standard deviation.

%Treatments Plant length (cm)
Number of 
branches Number of leaves Fruit weight (g) Fruit length (cm)

Fruit diameter 
(cm)

Control 66.824a ± 0.326 8.000a ± 1.730 29.200a ± 1.924 19.792a ± 0.582 5.540a ± 0.371 2.520a ± 0.192

PLE 25 64.530b ± 0.148 7.310b ± 0.517 28.600abc ± 0.112 18.552b ± 0.139 5.140b ± 0.255 2.310b ± 0.153

PLE 50 64.040c ± 0.357 6.810c ± 0.427 28.320bcd ± 0.531 18.132c ± 0.135 4.300d ± 0.169 2.020cd ± 0.145

PLE 100 61.528f ± 0.966 6.310e ± 0.602 27.720def ± 0.530 17.724e ± 0.412 3.426f ± 0.526 1.920e ± 0.150

PMMoV 51.760h ± 1.537 5.800h ± 0.837 27.600efgh ± 1.673 10.140h ± 0.344 2.936h ± 0.244 1.460h ± 0.089

PMMoV + PLE25 63.840cd ± 0.732 6.700cd ± 0.521 28.3001bcd ± 0.352 18.100 cd ± 0.029 4.880c ± 0.285 2.030c ± 0.152

PMMoV + PLE50 62.140de ± 0.376 6.210f ± 0.220 28.050cde ± 0.354 17.420ef ± 0.361 4.204e ± 0.169 1.850f ± 0.125

PMMoV + PLE100 60.772g ± 0.234 6.010g ± 0.472 27.680efg ± 0.101 16.042g ± 0.123 3.028g ± 0.212 1.520g ± 0.317

LSD 0.406 0.359 0.585 0.337 0.088 0.054

Table 5.  Effect of foliar application of P. nigra autumn leaves extract (PLE) and plants infected with pepper 
mild mottle virus (PMMoV) on morphological characters of pepper plants. Different superscript letters in each 
row indicate significant differences (p < 0.05), ± standard deviation.

%Treatments Plant length (cm)
Number of 
branches Number of leaves Fruit weight (g) Fruit length (cm)

Fruit diameter 
(cm)

Control 66.824ef ± 0.326 8.000g ± 1.730 29.200gf ± 1.924 19.792f ± 0.582 5.540 g ± 0.371 2.520e ± 0.192

PLE 25 68.384d ± 0.468 9.200e ± 0.837 29.600f ± 1.140 21.792d ± 0.789 6.240de ± 0.195 2.620d ± 0.164

PLE 50 69.700c ± 0.897 10.200c ± 0.837 31.800e ± 1.789 25.352bc ± 1.237 6.600c ± 0.158 2.880c ± 0.130

PLE 100 75.068a ± 1.196 11.200a ± 0.837 33.400bc ± 1.140 28.404a ± 0.602 7.656a ± 0.336 3.220a ± 0.109

PMMoV 51.760h ± 1.537 5.800h ± 0.837 27.600h ± 1.673 10.140h ± 0.344 2.936h ± 0.244 1.460h ± 0.089

PMMoV + PLE25 61.940 g ± 0.652 9.200e ± 0.837 32.800d ± 0.837 19.570fg ± 1.018 6.058f ± 0.183 2.300g ± 0.100

PMMoV + PLE50 67.06e ± 1.266 10.200cd ± 0.447 33.600b ± 0.894 20.750e ± 1.342 6.264d ± 0.169 2.440f ± 0.114

PMMoV + PLE100 70.772b ± 1.114 10.800b ± 0.837 34.800a ± 1.303 25.667b ± 0.841 7.228b ± 0.112 2.940b ± 0.207

LSD 0.378 0.359 0.520 0.337 0.088 0.054
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Discussion
Populus leaves turn yellow in autumn, a consequence according to chlorophyll degradation during senescence in 
response to environmental  change29,30. The present study showed that concentrations of phenolic acids in leaves 
were more highly elevated at the beginning of the spring period and decomposed at the end of the active season 
until leaves  maturity31. 32 found that willow trees’ degraded structure and growth rate turn down on senescence 
leaves in relation to low leaf water potential. Senescence process leaf damage caused by uncoupled chlorophyll 
that downstream decreased led to the photosynthesis process not operating and increased chemical decomposi-
tion  in33,34. This concern 75.0% diluted ethanol solvent had a significant effect in extracting phenol  composition35.

In fact, chlorophyll loss might be a sign of membrane damage, especially if hydrogen peroxide generation is 
 enhanced36. By destroying a variety of targets, including proteins, reactive oxygen species can cause significant 
harm to cell structure and  metabolism37. In fact, chlorophyll loss might be a sign of membrane damage, especially 
if hydrogen peroxide generation is  enhanced36. Reactive oxygen species have the potential to cause significant 
cell damage. Indeed, phenolic compounds appeared to reduce seedling growth of  crop38. Meanwhile, phenol 
structures caught hold of the behaviour of respiratory enzymes. Typically pretentious phenol components are 
aldolase plus glucose phosphate isomerase, involved in glycolysis and glucose 6-phosphate  dehydrogenase39.

On the other side, Populus is a genus of the Fam. Salicaceae, and included different naturally happening 
aromatic components such as salicylic acid and salicylic alcohol, as well as aromatic ketones moreover terpe-
noids furthermore fatty addition to organic acids plus benzyl alcohol also beta-phenyl ethanol, moreover other 
 compounds40,41. The researchers also recorded that the majority structures had showed antimicrobial motion, 
such as salicylic  component42.

The study present that aspen had different concentrations of deterrent secondary substances relating to bud 
grow old. This concerning four herbivores had incapable feed selective as defense  protection43–45. Poplar trees 
had a surprising occurrence famous as autumn senescence, a vital role in survival  trees46. The commencement 

Table 6.  Effect of foliar application of P. nigra spring leaves extract (SPLE) after 20 and 40 days from 
PMMoV inoculation on external symptoms % of pepper plants. mM mild Mottle, M mottle, St stunting, Mal 
malformation, Y yellowing, − no symptoms.

%Treatments

After 20 days After 40 days

mM M mM M Stunting Mal Y

Control − − − − − − −

PMMoV + − − + + + +

PMMoV + PLE 25 − + + − − + −

PMMoV + PLE 50 − − + − − − −

PMMoV + PLE 100 − − − − − − −

Table 7.  Effect of foliar application of autumn P. nigra leaves extract (APLE) after after 20 and 40 days from 
PMMV inoculation on external symptoms of pepper plants. mM mild mottle, M mottle, St stunting, Mal 
malformation, Y yellowing, − no symptoms.

%Treatments

After 20 days After 40 days

mM M mM M Stunting Mal Y

Control − − − − − − −

PMMoV + − − + + + +

PMMoV + PLE 25 − + + + − − −

PMMoV + PLE 50 − − + − − − −

PMMoV + PLE 100 − − − − − − −

Table 8.  Effect of foliar application of P. nigra leaves extract (PLE) after first and second from PMMoV 
inoculation on relative concentration of PMMoV with ELISA of pepper plants. Different superscript letters in 
each row indicate significant differences (p < 0.05), ± standard deviation.

%Treatments SPLE APLE

Control 0.145e ± 0.021 0.422b ± 0.022

PMMoV 0.531a ± 0.041 0.343c ± 0.035

PMMoV + PLE 25 0.401b ± 0.021 0.320d ± 0.030

PMMoV + PLE 50 0.329c ± 0.032 0.343c ± 0.005

PMMoV + PLE 100 0.292d ± 0.035 0.422b ± 0.022

LSD 0.004 0.035
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of inception senescence had known altering in metabolic rate of leaf since starting copious photosynthetically 
active to senescence situation then leaf actively had been incapable of precious components content after that 
transported out  leaf47,48. Senescence leaves had more than greater synchronized development in cell organs. 
It had deconstructed and content  reallocated49. While the tree cell gets the beginning pointer for preparatory 
programmed death. Cell dismantled itself then manner initial chlorophyll molecules after that nucleus and 
mitochondria  dismantled50.

51 indicator that the exogenous function of salicylic acid enhanced the  photosynthetic52 observed the encour-
aging consequence of low salicylic acid concentration on increased yield. When cucumber and tomato plants 
treated with reduced salicylic acid concentrations, fruit output parameters enhanced  considerably53.

On this concern,54 found that foliar application of salicylic acid had a positive effect on early yield and total 
yield, and that the highest yield occurred in the 0.50 mM salicylic acid treatment. They also suggested that to 
improve yield, foliar application of salicylic acid had used. On this mention low doses, salicylic acid is more 
capable of photosynthesis and growth parameters than excessive  amounts55.

Higher salicylic acid concentrations [10–4 M] inhibited ethylene synthesis, according  to56. However, the 
mechanism of action of salicylic acid-mediated ethylene biosynthesis is still unknown. The data had pinpointing 
the mechanism connected with salicylic acid for ethylene biosynthesis and action will require a lot of debate. 57 
found chlorophyll reduced following concentrations (100–1 mM) of salicylic acid submission in  leaves58 reported 
that virus ability to inhibit or enhance according to salicylic acid dependent signaling.

Salicylic acids enhance the confrontation mechanisms of phytoalexin construction then being capable of cell 
wall membrane amplification and lignification, furthermore salicylic acid submission on tobacco improved the 
confrontation with viruses and the resistance movement among plant  cells59. 60 investigated that salicylic acid, an 
important component, had encouraged endogenous messengers which enhance pathogen resistance. This theory 
has maintained tobacco plants’ foliar application by salicylic acid, and this improvement persuaded structures 
of pathogenesis-related proteins and confrontation with the tobacco mosaic  virus61. This  admiration62 reported 
that instruction of virus resistance with phenol stricture is possible. 63 found that salicylic acid phytohormone 
participants in modifiable protection were mostly against abiotrophic moreover hemotrophic pathogens.

The preceding study observed that salicylic acid reduced virus concentrations detected by DAS-ELISA. The 
diminution in virus concentrations released an enhanced peroxidase enzyme, which is recognized to encourage 
forming polymerization. It lead to lignin combination plus point had straight connected with an augmented 
facility of systemically secluded lignin tissues furthermore assist protection from viral  infection64. This concern 
salicylic acid excesses production of antioxidants moreover improved virus resistance. Accumulation of salicylic 
acid following the process had induced in plants challenged by various  viruses65. An improvement in salicylic 
acid concentration was essential for plants’ resistance to viral infection and virus  replication65.

Conclusion
The experimental data expresses the new applied method using Populus nigra leaves extract to increase poplar 
trees evaluation. Pepper is Egyptian economic and popular crop. Pepper mild mottle virus damaged pepper crops 
without infect side. The other side Populus are deciduous trees and suitable for Egyptian conditions. Ethanol 
extract of Populus leaves analysis recorded high antimicrobial content during spring season. Meanwhile, autumn 
Populus leaves analysis chemical contented before falling. This investigated study effect of different concentrations 
(25–50 and 100%) as foliar applications of spring and autumn Populus leaves individuals on growth parameters of 
healthy and virus infected pepper. Populus leaves extracts foliar applications treated after (20 and 40 days) from 
pepper transplants. The experimented data recorded spring Populus leaves extract had a (negative and positive) 
significant effect on health and infected pepper growth, respectively on high concentrations. On the other side, 
autumn foliar Populus leaves extracts high concentrations had significant increment on pepper growth and fruits.

Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author on 
reasonable request.

Received: 25 June 2022; Accepted: 21 November 2022

References
 1. Jansson, S. et al. (eds) Genetics and Genomics of Populus Vol. 8 (Springer, 2010).
 2. Bradshaw, H. D., Ceulemans, R., Davis, J. & Stettler, R. Emerging model systems in plant biology: Poplar (Populus) as a model 

forest tree. J. Plant Growth Regul. 19(3), 306–313 (2000).
 3. Al-Hussaini, R. & Mahasneh, A. M. Microbial growth and quorum sensing antagonist activities of herbal plants extracts. Molecules 

14(9), 3425–3435 (2009).
 4. Radoykova, T., Nenkova, S. & Stanulov, K. Production of phenol compounds by alkaline treatment of poplar wood bark. Chem. 

Nat. Compd. 46(5), 807–808 (2010).
 5. Schnitzler, J. P., Louis, S., Behnke, K. & Loivamäki, M. Poplar volatiles–biosynthesis, regulation and (eco) physiology of isoprene 

and stress-induced isoprenoids. Plant Biol. 12(2), 302–316 (2010).
 6. Dudonné, S. et al. Phenolic composition and antioxidant properties of poplar bud (Populus nigra) extract: Individual antioxidant 

contribution of phenolics and transcriptional effect on skin aging. J. Agric. Food Chem. 59(9), 4527–4536 (2011).
 7. Zhong, L. et al. Antimicrobial flavonoids from the twigs of Populus nigra × Populus deltoides. Nat. Prod. Res. 26(4), 307 (2012).
 8. Adams, M., Berset, C., Kessler, M. & Hamburger, M. Medicinal herbs for the treatment of rheumatic disorders—A survey of 

European herbals from the 16th and 17th century. J. Ethnopharmacol. 121(3), 343–359 (2009).
 9. Pearl, I. A. & Darling, S. F. Hot water phenolic extractives of the bark and leaves of diploid Populus tremuloides. Phytochemistry 

10(2), 483–484 (1971).



10

Vol:.(1234567890)

Scientific Reports |        (2022) 12:22194  | https://doi.org/10.1038/s41598-022-24786-2

www.nature.com/scientificreports/

 10. Steele, J. W. & Ronald, W. Phytochemistry of the Salicaceae: VI. The use of a gas-liquid chromatographic screening test for the 
chemotaxonomy of Populus species. J. Chromatogr. A 84(2), 315–318 (1973).

 11. Yusuf, M., Hayat, S., Alyemeni, M. N., Fariduddin, Q. & Ahmad, A. Salicylic acid: physiological roles in plants. In Salicylic Acid 
(eds Hayat, S. et al.) 15–30 (Springer, 2013).

 12. Selim, E. M. M. E. M., EL-kholy, M. H., Abdelhamied, A. S. & Radwan, E. R. Effect of potassium foliar application and fertigation 
on biological aspects and plant growth biomass of pepperp (Capsicum annuum). تأثير الرسمدة والرش الورقي للبوتاسيوم علي المکونات الحيوية 
.J. Soil Sci. Agric. Eng. 12 (7), 461–467 (2021) .والکتلة الحيوية للنبات الفلفل

 13. Adkins, S. et al. Identification of Pepper mild mottle virus in commercial bell pepper in Florida. Plant Dis. 85(6), 679–679 (2001).
 14. Secrist, K. E. Molecular and biological characterization of Pepper mild mottle virus in Oklahoma (Doctoral dissertation, The Uni-

versity of Tulsa) (2021).
 15. Han, K. et al. A single amino acid in coat protein of Pepper mild mottle virus determines its subcellular localization and the 

chlorosis symptom on leaves of pepper. J. Gen. Virol. 101(5), 565 (2020).
 16. Jain, S. M., Al-Khayri, J. M., & Johnson, D. V. Advances in Plant Breeding Strategies: Vegetable Crops: Volume 10: Leaves, Flowerheads, 

Green Pods, Mushrooms and Truffles (Springer, 2021).
 17. Rylski, I. & Spigelman, M. Effects of different diurnal temperature combinations on fruit set of sweet pepper. Sci. Hortic. 17(2), 

101–106 (1982).
 18. Rylski, I. & Spigelman, M. Effect of shading on plant development, yield and fruit quality of sweet pepper grown under conditions 

of high temperature and radlation. Sci. Hortic. 29(1–2), 31–35 (1986).
 19. Portree, J. Greenhouse vegetable production guide for commercial growers. Province of British Columbia Ministry of Agriculture. 

(Fisheries and Food, 1996).
 20. De Swart, E. A. Potential for breeding sweet pepper adapted to cooler growing conditions: A physiological and genetic analysis of 

growth traits in Capsicum. Wageningen University and Research (2007).
 21. Hernández-Castillo, F. D., Castillo-Reyes, F., Gallegos-Morales, G., Rodríguez-Herrera, R. & Aguilar-González, C. N. Lippia 

graveolens and Carya illinoensis organic extracts and there in vitro effect against Rhizoctonia solani Kuhn. Am. J. Agric. Biol. Sci. 
5(3), 380–384 (2010).

 22. Raja, K. S., Taip, F. S., Azmi, M. M. Z. & Shishir, M. R. I. Effect of pre-treatment and different drying methods on the physicochemi-
cal properties of Carica papaya L. leaf powder. J. Saudi Soc. Agric. Sci. 18(2), 150–156 (2019).

 23. Wang, H., Cáo, G. & Prior, R. L. Totál ántioxidánt čápáčity of fruitš. J. Agrič. Food Chem. 44(3), 701–705 (1996).
 24. Mughal, S. M., Zidgali, S. & Matrooshi, A. R. Some biological, serological and physical properties of Tobacco mosaic virus (TMV) 

from the Sultanate of Oman. Pak. J. Agric. Sci 43, 50–54 (2006).
 25. Clark, M. F. & Adams, A. N. Characteristics of the microplate method of enzyme-linked immunosorbent assay for the detection 

of plant viruses. J. Gen. Virol. 34(3), 475–483 (1977).
 26. Kaundal, P., Kaushal, N., Chimote, V. P., Shukla, A. & Gawande, S. J. Development of PCR-based techniques for the detection of 

immobilised Potato virus Y virions. Development of PCR‑Based Techniques for the Detection of Immobilised Potato Virus Y Virions 
127–132 (2011).

 27. Wetter, C., Conti, M., Altschuh, D., Tabillion, R. & Van Regenmortel, M. H. V. Pepper mild mottle virus, a tobamovirus infecting 
pepper cultivars in Sicily. Phytopathology 74(4), 405–410 (1984).

 28. Çağlar, B. K., Fidan, H. & Elbeaino, T. Detection and molecular characterization of Pepper mild mottle virus from Turkey. J. 
Phytopathol. 161(6), 434–438 (2013).

 29. Landi, M., Tattini, M. & Gould, K. S. Multiple functional roles of anthocyanins in plant-environment interactions. Environ. Exp. 
Bot. 119, 4–17 (2015).

 30. Yang, X. et al. Anthocyanin biosynthesis associated with natural variation in autumn leaf coloration in Quercus aliena accessions. 
Int. J. Mol. Sci. 23(20), 12179 (2022).

 31. Kulshrestha, S. et al. Stress, senescence, and specialized metabolites in bryophytes. J. Exp. Bot. https:// doi. org/ 10. 1093/ jxb/ erac0 
85 (2022).

 32. Orlandi, F., Ruga, L. & Fornaciari, M. Willow phenological modelling at different altitudes in central Italy. Environ. Monit. Assess. 
192(11), 1–12 (2020).

 33. Ferrante, A., Lima, G. P., Liao, W., Martinez, G. A., Zhang, L., Wuyun, T., Qu, Y., Jiang, L., Wuyun, T., Mu, S. & Xie, F.Effects of 
exogenous putrescine on delaying senescence of cut foliage. Quality of Ornamental Crops: Effect of Genotype, Preharvest, and 
Improved Production Chains on Quality Attributes of Ornamental Crops (2022).

 34. Chen, X. et al. STAY-GREEN and light-harvesting complex II chlorophyll a/b binding protein are involved in albinism of a novel 
albino tea germplasm ‘Huabai 1’. Sci. Hortic. 293, 110653 (2022).

 35. Sun, C., Wu, Z., Wang, Z. & Zhang, H. Effect of ethanol/water solvents on phenolic profiles and antioxidant properties of Beijing 
propolis extracts. Evid. Based Complement. Altern. Med. https:// doi. org/ 10. 1155/ 2015/ 595393 (2015).

 36. Nishiyama, R. et al. Analysis of cytokinin mutants and regulation of cytokinin metabolic genes reveals important regulatory roles 
of cytokinins in drought, salt and abscisic acid responses, and abscisic acid biosynthesis. Plant Cell 23(6), 2169–2183 (2011).

 37. Hussain, I., Singh, N. B., Singh, A. & Singh, H. Allelopathic potential of sesame plant leachate against Cyperus rotundus L.. Ann. 
Agrar. Sci. 15(1), 141–147 (2017).

 38. Sun, N. et al. Effects of organic acid root exudates of Malus hupehensis Rehd. derived from soil and root leaching liquor from 
orchards with apple replant disease. Plants 11(21), 2968 (2022).

 39. Muscolo, A., Panuccio, M. R. & Sidari, M. The effect of phenols on respiratory enzymes in seed germination. Plant Growth Regul. 
35(1), 31–35 (2001).

 40. Santos, A. L., Soares, M. G., de Medeiros, L. S., Ferreira, M. J. & Sartorelli, P. Identification of flavonoid-3-O-glycosides from leaves 
of Casearia arborea (Salicaceae) by UHPLC-DAD-ESI-HRMS/MS combined with molecular networking and NMR. Phytochem. 
Anal. 32(6), 891–898 (2021).

 41. Kim, H. J. et al. Anti-adipogenic effects of salicortin from the twigs of weeping willow (Salix pseudolasiogyne) in 3T3-L1 cells. 
Molecules 27(20), 6954 (2022).

 42. Bartzatt, R., Cirillo, S. L. & Cirillo, J. D. Antibacterial activity of dipeptide constructs of acetylsalicylic acid and nicotinic acid. 
Drug Deliv. 14(2), 105–109 (2007).

 43. Reichardt, P. B. et al. Winter chemical defense of Alaskan balsam poplar against snowshoe hares. J. Chem. Ecol. 16(6), 1941–1959 
(1990).

 44. Clausen, T. P., Reichardt, P. B., Bryant, J. P. & Sinclair, A. R. E. Chemical defense of Populus balsamifera: A clarification. J. Chem. 
Ecol. 18(9), 1505–1510 (1992).

 45. Yu, B. & Knicky, M. Impact of feed supplementation with balsam poplar buds on performance of young bulls. Teopия и пpaктикa 
пepepaбoтки мяca 6(4), 294–299 (2021).

 46. Ghelardini, L. et al. Genetic architecture of spring and autumn phenology in Salix. BMC Plant Biol. 14(1), 1–18 (2014).
 47. Fischer, A. & Feller, U. Senescence and protein degradation in leaf segments of young winter wheat: Influence of leaf age. J. Exp. 

Bot. 45(1), 103–109 (1994).
 48. Jalil, S. U., Ansari, S. A. & Ansari, M. I. Role of environment stress leaf senescence and crop productivity. In Augmenting Crop 

Productivity in Stress Environment (eds Ansari, S. A. et al.) 13–31 (Springer, 2022).

https://doi.org/10.1093/jxb/erac085
https://doi.org/10.1093/jxb/erac085
https://doi.org/10.1155/2015/595393


11

Vol.:(0123456789)

Scientific Reports |        (2022) 12:22194  | https://doi.org/10.1038/s41598-022-24786-2

www.nature.com/scientificreports/

 49. Woo, H. R., Kim, H. J., Nam, H. G. & Lim, P. O. Plant leaf senescence and death–regulation by multiple layers of control and 
implications for aging in general. J. Cell Sci. 126(21), 4823–4833 (2013).

 50. Van Doorn, W. G. & Woltering, E. J. Senescence and programmed cell death: Substance or semantics?. J. Exp. Bot. 55(406), 
2147–2153 (2004).

 51. Fariduddin, Q., Hayat, S. & Ahmad, A. Salicylic acid influences net photosynthetic rate, carboxylation efficiency, nitrate reductase 
activity, and seed yield in Brassica juncea. Photosynthetica 41(2), 281–284 (2003).

 52. Shakirova, F. M., Sakhabutdinova, A. R., Bezrukova, M. V., Fatkhutdinova, R. A. & Fatkhutdinova, D. R. Changes in the hormonal 
status of wheat seedlings induced by salicylic acid and salinity. Plant Sci. 164(3), 317–322 (2003).

 53. Larque-Saavedra, A. & Martin-Mex, F. Effects of salicylic acid on the bioproductivity of the plants. In Salicylic Acid, A Plant Hor‑
mone (eds Hayat, S. & Ahmad, A.) (Springer, 2007).

 54. Yildirim, E. & Dursun, A. Effect of foliar salicylic acid applications on plant growth and yield of tomato under greenhouse condi-
tions. Acta Hortic. 807, 395–400 (2009).

 55. Kurepin, L. V., Dahal, K. P., Zaman, M. & Pharis, R. P. Interplay between environmental signals and endogenous salicylic acid 
concentration. In Salicylic Acid (eds Hayat, S. et al.) 61–82 (Springer, 2013).

 56. Srivastava, M. K. & Dwivedi, U. N. Delayed ripening of banana fruit by salicylic acid. Plant Sci. 158, 87–96 (2000).
 57. Pancheva, T. V., Popova, L. P. & Uzunova, A. N. Effects of salicylic acid on growth and photosynthesis in barley plants. J. Plant 

Physiol. 149(1–2), 57–63 (1996).
 58. Boatwright, J. L. & Pajerowska-Mukhtar, K. Salicylic acid: An old hormone up to new tricks. Mol. Plant Pathol. 14(6), 623–634 

(2013).
 59. Mayers, C. N., Lee, K. C., Moore, C. A., Wong, S. M. & Carr, J. P. Salicylic acid-induced resistance to Cucumber mosaic virus in 

squash and Arabidopsis thaliana: Contrasting mechanisms of induction and antiviral action. Mol. Plant Microbe Interact. 18(5), 
428–434 (2005).

 60. Raskin, I. Role of salicylic acid in plants. Annu. Rev. Plant Biol. 43(1), 439–463 (1992).
 61. Van Huijsduijnen, R. H., Alblas, S. W., De Rijk, R. H. & Bol, J. F. Induction by salicylic acid of pathogenesis-related proteins and 

resistance to alfalfa mosaic virus infection in various plant species. J. Gen. Virol. 67(10), 2135–2143 (1986).
 62. Zhao, L. et al. Advances and prospects in biogenic substances against plant virus: A review. Pestic. Biochem. Physiol. 135, 15–26 

(2017).
 63. Hackmann, C. et al. Salicylic acid-dependent and independent impact of an RNA-binding protein on plant immunity. Plant Cell 

Environ. 37(3), 696–706 (2014).
 64. Chittoor, J. M., Leach, J. E. & White, F. F. Induction of peroxidase during defense against pathogens. In Pathogenesis‑Related Proteins 

in Plants 171–193 (1999).
 65. Zhao, L. et al. Exogenous application of melatonin improves plant resistance to virus infection. Plant Pathol. 68(7), 1287–1295 

(2019).

Acknowledgements
The authors gratefully acknowledge Prof. Dr. Ahmed M. Soliman (Virus & Phytoplasma Res. Dept., Plant Pathol. 
Res. Institute, Agricultural Research Center, Egypt) for his valuable assistance during the preparation of this 
manuscript.

Author contributions
H.A.G. wrote the main manuscript text and A.M.M. prepared figures. All authors reviewed the manuscript.

Funding
Open access funding provided by The Science, Technology & Innovation Funding Authority (STDF) in coopera-
tion with The Egyptian Knowledge Bank (EKB).

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 022- 24786-2.

Correspondence and requests for materials should be addressed to H.A.G.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2022

https://doi.org/10.1038/s41598-022-24786-2
https://doi.org/10.1038/s41598-022-24786-2
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Effect of Populus nigra spring and autumn leaves extract on Capsicum annuum infected with pepper mild mottle virus
	Material and methods
	Greenhouse conditions. 
	Tree materials. 
	Preparation extracts samples. 
	Source of virus isolates. 
	Mechanical inoculation. 
	Propagation of virus isolates. 
	Virus identification. 
	Host range and symptomatology. 
	Susceptible hosts to PMMoV. 
	Plants reacted with systemic symptoms. 
	Plants reacted with local lesions. 

	Unsusceptible plants. 

	Modes of transmission. 
	Mechanical transmission. 
	Insect transmission. 

	Seed transmission of virus. 
	Molecular characterization. 
	RNA extraction. 
	Primers for the coat protein gene of (PMMoV). 
	One-step RT-PCR. 
	Analysis of RT-PCR products. 
	Experimental design and treatments. 
	Gas chromatography (GC) analysis. 
	Statistical design and analysis. 


	Results
	Populus nigra leaf extract chemical composition in autumn and spring. 
	Effect of P. nigra spring leaves extract on C. annuum growth. 
	Effect of Populus autumn leaves extract on C. annuum growth. 
	Effect of (PLE) after 20 and 40 days from (PMMoV) on symptoms. 
	Effect of (PLE) after after 20 and 40 days from (PMMoV) on pepper ELISA. 

	Discussion
	Conclusion
	References
	Acknowledgements


