Antimicrobial activity and allelopathic potential of Zygophyllum coccineum L. on
Chenopodium album L.

Abstract

Zygophyllum coccineum L. (Family Zygophyllaceae) was collected from twagations
namely Wadi Hagul and Deltaic Mediterranean cddsthanol, acetone and ethanol
extracts prepared from Zoccineum leaves and they were tested for their antibacterial
activity. The bacterial strains tested weseherichia coli, Bacillus subtilis,
Saphylococcus aureus, Bacillus cereus, andPseudomonas aeruginosa. Methanol
extract from desert plant was the most potent ektigainst bacterial growth
compared with other extracts. Also, the three extraxpressed antifungal activities
against the tested fungandida albicans, Aspergillus niger andAspergillus flavus.
Methanol extract from the desert plant was thengfest in retarding the fungal
growth. The aqueous leaf extractzottoccinum from both desert and coastal areas
inhibited seed germination and radical growttChénopodium albumat 50 and 100
ugmli. The inhibition rate was remarkable with the depmt compared to that of
coastal one.
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Introduction

About 80% individuals from developing countries €iegs on plant based
preparations used in their traditional medicinateyn and human health care (Ellof,
1998; El-Shora and Abdel-Gwg2015a; El-Shorat al., 2015b). Plants produce a
diverse range of bioactive molecules, making thieim sources of different types of
medicine (Nairt al., 2005).

Most of the pathogenic microorganisms are becomesgtant to many
antimicrobial drugs. Natural products are a goaga®for obtaining low cost, highly
safe and potent antifungal and antibacterial drigss, the antibiotic resistance of
medically important bacteria became the major gnoblor human health. In
addition, the antibiotics may also cause side &ffen the host including
hypersensitivity, immune-suppression and allergiésis, there is a need for
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developing alternative antimicrobial drugs for treatment of infectious diseases
(Shinde and Mulay, 2015; EI-Shoegal., 2015 .

Antimicrobials of plant origin have effective thprutic potential. They are used
in treating of infectious diseases and minimizing side effects associated with
synthetic antimicrobials (Cunha, 2001).

The high cost of new antibiotics and their non-kalality with limited effective
span resulted in the increase in mortality and madsb(Williams, 2000). Therefore,
there is a need to search for new drugs from ditedogical sources with proven
antimicrobial activity (Moreillioret al., 2005).

Allelopathy is defined as direct or indirect effettrough which the chemicals

and their metabolic products released by one pitiect the biochemical reactions of
a neighboring plant (EI-Shoehal., 2015a).

The chemical compounds involved in the allelopadffect are called as
allelochemicals. Allelochemicals are the subsetsegbndary metabolites not
required for metabolism (growth and developmenthefallelopathic organism.
These allelochemicals can be released from planlisaehing from leaves, stems,
seeds, flowers, buds, fruits, and disintegratiodezd plant parts, exudation from
roots and volatilization (Rizvi and Rizvi, 1992 -&horaet al., 2015b).

Allelopathy has been considered as a mechanisthéosuccess of invasive

plants through establishing monoculture and mayrire to the capability of exotic



species to become dominants in particular invadiat gommunities (Hierro and
Callaway, 2003).

Allelochemicals as biological herbicides becameralitive to current synthetic
chemical approaches (Surtzal., 2002; EI-Shora and Abd El-Gawad, 2014). Weed
competes with crop for nutrients, moisture, spaceel as light and thus affect crop
yields (Kadioglueet al., 2005). It has been reported that majority specfeveed
allelochemicals stop the crop production but somesi also stimulate seed growth,
germination and crop production (Narwal, 2004, B6f& and Abd El-Gawad,
2015D).

C. albumis responsible for important economic losses incatjure around the
world. Except in the extreme desert climaealbumis found in all inhabited areas
of the world where it thrives on all soil types amger a wide range of pH values
(Holmet al., 1977).C. albumreduces crop yield by direct competition for nuttgeand
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light. Important losses due @ albumin field have been found on many crops including
soybeans, maize, barley tomabat, and sugar be@tgouajioet al., 1999)

Allelopathic effects of crop residues or crop ptaoh weeds are important to
farmers but the reverse may cause economic loSsakoum has been found to
exhibit allelopathic effects on crop plants inchglisoybeans, maize, cucumbers,
carrots, onions, tomatoes, lettuce, squash andbswers and oats (Bhowmik and
Doll, 1983; Reinhardét al., 1994).

The main objectives of this research were: 1) tdysthe effects of leaf extracts
from Z. coccineum on some pathogenic bacteria and fungi; 2) to ingatd the
influence ofZ. coccineum aqueous leaf extract on the growthGofalbum.

Materials and Methods

Plant material

Zygophyllum coccineumwas collected from inland desert (Cairo-Suez desert
road) as well as from coastal (Deltaic Mediterrameaast) desert of Egypt. The plant
leaves were cleaned, washed with distilled wateerseg times to remove dust and
other residues. The leaves were then dried forrakslays in shaded place at room
temperature for complete dryness followed by grigdnto powder. The resulting
powder was then kept in well stoppered bottle®AC, 1990).

Preparation of extract with organic solvents

The plant leaves was shade dried and ground irsegowder. It was

extracted by cold maceration twice (7 days eacimguscetone, methanol and
ethanol. The extracts obtained were dried usirgryatvaporator and stored in air
tight container in a refrigerator until further use

Preparation of agueous extract

The aqueous extract was prepared according to ¢tieath of EI-Shora and Abd
El-Gawad (2014). Leaves were washed several tinthstap water and dried at 60
°C for 48h, and homogenized to fine powder by ggimdbout 200 g of the
homogenated material was soaked in 1 L of distieter allowed on orbital shaker
for 24h at room temperature (23-28 °C) for exti@ttiThe resulting extract was
filtered and various concentrations were prepared.
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Microbial strains

The clinical bacterial strains & coli, B. subtilis, S aureus, B. cereus, andP.
aeruginosa were provided by Prof. Salwa A. Khalaf, Botany Deyeent, Faculty of
Science, Zagazig University, Egypt.



Microbial inoculums

A 24 h microbial cultures grown in the bacteriokajiMueller-Hinton Broth

(MHB) at 37°C and in the fungal Sabouraud DextiBs&h (SDB) at 30°C were
adjusted at 2xJdolony forming units (CFU mk) and 2x16spore

Antibacterial activity

Antimicrobial activity of various plant extracts svdetermined by agar well
diffusion method according to Shinde and Mulay @05ample of 0.1 ml of freshly
grown culture of test organisms was asepticallgagron the surface of sterile Muller
Hilton agar plates. Wells of 6 mm diameter were enedagar plate using of sterile
cork-borer. Fifty microliters of the various plattracts and the same volume of
extraction solvent for negative control were adutetthe wells with the help of micro
pipette.

Ampicillin was used as positive controls for thetésl organisms. Plates were

kept for some time at 4°C till the extract diffusadhe medium with the lid closed
and incubated for 24 hr at 37°C. The plates weasnitxxed for the inhibition zone.
Antibacterial activity effect was evaluated througbasuring the diameter of the
inhibition zone against the tested bacterial patghggEach assay in this experiment
was replicated three times (Jain, 2009; Jeshi., 2011).

Antifungal activity

Agar well-diffusion method (Murragt al., 1995) was followed to determine the
antifungal activity. Candida albicans, Aspergillus niger andAspergillus flavus were
the test fungi. Potato Dextrose Agar (PDA) platesenswabbed (sterile cotton
swabs) with 8 hour old-broth culture of respecfivegi. Wells (10 mm diameter and
about 2 cm a part) were made in each of thesesplaiag sterile cork borer. Stock
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solution of plant extract was prepared at a comaéah of 1 mg/ml in different plant
extracts of methanol, ethanol and acetone.

About 100ul of various concentrations of plant solvent extsagere added by

sterile syringe into the wells and allowed to ds#fuat room temperature for 2h.
Fluconazole was used as positive control. The platre incubated at 28°C for 48 hr
for fungal pathogens. The diameter of the inhibitmne (mm) was measured.
Germination bioassay

The germination o€henopodium album was carried out according to El-Shora

and Ali (2011). The germinated seeds were courddlg dnd the percentage of
germination was calculated.

Allelopathic experiment

This experiment was carried out according to El+8tamd Abd El-Gawad

(2014). The germinated seeds in a control treatméhtwell-grownC. album roots
werethensupported on plastic bowls containing 0.2 mM GaGlution and two
different concentrations (50 and 10§ ml1) of aqueoug. coccinum leaf extract and
vigorously aerated for 5 days.

Results and Discussion

In the present work, antimicrobial potential offleatracts ofZ. coccinum has

been investigated against five pathogenic bact€ha.leaf extracts were prepared by
methanol, acetone and etharilcoli, B. subtilis, S. aureus, B. cereus, B. cereus, and

P. aeruginosa (Fig. 1 and Fig. 2). Ampicillin was used as control

Also, the antifungal effects of the various leatragts fromZ. coccinum have

been tested againGt albicans, A. niger andA. flavus. Fluconazole was used a
positive controFig. 3 and Fig. 4).

The various leaf extracts frod coccinum particularly methanol extract

expressed appreciable antimicrobial propertiesagéie different tested bacteria and



fungi compared with the control, acetone and ethextvacts. This may be due to
methanol has high polarity than acetone and ethdhel antimicrobial activity
against both gram positive and gram negative biadvgrthe plant extracts may be
indicator for the presence of broad spectrum abaoiic compounds (Lant al.,
2001; Arulmozhiet al., 2007).
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The effectiveness of a medicinal plant could betduene main active

compound or possibly due to the combined actiadifeérent compounds in the plant
(Bhandarkar and Khan, 200BI-Shoraet al., 2015a).

Most of the known medicinal plants exert antimic¢ablpotential. Flavonoids

can form complex with soluble proteins and celllgvaf bacteria (Marjorie, 1999).
Tannins bind with proteins rich with proline andhdaterfere with protein synthesis
(Shimadeet al., 2006). Antimicrobial effect of saponin could beriatited to its

ability to cause protein leakage as well as cegairymes from the cell (Zablotowicz
et al., 1996). Alkaloids have been suggested to functioangibacterial agents
(Mantleet al., 2000).

The present results confirm the validity of usihgoccinum leaf extracts in
traditional medicine and suggest that the plarfté&tracts contain compounds with
antimicrobial properties. These compounds can bd as antimicrobial agents in
new drugs for the therapy of infectious diseases®a by pathogens.

Generally, the use of particular herb in medicaquite safe compared to the
chemically synthesized drug, but further studiesuthbe carried out for enhancing
the activity of plant extracts. It is also recommed to test safety and toxicity of any
plant extract before its pharmaceutical application

The present results revealed that aqueous extr@citoccineum at the two

tested concentrations inhibited the seed germingtéscentage (Fig. 5 and Fig. 6).
The inhibitory effect of aqueous leaf extract wakanced by increasing extract
concentration. This agrees with the previous resaflother investigators (Ulladt

al., 2010; Hadi and Rashi@013; El-Shora and Abd El-Gawad, 2014, El-Shora and
Abd El-Gawad, 2015c). Allelopathic influences sgedmination and early seedling
growth by two ways. Firstly, the chemical constitteehinder cell division. Secondly,
these constituents inhibit the elongation of célsawmiket al., 1984; EI-Amier and
Abdullah, 2014; EI-Amiegt al., 2015).

Soltaniet al. (2006) found that several allelopathic compowadd reduce the
stimulating effect of some known growth hormonesguding indole acetic acid and
gibberellins. Moreover, allelopathic compounds dadisorder the different activities
of plants through other mechanisms including disoaf oxidative phosphorylation,
respiration and photosynthesis (Bhawmik and D&B4) and restriction of nutritive
absorption (Camberato and Maccarty, 1999).
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The 24, 48 and 72 h treatmentd®album with aqueous leaf extract @f

Coccinum caused reduction of radical length (Fig 7 and Fig€88compared to control.
The highest radical length af albumwas observed for the control while the lowest
radical length was exerted by leaf extracEZofoccinum. It was observed that the
reduction of radical length was dependent on treatrperiod and the extract
concentration. Many investigators observed redudtiaadical growth during their
allelopathic studies (Shahdtal., 2005; Tanveeet al., 2012; Kharet al., 2006;

Anjum and Bajwa, 2007). Other investigators (Uléhll., 2010; Hadi and Rashid,
2013; EI-Amier and Abdullah, 2014; EI-Amietal., 2015) support our results



regarding the increase of allelopathic effect lyréasing the extract concentration.
Plumule and radicle are the first plant organs gméom the seeds during
germination since their growth decreases if theyeaaposed to allelopathic
compoundsAnaya (1999) stated that decrease in radicle length couldiné@ted to
the decrease in cell division. Phenolic allelochesisi could alter the ultrastructure of
the cells and inhibit cell division (Gomatal., 2014.

The decrease in radical length could be due tpithsence of allelochemicals
including flavonoids, tannins, and phenolic aclestthermore, the toxicity might be
due to synergistic effect rather than single oreg(&nd Stewart, 2005). Phenolic
acids in plant extracts have been investigatedhibé a toxic effect on seed
germination and various plant growth processeshiiimg, 2008) Phenolic acids
inhibited protein synthesis in in roots ©fcer arietinum (El-Shora and Abd El-
Gawad, 2014). Phenolic allelochemicals could camsicrease in cell membrane
permeability, inhibit the absorption of nutrientsrh the surroundings and
consequently affect the normal growth of plantseflal., 2010). In addition, the
inhibition of the key enzymes activity by allelochieals inZ. coccinum could not be
ruled out (EI-Shora and Abd El-Gawad, 2015c).

In conclusionZ. coccinum leaf extract proved to have appreciable antimicbbi
effect and allelopathic potential @nhenopodium album. Therefore, this plant can be
used for extraction of antimicrobial agents andiislogical control ofChenopodium
album.

References
Anaya, A.L. (1999). Allelopathy as a tool in themagement of biotic resources in
agroecosystems. Critical Review in Plant ScienBe697-739.

8

Anjum, T. and Bajwa, R. (2007). The effect of somfer leaf extracts on
Chenopodium albumin wheat fields in Pakistan. Crop Protec. 26: 13%834.
Arulmozhi, S., Mazumder, P.M., Ashok, P., and Naran, L.S. (2007).
Pharmacological activities @fistonia scholaris Linn. (Apocynaceae)- A review.
Pharmaco. Rev., 1: 163 165.

AOAC (1990). Official Methods of Analysis. 15th Edftssociation of Official
Analytical Chemists, Washington, DC. USA., pp: Z®.

Bhawmik PC, and DollJ.D. (1983). Growth analysis of corn and soybean resptms
allelopathic effects of weed residues at variongpieratures and photosynthetic flux
intensities. J. Chem. Ecol., 9: 1263-1280.

Bhandarkar, M.and Khan, A. 2003. Protective eftddtawsonia alba L. Against
CCl4 induced hepatic damage in albino rats. Indigfxp. Biol., 41: 85 87.
Bhowmik, P.C. and Doll, J.D. (1984). Allelopathifexts of annual weed residues on
growth and nutrient uptake of corn and soybeansogl, 76: 383-388.

Camberato, J., and Maccarty, B. (1999). Irrigati@ter quality: part I. Salinity.
South Carolina Turfgrass Foundation Nev6éB.

Cunha, B.A. (2001). Antibiotics side effects. M&lin. North Am., 85: 149 185.
Einhelling, F.A. (2008). Mechanism of action ofeddichemicals in allelopathy. In:
Allelopathy Organism, Processes and Applicationefioan Chemical Society,
Washington, USA, pp: 96-116.

El-Amier, Y. A. and Abdullah, T. J. (2014). Allelathic effect of four wild species
on germination and seedling growthkthinocloa crusgalli (L.) P. Beauv. Inter. J.
Advan. Res., 2: 287-294.

El-Amier, Y.A.; Abbas, M. A. and Dawood, S. H. (B)1Phytotoxic effect of plant
extracts from Asteraceae on germinatiofedfinocloa crusgalli growth. Inter. J.



Develop. Res., 5: 4926-4931.

Eloff, J.N. (1998). Which extract should be usedtf® screening and isolation of
antimicrobial components from plants? J. Ethnoplaaoh, 60: 1-8.

El-Shora, H.M. and Abd El-Gawad, A.M. (2014). Eation of allelopathic potential
of Rumex dentatus root extract and allelochemicals @icer arietinum. J. Stress
Physiol. Biochem., 10: 177-180.

9

El-Shora, H.M. and Abd EI-Gawad, A.M. (2015a). Rasge ofCicer arietinumL. to
Allelopathic effect ofPortaulaca oleracea L. root extract. Phyton (Horn, Austria).
55: 215-232.

El-Shora, H.M. and Abd EI-Gawad, A.M. (2015b). Fblagical and biochemical
responses dfucurbita pepo L. mediated byPortulaca oleracea L. allelopathy. Fres.
Environ. Bull.., 24: 386-393.

El-Shora, H.M. and Abd El-Gawad, A.M. (2015c). Exation of allelopathic effect of
white lupine LupinustermisL.) leaf extract on the biochemical dynamics of coon
PurslaneRortulaca oleracea L.). Egypt. J. Botany (In Press).

El-Shora, H.M. and Ali, A. S. (2011). Changes itiaties of nitrogen metabolism
enzymes in cadmium stressed marrow seedlings. AsiBtant Sci., DOI:
10.3923/ajps.

El-Shora, H.M., El-Farrash, A.H., Kamal, H. and gbdzek, A. (2015a). Positive
role of UV radiation in enhancing secondary metib®lproduction in fenugreek
leaves. Inter. J. Sci. Res., 5: 536-543.

El-Shora, H.M., El-Farrash, A.H., Kamal, H. and gbdzek, A. (2015b).
Enhancement of antioxidant defense system by UlAtiad in fenugreek as
medical plant. Inter. J. Sci. Res., 3: 529-535.

El-Shora, H.M., El-Farrash, A.H., Kamal, H. and #&bhdzek, A. (2015c). Influence
of gamma radiation on the antioxidant capabilityesfugreek. Res. J. Pharmac.
Biolog. Chem. Sci., 6: 575-582.

Fag, C. and Stewart, J.L. (2005). The valu@azftia andprosopisin arid and semiarid
environments. J. Arid Environ. 27: 3-25.

Gomaa, N.H, Hassan, M.~ahmy, G.M, Gonzalez, L, Hammouda, O. and Atteya,
M A (2014). Allelopathic effects dfonchus oleraceus L. on the germination and
seedling growth of crop and weed species. ActarB®saas. 28: 408-416.

Hadi, F., Ali, G. and Rashid, A. (2013). Allelopatipotential ofDesmostachya
bipinnata (L.) P. Beauv, on wheat varieties (Ghaznavi an@iggt Scholarly J. Agric.
Sci. 3: 313-316.

Hierro, J.L. and Callaway, R.M. (2003). Allelopathagd exotic plant invasion. Plant
and Soil. 256: 29-39.

Holm, L.G., Pluckenett, D.L., Pancho, J.V., andid¢eger, J.P. (1977). The World’s
Worst Weeds. Distribution and Biology. The Univgrdtress of Hawaii, Honolulu.
pp: 609.

Jain, P., Bansal, D., and Bhasin, P. (2009). Antirial activity of aqueous plant
extracts against Escherichia coli éatillus subtilis. Drug Invent. Today, 2: 220
222.

10

Joshi, B., Sah, G.P., Basnet, B.B., Bhatt, M., 8i@aD., Subedi, K., Pandey, J., and
Malla, R. (2011). Phytochemical extraction andrmaidrobial properties of different
medicinal plantsOcimum sanctum (Tulsi), Eugenia caryophyllata (Clove),
Achyranthes bidentata (Datiwan) andAzadirachta indica (Neem). J. Microbiol.



Antimicrob, 3:1- 7.

Kadioglue, 1., Yanar, Y. and Asav, U. (2005). Aliphthic effects of weed leachates
against seed germination of some plants. J. EnvBai. 26: 169-173.

Khan, M. A., Nawab, K., Din, S., Hussain, N. and,@i (2006). Allelopathic
proclivities of tree leaf extracts on seed germoraand growth of wheat and wild
oats. Pak. J. Weed Sci. Res. 12: 265-269.

Lans, C., Harper, T., Georges, K. and Bridgewdie(2001). Medicinal and
ethnoveterinary remedies of hunters in Trinidad.@Momplement Altern. Med., 1:
10.

Mantle, D., Eddeb, F. and Pickering, A.T. (2000ngparison of relative antioxidant
activities of British medicinal plant specigsvitro. J. Ethnopharmacgl72: 47 51.
Marjorie, MC (1999). Plant products as antimicrdligents. Clin. Microbiol. Rev
12: 564-582.

Moreillion P, Que YA, and Glauser M.P. (200S)aphylococcus aureus (Including
Staphyloccal Toxic shock). In: Mandell GL, Bennkt., Dolin .R, editors.
‘Principles and Practice of Infectious diseaseti.&&l. Vol. 2. Pennyslyvania:
Published by Churchill livingstone, pp. 2333-2339.

Murray, P.R., Baron E.J., Pfaller, M.A., TenoveiCF and Yolken, H.R. (1995).
Manual of Clinical Microbiology, 6th Ed. ASM Presdashington D.C., pp 15-18.
Ngouajio, M., C. Lemieux, and G.D. Leroux. (1999). Prediction of corn (Zea
mays) yield loss from early observations of the relative leaf area and the

relative leaf cover of weeds. Weed Sci. 47:297-304.

Nair, R., Kalariya, T., and Chanda, S. (2005). Batierial activity of some selected
Indian medicinal flora. Turk. J. Biol., 29: 41 47.

Narwal, S.S. (2004). Allelopathy in crop producti@cientific Publishers, Jodhapur,
India. pp: 326-332.

Reinhardt, C.F., Meissner, R. and Labuschagnel ®84). Allelopathic interactions
betweenChenopodiumalbum L. and certain crop species. S. Afr. 1. Plant Sdit, 45-
49.

Rizvi, S.J.H. and Rizvi, V. (1992). AllelopatiBasic and Applied Aspects. Chapman
and Hall, London, pp.480.

11

Shahid. M., Ahmad, B., Khattak, R.A., Hassan, Gl Khan, H. (2005). Response of
wheat and its weeds to different allelopathic plaater extracts. Pak. J. Weed Sci.
Res. Vol. 12: 61-68.

Shimada, T., Koumoto, Y., Li, L., Yamazaki, M., Kam M., Nishimura, M., and
Hara-Nishimura, |. (2006). AtVPS29, a putative camgnt of a retromer complex, is
required for the efficient sorting of seed storpgateins. Plant Cell Physiol. 47:
1187-1194.

Shinde, AB. and Mulay, Y.R{2015). Phytochemical analysis and antibacterial
properties of some selected Indian medicinal plémtsJ. Curr. Microbiol. App. Sci
(2015) 4: 228-235

Soltani M, Moradshahi A, Rezaee M, Kholdebarin Bq 8arazandeh M. (2006).
Allelopathic effects of essential oils Bhumeria majdae on wheat {riticum

aestivum) and Tomatol(ycopersicon esculentum). Iran. J. Biol.19: 19-28.

Suma, S, Ambika S.R., Kazinczi, G. and Narwal, £802). Allelopathic plants 6.
Amaranthus spp. Allelop. J., 10: 1-11.

Tanveer, A., Jabbar, M. K., Kahlig, A., Matloob, Abbas, R.N., and Javaid, M.M.
(2012). Allelopathic effects of aqueous and orgdirdctions ofEuphorbia
dracunculoides L. on germination and seedling growth of chickped wheat.



Chilean Journal of Agricultural Research 72: 49350

Ullah. B., Hussain, F. and lbrar, M. (2010). Allp&ihic potential oDodonaea

viscosa (l.) jacq. Pak. J. Bot. Vol. 42: 2383-2390.

Williams, R. (2000). Antimicrobial resistance algdb threat. Essential Drug Monitor.
pp 28-29:1.

Zablotowicz, R.M., Hoagland, R.E., and Wagner, $1096). Effect of saponins on
the growth and activity of rhizosphere bacteriav Aexp. Med. Biol, 405: 83 -95.

Li, Z., Wang, Q., Ruan, X., Pan, C. and Jiang,2010). Phenolics and Plant
Allelopathy, Molecules, 15: 8933-8952.



