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Abstract. Common ragweed is a species with a negative impact on: agriculture, biodiversity and 

human health. This plant produces a large amount of strong allergen pollen, producing allergic rhinitis 

and severe asthma, affecting more than 20% of the population of infested areas. In recent years, Ambrosia 

artemisiifolia in Romania shows the trend of invasion of agricultural crops, where it can cause high 

damages by decreasing the quantity and quality of yield and harvesting efficiency. Ambrosia artemisiifolia 

threatens the biodiversity of ecosystems by releasing into the environment some compounds of the 

allelopathic nature, thus eliminating other species. The research carried out by Beres revealed that this 

species contains phenolic and terpene compounds. The allelopathic influences of A. artemisiifolia were 

tested in soybean, rice and maize bioassays. The purpose of this study was to highlight the allelophatic 

effect of the species Ambrosia artemisiifolia on crop plants (maize) and on spontaneous plants (redroot 

pigweed). Research was conducted under laboratory conditions. The experience included 3 variants in 3 

replicates, both for maize and for redroot pigweed. 25 g of material mixed with 800 ml of distilled water 

was used to prepare the extracts, they were placed on the magnetic stirrer for six hours, after which 

filtration was carried out. The maize and redroot pigweed seeds were placed on a filter paper in a Petri 

dish (10 seeds / Petri dish). The extracts used in the study differed by the three concentrations: 30%; 60% 

and 90%. The maize seeds were treated with 6 ml of the respective extract, 12 ml for redroot pigweed seeds. 

It was observed that maize seeds showed germination rates ranging from 90% to 100%. The extracts from 

the leaves of Ambrosia artemisiifolia in the concentration of 60% and 90% reduced germination of maize 

seeds by 10% compared to the control. The corn root length was between 2.39 cm - 5.06 cm. The height of 

the maize plants, at 7 days after treatment, presented values of 1.17-3.30 cm. The studies carried out showed 

that the variants treated with leaf extract of Ambrosia artemisiifolia 30% determined the stimulation of the 

root length and the "height of the plant" character. The extracts of the leaves of the common ragweed have 

caused very significant decrease of Amaranthus retroflexus seeds germination (2.22% - 80%). 
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INTRODUCTION 

Common ragweed is native to North America and it seems that in Europe has been 

brought with different cereals. First reported in European botanical gardens in the last half of the 

1800s, spreading to several European countries in the early 1900s (CHAUVEL et al., 2006; VOGL 

et al., 2008). In Germany the first report date from 1863. In Romania it was first obseved in 

Orsova in 1910 (JÁVORKA 1910, cited by ARSENE A. and all., 2006). And if it was mentioned 

only 40 years ago on the Danube and the Somes floodplains (NYÁRÁDY 1964, cited by ȘTEF R., 

2017), it is now present all over the country, from the plain up to 600 m altitude. 

This species is often present as a weed in field crops, such as maize, sunflower, soybean 

and wheat (BASSETT and CROMPTON, 1975; FUMANAL et al., 2008), as well as in horticultural 

crops and quite common on abandoned land ( RAYNAL and BAZZAZ, 1975) and other habitats. It 

is also a weed present along roadsides and in some urban areas (LAVOIE et al., 2007). 

At this very moment, studies related to Ambrosia artemisiifolia focus on extremely 

allergic pollen (WAYNE et al., 2002). The high allergic potential coupled with its wide 

distribution has led health organizations to include the ragweed species in the list of the most 
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problematic invasive plants in Europe (WAYNE et al., 2002). Currently, 20% of the population 

of areas infected with Ambrosia artemisiifolia suffer from allergic rhinitis and severe asthma. 

The ragweed is an invasive, non-indigenous species (not native to that location) that has 

been very aggressive, leading to the deterioration of biodiversity, human health and economic 

structure (MACK et al. 2000, VIJAYA Y. et. al 2016). The studies conducted by INDERJIT et al. 

2008 and RASTOGI et al. 2015 showed that invasive species are the major cause of biodiversity 

loss. Invasive species are responsible for 40% of the list of endangered species (WILCOVE et al., 

1998). 

The studies carried out by RABITSCH and ESSL (2006) tried to explain the invasion 

phenomenon of the species Ambrosia artemisiifolia by the fact that the abiotic factors did not 

represent a barrier in the extension of the species, there were no natural enemies, release 

allelopathic products, through this the evolution of the plant community is accelerated 

(WARWICK, 1991). 

 The problem of invasiveness of the invasive species Ambrosia artemisiifolia L. is an 

important issue for Romania and other countries (BONEA D. et al., 2018). 

 In recent years, in Romania, Ambrosia artemisiifolia, shows the tendency to invade 

agricultural crops, where it can cause special damages (ANGHEL et al. 1972; MANEA D. et al., 

2006; ȘTEF R. 2017) by decreasing: quantity and quality of production, efficiency of harvesting. 

 Ambrosia artemisiifolia threatens the biodiversity of ecosystems, by releasing some 

allelopathic compounds into the environment eliminating other species (ȘTEF R., 2017). 

 Research conducted by BERES et al., 2002, revealed that this species contains phenolic 

and terpene compounds. These substances affect cell division and enzymatic processes, reduce 

mitotic activity and interfere with microtubule activity (STURGEON et al., 2005). 

 Phenolic acids are present in larger quantities in the root system of the species Ambrosia 

artemisiifolia. From the roots of Ambrosia artemisiifolia were obtained four polyacetylene, a 

mixture of sesquiterpene hydrocarbons, methyl coffee and a mixture of β-sitosterol and 

stigmasterol (FISCHER N., 1985, MOLINARO F., et al, 2016). 

 

  
 

Methyl caffeate Sitosterol Stigmasterol 
(https://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI:28824) 

  

 The allelopathic effects of root exudates from Ambrosia artemisiifolia on germination 

of plant species are described by KAŠPAROVÁ (2015). The root exudates of Ambrosia 

artemisiifolia inhibited the growth of cereals (Hordeum vulgare L. and Triticum aestivum L.) 

and Lycopersicon esculentum Mill. and so on (VIDOTTO F. et al., 2013, JINDŘICH et. al. 2016). The 

results of the research conducted by WANG DALI, ZHU XINRU (1996) are contradictory to those 

obtained by VIDOTTO F. et al. (2013), they stated that the aqueous extracts from the roots of 
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Ambrosia artemisiifolia have no effect on germination of wheat, corn, rice, soybean seeds, but 

that they affect the primary growth of crops. Sesquiterpenes are found especially in the upper 

part of Ambrosia artemisiifolia L. (leaves, flowers, fruits). The first report on the isolation of 

sesquiterpenes from the upper parts of the species Ambrosia artemisiifolia dates from 1993 (LU 

et al., 1993). 

 Water extract based on upper part of the species Ambrosia artemisiifolia determines 

significant inhibitory effects on seed germination and primary crop growth (soybean, corn, wheat 

and rice) (WANG DALI, ZHU XINRU, 1996). The extract reduced by 23% of the length of the 

wheat root (WANG DALI, ZHU XINRU, 1996). 

 A study conducted by MOLINARO F. (2016) indicated that methanol extract from 

Ambrosia artemisiifolia completely inhibited cherry and radish germination. 

BRUNCKNER DJ (1998) studied the influence of the extracts from the leaves, 

inflorescences and achenes of Ambrosia artemisiifolia on the plants of Amaranthus 

hypochondriacus, Trifolium pratense, Sinapis alba and Triticum aestivum. The ragweed had 

significant inhibitory effects, at higher concentrations, on the germination and growth of all 

tested species. Extracts from leaves and inflorescences had almost the same inhibitory potential, 

while the extract of achenes, especially at lower concentrations, did not significantly influence 

the treated seeds (BRUNCKNER DJ., 1998). 

Compounds released by the ragweed can affect soil microorganisms, such as bacteria 

and fungi. However, very few things are known about the direct effect and antimicrobial activity 

of the compounds produced by Ambrosia artemisiifolia, such as isabeline (is a sesquiterpene 

dilactone), on soil microorganisms (MOLINARO et al. 2016). 

The inhibitory activity of isabeline as a pure compound in seed germination of different 

plant species has been observed recently, the results could be used in biological weed control 

(MOLINARO et al. 2016, GEORGIEVA N. et al. 2018). 

 Regarding the action of isabeline on microorganisms, no antifungal activity was shown; 

but revealed strong antimicrobial activity against bacteria Paenibacillus sp., and the human 

pathogen Staphylococcus aureus resistant to many drugs, indicating that metabolites released by 

Ambrosia artemisiifolia can be explored as a source of new compounds needed to fight 

MOLINARO agents and cologens. 2016). 

 The purpose of this study was to highlight the allelopathic effects of the Ambrosia 

artemisiifolia species on crop plants (maize) and spontaneous plants (Amaranthus). 

 

MATERIAL AND METHODS  
The fresh leaves of Ambrosia artemisiifolia were collected (May 24), from the 

Didactical Facility of the University of Agricultural Sciences and Veterinary Medicine of the 

Banat "King Michael I of Romania" from Timisoara, washed and dried.  

Research was conducted under laboratory conditions. The experience included 4 

variants in 3 replicates, both for maize and for redroot pigweed. 25 g of material mixed with 800 

ml of distilled water was used to prepare the extracts, they were placed on the magnetic stirrer 

for six hours, after which filtration was carried out.  

The extracts used in the study differed by the three concentrations: 30%; 60% and 90%.  

The four treatments differ throughout extract concentration used:  

T-1 : Untreated (distilled water)  

T-2 : hydro-extract based on leaves of Ambrosia artemisiifolia 30%  

T-3 : hydro-extract based on leaves of Ambrosia artemisiifolia 60%  

T-4 : hydro-extract based on leaves of Ambrosia artemisiifolia 90%  
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The maize seeds were treated with 6 ml of the respective extract, 12 ml for redroot 

pigweed seeds. 

The maize and redroot pigweed seeds were placed on a filter paper in a Petri dish (10 

seeds maize/Petri dish; 50 seeds pigweed/Petri dish). 

Petri dishes were exposed to 12 hours light, at a temperature of 22 ± 2 ° C, for 7 days. 

After the treatments were applied, the germination of the maize seeds, the length of the roots and 

the height of the plants were assessed. In variants with Amaranthus retroflexus only the 

percentage of germination was determined. 

 

   
   

   
 

RESULTS AND DISCUSSIONS  

It was observed that maize seeds showed germination rates ranging from 90% to 100%. 

The extracts from the leaves of Ambrosia artemisiifolia in the concentration of 60% and 90% 

reduced germination of maize seeds by 10% compared to the control. The 30% concentration of 

Ambrosia artemisiifolia extract did not inhibit germination of maize seeds (figure 1). 

Studies performed by BÉRES et all. (2001) regarding the influence of hydro, alcoholic 

and acetone extracts from  Ambrosia artemisiifolia showed that soybean seeds germination was 

diminished  by 20-5% and 20-40%  of corn, sunflower and pea. KAZINCZI et al (2008) obtained 

similar results.  

The tests conducted by BONEA (2018) showed that al extracts used (roots, stems and 

leaves) inhibited corn seed germination and exerted a influence on plant growth.   

The corn root length was between 2.39 cm - 5.06 cm. In the control variant (treated with 

distilled water) corn kernels showed an average length of 3.42 cm, the maximum value being 

recorded in the variant treated with 30% extract. Corn roots showed a reduction of 1.25-1.27 cm 

in variants treated with 60% and 90% extract, compared to the control.  

seeds pigweed extract concentration seeds pigweed and maize 

material mixed 
magnetic stirer trial setup 
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Figure 1 - Results of excracts from Ambrosia artemisiifolia on the germination of maize seeds 
 

 

Figure 2 - Graphical representation of recorded data on the "root length" in variants treated with common 

ragweed extract 

The height of the maize plants, at 7 days from the placement of the experience, 

presented values of 1.17-3.30 cm. Corn plants showed a reduced height of 0.83 cm in variants 

watered with 90% extract.  
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Figure 3 - Corn plant height results in experimental variants 

The extract from Ambrosia artemisiifolia 60% inhibited the height of maize plants at 

most. The studies carried out showed that the variants treated with leaf extract of Ambrosia 

artemisiifolia 30% determined the stimulation of the root length and the "height of the plant" 

character. 
 

Table 1 

Amaranthus retroflexus seeds germination in variants treated with extract of Ambrosia 

artemisiifolia 
Plant 

Control 
Concentration 

Amaranthus retroflexus 

30% 60% 90% 

80% 

7,5 2,5 10 

7,5 2,5 2,0 

2,5 20 2,5 

Mean 5,83 8,33 4,83 

 

Studies on the influence of extracts of common ragweed on the germination of 

Amaranthus retroflexus seeds revealed a very significant decrease (germination of 4.83% - 

8.33%). In the control variant seed germination was 80%.  

Our results showed that Ambrosia artemisiifolia in various concentrations   inhibited 

corn germination and plant growth (length of radicles, plant heights), even if in some variants 

(where extract concentration 30% was used) some stimulatory effects appeared in growing 

initiation. Considering the allelopathic effect of species Ambrosia artemisiifolia trough plant 

growth and yield reduction, also the impact upon human health, we can affirm that allelopathy 

plays an important role in species invasivity.   
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V1 - control V4 – 90% V3 – 60% 

V2 – 30% V4– 90% 

V3– 60% V1–control 

V2 – 30% V1–control 
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CONCLUSIONS 

The following conclusions have been drawn from the researches: 

The germination of corn seeds in the experimental variants was staggered.  

The maximum germination percentage was recorded 5 days after the placement of the 

experience. 

The leaf extract of Ambrosia artemisiifolia in a concentration of 30% showed a 

stimulating effect on: the length of the corn root and the height of the plants. 

Concentrations of 60% and 90% reduced seed germination, root length and maize plant 

height, but the differences between the two concentrations were not significant. 

The extracts from common ragweed have a strong inhibitory effect on the germination 

of the seed. 

 
BIBLIOGRAPHY 

ANGHEL, GH., CHIRILĂ, C., CIOCÂRLAN, V., ULINICI, A. (1972): Buruienile din culturile agricole şi combaterea 

lor. Ceres: 221-222. 

BASSETT, I. J., CROMPTON, C. W., 1975 -  The biology of Canadian weeds. Ambrosia artemisiifolia L. and A. 

psilostachya dc. Canadian Journal of Plant Science, 5 5:463-476. 

BERES I.;  KAZINCZI G.;  NARWAL S. S., 2002 - Allelopathic plants. Common ragweed (Ambrosia elatior L. 

Syn A. artemisiifolia), Allelopathy Journal Vol. 9, No.1 pp.27-34 

BÉRES, I., KAZINCZI, G.,2000 -. Allelopathic effects of shoot extracts and residues of weeds on field crops. 

Allelopathy Journal 7: 93-98. 

BONEA DORINA,ELENA BONCIU,MARIANA NICULESCU, AUREL LIVIU OLARU, 2018 - The allelopathic, cytotoxic 

and genotoxic effect of Ambrosia artemisiifolia on the germination and root meristems 

of Zea mays, Caryologia International of Cytology, Cytosystematics and Cytogenetics, vol. 

71(1): 

BRUNCKNER DJ, 1998 - The allelopathic effect of ragweed (Ambrosia artemisiifolia L.) on the germination of 

cultivated plants. Novenytermeles, 47(6):635-644. 

CHAUVEL, B., DESSAINT, F., CARDINAL-LEGRAND, C., BRETAGNOLLE, F., 2006. The historical spread of 

Ambrosia artemisiifolia L. in France from  herbarium records. J. Biogeogr. 33, 665e673. 

FĂRCĂŞESCU ALINA, KARL FRITZ LAUER, 2007 - Ambrosia Artemisiifolia L.: A Segetal Species With A Tendency 

To Expansion In The Timis County, Vol 39, No 1:447 - 482 

FISCHER N. H., 1985 - Allelopathic agents from common weeds. Amaranthus palmeri, Ambrosia artemisiifolia, 

and related weeds, The Chemistry of Allelopathy Chapter 9 vol. 268:133-147 

FUMANAL, B., GAUDOT, I., BRETAGNOLLE, F., 2008 - Seed-bank dynamics in the invasive, plant, Ambrosia 

artemisiifolia L. Seed Sci. Res. 18, 101e114. 

GEORGIEVA NATALIA, IVELINA NIKOLOVA, YORDANKA NAYDENOVA, 2018 -  Possibility for weed control by 

using of an organic product with herbicidal effect, s Journal of BiotechnologyBanat, Issue 

IX (17):40-49   

INDERJIT SEASTEDT TR, CALLAWAY RM, KAUR J., 2008 - Allelopathy and plant invasions: traditional, 

congeneric, and biogeographical approaches. Biological Invasion 10: 875–890. 

JINDŘICH FIGALA, BARBORA HOHNOVÁ, DANA MORAVCOVÁ, SAMUEL LVONČÍK, LEA LOJKOVÁ, PAVEL 

FORMÁNEK, 2016 - Root Exudation in Common Ragweed (Ambrosia artemisiifolia L.), 

Journal of Applicable Chemistry, 5 (5): 1034-1037  

KAŠPAROVÁ MARKÉTA, 2015 - Vliv alelopatických látek obsažených v biomase Ambrosia artemisiifolia L. na 

vybrané rostliny a odhad aktuálních rizik pro zemědělskou produkci, Diplomová práce, Brno 

KAZINCZI, G., BÉRES, I., ONOFRI, A., NÁDASY, E., TAKÁCS, A., HORVÁTH, J., TORMA, M., 2008 - Allelopathic 

effects of plant extracts on common ragweed (Ambrosia artemisiifolia L.). Journal of Plant 

Diseases and Plant Protection Special Issue 21: 335-340. 

LAVOIE, C., JODOIN, Y., DE MERLIS, A.G., 2007 - How did common ragweed (Ambrosia artemisiifolia L.) spread 

in Québec? A historical analysis using herbarium records. J. Biogeogr. 34, 1751e1761. 

LU RD., 1982 - Studies on anti-insect pheromone: chemical components of Ageratum conyzoides and their effects 

on insects. Entomological Knowledge 19: 22–25 

MACK RN, SIMBERLOFF D, LONSDALE WM, EVANS H, CLOUT M, BAZZAZ FA., 2000 - Biotic invasion: Causes, 

epidemiology, global consequences and control. Ecological Applications 10: 689–710. 

https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Beres%2c+I.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Kazinczi%2c+G.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Narwal%2c+S.+S.%22
https://www.cabdirect.org/cabdirect/search/?q=do%3a%22Allelopathy+Journal%22
https://www.tandfonline.com/author/Bonea%2C+Dorina
https://www.tandfonline.com/author/Bonciu%2C+Elena
https://www.tandfonline.com/author/Niculescu%2C+Mariana
https://www.tandfonline.com/author/Olaru%2C+Aurel+Liviu
https://www.cabi.org/isc/abstract/19992303006
https://www.cabi.org/isc/abstract/19992303006
https://rjas.ro/paper_detail/514
https://rjas.ro/paper_detail/514
https://pubs.acs.org/doi/10.1021/bk-1985-0268


Research Journal of Agricultural Science, 51 (2), 2019 

135 

 

MANEA D, CHIRITA RAMONA, 2006 - Ambrosia artemisiifolia L.: A new expansive weed in the Banat’s plain. J 

Cent Eur Agric 7(1):223  

MOLINARO F, TYC O, BEEKWILDER J, CANKAR K, BERTEA CM, NEGRE M, GARBEVA P, 2018 - The effect of 

isabelin, a sesquiterpene lactone from Ambrosia artemisiifolia on soil microorganisms and 

human pathogens, FEMS Microbiol Lett. 2018 Feb 1;365(4).  

MOLINARO FRANCESCO,CHIARA MOZZETTI MONTERUMICI,ALDO FERRERO,SILVIA TABASSO, MICHÈLE 

NEGRE, 2016 - Bioherbicidal activity of a germacranolide sesquiterpene dilactone 

from Ambrosia artemisiifolia L., Journal of Environmental Science and Health, Part B, 

Pesticides, Food Contaminants, and Agricultural Wastes, Volume 51 (12): 847-852 

NEDELCU CARMINA-ANA, K.F. LAUER, RAMONA ŞTEF, 2010 - Chemical control with herbicides at species 

Ambrosia artemisiifolia in Timisoara, Research Journal of Agricultural Science, 42 (4):122-

128 

RABITSCH,W., ESSL, F., 2006 - Biological invasions in Austria: patterns and case studies. Biol. Invasions 8, 

295e308. 

RASTOGI J, RAWAT DS, CHANDRA S., 2015 - Diversity of invasive alien species in Pantnagar flora. Tropical Plant 

Research 2(3): 282–287. 

RAYNAL, D.J., BAZZAZ, F.A., 1975 - Interference of winter annuals with Ambrosia artemisiifolia in early 

successional fields. Ecology 56, 35e49.  

STURGEON, CH. M., K. CRAIG, C. BROWN, N. T. RUNDLE, R. J. ANDERSEN AND M. ROBERGE 2005 -  Modulation 

of the G 2 Cell Cycle Checkpoint by Sesquiterpene Lactones Psilostachyins A and C Isolated 

from the Common Ragweed Ambrosia artemisiifolia. Planta Medica, vol. 71, issue 10:938-

943 

ŞTEF RAMONA, 2017 - Chemical control of the invasive species Ambrosia artemisiifolia L. in sun flower 

agroecosystem, International Multidisciplinary Scientific GeoConference: SGEM: 

Surveying Geology & mining Ecology Management, Volume 17, Pages 161-167 

ŞTEF RAMONA, VÎRTEIU ANA-MARIA, GROZEA IOANA, MANEA DAN, CĂRĂBEŢ Alin, 2017 - Assessment of 

allelopathic potential of extracts from Colvovulus arvensis on plant germination and growth 

of wheat, International Multidisciplinary Scientific GeoConference: SGEM; Vol. 17, Issue 

61:493-498 

VIDOTTO, F., F. TESIO, A. FERRERO, 2013 -  Allelopathic effects of Ambrosia artemisiifolia L. in the invasive 

process. Crop Protection, vol. 54, 3-4, s. 161-167  

VIJAYA YADAV, N. B. SINGH, HIMANI SINGH, AJEY SINGH, IMTIYAZ HUSSAIN, 2016 - Allelopathic invasion of 

alien plant species in India and their management strategies: A review, Tropical Plant 

Research, 3(1): 87–101, 2016 

VOGL, G., SMOLIK, M., STADLER, L.M., LEITNER, M., ESSL, F., DULLINGER, S., KLEINBAUER, I., PETERSEIL, J., 

2008 - Modelling the spread of ragweed: effects of habitat, climate change and diffusion. 

Eur. Phys. J. Spec. Top. 161, 167e173. 

WANG DALI, ZHU XINRU, 1996 - Research on allelopathy of Ambrosia artemisiifolia, Acta Ecologica Sinica, 

16(1):11-19 

WARWICK, S.I., 1991. Herbicide resistance in weedy plants: physiology and population biology. Annu. Rev. Ecol. 

Evol. Syst. 22, 95e114. 

WAYNE, P., FOSTER, S., CONNOLLY, J., BAZZAZ, F., EPSTEIN, P., 2002 - Production of allergenic pollen by 

ragweed (Ambrosia artemisiifolia L.) is increased in CO2- enriched atmospheres. Ann. 

Allergy Asthma Immunol. 88, 279e282. 

WILCOVE DS, ROTHSTEIN D, DUBOW J, PHILLIPS A & LOSOS E., 1998 - Quantifying threats to imperilled species 

in the United States. Bioscience 48: 607–615. 

***https://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI:28824 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Molinaro%20F%5BAuthor%5D&cauthor=true&cauthor_uid=29319784
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tyc%20O%5BAuthor%5D&cauthor=true&cauthor_uid=29319784
https://www.ncbi.nlm.nih.gov/pubmed/?term=Beekwilder%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29319784
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cankar%20K%5BAuthor%5D&cauthor=true&cauthor_uid=29319784
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bertea%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=29319784
https://www.ncbi.nlm.nih.gov/pubmed/?term=Negre%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29319784
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garbeva%20P%5BAuthor%5D&cauthor=true&cauthor_uid=29319784
https://www.ncbi.nlm.nih.gov/pubmed/29319784
https://www.tandfonline.com/author/Molinaro%2C+Francesco
https://www.tandfonline.com/author/Monterumici%2C+Chiara+Mozzetti
https://www.tandfonline.com/author/Ferrero%2C+Aldo
https://www.tandfonline.com/author/Tabasso%2C+Silvia
https://www.tandfonline.com/author/Negre%2C+Mich%C3%A8le
https://www.tandfonline.com/author/Negre%2C+Mich%C3%A8le
http://search.proquest.com/openview/1769647df843a0271fe4dd7b52b0f07e/1?pq-origsite=gscholar&cbl=1536338
http://search.proquest.com/openview/1769647df843a0271fe4dd7b52b0f07e/1?pq-origsite=gscholar&cbl=1536338
http://search.proquest.com/openview/5e0e78ac742724d020565a4144f0c10d/1?pq-origsite=gscholar&cbl=1536338
http://search.proquest.com/openview/5e0e78ac742724d020565a4144f0c10d/1?pq-origsite=gscholar&cbl=1536338
http://search.proquest.com/openview/5e0e78ac742724d020565a4144f0c10d/1?pq-origsite=gscholar&cbl=1536338
https://search.proquest.com/pubidlinkhandler/sng/pubtitle/International+Multidisciplinary+Scientific+GeoConference+:+SGEM/$N/1536338/OpenView/2185587782/$B/5C648060B50F4FC1PQ/1
https://europepmc.org/search?query=AUTH:%22Wang%20Dali%22&page=1
https://europepmc.org/search?query=AUTH:%22Zhu%20Xinru%22&page=1
https://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI:28824

