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Abstract: Methanol extract obtained from aerial parts of 24 selected plants from Central Valley and Pre-andean foothill from Ñuble 

Province of Chile were tested for its inhibitory germination activity against Trifolium repens and Raphanus sativus. Many extracts (13/24 = 

54%) showed inhibition of T. repens germination with IG% > 50%, but none on R. sativus. 
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Resumen: Extractos metanólicos obtenidos de partes aéreas de 24 plantas seleccionadas del valle central y preandino de la Provincia de 

Ñuble-Chile, fueron ensayados para determinar su capacidad inhibitoria sobre la germinación de semillas de Trifolium repens y Raphanus 

sativus. Los extractos (13/24 = 54%) muestran actividad inhibitoria de la germinación de semillas de T. repens con un IG%>50%, pero no 

tienen actividad significativa  sobre R. sativus. 
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INTRODUCTION 

From many plant extracts, semi purified and purified 

secondary metabolites have been studied for weeds 

control properties by many researches on over the 

world. Secondary metabolites from plants play a key 

defensive role against insect and act as plant growth 

inhibitory. There is an important factor in plant-plant 

interaction and is useful to study the field crop pests’ 

behavior. Several compounds derived from plant are 

toxic to weeds; and some of them are highly active 

(Isman, 2006; Zhou et al., 2013).  

 One of the main problems in agriculture is 

the competition of weeds against crops. The weeds 

compete for water, light and nutrients and are 

characterized by high productivity and longevity of 

their seeds and rapid growth. Therefore, control of 

weed is a key factor to consider in agricultural 

production systems. Seed germination and seedling 

establishment are two closely related processes with 

enormous importance in many aspects of plant 

biology, from plant ecology to crop productivity 

(Bewley & Black, 1983; Palacios et al., 2010; Zhang 

et al., 2012). Germination incorporates those events 

that start with the uptake of water by the quiescent 

dry seed and finish with the elongation of the 

embryonic axis (Bewley & Black, 1994; Holdsworth 

et al., 2008). This process can be inhibited by a 

number of factors such as dormant embryos, thick 

seed costs and presence of inhibitors. Inhibitors are 

chemical compounds that inhibit development of 

embryos and metabolism including abscisic acid, 

phenolic compounds, isoprenoid and nonisoprenoids 

among others. If the seed does not germinate within a 

certain length, the embryo dies (Einhellig, 1995; 

Harborne, 1999; Kozubek, 1999; Mucciarelli et al., 

2001; Weitbrech et al., 2011). 

 A lot of work has been recently focused on 

plant-derived materials as an alternative to herbicides 

(Kuk et al., 2001). Allelopathy has emerged as a 

potential tool and as an alternative to synthetic 

herbicides for weeds managements. 

 We have previously demonstrated that 

diverse secondary metabolites have a different 

mechanism of action and different molecular targets 

when interact with the germination, seedling growth, 

and photosynthetic electron transport chain 

(Céspedes et al., 1998, Céspedes et al., 1999a, 

Céspedes et al., 1999b, Céspedes et al., 2000, 

Céspedes et al., 2001a, Céspedes et al., 2001b). In 

this report, we examine germination inhibitory 

properties of 24 selected plants from Central Valley 

and Pre-andean foothill from Ñuble Province, Chile 

against Trifolium repens and Raphanus sativus as 

model of weeds. This investigation is part of a 

program for the search of plant species as weed 

controllers. 

 

MATERIAL AND METHODS 

Plant material 

Plants were collected on the hills of Ñuble Province-

Chile, November 2012 to march 2013. Voucher 

specimens have been deposited in the Herbarium of 

the School of Agricultural Science, Universidad de 

Concepción, and were authenticated by Prof. Victor 

Finot. Plants were selected according to their 

availability, accessibility and especially to the lack of 

scientific information about their activity and/or 

chemical pattern. 

 

Weed Seeds 

Common Trifolium repens and wild radish Raphanus 

sativus species were used for phytotoxicity testing. 

These, were purchased from seeds section 

Homecenter Sodimac, Chillán, Chile, with a high % 

germination certified. 

 

Preparation of Extracts plants 

The plant material was air-dried at room temperature, 

crushed and extracted with methanol in a Soxhlet 

apparatus. Yields of each viscous extract are 

expressed as percentage weight of air-dried plant 

material, and are shown in Table 1. The resulting 

methanol extract was concentrated at reduced 

pressure at 40 °C and 200 mb obtaining syrup extract. 

A portion of the methanol extract was dissolved with 

distilled water to a ratio 60/40 methanol/water. Then 

this solution was placed in a separator funnel and a 

liquid/liquid distribution with 150 ml of n-hexane 

was made 3 times. Then n-hexane phases were 

combined and concentrated under reduced pressure. 

An identical process was repeated with ethyl acetate, 

remaining a residual mixture methanol/water. 

 

Germination bioassay 

Thirty seeds of T. repens or R. sativus were placed in 

a 9-cm Petri dish lined with filter paper, treated with 

2 ml of ethanolic solution of extract at 10 mg/ml and 

4ml of distilled water after ethanol was evaporated. 

Controls received ethanol (2 ml), evaporated and 4 

ml of distilled water. Each treatment was replicated 

three times. The dishes were placed in a growth 

chamber (25 ± 1 ºC, 70–75% relative humidity, with 

a photoperiod of 16:8 light–dark cycles). After 2 and 
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7 days for T. repens and R. sativus, respectively, 

germination was assessed and the inhibitory 

germination index (IG) was calculated as IG% = 

[1−(T/C)]×100, where T and C are the number of 

seeds germinated in the treatment and the control, 

respectively. 2,4-D was used as a positive control.   

 The extracts showed greater than 75% IG 

were partitioned with solvent increasing polarity, 

obtained three fractions: n-hexane, ethyl acetate and 

water. The germination inhibition index was 

calculated. 

 

 

Table 1 

Inhibitory germination inhibitory effects of extract from plants from Central Valley and  

Preandean foothill of Ñuble province, Chile 

 

Plants species 

Family Yield
a
 

(%) IG
b,c

 (%) 

   T. repens R. sativus 

Baccaris linearis Asteraceae 43.32 76.47 6.89 

Baccaris sp. Asteraceae 38.95 52.94 13.8 

Bidens aurea Asteraceae 14.66 29.41 6.89 

Brassica rapa Brassicaceae 42.83 76.47 10.34 

Bartsia trixago Orobanchaceae 21.48 47.11 20.68 

Cirsium vulgare Asteraceae 24.32 82.35 6.89 

Chenopodium ambrosioides Amaranthaceae 25.30 47.05 6.89 

Colletia spinosissima Rhamnaceae 32.20 82.35 10.34 

Echium vulgare Boraginaceae 47.49 23.52 17.24 

Erodium moschatum Geraniceae 23.97 35.49 6.89 

Escallonia pulverulenta Escalloniacae 28.28 52.94 3.44 

Eschscholzia californica Papaveraceae 77.55 5.84 3.44 

Euphorbia maculat a Euphorbiaceae 16.22 88.23 17.24 

Euphorbia platyphyllos Euphorbiaceae 53.82 35.29 17.24 

Galega officinalis Fabaceae 20.45 82.35 13.7 

Malva nicaensis Malvaceae 20.51 41.47 3.44 

Margyricarpus pinnatus Rosaceae 12.53 52.94 3.44 

Podocarpus salignus Podocarpaceae 13.22 29.41 -3.44 

Portulaca oleracea Portulacaceae 11.57 41.17 10.34 

Raphanus sativus Brassicaceae 73.03 58.82 13.79 

Saponaria officinalis Caryophyllaceae 18.34 88.23 3.44 

Silybum marianum Asteraceae 13.54 70.58 6.89 

Sisymbrium officinale Brassicaceae 28.28 52.94 10.34 

Verbascum virgatum Scrophulariaceae 13.54 17.64 3.44 

2,4-Dichlorophenoxyacetic acid (2,4-D)  100µg/ml 100 100 

  50 µg/ml 95 96 
a
 Yield of extract per 100 g of plant material 

b 
Data represent the mean on three replicates 

c
 IG% = Inhibitory Germination Index 
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RESULTS AND DISCUSSION 

The inhibitory effect on germination of each extract 

was evaluated in a bioassay against two species, 

Trifolium repens and Raphanus sativus, representing  

dicotyledonous plants. The results of screening are 

presented in Table 1. Many plants extract (13/24 = 

54%) showed effects on T. repens with IG% > 50%, 

but none on R. sativus. Eight (8/24 = 33.3%) extracts 

possessed an IG between 70 and 88 % against T. 

repens (Table 1). 

 The extract with an IG% > 75% was 

fractionated with solvents of increasing polarity, as 

indicated in the methodology and evaluated their 

ability to inhibit the germination of T. repens and R. 

sativus. The results are showed in Table 2 and 3. 

These results confirm the low level of inhibitory 

activity on germination by all fractions obtained from 

selected plants against R. sativus. 

  

Table 2 

Inhibitory germination effects of fraction from plants from Central Valley and Preandean  

foothill of Ñuble province, Chile 

 

  

R. sativus 

  

%IG
a,b

 24 h %IG
a,b

 120 

plants n-hexane ethyl acetate MeOH/water n-hexane ethyl acetate MeOH/water 

Baccaris  linearis 29.41 27.78 11.76 10.00 5.00 0.00 

Brassica rapa 17.65 27.78 29.41 5.00 -5.26 10.00 

Cirsium  vulgare -5.88 0.00 11.76 0.00 5.26 10.00 

Galega officinalis 11.76 27.78 35.29 5.00 5.26 5.00 

Euphorbia maculata 17.65 33.33 29.41 10.00 5.26 0.00 

Saponaria officinalis 23.53 11.11 11.76 15.00 0.00 10.00 

Colletia spinosissima -3.53 4.44 3.53 0.00 -1.05 10.00 

       
a
 Data represent the mean on three replicates 

b
 IG% = Inhibitory Germination Index 

 
Table 3 

Inhibitory germination effects of fraction from plants from Central Valley and  

Preandean foothill of Ñuble province, Chile 

 

  

T. rapens 

  

%IG
a
 24 h %IG

a
 120 h 

plants 

n-

hexane 

Ethyl 

acetate MeOH/water 

n-

hexane ethyl acetate MeOH/water 

Baccaris  linearis 72.73 42.86 42.86 18.75 42.86 15.38 

Brassica rapa 100.00 85.71 14.29 0.00 14.29 0.00 

Cirsium  vulgare 54.55 85.71 85.71 6.25 21.43 46.15 

Galega officinalis 63.64 57.14 14.29 -12.50 35.71 23.08 

Euphorbia maculata 9.09 57.14 14.29 18.75 0.00 0.00 

Saponaria officinalis 72.73 85.71 -14.29 12.50 0.00 0.00 

Colletia  spinosissima 63.64 57.14 57.14 12.50 28.57 -15.38 
a
 Data represent the mean on three replicates 

b
 IG% = Inhibitory Germination Index 
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 Moreover, it was observed that the n-hexane 

fraction of B. linearis has an IG of 72% on T. rapens. 

However, ethyl acetate and MeOH/water fraction 

have an IG < 50% respectively, on the same species. 

The literature show phytochemical and biological 

investigations about 120 species of Baccharis genus. 

Those results are mainly the isolation of diterpenoids 

of clerodane and labdane type, phenolics as 

phenylpropanoids and flavonoids aglicone with 

flavone unit being most frequent (Gongaza-Verdi et 

al., 2005) 

 Against T. repens Br. rapa possess high 

activity with IG of 100% and 85% showed by n-

hexane and ethyl acetate fractions respectively. 

Metabolic characterization of different cultivars of B. 

rapa was previously done by NMR-based 

metabolomics analyses from which some 

phenylpropanoids, flavonoids and glucosinolates 

were identified. Among the identified compounds in 

Brassicaceae, glucosinolates has attracted a great deal 

of attention as they seem to be involved as 

phytoanticipins in the chemical defense of the plants 

(Abdel-Farid et al., 2007, Abdel-Farid et al., 2009, 

Abdel-Farid et al., 2010). 

 Against T. repens the ethyl acetate and 

MeOH/water fractions from C. vulgare showed an IG 

of 85%. The n-hexane fraction from this plant do not 

showed any activity. From C. vulgare have been 

isolated brassicasterol, campesterol; stigmasterol; 

4,6-tetradecadiene-8,10,12-triyn-1-ol; 1,11-trideca-

diene-3,5,7,9-tetrayne; p-coumaric acid; caffeic acid; 

ferulic acid; p-hydroxybenzoic acid; protocathuic 

acid; vanillic acid; genkwanin-4’-O-glucoside; 

kaempferol-3-O-glucoside; quercetin-3-O-glucoside; 

quercetin-3-O-galacatoside (Jordon-Thaden & Louda, 

2003). 

 Against T. repens, G. officinalis showed low 

activity with an IG of 63 and 57% by n-hexane and 

ethyl acetate fraction, respectively. Three flavonol 

triglycosides kaempferol 3-[2Gal-(4-

acetylrhamnosyl) robinobioside], kaempferol 3-

(2Gal-(4-rhamnosylrobinobioside) and quercetin 3-

(2G-rhamnosylrutinoside) have been isolated from a 

methanolic extract of G. officinalis aerial parts. Also 

have been identified from G. officinalis a rare 

norterpenoid glucoside: dearabinosyl pneumonan-

thoside (Champavier et al., 1999; Champavier et al., 

2000). 

 Against T. repens, only ethyl acetate fraction 

of E. maculata has an IG of 57%. The literature 

reported nine compounds isolated from the ethanol 

extracts from this plant, whose chemical structures 

were elucidated by spectroscopic and chemical 

methods: including quercetin, kaempferol, apigenin-

7-O-glucoside, luteolin-7-O-glucoside, quercetin-3-

O-arabinoside, ethyl gallate, ellagic acid, scopoletin 

and umbelliferone (Runhui & Lingyi, 2001). 

 Against T. repens the n-hexane and ethyl 

acetate fraction from S. officinalis have an IG of 72 

and 85% respectively. From this plant a complex 

mixture of triterpenoid saponins has been isolated 

(Jia et al., 1998; Koike et al., 1999; Jia et al., 1999). 

 Against T. repens, C. spinosissima showed an 

IG activity slightly higher than 50% for all fractions. 

Two quaternary benzyltetrahydroisoquinoline 

alkaloids have been isolated from aerial parts of C. 

spinosissima, (Sanchez & Comin, 1967). The neutral 

components from the stems of C. spinosissima 

include lupenone, sitosterol, lupeol, daucosterine 

(Pacheco et al., 1973). 

 In a parallel manner the root growth 

inhibition was measured (Table 4). In general it can 

be observed that the different fractions of the selected 

plants do not show significant effect on root growth, 

even in some cases the root growth is unaffected. The 

obtained n-hexane fraction of Br. rapa, E. maculata 

and S. officinalis produce root growth inhibition with 

71.56, 79.72, and 70.97% of inhibition, respectively.  

 Against R. sativus only the ethyl acetate 

fraction of C. vulgare showed an inhibitory activity 

of 69.24% inhibition on root growth. The MeOH / 

water fraction of Br. rapa produces an inhibition of 

80.66% on the root growth of R. sativus seeds. In 

particular, it was observed that seeds treated with 

MeOH / water fraction of C. spinosissima are not 

able to germinate and develop leaves. 

 The decrease in root growth is one of the 

consequences of germination inhibition (Corbineau et 

al., 1988; Staswick et al., 1992). Inhibition of seed 

germination and root elongation increases with 

increasing concentrations of MeJA as growth 

inhibitors. One of the reasons for this inhibition may 

be related to inhibition of ethylene production by 

natural inhibitors which are suspected to be a 

required factor in seed formation and germination 

(Nojavan-Asghari & Ishizawa, 1998). Therefore, we 

assumed that this inhibition is related to endogenous 

release of ethylene and it has been reported that 

application of exogenous MeJA causes the inhibition 

of germination by reducing ethylene production 

(Nojavan-Asghari & Ishizava, 1998; Kepczynski et 

al., 1999). 
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 The results obtained in this investigation 

indicate the need to deep the investigation about this 

property and phytotoxic elucidating the metabolites 

responsible for phytotoxic activity and its possible 

use as field-level control weeds in agricultural 

production systems. We are doing experiments with 

monocotyledoneous species for dissect the selectivity 

of assayed species. 

 

Table 4 

Root growth inhibitory effect of fraction from plants from Central Valley and  

Preandean foothill of Ñuble province, Chile. 

 

 

RGI
a,b

 % 

  n-hexane ethyl acetate MeOH/water 

plants T. repens R.sativus T. repens R. sativus T. repens R. sativus 

Control 0 0 0 0 0 0 

Baccaris linearis 20.23 19.47 56.41 17.35 30.76 35.59 

Brassica rapa 12.6 71.56 41.03 47.78 33.13 80.66 

Cirsium vulgare 24.05 14.42 44.23 69.24 58.65 66.53 

Galega officinalis -0.76 9.67 60.19 33.47 67.61 43.59 

Euphorbia maculata -3.21 79.72 44.68 7.64 -16.83 31.78 

Saponaria officinalis 28.85 70.97 33.59 31.76 -47.79 28.26 

Colletia spinosissima 28.85 19.81 33.59 19.47 -47.79 -0.63 
a
 Means of three experiments. 
b
 RGI= Root Growth index 

 

ACKNOWLEDGEMENTS 

This manuscript is based on work supported by a 

grant from the Comisión Nacional de Investigación 

Científica y Tecnológica de Chile (CONICYT), 

through FONDECYT Program grant # 1130463. 

 

REFERENCES 

Abdel-Farid IB, Kim HK, Choi YH, Verpoorte R. 

 2007. Metabolic characterization of Brassica 

 rapa leaves by NMR spectroscopy. J Agric 

 Food Chem 55: 7936 - 7943. 

Abdel-Farid IB, Jahangir M, van den Hondel CAMJJ, 

 Kim HK, Choi YH, Verpoorte R. 2009. 

 Fungal infection induced metabolites in 

 Brassica rapa. Plant Sci 176: 608 - 615. 

Abdel-Farida IB, Jahangir M, Mustafaa NR, van 

 Damc NM, van den Hondel C,  Kyong Kima 

 H, Hae Choi Y, Verpoorte R. 2010. 

 Glucosinolate profiling of Brassica rapa 

 cultivars after infection by Leptosphaeria 

 maculans and Fusarium oxysporum. 

 Biochem Syst Ecol 38: 612 - 620. 

Bewley J.D., Black M., 1983. Physiology and 

 biochemistry of seeds in relation to 

 Germination, vol I, Springer, Berlin-

 Heidelberg-New York, USA. 

Bewley JD, Black M. 1994. Seeds: physiology of 

 development and germination. Plenum 

 Press, New York, USA.  

Céspedes CL, Calderón JS, King-Diaz B, 

 Lotina-Hennsen B. 1998. Phytochemical 

 and biochemical characterization of epimeric  

 Photogedunin derivatives. Their different 

 sites of interaction on the redox electron 

 transport carrier of Spinacea oleracea L. J 

 Agric Food Chem 46: 2810 - 2816. 

Céspedes CL, Calderón JS, Salazar JR, King-Diaz 

 B, Lotina-Hennsen B. 1999a.  Allelopathic 

 activity of photogedunins from  Cedrela ci-

 liolata (Meliaceae). Bol Soc Chil Quim 44: 

 173 - 183. 

Céspedes CL, Calderón JS, Gómez-Garibay F, 

 Segura R, King-Diaz B, Lotina-Hennsen B.   

 1999b. Phytogrowth properties of limonoids   

 isolated from Cedrela ciliolata. J Chem Ecol 

 25: 2665 - 2676. 

Céspedes CL, Achnine L, Alarcón J, Becerra J, 

 Lotina-Hennsen B. 2000. Photosynthetic   



Alarcon et al.  Actividad inhibitoria de la germinación de plantas seleccionadas del Centro-Sur de Chile 
 

 

Boletín Latinoamericano y del Caribe de Plantas Medicinales y Aromáticas/357 

 

 inhibitory activity of dihydro-Alfa-

 agarofurans sesquiterpene from Maytenus   

 disticha and Maytenus boaria (Celastraceae).   

 Z Naturforsch 55: 631 - 637. 

Céspedes CL, Calderón JS, Salazar JR, Lotina-

 Hennsen B, Segura R. 2001a. Plant-growt    

 inhibitory activity of cedrelanolide from   

 Cedrela salvadorensis. J Chem Ecol 27: 137 

 - 149. 

Céspedes CL, Achnine L, Lotina-Hennsen B, Salazar   

 JR, Gómez-Garibay F, Calderón JS. 2001b.   

 Inhibition of photophosphorylation and 

 electron transport by flavonoids and 

 bioflavonoids from endemic Tephrosia spp of 

 Mexico. Pestic Biochem Physiol 69: 63 - 76. 

Champavier Y, Comte G, Vercauteren J, Allais DP,   

 Chulia AJ. 1999. Norterpenoid and 

 sesquiterpenoid glucosides from Juniperus 

 phynicea and Galega officinalis. 

 Phytochemistry 50: 1219 - 1223. 

Champavier Y, Allais DP, Chulia AJ, Kaouadji  M. 

 2000. Acetylated and non-acetylated flavonol 

 triglycosides from Galega officinalis. Chem 

 Pharm Bull 48: 281 - 282. 

Corbineau F, Rudnicki RM, Come D. 1988. The 

 effects of methyl jasmonate on sunflower 

 (Helianthus annuus L.) seed germination and 

 seedling development. J Plant Growth 

 Regulation 7: 157 - 169. 

Einhellig FA. 1995. Mechanism of action of 

 allelochemicals in allelopathy. In 

 allelopathy  organisms, processes, and 

 applications;  Inderjit, Dakshini KMM, 

 Einhellig FA, Eds.; ACS Symposium Series 

 582; American  Chemical Society, Washing- 

 ton DC, USA.  

Gongaza Verdi L, Costa Brighente I, Pizzolatti G. 

 2005. Gênero Baccharis (ASTERACEAE): 

 Aspectos químicos, económicos e biológicos. 

 Quim Nova 28: 85 - 94. 

Harborne JB. 1999. Recent advances in chemical 

 ecology. Nat Prod Rep16: 509 - 523. 

Holdsworth MJ, Bentsink L, Soppe WJJ. 2008. 

 Molecular networks regulating Arabidopsis 

 seed maturation, afterripening, dormancy and 

 germination. New Phytologist 179: 33 - 54. 

Isman MB. 2006. Botanical insecticides, deterrents, 

 and repellents in modern agriculture and an 

 increasingly regulated world. Ann Rev 

 Entomol 51: 45 - 66. 

Jia K., Koike K., Nikaido T. 1998. Major triterpenoid 

 saponins from Saponaria officinalis. J Nat 

 Prod 61: 1368 - 1373. 

Jia K, Koike K, Nikaido T. 1999. Saponarioside C, 

 the first α-D- Galactose containing 

 triterpenoid saponin, and five related 

 compounds from Saponaria officinalis. J Nat 

 Prod 62: 449 - 453. 

Jordon-Thaden IE, Louda SM. 2003. Chemistry of 

 cirsium and carduus: A role in ecological risk 

 assessment for biological control of weeds? 

 Biochem Syst Ecol 31: 1353 - 1396. 

Kepczynski J, Bialecka B, Kepczynska E. 1999. 

 Ethylene biosynthesis in Amaranthus 

 caudatus seeds in response to methyl 

 jasmonate. Plant Growth Regulation 28: 59 

 - 65. 

Koike K, Jia Z, Nikaido T. 1999. New triterpenoid 

 saponins and sapogenins from Saponaria 

 officinalis. J Nat Prod 62: 1655 - 1659. 

Kozubek A. 1999. Resorsinolic lipids, the natural 

 nonisoprenoid phenolic amphiphiles and their 

 biological activity. Chem Rev 99: 1 - 26. 

Kuk YI, Burgos NR, Talbert RE. 2001. Evaluation of 

 rice by-products for weed control. Weed 

 Science 49: 141 - 149. 

Mucciarelli M, Camusso W, Bertea CM, Bossi S, 

 Maffei M. 2001. Effect of (+)-pulegone and 

 other oil components of Mentha piperita on 

 cucumber respiration. Phytochemistry 57, 

 91-98. 

Nojavan-Asghari M, Ishizava K. 1998. Inhibitory 

 effects of methyl jasmonate on the 

 germination and ethylene production in 

 cocklebur seeds. J Plant Growth Regulation 

 17: 13 - 18. 

Pacheco P, Silva M, Sammes PG, Tyler TW. 1973. 

 Triterpenoids of Colletia spinosissima. 

 Phytochemistry 12: 893 - 897. 

Palacios S, del Corral S, Carpinella C, Ruiz G. 2010. 

 Screening for natural inhibitors of 

 germination and seedling growth in native 

 plants from Central Argentina. Ind Crops 

 Prod 23: 674 - 677. 

Runhui L, Lingyi K. 2001. The chemical constituents 

 of Euphorbia maculata L. J Plant Res 

 Environ 10: 60 - 61. 

Sanchez E, Comin J. 1967. Studies on Argentine 

 Plants XXIII. Quaternary bases from Colletia 

 spinosissima Gmel. Tetrahedron 23: 1139 - 

 1143. 



Alarcon et al.  Actividad inhibitoria de la germinación de plantas seleccionadas del Centro-Sur de Chile 
 

 

Boletín Latinoamericano y del Caribe de Plantas Medicinales y Aromáticas/358 

 

Staswick PE, Su W, Howell SH. 1992. Methyl 

 jasmonate inhibition of root growth and 

 induction of a leaf protein are decreased in an 

 Arabidopsis thaliana mutant. Proc Natl 

 Acad Sci USA 89: 6837 - 6840. 

Weitbrecht K, Müller K, Leubner-Matzger G. 2011. 

 First off mark: early seed germination. J Exp 

 Bot 62: 3289 - 3309. 

Zhang L,  Hu Y,  Yan S, Li H, He S, Huang M, Li L.   

 2012. ABA-mediated inhibition of seed 

 germination is associated with ribosomal 

 DNA chromatin condensation, decreased 

 transcription, and ribosomal RNA gene 

 hypoacetylation. Plant Mol Biol 79: 285 - 

 293. 

Zhou B, Kong CH, Li YH, Wang P, Xu XH. 2013. 

 Crabgrass (Digitaria sanguinalis) 

 allelechemicals that interfere with crop 

 growth and the soil microbial community. J 

 Agric Food Chem 61: 5310 - 5317. 

 

 


