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The objective was to test the response of summer crops (Zea mays and Glycine max) and 

indicator plants to exposure to extracts of winter cover crops (Avena sativa, Lolium 

multiflorum and Triticum aestivum) regarding on seed germination. Bioassays were carried 

out to test six shoot extract concentrations, by using germitest paper maintained in controlled 

conditions. Zea mays, Glycine max, Lactuca sativa and Phalaris canariensis showed 

differential response to exposure to shoot extracts of Avena sativa, Lolium multiflorum and 

Triticum aestivum regarding on seed germination. Shoot extracts of Avena sativa and Lolium 

multiflorum increased seed germination while shoot extract of Triticum aestivum reduced 

seed germination of Zea mays. Shoot extracts of Avena sativa, Lolium multiflorum and 

Triticum aestivum reduced seed germination of Glycine max, Lactuca sativa and Phalaris 

canariensis. 

 

Highlighted Conclusion 

Winter cover crops can show different allelopathic potential on summer crops. 

 
Cover crops (e.g. winter crops) have several beneficial effects on agricultural fields (Kunz et al. 2016), including the 

weed suppression (Brust et al. 2014, Jabran et al. 2015) provided, among other reasons, by the release of 

allelopathic substances from cover crops and/or crop residues (Farooq et al. 2011) into the soil via leachates or 

root exudates, or by decomposition of plant biomass (Bonanomi et al. 2006). The allelopathic substances (e.g. 

phenolics, flavonoids or terpenoids – Macías et al. 2007), that can be synthesized in leaves, fruits, roots or seeds 

(Radosevich et al. 2007), may influence weed seed germination (Kunz et al. 2016) and/or inhibit weed plant growth 

(Farooq et al. 2011). However, the inhibitory effects may also influence, in different ways and intensities, on the 

subsequent summer crop (as reviewed by Shah et al. 2016). 

      In the Southwest of Brazil, oat (Avena sativa) and wheat (Triticum aestivum) are commonly cropped as winter 

crops, and ryegrass (Lolium multiflorum) is normally used as a winter pasture. So, these species can be considered 

as winter cover crops preceding summer crop seeding. Summer crops, such as corn (Zea mays) and soybean 

(Glycine max), are commonly seeded into straw residues of winter cover crops. Thus, we hypothesized that winter 

cover crops can show differential allelopathic potential on subsequent summer crops (in a crop rotation system). 

The objective was to test the response of summer crops to exposure to extracts of winter cover crops regarding on 

seed germination. 

 

MATERIAL AND METHODS 

 

An experiment was carried out to test the allelopathic potential of shoot extracts of oat, ryegrass and wheat, winter 

cover crops, on seed germination of corn, soybean – summer crops – lettuce (Lactuca sativa) and birdseed 

(Phalaris canariensis) – indicator crops. Bioassays were conducted using germitest papers soaked with distilled 

water and five concentrations of shoot extracts of each winter cover crop [2.5 times in relation to paper mass, 

according to Brasil (2009)]. Fifty seeds (replicated four times) of summer and indicator crops were placed into three 
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soaked leaves of germitest paper, and them the paper was rolled and placed in a BOD at 25 
o
C temperature,     

14h-10h photoperiod (light-dark), and 60% relative humidity. 

      Winter cover crops were previously cultivated in 7-L pots until the flowering stage when shoot parts were cut off 

to prepare the extracts. Fresh shoot material was weighted (0.2, 2, 5, 10, and 20 g) and crushed with 200-mL 

distilled water. The solutions were filtered to obtain the shoot extracts with concentrations by 1, 10, 25, 50, and   

100 g L
-1

. 

      The number of germinated seeds was counted at 7 days after being placed in the BOD. A germinated seed 

was considered if the tegument was ruptured due to radical protrusion (as used by Basu et al. 2016). 

      Germination data were previously analyzed by Kolmogorov-Smirnov normality test and Levene homogeneity of 

variances test (P=0.05). We verified normal distribution of residues and homogeneity of variances, so that 

germination data were further analyzed by ANOVA (F test – P=0.05), considering a factorial design 3x6x4 (three 

winter cover crops, six extract concentrations and four crops). The interaction among the three factors was 

significant (P<0.05), and them we proceeded with the unfolding of degrees of freedom considering a polynomial 

regression for extract concentrations. No regression model was highly significant (P<0.10 and R
2
>0.90), so that we 

decided to proceed with an exploratory grouping analyze, using a clustering method with the Single Linkage as the 

Algamation Rule and the Euclidean Distances as the Distance metric. 

 

RESULTS 

 

Germination of corn increased when seeds were soaked with shoot extracts of oat and ryegrass, however it 

reduced when shoot extract of wheat was used (Figure 1). In addition, germination of soybean, lettuce and 

birdseed decreased when seeds were soaked with shoot extracts of oat, ryegrass and wheat (Figure 1). In general, 

birdseed germination was more influenced by shoot extracts, followed by lettuce, both indicator crops (Figure 1). In 

spite of no improvement on seed germination, the negative impact of the winter cover crops on soybean was not 

highly significant (Figure 1). So, indicator crops were more susceptible to shoot extracts of winter cover crops then 

summer crops, and corn and soybean showed differential response on seed germination due to exposure to shoot 

extracts of winter cover crops (Figure 1). 

 

 

 
Figure 1. Increment of germination of crops (corn, soybean, lettuce and birdseed) at 7 days after maintaining seeds soaked in 

extracts (mean of six concentrations varying from 1 up to 100 g L
-1
) of shoot of winter cover crops (oat, ryegrass and wheat). 

 

 

      Grouping analysis evidenced similar response of lettuce and birdseed for all winter cover crops (Figure 2). In 

addition, similar response of corn and soybean was observed for oat and ryegrass (Figure 2). However, soybean 

response to extract of wheat was closer to the indicator crops than the corn (Figure 2). Moreover, for soybean and 

lettuce, effects of oat and wheat were grouped, differently of the effect of oat and ryegrass for corn and the effect of 

ryegrass and wheat for birdseed (Figure 3). 
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Figure 2. Exploratory analysis for grouping crops (corn, soybean, lettuce and birdseed) based on germination (%) at 7 days after 

maintaining seeds soaked in extracts (mean of six concentrations varying from 1 up to 100 g L
-1

) of shoot of winter cover crops 

(oat, ryegrass and wheat). 

 

 
Figure 3. Exploratory analysis for grouping winter cover crops (oat, ryegrass and wheat) on crops (corn, soybean, lettuce and 

birdseed) based on the effect on crop germination (%) at 7 days after maintaining seeds soaked in extracts (mean of six 

concentrations varying from 1 up to 100 g L
-1

) of shoot of winter cover crops. 

 

DISCUSSION 

 

Inhibitory role of allelopathic substances is well explored and previously was the only known dimension of 

allelopathy; this inhibitory feature is attributed to the blockage or cessation of important physiological and metabolic 

processes of plant (Farooq et al. 2013). On the other hand, allelopathic substances promote seed germination 

and/or plant growth (Farooq et al. 2009 a,b). For example, allelopathic water extracts application, as used in this 

study, stimulates germination and growth of different crops (Anwar et al. 2003, Cheema et al. 2012), similarly to 

observed by us. Stimulatory effects of allelopathic substances can be provided by mechanisms of physiological 

regulation, hormonal balance and enzyme activity (Farooq et al. 2013). In this study, inhibitory effects was 

prevalent for wheat extracts, indicating if we cultivate corn or soybean after wheat, crop seed germination can be 

reduced due to allelopathic substances released into the soil. 
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      In a crop rotation system, the role of winter cover crops on weed suppression and management is well known. 

When winter cover crops are managed and combined with reduced tillage practices, the straw residue suppresses 

weeds (den Hollander et al. 2007, Lawley et al. 2012) and also allelopathic substances can be released into the 

soil, reducing weed germination and growth (Kunz et al. 2016). Agronomical practices preventing weed emergence 

and growth may reduce subsequent weed seed rain and dispersion, resulting in long-term weed suppression 

(Mirsky et al. 2010). However, some negative effects of cover crops on yield of subsequent crops have been 

documented in crop rotation systems (Creamer et al. 1996, Dhima et al. 2006, Marcillo and Miguez 2017), being a 

part of these effects caused by releasing allelopathic substances into the soil (Kunz et al. 2016). 

      Side effects of cover crops may occur, such as delay germination and planting owing due to excess soil 

moisture, enhance the nitrogen immobilization, and damaging effects of allelopathic substances on major crops 

(Ashraf et al. 2017). However, the impact of allelopathic substances on crops is dependent on the behavior of 

these compounds in the soil; so that, after being released into the soil, allelopathic substances need to attain the 

target plants to impact them (Trezzi et al. 2016). In addition, the characteristics of these compounds play an 

important role in their fate in the field (Trezzi et al. 2016), so that the water soluble substances might moves easily 

within the soil (Souza Filho and Alves 2002). The sorption and degradation mechanisms are also important to drive 

the behavior of these compounds in the soil and their effects on other crops. As a consequence, allelopathic 

substances can reach subsequent crops in a crop rotation system (Alsaadawi 2001). 

     In this way, Martin et al. (1990) observed that the straw of ryegrass releases allelopathic substances that can 

inhibit 34% corn root growth. Chovancová et al. (2015) also observed allelopathic potential of cover crops on corn. 

Yassen and Hussain (2014) verified allelopathic effects of wheat on rice. The inhibition of cover crops on 

germination of spring barley was reported (Marcinkevičiene et al. 2013). In addition, allelopathic potential of winter 

cover crops was reported against major crops and weeds (Kunz et al. 2016, Trezzi et al. 2016). On the other hand, 

highest maize yields cropped after cover crops were reported (Prochazka and Prochazkova 2012). Thus, we have 

to be avoided through the selection of optimized integrated cover crops with good management practices in 

cropping system (Ashraf et al. 2017). 

 

CONCLUSION 

 

Corn, soybean, lettuce and birdseed show differential response to exposure to shoot extracts of oat, ryegrass and 

wheat regarding on seed germination. Shoot extracts of oat and ryegrass can improve seed germination while 

shoot extract of wheat can reduce seed germination of corn. Shoot extracts of oat, ryegrass and wheat can reduce 

seed germination of soybean, lettuce and birdseed. 

 

Acknowledgement 

 
Second and third authors thank to CNPq from Brazil for the Research Productivity Fellowship. 

 

References 
 

Alsaadawi IS. 2001. Allelopathic influence of decomposing wheat residues in agroecosystems. Journal of Crop Production 4:185-196. 

Anwar S et al. 2003. Efficiency of sorgaab (sorghum water extract) and herbicide for weed control in wheat (Triticum aestivum L.) crop. Pakistan 

Journal of Weed Science Research 9:161-170. 

Ashraf R et al. 2017. Allelochemicals and crop management: A review. Current Science Perspectives 3:1-13. 

Basu D et al. 2016. Glycosylation of a fasciclin-like arabinogalactan-protein (SOS5) mediates root growth and seed mucilage adherence via a 

cell wall receptor-like kinase (FEI1/FEI2) pathway in Arabidopsis. Plos One 11:e0145092. 

Bonanomi G et al. 2006. Phytotoxicity dynamics of decaying plant materials. New Phytologist 169:571-578. 

Brasil. 2009. Ministério da Agricultura, Pecuária e Abastecimento. Regras para Análise de Sementes (RAS). Brasília: Mapa. 

Brust J et al. 2014. Growth and weed suppression ability of common and new cover crops in Germany. Crop Protection 63:1-8. 

Cheema ZA et al. 2012. Application of allelopathy in crop production: success story from Pakistan. In: Cheema ZA et al. (Eds.). Allelopathy: 

current trends and future applications. Springer: Verlag. 

Chovancová S et al. 2015. Effects of aqueous above-ground biomass extracts of cover crops on germination and seedlings of maize. Die 

Bodenkultur 66:15-21. 

Creamer NG et al. 1997. Evaluation of cover crop mixtures for use in vegetable production systems. Hortscience 32: 866-870. 

den Hollander NG et al. 2007. Clover as a cover crop for weed suppression in an intercropping design: II. Competitive ability of several clover 

species. European Journal of Agronomy 26:104-112. 

Dhima KV et al. 2006. Allelopathic potential of winter cereal cover crop mulches on grass weed suppression and sugarbeet development. Crop 

Science 46:345-352. 

Farooq M et al. 2009a. Improving water relations and gas exchange with brassinosteroids in rice under drought stress. Journal of Agronomy and 

Crop Science 195:262-269. 



 

 

COMMUN PLANT SCI (ISSN 2237-4027)  |  7:2017007  |  5 pages 

48 

 

 

 

https://complantsci.wordpress.com 

Farooq M et al. 2009b. Improving the drought tolerance in rice (Oryza sativa L.) by exogenous application of salicylic acid. Journal of Agronomy 

and Crop Science 195:237-246 

Farooq M et al. 2011. The role of allelopathy in agricultural pest management. Pest Management Science 67:493-506. 

Farooq M et al. 2013. Application of allelopathy in crop production. International Journal of Agriculture and Biology 15:1367-1378. 

Jabran K et al. 2015. Allelopathy for weed control in agricultural systems. Crop Protection 72:57-65. 

Kunz C et al. 2016. Allelopathic effects and weed suppressive ability of cover crops. Plant, Soil & Environment 62:60-66. 

Lawley YE et al. 2012. The mechanism for weed suppression by a forage radish cover crop. Agronomy Journal 104:205-214. 

Macías FA et al. 2007. Allelopathy – A natural alternative for weed control. Pest Management Science 63:327-348. 

Marcillo GS and Miguez FE. 2017. Corn yield response to winter cover crops: an updated meta-analysis. Journal of Soil and Water 

Conservation 72: 226-239. 

Martin VL et al. 1990. Allelopathy of crop residues influences corn seed germination and early growth. Agronomy Journal 82:555-560. 

Mirsky SB et al. 2010. Reducing the germinable weed seedbank with soil disturbance and cover crops. Weed Research 50:341-352. 

Prochazka J and Prochazkova B. 2012. Impact of soil tillage and catch crops on maize yields. ESA Congress, University of Hels inky. 

Radosevich SR et al. 2007. Ecology of weeds and invasive plants: relationship to agriculture and natural resource management. 3.ed. New 

York: John Wiley & Sons. 

Shah AN et al. 2016. Allelopathic potential of oil seed crops in production of crops: a review. Environmental  Science and Pollution Research 

23:14854-14867. 

Souza Filho APS and Alves SM. 2002. Alelopatia: princípios básicos e aspectos gerais. Belém: Embrapa Amazônia Oriental. 

Trezzi MM et al. 2016. Allelopathy: driving mechanisms governing its activity in agriculture. Journal of Plant Interactions 11:53-60. 

Yassen T and Hussain F. 2014. Allelopathic potential of wheat (Triticum aestivum). Global Journal of Agriculture and Food Sciences Research 

1:45-52. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This work is licensed under CPS License Terms. 

Quality of English writing and reference information are of totally responsibility of authors. 

https://complantsci.wordpress.com/instructions/license-terms/

