
 

UNIVERSIDADE FEDERAL DO RIO GRANDE DO SUL 

 

INSTITUTO DE BIOCIÊNCIAS 

 

CURSO DE GRADUAÇÃO EM CIÊNCIAS BIOLÓGICAS 

 

 

 

 

 

 

 

Phytotoxicity of ​Quillaja brasiliensis​ leaf saponins on ​Lactuca sativa​ and ​Echinochloa 

crus-galli​ and their potential as a bioherbicide 

 

 

 

MARIA EDUARDA MATOS MARQUES 

 

 

                                                                         ​Orientador: Prof. Dr. Arthur Germano Fett-Neto 
                                                                                        Co-orientadora: Dr. Anna Carolina Yendo 
                                                                                        Monografia redigida em formato de artigo  
                                                                                        conforme normas da revista ​Industrial Crops 
                                                                                        and Products 

 

 

 

 

 

 

 

Porto Alegre 

Junho de 2019 

 



1 
 

Agradecimentos 

 

Este trabalho de conclusão não teria sido possível sem a ajuda e apoio de diversas pessoas ao                 

longo do curso e, especialmente, deste projeto.  

 

Primeiramente gostaria de agradecer a minha mãe e minha vó, Eliane e Maria, minhas              

maiores inspirações, por me incentivarem a sempre ir mais longe, pelo amor incondicional e              

sem preconceitos e pelo suporte emocional ao longo dessa trajetória. Obrigada por me             

ensinarem a ser persistente, sem vocês eu não estaria aqui.  

 

A minhas amigas e amigos, que não só foram meus constantes ouvintes das excitações e               

frustrações que foram surgindo ao longo do caminho, como me ajudaram e contribuíram com              

o meu projeto – Camille, Ana, Steph, Marcelo, Alice, Eduardo, Júnior, Natalie, Kewen –              

vocês amenizaram o peso de todos os momentos difíceis, obrigada por permanecerem aqui. 

 

A todas as pessoas do Laboratório de Fisiologia Vegetal da UFRGS, que sempre estiveram              

disponíveis a esclarecer minhas dúvidas e a me transmitirem conhecimentos novos. Obrigada            

por todas as trocas, é muito bom trabalhar com quem é apaixonado pelo que faz. 

 

Ao meu orientador, por toda a paciência, atenção e disponibilidade constantes – obrigada             

Prof. Arthur por todos os ensinamentos, tenho certeza que vou levá-los pra sempre comigo.  

 

E a todas e todos que acreditam na importância da ciência, resistimos. Que continuemos a               

fazer pesquisas relevantes para a sociedade e que possamos transmiti-las a todos e todas que               

não se encontram no nosso meio. 

 

 



2 
 

Phytotoxicity of ​Quillaja brasiliensis​ leaf saponins on ​Lactuca sativa​ and ​Echinochloa 

crus-galli​ and their potential as a bioherbicide 

 

Abstract 

 

The challenge of food security to meet the needs of an increasing human population demands 

the adoption of new approaches leading to sustainable and sufficient crop production. A high              

percentage of crop products are lost every year due to agricultural pests. Weeds are the most                

damaging class of pests and threaten the integrity of agricultural and natural environments             

due to their invasive and competing potential. Pesticide use in agriculture has increased in              

recent years and although it increases agricultural production, it may cause undesired            

negative environmental impacts. Bioherbicides, which can be used as weed management           

tools, consist of substances based on natural compounds already present in the environment             

being biodegradable and having low residual effects. The use of plant species able to produce               

and release phytotoxic compounds may represent effective bioherbicide sources. ​Quillaja          

brasiliensis produces secondary metabolites called saponins that could be evaluated for           

phytotoxic activity and potentially become a natural herbicide. Therefore, this study was            

conducted to examine the phytotoxic activity of ​Q. brasiliensis saponins aqueous extract            

(AE) and saponin fraction (QB) on morpho-physiological parameters of ​Lactuca sativa           

(lettuce) and ​Echinochloa crus-galli (barnyardgrass), in pre and post-emergence bioassays. In           

the pre-emergence bioassays, germination rate and speed of germination were determined.           

The seedlings of the same species were evaluated regarding effects on initial growth by              

measuring seedling root and shoot length, dry mass and chlorophyll content. Both aqueous             

extract and saponin fraction had high inhibitory impact on germination of lettuce and             

barnyardgrass. Osmotic potential analyses revealed that this parameter was not important in            

the observed responses. Saponin fraction at 1% and 2% (w/v) concentration significantly            

decreased shoot length of lettuce seedlings by more than 10-fold. Results also showed a              

phytotoxic effect on post-emergence growth of lettuce, especially at the highest concentration            

tested of AE (10% w/v). These results show that both saponin enriched fraction and aqueous               

extracts of ​Q. brasiliensis are phytotoxic. Further studies should aim at detailing their             

phytotoxic mechanism on plants aiming at their possible use as bioherbicides. 

Keywords:​ ​Quillaja brasiliensis​, Phytotoxic plant extract, Saponin, Bioherbicide. 
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1. Introduction 

The combination of efficient agricultural land use with biodiversity conservation is a            

challenge (​Tscharntke et al., 2012)​. According to a 2017 United Nations report, ​the world's              

population is projected to reach 9.8 billion by 2050, with 83 million people being added               

every year. With that comes a rising demand for food at a global level. ​Data ​indicates that                 

agriculture will need to provide almost 50 percent more food in 2050 (FAO 2018). ​In order to                 

sustain this level of production and knowing that ​20–40% of global crop yields are lost each                

year to pests and diseases, pesticide use in agriculture ​has increased in recent years ​(FAO               

2018). Due to its extensive planting area, Brazil is one of the three largest consumers of                

pesticides in the world (Pignati, 2017; FAO 2018). 

"Pests" are the considered ​invasive alien organisms or pathogens of crops or forest             

species (Bebber et al. 2014) and ​include animal pests (insects, mites, nematodes, rodents,             

slugs and snails, birds), plant pathogens (viruses, bacteria, fungi, chromists) and weeds (i.e.             

competitive plants) (Oerke, 2006). ​Weeds are the most damaging category of pests in             

agriculture (Stewart, 2017), ​potentially ​reducing the production of crops by 34%, ​followed by             

animal pests (18%) and pathogens (16%) (Oerke, 2006). 

A particular plant is considered a "weed" only in terms of anthropocentric definitions             

(Zimdahl, 2018). Schonbeck (2011) defines weed as a “plant out of place,” an “unwanted              

plant” or a plant that interferes with crop or livestock production. The definition by the Weed                

Science Society of America (2016) states: a weed is a plant that causes economic losses or                

ecological damage, creates health problems for humans or animals, or is undesirable where it              

is growing. Most agricultural weeds cause damage to crop yields or increase costs of              

production due to a number of features, including: a) ​capacity ​to grow in disturbed habitats,               

b) show high environmental plasticity (many weeds are capable of tolerating and growing             

under a wide range of climatic and edaphic conditions), c) ability to physically hinder or               

smother crop growth, d) capacity to compete with crops for light, nutrients, moisture, and              

space, e) have rapid emergence, seedling growth and quick maturation, f) produce a large              

number of seeds per plant, g) release natural substances that inhibit crop growth (allelopathy),              

h) host pests or pathogens that may contaminate crops (Zimdahl, 2018; Schonbeck, 2011). 

Pesticides are toxic chemical substances or a mixture of substances that are            

intentionally released into the environment in order to control or eliminate pests (Hakeem et              

al., 2016). Although pesticides ​prevent, destroy and repel most pests growing on crop plants,              
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their continued use can cause significant impact on the environment and human health by              

contaminating waterbodies, air, ​terrestrial ecosystems and produce, as well as unintentionally           

affect biodiversity (Caldas, 2016, ​Abbas et al., 2018; Tirado et al., 2008​). This occurs              

especially in low and middle-income countries where government policies tend to be less             

adequate and health surveillance less effective (​Carneiro et al., 2015)​. Thus, there is ​an              

increasing demand for pesticides that are safe for the environment and may replace or              

complement synthetic managing methods (Cordeau et al., 2016). Weed management          

techniques can vary (manual, mechanical, chemical, and biological control), but mostly           

depend on the use of synthetic herbicides (pre-emergent and post-emergent) (Abbas et al.,             

2018; Chauhan and Mahajan, 2014). Hence, it is important to search for new and effective               

alternatives for weed management. Furthermore, in Brazil, herbicides represent the highest           

percentage class of imported pesticides (58.45%) and are used in far larger volumes than              

insecticides and fungicides combined (IBAMA, 2016).  

It has been proven that sustainable practices reduce agriculture's negative          

environmental impacts, decrease production costs, ​minimize collateral damage to wildlife ​and           

minimize the social pressure from the public about food safety and human security (Cordeau              

et al., 2016). The use of biological control, including bioherbicides, consists on the             

application of living organisms (insects, nematodes, bacteria, or fungi), natural products or            

biotic agents to mitigate weeds in agriculture or natural ecosystems reducing environmental            

impact (Cai and Gu, 2016; Kremer, 2019). Substances obtained from living organisms e.g.             

the natural metabolites produced during growth and development can be ingredients of            

bioherbicides; ​although the uses of these metabolites are highly efficient and beneficial​, only             

8% of conventional herbicides are derived from natural compounds (Dayan and Duke, 2014).             

Accordingly, the use of plant species able to produce and release phytotoxic compounds may              

represent an effective tool to be used alone or in association with other plant protection               

methods for weed management (Cordeau et al., 2016; Puig et al., 2018).  

Natural phytotoxins, their structural diversity and varied biological activity offer          

several benefits when compared to synthetic compounds. They tend to have a shorter             

half-life, are rich in bioactive materials and compounds with unexploited properties and are             

produced by different plant species (Duke et al., 2000; Duke et al., 2002). Saponins are               

secondary metabolites with complex chemical structure and high variability among          

organisms, which apparently are involved in environmental adaptation of plants (De Costa et             
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al., 2014; Nascimento and Fett-Neto, 2010). These molecules have a wide distribution among             

plants and several significant industrial and pharmacological applications (Güçlü-Üstündağ         

and Mazza, 2007; Yendo et al., 2016). Several studies have revealed that saponins have              

phytotoxic or allelopathic properties (Faizal and Geelen, 2013; Hoagland et al., 1996; Jelassi             

et al., 2016; Pérez et al., 2015; Ribeiro et al., 2018; Stavropoulou et al., 2017;               

Wyman-Simpson et al., 1991), which suggests that saponins could be evaluated as potential             

bioherbicides (Dayan and Duke, 2014).  

Quillaja brasiliensis (A. St.-Hill. & Tul.) Mart. (Quillajaceae) (soap tree) is           

distributed throughout Southern Brazil (Reitz, 1996). The species is well known for the             

abundant saponin presence and therefore large spectrum of biological activities, including           

immunoadjuvant, antifungal and antiherbivore (Fleck et al., 2006; Silveira et al., 2011; De             

Costa et al., 2014; Cibulski et al., 2016; Anna Yendo, Plant Physiology Laboratory, UFRGS,              

personal communication). According to Kauffmann et al. (2004), the structure of ​Q.            

brasiliensis saponins is remarkably similar to that of Quillaja saponaria Molina bark            

saponins. The latter is a related Chilean species which has been widely used as an adjuvant in                 

vaccine formulations and is one of the main sources of industrial saponins present in plants.               

The commercially used saponin fraction obtained from barks of ​Q. saponaria is known as              

Quil-A® (Yendo et al., 2015). Studies have reported ​Q. saponaria as showing strong             

aphicidal, deterrent, ​nematicidal, molluscicidal and antifungal ​activity, indicating that the          

plant could be potentially used as a biopesticide (González-Cruz and Martín, 2013; De Geyter              

et al., 2011; Moya et al., 2010; González-Castillo et al., 2018; Giannakou, 2011). Anti-fungal,              

molluscicid​e, and insecticide activities have also been shown for leaf saponins of ​Q.             

brasiliensis (Anna Yendo, Center for Biotechnology-UFRGS, personal communication). If         

Q. brasiliensis saponins prove to be phytotoxic, there is also a potential use of these natural                

products as bioherbicides. In addition, the use as a biopesticide can be explored as a               

combination with other molecules at lower concentrations, thereby preventing resistance          

development. Regardless of the potential use as a biopesticide or bioherbicide, ​Q. brasiliensis             

leaf saponins consist of a more sustainable and easily renewable alternative if compared to ​Q.               

saponaria bark saponins, considering that the second has a destructive effect of phloem             

stripping of trees during bark removal and depends on slow growing native forests (Martín              

and Briones, 1999). Hence, this study was conducted to examine the phytotoxic activity of              
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aqueous extracts and saponins of ​Q. brasiliensis on different morpho-physiological          

parameters of target species using ​in vitro​ bioassays.  

 

2. Materials and methods 

2.1. Plant material and extracts preparations 

Q. brasiliensis leaves were collected from adult plants growing in the city of             

Canguçu, RS, Brazil (31​º​23’42’’S-52​o​40’32’’W). A voucher specimen was deposited at the           

ICN Herbarium of the Federal University of Rio Grande do Sul (142953). Air-dried             

powdered leaves were extracted in distilled water (1:10, w/v) for 8 h, filtered, partitioned              

with ethyl acetate and lyophilized, yielding aqueous extract (AE). AE was submitted to             

purification through reverse-phase chromatography and gradient of water and methanol to           

obtain fraction QB-90, as previously described (Fleck et al., 2006). QB-80 was obtained             

using the same protocol. QB-80 and QB-90 were also analyzed by TLC to further confirm               

fraction isolation. 

 

2.2. Phytotoxicity assay 

2.2.1. Plant material 

The experiments on the phytotoxic effect of the extract were carried out with             

diaspores (herein referred to as seeds) of the standard target species ​Lactuca sativa​, as well as                

seedlings of the same species; and with seeds and seedlings of the weed species ​Echinochloa               

crus-galli​. For these assays, commercially available lettuce seeds were used (Isla®, lote            

116377-001) and barnyardgrass seeds were kindly provided by the Department of Crop            

Plants – Faculty of Agronomy, UFRGS. 

 

2.2.2. Establishment of osmotic potential and pH of the extract 

Both osmotic potential and pH of the extracts were determined. The osmotic potential             

of ​Q. brasiliensis extracts were measured in different concentrations (0.1%, 1%, 2%, 4%,             

10%, 20%, 40%) with a refractometer-based curve prepared with sucrose. To determine the             

influence of the osmotic potential of the extracts on both lettuce and barnyardgrass             

germination bioassays, additional tests were performed with solutions of polyethylene glycol           

(PEG-6000) in the following concentrations: 0.01 M, 0.02 M and 0.03 M. This experiment              

was carried out using the same procedure of germination bioassays. The osmotic potential of              
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the different concentrations of PEG was also measured with a refractometer and it was              

possible to associate the solution of PEG at 0.02 M with the 10% ​Q. brasiliensis extract.                

Extracts pH were determined with a pH meter. 

 

2.2.3. Pre-emergence bioassay 

The pre-emergence bioassay analyzed the germination of ​L. sativa (lettuce) and           

Echinochloa crus-galli ​(barnyardgrass). Petri dishes (9 cm of diameter) lined with qualitative            

filter paper were used and assays were conducted in a growth chamber BOD (Biological              

Oxygen Demand) (25​º C, 12 h/12 h dark/light, 40 µmol photons.m​-2​.s​-1​). 

For each one of the species, the petri dishes were separated in experimental groups              

and control, each containing 25 seeds per plate, with 3 plates per experimental group. Seeds               

were treated with 5 mL in each petri dish of the different extracts of ​Q. brasiliensis (at 4 and                   

10% ​w/v ​of the extract), distilled water (negative control), and NaCl 0.5 M (positive control).               

Germination parameters were measured daily (germination time) or on the 5​th day of             

incubation (germination percentage, root and shoot length). The presence of morphological           

abnormalities was recorded. Germination speed index were calculated according to Maguire           

(1962): 

 

IVG = N1 / D1 + N2 / D2 + .... + Nn / Dn 

 

Where: IVG = germination velocity index; N =number of seedlings at the day of              

counting; D = days after sowing until data collection. 

An additional experiment using a purified saponin fraction called QB was performed            

with lettuce. The same parameters were analyzed, with treatments consisting of 1 and 2% of               

QB-80 and -90 and controls, in this case ending on the 7​th​ day of incubation. 

 

2.2.4. Bioassay for post-emergence 

To obtain lettuce seedlings for the effect on initial growth, seeds were put in separate               

pot trays (each with a volume of 15 mL) containing autoclaved substrate (commercial             

previously washed sand: vermiculite - ratio 1:1; v/v) and kept for 12 days in a room with                 

controlled light and temperature (photoperiod of 16 h per day; 25 ± 2°C, irradiance 50               

µmol.m-​2​.s​-1​). On the 12​th day, plants were exposed to the different extracts and controls (2               
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mL per pot containing a single plant and sprinkling to dew point). ​Barnyardgrass seeds were               

kept for 13 days in the substrate in the same conditions above and on the 14​th day the                  

seedlings were exposed to the treatments.  

Seven days after treatment application, the growth parameters were measured (radicle           

length, shoot length and dry mass). Root and shoot length were measured with ruler and dry                

mass at 60°C was recorded in an analytical balance. In addition, for lettuce, the chlorophyll               

content was measured, with a SPAD chlorophyllometer (Minolta). With ​barnyardgrass, due           

to restrictions of leaf size on the SPAD reading probe, standard spectrophotometric            

evaluation of acetone extracts was carried out (Ross, 1974). ​All treatments for each sampling              

time (1 plant per separate slot) were replicated 50 times for ​root length, shoot length, dry                

mass measurements and ​SPAD readings and 20 times (samples of 5 plants) for             

spectrophotometric ​chlorophyll measurements. 

In another set of experiments, ​Q. brasiliensis extracts and control treatments were            

applied on post-emergent 12-day-old lettuce seedlings grown in ​petri dishes. After 12 days of              

growth in BOD conditions, 5 mL of extracts and controls were applied on each dish               

containing 25 plants, replicated 3 times. Plants were measured after 7 days of application              

(root length, shoot length and dry mass). 

 

2.2.5. Soil leaching bioassay 

In order to evaluate if the extract could be leached from the soil, two different               

bioassays were performed. With ​L. sativa 50 separate pots containing autoclaved substrate            

(commercial previously washed sand: vermiculite - ratio 1:1; v/v) were exposed to 2mL of              

the extracts plus spraying of 30mL at the concentrations of 4 and 10%. These pots were                

subjected to leaching with 10 mL of distilled water each pot every 2 days, for a total of 8                   

days. In the day of the last water application, 2 lettuce seeds were added per pot to evaluate                  

germination and seedling growth at the end of 12 days, with the same parameters used in the                 

post-emergence bioassay. The experiment with ​barnyardgrass evaluated the leaching         

potential with seedlings grown in the same ​substrate previously described for 12 days, with              

the application of the extracts and controls at the end of the 13​th day. After 7 days of                  

application, 10 mL of distilled water were applied in each separate plate to leachate the               

extract away, every 2 days, 4 times. Same parameters were measured at the end of the last                 

water application. 
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2.2.6. Statistical analyses 

GraphPad Prism 5.0 was used to draw graphs. The results were analyzed by ANOVA              

followed by the Tukey test, when appropriate. The data was expressed as mean ± standard               

deviation (S.D.). 

 

3. Results 

3.1. Phytotoxicity assay 

3.1.1. Osmotic potential and pH of extracts 

The results obtained in the germination bioassay with PEG showed that solutions up             

to 0.02 M did not affect ​significantly the emergence of lettuce and ​barnyardgrass seeds. Since               

the 0.02 M solution was the equivalent to the 10% ​Q. brasiliensis extract, it was determined                

that up until 10%, the effects produced by the extract on the seeds were not due to the any                   

osmotic effects of the extract (Table 1). The osmotic potential was determined following data              

of Meneses et al., 2007. Similarly, pH of the extract was in the 4-6 range, which is not                  

capable of inhibiting germination of the test species (Sadeghloo et al., 2013; Rice, 1984). 

 

Table 1​. Density measured with a refractometer and the respective osmotic potential values of different               
concentrations of ​Quillaja brasiliensis aqueous extract (at 1%, 2%, 4%, 10%, 20% and 40%) and of the                 
Polyethylene glycol (PEG-6000) (at 0.01 M, 0.02 M and 0.03 M).  
 

 Density  
(g/mL) 

Osmotic potential 
(MPa) 

AE 1% 1.000 -0.191 

AE 2% 1.000 -0.191 

AE 4% 1.001 -0.192 

AE 10% 1.034 -0.200 

AE 20% 1.065 -0.205 

AE 40% >1.120 >-0.215 

   

PEG 0.01 M 1.001 -0.192 

PEG 0.02 M 1.042 -0.200 

PEG 0.03 M >1.120 >-0.215 
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3.1.2. Pre-emergence Bioassay 

Both 4% and 10% extracts caused strong inhibitory effects on the emergence of seeds.              

For lettuce, no emergence was reported after 5 days, while the negative control had 97% of                

germination (Fig. 1A). Barnyardgrass had 16% of germination in the 4% AE and 75% in the                

negative control; the 10% extract inhibited all of the seeds germination (Fig. 2A).  

The experiment using isolated saponins (QB fraction) with lettuce showed a           

significant reduction ​in the root and shoot length of the seedlings that germinated (Fig. 3) and                

the emergence declined with the increase in amount of QB concentration. At 1% QB the               

emergence of seeds was reduced by 75% while at 2% QB there was a reduction of 66% of                  

germination (Fig. 1B). 

The germination speed was also calculated and agreed the data of germination (Table             

2). The extracts affected not only the percentage of germination but also the speed of the                

process in both species. 

Fig. 1. ​Pre-emergence bioassay. Effects of (A) the aqueous extracts (at 4 and 10%) and (B) QB fractions (at 1                    
and 2%) on the number of germinated seeds of ​L. sativa at the end of 4 days and 8 days, respectively. C-                      
represents the negative control (distilled water) and C+ the positive control (NaCl). ​Different letters and *                
indicate a significant difference by Tukey test (p≤0.05). 
 



11 
 

 

Fig. 2. Pre-emergence bioassay. Germination (A) in the different treatments (distilled water, aqueous extract at               
4%, aqueous extract at 10% and NaCl) and seedling growth of shoot length at the end of 5 days (B) of                     
barnyardgrass seeds. Only the 4% extract showed a few emerged seeds. In (B), ​bars represent the mean+SE.                 
Different letters and * indicate a significant difference by ​Tukey test (p≤0.05). 
 

 
Fig. 3. ​Pre-emergence bioassay. Seedings of lettuce at the end of 8 days of application of (A) distilled water, (B)                    
QB 1% and (C) QB 2%. Bar=1 cm. 
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Table 2​. Germination speed index during 4 days (lettuce) and 5 days (barnyardgrass). Seeds ​were treated with                 
the following treatments: extracts of ​Q. brasiliensis at 4% and 10%, distilled water (negative control), and NaCl                 
0.5 M (positive control).  
 

 (W) 
lettuce 

(W) 
barnyardgrass 

C- 50,25 52,83 

AE 4% 0 4,91 

AE 10% 0 0 

C+ 0 1,08 
 

3.1.3. Post-emergence bioassay 

 

Seven days after the application of the treatments on lettuce seedlings, both 4 and              

10% extract showed significant differences from the negative control in every parameter            

analyzed, except for the shoot length and dry weight in the lower concentration (4%) (Fig. 4).                

Interestingly, the chlorophyll content of the 10% extract decreased more than the one shown              

in the positive control (NaCl) (fig. 4C) and the plants from the 4% extract treatment showed                

abnormalities and low chlorophyll content in leaves (Fig. 5). Moreover, most of the seedlings              

from that treatment were notably fragile and the extract provoked the death of 24% of the                

plants, while the positive control only led to 16% of seedling viability loss (Table 3).  
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Fig. 4. Morphological parameters of lettuce seedlings in the post-emergence experiment. Plants were treated              
with distilled water (C-), aqueous extract at 4 and 10% (AE 4% and AE 10%) and NaCl (C+). In this bioassay,                     
we analyzed the (A) shoot length; (B) root length; (C) chlorophyll content; and (D) dry mass. Bars represent the                   
mean+SE. Different letters indicate a significant difference by Tukey ​test (p≤0.05)​. 
 

  
Fig. 5. ​L. sativa leaves at day 7 in the post-emergence bioassay, treated with (A) 4% extract and (B) the negative                     
control (distilled water). Bar=1mm. 
 
Table 3​. Viability loss of seedlings at the end of the Post-emergence bioassay (7 days after application of                  
treatments).  

 Number of dead seedlings 

C- 0 

AE 4% 0 

AE 10% 12 (24%) 

C+ 8 (16%) 
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With barnyardgrass, no significant difference was observed in ​root length, shoot           

length, chlorophyll content and dry weight between the treatments and compared to controls             

(Fig. 6). However, the plants from the 10% AE were wilty (Fig. 7). 

In the additional post-emergence bioassay growing lettuce in petri dishes, a significant            

reduction was observed in the root and shoot ​elongation of the seedlings in both extract               

treatments (4% and 10%) and positive control (NaCl) in the same manner (Fig. 8). No               

significant difference was observed in the dry mass (Fig. 8C). The chlorophyll content wasn't              

measured in this experiment because the plants were too small. 

 

 

Fig. 6​. Post-emergence bioassay with barnyardgrass. Morphological parameters: shoot length (A) and root             
length (B), chlorophyll content (C) and dry weight (D). Bars represent the mean+SE. Different letters indicate a                 
significant difference by ​Tukey test (p≤0.05). 



15 
 

 
Fig. 7. ​Post-emergence bioassay with barnyardgrass. Seedlings at the end of 7 days treated with (A) distilled                 
water ​–​ C- and (B) aqueous extract at 10% ​–​ AE 10%. Bar=1 cm. 
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Fig. 8. Post-emergence bioassay performed in petri dishes. Effects on lettuce seedlings in the (A) shoot and (B)                  
root length and (C) dry weight with the application of distilled water (C-), aqueous extract at 4 and 10% (AE 4%                     
and AE 10%) and NaCl (C+). Bars represent the mean+SE. Different letters indicate a significant difference by                 
Tukey ​test (p≤0.05)​. 
 

3.1.4. Soil leaching bioassay 

The soil leaching bioassay carried out with lettuce evaluated germination rates and            

plant development. In terms of seedling growth ​the 10% extract showed a significant             

reduction of shoot length, root length (Fig. 9, Fig. 10A and 10B) and dry mass (Fig. 10D)​. In                  

addition, plants treated with the extracts had a ​dose–response decrease on chlorophyll content             

(Fig. 10C). Interestingly, the germination rate was higher with the 10% and 4% extract (56%               

and 51%, respectively) while the negative control had only 28% of seedling emergence (Fig.              

11). Also, the dry weight was higher in the 4% extract compared to the control (Fig. 10D).  

 

 
Fig. 9. Soil leaching bioassay. Lettuce seedlings at the end of 12 days treated with (A) distilled water - C-, (B)                     
aqueous extract at 4% - AE 4% and (C) aqueous extract at 10% - AE 10%. Bar=1 cm. 
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Fig. 10. Soil leaching bioassay. Seedling growth parameters of lettuce after 12 days of application of treatments                 
(distilled water, aqueous extract at 4% and aqueous extract at 10%): (A) shoot length, (B) root length, (C)                  
chlorophyll content and (D) dry mass of plants. ​Bars represent the mean+SE. Different letters indicate a                
significant difference by Tukey test (p≤0.05). 
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Fig. 11. Soil leaching bioassay. Germination rates of lettuce seeds in soil with the previous application of three                  
experiment groups: distilled water (C-), aqueous extract at 4% (AE 4%) and aqueous extract at 10% (AE 10%),                  
during 12 days of experiment. 
  

Barnyardgrass also had a significant difference of treatments in contrast with the            

negative control (Fig. 12); AE 4% and AE 10% revealed a concentration-dependent effect on              

seedlings in terms of shoot length and dry weight (Fig. 13A and Fig. 13C). 

 
Fig. 12. Seedlings of barnyardgrass at the end of 8 days in the leaching bioassay. (A) represents negative control                   
(plants treated with distilled water); (B) the plants with AE at 4% and (C) the plants with AE at 10%. Bar=1 cm. 
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Fig. 13. Soil leaching bioassay. Seedling growth of barnyardgrass after 8 days of leaching (and 4 water                 
applications). Evaluation consisted in measurement of (A) shoot length, (B) root length and (C) dry mass. ​Bars                 
represent the mean+SE. Different letters indicate a significant difference by Tukey ​test (p≤0.05). 
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4. Discussion 

4.1. Phytotoxicity assay 

The pre-emergence bioassays using 4% and 10% extract of ​Q. brasiliensis against            

both lettuce and barnyardgrass showed a significant reduction of germination rates, root and             

shoot length of the emerged seedlings (Fig. 1 and Fig. 2). In ​L. sativa seeds the extracts                 

completely inhibited germination. Extracts and QB fraction significantly delayed germination          

percentage, shoot and root length (Fig. 3). Considering that even in low concentrations the              

germination was suppressed, it appears that the extracts show phytotoxic potential that could             

be attributed to the saponins present in the plant. Further studies of these compounds could               

lead to a possible use as an effective pre-emergence bioherbicide.  

Phytotoxic effect on post-emergence growth of lettuce was also observed, especially           

at the highest concentration of the plant extract (AE 10%) (Fig. 4). ​Moreover, with AE 4%                

treatment numerous leaves exhibited abnormalities that could explain significantly reduced          

chlorophyll content (Fig. 5). Although the effects on post-emergence were not as intense as              

those in the germination experiments, ​Q. brasiliensis extracts also have phytotoxic effects on             

seedling growth. In the ​leaching bioassay, however, there was a significant decrease in the              

inhibitory effect of the extracts on lettuce, particularly at 4% AE (Fig. 9). ​This could lead to a                  

possible use as a post-emergence bioherbicide, alone or in combination, effective at pre and              

post germination with reduced residual effect. 

However, the lack of significant alterations shown in the post-emergence bioassays           

with barnyardgrass (Fig. 6) can indicate that the extracts are not as efficient in repressing the                

initial growth of ​E. crus-galli as they are inhibiting its germination. It is possible that this                

reflects higher resistance to biotic stresses in weeds (​Zimdahl, 2007)​. On the other hand, the               

leaching bioassay performed with barnyardgrass showed a statistic difference in the root and             

shoot length of the 10% extract treatment (Fig. 11 and Fig. 12). Perhaps for this species                

longer exposure to this extract residue could affect plants negatively. 

Ideally, a bioherbicide residue on the soil surface should be able to undergo leaching              

and/or degradation, thus avoiding exposure of the subsequent crops to potentially phytotoxic            

compounds (​Abbas et al., 2018)​. ​The leaching assay with lettuce is also considered a              

pre-emergence experiment, since it used seeds grown on the soil with the extracts. The higher               

root length and dry biomass of seedlings at 4 and 10% AE relative to the control may indicate                  

a nutritional effect of the extracts caused, for example, by the presence of sugars in saponins                
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(Yendo et al., 2014). Application of the 10% extract, nonetheless, resulted in lower plant              

length and chlorophyll content, presumably due to a negative impact on photosynthesis            

(​Poonpaiboonpipat et al., 2013)​. 

Previous unpublished studies from our group pointed out the antiherbivory and           

antifungal effects of ​Q. brasiliensis saponins in the 1 to 2% concentration range. For the               

saponins to constitute a potential biopesticide, ​the absence of or limited phytotoxic effects at              

concentrations in which they are able to inhibit herbivores and pathogens is necessary. The              

results of the post-emergence bioassays with the 4% extract could be promising to be used as                

biopesticide against fungal and invertebrate herbivores with the application on seedlings,           

since it did not affect the plants negatively in several of the parameters. 

In most cases, as has been reported for other saponins, the activity of these triterpenes               

depends essentially on their effects on membranes (De Costa et al., 2011). It is likely that the                 

observed growth inhibitory effects on test plants could be also linked to cell and organelle               

membranes. This putative mechanism should be the focus of further research. 

 

5. Conclusions and perspectives 

Quillaja brasiliensis extracts and saponins showed strong phytotoxic activity against          

Echinochloa crus-galli and ​Lactuca sativa (with greater injury levels on the latter) and             

weed-suppressing abilities. Hence, further studies should be conducted to evaluate the           

possibility of use with adjuvants on formulations of bioherbicides. Furthermore, future work            

is required to better understand the mechanisms of action of the phytotoxins present in the               

plant. The study of new viable bioherbicides is an important step towards sustainability in              

agriculture and environmental damage mitigation. 
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