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Abstract 

Downy mildew caused by Peronospora variabilis is one of the main health problems affecting quinoa 

cultivation in the Andean region. The objective of this study was to evaluate the efficacy of aqueous 

extracts of garlic (Allium sativum), horsetail (Equisetum bogotense), and paico (Chenopodium 

ambrosioides) in reducing the severity of downy mildew and its effect on the yield of the Blanca Junín 

and Pasankalla quinoa varieties. The working solutions contained 10% of the crude extract. Foliar 

applications were made every 7 days, between 21 and 84 days after sowing. Using a randomized 

complete block split-plot design, severity, area under the disease progress curve (AUDPC), and  

relative efficacy (RE) of the treatment were quantified. The results revealed a significant interaction 

between variety and treatment (p < 0.05). Garlic extract in the Blanca Junín variety stood out as the best 

alternative for downy mildew control, considerably reducing AUDPC, increasing yield, and 

demonstrating greater RE (68.4%) compared to the synthetic fungicide metalaxyl. In the Pasankalla 

variety, because of its greater intrinsic tolerance, the impact of the extracts on yield was less pronounced. 

These findings position plant extracts, especially garlic extracts, as viable alternatives for the integrated 

management of downy mildew in quinoa crops, although it is recommended to validate their 

effectiveness in multiple campaigns that align with environmental sustainability and human health. 

Keywords: botanical extracts; effective biofungicides; genotypic response; oomycete control; 

organosulfur compounds 
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INTRODUCTION 

Quinoa (Chenopodium quinoa) has 

transcended its Andean origins to become  

a globally important crop (Bazile et al.,  

2015), recognized for its exceptional nutritional 

quality. Its grains are characterized by a high 

protein content (12 to 18%), a balanced  

profile of essential amino acids, particularly 

lysine, and the presence of minerals, vitamins,  
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and bioactive compounds such as flavonoids 

(Christensen et al., 2007; Vega-Gálvez et al., 

2010; Pathan and Siddiqui, 2022). This growing 

interest has been further strengthened in the 

context of climate change, given quinoa’s 

importance as a traditional crop cultivated  

by small-scale farmers in the Andes (Bazile, 

2024). 

https://jurnal.uns.ac.id/carakatani/article/view/115591
http://dx.doi.org/10.20961/carakatani.v41i3.115591
http://creativecommons.org/licenses/by-nc/4.0/
https://jurnal.uns.ac.id/carakatani/index
mailto:franciscoespinozamontes@gmail.com
mailto:franciscoespinozamontes@gmail.com
http://dx.doi.org/10.20961/carakatani.v41i3.115591


348  Caraka Tani: Journal of Sustainable Agriculture, 41(3), 347-358, 2026 

 

Copyright © 2026 Universitas Sebelas Maret  

Quinoa has a remarkable capacity to produce 

under abiotic stress conditions and in marginal 

soils (Ruiz et al., 2014). However, the expansion 

and importance of quinoa are directly threatened 

by its high vulnerability to diseases. In particular, 

downy mildew caused by Peronospora variabilis 

remains the main health constraint for the  

crop (Danielsen et al., 2002). Susceptibility to  

this pathogen leads to significant losses that 

compromise production stability and profitability, 

underscoring the need to research and develop 

sustainable management alternatives.  

Quinoa downy mildew is caused by the 

oomycete P. variabilis, a biotrophic pathogen 

(Colque-Little et al., 2021). This infects the 

mesophyll of the leaves, causing chlorosis, 

wrinkling, and a characteristic grayish mycelial 

growth on the underside of the leaves, drastically 

reducing the plantʼs photosynthetically active area 

(Danielsen and Ames, 2008; Colque-Little et al., 

2021). Favorable environmental conditions, 

specifically high relative humidity and 

temperatures between 15 and 20 °C, accelerate the 

progression of the epidemic. This typically leads 

to premature defoliation and severe yield losses 

between 40% and 100% (Danielsen and Ames, 

2008).  

Conventional control relies almost exclusively 

on synthetic contact fungicides (e.g., 

chlorothalonil) and systemic fungicides (e.g., 

metalaxyl). However, the use of these fungicides 

poses health risks to the environment and humans 

(Danielsen et al., 2003), including phytotoxicity, 

elimination of beneficial fauna, contamination of 

aquifers, and toxic residues in grain, thereby 

compromising product safety. There is also the 

risk that the pathogen may develop resistance to 

metalaxyl, as has been demonstrated in the case of 

Phytophthora infestans in another Andean crop, 

such as potato (Gisi and Cohen, 1996).  

In various Andean communities in Peru,  

where small-scale farmers practice low-input 

agriculture, the use of plant extracts with 

medicinal properties to control diseases is 

common (Pando and Aguilar, 2016). These 

extracts include garlic (Allium sativum), horsetail 

(Equisetum bogotense), and paico (Chenopodium 

ambrosioides), which are biodegradable and 

environmentally friendly. These practices have 

been passed down through generations, based on 

empirical observation and the availability of local 

resources (Apaza Ticona et al., 2022). In quinoa 

crops, these extracts are used especially in local 

varieties like Pasankalla, which is prevalent in 

subsistence farming systems.  

However, the lack of scientific studies 

standardizing dosages, application times, and 

actual efficacy limits their formal adoption in  

the management of P. variabilis. The instability  

of chemical components and oscillations in  

the concentrations of bioactive metabolites  

in traditional preparations hinder their 

reproducibility under experimental conditions, 

which generates fluctuations in therapeutic 

efficacy (Sanjai et al., 2024). This study 

underscores the need to rigorously validate this 

traditional agricultural practice under controlled 

conditions in an experimental field, including the 

Blanca Junín variety typical of conventional 

systems, to determine whether the response to 

treatments depends on genotype or cultivation 

system. 

Aqueous plant extracts owe their antifungal 

capacity to the presence of secondary metabolites 

such as organosulfur compounds, essential oils, 

terpenoids, saponins, flavonoids, and phenols. 

These metabolites can be extracted using 

conventional and non-conventional techniques to 

formulate biofungicides (Cenobio-Galindo et al., 

2024). Garlic contains allicin, a broad-spectrum 

organosulfur compound whose mechanism of 

action is based on the alteration of cell 

membranes, inhibition of key enzymes, and 

generation of oxidative stress in fungi and 

oomycetes (Slusarenko et al., 2008; Fufa, 2019; 

Sarfraz et al., 2020).  

Horsetail is rich in silica, a substance that 

contributes to the structural reinforcement of plant 

tissues and induces defense responses such as the 

accumulation of phytoalexins and increased 

lignification (Sandhu et al., 2010; Makia et al., 

2022; Sureshkumar, 2023). These responses 

strengthen cell walls and induce defense 

responses that hinder pathogen penetration  

(Wang et al., 2017). Paico contains ascaridol  

and other oxygenated monoterpenes with  

potent antimicrobial and fungicidal activity, 

demonstrated in the control of various agricultural 

pathogens (Jaramillo et al., 2012; Langsi et al., 

2017). Furthermore, horsetail exhibits a broad 

spectrum of fungicidal and antibacterial activity 

against various plant pathogens (Kumar et al., 

2007; Shah, 2014; Wei et al., 2024). This 

biological basis supports the hypothesis that 

extracts can interfere with both the germination of 

P. variabilis spores and the progression of lesions 

on the leaves of infected plants. 

Scientific literature reports that garlic extracts 

inhibit the growth of pathogens such as 

Phytophthora capsici, Fusarium oxysporum, and 
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Alternaria solani (Li and Zhihui, 2008; Hayat  

et al., 2016; Roy et al., 2019). Extracts of  

horsetail have been successfully used to control 

the production of mycotoxins and other 

mycotoxigenic fungi in stored cereals and fruits, 

the presence of Aspergillus and Fusarium in 

stored corn, and the effects of P. infestans on 

organic tomato crops (Da Cruz Cabral et al., 2013; 

García et al., 2013; Trebbi et al., 2021). 

Furthermore, extracts of paico have shown 

efficacy against pathogens of stored crop 

products, including Sitotroga cerealella, 

Sitophilus granarius, and Sitophilus zeamais 

(Kumar et al., 2007; Jaramillo et al., 2012; Langsi 

et al., 2017), suggesting a broad potential for 

application.  

At the same time, genetic studies reveal that 

ecogeographic origin, saponin content, and 

morphophysiological characteristics greatly 

influence the susceptibility of different quinoa 

cultivars to downy mildew (Testen et al., 2014; 

Colque-Little et al., 2021). These differences 

justify comparing the Blanca Junín and Pasankalla 

varieties under the same treatments to determine 

whether the effect of the extracts is stable across 

genotypes or depends on varietal background. 

Despite the widespread use of aqueous plant 

extracts in Andean family farming, there are  

no quantitative, controlled, and replicated studies 

evaluating the specific efficacy of aqueous 

extracts of garlic, horsetail, and paico against  

P. variabilis under real field conditions. Most 

existing research focuses on other crops or 

pathogens, while evaluations with quinoa remain 

scarce and poorly standardized (Rubén et al., 

2015). Furthermore, it is unknown whether the 

response to these aqueous extracts depends on  

the quinoa variety, a critical gap considering the 

cropʼs wide genetic diversity. This study seeks to 

fill this gap by providing consistent experimental 

evidence to support the formal use of these 

alternatives within integrated downy mildew 

management in agroecological and conventional 

systems. 

Therefore, the objective of this study was  

to evaluate and quantify the effectiveness of 

aqueous extracts of garlic, horsetail, and paico in 

controlling downy mildew caused by P. variabilis 

in the quinoa varieties Blanca Junín and 

Pasankalla. Specifically, the study assessed their 

effects on disease incidence and severity and 

generated evidence to support the integration of 

these practices into sustainable sanitary 

management strategies. 

MATERIALS AND METHOD 

Study focus 

The research was developed under  

a quantitative approach to evaluate the antifungal 

efficacy of aqueous extracts of A. sativum,  

E. bogotense, and C. ambrosioides in the control 

of P. variabilis in C. quinoa crops. 

Location and weather conditions 

The experiment was conducted at the 

Experimental Center of the National University  

of San Cristóbal de Huamanga, located in 

Ayacucho, Peru, at 74°32ʼ00” W and 13°08ʼ05” 

S, at an altitude of 2,750 m above sea level. 

During the experimental period, the average 

temperature was 18.52 °C, with minimum  

and maximum values of 11.09 and 25.85 °C, 

respectively. Average rainfall of 62.90 mm and  

an average relative humidity of 74.6% were also 

recorded, conditions favorable for the natural 

development of downy mildew. 

Varieties evaluated 
Two quinoa varieties with contrasting 

phytosanitary behavior against P. variabilis were 

used: Blanca Junín and Pasankalla. Blanca Junín, 

a sweet ecotype from the inter-Andean valleys 

with low saponin content (Danielsen and Ames, 

2008). It exhibits intermediate susceptibility to 

downy mildew, potentially experiencing 

significant yield losses (up to 50% or more) under 

high disease pressure (Colque-Little et al., 2021). 

Pasankalla, on the other hand, a high-altitude 

variety with high saponin content, shows greater 

tolerance or resistance to the pathogen (Pérez, 

2005; Danielsen and Ames, 2008; Estrada-Zúniga 

et al., 2022). The selection of both varieties 

allowed for the evaluation of treatment efficacy 

under different levels of genetic susceptibility. 

Preparation of extracts 
The concentrated aqueous extract of  

A. sativum was prepared using 100 g of  

fresh, healthy bulbs, previously peeled and 

mechanically crushed to promote the release of 

bioactive sulfur compounds, primarily allicin. 

Subsequently, the crushed material was mixed 

with 1 l of chlorine-free water and subjected to 

cold maceration for 24 hours in the dark. After the 

extraction period, the mixture was filtered through 

a fine cloth to obtain the crude extract (Singh, 

2008). 

The concentrated aqueous extract of  

E. bogotense was prepared using 100 g of finely 

ground dried biomass, macerated in 1 l of  
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chlorine-free water for 14 days. The mixture was 

stirred periodically to promote the solubilization 

of the active metabolites. After the extraction 

period, the contents were filtered through a fine 

cloth to obtain the crude extract (Singh, 2008). 

The concentrated aqueous extract of  

C. ambrosioides was prepared using 200 g of 

fresh leaves and stems, previously washed and  

cut into small fragments. The plant material was 

macerated in 1 l of chlorine-free water for 4 days, 

with periodic stirring. Subsequently, the mixture 

was filtered through a fine cloth to obtain the 

crude extract (Singh, 2008). 

The working solutions were prepared with the 

following dilutions: A. sativum extract at a ratio of 

1:20 (v/v), E. bogotense and C. ambrosioides 

extracts at a ratio of 1:10 (v/v), and metalaxyl 

(Fitoklin) at a rate of 2 g per 20 l of water, 

according to the manufacturerʼs 

recommendations. All solutions incorporated  

an adhering agent prepared by dissolving 100 g of 

neutral soap in 2 l of water. 

Phytosanitary conditions 
The experimental plot was selected due to  

a history of recurrent downy mildew  

(P. variabilis) infections observed during 

consecutive growing seasons. Oospores are 

transmitted through contaminated soil, a primary 

source of inoculum (Cruces, 2016). The endemic 

condition was confirmed through a preliminary 

phytosanitary inspection, microscopic 

identification of the pathogen, and an assessment 

of incidence and severity before the establishment 

of the experiment. 

The seeds were selected and disinfected  

with 1% sodium hypochlorite before sowing 

(Fukuzaki, 2006; García-Torres et al., 2025)  

to eliminate external contaminants and  

to homogenize the initial conditions of the 

experiment, allowing the P. variabilis infection to 

come mainly from the natural inoculum present in 

the endemic plot. 

Experimental design 
The experiment was conducted using  

a randomized complete block design with split 

plots and 3 replications. The main factor was  

the quinoa variety, with 2 levels: Blanca Junín  

and Pasankalla. The second factor was the 

phytosanitary treatments, which consisted of  

5 levels: negative control without extract (only 

water) (T0), A. sativum extract (T1), E. bogotense 

extract (T2), C. ambrosioides extract (T3), and 

positive control with Fitoklin (T4). 

Each block consisted of 2 main plots 

corresponding to the varieties, within which the 5 

experimental subplots were randomly distributed. 

In total, 30 experimental units were established  

(2 varieties × 5 treatments × 3 replicates). Each 

experimental unit consisted of 2 rows, with a total 

area of 12.8 m² and a usable area of 128 m². Plants 

were spaced 0.8 m apart between rows and 0.1 m 

apart within rows. 

Application of treatments 
The treatments were applied using a hand-held 

backpack sprayer at constant pressure. 

Applications began when the plants reached the 

phenological stage with 4 to 6 true leaves.  

Ten applications were made at 7-day intervals. 

In each experimental unit, the solutions  

were sprayed uniformly onto both leaf surfaces 

(front and back) until runoff. The chemical 

treatment was applied following the product  

label recommendations and appropriate safety 

precautions. 

Variables evaluated 

Disease severity 

Downy mildew severity was assessed weekly 

from 21 to 84 days after sowing (DAS).  

A categorical scale adapted from Danielsen and 

Ames (2008) was used, based on the percentage 

of affected leaf area: 0% = immune; 1 to 10% = 

very resistant; 11 to 25% = moderately resistant; 

26 to 50% = moderately susceptible; and 51 to 

100% = very susceptible. In each assessment,  

10 plants were randomly selected from the area 

corresponding to each experimental unit, and the 

percentage of affected tissue on fully developed 

leaves was visually estimated. The area under the 

disease progress curve (AUDPC) was calculated 

from the data obtained, according to the 

methodology described by Simko and Piepho 

(2012) (Equation 1). 

Agronomic variables  

At the end of the crop cycle (physiological 

maturity), the following agronomic variables  

were evaluated: plant height (cm), panicle length 

(cm), panicle weight (g), and estimated yield  

(kg ha-¹). Yield was determined from the total 

production obtained in the usable area of each 

plot, following standardized methodologies for 

agronomic trials (Norman et al., 1995; Sud et al., 

2017) (Equation 2). 

Control efficacy (CE)  

To determine the capacity of each treatment  

to reduce disease development in the crop,  
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the formula from Abbott (1925) was applied using 

the obtained AUDPC values (Equation 3). 

Statistical analysis 
Statistical analysis was performed using IBM 

SPSS Statistics version 26. Before the analysis  

of variance, the assumptions of normality of the 

residuals (Shapiro-Wilk test) and homogeneity  

of variances (Leveneʼs test) were verified. The 

analysis of variance (ANOVA) was performed 

with the variety factor as a plot effect, the 

treatment factor as a subplot effect, and the variety 

× aqueous extract treatment interaction. When the 

ANOVA showed significant differences (p < 

0.05), the means were compared using Tukeyʼs 

HSD test for the factors and the interaction.  

In cases where the variety × aqueous extract 

treatment interaction was significant, the 

interpretation was performed within each variety, 

disaggregating the simple effects according to the 

design structure. 

RESULTS AND DISCUSSION 

Severity of downy mildew 

Downy mildew severity showed a 

progressively increasing pattern up to 42 DAS, 

followed by a gradual decrease in both quinoa 

varieties (Table 1). In general, the Blanca Junín 

variety exhibited higher severity and AUDPC 

values compared to the Pasankalla, demonstrating 

greater susceptibility to P. variabilis. 

Among the aqueous extracts evaluated,  

T1 showed the best performance, with significant 

reductions in severity starting at 49 DAS and  

an AUDPC of 1,617.7 in Blanca Junín and 1,555.3 

in Pasankalla. The treatments T2 and T3 showed 

intermediate severity values, with a moderate 

reduction of the disease compared to the control. 

In T0, severity reached its maximum value at  

42 DAS (45.8% in Blanca Junín and 39.3% in 

Pasankalla), remaining high until the end of the 

cycle and resulting in the highest AUDPC values 

(1,951.9 and 1,815.2, respectively). Treatment T4 

significantly reduced severity at all evaluation 

dates after 42 DAS, reaching the lowest severity 

values at the last evaluation (84 DAS) and the 

lowest AUDPC. 

The results obtained show that aqueous 

extracts of A. sativum, E. bogotense, and  

C. ambrosioides exert different effects on the 

progression of downy mildew caused by  

P. variabilis in the quinoa varieties Blanca Junín 

and Pasankalla. Overall, the reduction in severity 

and AUDPC indicates that the aqueous extract  

of A. sativum was the most effective among the 

treatments evaluated. However, the fungicide 

metalaxyl remained the most effective,  

as reported in the literature for the management  

of oomycetes in different crops (Hanson and 

Shattock, 1998; Kumar et al., 2007; Pánek et al., 

2022). 

The low standard deviations (SD) across  

most treatments and evaluation dates indicate low 

dispersion of the data around the mean, suggesting 

good homogeneity among the experimental 

replicates. This low variability reinforces the 

reliability of the results. It supports the idea that 

the observed differences between treatments 

reflect highly reliable effects of the plant extracts 

and the fungicide on downy mildew severity. 

Effect of treatments on agronomic parameters 

The use of aqueous plant extracts significantly 

influenced (p < 0.05) the yield and agronomic 

variables of both quinoa varieties (Table 2).  

The only exception was panicle length in the 

Pasankalla variety (p = 0.189), where no 

statistically significant differences were observed 

between treatments. 

In the Blanca Junín variety, T1 showed the best 

performance, with significant increases in panicle 

weight (120 g) and yield (3,942 kg ha-¹) compared 

to the control, reaching statistically similar values 

to those of metalaxyl in these 2 variables. T2  

and T3 showed intermediate results, with yield 

increases of 18.8% and 26.9% compared to the 

control, respectively, although their effectiveness 

remained lower than that of the treatment T4.  

In the Pasankalla variety, the T1 increased yield 

by 10.9% compared to the control (1,923 kg ha-¹), 

AUDPC = 
∑ (y

i
+y

i+1
)n-1

i

2 × (ti+1+ti)
 (1) 

Yield (kg ha
-1) = 

Quantity produced

Area harvested
 ×100 (2) 

CE (%) =
AUDPCControl - AUDPCTreatment

AUDPCControl

 ×100 (3) 
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Table 1. Downy mildew severity and AUDPC in quinoa varieties treated with aqueous plant extract were evaluated throughout the phenological cycle 

Treatment Variety St.* 21 DAS 28 DAS 35 DAS 42 DAS 49 DAS 56 DAS 63 DAS 70 DAS 77 DAS 84 DAS AUDPC 

T0 Blanca Junín M 12.2a 32.2a 36.3a 45.8a 39.3ab 30.8a 24.3a 23.3a 26.1a 29.3a 1,951.9ab 

SD 0.425 1.005 2.110 1.521 1.850 1.704 1.002 0.737 0.538 0.725 29.952 

Pasankalla M 11.9a 32.1a 35.5a 39.3a 31.9ab 26.7a 23.5a 27.2a 23.3a 27.7a 1,815.2ab 

SD 0.654 1.389 0.669 1.907 1.157 1.799 0.376 2.190 0.938 1.463 02.824 

T1 Blanca Junín M 12.4a 33.4a 33.4a b39.7ab 31.6bb 22.3b b20.9bc b18.6ab 17.1b 15.9b 1,617.7bc 

SD 0.895 0.165 6.185 2.498 1.998 0.952 0.928 2.134 1.733 0.392 86.936 

Pasankalla M 12.1a 32.1a 34.0a 37.0a 27.8ab 21.9b 20.0a 19.4b b16.7bc 14.5b 1,555.3bc 

SD 0.720 0.895 1.522 1.281 1.413 1.042 2.532 1.768 2.414 0.705 41.528 

T2 Blanca Junín M 12.3a 32.6a 35.6a b40.2ab 33.7ab 24.6b b21.6ab 19.1a 18.2b b17.2bc 1,682.4bb 

SD 0.462 1.250 1.807 5.006 3.941 1.568 0.659 3.108 1.656 1.927 83.084 

Pasankalla M 12.5a 33.5a 32.1a 38.6a 30.4ab 23.4b 20.5a 20.3b b18.2ab 15.7b 1,617.5bb 

SD 0.176 0.697 4.614 4.322 0.421 0.340 1.827 1.071 1.743 0.709 33.687 

T3 Blanca Junín M 11.9a 32.2a 32.7a b41.4ab 35.7ab 23.3b b20.5bc 20.6a 18.8b 19.2c 1,685.2bb 

SD 0.696 0.440 2.835 7.047 1.266 2.072 1.760 2.202 0.736 2.174 37.124 

Pasankalla M 11.3a 31.6a 33.8a 37.2a 26.4bb 22.0b 19.2a 20.1b b20.1ab 17.7b 1,574.3bc 

SD 0.497 1.419 0.182 1.668 3.346 0.768 3.113 3.109 1.159 1.720 64.495 

T4 Blanca Junín M 12.2a 32.7a 31.8a 36.2b 31.7bb 22.2b 18.2c 13.3b 11.5c 10.7d 1,463.5cb 

SD 0.157 0.919 2.450 1.394 1.859 0.846 0.709 2.506 0.649 0.138 43.400 

Pasankalla M 11.6a 31.4a 32.2a 34.3a 30.4ab 21.0b 19.3a 13.1c 11.4c 11.0c 1,430.3cb 

SD 0.261 0.697 2.306 1.807 0.503 0.790 5.059 2.302 4.971 0.092 84.550 

p-value Blanca Junín 0.833 0.512 0.379 0.019 0.006 0.000 0.002 0.002 0.000 0.000 00.000 

Pasankalla 0.147 0.290 0.543 0.568 0.033 0.001 0.408 0.000 0.002 0.000 00.000 
Note: Different letters in the same column indicate a significant difference (p < 0.05) according to Tukeyʼs test. T0 = Negative control without extract (only water); T1 =  

A. sativum extract; T2 = E. bogotense extract; T3 = C. ambrosioides extract; T4 = Positive control with fitoklin; St.* = Statistics; M = Mean; SD = Standard deviation 

Caraka Tani: Journal of Sustainable Agriculture, 41(3), 347-358, 2026 
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and did not differ statistically from metalaxyl in 

panicle weight. Treatments T2 and T3 showed 

smaller effects, although higher than T0, without 

reaching the levels of T1 or T4. 

The reduction of disease does not always 

translate proportionally into yield gains. In this 

regard, several authors have pointed out that the 

relationship between downy mildew severity and 

yield loss in quinoa may not be linear, due to  

the cropʼs physiological plasticity, phenology, 

duration of stress, and capacity for recovery after 

early infections (Danielsen and Munk, 2004; 

Dalal et al., 2017). The concordance between 

reported biochemical mechanisms and the 

effectiveness of disease control mechanisms 

under field conditions reinforces the potential of 

A. sativum as a sustainable management 

alternative. The recorded SDs were low in most of 

the variables evaluated, indicating homogeneity 

between replicates and proper execution of  

the experiment, which adds reliability to the 

differences observed between treatments. 

Control efficacy (CE) and relative efficacy 

(RE) of plant extracts 
To evaluate treatment performance,  

2 complementary metrics were calculated: CE and 

RE of plant extracts and metalaxyl on downy 

mildew progression (Table 3). CE was calculated 

using Abbottʼs formula (1925) relative to the 

absolute control (T0), thus expressing the 

percentage of the actual reduction in disease 

progression (AUDPC) attributable to each 

treatment. RE was also calculated, assigning  

a reference value of 100% to the metalaxyl 

treatment, in order to contextualize the 

performance of the plant extracts. 

The results revealed a gradient of efficacy.  

In the Blanca Junín variety, the A. sativum  

extract registered the highest CE among the plant 

extracts (17.1%), which translated to an RE of 

68.4%. This indicates that under the experimental 

conditions, A. sativum achieved approximately 

two-thirds of the disease-suppression capacity 

demonstrated by the chemical fungicide. The  

E. bogotense and C. ambrosioides extracts 

showed moderate and statistically similar 

efficacy, with REs of 55.2% and 54.6%, 

respectively. In the Pasankalla variety, a similar 

pattern was observed, though with slightly lower 

values, with A. sativum again standing out with  

a CE of 14.3% and RE of 67.5%. 

An RE value of 68.4% for A. satvum should 

not be interpreted as meaning that this extract 

controls 68.4% of the disease that metalaxyl 

controls. Rather, it means that the magnitude of  

its contribution to controlling disease progression, 

relative to the maximum reduction achieved by 

metalaxyl, is 68.4%. This metric is particularly 

useful for agronomic decision-making, as it 

allows for weighing the potential of an alternative 

treatment against the chemical standard. 

A key finding from these calculations is the 

moderate efficacy of metalaxyl. Despite being  

the most effective treatment, its CE was only 

25.0% in Blanca Junín and 21.2% in Pasankalla. 

This result, far from indicating product failure,  
 

  

Table 2. Effect of aqueous plant extracts on agronomic variables and yield according to the quinoa 

variety 

Treatment Statistic 

Blanca Junín Pasankalla 

Plant 

height 

(cm) 

Panicle 

height 

(cm) 

Panicle 

weight 

(g) 

Yield 

(kg ha-1) 

Plant 

height 

(cm) 

Panicle 

height 

(cm) 

Panicle 

weight 

(g) 

Yield 

(kg ha-1) 

T0 M 186c 78c 100d 2,764c 134c 54a 68cb 1,734cb 

SD 1.11 0.47 1.24 099.97 1.22 2.07 1.47 2.36 

T1 M 192b 85ab 120b 3,942a 143b 58a 78ab 1,923bb 

SD 2.83 1.51 1.57 075.05 3.16 1.55 1.35 113.14 

T2 M 188bc 82bc 109c 3,284b 139bc 56a 72bb 1,751bc 

SD 1.74 0.8 1.28 108.29 2.61 2.09 2.20 44.02 

T3 M 190b 84ab 113c 3,508b 140bc 57a 76ab 1,802bc 

SD 1.44 1.31 2.32 135.55 2.03 1.77 1.20 47.31 

T4 M 199a 86a 129a 4,013a 150a 58a 81a 2,192ab 

SD 1.73 1.68 2.57 111.83 2.52 1.35 1.81 71.92 

p-value  0.000 0.000 0.000 0.000 0.000 0.189 0.000 0.000 
Note: Different letters in the same column indicate a significant difference (p < 0.05) according to Tukeyʼs test. 

T0 = Negative control without extract (only water); T1 = A. sativum extract; T2 = E. bogotense extract;  

T3 = C. ambrosioides extract; T4 = Positive control with fitoklin; M = Mean; SD = Standard deviation 
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reflects that even an effective systemic fungicide 

can achieve only limited disease suppression.  

This reality underscores a central tenet of modern 

plant pathology: exclusive reliance on chemical 

solutions is rarely sustainable or sufficient. The 

limited CE of the reference standard reinforces  

the need for an opportunity to integrate 

complementary alternatives, such as plant 

extracts, into integrated pest management (IPM) 

strategies. 

Variety interaction × treatment and practical 

perspective 
One of the most significant findings of this 

study was the marked and statistically consistent 

variety × treatment interaction, evidenced by the 

disease progression curves (Table 1), the efficacy 

metrics (Table 3), and the agronomic parameters 

(Table 2). This interaction is a quantifiable 

manifestation of how the response to a control 

strategy is modulated by the host’s genetic 

makeup. The Blanca Junín variety, identified as 

the most susceptible, exhibited a positive response 

to the treatments, particularly the A. sativum 

extract, with significantly greater reductions in 

severity and percentage yield gains. Conversely, 

the Pasankalla variety, with greater tolerance, 

showed a more moderate response, where the 

increases attributable to the treatments were 

smaller in both absolute and relative magnitude. 

A key finding in this study was the marked 

interaction between variety and treatment with 

plant extracts, which aligns with findings from 

several authors regarding genetic variability in 

downy mildew susceptibility in quinoa crops 

(Colque-Little et al., 2021). The Pasankalla 

variety, considered moderately tolerant, exhibited 

lower severity levels and smaller relative yield 

gains after the application of aqueous extracts.  

In contrast, Blanca Junín, which is more 

susceptible, showed more pronounced disease 

reductions and substantial yield increases, 

especially with the aqueous extract of A. sativum. 

This difference in response suggests that the 

observable efficacy of a treatment depends  

not only on its intrinsic antifungal activity but also 

on the level of susceptibility and the physiological 

recovery capacity of the genotype against early 

damage caused by P. variabilis. Previous studies 

indicated that tolerant varieties show more 

moderate losses even without applications (Pardo 

et al., 2020; Galecio-Julca et al., 2023). 

Furthermore, the good performance of the 

aqueous garlic extract on a susceptible variety 

suggests that this treatment could play an 

important role as a management alternative for 

cropping systems where fungicide availability is 

limited or where the goal is to reduce dependence 

on synthetic inputs. This is particularly relevant in 

high-Andean regions, where family farming faces 

economic and logistical constraints, and downy 

mildew is one of the main health problems 

affecting quinoa cultivation. Plant extracts,  

when easy to prepare and economically 

accessible, can promote the adoption of 

appropriate agroecological practices that are 

compatible with the producerʼs circumstances. 

Limitations 

Plant extracts have inherent limitations: their 

chemical composition can vary depending on the 

origin of the plant material, storage conditions, 

extraction temperature, and the time elapsed 

between preparation and application. This 

variability could explain some of the dispersion 

observed between replicates or between 

evaluation dates. Therefore, it is recommended 

that future studies incorporate phytochemical 

analyses to standardize active compound 

concentrations and dose-response experiments  

to reveal optimal application levels. Another 

relevant line of research involves evaluating 

mixtures of extracts with synthetic fungicides, 

which could allow for reduced chemical doses 

without compromising efficacy, in addition to 

delaying the development of pathogen resistance. 

Table 3. CE and RE of plant extracts 

Treatment 
Blanca Junín Pasankalla 

AUDPC CE (%) RE (%) AUDPC CE (%) RE (%) 

T0 1,951.9   1,815.2   

T1 1,617.7 17.1 68.4 1,555.3 14.3 67.5 

T2 1,682.4 13.8 55.2 1,617.5 10.9 51.4 

T3 1,685.2 13.7 54.6 1,574.3 13.3 62.6 

T4 1,463.5 25.0 100.0 1,430.3 21.2 100.0 
Note: T0 = Negative control without extract (only water); T1 = A. sativum extract; T2 = E. bogotense extract;  

T3 = C. ambrosioides extract; T4 = Positive control with fitoklin. The control efficacy (CE) was calculated 

using Abbott’s formula (1925), based on the AUDPC values presented in Table 1. T4 treatment was set as 

the maximum reference (100%) to determine the relative efficacy (RE) 
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It is also important to highlight that this study 

was conducted during a single growing season 

and at a single site, so the generalizability of  

the results should be considered with caution. 

Factors such as rainfall, nighttime temperature, 

leaf wetness, and initial inoculum pressure can 

significantly modify downy mildew dynamics and 

the efficacy of aqueous extracts. Therefore, multi-

site and multi-season trials are recommended  

to evaluate the agronomic consistency of the 

treatments studied. 

CONCLUSIONS 

This study demonstrated that the evaluated 

aqueous extracts have potential for managing 

downy mildew caused by P. variabilis in quinoa 

cultivation. However, their efficacy varies 

considerably depending on the treatment and 

variety evaluated. The aqueous extract of  

A. sativum was the most effective, achieving 

significant reductions in disease severity and 

AUDPC, and generating yield increases, 

especially in the susceptible variety Blanca Junín, 

where its relative efficacy was comparable to that 

of the fungicide metalaxyl. The aqueous extracts 

of E. bogotense and C. ambrosioides showed 

intermediate effects, with moderate reductions  

in disease progression. The strong interaction 

between variety and treatment highlights the 

importance of considering genetic susceptibility 

when choosing management strategies. In tolerant 

varieties such as Pasankalla, the agronomic 

benefits of aqueous extracts were more limited. 

Overall, the results indicate that the aqueous 

extract of A. sativum is a viable alternative  

for low-input farming systems and could be 

integrated into controlled mildew management 

programs in conventional quinoa crops. However, 

validation over several growing seasons and under 

different environmental conditions is required 

before recommending its widespread adoption. 
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