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Weed competition is a major biotic constraint in quinoa (Chenopodium quinoa Willd.) cultivation, yet the 
timing and extent of its impact on yield remain poorly understood. This study quantified the effects of weed 
interference on quinoa yield and identified dominant weed species across two consecutive growing seasons in 
the Andean region. We evaluated eight weed management treatments (0 to 105 days after emergence, DAE) 
using a randomized complete block design. Dicotyledonous species dominated the weed community, includ-
ing Amaranthus hybridus, Ambrosia artemisiifolia, Chenopodium album, and the monocot Echinochloa crus-
galli. Weed competition caused a drastic 90% yield reduction, plummeting from 1,352.36 kg ha⁻¹ (weed-free) 
to 11.55 kg ha⁻¹ when weeds remained until crop maturity. We observed critical yield losses when weeds 
competed beyond 30 DAE, highlighting the importance of early weed control. We also found significant neg-
ative correlations between weed biomass and quinoa growth parameters (plant biomass and grain number; P 
< 0.05). Echinochloa crus-galli and Polygonum aviculare emerged as key competitors, their dominance shift-
ing with seasonal climatic variations. These findings provide the first empirical basis for integrated weed 
management in Andean quinoa systems, emphasizing targeted control during early phenological stages to 
mitigate yield losses. This study advances agroecological strategies for sustainable quinoa production in weed-
prone environments. 
Keywords: Weed competition; quinoa yield; Andean agriculture; sustainable weed control; dicots vs. 
monocots; Chenopodium quinoa; weed population; yield loss; critical period of weed interference; 
agroecological practices; integrated weed management; crop–weed interaction; quinoa cultivation; dryland 
farming; weed biodiversity 

 
 
 
Quinoa (Chenopodium quinoa) is a pseudocereal member of the Amaranthaceae family and has high nutri-
tional value1. It was named the mother grain by the indigenous people of South America, and it has an agri-
cultural history that dates back to approximately 5000-7000 years ago in the Andes region 1,2. This crop can 
adapt to extreme ecological conditions 1,3. In addition, quinoa resists stress, such as the variation of climates 
from hot at daylight and cold at night, dry soils with different pH degrees, and exposure to solar radiation 4,5. 
Quinoa is an important crop in the Andes of Bolivia, Ecuador, Peru, Argentina, and Chile. Diverse ecotypes, 
from landraces to modern cultivars obtained through conventional breeding6, can be found. Quinoa has been 
a low-yield crop in its regions of origin, but as its demand has increased, solutions have been sought to current 
problems, such as the negative effect of weed populations that emerge alongside the crop cycle. It has been 
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observed that the production of this crop is changing, increasing interspecific competition within weed popu-
lations. These changes require new control strategies to reduce the negative effect on yield crops 7,8,9,10. These 
strategies, such as applying herbicides in specific phenological phases and establishing a critical period of 
weed interference, should reduce yield losses 8,10. Also, the composition of weeds in the crop should be the 
starting point for studies. Consequently, the methods for weed management in quinoa are an important factor 
that directly influences yield; however, there is an absence of information on the composition of the weed 
populations that grow together with the crop. This study aimed to determine the weed composition of the weed 
population during crop development and its effect on quinoa yield. 

 

 

Plant material and experimental design 
 
"El Nogal" Experimental Station in the Ñuble Region of Chile (36º34' S and 74º06' W) hosted the trials over 
the course of two consecutive spring seasons (Table 1). Four replicates of a randomized complete block design 
were employed. The experimental unit measured 4 x 2 m and was composed of four rows of quinoa plants 
called "Regalona," spaced 0.5 meters apart. Each block contained the eight growing period weed treatments, 
in which the weeds were allowed to grow for 0, 15, 30, 45, 60, 75, 90, and 105 days after the emergence 
(DAE) of the crop (Table 2).   
 

Month Maximum temperature (oC)   Precipitation (mm month-1) 

2015-2016 2016-2017   2015-2016 2016-2017 

October 18,34 20,05  98,60 65,00 

November 22,28 24,78  7,40 11,60 

December 26,78 26,11  0,00 31,50 

January 29,30 30,11  7,30 3,50 

February 29,19 29,19   0,00 13,00 

Cumulative 
total 

125,89 130,24  113,30 124,60 

Table 1. Meteorological data of mean temperature and precipitation of the experiment site during the two seasons 2015-
2016 and 2016-2017 spring - summer seasons. 
 

 

Treatments Description 

1 0 days with weeds  

2 15 days with weeds 

3 30 days with weeds 

4 45 days with weeds 

5 60 days with weeds 

6 75 days with weeds 

7 90 days with weeds 

8 105 days with weeds 

Table 2. Description of treatments in the seasons: spring 2015 - 2016 and spring - summer 2016 - 2017. 
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Agronomic management 
 
The soil was prepared each season with one moldboard plow pass, two-disc harrow plow passes, and two 
vibro-cultivator passes. Mid-October saw continuous hand sowing with 0.5 m row spacing and a 12 kg ha-1 
seeding rate. Soil analysis revealed that the soil contained 6.8 neutral pH, 8.6 mg accessible N kg-1, 6 mg kg-

1 P, and 626.0 mg kg-1 K. P2O5 (100 kg ha-1) and K2O (50 kg ha-1) were evenly administered as fertilizer before 
seeding, along with N (160 kg ha-1) of which 50% was applied at the four true leaf stage and 50% at the onset 
of branching. To promote uniform water flow, furrow irrigation was utilized, and hand weed removal was 
done every two weeks using a hand hoe in compliance with the treatments. 
 
Agronomic variables and weed evaluations 
 
Measurements were taken in two linear meters in the two central rows of each plot. The two central rows of 
every plot were measured in two linear meters. For the first seven plants from the chosen portion inside the 
block, measurements were taken of plant height (PH), number of grains per plant, and biomass per plant (g) 
from the root collar to the apex of the panicle. Every fifteen days (Table 3), the quinoa crop was sampled, and 
its phenological phase was recorded, with each treatment being linked to the crop phenological stages 11. The 
two linear meters of the two middle rows of each plot, plus one meter for the boundary on all four sides, were 
used to calculate the yield per unit area (kg ha-1) variable. After separating the grains from the chaff, the weight 
of 1000 quinoa seeds was recorded without taking the perigonium into account. This allowed for the 
determination of the 1000 grains weight (g) variable. 
 

Days after 
emergence 

Phenological  
stages  

0 emergence 

15 6 true leaves  

30 6 true leaves  

45 start of panicle formation 

60 start of flowering 

75 flowering 

90 milky grain 

105 physiological maturity 

Source: Critical period of weed interference on total polyphenol content in quinoa 12 

Table 3. Phenological stages of quinoa "Regalona" in two spring-summer seasons, Ñuble - Chile. 
 
The yield per hectare (kg ha-1), yield per plant (g), plant biomass (g), and number of grains per plant were 
calculated using the two linear meters of each plot's two middle rows, evaluating the first seven plants of the 
chosen section.  
 
Quinoa weed population and biomass (dry weight) were assessed using a sampling agreement12. In the middle 
of each experimental unit's two central rows, a 0.5 × 0.5 m quadrant was drawn. To extract the dry materials, 
weeds were chopped at soil level, categorized by species, put in paper bags, and oven-dried (FP 115, Binder, 
Tuttlingen, Germany) for 72 hours at 65 °C. 
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Statistic analysis 
Data was subjected to ANOVA at p < 0.05, and after verifying the assumptions of normal distribution, the 
Shapiro-Wilk's and Levene's tests were used for homogeneity of variances. Yield data did not show normal 
distribution and was transformed by the ln (x+1) function. The agronomic traits yield and number of grains 
per plant were adjusted to an exponential model. The biomass per plant was adjusted to a logistic model in 
relation to the dry matter of weeds. Means were compared by the LSD test at the 95% significance level. The 
statistical analysis was performed with the INFOSTAT statistical program13. 
 
 
 
 
A combined experiment analysis compared the results of the variables between the first and second seasons. 
All the variables' interactions between year and treatment were found to be non-significant (p > 0.05); 
therefore, the data were aggregated and studied collectively. 
 
Weed population and growth. 
Weed plants were not sown, and the population and composition of weeds produced naturally in the 
experiment site during the two spring-summer seasons at the beginning (15 DAE) and end (105 DAE) of the 
crop cycle are presented in Table 4, their botanic identification was carried out by using a taxonomic key 14.  
The "Other species" classification grouped weed species that did not reach 1% in composition. 
 

Days after 
emergence  

(DAE) 

2015-2016  
spring season 

2016-2017  
spring season 

  Weed species  Density 
(plants m-2)  

Composition 
(%) 

Weed species  Density 
(plants m-2)  

Composition 
(%) 

15  Echinochloa  
crus-galli m 

99 15 Ambrosia 
artemisiifolia d 

148 17 

Galinsoga 
parviflora d 

29 4 Chenopodium 
album d 

125 15 

Medicago spp. d 13 2 Echinochloa  
crus-galli d 

297 35 

Polygonum 
aviculare d 

153 23 Euphorbia  
peplus d 

79 9 

Spergula  
arvensis d 

67 10 Raphanus 
raphanistrum d 

74 9 

Other species 159 24 Other species 131 15 

TOTAL 520   TOTAL 854   

105  Chenopodium 
album d 

31 5 Ambrosia 
artemisiifolia d 

144 25 

Echinochloa  
crus-galli m 

127 19 Chenopodium 
album d 

92 16 

Galinsoga 
parviflora d 

121 18 Echinochloa  
crus-galli m 

58 10 

 
RESULTS AND DISCUSSION 
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Melilotus albus d 69 10 Euphorbia peplus 
d 

87 15 

Polygonum 
aviculare d 

173 26 Raphanus 
raphanistrum d 

86 15 

Other species 144 22 Other species 98 17 

TOTAL 665   TOTAL 565   

Note: m means monocotyledon, d means dicotyledonous 
Table 4. Composition and population of weeds with greater dominance at 15 and 105 DAE during the two seasons. 

 
 
According to their taxonomy, weeds are classified into two main groups: monocots and dicots15. Monocots 
are characterized by having a short-lived primary root, which is replaced by a system of adventitious secondary 
roots, without secondary growth in thickness; their stems have separate, closed vascular bundles, with no 
secondary thickening; monocot leaves generally have entire blades with parallel veins and are sheathing at the 
base. Additionally, flowers usually have floral parts in numbers of 3 or multiples of 316. In contrast, dicots 
have two cotyledons, axile or fasciculate roots, and stems with vascular bundles arranged in open circles. 
Their leaves can be simple or compound, with a well-differentiated petiole and reticulate venation 17 
 
It was observed that the weed community was composed mostly of dicotyledonous than monocotyledonous 
species (Poaceae). In general, the main weed species found during the two seasons were Amaranthus hybridus, 
Ambrosia artimisiifolia, Chenopodium album, Echinochloa crus-galli, Euphorbia peplus, Galinsoga 
parviflora, Medicago sp., Polygonum aviculare, Raphanus raphanistrum and Spergula arvensis. In the 2015-
2016 season, it was observed that Polygonum aviculare was the most common species in all treatments, 
followed by Echinochloa crus-galli, while in the 2016-2017 season, Echinochloa crus-galli was the most 
common followed by Chenopidium album. This trend was maintained until 75 DAE; after that, Ambrosia 
artimisiifolia was the main weed. On the other hand, the population of the quinoa crop remained constant in 
each evaluation period even though the density of weeds gradually increased to approximately 75 DAE, 
coinciding with the flowering stage of the quinoa crop, and then decreased near 105 DDE when the crop was 
in the physiological maturity stage. Although the interference of weeds with the crop did not affect the quinoa 
population, it did affect the plant's appearance because the quinoa plants were more chlorotic, small, and weak. 
This implies that maintaining a higher density of weeds until later stages can damage the crop due to intra and 
interspecific competition for water, light, and nutrients; the shade effect caused by taller weeds is also 
negative. In pea, an increase in weed density was reported near 60 DAE, and then a decreasing trend was 
observed, concluding that most weeds emerge up to 60 DAE18. 
 
This difference in dominant species between the first and second seasons may be because Echinochloa crus-
galli is an important species that appears in different ecosystems19 because it is a C4 plant, short-day, annual, 
tropical, and it grows in adverse climates20, 21, adapting to varying ranges of humidity and temperature22. This 
species prefers high average temperatures (between 28 to 30 °C) because it accumulates more dry matter23; 
the place where the experiment was carried out had 26 to 29 °C; consequently, the physiological behavior was 
similar to that reported by Ottis and Talbert 200723. In addition, it produces numerous seeds with a certain 
level of dormancy, guaranteeing their dispersion and deposit in the soil24, remaining dormant for up to 9 
years, and germinating in a staggered manner25. 
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During the 2015-2016 and 2016-2017 spring - summer seasons, the accumulated precipitation was 113.30 and 
124.60 mm year-1, respectively, and the maximum accumulated temperature was 125.89 and 130.24oC 
respectively. The maximum temperature and precipitation were higher in the 2016-2017 season (Table 4); 
therefore, it favored the germination of dormant seeds of Echinochloa crus-galli; this species was more 
abundant (35%) than the rest of the weeds in the experiment site during the first season (2015- 2016). 
Chenopodium album only appeared at 90 DAE in the second season due to the increase in temperature (0.8 
oC) in the second season (2016-2017). Weed seeds are subject to daily temperature fluctuations; thus, the 
number of seedlings that emerge will depend on the number of seeds that can germinate at soil temperature26. 
In addition, the proportion of seeds that respond to that temperature depends on the state of dormancy. 
Therefore, this characteristic hinders the prediction of emergence in field conditions27. 
 
Similar studies have been conducted in other crops; for example, the composition of weeds in three types of 
corn (Zea mays) was studied during two seasons, finding that Amaranthus retroflexus, Sorghum halapense, 
and Convolvulus arvensis, were the dominant species in the two seasons28. In potatoes (Solanum tuberosum), 
Chenopodium album, Amaranthus blitoides, and Amaranthus reflexus were the dominant species in the plots 
with the highest crop density29. These species are related to our research because they are from the same 
Chenopodiaceae and Poaceae botanical families. 

Comparison with Other Andean Regions 

Studies conducted in other Andean countries have reported similar weed dynamics and composition. For 
example, in the Bolivian Altiplano, Chenopodium album and Amaranthus hybridus have been identified as 
dominant weed species in quinoa fields, especially under low-input farming systems36. Farmers in Peru's 
highlands report similar challenges with Echinochloa crus-galli and Polygonum aviculare, particularly under 
changing climatic conditions that favor early weed emergence38. These patterns support that certain species 
are regionally adapted and consistently affect quinoa production across diverse Andean agroecosystems7,9. 
Therefore, regional coordination of weed management strategies, including participatory trials and 
agroecological approaches, could be essential for improving quinoa productivity and sustainability throughout 
the Andes. 
 
Grain yield and agronomic variables. 
Table 5 shows that the grain yield was affected (p <0.05) by the weed populations that emerged together with 
the crop and continued to emerge periodically until the quinoa was harvested. It was observed that the time of 
crop interference with weeds increased from emergence, and yield significantly decreased until 105 days (11.6 
kg ha-1). The weed population that remained with the crop until the physiological maturity stage reduced the 
yield by up to 90%; thus, the intensity and duration of the competition between crop and weeds determines 
the magnitude of the yield losses10. Weed competes for resources, hosts pests, and decreases grain yield and 
quality, consequently increasing the cost of production30. Similar studies in other species reported that weeds 
growing during the entire season reduced the yield of cauliflower31, corn32, pea18, and potato29. 
 

Treatments Yield (kg ha -1) 

0 days with weeds 1352.36 a 

15 days with weeds 1296.5 a 
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30 days with weeds  639.99 b 

45 days with weeds 254.84 c 

60 days with weeds 141.98 d 

75 days with weeds 126.59d 

90 days with weeds 117.08d 

105 days with weeds 11.55e 

The lower-case letters indicate significant differences between treatments (LSD test P ≤ 0.05) 
Table 5. Response of grain yield to periodic populations of weeds in the 'Regalona' quinoa crop. 

 
The biomass per plant was adjusted to a logistic model concerning weed biomass, with a significant coefficient 
of determination (p <0.05) and an important relationship (R2 = 0.73). Figure 1 shows that the biomass per 
plant decreased when the weed biomass increased; therefore, the maximum quinoa biomass was obtained in 
the treatments where weeds were removed (at 0 days with weeds), while the lowest values were obtained in 
the treatments with high weed biomass (105 days with weeds). On the other hand, the variable number of 
grains per plant was adjusted to an exponential model concerning weed biomass, with a significant coefficient 
of determination (p <0.05) and an important relationship (R2 = 0.60). In Figure 2, it was observed that the 
number of grains per plant decreased as the dry matter of weeds increased; that is, the maximum number of 
grains per plant was obtained in the treatments that remained without weeds throughout the experiment (0 
days with weeds); while the plants with the lowest number of grains were obtained in the treatments that 
remained with weeds throughout the experiment (105 days with weeds). On the other hand, the weight of the 
1000 grains variable was constant (P> 0.05), and the values varied between 3.1 at 15 DAE and 2.9 g at 105 
DAE. 

 

Figure 1. The response between plant and weed biomass in the 'Regalona' quinoa crop, adjusted to a logistic model Y = 
a/[1+bcX].  
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Figure 2. The response between the number of grains and weed biomass in the 'Regalona' quinoa crop was adjusted to an 
exponential model Y = abX. 

 
The biomass and the number of grains per plant showed their highest values in those treatments that remained 
free of weeds; this may be due to the shading caused by the taller weeds, which decreased these yield 
components because of the light availability for photosynthesis and influencing biomass production32. Studies 
on other crops, such as corn33 and pea18,34, have corroborated that the competition between weeds and crops 
decreases yield components.  

 
The yield per plant was adjusted to an exponential model about the dry matter of weeds, with a significant 
coefficient of determination (R2 = 0.72). Figure 3 shows that the yield per plant decreased as the biomass of 
dry matter of weeds increased; therefore, the maximum yield per plant was obtained in the treatments that 
remained without weeds throughout the experiment (0 days with weeds), while the lowest yields per plant 
were obtained in the treatments that presented high weed biomass (105 DAE). 
 

 
 
Figure 3. The response between yield per plant and weed biomass in the 'Regalona' quinoa crop, adjusted to an exponential 
model Y = abX. 
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High weed biomass directly affects The yield per plant until the advanced stages of crop development due to 
competition for water, light, and nutrients between the weeds and the crop12. A negative linear relationship 
was found between weed biomass and yield in rice35. In quinoa, it was found that the treatments that showed 
the highest weed biomass showed the lowest yield12.  

 
Finally, to understand the dynamics of weeds that inhabit crops during their different growth stages, it is 
crucial to identify them, as not all species are equally important in the interference they cause to the crop. 
Each species has the potential to establish itself in a crop or area, and its impact can vary among cultivated 
plants36. Phytosociological studies analyze the weed community through indices that identify the most 
significant species to plan management practices and facilitate modifications in control systems37. According 
to other research38, weeds associated with crops may be linked to the particular characteristics of each region, 
especially regarding the predominant species. In this study, the composition and presence of weeds were 
influenced by edaphoclimatic factors; however, monocotyledonous and dicotyledonous species affecting 
quinoa cultivation were differentiated, and this approach could be replicated in other areas using the same 
methodology. With the results of this study, along with the determination of the Critical Period of Weed 
Interference12, an integrated weed management plan for quinoa can be developed, including effective weeding 
during the determined critical interference period. This will allow producers to reduce production costs and 
increase crop yield. Future research is suggested to investigate weed composition and the crucial period of 
interference under different edaphoclimatic conditions to develop integrated management plans adapted to the 
representative conditions of the crop. 

Discussion of Methodological and Ecological Limitations 

It is important to acknowledge certain methodological and ecological limitations of this study. Firstly, the 
experiments were conducted at a single location over two consecutive seasons, which may limit the generali-
zability of the results to other regions with different soil types, climatic conditions, or weed floras36. The study 
also focused solely on the 'Regalona' quinoa variety, and weed interference may vary depending on the culti-
var's growth habit and competitiveness7. Additionally, although weed species were identified and quantified, 
the dynamics of seed banks and long-term weed-crop interactions were not analyzed, which are essential 
components for understanding weed population behavior over time22, 27. 

Ecologically, furrow irrigation and manual weed removal may not reflect the practices used by all quinoa 
producers in the Andean region, particularly in low-input or organic systems 38. Future studies should explore 
these factors under diverse agroecological settings and consider the inclusion of economic thresholds and 
environmental impact assessments 9 to strengthen the applicability of integrated weed management recom-
mendations. 

 
 
 

This study provides original evidence on weed populations' seasonal dynamics and species composition af-
fecting quinoa (Chenopodium quinoa) cultivation under Andean conditions. Ten dominant weed species were 

 
CONCLUSIONS 
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identified over two consecutive seasons, with a clear shift in dominance from Polygonum aviculare in the first 
season to Echinochloa crus-galli in the second. This fluctuation, influenced by variations in temperature and 
precipitation, underscores the relevance of local edaphoclimatic factors in shaping weed community structu-
res. Identifying and tracking such changes represent a novel contribution to understanding weed ecology in 
quinoa systems. 

The results confirmed that the weed community—primarily composed of dicotyledonous species—can cause 
severe yield losses of up to 90%, particularly when interference extends into the crop's later phenological 
stages. The study demonstrated significant negative correlations between weed biomass and key agronomic 
variables such as plant biomass, grain number per plant, and total yield. 

These findings provide a scientific basis for developing integrated weed management strategies tailored to 
quinoa, emphasizing the importance of timely weed control during critical periods. The methodology applied 
in this study can be replicated in other Andean regions to inform decision-making at both the field and policy 
levels. 

Future research should focus on monitoring long-term weed seed bank dynamics under diverse management 
practices. Comparative studies on organic versus conventional systems and evaluating non-chemical weed 
control methods—such as mechanical weeding, mulching, and intercropping—are recommended. Multi-loca-
tion trials across Andean agroecosystems will be essential to validate critical periods of weed interference and 
to adapt management practices to local conditions. Furthermore, integrating economic and ecological assess-
ments will enhance these strategies' practical relevance and adoption. 
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