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ABSTRACT 

 

The increase in temperature and constant changes in climate negatively affects the 

development of the plants, which has resulted in an alarming situation for many of 

the different crops of agricultural and food interest. In the specific case of quinoa, 

the investigation points to a significant loss in the productivity of the grain crop 

indicating differences depending on the altitudes of the areas of agriculture 

production and the availability of water. A current informed description of the 

responses regarding phonological development under stressful conditions could 

help us develop appropriate strategies to improve the conditions for the production 

of quinoa and allow us to propose cultivation of the product under environmental 

conditions where other products cannot survive. The main discoveries regarding 

this study were framed within the effect of caloric stress on the germination of 

quinoa seeds, their phenology, their response to different evaluated cultivars and 

their effects on their growth as well as their physiological and productive levels. 

Thus, the analysis is described based on a review of the available scientific 

documents available in the Scopus database and doctoral work thesis, allowing for 

the consolidation of the most recent investigations regarding the quinoa and their 

relationship with temperature.   

 

Keywords: Quinoa, Biodiversity, Climatic change, Stomatal activity, Cultivars, 

Thermal stress, Physiology.  

 

INTRODUCTION 

 

The diverse effects of climate change has generated a series of modifications 

regarding the growth and development of plants, generating a concern in the 

agricultural area that is faced with environmental pressures that drastically 
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influence plant behavior and their agricultural production systems of the world.  To 

face such consequences, the governmental and private entities have begun strategic 

plans that would allow for the incorporation and enhancement of plant species that 

have a greater tolerance capability to adverse agricultural and environmental 

conditions that would, in turn, increase the availability and quality of food for 

humanity (Padulosi et al., 2013). 

 

However, the greatest problem for agriculture in the last few decades is the increase 

in temperature, that in accordance to the climatic forecasts, will continue increasing 

from between 1,5 °C to 6 °C to the end of the XXI century (IPCC, 2018), increasing 

the incidence in the phenological and physiological behavior of the most important 

agricultural crops and availability of food around the world.  Multiple investigations 

affirm that the frequent oscillations of the high and low temperatures during shorter 

periods of time and in combination with longer periods of drought, salinity in soils 

problems and/or flooding, would place the production of food at risk and 

consequently the security of food worldwide (Hinojosa et al., 2018). 

 

Hence, as heat stress, which is recognized as the increase in air temperature beyond 

the threshold required by the plants over a prolonged period of time, it is one of the 

main causes of irreversible damage to at least one organ of the plant (Taiz & Zeiger, 

2006). According to different investigations, heat stress has negative effects on the 

plants as reported by Hinojosa et al. (2018) who highlight three (3) main changes; 

(a) morphological, such as the inhibition of growth in the roots and the increase of 

ramifications in the main stalk/stem; (b) anatomical, which are manifested by the 

reduction of the cellular size and include the increase of the stomatal density; and 

(c) phenological changes such as modifications over the periods of time for each 

one of the phenophases that are seen as an increase of precocity or delay in the 

harvest time depending on the species and include the loss of productive functions 

at the moment of flowering. For this reason, temperature is a very important 

climatic variable which needs to be taken into account to understand the behavior 

of plants, even more so when its influence is so closely related to the accumulation 

of degrees/heat/day in phenological terms.  

 

Among the plants of great agricultural and world-wide food interest, being 

presently studied, due to the effect of the environmental temperature regarding their 

growth and development, are the quinoa plants (Chenopodium quinoa Willd.) (Ruiz 

et al., 2014); this species belongs to the family of the Amaranthaceae that recently 

has shown a great expansion globally (Bazile et al., 2016), as one of the most 

promising crops with great relevance in South American countries, mainly in 

Bolivia and Peru, where production and participation in the global market is close 

to 84% (Jager, 2015). From 2013, the FAO has highlighted the adaptability of this 

plant in areas of difficult farming, where other species of agricultural interest do not 

stand out (Bazile, Pulvento, et al, 2016; Choukr-Allah et al., 2016); also, it has 

recognized important nutritional and agroindustrial qualities (Navruz-Varli & 

Sanlier, 2016), making it one of the main alternatives for the farmer, as a result of 

the effects of climate change. However, the agroclimactic conditions continue to 
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change and with these changes come modifications in the morpho-phenological 

structure of this plant (Jaikishun et al., 2019). As per the above, several 

investigative results have highlighted the effect of temperature on the productivity 

of the quinoa, but also describe, some of the adaptability mechanisms that the plant 

uses to tolerate said agroclimactic situations (Prager et al., 2018).   

 

The quinoa is a plant that, according to its origin, presents a variable ability of 

acceptance to heat (Jacobsen, 2017). However, the areas of lesser latitudes are the 

ones with a greater production of quinoa and are also the areas that are more 

susceptible to heat (Lamaoui et al., 2018). Yang et al. (2016), have demonstrated 

that the combination of different levels of temperatures (8-18 °C and 20-25 °C) 

respectively, and with three (3) types of irrigation (complete irrigation, deficient 

irrigation and alternate drying irrigation) have indicated changes on the 

physiological development of the quinoa, generating variations on the biomass 

production, grain yield and phenological behavior. Thus, they Becker et al. (2017) 

jointly describe changes in photosynthetic activity, size and stomatal density when 

combined with saline concentrations in the soil. 

 

According to Hinojosa et al. (2018), it has been recognized that the increase in 

temperature during the growth phase of the quinoa, is considered one of the most 

relevant abiotic factor of this species and said consequences are manifested in 

changes in its vegetative and reproductive growth, modifications in the 

physiological functions and alterations in the productive parameters such as yield 

and quality of the crop. This has been studied and has allowed us to recognize that 

exposing the quinoa plant to heat stress generates changes in the water movement 

routes on a vascular level (Bosque Sanchez et al., 2003), alterations of the 

phenological cycles of the plants (Bois et al., 2016), changes in the physiological 

activities (Becker et al., 2017), as well as modifications in the assimilation activity 

of CO2 and its conversion for the production into grain (Bunce, 2017).   

 

Currently, the effects of climate change have jeopardized the food security in 

different parts of the world and it is expected that, in the case of quinoa, its 

production will be more affected by the strong variations in temperatures during the 

daylight and nighttime periods (Hinojosa, Matanguihan & Murphy, 2019).  

Consequently, scientific initiatives have been generated that connect the climate 

with the production of the crop, and having the characterization of the quinoa under 

different agroclimactic parameters, as well as the choice of cultivars and 

agricultural practices that would be able to confront the variable environmental 

consequences. This agrees with what has been proposed by Korres et al. (2016), 

who highlight the importance of identifying the species and cultivars that are 

capable of facing the climatic changes and to generate certain adaptability mainly 

in the family farm production systems. However, more information is required on 

the quinoa highlighting the effects of the temperature during the complete growth 

and development cycles and for this reason, the present study covers a general 

vision of the actual work taking place in reference to the phenology of the quinoa 

and its relationship with the adverse effects induced by the changes in temperature 
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and a characterization of the important aspects regarding the selection of quinoa 

cultivars that are tolerant to thermal stress.  

 

METODOLOGY 

 

In depth studies were made of doctoral thesis and scientific literature available on 

the Scopus database using articles, books and chapters of books, using the section 

of advanced search of the database and the outline of the title search, summary and 

key words. The search formula in English was: quinoa, quinoa AND temperature 

and temperature AND “crop phenology”. The criteria for the selection of the 

documents were the following: 

 

- That the theme of the documents searched covered the subject of the 

temperature and their relationship with plants of agricultural interest and 

mainly regarding the production of quinoa. 

 

- That they presented indicators of the effect of temperature had on the 

behavior of the quinoa plants. 

 

- That they covered themes relating to implementation strategies for their 

mitigation in the selection and production of quinoa cultivars.  

 

At the same time, for the search formula of quinoa W/15 temperature, tabulation 

was completed of all the documents obtained up to 2019. After that tabulation was 

completed, a selection was made of the documents (keeping the criteria previously 

mentioned in mind) and then they were analyzed using non-lineal regressions 

following the logistical parameter proposed by Aguilar et al. (2012) and modeled 

after the following equation. 

 

f=A(1+e
(-

x-C

B
)
)                                          Eq. 1 

 

Where, 

 

f = Population over time 

A = Superior asymptote 

B = Growth parameter 

C = Maximum growth rate (infection point) 

 

Likewise, countries that played a greater scientific contribution in the areas 

evaluated were selected and again, the most relevant documents were selected in 

the area of the effect that the temperature has on quinoa. The data were validated 

using the R² and analyzed using Sigmaplot 11.0 (Systat Software Inc., San Jose, 

California) software. 
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Phenology of the quinoa 

 

It is extremely important to understand the behavior of the quinoa plants to 

understand the possible limitations caused by the agroclimactic factors, especially 

those due to the increase of temperatures. According to what Reguera et al. (2018), 

the quinoa plants exhibit phenological variations with regards to the temperature in 

the production areas, mainly in the flowering and physiological maturity days.   

 

According to what was found by Sosa-Zuñiga et al. (2017), in the phenological 

standardization of the quinoa using the BBCH Code (Biologische Bundesanstalt 

Bundessortenamt und CHemische Industrie), this species presents a transitory 

behavior of nine (9) phases that comprise states from the germination to the 

senescence, and we found that within each one of these phases, secondary stages 

that adapt to the changing behavior of the various cultivars, that result from the 

effect of the environment and its generic character.   

 

Over a period of time, several different methodologies have been used that allow 

for the characterization of plant behavior under different agroclimactic conditions, 

and for this reason, at this moment in time, there are two (2) methodologies that are 

primarily used. The first one is developed using a classic model that is based on the 

counting of the number of days from the sowing to the interest phase. The other 

methodology is developed based on thermal times or growing degree-days (GDD), 

also well known as physiological time; this is determined by using a fraction of the 

difference of temperatures during a specific period of time, subtracting the base 

temperature, which is what Hatfield & Prueger (2015) recognized as the maximum 

threshold wherein the metabolic process of the plant is at its minimum (Equation 

2).  

 

GDD= 
TMáx - TMin

2
-Tb                                        Eq. 2 

 

Although the ideal temperature for cultivating quinoa is between 15 °C and 20 °C 

(FAO, 2011), several investigations affirm that this plan tolerates maximum and 

minimum temperatures between -4 °C and 30 °C respectively (Bazile, Bertero & 

Nieto, 2014), advantages that have allowed them to expand into different tropical 

and extra-tropical regions. However, this tolerance ability is related to the 

agroecological group to which it belongs as well as to the phenological phase where 

the plant is found. Also, according to some of the authors and the origin of the 

vegetal material, the temperature base of the quinoa varies between 0 °C and 3 °C 

-4 °C (Table 1). 

 

the enzymatic activation, mainly in the development of the metabolic routes, and 

for this reason, in the growth of the plants. This affirmation is evident in the actual 

data described in table 1, where changes in the thermal thresholds (Tb) for each 

phenological phase of the quinoa, it was found that it was influenced by the 

character of the agroecological group to which each cultivar belongs, according to 

the classification proposed by Bazile (2014) based on Tapia (1996) that also allows 
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for the recognition of its influence of the cultivar selected to estimate the production 

parameters. Bertero et al. (1999) have determined that the Nariño cultivar presents 

the lowest Tb (Tb = 1, 5 °C) compared to varieties registered with a high productive 

potential that together with cultivars such as Kanckolla (Tb = 2 °C) and Sajama (Tb 

= 2,1 °C), present greater tolerance to lower temperatures as a result of the 

production areas (greater than 2500 m a.s.l). 

 

Table 1. Relationship of temperature with the phenological stage. 

 

Agroecological group Base 

temperature °C 

(Tb) 

Phenological 

stages 

References 

Salares and highlands 

-1.9 y 0.2 (0) Germination Bois et al. 

(2006) 
1 (05) from 

emergence 

2 (1) foliar growth 

Inter-Andean Valleys 

and highlands 

1 (0) Germination Mamedi et al. 

(2017) 

- 
3 (0) Germination Jacobsen & 

Bach (1998) 

Inter-Andean valleys, 

highlands and sea level  

3 (6) flowering Bertero, King 

& Hall (1999) 

 

 

According to Taiz and Zeiger (2006), the temperature plays a fundamental part of  

Figure 1, compares the physiological time studied for different varieties of quinoa, 

where it was found that there was a similar behavior between the cultivars in the 

vegetative phases and showing a greater dispersion in the temperature degree 

accumulation for their development in the reproductive phases, which can be 

clearly observed between the physiological time elapsed to the maturity of the 

Achachino and the Blanca de Juli varieties, whose GDD between these two (2) 

varieties varies by 44.8 %. 

 

Temperature and germination 

 

Germination is the most important phase when establishing the crop (Ceccato et al., 

2013) since variables such as velocity and percentage of germination are 

determinants in characteristics such as vigor of plants and seed production (Gómez-

Ramirez et al., 2017). According to the BBCH scale for the quinoa, three (3) 

different fundamental phases in germination are recognized: the first corresponds 

to the phenological 03 phase which begins with the imbibitions from which the 

water is absorbed due to the difference in the hydrological potential between the 

seed and the imbibition solution (Melgarejo, 2010); subsequently, the enzymatic 

activation occurs, whose initial response is manifested in a significant reduction in 

water absorption, which initiates metabolic transformations, mainly due to an 
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increase in reactive of oxygen species (ROS), molecular mobility and cytoplasmic 

viscosity, which acts on the cellular signaling pathways release latency (Bailly et 

al., 2018) and inducing the phenological phase 05 (radicula emergency). 

 

 
 

Figure 1. Growing degree-days on quinoa varieties. Tb: 3 °C; *Tb: 1 °C. Adapted 

from Bois et al. (2006); Melo, (2016); Becker et al. (2017); Präger et al. (2018); 

Kakabouki et al. (2019). S: sowing; E: emergence; 2, 4 and 8 HV: true leaves; 50F: 

flowering 50%; LL: grain filling; GL: milky grain; MF: physiological maturity.     

 

According to Marschner (2012), adverse factors such as the relative humidity, the 

light, the availability of water and the changes of temperature are deciding factors 

in the seed germination. However, according to the evaluation made by Strenske et 

al. (2017), the quinoa seeds have the ability to keep their viability indexes high 

under un-controlled warehousing conditions and, in many cases, improve the 

presence of vitamins and microelements required in the human diet as they get 

closer to the hypocotyl elongation (Pitzschke et al., 2015).   

 

In different parts of the world, the evaluation of the warehousing conditions of the 

quinoa seeds has become fundamental, as a result of the accelerated loss of their 

viability, which, according to Romero et al. (2018), indicates that the increase in 

temperature favors the reduction of the germination percentage as it remains in the 

warehouse longer. However, the temperature effect on the answers regarding 

germination can be changeable depending on the cultivar (Gonzalez et al., 2017). 

 

Hinojosa, Matanguihan & Murphy (2019) found that the increase in temperature 

during the phonological development (from 25-6 °C to 40-25 °C) in quinoa 

cultivars QQ74 and 17GR had no influence on the size of the seeds, however there 

were differences found between the weights of the seeds. At the same time, Bertero, 

King and Hall. (1996) report changes in the size of the seeds of up to 14% when the 
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temperature varies between 21 °C and 28 °C. These indicators highlight the 

variability of the response during the germination phase (0), which allows for the 

confirmation of the fact that the quinoa seeds have the ability to adapt easily in soils 

that reach high temperatures during the day and night within ranges of -1.9 °C to 

above 48 °C, encouraging the production process and the overall performance of 

the crop (Hinojosa et al., 2018).   

 

Temperature and growth  

 

The growth of the plants is regulated by their genetic expression and the ability of 

cellular division and elongation in the tissues (Lemoine et al., 2013), for this reason, 

exogenous factors such as the availability of water, the presence of some nutrients 

in the cells and the homeostasis status in and between cells, determine their growth 

and development response, an effect that is explained by structurally dynamic cell 

walls that are capable of maintaining the rigidity of the vegetative tissues, in order 

to achieve support and protection. However, the extensibility of the cell wall due to 

the effect of auxins, allows the plant to grow, mainly due to the effect of 

intracellular turgor (Majda & Robert, 2018). 

 

In accordance with the above, the presence of water at the vacuole level is vital for 

the plant to develop new structures at a radical, foliar and reproductive level. 

However, the circumstances in the field, do not allow for the constant availability 

of water required by the plants, and even less in quinoa crops, where the level of 

technology in countries like Colombia is incipient (Casas-Forero, 2016). 

 

According to Garcia-Villanueva et al. (2017), the greatest demand for water is 

during the vegetative phases that begin, according to Sosa-Zuñiga et al. (2017), at 

the foliar development phase (1) and go on to the emergence of the inflorescence 

(5), mainly in crops at sea level and in salty areas (Melo, 2016). However, the water 

activity both within and outside the plant, are determined by the temperature of the 

environment, reason for which, the evaporation at ground level and the transpiration 

of the plants, could be modified. 

 

Studies completed by Garcia et al. (2003) indicate that the calculations to determine 

the evaporation-transpiration in quinoa and the implementation of irrigation 

systems under upland conditions, must remember the external conditions such as 

day and nighttime temperatures, highlighting that the water stress do not generate 

relevant changes in the behavior of the plants, although, Eisa et al. (2012) affirm 

that the water deficit does, in fact, have negative repercussions in the synthesis of 

solutes and the photosynthetic activity of the quinoa.  

 

Temperatures above 35 °C have been shown to influence the flowering phase, 

which is manifested in a higher percentage of floral abortions, or seeds that develop 

without perisperm or cotyledon (Murphy & Matanguihan, 2015). Sanabria & Lazo 

(2018), found a higher rate of cellular damage in different tissues as the lethal 

temperature (LT) increases, identifying quinoas that show a greater resistance to 
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high temperatures over prolonged periods of time such as Negra Collana e Illpa 

cultivars.   

 

The increase in temperature also affects the pollen. According to Hinojosa et al. 

(2019), this climate variable reduces the viability of the pollen up to 63 % when the 

daytime temperature changes from 25 °C to 40 °C, which is reflected by a marked 

reduction of the flowers that reach the development phase in the mature seed.   

 

During the reproductive development phases, it has been determined that the 

changes in the temperature may cause unexpected variations regarding the types of 

seed quality or forage structures such as branches and stems; this is due to the 

increase in the viscosity of the phloem solution and its difficult diffusion between 

the source - landfill relationship (Lemoine et al., 2013); Shah & Paulsen, 2003). On 

the other hand, when the temperature is reduced by values below the tolerance 

threshhold, the storage of the photo-assimilates is increased as a result of slow 

growth and a drop in demand, which slows down the activity of the photosynthetic 

machinery that generates damage at the photo-systemic levels (Lemoine et al., 

2013).  

 

Table 2. Country characteristics and its relationship with agronomic performance 

on quinoa cultivars. 

 

Country 
Temperature 

region (°C) 
Varieties 

Phenological 

cycle (días) 

Yield 

(kg.ha-1) 
References 

Italy 28 

FLC (20, 

27, 31, 

58, 86) 

167 
489 – 

1471 
Melo (2016) 

Grece 5 – 27 No 407 116 812 
Noulas et al. 

(2017) 

Germany 16,2 Titicaca - 
2227-

3440 

Präger et al. 

(2018) 

Romania 17-22 Jørgen 37 135 1840 

Szilagyi & 

Jornsgard, 

(2014) 

Chile 16,1 Regalona  6000 

Lesjak & 

Calderini, 

(2017) 

Colombia 12 
Blanca 

Soracá 
171 2430 

García-Parra, 

et al. (2019) 

Spain 324,1 – 4,7 Regalona 138 2606 
Reguera et al. 

(2018) 

 

Within the plant breeding programs with quinoa plants, great progress has been 

made in obtaining plant materials that respond to variables such as precocity, by 

increasing the production rates at harvest time and obtaining seeds and fodder that 

present improved protein and fatty indexes (Bernlabib et al., 2016; Prager et al., 
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2018), which has led to the successful research developed with genetically stable 

quinoa crops like the one developed by Melo (2016), who carried out one of the 

first quinoa production experiences in Italy, using varieties of quinoa that were 

obtained within the areas of genetic improvement, to find an improved agronomic 

and productive performance compared to traditional cultivars.   

 

At the same time, in Greece and Spain, investigations with different varieties that 

express a highly adaptive potential to the agroclimactic conditions and their 

response within the composition of the seeds was undertaken, which has generated 

areas of investigation that favor the production of quinoa in Europe (Noulas et al., 

2017; Reguera et al., 2018), while in Asian countries and North Africa, the varieties 

displayed greater adaptability to the changes in the environmental conditions 

(Bazile et al., 2016). According to table 2 the production of quinoa under ideal 

conditions (between 15 °C and 20 °C) demonstrated the best productions of seeds 

such as the ones in Germany, Chile and Colombia.  

 

Thus, according to what was obtained by Sanabria & Lazo (2018), the temperature 

plays a decisive role in the development of quinoa, however, its influence has a 

different effect between cultivated varieties and accessions of quinoa, which 

according to various investigations, manifests itself in improvement of the grain 

yield and air biomass, which favors forage production at the end of the vegetative 

phases (Murphy & Matanguihan, 2015).  

 

Temperature and the production of quinoa seeds 

 

The production of quinoa seeds is the result of the genetic expression of the plant, 

the edapho-climatic factors and agronomic practices developed during the crop 

cycle. Therefore, knowing the role of temperature in the development of the seeds 

is an important step according to the results obtained by Lesjak & Calderini (2017), 

who found significant unfavorable differences in quinoa in terms of growth, grain 

production and their protein content, when the temperature increases during the 

flowering phase. 

 

According to the above, the previous phenological phases of the seed development 

combined with environmental temperatures are decisive in the productive and 

compositional aspects of the seeds, as well as in their metabolic behavior, as they 

are a reflection of the stress caused on the plant and the quick response to the 

estomatic regulation, as well as the redistribution of the photo-assimilates towards 

the dumps (Marschner, 2012), and at the same time, Ceccato, Bertero & Batilla 

(2011), recognize that the increase of the temperatures during the development of 

the seed within the plant, affects its latency patterns, a situation that puts the 

accelerated germination of the seed at risk, prior to the maturity of the plant, 

generating problems at harvest time or in its subsequent use as planting material. 

However, the establishment of improved quinoa crops such as the Puno variety 

(KVL 37), that even under extremely hot summer trials, achieved a yield of up to 

1.727t¹, with a protein level between 15 % and 17 % (Stikic et al., 2012), said results 
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have demonstrated the adaptability of this species, under difficult agroclimatic 

conditions, with compositional characteristics within the seeds and yields that are 

similar to the quinoa productions under adequate management conditions in 

unimproved cultivars.  

 

Production of quinoa affected by the variation of temperatures  

 

During the last decade, the investigations regarding the production and 

consumption of quinoa have increased tremendously, not only due to the 

adaptability presented by this plant regarding the effects of the environmental 

changes, but also due to the constant increase of the global population. However, 

factors such as the temperature have been decisive in the quantity and quality of 

fruits and cereals. Tombesi et al. (2019) recognizes that the nighttime temperature 

fulfills a fundamental role in the transport of carbon during the evening hours, 

which has an impact on the relationship between the source and the dump, due to 

the fact that the increase of the nighttime temperature, reduces the exporting of the 

photo-assimilates from the leaves to the fruits such as vines. A similar case took 

place with rice plants, where their yield was reduced up to 10 % for each increase 

of 1 °C in the minimum temperature (Peng et al., 2003), while with wheat, its 

increase in combination with the decreased availability of water dramatically 

affected the production of seeds (Mukherjee et al., 2019).  

 

 
 

Figure 2. Countries and publications development in quinoa W/15 temperature 

according Scopus database. 

 

 According to the references detailed in the Scopus database, the investigation 

regarding temperature and the production of quinoa, have been increasing 

significantly, and it was found that the first investigation published in this database 

was reported in 1969, with 107 documents published whose distribution is centered 

on 102 scientific articles, three (3) conference documents and two (2) chapters of a 

book. Its positive trend, according to the ¨turning point¨ methodology proposed by 

Escobar & Zartha (2017), describing the relationship between quinoa and 

temperature was to be presented in 2036, lies in the ability of different species of 

the Amaranthaceae family and in particular C. quinoa, to tolerate intense changes 

in temperature during its productive cycle, which has allowed it to become an 
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interesting strategy for the re-colonization of areas with adverse agroclimatic 

conditions and a promising alternative for food security in different regions. 

 

Table 3. Effect of heat stress on quinoa cultivars. 

 

Cultivar Effect References 

CO407 Temperature affects the quality and fatty acid 

concentration on quinoa grains. 

Curti et al. 

(2019) 

Titicaca Floral sterility is caused for temperature higher 

than 38°C 

Alvar-beltrn et 

al. (2019) 

QQ74 Reduced pollen 

viability 

Increase in branches 

elongation  

Increase in máximum 

photosynthetic rate 

Increase in stomatal 

conductance 

Hinojosa et al. 

(2019) 

17GR Increase in seed size  
 

Cherry 

Vanilla 

The lowest and highest temperatures (between 6 

°C and 28 °C), double the average activation 

energy of RuBisCO and intercellular CO2 

concentration. 

Bunce (2018) 

Oro de 

Valle 

Temperatures exceeding 32 °C generate pollen 

sterility and abortion of formed grains. 

Buckland et al. 

(2018) 

- Rising temperature reduces water activity in cells 

of plant and hygroscopic content  

Bustos-

Vanegas et al. 

( 2018) 

Pasancalla Damage cell membrane induced by increase in 

exposure time to the high temperature (50 °C).  

Sanabria & 

Lazo (2018) 

Regalona Increased night temperatures (4 °C) affects grain 

yield and biomass.   

Lesjak & 

Calderini, 

(2017) 

Red head high temperature and CO2 concentration no have 

effect on harvest index and biomass in quinoa 

plants  

Bunce, (2017) 

- An increase of the temperature reduces 

germination rate and increase abnormal seedlings     

Strenske et al. 

(2017) 

Achachino High temperatures increase the net assimilation 

rate, stomatal conductance and CO2 

concentration.  

Becker et al. 

(2017) 

 

Although the variations of temperatures during the year, are more frequent in 

tropical and sub-tropical areas of the planet (Reid, 1994), the research surrounding 
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their effect on the quinoa plants have been developed mainly for countries that are 

located in the extra-tropical areas. However, their relevance in Argentina, Chile, 

Peru, Bolivia, Brazil and Ecuador have been outlined to cover the ability of 

identifying the cultivars that tolerate an increased level of heat stress, without 

significantly affecting the yield (Hinojosa et al., 2018), such as the research 

developed during the last four (4) years in accordance to the Scopus database.  

 

According to the results obtained in the previous table, the modification of the 

temperatures is manifested in physiological and biochemical damages in the great 

majority of quinoa cultivars exposed to the modification of this climatic parameter. 

However, one of the most affected processes is the transport of CO2, which 

according to the previously mentioned investigations detailed in Table 3, could be 

due to the dynamic of the stomas and the activity developed by the RuBisCO2 

enzyme, which coordinates with the investigation developed by Eustis et al. (2020) 

whose conclusions recognize the susceptibility of the quinoa to the variations of 

temperatures depending on the status of plant development, affecting the 

photosynthetic machinery, the organizational changes to the cellular structures, the 

closure of stomas to reduce the loss of water due to transpiration and the enzyme 

receptor kinetics of the CO2. 

 

Table 4. Selection criteria of quinoa cultivars for tolerance to heat stress. 

 

Determination criteria References 

Growth and phenology 

Germination percentage  Bois et al. (2006); Mamedi et al. 

(2017); Strenske et al. (2017) 

Plant Height Hinojosa (2018) 

Phenological stages Bertero et al. (1999); Spehar & Santos, 

(2005); Alvar-beltrn et al. (2019) 

Plant maturity time Reguera et al. (2018) 

Pollen viability  Hinojosa et al. (2019) 

Physiological 

Damage cell percentage  Sanabria & Lazo (2018)  

Photosynthesis and stomatal 

conductance activity 

Yang et al. (2016); Bunce (2017); 

Becker et al. (2017) 

Chloropyll fluorescence (Fv/Fm) Eustis et al. (2020) 

RuBisCO activity Bunce (2018) 

Yield and quality  

Grain production Aranda et al. (2013) 

Grain oil quality Curti et al. (2019) 

Grain protein content Lesjak & Calderini (2017) 

Saponins content García-Parra et al. (2018) 

 

All of the previously mentioned consequences decisively affect the growth and 

development of the plant, whereas the gaseous interchange on a stomatal level 
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favors the production of starches, proteins and lipids mainly, which are a structural 

part of all the plant´s organs, even more so in quinoa plants, whose photosynthetic 

activity is C3 and its ability to fix the CO2 levels compared to the C4 and CAM 

plants is less efficient (Taiz & Zeiger, 2005; Marschner, 2012).   

 

Perspectives of the quinoa regarding the increase in temperature 

 

One of the main strategies developed regarding the climate changes effects is the 

implementation of cultivars that have been developed based on genetic 

improvement programs, which found, through the identification of genetic basis 

methodologies that they are able to tolerate the effects of heat stress generated by 

strong field temperature variations.   

 

According to Akter & Islam (2017), the selection criteria to identify the best cereal 

materials such as wheat (Triticum aestivum L.) are based on the most resistant to 

temperature cultivars that address aspects associated with higher grain yield; said 

methods have also been used in the choice of cultivars of maize, beans and quinoa 

(Naveed et al., 2016; Golicz et al., 2019; Soltani et al., 2019) and which have been 

detailed in Table 4 detailing such variables as: growth, phenology, physiology, 

yield and quality. 

 

According to the information recorded in the previous Table, the selection of 

cultivars tolerant to heat stress that show desirable field characteristics for 

agronomic production and food products, must have a holistic view of variables 

that reflect their phenological, physiological performance and compositional need 

of its seeds, finding levels of tolerance to the thermal stress (TL50), that would 

contribute to the selection of cultivars with a higher tolerance level based on this 

climatic parameter.   

 

Likewise, progress has been made in the study of Hsf thermal shock 

transcriptionists, identifying 23 genes in the Real Blanca ecotype at high 

temperatures (23 °C), describing the CqHsfs3 and CqHsfs9 genes that indicate a 

higher expression level after six (6) hours of thermal treatment, while the CqHsfs4 

and CqHsfs10 genes indicated a higher expression level after reaching twelve (12) 

hours of thermal treatment (Tashi et al., 2018).  

 

CONCLUSIONS 

According to the bibliographical review, it was determined that the effects of the 

temperatures strongly influence the parameters linked to the accumulation of 

degrees/heat during the day in the different quinoa cultivars and that, in this way, 

the phenological development of this plant is influenced by the variations of 

temperatures not only during the day but also at night. It was also possible to 

identify the main effects that occurred in the growth and development of different 

quinoa cultivars, mainly finding a great influence in the gaseous exchange, in the 

viability of the pollen and in the cellular stability of the different plant tissues.   
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At the same time, it was possible to identify several aspects to take into account 

when selecting cultivars capable of tolerating thermal stress, by measuring the 

susceptibility or damage in important variables of phenological, physiological and 

seed quality. All these aspects are very important to understand the adaptation of 

quinoa to the effects of climate change in the Andes as well as in the new countries 

that are now cultivating quinoa worldwide. The conclusions of the existing studies 

show that the differentiation between ecotypes is of greater relevance for this 

adaptation, but it is possible to consider the different destinations of quinoa, since 

high temperatures do not affect the different parts of quinoa in the same way. So, 

considering the cultivation of quinoa for dual purposes (human consumption and 

forage for animals) it has opened new perspectives into the uses of quinoa in areas 

that are most affected by climate changes.   

 

ACKNOWLEDGMENT 

 

The authors express gratitude to Minciencias (Minisiterio de Ciencia, Tecnologia e 

Innovación) invitation for bid Nr 779/2017. We are also grateful with the Boyacá 

Department Government, Cauca University and project CIUC-01-2018 carried out 

by the AOF-JDC.  

 

REFERENCES 

 

Aguilar, S., Avalos, A., Giraldo, D., Quintero, S., Zartha, J., & Cortes, F. (2012). 

La Curva en S como Herramienta para la Medición de los Ciclos de Vida de 

Productos. Journal of Technology Management & Innovation, 7(1), 238–

248. https://doi.org/10.4067/S0718-27242012000100016 

 

Akter, N., & Islam, M. R. (2017). Heat stress effects and management in wheat. A 

review. Agronomy for Sustainable Development, 37(37). 

https://doi.org/10.1007/s13593-017-0443-9 

 

Alvar-beltrn, J., Dao, A., Marta, A. D., Saturnin, C., Casini, P., Sanou, J., & 

Orlandini, S. (2019). Effect of Drought, Nitrogen Fertilization, Temperature 

and Photoperiodicity on Quinoa Plant Growth and Development in the 

Sahel. Agronomy, 9(10), 607. https://doi.org/10.3390/agronomy9100607 

 

Aranda, M., López, J., Marín, R., Vega-Gálvez, A., Martínez, E. A., Fuentes, F., & 

Miranda, M. (2013). Influence of contrasting environments on seed 

composition of two quinoa genotypes: nutritional and functional properties. 

Chilean Journal of Agricultural Research, 73(2), 06–07. 

https://doi.org/10.4067/s0718-58392013000200004 

 

Bailly, C., El-maarouf-Bouteau, H., & Corbineau, F. (2008). From intracellular 

signaling networks to cell death: the dual role of reactive oxygen species in 



[SYLWAN., 164(5)]. ISI Indexed,May 2020 426

16 
 

seed physiology. C.R. Biologies, 331(10), 806–814. 

https://doi.org/10.1016/j.crvi.2008.07.022 

 

Bazile, D., Bertero, H. D., & Nieto, C. (2014). Estado del arte de la quinua en el 

mundo 2013 (Vol. 1). FAO (Santiago de Chile) y CIRAD (Montpellier, 

Francia). 

 

Bazile, D., Jacobsen, S.-E., & Verniau, A. (2016). The Global Expansion of 

Quinoa: Trends and Limits. Frontiers in Plant Science, 7(May), 1–6. 

https://doi.org/10.3389/fpls.2016.00622 

 

Bazile, D., Pulvento, C., Verniau, A., Al-Nusairi, M. S., Ba, D., Breidy, J., Padulosi, 

S. (2016). Worldwide Evaluations of Quinoa: Preliminary Results from Post 

International Year of Quinoa FAO Projects in Nine Countries. Frontiers in 

Plant Science. https://doi.org/10.3389/fpls.2016.00850 

 

Becker, V. I., Goessling, J. W., Duarte, B., Caçador, I., Liu, F., Rosenqvist, E., & 

Jacobsen, S.-E. (2017). Combined effects of soil salinity and high 

temperature on photosynthesis and growth of quinoa plants (Chenopodium 

quinoa). Functional Plant Biology, 44(7), 665. 

https://doi.org/10.1071/fp16370 

 

Bernlabib, O., Boujatyani, N., Maughan, P., Jacobsen, S., & Jellen, E. (2016). 

Elevated genetic diversity in an F2:6 population of quinoa (Chenopodium 

quinoa) developed through an Inter-ecotype cross. Frontiers in Plant 

Science, 7(1222), 1–9. https://doi.org/10.3389/fpls.2016.01222 

 

Bertero, H. D., King, R. W., & Hall, A. J. (1999a). Modelling photoperiod and 

temperature responses of flowering in quinoa (Chenopodium quinoa 

Willd.). Field Crops Research, 63(1), 19–34. https://doi.org/10.1016/S0378-

4290(99)00024-6 

 

Bertero, H. D., King, R. W., & Hall, A. J. (1999b). Photoperiod-sensitive 

development phases in quinoa (Chenopodium quinoa Willd.). Field Crops 

Research, 60(3), 231–243. https://doi.org/10.1016/S0378-4290(98)00128-2 

 

Bois, J. F., Winkel, T., Lhomme, J. P., Raffaillac, J. P., & Rocheteau, A. (2006). 

Response of some Andean cultivars of quinoa (Chenopodium quinoa 

Willd.) to temperature: Effects on germination, phenology, growth and 

freezing. European Journal of Agronomy, 25(1), 299–308. 

https://doi.org/10.1016/j.eja.2006.06.007 

 

Bosque-Sanchez, H., Lemeur, R., Van Damme, P., & Jacobsen, S. E. (2003). 

Ecophysiological analysis of drought and salinity stress of quinoa 

(Chenopodium quinoa Willd.). Food Reviews International, 19(1–2), 111–

119. https://doi.org/10.1081/FRI-120018874 



[SYLWAN., 164(5)]. ISI Indexed,May 2020 427

17 
 

Buckland, K. R., Reeve, J. R., Creech, J. E., & Durham, S. L. (2018). Managing 

soil fertility and health for quinoa production and weed control in organic 

systems. Soil & Tillage Research, 184, 52–61. 

https://doi.org/10.1016/j.still.2018.07.001 

 

Bunce, J. (2017). Variation in Yield Responses to Elevated CO2 and a Brief High 

Temperature Treatment in Quinoa. Plants, 6(4), 26. 

https://doi.org/10.3390/plants6030026 

 

Bunce, J. A. (2018). Thermal acclimation of the temperature dependence of the 

VCmax of Rubisco in quinoa. Photosynthetica, 56(4), 1171–1176. 

 

Bustos-Vanegas, J. D., Corrêa, P. C., Zeymer, J. S., Baptestini, F. M., & Campos, 

R. C. (2018). Moisture sorption isotherms of quinoa seeds: Thermodynamic 

analysis. Engenharia Agrícola, 38(6), 941–950. 

https://doi.org/10.1590/1809-4430-Eng.Agric.v38n6p941-950/2018 

 

Casas-Forero, N. (2016). Alternativas para la generación de valor agregado en los 

cultivos de mango y quinua. Bogotá (Colombia): Fundación Universitaria 

Agraria de Colombia. 

 

Ceccato, D. V, Bertero, H. D., & Batlla, D. (2011). Environmental control of 

dormancy in quinoa (Chenopodium quinoa) seeds: two potential genetic 

resources for pre­-harvest sprouting. Seed Science Research, 21(2), 133–

141. https://doi.org/10.1017/S096025851100002X 

 

Ceccato, D. V, Delatorre-Herrera, J., Burrieza, H., Bertero, H., Martínez, E., 

Delfino, I., … Castellion, M. (2013). Fisiología de las semillas y respuesta 

a las condiciones de germinación. In Estado de arte de la quinua en el mundo 

(pp. 153–166). https://doi.org/10.13140/2.1.2236.0644 

 

Choukr-allah, R., Rao, N. K., Hirich, A., Shahid, M., Alshankiti, A., Toderich, K., 

… Butt, K. (2016). Quinoa for Marginal Environments: Toward Future 

Food and Nutritional Security in MENA and Central Asia Regions. 

Frontiers in Plant Science, 7. https://doi.org/10.3389/fpls.2016.00346 

 

Curti, R., Carmen-Sanahuja, M., Vidueiros, S., Curti, C., Pallaro, A., & Bertero, H. 

(2019). Oil quality in sea level quinoa as determined by cultivar-specific 

responses to temperature and radiation conditions. Journal of the Science of 

Food and Agriculture, 100(3), 1358–1361. 

https://doi.org/10.1002/jsfa.10092 

 

Eisa, S., Hussin, S., Geissler, N., & Koyro, H. W. (2012). Effect of NaC1 salinity 

on water relations, photosynthesis and chemical composition of Quinoa 

(Chenopodium quinoa Willd.) as a potential cash crop halophyte. Australian 



[SYLWAN., 164(5)]. ISI Indexed,May 2020 428

18 
 

Journal of Crop Science, 6(2), 357–368. https://doi.org/10.1111/j.1399-

3054.2012.01599.x 

 

Escobar, A., & Zartha, J. W. (2017). Application of the Technology Life Cycle and 

S-Curves to the “Brain Drain” Area of Knowledge. Indian Journal of 

Science and Technology, 10(43), 1–8. 

https://doi.org/10.17485/ijst/2017/v10i43/116247 

 

Eustis, A., Murphy, K., & Barrios-Masias, F. (2020). Leaf Gas Exchange 

Performance of Ten Quinoa Genotypes under a Simulated Heat Wave. 

Plants, 8(81), 1–15. https://doi.org/10.3390/plants9010081 

 

FAO. (2011). La Quinua: Cultivo milenario para contribuir a la seguridad 

alimentaria mundial. In Oficina Regional para América Latina y el Caribe, 

FAO. (Vol.1).  

 

García-Parra, M. Á., Plazas-Leguizamón, N. Z., Carvajal Rodríguez, D. C., Parra, 

J. D., & Ferreira, S. C. (2018). Descripción de las saponinas en quinua 

(Chenopodium quinoa Willd) en relación con el suelo y el clima: Una 

revisión. Informador Técnico, 82(2), 241–249. 

https://doi.org/10.23850/22565035.1451 

 

García-Parra, M., García-Molano, J., & Deaquiz-Oyola, Y. (2019). Physiological 

performance of quinoa (Chenopodium quinoa Willd.) under agricultural 

climatic conditions in Boyaca, Colombia. Agronomía Colombiana, 37(2), 

160–168. https://doi.org/10.15446/agron.colomb.v37n2.76219 

 

García-Villanueva, J., Huahuachampi, J., & Soto, L. (2017). Determinación de la 

demanda hídrica del cultivo de quinua QML01 (Chenopodium Quinoa 

Willd) en la Molina. Anales Científicos, 78(2), 200–209. 

https://doi.org/http://dx.doi.org/10.21704/ac.v78i2.1057 

 

Garcia, M., Raes, D., & Jacobsen, S. (2003). Evapotranspiration analysis and 

irrigation requirements of quinoa (Chenopodium quinoa) in the Bolivian 

highlands. Agricultural Water Management, 60(2), 119–134. 

https://doi.org/10.1016/S0378-3774(02)00162-2 

 

Golicz, A., Steinfort, U., Arya, H., Singh, M., & Bhalla, P. (2019). Analysis of the 

quinoa genome reveals conservation and divergence of the flowering 

pathways. Functional & Integrative Genomics, 1–14. 

 

Gómez-Ramírez, A., López-Santos, C., Cantos, M., García, J. L., Molina, R., 

Cotrino, J., … González-Elipe, A. R. (2017). Surface chemistry and 

germination improvement of Quinoa seeds subjected to plasma activation. 

Scientific Reports, 7(1), 1–12. https://doi.org/10.1038/s41598-017-06164-5 

 



[SYLWAN., 164(5)]. ISI Indexed,May 2020 429

19 
 

González, J. A., Buedo, S. E., Bruno, M., & Prado, F. E. (2017). Quantifying 

Cardinal Temperatures in Quinoa (Chenopodium quinoa) Cultivars. Lilloa, 

54(2), 179–194. 

 

Hatfield, J., & Prueger, J. (2015). Temperature extremes: Effect on plant growth 

and development. Weather and Climate Extremes, 10, 4–10. 

https://doi.org/10.1016/j.wace.2015.08.001 

 

Hinojosa, L. (2018). Effect of heat and drought stress in quinoa (Chenopodium 

quinoa Willd.). Washington State University. 

 

Hinojosa, L., González, J., Barrios-Masias, F., Fuentes, F., & Murphy, K. (2018). 

Quinoa Abiotic Stress Responses: A Review. Plants, 7(4), 106. 

https://doi.org/10.3390/plants7040106 

 

Hinojosa, L., Matanguihan, J. B., & Murphy, K. M. (2019). Effect of high 

temperature on pollen morphology, plant growth and seed yield in quinoa 

(Chenopodium quinoa Willd.). Journal of Agronomy and Crop Science, 

205(1), 33–45. https://doi.org/10.1111/jac.12302 

 

IPCC. (2018). Summary for Policymakers. In: Global Warming of 1.5°C. 

 

Jacobsen, E., & Bach, A. (1998). The influence of temperature on seed germination 

rate in quinoa (Chenopodium quinoa Willd.). Seed Science and Technology, 

26, 515–523. 

 

Jacobsen, S. (2017). The scope for adaptation of quinoa in Northern Latitudes of 

Europe. Journal of Agronomy and Crop Science, 203(6), 603–613. 

https://doi.org/10.1111/jac.12228 

 

Jäger, M. (2015). El cultivo de la quinua en Colombia y sus perspectivas futuras. 

Palmira (Colombia). 

 

Jaikishun, S., Li, W., Yang, Z., & Song, S. (2019). Quinoa: In Perspective of Global 

Challenges. Agronomy, 9(4), 176. 

https://doi.org/10.3390/agronomy9040176 

 

Kakabouki, I. P., Roussis, I. E., Papastylianou, P., Kanatas, P., Hela, D., Katsenios, 

N., & Fuentes, F. (2019). Growth Analysis of Quinoa (Chenopodium quinoa 

Willd.) in Response to Fertilization and Soil Tillage. Notulae Botanicae 

Horti Agrobotanici Cluj-Napoca, 47(4). 

https://doi.org/10.15835/nbha47411657 

 

Korres, N. E., Norsworthy, J. K., Tehranchian, P., Gitsopoulos, T. K., Loka, D. A., 

Oosterhuis, D. M., Palhano, M. (2016). Cultivars to face climate change 



[SYLWAN., 164(5)]. ISI Indexed,May 2020 430

20 
 

effects on crops and weeds: a review. Agronomy for Sustainable 

Development, 36, 12. https://doi.org/10.1007/s13593-016-0350-5 

 

Lamaoui, M., Jemo, M., Datla, R., & Bekkaoui, F. (2018). Heat and Drought 

Stresses in Crops and Approaches for Their Mitigation. Frontiers in 

Chemistry, 6(26), 1–14. https://doi.org/10.3389/fchem.2018.00026 

 

Lemoine, R., Camera, S. La, Atanassova, R., Dédaldéchamp, F., Allario, T., 

Pourtau, N., … Durand, M. (2013). Source-to-sink transport of sugar and 

regulation by environmental factors. Frontiers in Plant Science, 24(272), 1–

21. https://doi.org/10.3389/fpls.2013.00272 

 

Lesjak, J., & Calderini, D. F. (2017). Increased Night Temperature Negatively 

Affects Grain Yield, Biomass and Grain Number in Chilean Quinoa. 

Frontiers in Plant Science, 8(352), 1–11. 

https://doi.org/10.3389/fpls.2017.00352 

 

Majda, M., & Robert, S. (2018). The Role of Auxin in Cell Wall Expansion. 

International Journal of Molecular Science, 19(4), 951. 

https://doi.org/10.3390/ijms19040951 

 

Mamedi, A., Tavakkol, R., & Oveisi, M. (2017). Cardinal temperatures for seed 

germination of three Quinoa (Chenopodium quinoa Willd.) cultivars. 

Iranian Journal of Field Crop Science, 1(1), 89–100. 

https://doi.org/10.22059/ijfcs.2017.206204.654106 

 

Marschner, P. (2012). Mineral nutrition of higher plants (Third). Boston: Elsevier. 

McMaster, G. S., & Wilhelm, W. W. (1997). Growing degree-days: one 

equation, two interpretations. Agricultural and Forest Meteorology, 87(1), 

291–300. https://doi.org/https://doi.org/10.1016/S0168-1923(97)00027-0 

Melgarejo, L. M. (2010). Experimentos en fisiología vegetal (U. N. de Colombia, 

Ed.). Bogotá. 

 

Melo, D. (2016). Studio di adattabilità colturale della quinoa (Chenopodium quinoa 

Willd.) in italia settentrionale. Università Cattolica del Sacro Cuore di 

Piacenza (Italia). 

 

Mukherjee, A., Simon, S.-Y., & Promchote, P. (2019). Examination of the Climate 

Factors That Reduced Wheat Yield in Northwest India during the 2000s. 

Water, 11(343), 1–13. https://doi.org/10.3390/w11020343 

 

Murphy, K., & Matanguihan, J. (2015). quinoa improvement and sustainable 

production (I. Jhon Wiley & Sons, Ed.). New Jersey. 

 

Naveed, M., Ahsan, M., Akram, H. M., Aslam, M., & Ahmed, N. (2016). Genetic 

Effects Conferring Heat Tolerance in a Cross of Tolerant × Susceptible 



[SYLWAN., 164(5)]. ISI Indexed,May 2020 431

21 
 

Maize (Zea mays L.) Genotypes. Frontiers in Plant Science, 7(729). 

https://doi.org/10.3389/fpls.2016.00729 

 

Navruz-Varli, S., & Sanlier, N. (2016). Nutritional and health benefits of quinoa 

(Chenopodium quinoa Willd.). Journal of Cereal Science, 69, 371–376. 

https://doi.org/10.1016/j.jcs.2016.05.004 

 

Noulas, C., Tziouvalekas, M., & Vlachostergios, D. (2017). Adaptation, 

Agronomic Potential, and Current Perspectives of Quinoa Under 

Mediterranean Conditions: Case Studies from the Lowlands of Central 

Greece. Communications in Soil Science and Plant Analysis, 48(22), 2612–

2629. https://doi.org/10.1080/00103624.2017.1416129 

 

Padulosi, S., Thompson, J., & Rudebjer, P. (2013). Fighting poverty, hunger and 

malnutrition with neglected and underutilized species (NUS): needs, 

challenges and the way forward. Roma (Italia): Bioversity International. 

 

Peng, S., Huang, J., Sheehy, J. E., Laza, R. C., Visperas, R. M., Zhong, X., … 

Cassman, K. G. (2004). Rice yields decline with higher night temperature 

from global warming. Proceedings of the National Academy of Sciences of 

the United States of America, 101(27), 9971–9975. 

https://doi.org/10.1073/pnas.0403720101 

 

Pitzschke, A., Fraundorfer, A., Guggemos, M., & Fuchs, N. (2015). Antioxidative 

responses during germination in quinoa grown in vitamin B-rich medium. 

Food Science & Nutrition, 3(3), 242–251. https://doi.org/10.1002/fsn3.211 

 

Präger, A., Munz, S., Nkebiwe, P., Mast, B., & Graeff-Hönninger, S. (2018). Yield 

and Quality Characteristics of Different Quinoa (Chenopodium quinoa 

Willd.) Cultivars Grown under Field Conditions in Southwestern Germany. 

Agronomy, 8(10), 197. https://doi.org/10.3390/agronomy8100197 

 

Reguera, M., Conesa, C. M., Gil-gómez, A., Haros, C. M., Pérez-Casas, M. Á., 

Briones-Labarca, V., … Bascuñán-Godoy, L. (2018). The impact of 

different agroecological conditions on the nutritional composition of quinoa 

seeds. PeerJ, 14(6), 1–20. https://doi.org/10.7717/peerj.4442 

 

Reid, G. C. (1994). Seasonal and interannual temperature variations in the tropical 

stratosphere. Journal of Geophysical Research, 99(9), 18923–18932. 

https://doi.org/10.1029/94JD01830 

 

Romero, G., Heredia, A., & Chaparro-Zambrano, H. (2018). Germinative potential 

in quinoa (Chenopodium quinoa Willd.) seeds stored under cool conditions. 

Revista U.D.C.A Actualidad & Divulgación Científica, 21(2), 341–350. 

 



[SYLWAN., 164(5)]. ISI Indexed,May 2020 432

22 
 

Ruiz, K. B., Biondi, S., Oses, R., Acuña-Rodríguez, I. S., Antognoni, F., Martinez-

Mosqueira, E. A., … Molina-Montenegro, M. A. (2014). Quinoa 

biodiversity and sustainability for food security under climate change. A 

review. Agronomy for Sustainable Development, 34(2), 349–359. 

https://doi.org/10.1007/s13593-013-0195-0 

 

Sanabria, K. M., & Lazo, H. O. (2018). Aclimatación a la alta temperatura y 

tolerancia al calor (TL 50) en 6 variedades de Chenopodium quinoa. Revista 

Peruana de Biología, 25, 147–152. https://doi.org/doi: 

http://dx.doi.org/10.15381/rpb.v25i2.14689 

 

Shah, N. H., & Paulsen, G. M. (2003). Interaction of drought and high temperature 

on photosynthesis and grain-filling of wheat. Plant and Soil, 257(1), 219–

226. https://doi.org/https://doi.org/10.1023/A:1026237816578 

 

Soltani, A., Weraduwage, S. M., Sharkey, T. D., & Lowry, D. B. (2019). Elevated 

temperatures cause loss of seed set in common bean (Phaseolus vulgaris L.) 

potentially through the disruption of source-sink relationships. BMC 

Genomics, 20(312). https://doi.org/10.1186/s12864-019-5669-2 

 

Sosa-Zuniga, V., Brito, V., Fuentes, F., & Steinfort, U. (2017). Phenological growth 

stages of quinoa (Chenopodium quinoa) based on the BBCH scale. Annals 

of Applied Biology, 171(1), 117–124. https://doi.org/10.1111/aab.12358 

 

Spehar, C. R., & Santos, R. (2005). Agronomic performance of quinoa selected in 

the Brazilian Savannah. Pesquisa Agropecuaria Brasileira, 40(6), 609–612. 

 

Stikic, R., Glamoclija, D., Demin, M., Vucelic-radovic, B., Jovanovic, Z., 

Milojkovic-Opsenica, D., … Milovanovic, M. (2012). Agronomical and 

nutritional evaluation of quinoa seeds (Chenopodium quinoa Willd.) as an 

ingredient in bread formulations. Journal of Cereal Science, 55(2), 132–138. 

https://doi.org/10.1016/j.jcs.2011.10.010 

 

Strenske, A., Vasconcelos, E. S. De, Egewarth, V. A., & Francisca, N. (2017). 

Responses of quinoa (Chenopodium quinoa Willd.) seeds stored under 

different germination temperatures. Acta Scientiarum, 39(1), 83–88. 

https://doi.org/10.4025/actasciagron.v39i1.30989 

 

Szilagyi, L., & Jornsgard, B. (2014). Preliminar y agronomic evaluation of 

Chenopodium quinoa Willd. under climatic conditions of Romania. 

Scientific Papers Agronomy, 57, 339–343. 

 

Taiz, L., & Zeiger, E. (2006). Fisiología vegetal. In Universitat Jaume (Vol. 1).  

 

Tapia, M. (1996). Ecodesarrollo en los andes altos. Lima (Perú): Fundación 

Friedrich Ebert. 



[SYLWAN., 164(5)]. ISI Indexed,May 2020 433

23 
 

Tashi, G., Zhan, H., Xing, G., Chang, X., Zhang, H., Nie, X., & Ji, W. (2018). 

Genome-Wide Identification and Expression Analysis of Heat Shock 

Transcription Factor Family in Chenopodium quinoa Willd. Agronomy, 

8(103), 2–12. https://doi.org/10.3390/agronomy8070103 

 

Tombesi, S., Cincera, I., Frioni, T., Ughini, V., Gatti, M., Palliotti, A., & Poni, S. 

(2019). Relationship among night temperature, carbohydrate translocation 

and inhibition of grapevine leaf photosynthesis. Environmental and 

Experimental Botany, 157, 293–298. 

https://doi.org/10.1016/j.envexpbot.2018.10.023 

 

Yang, A., Akhtar, S. S., Amjad, M., Iqbal, S., & Jacobsen, S. E. (2016). Growth 

and Physiological Responses of Quinoa to Drought and Temperature Stress. 

Journal of Agronomy and Crop Science, 202(6), 445–453. 

https://doi.org/10.1111/jac.12167 


