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Abstract 
The inevitable phenomenon of climate change has led to environmental changes which can cause 

interruptions and major declination in agricultural production across the globe. In Guyana, sea level 

rise, as predicted to occur within the next decade on the Coastal zones, maybe directly accredited to 

the effects of climate change. The threat of flooding in this area would not only result in the 

displacement of the population that reside in this zone, but would also affect all major agricultural 

activities and industries. As a consequence, food supply and GDP will be severely affected. In the 

event of the aforementioned, it is imperative that alternative areas for large scale agriculture be 

developed in less flood prone areas. It may also be necessary to establish crops that are resilient and 

can be utilized as a staple in addition to the main agricultural product ‘rice’.  

Quinoa, ‘the mother grain’ is a hardy crop that has characteristics which enables it to thrive under a 

wide range of ecological conditions. It has been recognized as being gluten free and carries high 

nutritive value. In addition to agricultural uses, quinoa is used in the pharmaceutical and 

cosmological industries thus making it a crop of high economic value.  

Five physiographic regions have been recognized in Guyana. Among them is the Hilly Sand and Clay 

Region (White sand Plateau), located along the north east part of the country. This region has 

available land and water resources, making it an alternative area for the production of Quinoa. 

Amelioration of the Tiwiwid Sands may be necessary for optimal production of this crop.  

This research examines the prospects of cultivating this crop as a potential alternative for rice which 

may be affected by the influence of Climate change. It also seeks to examine prospective areas for 

adaptation of large-scale agriculture, creating scope to benefit Guyana’s economy. 

 

Keywords: climate change, quinoa, ecological conditions, Guyana economic prospects, Guyana’s 

physiographic regions. 

 

Introduction 

In Guyana Climate Change has gradually led to alterations in agricultural production 

practices that may affect national food security in future. The United Nations Framework 

convention on Climate Change (UNFCCC, 2011), describes climate change as any shift in 

climate over a protracted period of time due to natural variability or as a result of human 

activity. According to the Guyana Climate Change Action Plan 2001, climate change poses 

threats that may impact sea level rise in the coastal zones of the country. The Guyana 

National Land Use Plan 2013 predicted the Low Coastal Plain to be 0.5 to 1 meter below sea 

level. Despite this, it is home to 90% of Guyana’s population. The majority of Guyana’s 

main agricultural production take place in this region, predominantly rice and sugarcane. The 

Low Carbon Development strategy estimated that 39% of the aforementioned population that 

contributes to 43% GDP, live in flood prone areas. 

According to Wolff et al. 2020, this phenomenon has caused planetary scale climate 

warming which led to 2010-2019 being the warmest decade recorded after the 1850’s. This 

resulted in sea level rise driven by expansion of water volume by virtue of the melting of ice 

caps and mountain glaciers in all regions of the world. Greenland and Antarctic Ice sheets 

continue to be lossed as a result of Climate warming, leading to an increase in storm surges 

and consequential flooding. It is predicted that sea levels will continually rise in the 

following centuries as glaciers continue to ‘thaw. The Guyana National Land Use Plan 2013 

predicts that by 2030 flooding could result in U.S 0.8 billion in losses in GDP affecting 39.3 

% people. The effects of climate warming ultimately lead to inland stress and hence an 
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overall reduction in agricultural productivity across coastal zones. It is therefore imperative  
that considerations be made for the development of new 

agricultural lands in less flood prone areas. The 

establishment of other resistant crop types to be used as a 

staple may also be necessary to ensure sustainability of 

Guyana’s population. 

Quinoa (Chenopodium quinoa Willd.) is an annual 

herbaceous plant that belongs to Amaranthaceae family, 

which originated in the Pacific slopes of the Andes in South 

America (Jaikishun et al., 2019). It is a pseudo-cereal food 

crop cultivated in several Andean countries of Latin 

America. Despite it being native to temperate regions, 

quinoa can be cultivated well in various tropical regions 

and can adapt to a wide range of climatic conditions 

(Aguilar et al., 2003; Garcia, 2003, Fuentes et al., 2011). 

Quinoa is recently gaining global importance due to its 

excellent protein quality and forbearance to abiotic stresses 

such as drought, heat, frost and salinity. The Quinoa grain 

has been recognized as exceptionally nutritious due to its 

high protein and amino acid content and less carbohydrates 

compared to rice (Jacobsen, 2003; Wu et al., 2016). Quinoa 

means “mother grain” in the Inca language and used as a 

staple food in India, Peru, Bolivia and other parts of the 

world. The prospect of introducing quinoa to Guyana 

would contribute to agricultural diversity and create scope 

for wider choice amongst local consumers. Production of 

this crop will also ensure national food security while 

benefiting the economy. 

Guyana’s National Land Use Plan 2013, recognizes (5) 

main Physiographic Regions. Among them is the Hilly 

sand and Clay Region also known as the “White Sand 

Plateau”. This region is located in the northeast central part 

of Guyana, south of the Coastal Plain. It is about 15m 

above sea level, has more available land and an abundance 

of water resources. This makes it a potential alternative 

area for crop production, given the fact that it is also more 

accessible than other regions. 

Tiwiwid soils are known for their well-drained nature, low 

nutrient availability, high acidity and low water holding 

capacity. Therefore, soil amelioration and management of 

fertilizer application is essential for the production of 

quinoa on these soils. This research paper is therefore based 

on the prospects of introduction and production of this crop 

to be utilized as an alternative staple to rice. It also explores 

possible regions that may be regarded as potential 

production sites for successful cultivation of this crop. 

 

Methodology 

Sources of information 

One of the principal sources of information that was used 

for the generation of this research paper is the FAO 

publication entitled The State-of-the-Art Report on Quinoa 

(2013). This is a compendium of research articles and 

review papers that cover a wide range of issues pertaining 

to the botany, domestication and global expansion of this 

crop as well as its nutritional, economic and ecological 

aspects, which are covered in this paper. Research articles 

that dealt directly with crop performance under different 

ecological conditions were found and used. Research was 

done using the Guyana’s National Land Use Plan (NLUP) 

to describe the five physiographic regions and determine 

possible suitability for crop production. Other research 

papers were generated using google scholarly articles. 

Papers used were dated from 1965 to more recently 2021. 

Information for quinoa global trends were collected from 

the www.statista.com website, for the successful 

completion of this research.  

Structure of the Paper 

•  Climate Change: A global concern. 

•  The Quinoa Crop. (Taxonomy, origin, description, 

uses). 

•  Quinoa crop requirement and management. (Climate, 

soil, management, fertilizer requirement). 

• Adaptability of Quinoa (Crop tolerance, resistance to 

pest and diseases). 

• Guyana’s Physiographic Regions 

• Quinoa: Distribution, Economic importance and World 

Production trends. 

 

Climate change: A global concern 

Climate change is one of the most significant issues that the 

world faces in recent decades. Evidence has shown that 

humans are changing the earth’s climate. These changes 

ensue the warming of the atmosphere and oceans resulting 

in sea level rise and decline in Artic Sea ice. (Wolff et al., 

2020). Human interface with the climate system through 

emission of greenhouse gases and changes in land use has 

increased the global and annual mean air temperature at the 

surface of the earth by at 0.80C since the 19th century. It is 

predicted that the earth can warm by at least another 40C if 

emissions are not notably reduced (Feulner, 2015). The 

impacts of climate change will be quite considerable, 

posing threats to ecosystems especially along the coast. 

Drought affected areas are expected to increase with 

extreme precipitation events occurring with increasing 

frequency and intensity because of air capacity to hold 

more water. Coastal areas would be exposed to coastal 

erosion due to sea level rise. It is anticipated that densely 

populated low-lying areas will experience flooding due to 

sea level rise by 2080 (UNFCCC, 2011). A warming 

climate can contribute to the intensity of heat waves by 

increasing the chances of very hot days and nights while 

increasing evaporation on land. This can increase 

occurrences of drought and create conditions that promotes 

wildfires. El Niño events favour drought in many tropical 

and subtropical land areas, while La Niña events promote 

wetter conditions in many regions (Wolff, 2020). 

Climate Change Solutions International (CCSI, 2009) 

reported that the mean annual air temperature of Guyana, 

overall, has increased by 0.3°C since 1960, which translates 

into an average rate of c.0.07°C per decade. This rate of 

warming is less rapid than the global average of c.0.08°C 

per decade. The mean annual rainfall for Guyana has 

increased at an average rate of 4.8mm per month or 2.7% 

per decade since 1960. Trends in both annual and seasonal 

rainfall are minimal and not statistically significant. Future 

predictions for temperature and rainfall for the 2030s, 

2060s and 2090s show an increase of warming 1°C, 2°C 

and 3°C respectively while precipitation is predicted to fall 

by about 10% by the 2090s, mainly in the northern coastal 

zone (NLUP,2013) 

Global climate change affects the general conditions under 

which crops are grown mainly due to increased salinization 
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and aridity. Salinity has been predicted to increase at a rate 

of 10% annually (Hasegawa, 2013). Factors such as excess 

irrigation and poor drainage, groundwater salinity, sea level 

rise and intrusion, as well as irregular rainfall contribute to 

the process of soil salinization. Salt-affected soils cover an 

area of around 1060.1 M/ha in the world. This figure is 

continually increasing due to the influence of climate 

change where soil salinity tends to increase with increased 

sea level intrusion and temperature and decrease in 

precipitation (Eswar et al., 2020). 

Global warming has become a major concern, now 

reaching critical levels, hence threatening food security. It 

is predicted that yield will decrease between 3.1 and 7.4 

percent for every 10 C temperature increase. It is therefore 

necessary for farmers to explore crops that can adapt to 

changing environments and harsher climates (Thiam et al., 

2021). Growing population and food demand poses many 

challenges to global agriculture in the future. It is reported 

the world population is expected to reach over ten billion 

by the year 2050. A demand for more food would cause 

demand for more agricultural lands to be developed 

(Bouwman et al., 2017).  

Climate change can affect water availability, and as a 

consequence crop water requirement. Crop water 

requirements are defined as the “quantity of water required 

by a crop in a given period of time for normal growth under 

field conditions” (FAO, 2008) Climatic and environmental 

changes can affect agricultural inputs especially water 

resources therefore, in order to adapt to this situation of 

climate change, the introduction of low-water, salt resistant 

and drought tolerant crops may be necessary (Fathi et al., 

2020). The physiological adaptability which allows quinoa 

to grow under drought and other adverse conditions 

represents an invaluable opportunity and offers tremendous 

potential in the face of present and future climate change 

challenges. (Azurita- Silva et al., 2013). 
 

 
 

Fig. 1: Map showing the prediction of the low coastal Plain in 2031, due to sea level rise and climate change. 

Source: (NLUP, 2013). 

 

The Quinoa Crop 

Taxonomy 

Quinoa (Chenopodium quinoa Willd.) belongs to the group 

of crops known as pseudocereals. The taxonomic 

classification of the quinoa species is as follows: It is 

classified in the division Magonoliophyta, class 

Magnoliopsida, subclass Caryophyllidae, order 

Caryophyllales, family Chenopodiaceae, genusm 

Chenopodium, section Chenopodia and subsection 

Cellulata. The Chenopodium genus which has about 250 

species is known to be the largest in the Chenopodiaceae 

family and has a worldwide distribution (Coral, et al. 

2014). 

Origin  

Quinoa (Chenopodium quinoa Willd.) is a dicotyledonous 

pseudo grain which is currently being introduced as a new 

crop to the world (Fathi, et al., 2020). This plant is native to 

the Andean Highlands and was first domesticated in Lake 

Titicaca located along the Peruvian- Bolivian border. Its 

domestication began about 7000 years ago and has been 

used as a staple for people of the Andes (Bazile et. al., 

2013). This grain was considered sacred food by the Inca 

civilization, and was later overlooked during the Spanish 

colonial period by the Spaniards who tried to replace it with 

other cereals (Gonzalez et al., 2019).This led to a decrease 

in Quinoa production in Urban areas, however cultivation 

on communal lands was preserved leading to the 

development of different types of quinoa, all having 

different nutritional value (Bazile et al., 2015, Bojanic, 

2011) It was until the 20th century that quinoa was 

rediscovered, which led to the revitalization of its 

production. There has since been much research into the 

possibility of producing quinoa across the globe (Maliro et 

al., 2021). The quinoa seed crop has been known to endure 
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the harsh bioclimatic conditions of the Andes since ancient 

times. It is mainly produced in Bolivia and Peru, however 

the adaptation of the crop to various conditions has led to 

the spread of agronomic trials and cultivation in many other 

countries (Ruiz, 2014).  

Description 

Quinoa was first botanically described in 1778 as a species 

of native South America (Coral et al., 2014). Quinoa is a 

gynomonoecious annual plant with an erect stem that bears 

alternate leaves. These leaves carry different colour 

variations ranging from green through red and purple due 

to the presence of betacyanins (Bhargava et al., 2005). 

Leaves of the plant are said to be polymorphic, with large 

basal leaves that are either rhomboid or triangular in shape. 

They are dentate and contain granules on their surfaces 

(Coral et al., 2014). This plant has a well-developed tap 

root system, penetrating as deep as 1.5 m below soil 

surface. This important feature enables the plant to 

withstand drought (Bhargava et al., 2005).The quinoa plant 

stands at a height of 0.5-2.0m with large panicles 1.8-

2.2mm long with seeds produced at the end of the stem. 

This crop carries three main panicle shapes: amarantiform, 

glomerulate and intermediate. Panicles may be loose or 

compact (Rojas and Pinto, 2013). The fruit is an achene, 

comprising several layers, perigonium, pericarp and 

episperm. The seeds can have various sizes and colours 

ranging from yellow to white or pink. Some varieties carry 

seeds that are orange to red or black (Ritva et al., 2011). 

The Bolivian national quinoa collection identified a total of 

66 grain colours (Cayoja, 1996). The grains of quinoa can 

be lenticular, cylindrical, ellipsoid or conical in shape with 

saponins concentrated in the pericarp. (Rojas and Printo, 

2013; Bhargava et al., 2007). Quinoa is known to carry 

both hermaphrodite and unisexual female flowers 

(Simmonds, 1965). Inflorescence are racemose with 

densely populated tiny flowers which remain open for 

approximately 5-7 days (Mujica, 1992). 

 

 
 

Fig: 2: Showing the three main panicle shapes of quinoa. 

.1. Glomerulate, 2. Intermediate and 3. Amarantiform 
 

Source: Biodiversity International, (Rojas and Pinto, 2013) 

Uses of the crop. 

 

Quinoa is considered to be a gluten free, highly nutritious 

seed crop. It can be milled ground into flour to make other 

edibles such as bread, muffins and tortillas or used as a 

cereal (Dallagnol et al., 2013). Quinoa seeds are highly 

digestible, as much as 80 percent digestibility and are also a 

rich source of protein, iron, magnesium, vitamins and 

fibers. The percentage of protein in quinoa seed is much 

higher as compared to seeds of other cereal crops 

including; rice, corn, and millet (Charalampopoulos et al. 

2002, Bharagava et al., 2006). The quinoa grain is 

comparable with milk, since it is the only plant-based food 

that provides all essential amino acids to humans at 

optimum levels. The protein content of this crop ranges 

from 7.47 to 22.8 percent with an oil content of 1.8 to 9.5 

percent, hence rich in fatty acids and also contains natural 

antioxidants (Bhargava et al., 2006). It therefore plays a 

significant role in the human diet, meeting nearly half the 

daily requirement for protein intake (Fathi et al., 2020). It is 

consumed as a whole grain without removing the bran 

unlike rice and wheat (Mohapatra et al., 2006). These 

edible seeds are also utilized as feed for animals. Quinoas 

gluten free nature, makes it an excellent food choice for 

persons with celiac disease. The leaves of this, pseudo 

cereal, which are treated as worthless are actually edible 

and may be consumed in salads and serve as additives that 

compliment other foods. There has been few reports on the 

effectiveness of quinoa saponins on agricultural pest, 

particularly against fungi (Coral et al. 2014) A high content 

of antioxidant and phenolic activity including free radical 

scavenging, metal chelation and lipid protection against 

oxidation confirms strong nutraceutical potential of quinoa, 

especially for the inhibition of cancer proliferation (Hirose 

et al., 2010). 

 

Quinoa Crop Requirement and Management 

Climate 

Climate is the primary determinant of agricultural 

productivity (Bilalis et al., 2019). The high genetic 
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diversity of this crop makes it possible to take advantage of 

its hardiness and promote its wide adaptation. Quinoa is 

known to thrive in a wide range of climatic conditions, 

including desert-like, hot, dry, cold and temperate and 

rainy, and hot with high humidity (Maamri et al., 2022). 

Quinoa can grow at relative humidity from 40% to 88%, 

and can resist temperatures from -4 °C to 38 °C (Coral et 

al., 2014). Scientific studies have confirmed that this crop 

can tolerate very dry conditions and drought. Quinoa is a 

drought-tolerant crop that is capable of growing in 

extremely arid environments with less than 200 mm of 

annual precipitation (Fuentes and Bhargava, 2011). The 

ideal average temperature for quinoa development and 

growth is around 15 °C to 20 °C, although some varieties 

can also withstand extreme temperatures of −8 °C to +38 

°C (Bazile et al., 2015). However, this crop generally 

requires cool conditions for optimum growth (25-300C) 

(Buckland et al., 2020).  

Soil 

The quinoa crop can grow on a wide range of soil types 

including marginal soils where there is low fertility, poor 

drainage and high acidity or alkalinity. The crop however, 

thrives best on sandy loam to loamy sand soils but can also 

do well on black or red soils (Jacobsen, 2003, Bhargava, 

2005). Quinoa can grow in a range of soils from clayey to 

sandy including marginal soils with a pH of 4.5–9.5. 

Cultivation of this crop in a new environment requires 

sandy loam soils with good drainage, appreciable organic 

matter, and nutrients (Jacobsen, 2003). 

Crop management 

Once seeds are set, seedlings emerge within 3-5 days, 

providing there is adequate moisture. Quinoa requires a 

seedbed with a fine tilth that is leveled and well drained for 

the prevention of water logging (Buckland et al., 2020). 

This crop can grow on high altitudes where it is impossible 

to grow other crops like maize, and matures within 4-7 

months (Azurita- Silva et al., 2014). Seeds should be 

planted at a depth of half to one inch, depending on soil 

type. The small seed size makes it susceptible to 

dehydration or water logging if planted too deep or 

shallow. This results in poor seedling emergence (Risi et 

al., 1991). Studies in Malawi confirmed that quinoa 

establishment under rain fed conditions resulted in poor 

seed establishment attributed to seeds being washed away 

by runoff. Germinating seeds are also battered by raindrops 

resulting in high moisture levels, hampering germination. 

Quinoa seed beds which have been mulched has been 

proposed to improve the establishment of seedlings 

especially under rain fed conditions (Maliro and Guwela, 

2015). Mulching has been observed to reduce or prevent 

seed washing down the slope as well as mechanical damage 

of tender seedlings. However, to prevent the seedlings from 

becoming spindly, the mulch should not be left too long 

(Maliro et al., 2021). 

Commercial production of quinoa favors row spacing of 

about 12-18 inches apart with a dense inter-row spacing, 1 

inch between plants. This arrangement facilitates the 

growth of a single main stem, limiting the growth of 

secondary stems while promoting faster maturity (Risi et 

al., 1991). Plant height is usually dependent on the variety 

of the crop planted. Each variety however is influenced by 

external conditions such as season, soil type, cropping 

density, cultivation techniques and fertilizer application 

rates (Wang et al., 2020). 

An experiment conducted sandy loam soil was done to 

compare three tillage systems. The main objective of this 

study was to develop an automated strategy for quinoa crop 

management. The treatments were; one-pass using a tine 

cultivator followed by a roller (CD-R), one-pass using a 

disk harrow (CC), and no-till seeding or direct seeding 

(DS). Results revealed that no- till seeding system 

produced highest plant population, largest grain yield and 

highest harvest index among the treatments (Nanduri et al., 

2019).  

Irrigation for the quinoa crop is essential especially for the 

first 20-30 days. An experiment done with different types 

of irrigation being applied to the quinoa crop on the field 

concluded that the crop produced higher yields under the 

drip irrigation system when compared to other irrigation 

methods. (Ramesh et al., 2019). Quinoa does not thrive 

under excessive moisture conditions (Buckland, et al., 

2020). Excessive irrigation in the seedling stage causes 

diseases like stunting and damping off. Heavy irrigation 

after crop stand is likely to produce tall plants with poor 

yields (Oelke et al., 1992). The deficit irrigation strategy 

has been found to be a valuable and sustainable production 

strategy in regions experiencing intra-seasonal dry spells 

(Garcia et al., 2003). This practice aims to maximize water 

productivity and stabilize yields rather than to increase 

yields (Geerts et al., 2009).  

Weed management is a major factor to consider in the 

production of quinoa, since its control has direct impact on 

grain yield. Weeds are cumbersome to control; hence 

optimum plant density 

is important to reduce weed competition (Ali et al., 2020). 

Attention should be given to sowing dates as the crop 

initially has slow growth rate after the first two weeks of 

emergence, as such weed competition is greater. Early 

sowing would therefore be advantageous since the quinoa 

crop can have a head start over weeds. This method of 

control is critical as there is absence of herbicide 

recommendations. Cultural weed management is very 

common in the production of this crop (Oelke et al., 1992). 

Fertilizer requirement 

Quinoa responds well to nitrogenous fertilizers. Nitrogen 

application is known to increase seed yield as well seed 

protein content (Berti et al., 2000). Heavy doses of 

phosphorous and potash are however known to increase 

vegetative growth without increasing grain yield. 

(Etchevers et al., 1979). It has been reported that this crop 

uptakes and utilizes the maximum nutrients 60-100 days 

after sowing. High quantities of Nitrogen, calcium and 

lesser amounts of potassium are absorbed (Oelke et al., 

1992).  

The recommended rate of nitrogen fertilization of quinoa 

was found by Oelke et al., (1992) to be 170–200 kg of 

nitrogen per hectare. Fertilizer rates exceeding this would 

lead to plant dormancy and delay in plant maturity. Geren 

(2015), found that the content of crude protein in seeds 

increased by 16% when fertilized at a rate of 150 kg of 

nitrogen per hectare and the seed yield increased to 2.95 

tons per hectare. Cultivation of quinoa in Pakistan utilizes 

follows recommendation for nitrogen (N), phosphorus (P), 

and potassium (K) (N: P: K) using 75:60:50 kg ha−1. A full 

dose of the phosphorus and potassium and 1/2 dose of 

nitrogen are applied to soil before or at sowing and the 

remaining at the flowering stage. It was reported that, high 

N application tended to delay maturity, increase plant 
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height, and resulted the crop being susceptible to lodging 

(Basra et al. 2014). Alandia et al., 2020 discovered that 

increase in N rate 80–160 kg ha−1 resulted in a 10–15% 

rise in seed yield, while enhancing N rate up to 240 kg 

ha−1 resulted in negligible seed output. 

Generally organic matter in the form of sheep manure (5‐10 

Mt/ha), goat manure (1‐2Mt/ha) and chicken manure (2.5 

Mt/ha) are incorporated into beds during land preparation. 

Nutrients such as; urea, calcium triple superphosphate and 

potassium chloride are also applied. Application of 

Nitrogen is split, usually two applications at sowing and 

another before flowering. (Oelke et al., 1990). Lavini et al., 

2014 conducted a pot experiment using two quinoa lines 

(Quinoa-52 and Quinoa-37) along with two commercial 

varieties (Titicaca and Puno). This experiment evaluated 

the effect of five rates of nitrogen application (0, 50, 

100,150, and 200 mg kg−1 of soil). Results showed that 

both lines responded comparably to the application of 

nitrogen with notable increase in yield with increased 

nitrogen rates. Choukr-Allah et al., 2016 conducted 

research focusing mainly on testing various nitrogen does 

(0, 40, 80, 120, 160, 200, and 240 Kg ha−1) under four 

irrigation regimes (25, 50, 75, and 100% of full irrigation). 

Results revealed that seed yield increased with increasing 

nitrogen supply. The response however varied as the 

changes in the levels of water stress. 

 

Adaptability of the Quinoa Crop 

Crop tolerance 

An understanding of the physiological and structural 

mechanisms that determine tolerance in quinoa is a 

necessary for its sustainable utilization as a crop (Jacobsen 

2011). The quinoa crop has been admired for its ability to 

maintain productivity under a wide range of stressors and 

marginal soils, as such it is promoted as both a nutritious 

and efficient crop for, low input cropping systems or harsh 

environments (Hinojosa et al., 2018). Quinoa can tolerate a 

wide range of soil pH from 4.8 to 9.5, mainly attributed to 

mycorrhizal associations, thus maximizing the use of 

limited nutrients (Bermejo, 1994). This plant tolerates poor 

and rough environments and has great adaptability to 

various agro-climatic conditions and can tolerate drought, 

frost, heat, salinity and poor soil in comparison with other 

crops (Carmen, 1984; Martinez et al., 2009). Genetic 

diversity of quinoa has made it possible to cultivate this 

crop successfully on different types of soils, particularly 

saline soils where environments may have extremely 

variable conditions in terms of humidity altitude and 

temperature. The ability for quinoa to produce quality 

yields under low fertility depends largely on the cultivar 

(Wieme et al. 2020). 

The adaptability and hardiness of this crop makes it an 

alternative crop to be grown worldwide in the face of 

climate change and large-scale salinization of agricultural 

lands (Ruiz et al., 2013). There is a wide variation on salt 

tolerance in quinoa (Bendevis et al. 2014). Studies have 

been carried out to evaluate quinoa responses to salinity. 

These proved that quinoa as a halophyte tolerates high 

levels of salinity and can also thrive under sea water 

salinity (Adolf et al. 2012). Adaptation to saline conditions 

is attributed to its ability to accumulate salt ions in its plant 

tissue, resulting in the adjustment of leaf water potential 

thus enabling the plant to maintain turgor and enables 

decreased transpiration under saline conditions (Jacobsen et 

al., 2001).  

The response of this crop to high temperatures and other 

abiotic stresses varies depending on the cultivar as well as 

the combination of stressors at any given time. Some 

cultivars can have increased height, biomass or yield with 

increased temperatures. On the other hand, high 

temperature combined with low water availability can 

result in significant yield losses (Bazile et al., 2016; 

Hinojosa et al., 2018; Wieme et al., 2020). 

This crop has the extraordinary ability to survive under 

conditions of low water supply. Based on its inherent low 

water requirement and ability to quickly resume its 

photosynthetic level after a period of drought (Jacobsen et 

al., 2003). Mechanisms related to drought resistance 

present in quinoa, include; drought escape, tolerance, and 

avoidance. These however depend significantly on varietal 

differences (Jensen et al., 2000). Quinoa tolerates drought 

through growth plasticity, tissue elasticity, and low osmotic 

potential. The plant also avoids the negative effects of 

drought 

through reduction of leaf area, dropping of leaves; special 

vesicular glands; small and thick-walled cells, adapted to 

large losses of water without loss of turgor and stomatal 

behavior (Jensen et al., 2000). This makes quinoa suitable 

for growing in arid and semi- arid regions where farmers 

depend heavily on rainfall for irrigation. Morphological 

characters of quinoa such as a ramified tap root system with 

hydroscopic calcium oxalate also supports drought 

resistance of this crop (Bhargava et al., 2005). 

Resistance to pest and diseases 

The quinoa crop is infected by a number of pathogens 

which cause diseases like damping off, mildews, blight and 

mosaic. Although viruses are known affect the plant, 

reports of significant effects are yet to be reported. Downy 

mildew caused by the fungus Peronospora farinosa is the 

most damaging disease of quinoa (Danielsen et al., 2003). 

The disease has been reported from all areas of quinoa 

cultivation including Bolivia, Peru Ecuador and Colombia. 

In the Andean highlands, it is considered an endemic. 

Downy mildew disease is the most severe affecting quinoa 

production which causes devastating yield losses of up to 

30 −50% in tolerant cultivars, and an almost complete yield 

loss in susceptible cultivars under conditions of high 

humidity and absence of chemical control measures 

(Danielsen et al., 2000; Danielsen et al., 2004). Genetically 

improved varieties with reliable resistance to this disease 

are still unavailable, however observations have been made 

regarding differences in susceptibility among cultivars. A 

study in Peru, 1976 described genotypes as resistant or 

moderately resistant at flowering or fructification stages 

(Otazu et al. 1976). Quinoa is not susceptible to cereal 

diseases and tolerant to most soil-borne nematodes 

(Jacobsen, 2003). It was discovered that resistance to 

downy mildew is found in wild species that are associated 

with the cultivated crop. These species harbor the downy 

mildew resistant gene. These sources may be useful for 

creating commercial resistant varieties through 

hybridization techniques (Danielsen et al., 2003). The most 

common pest affecting quinoa are birds which attack 

quinoa at the inflorescence stage. These however cause 

only minor damage and does not affect yields. This plant 

has chemical defence in the form of saponins that confer 

resistance against pest (Risi and Galwey, 1984). Quinoa 

varieties however differ in their saponins content hence 
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causing some varieties to offer better resistance than others (Ya ́ bar et al., 2001). 

 
 

Guyana’s Physiographic Regions 

Fig. 3: Shows Guyana’s five physiographic regions. 

Source: (NLUP, 2013). 

 

The tropical country, Guyana is located on the Northeastern 

coast of South America. The country lies between 2°N and 

8°N Latitude and 57°W and 61.5°W Longitude and has a 

total land area of 214,970 square kilometers (UNFCCC 

2012). Guyana has a tropical climate distinguished by a 

high but variable rainfall, high humidity and a relatively 

small temperature range with two wet and two dry seasons 

(NLUP 2013). Guyana is mapped into five physiographic 

regions namely, the (i) Low Coastal Plain (ii) The Interior 

Alluvial Plains and Low-Lying Lands (iii) White Sand 

Plateau (iv) Crystalline Shield Uplands (v) Highlands, 

mountains and Plateau (FAO, 1966).  

Coastal plain 

The Coastal Plain can be described as a narrow belt 

stretching from the Corentyne River in the east to Waini 

Point in the west. The Coastal Plain is known to have a soil 

type of clays and silts occurring on the coast while silty 

clays and sands occur inland. The plain is composed of a 

soil developed from a variety of parent materials such as 

marine and fluvio-marine deposits with back-swamp 

organic soils. In general, it was found that soils closer to 

the shore and along rivers are more fertile than the soils 

further away which have very low fertility and, in some 

cases, high toxicity. Some areas on the coastline lies just 2 

meters below sea level causing flooding to be imminent 

(NLUP 2013).  

Hilly sand and clay region. 

The Hilly Sand and Clay Region, known as the white Sand 

Plateau is found just inland of the coastal zone. This region 

is undulating with altitudes of 15m above sea level close to 

the coast and altitudes of 150m in the southern most parts. 

This region is dominated by soils that are white and brown 
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in nature that have laterite gravel and bauxite. White sand 

soils are highly permeable and are deficient in nutrients 

(NLUP, 2013). The application of organic materials as 

ameliorants to soil can increase soil aggregate stability, soil 

permeability and soil cation exchange capacity (CEC) 

(Haryati et. al, 2021). Restoration of soil properties can be 

done using various materials for amelioration, one such 

material is biochar. Biochar is described as the solid, 

carbon rich material obtained by pyrolysis using various 

biomasses (Rawat, 2019). It was found that a positive effect 

of biochar on the soil properties is manifested through the 

improvement of soil fertility, better water retention, 

improvement of the cation exchange, and the regulation of 

the pH (Scislowska et al., 2015). Compared with other soil 

ameliorants, biochar also has the ability to remain stable in 

soil, it can survive in the soil for a long time and function 

as carbon conservation and as a good habitat for 

microorganisms (Haryati et al., 2021). In arid and semi-arid 

regions, calcareous sandy soils suffer from nutrient 

deficiency as a result of low organic matter, content and 

consequently poor structure. It has been demonstrated that 

biochar can act as a slow-release source of nutrients, and 

can provide macronutrients and improve soil physico-

chemical properties (Rekaby et al., 2021). The addition of 

biochar to sandy soil changes soil characteristics such as its 

structure and porosity (Kammann et al., 2011). 

Highland, mountains and Plateaus. 

Highlands, mountains and plateaus comprise of the boarder 

of Brazil and Venezuela. This region is said to be located 

north of the Amazon and South of the Orinoco River. This 

area is distinguished by the presence of igneous and 

metamorphic mountains that are densely forested and 

remains virtually inaccessible. The soils in this region are 

variable consisting of deep and shallow soils. Deep soils 

are developed from basic igneous rocks that are generally 

well drained and varies in levels of fertility (lNLUP, 2013). 

Crystalline Shield Uplands 

The Crystalline Shield Uplands occur in the north-west and 

south-east of Guyana and is part of the larger Guiana 

Peneplain. The unit is described as a monotonous 

continually rolling to hilly land, dominantly forested. The 

area is generally flat although some areas have undulating 

topography. The soils have developed from igneous and 

metamorphic rocks and are generally well drained, of 

variable depth and are largely of low fertility with a high 

erosion hazard if the cover were to be removed (NLUP, 

2013). 

Interior Alluvial plains. 

The Interior Alluvial Plains and other low-lying lands 

dominate extensive parts of the interior and are most 

extensive in the Rupununi savannas both south and north of 

the Kanuku Mountains. This area is dominated by 

grasslands and short trees and shrubs as vegetation. Soils in 

this region are derived from alluvium and are generally 

hydromorphic with poor drainage and are known to have 

low fertility (NLUP, 2013) 

 

Quinoa: Distribution, Economic importance and World 

Production trends. 

The launching of field trials in the United Kingdom, 

Denmark, Italy, Netherlands, Scotland and France begun in 

1966 through the DANIDA (Danish International 

development agency) and the CIP (International Potato 

Center) in Peru. These international trials played a major 

role in enabling the global expansion of quinoa. Trials were 

later set up in other countries like Poland, Sweden, 

Germany and Austria, who participated in American and 

European tests of Quinoa organized by the FAO. These 

projects aimed at strengthening research of the crop 

through experimentation at an international level (Bazile, et 

al. 2015).  

Cultivation of quinoa is indigenous to the South American 

Andes region, from Colombia to Argentina and Chile 

(Gonzalez et. al., 2015; FAO, 2013). Adaptability of quinoa 

to various agro-climatic habitats and edaphic conditions has 

overtime increased the yields of different varieties in 

countries outside South America, such as Europe, USA, 

Canada, China, and India (Gonzalez et al., 2012). In the 

global distribution of quinoa the primary producers of 

quinoa production are Peru and Bolivia. Other countries 

that produce this crop mostly for local consumption are 

USA, Ecuador, and Chile, Canada, Colombia, Argentina, 

and Mexico (FAO, 2011). Quinoa known as “the golden 

grain of the Andes” has Bolivia, Peru, and Ecuador 

remaining the major quinoa-producing and exporting 

countries in the world. Bolivia and Peru jointly produce the 

world’s majority of quinoa, about 80%. The remaining 20% 

production comes from Ecuador, USA, China, Chile, 

Argentina, France and Canada (Bazile et al., 2016). 
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Fig. 4: Distribution of Quinoa. Source: Ahmadzai, et al., 2020. 

Quinoa has been perceived as a climate resilient crop of 

great value; as such there has been significant attempts, for 

its introduction in various marginal agriculture production 

systems across the globe (Jacobsen et al., 2003). Quinoa 

has tremendous potential to contribute to food security 

because of its nutritional quality, genetic variability, 

adaptability to adverse climate, soil conditions, and low 

production cost. The introduction of high yielding 

domestically grown quinoa in developing countries not 

only gives scope for ensuring nutritional security, but also 

gives promise for export opportunities as the demand for 

this crop grows in the developed world  

(Maliro et al., 2019). Cultivation of quinoa provides an 

alternative for countries with inadequate food production. 

Establishment of this crop would therefore aid in 

eliminating food imports and eradicating the need for food 

aid. (FAO, 2011). Its exceptional ability to grow in 

marginal environments coupled with its high nutritional 

quality has led to the Food and Agriculture Organization of 

the United Nations (FAO), to recognize this crop as one 

that would play an important role in ensuring future food 

security (Bazile et al., 2015). 

The increase in the global production and research of the 

crop over the past decades has led to the Food and 

Agricultural Organization declaring the year 2013 as the 

international year of quinoa (FAO, 2013). Quinoa is widely 

used in many South American countries including; Peru, 

Bolivia, Ecuador, Chile, and Argentina. The people of these 

countries are conscious of the nutritive quality of this crop 

and consume quinoa at least once per day utilizing different 

methods of preparation (Ayaia, 2003). The seeds may be 

eaten as a rice replacement or as a breakfast cereal 

(Bhargava et al., 2006) There are several products derived 

from quinoa, such as puffs, flour, pastas, flakes, granola, 

energy bars, among others (FAO, 2011). Apart from being 

used for human consumption, quinoa seed can also be used 

for livestock and poultry feed. The whole plant can be used 

as green fodder and harvest residues can be fed to the 

animals (Choukr- Allah, et al. 2016). The use of quinoa as 

feed for animals however depends largely on the amount of 

residue. The biomass of this crop can be utilized as fodder 

in areas where other crops cannot grow at elevated 

altitudes. The quinoa husk and seed bran are potential 

sources of feed for domesticated animals. It also has the 

potential to be an alternative source of energy when utilized 

as a substitute for conventional fuels in rural areas in the 

form of pellets (Angeli et al., 2020). The seeds of quinoa 

have higher nutritive value than cereal grains with notable 

protein contents and large quantities of carbohydrates, fats 

and minerals. Some products requiring the use of advanced 

technologies are also being explored, such as the extraction 

of quinoa oil, starch, saponin, colourings from the leaves 

and seeds as well as protein concentrates (FAO, 2011). 

Milk, another nutritive product of quinoa is suitable for 

those who are unable to digest casein or animal lactose, 

while its oil is high in natural antioxidant content. Quinoa 

is a good source of thiamine, folic acid and vitamin C. The 

seeds contain higher amounts of Ca, P, Mg, Fe, Na, and Cu 

than Cereals (Singh et al., 2021). Quinoa seeds and leaves 

can be used to produce alcohol, anti-inflammatory drugs, 

disinfectants and insect repellents (Vega-Gálvez et al., 

2010). These products are regarded to be the economic 

potential of quinoa, since they contribute to its nutritional 

and its physicochemical characteristics. The economic 

benefits of this crop reach beyond the food industry, 

offering products to the chemical, cosmetic and 

pharmaceutical industries. (FAO, 2011). 

The FAO identified quinoa as a crop that could ensure food 

security since in the 1940’s, as such campaigned to increase 

consumption in three Andian countries. The increase in 

consumption however, did not come about until the 1980’s, 

when high income countries became interested in the crop. 

(Andrango, et al., 2020) 

The rapid global expansion of Quinoa has led to it going 

from an obscure food product to a highly demanded 

internationally traded product, attributed to the growing 

numbers of new international producers (Scanlin and 

Lewis, 2017). Although this crop is known to be originated 

in the Andean Regions, research has led to the development 

and promotion of germ plasm trials in non-traditional areas 

of cultivation, resulting in growing interest among 

countries for production. The number of countries growing 

the crop has increased rapidly from eight in 1980, to 40 in 

2010, and to 75 in 2014. An additional 20 countries have 

sown quinoa for the first time in 2015 (Bazile et al., 2016). 

Quinoa is currently being tested or cultivated in over 95 

countries around the world (Bazile, 2015). 

The 1970’s recorded national production of quinoa to be 

approximately 9,000 metric tons per year, covering a 

surface area of approximately 12,000 cultivated hectares. 

This has increase significantly in recent years to an average 

of 22,000 metric tons per year, utilizing 35,000 hectares of 

land (PROINPA foundation, 2004). Yields recorded 

globally from 2007 to 2014 proved that there were 

significant increases in productivity during this period, with 

yield improvements in Peru being doubled from 0.97 to 

1.93 t/ha. Various regions around the world reported yield 

increases of over 3.92 t/ha, indicating improvements in 

technology and the introduction of high yielding varieties 

(Jacobsen, 2003; Scanlin and Lewis, 2017). Bolivia and 

Peru were the two leading producing countries in 2017 for 

international export of Quinoa. The market share was 

occupied predominantly by these countries, Bolivia 57% 

and Peru 37%, with minor contributions from the USA, 

2.5% and Canada 2%. Other countries contributed about 

3.5% quinoa to the international market (Ahmadzai, 2020). 

In terms of imports, the United States and Canada are the 

most popular destinations. The USA accounted for 40% of 

global demand, followed by Europe 32% and Canada 11%, 

with less than 20% demanded by the rest of the world, 

including Germany, Holland, France and Japan (Ahmadzai, 

2020). Although quinoa is a traditional food in South 

America, the U.S. is by far the largest importer of quinoa 

worldwide for use as a rice or grain (FAOSTAT, 2020). 

Massive importation of this product has also been attributed 

to the large-scale manufacturing of products that contain 

quinoa in the U.S. This has caused top producing Andean 

countries to drastically intensify production to satisfy 

global demands (Buckland et al., 2020). 

The major importers of quinoa in 2019 is shown in figure 5. 

The United States imported 30% of the total world imports 

while the European Union imported 43%. Other important 

importers were Canada (8%), Australia (3%), Chile (3%), 

and Brazil (2%). Russia, Japan, the United Arab Emirates, 

Argentina, and New Zealand together accounted for the 

remaining 9% of imports of quinoa (ITC, 2020). 
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Fig. 5: Major importers of quinoa in 2019 

Source: ITC, 2020 

 

Worldwide trends for quinoa production for the 2010 – 

2021 period suggest that global production in 2017 

amounted to over 146 thousand metric tons. There was a 

subsequent increase in the following three years, with 

production increasing to more than 175 thousand metric 

tons before a decline in 2021 with production being about 

147 thousand metric tons (Shahbandeh, 2023). 

 

 
 

Fig. 6: Worldwide trends for Quinoa Production 2010-2021. Source: Shahbandeh, 2023 

 

The quinoa crop prices have tripled between 2006 and early 

2013. In 2011 the average crop value was about 3115 USD 

per ton. Some varieties were sold for prices as high as 8000 

per ton (Ruiz et al. 2014). The global average price of 

quinoa rose substantially between 2012 and 2014, from 

3.21 to 6.74 USD per kilogram. In December, 2021 a 

kilogram of quinoa costed about 1.64 USD on average 

worldwide (Shahbandeh, 2023) 

As the worldwide demand for quinoa along with total 

international imports caused significant price increases 

throughout the 1990’s towards the year 2016. Figure 7 

shows the relationship between prices received by Andean 

quinoa producers and total world imports. Prices remained 

stable during the 1990s and early 2000s. However, between 

1991 and 2007, quinoa prices increased by only 7.81% in 

Bolivia and 20.52% in Peru. In 2008 to 2014, prices 

sharply increased by 304.75% in Bolivia and 407% in Peru. 

Imports continued on the increasing trend in 2012 to 2016. 

(ITC, 2020) 

 

 
 



 

~ 59 ~ 

World Wide Journal of Multidisciplinary Research and Development 
 

Fig. 7: Relationship between prices received by Andean quinoa producers and total world imports. Source: (ITC, 2020) 

Conclusion 

It can be concluded that: 

1. Alternative land located away from the coastline must 

be considered for future crop establishment. 

2. Soil amelioration may be necessary for the successful 

production of quinoa on problematic and nutrient 

deficient soils. 

 

The current worldwide production trends of Quinoa, has 

proven that there are large scale international markets 

available for export opportunities for Guyana once this crop 

can be successfully established. Therefore, the quinoa crop 

may have the potential to ensure food security, creating 

crop diversity and economic gains for Guyana. 
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