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ABSTRACT 
Quinoa is a highly nutritious and agronomically resilient grain crop in high demand in the US and 
particularly in the Pacific Northwest region. However, very little is known about appropriate varieties 
and farming practices, including irrigation needs, fertility requirements and potential intercropping 
strategies. Preliminary variety trials in 2010 identified a number of adapted Chilean type varieties, as 
well as a number of pest and environmental challenges, such as infestation by Lygus sp. and pre-harvest 
sprouting. An irrigation x intercropping experiment held in 2012 found that irrigation significantly 
increased yields of two quinoa varieties, and intercrops had varying effects on quinoa yield. Data is 
currently being analyzed for the 2013 repeat of this experiment. Phenotyping of over 350 distinct 
genotypes was conducted in 2012 and over 800 in 2013. This data will be matched up with genotyping 
data at BYU to generate useful markers for traits of interest. Lines with seed production were selected 
from the populations, several of which were included for evaluation in regional variety trials. In addition 
to field studies, a greenhouse experiment found high levels of salt tolerance in quinoa varieties currently 
included in regional variety trials. A hybridization method was developed for quinoa and has since been 
used to generate an increasing number of quinoa breeding populations. Various traits have been 
targeted for improvement, such as heat tolerance, pre-harvest sprouting tolerance, resistance to downy 
mildew, and the lack of bitter saponins in the pericarp of quinoa seed.  
 

PROJECT DESCRIPTION 
The objectives of this project were to 1) continue evaluation of quinoa in different farming systems in 
several locations in Washington State; 2) conduct variety x intercrop x irrigation trials to investigate the 
potential benefits of intercropping and irrigation; and 3) test and select breeding lines from quinoa 
populations under organic conditions. In addition to these goals, research was also conducted on the 
relative salt tolerance of quinoa lines in the WSU program. A crossing protocol was developed and used 
to cross varieties with beneficial traits, such as heat tolerance, lack of saponins, and pre-harvest 
sprouting resistance, necessary for greater adaption of quinoa to our region. Descriptions of each 
project and methods used in each are provided below: 

 
Preliminary quinoa variety trials, 2010 
Quinoa trials were held in 2010 due to the absence of information on quinoa agronomy and variety 
performance in Washington State, The main goal of these trials was to identify varieties best adapted to 
Washington State and identify the major challenges in cultivating quinoa in the region.  
 
Forty-four varieties, obtained from the National Plant Germplasm Repository in Ames, Iowa, were 
selected to be included in the trial. These represented a wide range of varieties from throughout the 
native range of quinoa in South America, and also included varieties developed in the United States in 



the 1980s. The trial was planted in Olympia at the Evergreen State College Organic Farm; in Pullman, at 
the WSU Organic Farm, and in Port Townsend, at the Dryland Farm Research Project. Large 
environmental differences exist between these locations and are reflective of the major growing 
environments found across the state.  Varieties were replicated twice within each trial. Traits such as 
early plant vigor, flowering date, flowering uniformity, plant height, lodging, and seed maturity were 
measured. Only some varieties had good seed set. These varieties originated from central or southern 
Chile, or had been developed from such material.  
 
There were pest pressures from aphids and Lygus spp. at all sites, and notes on relative levels of 
susceptibility to these pests were taken. At the Olympia site, unseasonal rainfall occurred in late 
summer resulting in a high level of seed sprouting (Figure 1). The opportunity was taken to rate variety 
differences in their resistance to pre-harvest sprouting.    
 
Initial quinoa nitrogen and larger-scale variety trials, 2011 
Given the lack of agronomic data available for quinoa in Washington State, a study was conducted to 
determine proper fertilization rates for organically grown quinoa in our region. The experiment was 
conducted on certified organic land at the WSU Organic Farm in Pullman, WA. A split-plot design with 
three replicates was used, with variety forming the whole plot and fertilization forming the sub-plot. 
Sub-plots were 4 ft x 10 ft in size. Sixteen quinoa varieties were grown in the study, comprising 11 
varieties grown from the previous year and five commercially available varieties. Using the organic 
fertilizer Perfect Blend 7-2-2, four fertilization treatments at the rates of 0, 50, 100, and 150 kg N/ha 
were included. Seed was planted the first week of June. Recorded traits included yield, plant height, 
aphid susceptibility, leaf greenness, days to first flowering bud, and days to full senescence. Plants were 
harvested on October 1, 2011 with a 1999 Wintersteiger Nursery Master Elite plot combine. 
 
Quinoa Greenhouse Salinity Trial, 2011-2012 
Four quinoa varieties and one barley variety were tested for their salinity tolerance to NaCl and Na2SO4. 
Seven salinity treatments were applied: 0 dS/m (no-salt control), 8 dS/m NaCl, 16 dS/m NaCl, 32 dS/m 
NaCl, 8 dS/m Na2SO4, 16 dS/m Na2SO4, and 32 dS/m Na2SO4. Two fertilization levels were included. 
Three pots were planted for each treatment combination. Yield, height and leaf greenness were 
measured for the four quinoa varieties, and yield measured for the barley cultivar.  
 
Quinoa Population Screening, 2012 
In 2012, advanced breeding lines from four quinoa populations were planted at the WSU Organic Farm 
in Pullman, WA for phenotyping. These four populations were contributed by Brigham Young University 
and were developed as mapping populations. In 2012, F2:8 generation of populations 39, 40 and 1 and 
F2:5 generation of M3 were planted by hand on May 31 and June 1 in a single replicate with repeating 
check experimental design. Each population had between 80 - 90 lines. The area planted depended on 
how much seed was available for each line. Seed availability ranged from 5 to over 20 seeds. There was 
a set of checks replicated four to five times in each population.  Check varieties included Brightest 
Brilliant Rainbow, Cherry Vanilla, Oro de Valle and Red Head, all sourced from Wild Garden Seed in 
Philomath, Oregon.  Morphological evaluations were recorded throughout the growing season, including 
plant height (juvenile and mature), aphid susceptibility, downy mildew susceptibility, plant color, leaf 
shape, flowering date, seed production, and developmental stage according to the phonological scale by 
Jacobsen and Stolen (1993). The lines which produced seed were harvested by hand and the seed was 
threshed using a Vogel seed thresher.  
 
Irrigation x Intercropping in Quinoa, 2012-2013 



The irrigation x intercropping study in quinoa was conducted in 2012 at the Washington State University 
certified organic farm located in Pullman, WA. This study consisted of two quinoa varieties and three 
intercrop treatments that were evaluated under three irrigation regimes in a fully factorial (2×3×3) split 
block randomized complete block design (RCBD) with four replicates. The two quinoa varieties, Cherry 
Vanilla and Oro de Valle, along with the intercrops, were planted on 4 foot beds with 12 in. space 
between each bed. Three rows of quinoa were planted in each bed with 1 in. row spacing.  The intercrop 
was planted on both sides of each quinoa row for a total of four rows of intercrop per bed. Plot size was 
4 ft. x 17 ft. The quinoa and intercrops were planted on June 22, 2012. The quinoa was planted with a 
Jang Seeder Model JP-1 one row hand seeder with settings to plant the seed 2 in. apart. The intercrop 
was planted by hand.  
 
Two intercrop treatments and a no-intercrop control were planted between the quinoa rows. The two 
intercrop treatments were clover mix and fescue grass clover mix from Peaceful Valley Farm and Garden 
Supply. The fescue grass clover mix was Peaceful Valley’s Roadway Mix which included dwarf turf type 
fescue, tough turf type fescue, New Zealand white clover, strawberry clover, and Kentucky bluegrass. 
The clover mix was Peaceful Valley’s Dry Land Clover Mix which included crimson clover, rose clover, 
dalkeith clover, anta sub-clover, Denmark sub-clover, scimitae medic, nitro Persian clover, lightning 
Persian clover and clare sub-clover. Fescue grass was seeded at a rate of 2lb/1,000 ft2 and the clover mix 
at 1lb/1,000 ft2 per plot.  After quinoa harvest the intercrop was left in the field to over winter.  
 
The experiment was watered with overhead sprinklers on June 25, 2012 and drip tape was laid out on 
July 4. There were three irrigation treatments, including full irrigation, partial irrigation and dry land 
irrigation. Drip tape was used for both the full and part irrigation. Four lines of 15ML high flow with 8” 
space emitter were laid out per bed and stopped two-thirds of the way down the field. After three plots 
(one-third down the field) at the end of the full irrigation, a tape coupler with a valve was placed. This 
valve was shut off every other week to separate the full and part irrigation regime. The dry land section 
only received water from the initial overhead watering on June 25, and subsequent rainfall during the 
season which consisted of only 1.17 in.  For the full irrigation regime, quinoa was irrigated once a week 
for two hours between July 4 and August 29. The part irrigation regime included two hours every other 
week between July 4 and August 29.   
 
At the start of the season, percent germination per plot was recorded for quinoa and intercrop. Soil 
samples per plot were collected to get a baseline soil nutrient level. During the season, plant height 
measurements were taken on July 20, August 16, August 27 and October 8.  On October 12, 2012 the 
quinoa was harvested with a Wintersteiger plot combine. The seed was cleaned and weighed.  In the 
spring, percent survival of the intercrop per plot was recorded (April 30, 2013) and biomass was 
harvested and weighed (May 2, 2013).  
 
Quinoa Crossing, 2012- 
Quinoa has very small flowers that make manual crosses very difficult. Descriptions of crossing methods 
exist, but only brief descriptions are available in accessible literature. In order to facilitate crosses, a 
large batch of quinoa plants were grown for observation of their flowering patterns. Different manual 
emasculation techniques were attempted. From the two general flowering patterns observed – 
hermaphroditic and mostly pistillate - two general emasculation methods were generated and used to 
cross several varieties. 

 

 



OUTPUTS 

 
Preliminary quinoa variety trials, 2010 
Of the 44 varieties evaluated, a distinct set of varieties emerged across all sites as the most adapted to 
Washington conditions. Virtually all of these varieties were of Chilean origin, or were from American 
varieties developed from Chilean material. Quinoa accessions from Peru, Bolivia, and Ecuador proved to 
be relatively maladapted. A few distinct problems were observed, namely lack of seed set and continued 
indeterminate growth. 
  
The Olympia trial revealed a few key challenges that face quinoa cultivation in wetter locations of the 
maritime Pacific Northwest. Late summer rains posed a significant challenge, causing pre-harvest 
sprouting in a majority of the quinoa accessions. However, some accessions proved to be quite resistant 
to pre-harvest sprouting. Among these was accession PI 614880, originally from Chiloe Island, an area in 
Chile characterized by a similar oceanic climate (~75-83 in. annual precipitation). This accession was also 
discovered to have high pre-harvest sprouting tolerance by researchers in Argentina (Ceccato et al., 
2011).  Another challenge was the lack of plant dry down in the field. With the return of autumn rains, 
plants did not fully dry down and could not be harvested at the Olympia site.  Unlike in Olympia, 
adequate dry down occurred in Pullman and seed was harvested from plants. On the other hand, one 
challenge discovered in Pullman was the presence of small black honeydew particles produced by 
aphids. These were found to be similar in size, shape, and weight to quinoa seeds and were rather 
difficult to separate from the quinoa seed. 
 
Initial quinoa nitrogen and larger-scale variety trials, 2011 
Due to high temperatures approaching 35°C during the period of seed filling, yields for all varieties were 
quite low. This phenomenon has been previously reported in quinoa exposed to high temperatures, and 
involves reabsorption of seeds (Bonifacio, 1995). No differences appeared for any of the response 
variables due to fertilization level (p=0.7796). Heat was likely a confounding factor, hiding any response 
due to fertilization. However, differences in yield were found between varieties (p=0.0002), which 
appear to indicate differences in heat tolerance (Figure 2). Many of the varieties that yielded highest 
originated from northern locations in the Chilean Central Valley, which experiences some of the highest 
summer temperatures found in central Chile. Seed from the best performing varieties at Boyd Farm 
were included in regional quinoa variety trials currently underway at locations in Washington, Oregon, 
Idaho, and Utah. These locations represent an even wider range of environments than those tested 
initially in 2010. The data gathered since 2010 has greatly informed our choice of location and quinoa 
variety for these regional trials.  These data also form an invaluable knowledge base to which we will 
continue to add as our work with quinoa continues. 
 
Quinoa Greenhouse Salinity Trial, 2011-2012 
Salinity tolerance differed greatly between the four quinoa varieties grown. The most salt tolerant lines, 
UDEC-1 and Baer, exhibited yield declines of 43.7% and 49.3% respectively at the highest level at 32 
dS/m NaCl. Greater declines were seen in susceptible lines CO407D (65.4%) and QQ065 (73.7%). As 
barley is considered one of the most salt tolerant crops, the barley cultivar Albacete was included and 
declined in yield by 98.0% (Figure 3).  
 
As seawater has an EC of approximately 54 dS/m NaCl, the superior performance of varieties UDEC-1 
and Baer provide further evidence that quinoa is the most salt tolerant crop known. Additionally, it 
confirms that high salinity tolerance exists in the Chilean lowland types that have the highest heat 



tolerance and therefore greatest potential for growing in salt affected regions of North America. 
 
Quinoa was found to better tolerate salinity from Na2SO4 than NaCl. Yield decreases for UDEC-1, Baer, 
and CO407D were only 10.8%, 11.6%, and 24.5% at 32 dS/m Na2SO4 compared to the no-salt control. 
QQ065 decreased greatly at 51.9% (Figure 3). As sulfate salts are responsible for salinity problems over 
much of North America, particularly in the Northern Great Plains, this indicates quinoa may better 
tolerate sulfate salt affected soils than chloride salt affected soils at equal EC levels. 
 
Fertilization level had a large impact on plant yield. All varieties decreased, except for UDEC-1, which 
saw a substantial increase. The factor responsible for these changes in unknown and deserves further 
investigation (Figure 4).  
 
 
Quinoa Population Screening, 2012 
 
Due to the wide crosses and origin of some of the parents, not all of the lines in the populations 
produced seed. All the lines that set seed were hand harvested. The lines that did set seed and had good 
agronomic traits were selected and placed in the 2013 Multi-state variety trails (Figure 5).  In 2012, 
there was an outbreak of downy mildew and notes were taken on disease resistance. It was found that 
some lines were more resistant than the others. Also, many lines had variable disease reactions to 
downy mildew. Some lines showed yellowing on the leaves; other lines had purple spotting, while other 
lines had final leaf loss. A number of insects were found on the quinoa, particularly aphids and Lygus 
spp. The aphids caused a leaf curl, while the Lygus spp. fed on developing flower buds and seeds.  
 
Irrigation x Intercropping in Quinoa, 2012-2013 
Irrigation had a significant impact on seed yield and plant height. The mean yields (in grams per plot) for 
the full irrigation and part irrigation plots were 807g/plot and 709g/plot, respectively, which is 
significantly higher than the dry land mean yield (Figure 6). Across all treatments, Cherry Vanilla 
(604g/plot) had a higher mean yield than Oro de Valle (511g/plot).  The mean yield per plot for each 
intercrop treatment was 616g/plot for the control plots, 569g/plot for the fescue grass clover mix and 
491g/plot for the clover mix. Irrigation also had an effect on plant height (Figure 6). At all four 
measurement dates the fully irrigated and partly irrigated plots had significantly taller plants than the 
non-irrigated plots. Over all, there was not a large height difference between the three cover crop 
treatments (Figure 7).  Cherry Vanilla was significantly taller than Oro de Valle when measured on July 
20 and August 16.  Overall, the fescue grass intercrop had a winter higher survival rate than the clover 
mix intercrop. Only eight clover mix plots re-grew in the spring and they were all in the non-irrigated 
section of the field. Twenty-one of the 24 fescue grass clover mix plots survived over the winter and 
grew in the spring. The three plots that did not overwinter were in the dry land section.  
 
Quinoa Crossing, 2012-present 
In the summer of 2012, a dependable and successful crossing technique was developed for quinoa and 
used on a wide range of cultivars. Ten successful crosses were made. F1 plants were grown and 
identified based on dominant morphological characteristics. F2 seed was grown in the greenhouse. A 
few of the crosses lacked dominant morphological characteristics from the male parent that would allow 
for identification of F1 hybrids. For such crosses, the presence of segregation in the F2s indicated 
success for those crosses (Figure 8).  
 
The first of the ten crosses were made between Black, a black-seeded cultivar, and four Chilean type 



quinoas: Oro de Valle, Cherry Vanilla, QQ74, and QQ065. Due to the multiple dominant traits present in 
the male parent, Black, this allowed us to test the success of our crossing method. These populations are 
currently segregating for stem, inflorescence, and seed color. Traits such as purple plant color could be 
valuable in separating quinoa at the seedling stage from weedy Chenopodium spp. Additionally, there is 
interest by consumers in quinoa with different seed colors. Development of lines with brown and black 
seeds will allow growers to offer a diversity of quinoa to consumers.  In addition to these lines, 
additional crosses were made focusing on producing lines with increased heat tolerance and pre-harvest 
sprouting tolerance. The F3 seed from all crosses will be grown in the field in 2014. 
 
A second set of crosses was initiated in Spring 2013. Plants were placed in smaller pots to save space, 
but this caused an unexpected increase in hermaphroditic flowers in the inflorescence which made 
crossing extremely difficult. Little seed was harvested from a few of the crosses, and these plants are 
currently being screened for dominant morphological characteristics that will indicate successful 
hybridization.  
 
A third set of crosses is currently underway, with the goals of developing lines with superior heat 
tolerance and superior pre-harvest sprouting resistance, as well as introduction of the saponin-free trait 
into productive Chilean varieties. The bitter saponin coating on quinoa seeds must be removed in order 
for the quinoa to be marketable. Saponin removal is a barrier to many farmers wishing to grow quinoa 
but who lack access or funds for saponin removing equipment. Development of varieties lacking the 
saponin coating would remove this problem. 
 
The crossing technique used on plants was published as an appendix in Adam Peterson’s thesis 
(Peterson, 2012), with future plans to publish an article describing the method. 
 
 
Publications, Handouts, Other Text & Web Products: 
 

o Organic Quinoa Production in the Pacific Northwest Webinar (see Outreach section for 
more details) 

o International Quinoa Research Symposium Webinar Series (see Outreach section for 
more details) 

o Book chapter (submitted for publication and past peer review):  
Peterson, AJ and KM Murphy. Quinoa in USA and Canada. 22 pp. In D Bazile et al. (ed.) 
The 2013 State of the World’s Quinoa. FAO, Rome, Italy. 

o Thesis: 
Peterson, AJ. 2012. Salinity Tolerance and Nitrogen Use Efficiency of Quinoa for 
Expanded Production in Temperate North America. MS Thesis. Washington State 
University. Pullman, Washington. 

 
 
Outreach & Education Activities: 
 
Using the most appropriate, regionally adapted quinoa varieties is critically important to the success of 
organic quinoa production.  Sources for quinoa seed are outlined in the webinar Organic Quinoa 
Production (see Section 8).  This seminar also discusses various tools and techniques of use in quinoa 
production and post-harvest.  As quinoa production is relatively new to most of the US, there are many 
important lessons learned regarding production and post-production methods.  These are too extensive 



to list here and for this reason we prepared a publically available webinar that should address many of 
the basics of organic quinoa production: http://www.youtube.com/watch?v=V7j_VdwrFSA.  An 
additional source of information is the International Quinoa Research Symposium Seminar Series.  An 
example of a farmer contribution is a presentation by John McCamant and Paul New on their extensive 
experience growing quinoa in Colorado: 
http://www.youtube.com/watch?v=05hyd2H85BY&list=PLZMuQJAj6rOoftNenC-
Iuz3MKsc5H1C2u&index=11.  An excellent discussion by plant breeder Frank Morton can be found here:  
A link to this presentation, which was a component of the 2013 International Quinoa Research 
Symposium, can be found here: 
http://www.youtube.com/watch?v=EGXxowjrzhg&list=PLZMuQJAj6rOoftNenC-
Iuz3MKsc5H1C2u&index=5.  
 
 
Webinar: 
In collaboration with eOrganic, Kevin Murphy delivered a webinar in February 2013 on Organic Quinoa 
Production: http://www.youtube.com/watch?v=V7j_VdwrFSA, and along with Adam Peterson, fielded 
questions post-webinar.  This has proven to be a valuable resource for farmers interested in the basics 
of quinoa production. 
 
Field days:   
July 2010, WSU Organic Farm Field Day, Quinoa Variety Trial 
August 2010, Port Townsend, WA Dryland Farming Project, Quinoa Variety Trial 
July 2011, WSU Organic Farm Field Day, Quinoa Nitrogen x Variety Trial 
July 2012, WSU Organic Farm Field Day, Quinoa Nitrogen x Variety Trial, Quinoa Breeding Line 

Phenotyping Evaluations, Intercropping x Irrigation Trial 
July 2013, Shepherd’s Grain Field Day, Clark Farm, Albion, WA, Quinoa Variety Trial 
July 2013, WSU Organic Farm Field Day, Quinoa Breeding Line Phenotyping Evaluations, Intercropping x 

Irrigation Trial 
August 2013, International Quinoa Research Symposium Field Days, Pullman, WA and Albion, WA 
 
Presentations: 
October 2011, American Society of Agronomy, Nitrogen Use in Quinoa, San Antonio, TX 
November 2012, Focus on Farming Conference, Snohomish, WA 
October 2012, American Society of Agronomy, Salinity Tolerance of Four Lowland Varieties of Quinoa: 

Responses to Three Concentrations of NaCl and Na2SO4 Under Two Fertilization Levels, 
Cincinnati, OH 

August 2013, Fifteen presentations at the International Quinoa Research Symposium, Pullman, WA 
https://www.etouches.com/ehome/quinoa/.   These were recorded by eOrganic and are 
available beginning September 2013 at the following website: 
http://www.youtube.com/playlist?list=PLZMuQJAj6rOoftNenC-Iuz3MKsc5H1C2u 

November 2013, Washington Tilth Producers Conference, Organic Quinoa Production, Yakima, WA 
November 2013, Washington Tilth Producers Conference, Pre-harvest Sprouting, Mold Susceptibility, 

Senescence, and Seed Set in Quinoa Cultivars Grown in Northwest Washington, Preliminary 
Results, Yakima, WA 

 

IMPACTS  
• Short-Term:  

http://www.youtube.com/watch?v=05hyd2H85BY&list=PLZMuQJAj6rOoftNenC-Iuz3MKsc5H1C2u&index=11
http://www.youtube.com/watch?v=05hyd2H85BY&list=PLZMuQJAj6rOoftNenC-Iuz3MKsc5H1C2u&index=11
http://www.youtube.com/watch?v=EGXxowjrzhg&list=PLZMuQJAj6rOoftNenC-Iuz3MKsc5H1C2u&index=5
http://www.youtube.com/watch?v=EGXxowjrzhg&list=PLZMuQJAj6rOoftNenC-Iuz3MKsc5H1C2u&index=5
https://www.etouches.com/ehome/quinoa/
http://www.youtube.com/playlist?list=PLZMuQJAj6rOoftNenC-Iuz3MKsc5H1C2u


1. Preliminary and multi-state quinoa variety trials have shown the varied environmental 
pressures quinoa faces in our region. Varieties have been identified as having superior 
traits, such as high heat tolerance, early maturity, and pre-harvest sprouting tolerance. 
This information can be communicated to growers to aid them in selecting which 
currently commercially available varieties may be most suitable for their locations. 

2. Many growers interested in quinoa live in areas too hot during the summer to allow for 
proper seed set. The preliminary results of our irrigation x intercropping trial indicate 
that irrigation counteracts the negative effects of heat and can play a role in expanding 
the range where quinoa can be grown. 

• Intermediate-Term:  
1. Several lines were selected from the populations screened in 2012 and 2013. Based on 

the performance of these lines in regional variety trials, these may ultimately be 
released to farmers. 

2. Upon completion of the irrigation x intercropping trial, information on winter hardy 
cover crops that work well intercropped with quinoa can be released to farmers. 

• Long-Term:  
1. Crosses made between quinoa varieties will continue to be advanced and will be 

selected upon in later years. As of the current time, no quinoa varieties have been bred, 
selected, and released in a controlled breeding program in the United States. The 
populations generated from these crosses lay the groundwork for developing adapted 
varieties for the Pacific Northwest region.  

2. The high salt tolerance of some adapted Chilean lowland cultivars was confirmed in the 
salinity trial. If quinoa’s cultivation in the United States expands to salt affected 
agricultural land, the use of Chilean varieties with high salt tolerance, such as the two 
identified in the study, will be important. 

 
ADDITIONAL FUNDING APPLIED FOR / SECURED 
We received a USDA National Institute of Food and Agriculture Organic Research and Extension Initiative 
grant of ~$1.6M. Cooperators on this grant included Oregon State University, Utah State University and 
Brigham Young University. 
 
GRADUATE STUDENTS FUNDED 
MS students Adam Peterson and Hannah Walters were both partially funded through this grant. 
 
RECOMMENDATIONS FOR FUTURE RESEARCH 
Several key areas of research are necessary to secure quinoa as a viable crop for cultivation in the Pacific 
Northwest. The first is heat tolerance, which currently restricts quinoa’s cultivation to Western 
Washington and to high altitude locations in Eastern Washington. In marginal parts of the state, yields 
vary largely depending on high temperatures. Breeding is underway to increase heat tolerance, but 
conducting further research into characterizing the nature of heat susceptibility in quinoa will aid in the 
improvement of tolerance to this stress.  Pre-harvesting sprouting is a challenge for quinoa in Western 
Washington. Early rains in late summer can cause sprouting in susceptible varieties. Although data has 
been taken on sprouting resistance in our variety trials, further investigation into this trait under 
controlled conditions is warranted. The level of dormancy granting tolerance has been previously shown 
to vary between cultivars, and high levels of dormancy have been located in certain cultivars (Ceccato et 
al., 2011). To prevent sprouting of fallen seed the following year, a proper balance between sprouting 
tolerance and dormancy is required. Additionally, determination of the heritability of sprouting 
resistance will allow for more efficient transfer of this trait during breeding and variety development. 



FIGURES 
 
Figure 1. Plant with poor pre-harvesting sprouting tolerance. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Figure 2. Seed set of quinoa varieties under high temperature stress in 2011 Quinoa NUE Trial.  

 
LSDs significant at p<0.05 
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Figure 3. Percent yield of four quinoa cultivars and barley cultivar “Albacete” under 32 dS/m Na2SO4 and 
32 dS/m NaCl, relative to no-salt control. 
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Figure 4. Yield changes of four quinoa cultivars and barley cultivar “Albacete” with different fertilization 
levels. 
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Figure 5. Red seed from selected line QuF9P39-73, under magnification. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Figure 6. Yield of Quinoa by Variety, Cover Crop, and Irrigation Treatment. 
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Figure 7. Quinoa Plant Height by Variety, Cover Crop, and Irrigation Treatment 
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Figure 8. F2 population (Temuko x Biobio) segregating for inflorescence color. 
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