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SUMMARY/ABSTRACT: 

Oregon agriculture is vulnerable to drought, as summer irrigation is mostly 
fed by seasonal melting of the snowpack, which is projected to diminish due 
to warmer winters and springs, as a result of climate change. In response to 
this impending water crisis, the OSU Dry Farming Project facilitates 
participatory dry farming research, outreach, and education around dry 
farming practices. Dry farming efficiently utilizes residual water that is stored
in the soil profile from the rainy season, rather than relying on river or well 
water to irrigate dry season crops. In addition to crop and soil management 
practices, dry farming relies heavily on the crops’ own genetic potential for 
dry farming, such as water use efficiency and rooting ability. Moreover, the 
plant microbiome may play a pivotal role in mediating plant drought 
tolerance.

With funding from the Agricultural Research Foundation, the OSU Dry Farming
Project is breeding a genetically diverse, local dent corn variety called Open 
Oak Party Mix, to increase its productivity in dry farmed systems. Through the 
process of recurrent selection, we are field-evaluating 200 breeding lines 
derived from this variety, using multiple measures of drought tolerance, via 
dry farmed and irrigated treatments on two research sites. Furthermore, we 
are breeding the variety for its ability to form beneficial symbiosis with a 
commercially produced Trichoderma harzianum fungus (BioEnsure; Adaptive 
Symbiotic Technologies; Seattle, WA) that has been demonstrated to improve 
drought tolerance in diverse crops. Seedlings belonging to the top field-
performing breeding lines were trialed in growth chambers to determine 
which lines have a greater positive response to inoculation with this microbe. 
This research resulted in a more drought-tolerant corn variety adapted to dry 
farming conditions, and has served as a foundation for continued breeding 
improvement of their variety, as well as basic research on how plant genetics 
affect plant-microbe interactions.



OBJECTIVES:

1) Evaluate and select Open Oak Party Mix dent corn breeding lines that 
perform best in dry farmed conditions

2) Identify Open Oak Party Mix dent corn breeding lines that have 
maximum yield benefits from BioEnsure fungal inoculant.

3) Generate additional breeding lines of Open Oak Party Mix dent corn for
future breeding work

4) Engage with farmers and consumers to determine ideal horticultural 
and culinary traits among the diverse Open Oak Party Mix breeding 
lines

PROCEDURES: 

Objective 1 - Field evaluation of breeding lines under irrigated and 
dry farmed conditions. 

In the 2020 field trial, we compared 200 breeding lines’ relative 
performance under dry farmed and irrigated conditions in the same field 
(Figure 1), replicated across two sites.

Figure 1: Breeding Evaluations at the OSU Vegetable Research Farm. 
Irrigated treatments are on the left and dry farmed treatments are on the 
right.

On each site, each of the 200 breeding lines were planted 20-ft. row strip 
plots, with 20 plants at 10”-12” in-row spacing. The evaluation plots were 
replicated twice per breeding line, within both dry farmed and irrigated 
treatments, in separate blocks to account for variation across the field. 
Irrigated treatments received approx. 1.5 inches of overhead irrigation per 
week, until the plants were tasseling. Dry farmed treatments were irrigated 
at seeding, but received no additional irrigation. Dry farmed and irrigated 
sections were separated with a buffer of at least 30 ft. This design was 
replicated on two field sites, the Vegetable Research Farm in Corvallis, OR, 
and also Sol Cycle Farm, managed by Jason Bradford, a private grower who is
also contracting with the OSU Organic Growers Club CSA.



For all 200 breeding lines across both sites, we collected field data including 
total yield, number of ears, anthesis-silking interval leaf death, and plant 
height. We also collected data on ear size and kernel type and color. 
Anthesis-silking interval (ASI) is the days elapsed between pollen shed and 
silk emergence; a lower ASI is associated with drought tolerance. 

To identify which breeding families to select, we created a selection 
index as follows. First we normalized each measure of each breeding family 
as its number of standard deviations from the mean measure across the 
population, or its z-score. These z-scores were added up, and weighted by 
importance:
Selection Index = 2*(Dry Farmed Yield) + 1*(Irrigated Yield) + 1*(Dry 
Farmed Ears per Plant) + 2*(Dry Farmed Ear Score) – 1*(Days to Silk 
Emergence) – 1*(Dry Farmed ASI)
The selection indices were then scaled such that the population had a mean 
of 0 and standard deviation of 1. The top 20%, or 40 of 200, breeding 
families were identified as those passing this first cycle of recurrent selection
(Figure 2).

Figure 2: The top 20% of corn breeding families (blue) plotted with 
the remaining breeding families (red), with respect to yield and days
to maturity in dry farmed conditions. Scatterplot point size is 
correlated with anthesis-silking interval, ASI.



Objective 2 - Determine breeding lines that have a positive response
from BioEnsure fungal inoculant

Due to time and labor constraints, we outsourced our BioEnsure fungal 
inoculant work to Adaptive Symbiotic Technologies (AST), the company that 
produces the product. They are interested in screening corn breeding lines 
against BioEnsure in a effort to map the genetic basis for beneficial 
symbiosis with their product, and to potentially produce breeding lines that 
perform best with the inoculant. They used a seedling growth chamber 
method where they simulated drought conditions, and measured plant 
productivity and moisture levels after 14 days. AST was able to screen seven
of the top fourteen breeding families against their T. harzianum product. 
Three of the seven breeding families tested exhibited a positive response to 
the inoculant; the other four breeding families appeared to be negatively 
affected (Table 1). During 2022, AST plans to screen more of our breeding 
families and inbreds (see Objective 4) in growth chambers and the 
greenhouse. Pending additional funding support, we are planning to replicate
these preliminary screening results with inoculation in the field, to confirm 
which breeding families perform best with their product under dry-farming 
conditions.

Table 1: Preliminary results from screening of top corn breeding 
families by Adaptive Symbiotic Technologies, where for each breeding 
family, they quantified the percent difference in height, biomass, and 
moisture of inoculated seedlings compared to their non-inoculated 
control plants. Statistically significant differences (p<0.05) are 
highlighted in yellow (positive response) and red (negative response).



Objective 3 - Generation of additional breeding lines. 
During the 2021 growing season, we planted remnant seed of the top 

40 breeding lines at Oak Creek Center for Urban Horticulture in dry farming 
conditions, 12” in-row spacing and 30” between-row spacing, or 2 sq. ft. per 
plant. During pollination time in July, we performed 180 plant-to-plant hand-
pollinations, working to maximize the diversity of genetic combinations for 
the next cycle of recurrent selection. We successfully generated 150 new 
breeding families. 

In this same plot, we also successfully self-pollinated nineteen plants 
among eight of the top twelve breeding families, to establish inbred breeding
lines of the best genetic combinations. These inbred lines will be used for 
further testing with BioEnsure(Objective 2) and culinary traits (Objective 4).

Objective 4 - Breeding for farmers and consumers. 
In addition to measures of plant performance under dry farmed 

conditions, we also made in-field assessments of earliness, and scored ears 
based upon color (red, orange and yellow) and type (e.g. flint vs. dent) 
(Figure 3). Earliness is an important agronomic trait in Oregon, where late-
maturing field corn is threatened by the rain and humidity of the fall. 

Of the 40 most drought tolerant lines, we chose 12 with the most 
promising culinary potential, particularly ears that were orange and had 
dent-type kernels most suitable for nixtamalization and grinding into masa 
for tortillas. During winter of 2020/2021, we collaborated with the Northern 
Organic Vegetable Improvement Collaborative (NOVIC) to submit multiple 
field corn varieties to Three Sisters Nixtamal tortilleria in Portland, who 
evaluated each corn variety for suitability for tortillas. Open Oak Party Mix 
scored well for flavor, but its performance needs to still be improved by 
reducing the amount of flinty characteristics, and increasing the degree of 
dented kernels, which is an indicator for increased starch levels more 
suitable for tortillas.

We plan to plant the nineteen inbred lines (Objective 3) in 50;ft rows in
2022, so Three Sisters Nixtamal tortilleria can evaluate which ones have the 
most favorable culinary attributes for tortillas.

Figure 3: A random sample of ear panels for ten of the two-
hundred Open Oak Party Mix breeding families.



SIGNIFICANT ACCOMPLISHMENTS:

Generated seed for Improved, drought-tolerant Open Oak Party Mix 
variety.

We successfully evaluated 200 breeding lines of Open Oak Party Mix 
dent corn, and identified 40 drought-tolerant breeding families that made it 
to the second round of recurrent selection. In 2021, we contracted with a 
producer to generate pure seed, for an improved, drought-tolerant, open-
pollinated variety. We also generated seed for new breeding families in 2021
to keep adapting this variety to dry farmed conditions into the future, and to 
refine its culinary potential for tortillas.

Built a collaboration with Adaptive Symbiotic Technologies to 
identify which top Open Oak Party Mix breeding families responded 
most favorably to their BioEnsure T. harzianum endophyte product.

Adaptive Symbiotic Technologies has begun identifying which top 
breeding families respond best to their product. They will continue screening 
our breeding families through 2022 to include some of our newly-generated 
inbred lines as well. We also plan to confirm with a field trial the growth 
chamber and greenhouse observations they have made. This collaboration 
may enable us to determine the underlying genetic basis for beneficial 
symbiosis with the  T. harzianum endophyte. Additionally, this collaboration 
may lead to a new corn variety or hybrid that optimally pairs with the 
BioEnsure product.

Established partnership with Three Sisters Nixtamal in Portland for 
continued culinary evaluations of breeding material

Three Sisters Nixtamal is the largest tortilleria in the Pacific Northwest 
(PNW), and they are interested in sourcing corn more locally, rather than the 
Southwest, to avoid supply chain unpredictability. To this end, they have 
pledged to continue to evaluate our breeding lines for superior tortilla 
quality.

Outreach Accomplishments
Meetings and conferences: We presented this work on Zoom at the 2021 Dry
Farming Collaborative Winter Meeting, on February 25th, 2021, in which there
were 180+ attendees from around the world.
Virtual Field Tours: This ARF funded work was featured on a Virtual Field Tour
on dry farmed corn, which we hosted on Zoom on the 23rd of September, 
2020, and had 49 participants. In the presentation, we shared photo and 
video documentation of the breeding evaluations, and received feedback. In 
2021, we showcased this project in a 2021 in-person public field tour event 

https://media.oregonstate.edu/media/t/1_m7q0zsrl
https://agsci.oregonstate.edu/smallfarms/dry-farming-resources
https://agsci.oregonstate.edu/smallfarms/dry-farming-resources


at the OSU Vegetable Research Farm, in which over 60 people were in 
attendance. 
Resilient Seed Stewardship Program: In 2021, we partnered with the Dry 
Farming Institute (DFI) nonprofit to launch their Resilient Seed Stewardship 
Program, in which this drought-adapted Open Oak Party Mix was one of two 
crops featured. This program helped to generate a combined 1000+ new 
followers on DFI Instagram and Facebook accounts in 2021. In the next year, 
the DFI will facilitate a participatory evaluations, a promotional release and 
commercial seed sales of this drought-adapted variety.
BENEFITS AND IMPACT:

Although modern irrigation has many benefits, the practice has 
arguably been relied upon too heavily in arid regions, resulting in declining 
freshwater reserves, and less resilient food systems built upon crops that are
ultimately maladapted to the precipitation patterns of the areas in which 
they are grown. This project illustrates one way we can adapt crops to 
present and future climate trends, through utilizing the traditional practice of
dry farming together with modern science techniques. Moreover, drought-
tolerant cultivars bred in dry farming conditions may be grown in areas 
where dry farming is not a viable option, to mitigate the risk of crop losses 
due to drought.

Applied plant microbiome science is still in its infancy, though crop 
microbiome management shows great promise for reducing reliance on 
external inputs. One significant hurtle for microbial inoculants in agriculture 
is its context-dependency – the efficacy of microbial inoculants appear to rely
heavily on the crop’s genetic background, as well as on the environment in 
which it is grown. With this project, we have started to identify which 
drought-tolerant dent corn breeding lines responded well to inoculation with 
a strain of T. harzianum root endophyte that confers drought tolerance. With 
this baseline knowledge, we will be able to continue with foundational and 
applied research on the genetic basis of plant-microbe interactions.

Economic sustainability is also an important component for long-term 
viability of breeding projects. Importantly, through this project, we have been
working in close collaboration with corn producers and consumers, to help 
ensure optimal performance in the field and in the tortilleria.

This ARF-funded work has helped us produce the following measured 
outcomes:

1. More than two hundred pounds of seeds produced for a dry-farming-
adapted version of Open Oak Party Mix, which we are working to formally 
release through OSU as a new variety, within the public domain with no 
restrictions.

http://dryfarming.org/
http://dryfarming.org/


2. Breeding material that has undergone one year of dry farmed selection, a 
year of genetic recombination, and is prepared for a second round of dry 
farmed field evaluations this year.

3. Nineteen drought-tolerant corn breeding lines that may serve as the 
foundation for plant-microbe interactions research, as well as additional 
breeding efforts focused on the culinary quality for use in tortillas.

4. Two field tour presentations, a virtual presentation at the 2021 Dry 
Farming Collaborative Winter meeting, and a year of social media 
engagement with the Dry Farming Institute’s Resilient Seed Stewardship 
program.

5. Commitment to publish results in an open access Journal of Plant 
Registrations after this 2022 field season is complete.

ADDITIONAL FUNDING RECEIVED DURING PROJECT TERM:

Western Extension Risk Management Education 
The Dry Farming Institute Nonprofit funded aerial photography of the two 
field evaluations, via their Western Extension Risk Management Education 
(WERME) grant, for $1500.
USDA Western SARE Professional + Producer Grant
This grant funded 2021 field work to advance breeding efforts, allowing us to
hire student help with hand-pollination, field measures, and harvest. 
Additionally, we evaluated in dry farming conditions a combined 250 full-
sibling breeding families of two other field corn varieties: Oaxacan Green 
dent and Dakota Black popcorn. 
FUTURE FUNDING POSSIBILITIES: 

Organic Farming Research Foundation
We applied for OFRF funding (pending notification in March ‘22) to enable us 
to perform a second round of recurrent selection of Open Oak Party Mix 
under dry farming conditions. Additionally, this grant would support a broad 
participatory evaluation of the dry-farming-adapted Open Oak Party Mix 
variety compared to the original, as well as a formal new variety release 
through Oregon State University
USDA Western SARE grants
This project may be advanced through the USDA Western SARE program. We
are currently engaged with a graduate student to apply for funding to 
research the plant-endophyte interactions component of this project.


