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EXECUTIVE SUMMARY: Forage availability for grazing in late fall and early winter in eastern 
Oregon is limited due to a short growing season, depleted soil moisture, and end of the grazing 
season in the mountains. Meanwhile, cropland after the harvesting of winter or spring wheat is 
fallowed prone to wind erosion and weed infestation. Summer seeded annual forages can be 
an option to extend grazing season in late fall and early winter as well as improve soil health. 
Spring triticale forage yielded over 4 ton/acre harvested in the soft dough stage in 2019, 
irrespective to irrigation timing and quantity (irrigation from May 1-September 15, May1-
August1, May 1- June 15 and no irrigation). However, without irrigation after spring forage 
triticale harvest around middle of July prohibited the germination of 20 annual forage species 
tested in this study. With one to seven irrigation events averaged of 2 inches per irrigation 
event, summer seeded warm season grasses (proso millet, German millet, pearl millet, and 
sorghum-sudan) yielded 1.5 ton/acre, which was comparable with brassicas (turnip, rape, kale, 
and radish) and cool season grasses and higher than legumes (1.0 ton/acre). Irrigation until 
September 15 were superior to irrigation until August 1 for forage yield of warm season 
grasses. The results for forage quality of 20 annual forage species will be available upon lab 
analysis completion. With irrigation water available, summer seeded annual forage species 
after a cereal crop harvesting as forage could be an option to extend grazing season into late 
fall and early winter. Summer seeded annuals can be cool season grasses, brassicas, and 
legumes besides the traditional warm season grasses in eastern Oregon. 
 
OBJECTIVES: The research goal is to search and simplify cover crops cropping system in eastern 
Oregon to extend grazing season into late fall under limited irrigation water situation. The 
specific objectives are: 
 1) Evaluate and document spring forage triticale production and quality as hay crop 
 2) Screen and quantify 20 annual forage species production and quality seeded after 
harvesting spring forage triticale as monoculture cover crops to simplify cover crops species 
selection 
 3) Match and recommend cover crops cropping system irrigation requirements to find 
out the best irrigation management for cover crops. 
 
PROCEDURES: The field study was carried out at Eastern Oregon Agricultural Research Center 
at Union Station from 2019 to 2020. The field plots were laid out as split-plot design with four 



replications. Irrigation treatments were the whole plot. Within each irrigation treatment, spring 
forage triticale was seeded in the early spring of 2019 and 2020 as our first hay crop. Right after 
harvesting spring forage triticale as hay, 20 annual forage species were seeded as split-plots 
into the spring forage triticale stubble as monoculture cover crops. 
 Irrigation treatments: 4 
  1) Whole season irrigation from May 1 to September 15; 
  2) Late season water shortage irrigation from May 1 to August 1; 
  3) Middle and late season water shortage irrigation from May 1 to June 15; 
  4) No irrigation at all. 
 First hay crop: spring forage triticale 
 Second monoculture cover crops: 20 
  1) Annual cool season grasses: barley, wheat, triticale, oats, and annual ryegrass; 
  2) Annual warm season grasses: foxtail millet, proso millet, teff, pearl millet, and 
sorghum-sudangrass; 
  3) Annual legumes: crimson clover, chickling vetch, field pea, cowpea, and forage 
soybean; 
  4) Annual brassicas: forage kale, forage rape, radish, turnip, and hibrids. 
The final field plots number was 4 (irrigation treatments) × 20 (monoculture cover crop species) 
× 4 (replications) = 320. 
 
Soil was tested for soil fertility and fertilization recommendations and then apply needed 
fertilizers accordingly before seeding spring forage triticale and cover crops. The germinated 
annual weeds and the regrowth of perennial vegetation in the plots area were controlled by 
glyphosate application before each seeding. The entire fields were managed with the 
comprehensive weed control measures afterwards, such as chemically kill broadleaf weeds in 
spring forage triticale and grass cover crops plots or grass weeds in legume and brassica cover 
crops plots, and mechanically hand weeding if necessary. The plots were irrigated once per 
week based on each treatment layout using solid-set handline irrigation system. The irrigation 
amount was based on evapotranspiration value which data came from nearby weather station. 
 
The germination and growth of spring forage triticale and following cover crops was observed 
and recorded by frequent field visits and monitoring. The accepted and standard growing stage 
measures and methods were used for spring forage triticale and following cover crops 
phenological development monitoring. The production data was collected by harvesting each 
plot based on each forage species maturity stage. The harvesting stage was mid-anthesis stage 
for spring forage triticale, which is between heading and soft dough stages being recommended 
from different researchers. The cover crops were not harvested until after the first killing frost, 
which is around September 13 in eastern Oregon on average. The harvested material was oven 
dried and converted into tons per acre on a dry matter basis. The oven dried plant material was 
grinded and ready for forage quality lab analysis. 
 
SIGNIFICANT ACCOMPLISHMENTS: 1) two-year field data collection with the proposed system; 
2) finished all the necessary activities including yield and forage quality analysis; 3) being one of 
the three chapters for a graduate student thesis. 



BENEFITS & IMPACT: Cover crops can be used to improve soil health and extend grazing 
season, therefore promote agriculture sustainability. With the gradual adoption of the system, 
the producers will improve their farming profitability and at the same time leave a better 
legacy. 
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