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EXECUTIVE SUMMARY:  Selenium has been recognized for years as an essential trace element for 
animals. The Northwest region is among those with the lowest amounts of Se in soils and plants 
(Oldfield, 2001). In general, the majority of livestock raised in low-Se regions do not receive 
sufficient dietary Se for optimum health. Providing adequate Se is important to prevent Se-
responsive diseases. Although the essentiality of Se supplementation has been known for five 
decades, the most effective method of Se delivery to livestock to achieve optimum performance 
is still being investigated. A promising Se supplementation method is Se fertilization, as it 
increases Se concentrations in plants, and in animals consuming Se-biofortified forages and hay 
(Hall et al., 2011, Hall et al., 2013). In plants, Se is incorporated into methionine as 
selenomethionine, and when forage is consumed by livestock, Se from selenomethionine is 
incorporated into selenoproteins, whose functions range from antioxidant, anti-inflammatory, 
and detoxification to thyroid hormone activation.  Nitrogenous fertilizers, widely hailed as one of 
the most important advances in agricultural technology, increase biomass but dilute essential 
minerals like Se, emphasizing the need for Se amendments (He et al., 2005). In Oregon, the 
Department of Agriculture does not control the use of Se as a plant fertilizer, making it possible 
to produce Se-biofortified forages. We believe Se fertilization is economical and practical and 
can be readily adapted to Oregon livestock production systems. Our goal is to provide solid data 
on Se fertilization methods so that this practice becomes routine in Oregon. 

Three sites were chosen to represent the three broad climatic and soil type areas in Oregon.  One 
set of replicated treatments is located near Roseburg on a grass-clover pasture, a second set of 
treatments is near Terrebonne on an orchardgrass field and the third site is at the Union 
Experiment Station.  The Union site consists of two trials, one on alfalfa and the second on a 
grass pasture. 

OBJECTIVES:  To determine Se utilization by forage plants after Se application to soils as a 
fertilizer amendment. We will measure Se concentrations in forages using three Se-application 
rates (0, 45.0, and 90.0 g of Na-selenate /ha) x three fertilizer types (no fertilizer, NPK, and 
NPK+S fertilizer) x three locations (Eastern-Union, Central-Culver, and Western-Roseburg, 
Oregon), over two consecutive growing seasons to determine how much Se accumulates in 
plants. We hypothesize that most of the Se applied as a fertilizer amendment will be taken up by 
forage plants. 



PROCEDURES: We used Na-selenate as the source of Se amendment due to previous studies 
indicating rapid Se uptake following application. Plants absorb inorganic Na selenate and 
convert it into more bioavailable organic forms (e.g., selenomethionine). Sulfur, an important 
plant nutrient and fertilizer component, may inhibit Se uptake. We are measuring Se uptake 
when applied as an amendment along with NPK ± S fertilizers, on grass based hay/pasture and 
alfalfa at three distinct geographic locations in Oregon. These different environments allow for 
comparison of different soil, climate, and forage types. Additionally, we will evaluate the impact 
of S, which is commonly included in commercial fertilizer formulations, on forage Se uptake.  
 
At the Roseburg site, the forage was mowed (fescue, orchardgrass, ryegrass, subterranean and 
white clovers; 75% grass:25% legume) to about 3” in height and the treatment layout is 
illustrated below. Metal stakes were placed at the top SW and NW corners of each replication to 
facilitate location of plots as needed. On May 4, the standard application of nitrogen, phosphate, 
potash, and sulfur of 40, 100, 100, and 34 lb/acre. 

On May 5, sodium selenate at 0, 45, and 90 g/ha was applied to the plots after calibrating the 
sprayer. We added a plot on the east end with 10x Se applied. The treatment area was fenced to 
keep animals out of that area.  
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The treatment design above is similar to what was used in Terrebonne and Union with the 
exception of the 10x Se plot. 

Forage samples from each treatment were dried and submitted to the Utah State University 
Veterinary Diagnostic Laboratory for selenium analysis.  Samples are in the process of being 
analyzed for Terrebonne and Union. 

Forage from each treatment was harvested and dried to determine dry matter yield.  All of this 
information is available upon request. 

 
SIGNIFICANT ACCOMPLISHMENTS TO DATE: 
 
Roseburg Site 
These are the results from year one.  Initial soil pH was 5.6, a value typical for western Oregon. 
Soil levels of P and K were adequate (43 and 186 ppm, respectively). Forage Se increased (P 
<0.001) from 0.10 to 2.23 and 4.33 ppm with application of Se at 0, 45, and 90 g ha-1, 
respectively. There was no significant fertilizer by Se interaction (P =0.299; Figure 1). 
Application of Se did not affect yield, N or S content (P >0.10) and no interaction was found 
between Se and fertilizer application. Consistent with earlier studies, overall concentration of Se 
decreased (P <0.001) from first to second harvest, 3.73 and 0.71 ppm, respectively. Fertilizing 
with NPK and NPKS increased overall forage yield (P <0.001; Table 1). The variable response 
in yield with addition of S to the fertilizer may be attributed to adequate content of tissue S 
(mean = 0.322%) in the forage from all plots (Table 1). There was a fertilizer by harvest date 
interaction (P =0.008) whereby the advantage of fertilizer on yield diminished by the time of the 
third harvest. Fertilizing increased (P =0.003) forage S content, with a significant (P =0.048) 
time x fertiliser interaction (Table 1). Forage N percentage decreased (P <0.001) with time of 
harvest (2.78, 2.29, and 2.32, respectively), but only tended (P =0.091) to increase with 0, NPK, 
and NPKS fertilization (2.35, 2.49, and 2.55, respectively. 
 
 
Terrebonne Site 
A field of ‘Mammoth’ orchardgrass was selected about 1-mile south of Terrebonne, Deschutes 
County.  NPK, NPKS, and three Selenium rates treatments n all possible combinations were 
applied in mid-April for first cutting.   Fertilizer was hand applied and sodium selenate was 
applied with a back pack sprayer.  Individual plot size is 8 feet x 20 feet, with harvested area of 
3.5 feet x approximately 16 feet.   Harvest is conducted with a sickle bar, forage plot harvester 
and cutting height of 3-4 inches. N rates were re-applied for 2nd (full rate) and 3rd (1/2 rate) 
cutting.  The trial is sprinkler irrigated.  Harvests occurred on June 14, August 8, and September 
25, 2017. Soil Type is Sandy Loam. 

Selenium concentration and uptake has not been calculated as the samples are in Utah being 
analyzed.  Yield has been documented.  The NPKS treatments are yielding 0.77 ton/acre higher 



compared to the NPK treatments. The addition of sulfur increased yield by 14.9%, 20.5%, and 
19.3% on first through third cuttings.  

 
Union Site 
The tables below contain the yield data for the successive harvests during year one on the alfalfa 
and grass treatments. 
Table 1 Alfalfa production (ton/ha) under three levels of Se fertilization (0, 45, and 90 g/ha) 
with three levels of P, K, and S (none, PK, and PKS) in each Se fertilization level at Union 

 1st Cut 2nd Cut 3rd Cut Total 

 None PK PKS None PK PKS None PK PKS None PK PKS 

0 5.32 6.37 5.99 4.45 5.39 5.10 0.74 0.85 0.92 10.51 12.61 12.01 

45 5.75 5.85 6.22 4.46 5.42 5.54 0.47 0.83 0.82 10.68 12.10 12.58 

90 5.79 6.27 5.49 4.72 5.51 5.30 0.60 1.01 0.96 11.11 12.79 11.75 

1st cut alfalfa: Se NS, Se*fertilization NS. PK > None = PKS. 

2nd cut alfalfa: Se NS, Se*fertilization NS. PK = PKS > None. 

3rd cut alfalfa: Se NS, Se*fertilization NS. PK = PKS > None. 

 

Table 2 Grass production (ton/ha) under three levels of Se fertilization (0, 45, and 90 g/ha) with 
three levels of P, K, and S (0, PK, and PKS) in each Se fertilization level at Union 

 1st Cut 2nd Cut Total 

 None NPK NPKS None NPK NPKS None NPK NPKS 

0 1.97 3.02 3.36 0.35 0.97 1.50 2.32 3.99 4.86 

45 1.39 2.47 3.08 0.88 1.14 1.51 2.27 3.61 4.59 

90 1.36 2.32 2.53 0.52 1.27 1.07 1.88 3.59 3.60 

1st cut grasses: Se NS, Se*fertilization NS. PK = PKS > None. 

2nd cut grasses: Se NS, Se*fertilization NS. PK = PKS > None. 

 
 



ADDITIONAL FUNDING RECEIVED DURING PROJECT TERM: No additional funding 
 
FUTURE FUNDING POSSIBILITIES: This project is developing a wealth of information on the 
fertilizer interactions at the three locations.  Future funding will be secured based on the results 
from the selenium analysis of samples.  
 


