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Background: Washington’s Wheat Industry 

In terms of acreage, wheat is the largest crop in Washington state, covering over 2 

million acres1.  It contributed over $680 million to the state’s economy in 20171.  Washington is 

the third largest producer of wheat in the USA1.   

The Palouse region of Washington is famed for its deep, fertile soils and ideal growing 

conditions for dryland crops.  In fact, Whitman county, the site of the trial location, is the 

highest producing wheat county in the nation.  Growers produce very high-quality wheat, with 

yields similar to irrigated areas.  While much of the wheat production is soft white wheat 

varieties for the Asian export market, recent commodity price constrictions have encouraged 

growers to shift into markets with premiums, including dark northern spring wheat.  Dark 

northern spring wheat (DNS) comprised 35% of all spring wheat acres planted in Washington 

last year.  DNS is a subclass of hard red spring wheat, which is used for bread baking.  This 

wheat has the highest protein content of all US wheats; DNS protein goal is 14% and above.  

This protein and gluten content improves dough handling and mixing and water absorption.   

Dryland wheat production is relatively low-input; one herbicide application and 

potentially one to two fungicide applications is generally the extent of in-season management.  

In terms of plant fertility, more farmers are beginning to split-apply their nutrition and consider 

nutrients other than nitrogen.  However, many are still applying all fertilizer at plant and 

generally only adding nitrogen.  Research has determined that about 1.5 lb N is taken up by a 

wheat plant for each bushel of yield, with yield goals in the Palouse area around 100 bu/ac. 

There are several challenges facing Palouse growers.  The terrain is extremely hilly, so 

erosion is a large concern.  Heavy tillage has compounded the problem.  Recently, no-till and 

conservation tillage practices have expanded in the area and have reduced soil loss.  Related to 

tillage, soil compaction is sometimes problematic.  A significant concern is soil acidity, as one 

hundred years of heavy nitrogen fertilization has decreased soil pH.  In some areas, the 

naturally neutral soils are down to below 5 pH.  While still highly productive, there is room for 

agronomic improvement in the area. 

The objective of this trial was to evaluate Bontera SA10 product on dryland spring 

wheat.  Soil microbial activity, wheat tissue nutrient content, and yield were the measured 

variables. 
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Materials and Methods 

 The trial was established in Palouse, Washington, in conventional dryland spring wheat.  

A 30 acre field was selected as the area to receive trial product, and a 90 acre field immediately 

adjacent served as an grower standard check (figure 1).  These two fields are leased by the 

same grower and have been under identical management for at least ten years.  No known or 

expected differences in yield between the fields have been documented.  Soil series is Palouse 

silt loam, a fertile soil with loess parent material. 

Pre-plant, a cultivar machine was used to deep shank 80 lb/ac of nitrogen as anhydrous 

ammonia (figure 2).  A liquid solution was also injected into the soil, with 1-2 inches of 

separation from the anhydrous ammonia:  15 lb/ac P as 10-34-0 ammonium phosphate, 13 

lb/ac K as 0-0-13 potassium chloride, and 15 lb/ac S as 12-0-0-26 ammonium thiosulfate.  

Added to this liquid tank mix was 1.8 oz/ac Bontera SA10.   

Dark northern spring wheat variety WB9518 was seeded May 3, 2018.  4 oz/ac Bontera 

SA10 was also added to the in-season foliar made on June 16, with 10 gal/ac spray volume 

(figure 3).  This tank mix included: Axial Star (pinoxaden and fluroxypyr) at 16.4 oz/ac, Huskie 

(pyrasulfotole and bromoxynil) at 12 oz/ac, Orion (florasulam and MCPA) at 17 oz/ac, Tilt 

(propiconazole) at 4 oz/ac, In-Place (drift retardant) at 4 oz/ac, and Rainer (spreader-sticker) at 

1 pt/100 gal. 

A composite soil sample comprised from at least 15 cores from each area was collected 

July 1.  These soil samples were sent to a commercial laboratory for CO2 burst analysis.  This 

Solvita procedure involves moistening dried 

and sieved soil, triggering a flush of respiration-

derived carbon dioxide.  This provides an 

estimation of the microbial community 

potential and activity.  A tissue sample of flag 

leaves was taken from each area at Feekes 9, 

on July 5.  These samples were sent to a 

commercial laboratory for nutrient analysis. 

On September 7, 2018, the trial areas 

were harvested by grower combine (figure 4).  

The two pieces were cut separately and loaded 

into different grain trucks.  These trucks were 

sent to the elevator as separate bin numbers, 

and the weight for each field was recorded by 

the grain elevator staff.  On November 10, soil 

samples from each field were taken for organic 

matter analysis. 

Treated 

Grower 

standard 

Figure 1. Satellite image of area with super-imposed 
lines of trial and comparison fields. Note: photo is 
outdated, and fields are not split. 
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Figure 2.  Cultivar machine similar to the one used to inject fertilizer. 
 

  
Figure 3.  Grower foliar spray of trial with herbicide and fungicide tank mix. 
 

 
Figure 4.  Grower harvest of trial field with Case IH combine. 
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Results and Discussion 

 The spring was relatively cool and wet (figure 5).  Occasional rainstorms persisted until 

July, providing moisture at critical growth times.  June to August temperatures were warm, but 

smoky skies moderated some expected heat waves.  Overall, climate conditions for the 2018 

season were ideal for crop growth. 

 
Figure 5.  Average daily air temperature from May 1 to September 1 at the trial site is shown in gold and referenced on the left 
axis.  Corresponding to the right axis is total daily precipitation for the same time period.  Data from AgWeatherNet. 

Mild to moderate Italian ryegrass (Lolium multiflorum) weed pressure was present in 

both fields.  Stripe rust was well controlled by the early-season fungicide, and no insects were 

of economic concern.  

The Bontera SA10 product application through the cultivator was frustrating.  Products 

containing humic acid can foam when agitated with high-salt solutions.  Due to the harsh by-

pass agitation system in the tank and the salt level in the fertilizer mix, the tank mix was 

extremely foamy and difficult to manage.  However, the second application with a pull-type 

spray boom and pesticide mix posed no logistical problems.  Foaming was minimal, and no 

precipitation or nozzle clogging was observed. 
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For both the treated and the grower standard fields, the in-season soil CO2 burst test 

results were extremely high (table 1).  The high levels of CO2 respired and the corresponding 

microbial biomass indicate large percentages of soil organic matter and very active 

microorganism communities.  Unexpectedly, the grower standard field had roughly double the 

microbial biomass as the Bontera-treated field.  Additional soil testing revealed the likely cause 

of these results: the untreated field had much higher organic matter content (4.68%) compared 

to the Bontera-treated field (3.21%). 

CO2 Burst Test 

Treatment mg CO2/kg soil/day Microbial biomass (mg/kg soil) 

Bontera SA10 722 16,293 

Grower standard 1527 34,476 
Table 1. Solvita CO2 burst test results and microbial biomass calculation for both treatments. 

 Nutrient levels in flag leaves showed that most elements were in satisfactory supply, 

compared to local calibration studies used to establish sufficiency standards (table 2).  Boron 

was extremely low in both samples.  Most macronutrient concentrations were similar between 

Bontera SA10 and grower standard.  However, calcium content was improved 33% under 

Bontera treatment.  Soil pH and/or tilth changes due to humic acid, or mineral release due to 

increased microbial activity, could have led to improved plant calcium nutrition.  Manganese 

and iron levels were also higher in the Bontera treated tissue than untreated grower standard 

(figure 6).  Iron, in particular, was significantly greater – over double.  The humic acid may have 

chelated these micronutrients, making them more plant-available.   

Flag Leaf Nutrient Content 

Nutrient Unit Bontera SA10 Grower Standard Sufficiency Range 

Total N ppm 4.63 4.48 3 – 4.5  

P % 0.27 0.30 0.25 – 0.5  

K % 1.56 1.64 1.5 – 3.0  

S  % 0.36 0.38 0.2 – 0.5  

Ca % 0.57 0.38 0.3 – 1.0 

Mg % 0.21 0.17 0.16 – 1.0 

B ppm 1 1 6 – 20 

Zn  ppm 26 28 16 – 70 

Mn ppm 180 163 20 – 475 

Cu  ppm 8 7 6 – 25 

Fe  ppm 236 117 35 – 300 
Table 2.  Flag leaf sample nutrient content results for each treatment.  Macronutrients are expressed in percent, while 

micronutrient units are parts per million.  Sufficiency levels were adapted from local extension guides. 
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Figure 6.  Flag leaf sample manganese, iron, and calcium content results for each treatment.   Manganese and iron results are 

presented in parts per million and correspond to the left axis, while calcium percent corresponds to the right axis. 

 Yield was slightly low, as 75-100 bu/ac can be expected in the area.  Many hills are 

present in these trial fields, however, and the poor soil on hilltops lowers the yield average.  In 

addition, these fields have known soil pest pressures, such as wireworm and rhizoctonia.   

 The 30-acre piece that received Bontera SA10 had a much higher yield than untreated 

grower standard (figure 7).  A 10.64 bushels per acre increase (or 19%) was observed. 

The grower noted that he was concerned as he was combining the 30-acre trial field; 

from the combine cab, it appeared to be lower yielding than the adjacent untreated control 

field.  However, the opposite was true once the trucks were weighed.  Presumably, more wheat 

heads were fully filled.  The grower was very impressed and inquired further as to the product. 

 
Figure 7.  Yield for Bontera SA10-treated field and for grower standard untreated field in bushels per acre.  
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 Based on an average open market price of $7.01 per bushel, the gross returns for the 

Bontera SA10 field and the grower standard field were $464 and $390 per acre, respectively 

(figure 8).  This $74 increase from Bontera SA10 applications equates to 19%. 

 
Figure 8.  Approximate gross return for Bontera SA10-treated field and for grower standard untreated field in dollars per acre.  

 

 

Conclusions  

 Further testing to determine Bontera SA10 compatibility with tank mixes and different 

spray systems may need to be undertaken, considering the extreme foam problem with the 

first application.  The soil microbial results were not as expected; the untreated field had over 

double the microbe biomass as the Bontera SA10-treated field.  However, higher organic 

matter percentage in the untreated field explained this difference. 

All other results were very positive for the Bontera treatment.  The tissue fertility levels 

were similar for many nutrients, but calcium, manganese, and iron were much higher in the 

Bontera SA10 treated field.  Yield – and therefore gross return – was much improved under 

Bontera SA10 treatment.  This trial was not randomized or replicated, so statistics cannot be 

performed.  Nonetheless, the 19% yield boost is very impressive and certainly suggests a 

treatment effect.  Especially considering the higher soil organic matter content in the grower 

standard field, the results from Bontera SA10 treatment were impressive. 
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Appendix A: Aerial photographs 

July 15, 2018 

 

Bontera SA10 
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Grower standard 
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July 28, 2018 

 

Bontera SA10 
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