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Objective: 

 

The overall objective of this project was to evaluate the importance of key management practices 

employed by Kip Cullers in achieving record soybean yields.  Specific objectives include (i) 

comparisons between the application of N, P, and K nutrients as mineral fertilizer and as poultry 

litter; (ii) quantification of foliar K application on yield and leaf K concentrations; (iii) determine 

the effect of foliar micronutrient application on yield; and (iv) evaluate the effects of intensive 

and moderate irrigation frequency. 

 

Procedures: 

 

The study was conducted at the Bradford Research and Extension Center near Columbia, MO in 

the same field and the same plots with the same treatments in all three years.  Control 

fertilization treatments were based on soil test results and yield goal according to Univ. of 

Missouri recommendations.  Depending on weather conditions poultry litter applications were 

made either in the fall or in the spring before planting (Table xxx) and base mineral fertilizers 

applications were conducted pre-plant in the spring each year (Table xxx). Poultry litter and base 

mineral fertilizers were applied at two rates: a high rate based on 9 tons/A of poultry litter and a 

low rate based on yield goal.  Poultry litter and mineral fertilizer were incorporated into the top 

soil with a disc and soybeans (cv. Pioneer 94Y01) were planted in 15” rows at 200,000 

seeds/acre.  Drip irrigation was installed for the high-frequency irrigation treatments and 

deployed as needed over the course of the growing season.  Applications of foliar K were 

conducted as splits of 8 lbs/A in the first year and as splits of 4 lbs/A in the second (8 

applications) and third (6 applications) year.  The application of supplemental soil applied K (36 

lbs/A; equivalent to the sum of the foliar applications of K) were in season at the time the second 

foliar K application was conducted.  Micronutrients were applied at the time of the first foliar K 

application or shortly before.  Data collection conducted over the course of the season included 

root sampling for analyses of nodulation, biomass samples, leaf-let samples, samples for plant 

mapping, and seed harvest.  

 

An overview of the management employed over the course of the three-year project is provided 

in Table 1.  The summary of the amounts of nutrients applied for each of the the three years can 

be found in Table 2.   

 

 

 



Table 1. Task Completion for 2008-2010.  

 2008 2009 2010 
Poultry Litter Spread 5/19-21 11/25/2008 4/14 

Mineral Fertilizer 
Applied 

5/19-21 5/20-21 4/14-15 

Planting 6/19 5/22 4/20 & 5/23 
Micronutrients Applied 8/19  7/2 

Irrigation Started 8/1 5/22 6/18 
Foliar Applications    

 8/19-22 8/5 7/15 
 8/28 8/14 8/4 
 9/8 8/24 8/12 
 9/23 8/30 8/26 
 - 9/3 9/7 
 - 9/9 9/16 
 - 9/14 - 
 - 9/21 - 

Nodule Collection 9/8 8/17 8/31 & 9/2 
Harvest 11/3 11/8-9 10/7 

 

Table 2. Fertilizer applications and nutrients added for 2008-2010. 

2008 N P K Fertilizer 
 Lbs/A 

Low     
Poultry 40.3 12.1 28.2 2014.7 
Mineral 41.0 26.0 32.8 201.5 

High     
Poultry 360.0 108.0 252.0 18000.0 
Mineral 365.4 101.1 242.8 1796.9 

2009 N P K Fertilizer 
 Lbs/A 

Low     
Poultry 29.2 20.4 23.3 1470.0 
Mineral 29.5 20.4 24.7 185.1 

High     
Poultry 357.7 249.5 284.9 18000.0 
Mineral 360.2 249.3 301.9 2264.2 

2010 N P K Fertilizer 
 Lbs/A 

Low     
Poultry 26.9 28.9 31.6 1851.9 
Mineral 26.7 28.6 31.4 225.4 

High     
Poultry 261.0 280.0 308.2 18000.0 
Mineral 260.0 278.2 305.0 2188.9 

 
 



Results: 
 
Weather conditions 
Weather conditions over the duration of this project significantly differed from long-term average 

conditions.  All three years were characterized by higher than normal precipitation (Table 3).  Unusually 

high precipitation amounts during the growing seasons influenced the timing of various management 

practices in each year.  Depending on year, precipitation pattern influenced the timing of poultry and 

base mineral fertilizer applications, planting, foliar K applications, as well as harvest.  Further, above 

normal precipitation significantly influenced irrigation management and impact of irrigation on crop 

growth and yield.   

Table 3. Precipitation amounts during the growing season and irrigation events. Irrigation was manually 

set for a percentage of full capacity, based on soil moisture.  

 Precipitation Irrigation 
 inches days applied  

2008 28.16 43 
2009 37.15 87 
2010 32.72 11 

 
Irrigation was conducted less frequently in 2010 than in the two previous years. Early season rains made 

irrigation unnecessary and rainfall remained fairly consistent until the R5-R7 stages.  

 
Grain yield 
Grain yields within each of the three years were not significantly influenced by the imposed treatments 

(Figs. 1 and 2; and Table 4).  However, differences among years were observed with 2009 and 2010 

yields being considerably greater than in 2008.  The high poultry application may be increasing yield 

over the three years, perhaps a result of the cumulative effect of the poultry litter decomposition.  

 
Fig. 1. Grain yields of base nutrient treatments for 2008, 2009, and 2010. 
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Fig. 1. Grain yields in response to foliar K applications for 2008, 2009, and 2010. 
 
Table 4. 2008 – 2010 Yield summary including standard errors.   

Treatment: 2008 2009 2010 
 Yield (bu/A) 

Mineral High 50.3 ± 2.2 64.5 ± 3.8 65.8 ± 4.7 
Poultry High 47.0 ± 2.3 63.7 ± 5.3 71.9 ± 4.7 
Mineral Low 52.4 ± 2.3 70.2 ± 3.4 68.2 ± 5.4 
Poultry Low 51.3 ± 2.0 68.1 ± 5.0 65.9 ± 5.2 

    
KCl 50.5 ± 2.4 66.1 ± 4.4 68.5 ± 5.4 

NaNO3 46.7 ± 2.0 62.7 ± 4.4 67.5 ± 5.2 
KNO3 48.8 ± 2.3 63.4 ± 4.8 70.5 ± 4.0 

Control 51.9±  2.1 69.2 ± 4.3 67.1 ± 5.3 
    

Irrigation 48.8 ± 2.5 65.6 ± 4.8 68.4 ± 5.2 
No irrigation 50.2 ± 2.3 65.1 ± 4.4 68.4 ± 4.9 

    
Micronutrients 49.8 ± 2.6 66.8 ± 5.1 67.3 ± 4.9 

No Micronutrients 49.2 ± 2.2 63.9 ± 4.0 69.5 ± 5.1 

 
 
Nodulation 
In light of the large amounts of poultry litter and mineral fertilizer applied at the beginning of the 

season, nodulation of soybean roots was greater than expected (Figs. 4 and 5). Interestingly, fertilizer 

treatments did not appear to significantly influence nodulation.  This is a surprising result since high N is 

reported to suppress nodulation.  However, it is similar to observations on Mr. Kip Culler’s soybean 

plants, which are also reported to be highly nodulated.  Significantly lower nodule numbers and nodule 

weights were observed in 2010 as compared to 2008 and 2009 (Figs. 4 and 5).  In 2010, root nodules 

were picked at a later stage of soybean development, which may partially explain these differences.   
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Fig. 4. Number of root nodules found on 10 plants.  In 2010, nodulation was assessed later in 
development than in 2008 and 2009.  
 
 

 
 
Fig. 5. Fresh weight of root nodules found on 10 plants.  In 2010, nodulation was assessed later in 
development than in 2008 and 2009.  
 
Summary and Conclusions: 
The above average precipation in each year and cool summers in 2008 and 2009 greatly reduced 
soybean response to irrigation treatment.  Although soybean yield in 2009 and 2010 were above 60 
bu/acre they were less than half of what was found at Kip Cullers fields.  A major factor explaining the 
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yield differences maybe that the soils of Kip Cullers, Newtonia Silt Loam are extremely well drained 
whereas the Mexico Silt loam in this study is a clay pan soil with severe internal drainage issues during 
wet years.  These prolonged wet soil conditions reduced yield potential as compared to the relatively 
dry 2007 where soybean yield in irrigated treatments (three times per week with a ½ inch each time)   
were 87 bu/acre compared to 40 bu/acre of controls.  At yield levels observed in this three study it is 
obvious that extra fertilizer NPK and micronutrients is not going to result in a yield advantage.  However, 
it was encouraging that after three years of manure application there was a small increase in soybean 
yield.   It still remains to be seen whether under 100 plus soybean yield environments that additional soil 
applied NPK regardless source or additional K and micronutrients as foliar treatments will increase yield.  
It is our plan for 2011 to simplify the project to only  irrigation and fertilizer treatments in corn and then 
go back to soybean in 2012.      


