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O n - F a r m  C r o p p i n g  T r i a l s 

Soybean Response to Micronutrients Across Minnesota 
O n - F a r m  C r o p p i n g  T r i a l s 

   Fertilizer: Treatments
     1) Control (Chk) - no fertilizer
     2) Without Zinc (-Zn)
     3) Without Manganese (-Mn)
     4) Without Molybdenum (-Mo)
     5) Without Boron (-B)
     6) All - 10 lb/ac Zn + 10 lb/ac Mn + 0.5 lb/ac Mo + 5 lb/ac B
     Phosphorus and Potassium kept at non-limiting levels
     Fertilizer was broadcast and incorporated before planting except for  
     Delavan which was managed with no-tillage. 
         Weed Management: Glyphosate
      Experimental Design: Randomized complete block design with 4 replications

Objective:   
The purpose of this study was to determine if there is a potential yield response in soybean to selected micro-
nutrients applied broadcast before planting.  

Results: 
This study used a simple drop out design to study the effects of micronutrients by comparing plots with 4 
micronutrients with plots where one of the particular nutrients are not applied.  To test treatment effects, an 
analysis of variance procedure was used to determine whether any of the treatments were significantly dif-
ferent.  When the analysis indicated significance, all treatments with a particular nutrient were averaged and 
compared to averages of treatments without.  Initial soil test results are given in Table 1. Soil P levels were 
High to Very High at all locations, P ranged from Medium to Very High, and in general Zinc (Zn) was higher 
than levels in which deficiencies are likely to occur.  Soil tests were also run for manganese (Mn) and boron 
(B).  There currently are no critical values for soybeans grown in Minnesota for either nutrient since neither 
has been shown to be deficient.  Soybeans are responsive to Mn, however, yield responses are typically seen 
in areas of the country with soils that have been historically deficient in Mn. Research in Michigan has shown 
soybean yield increases due to Mn and recommendations exist in that state when soil test levels are less than 
24 ppm.  The only location with a soil test near that level was the Rock Dell location.  Other locations that can 
exhibit lowered Mn availability are those with high soil pH, but in this case there was no relationship between 
pH and Mn.

Location
Soil Test

County P K Zn Mn B OM pH
---------------------------ppm------------------------ --%--

Delavan Faribault na na na na na na na
Fosston Polk 25 196 1.1 35.5 1.0 7.1 7.5
Montgomery Rice na na na na na na na
Rochester Olmsted 66 185 1.9 53.7 0.4 3.2 6.1
Rock Dell Olmsted 51 130 3.9 24.3 0.8 3.2 6.8
Warroad Lake of the Woods 29 96 1.0 28.1 0.5 2.8 7.6
P, Bray-P1 phosphorus; K, ammonium acetate potassium; Zn, DTPA zinc; Mn, DTPA manganese; B, hot 
water extracted boron; OM, organic matter loss on ignition; pH, 1:1 soil:water; na, data not available

For Additional Information:
Daniel Kaiser (dekaiser@umn.edu) 612-624-3482

Project Funding Provided by:
Minnesota Soybean Research & Promotion Council

Table 1. Initial soil test data for 0-6” samples collected before treatment application for soybean micronutrients 
studies.
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Soybean Response to Micronutrients Across Minnesota (continued)

O n - F a r m  C r o p p i n g  T r i a l s 

The upper most, fully developed trifoliate was sam-
pled at R2 ( full bloom) to assess plant nutrient status 
at selected sties (Fosston, Hallock, and Rochester 
were sampled, however, the data from Rochester is 
not currently available).  Twenty samples were col-
lected and composited from each plot and analyzed 
for zinc, manganese, and boron.  Leaf molybdenum 
concentration was not determined.  

Zinc was the only nutrient where the concentration 
differed between treatments at any site (Table 3).  
At Fosston leaf zinc content differed between treat-
ments.  Table 3 lists the least significant differences 
between treatments, however, comparisons between 
treatments with and without specific nutrients indi-
cated that leaf zinc content was greater with the ap-
plication of molybdenum.  However, most concentra-
tions were at or near the sufficient 
range of 20 to 50 ppm.  

Table 4 compares the average 
tissue concentration for zinc, man-
ganese, and boron across treat-
ments at each location (sufficient 
ranges: Mn, 21 to 100 ppm; B, 21 
to 55 ppm).  At both the Hallock 
and Fosston sites the average 
tissue concentration fell in the suf-
ficient range for all nutrients.  This 
indicates that it was unlikely that a 
deficiency was present and yield 

Year 1 Summary
•  There was no yield advantage 
for applying Zn, Mn, Mo, or B to 
soybeans at these locations.
•  The potential effect of the 
climatic conditions at individual 
locations may have limited po-
tential for determining treatment 
differences.
•  Soil tests did not aid in the 
determination of where micronu-
trient deficiencies may occur.
•  Plant tissue tests at selected 
sites agreed with yield data 
that micronutrients levels were 
sufficient enough to maintain 
soybean yields.

Site
Treatment

Chk -Zn -Mn -Mo -B All P>F +
-----------------------------------ppm------------------------------------

Fosston 21abc 20abc 19c 19c 236a 22ab 0.04

Hallock 27 26 29 27 28 26 0.51

+ Treatments are significantly different when P <0.05.

Site
Nutrient and Sufficiency level

Zn SL + Mn SL + B SL +
---------------------------ppm------------------------------------

Fosston 21 S 92 S 50 S

Hallock 27 S 51 S 49 S

+ SL, sufficiency level: L, Low; S, Sufficient; H, High

Site
Treatment

Chk -Zn -Mn -Mo -B All P>F +
-------------------------------bu/ac----------------------------------

Delavan 41 40 42 41 43 42 0.86

Fosston 64 62 66 62 66 65 0.50

Hallock 57 55 56 59 59 59 0.36

Montgomery 39 39 39 39 40 36 0.65

Rochester 38 37 37 37 38 38 0.54

Rock Dell 35 33 34 32 31 29 0.25

+ Treatments are significantly different when P <0.05.

would be limited.  The yield data (reported at 13% 
moisture) in Table 5 confirms this result.  

There was no significant effect of the micronutrients 
studied on yield at any of the locations.  Glyphosate 
application at many of the southern locations was 
during periods of high temps which did induce some 
glyphosate flash symptoms in many fields in 2011.  
In the fields studied there was no advantage to Mn 
which has been reported to be limiting when glypho-
sate flash occurs.  Yields in the southern sites were 
lower which may limit potential response to micronu-
trients.  While there may have been some variability 
between treatment yields it was likely due to within 
plot variability.   

Table 3. Soybean trifoliate zinc concentration from samples taken at R2 (full bloom).

Table 4. Soybean trifoliate nutrient concentration from samples taken at R2 (full 
bloom) averaged across treatments.

Table 5.  Soybean yield summary by treatment for each location


