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INTRODUCTION AND OBJECTIVES 

High yielding corn and soybean production systems in Missouri have renewed an interest in 
micronutrient management such as sulfur (S) which is essential for protein formation and zinc 

(Zn) which is important for enzymes and metabolic reactions. Yield increases due to sulfur 
applications are more likely to occur during cool, wet springs when mineralization and crop 
growth are slow as a result of a decrease in atmospheric sulfur deposition. Soil tests in 2010 
indicated that over 60% of the samples in upstate Missouri had low (<0.6 ppm) to medium (0.7 
to 1.0 ppm) soil test Zn (Nathan, unpublished). Similarly, over 70% of the soil test samples were 
very low to medium for Bray 1P. 

Fertilizer manufacturing has progressed to accommodate more uniform distribution of 
nutrients in an individual fertilizer granule (Anonymous, 2007). Each prill is formulated to 
contain Nitrogen (N), phosphorus (P), S, and/or Zn rather than a blended product that includes 
individual prills of individual nutrients. In a blend, there may be a certain amount of segregation 
that occurs which often affects the uniformity of distribution when the blended fertilizer is 
applied in the field. This poor distribution of applied blended dry fertilizer may be significant for 
recommendations of 5 to 10 lbs of Zn/acre. Typically, soluble S sources, such as ammonium 
sulfate (AMS) or ammonium thiosulfate, are recommended over elemental S (Janzen and 
Bettany, 1987) and ZnSO4 is a common source of Zn (Boawn, 1973). 

Cogranulated fertilizers, where S and Zn are added in layers to the monoammonium 
phosphate (MAP) prill, allows for a more uniform distribution of fertilizer which allows roots to 
have a higher probability of contact with the fertilizer granule and may enhance fertilizer 
efficiency. Mosaic has formulated MicroEssential sulfur 10 (MES10) (12-40-0-10S) and 
MicroEssential sulfur and zinc (MESZ) (12-40-0-10S-1Zn) with two forms of sulfur (50% 
sulfate and 50% elemental S). MESZ includes Zn as zinc oxide. These products were developed 
primarily for corn, soybean, wheat, and rice. This fertilizer combination has been promoted to 
increase P uptake up to 30%. The availability of Zn to the plant has been promoted as being 10 to 
45% greater with the Mosaic product (Anonymous, 2007). 

The objectives of this research were to: 
1. Evaluate P rates of MES10 and MESZ formulations to equivalent blends of MAP, Zn, 

and S; and 
2. Evaluate ZnSO4 rates in a blend with MAP or DAP compared to MES10 and MESZ 

formulations on grain yields and uptake of micronutrients in a corn soybean rotation. 
 
PROCEDURES 

Field research was conducted at the Greenly Memorial Research Center near Novelty and 
Hundley-Whaley Center near Albany. Initial soil samples were taken each year, and the soil 
characteristics at 0-6 inches are reported in Table 1. A randomized complete block design was 
used at each site, with 4 replications at Albany and 5 replications at Novelty. Phosphorus, Zn, 
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and SO4-S were analyzed from a soil samples from a 6-inch depth and a corn ear leaf tissue 
samples in 2013 and 2014 at both locations. 
 
P rates of MES10 and MESZ compared to blends of MAP, Zn, and S 

Soybeans followed corn plots established in 2014 and 2015. Fertilizer treatments for this 
experiment included MES10, MESZ, MAP, MAP+AMS, and MAP+ZnSO4+AMS. All 
treatments were tested at 70 and 110 lbs P2O5 per acre (Table 4). Fertilizer was broadcast surface 
applied with a hand spreader. Table 2 reports field management information for corn sites at 
Albany in 2013 and 2014 and Novelty in 2011, 2012, 2013, and 2014. Soybean rotations are also 
listed for Novelty 2012, 2013, and 2014 in Table 2. The soybean plots received no additional 
fertilizer and were in the same location as the corn plots from the previous year. 
 
ZnSO4 blended with MAP or DAP compared to MES10 and MESZ 

Corn and soybean response was evaluated in 2014 (Table 5) and the subsequent soybean 
responses in 2015. Fertilizer treatments for this experiment included MES10, MESZ, MAP, 
MAP+AMS, MAP+ZnSO4+AMS, MAP+SuperZn+AMS, diammonium phosphate (DAP), 
DAP+AMS, DAP+ZnSO4+AMS, DAP+SuperZn+AMS. Zinc sources were tested at 2 and 5 lbs 
Zn per acre (Table 5). MAP or DAP were treated with a liquid formulation of Super Zinc 
(Helena Chemical Co., 2255 Schilling Blvd, Suite 300, Collierville, NT 38017) in 2013 and 
2014. Field management information for the corn sites at Albany in 2013 and 2014(continuous 
corn and corn following soybean sites) and Novelty in 2011, 2012, 2013, and 2014 as well as the 
rotational crop (soybean) at Novelty in 2012, 2013, and 2014 is reported in Table 3. Soybean 
plots had no additional fertilizer application and were in the same location as the corn plots the 
previous year. 
 
RESULTS 

All of the sites had very low to medium soil test P, except for the corn-soybean rotation site 
at Albany for objective 2 (Table 1). Similarly, soil test SO4-S was medium for all of the sites 
except for the corn-soybean rotation site at Albany for objective 2. Soil test Zn was low at all of 
the Novelty sites, but was medium to high at three of the Albany sites. 
 
Corn P rates of MES10 and MESZ compared to blends of MAP, Zn, and S 

Corn plant population was 27,000 to 32,000 plants/acre at Novelty (2011-2014) and no 
differences among treatments were observed at Albany in 2013 and 2014 (data not presented). 
There was no effect of fertilizer treatments on grain moisture at Albany or Novelty, while there 
was no difference in test weight at Novelty (data not presented). 

Rainfall was above average in the spring of 2011 which was followed by moderately dry 
conditions during the summer. Corn grain yields were greatest with MESZ at 110 lbs P2O5/acre 
(151 bu/acre), MES10 at 110 lbs P2O5/acre (150 bu/acre), and MAP at 110 lbs P2O5/acre (150 
bu/acre) at Novelty in 2011 (Table 4). All treatments were similar to MESZ at 110 lbs P2O5/acre 
except MAP at 70 lbs P2O5/acre, urea at 28 lbs N/acre, and urea at 46 lbs N/acre. No significant 
differences among treatments were observed at Novelty in 2012 or 2013, which was probably 
related to extremely dry conditions in 2012 and a flash drought in 2013. Grain yields at Albany 
in 2013 were greatest with MAP + ZnSO4 + AMS at 110 lbs P2O5/acre (148 bu/acre), MAP at 
110 lbs P2O5/acre (147 bu/acre), MAP + AMS at 110 lbs P2O5/acre (147 bu/acre), MES10 at 
110lbs P2O5/acre (146 bu/acre), and MESZ at 110 lbs P2O5/acre (145 bu/acre). Reduced rates of 
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MAP (70 lbs P2O5/acre) were generally lower than MAP + ZnSO4 + AMS at 110 lbs P2O5/acre. 
In 2014, the Novelty site experienced a high yield environment.  At Novelty, treatments with the 
higher rate of P (110 lbs P2O5/acre) had higher yields compared to no additional P in 2014.  All 
treatments increase corn yields compared to the P control at Albany in 2014.  In general there 
was no significant difference between P applied at 70 and 110 lbs P2O5/acre, but yields were 
usually greater at 110 lbs P2O5/acre compared to 70 lbs P2O5/acre. 

There was no difference in soil test P levels following corn at Novelty in 2013 (data not 
presented). All fertilizer treatments with Zn except MESZ at 110 lbs P2O5/acre increased soil test 
Zn concentration compared to treatments without Zn at Novelty in 2013. No differences among 
Zn rates were detected. Soil test SO4-S was greatest with MES10 at 18 lbs S/acre, which was 
similar to MES 10 at 28 lbs S/acre, MESZ at 18 or 28 lbs S/acre, and MAP + AMS at 28 lbs 
S/acre. These treatments increased soil test SO4-S concentrations compared to the other 
treatments. Soil samples at the Albany location were collected in the spring, 2014. At Novelty, 
ear leaf P concentration increased with MESZ at 110 lbs P2O5/acre, and all MAP treatments 
except MAP + ZnSO4 + AMS at 70 lbs P2O5/acre compared to the non-treated control. MAP + 
AMS at 110 lbs P2O5/acre had the highest ear leaf P concentration (0.308 %) which was similar 
to MESZ and the other MAP treatments applied at 110 lbs P2O5/acre. In 2014, MAP at 70 lbs 
P2O5/acre, MAP at 110 lbs P2O5/acre + ZnSO4, and all MES10 and MESZ treatments increased 
ear leaf P concentration compared to the non-treated control.  However, no differences in Zn or S 
concentrations were detected in 2013 or 2014 on soils with medium S and low to medium Zn.  
Soil test Zn levels were greatest at Novelty (Table 1) compared to previous years. 

No differences among soybean yields were detected in 2012 at Novelty following fertilizer 
treatments to corn in 2011 (Table 4). Soybean yields (35 to 36 bu/acre) were similar for MESZ at 
110 lbs P2O5/acre, MAP + AMS at 110 lbs P2O5/acre, MAP + ZnSO4 + AMS at 75 or 110 lbs 
P2O5/acre, and urea at 46 lbs N/acre in 2013 (Table 4). 

In summary, average corn grain yields were similar with MAP at 110 lbs P2O5/acre and 
MESZ at 110 lbs P2O5/acre (146 bu/acre) followed by MAP + ZnSO4 + AMS at 110 lbs 
P2O5/acre (144 bu/acre).  However, MESZ at 110 lbs P2O5/acre, MES10 at 110 lbs P2O5/acre, 
MAP at 110 lbs P2O5/acre + AMS, MAP at 110 lbs P2O5/acre + ZnSO4 + AMS, and urea at 46 
lbs N/acre had the highest average soybean yields (47 bu/acre) the following year. 
 
ZnSO4 blend with MAP or DAP compared to MES10 and MESZ 

Grain moisture and plant populations were similar among treatments following corn or 
soybean at Albany and following soybean at Novelty (data not presented). Corn test weight was 
lowest in the non-treated, no N control at Novelty, but limited differences were observed among 
Zn treatments (data not presented). 

At Novelty, corn grain yield was highest with MESZ and MAP + ZnSO4 + AMS in 2011; 
MESZ, non-treated and no N control, and N only in 2012; and MESZ, MAP + ZnSO4 (5 lbs 
Zn/acre) + AMS, MAP + SuperZn (5 lbs Zn/acre) + AMS, and DAP + AMS in 2013 (Table 6). 
Average corn yield for the 7 site-years evaluated to date were ranked, MAP + ZnSO4 (5 lbs 
Zn/acre) + AMS (133 bu/acre), MAP (131 bu/acre), MAP+ZnSO4 (2 lbs Zn/acre) + AMS (130 
bu/acre), DAP+ZnSO4 (2 lbs Zn/acre)+AMS (130 bu/arce) data presented in Table 5. In 2014, 
several high yielding treatments including MAP + ZnSO4 (5 lbs Zn/acre) + AMS and DAP + 
ZnSO4 (2 lbs Zn/acre) + AMS had yields that were 10 bu/acre greater than MAP alone. Average 
soybean yields were 49 bu/acre with the N only control, MESZ, DAP, and DAP + ZnSO4 (5 lbs 
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Zn/acre) + AMS, but there was no significant treatment effect on soybean yields within 2012, 
2013, or 2014. 

All treatments increased ear leaf P concentration compared to the non-treated, no N control 
at Novelty in 2013 (data not presented). The inclusion of MAP or DAP generally increased ear 
leaf P concentration compared to the N only treatment. There were limited differences in P 
concentration among P treatments at Novelty and no difference in 2014. In general, treatments 
increased ear leaf S and Zn concentration compared to the non-treated, no N control at Novelty 
in 2013 and ear leaf Zn concentration at Novelty in 2014, but treatments with S and Zn had ear 
leaf concentrations that were similar to the N only control. 

MAP or DAP were treated with a liquid formulation of Super Zinc (Helena Chemical Co., 
2255 Schilling Blvd, Suite 300, Collierville, NT 38017) in 2013 and 2014.    At Novelty, all 
treatments increased soil test P compared to the non-treated, no N control (data not presented). 
MAP or DAP + ZnSO4 (2 lbs Zn/acre) + AMS and MAP or DAP + Super Zn (5 lbs Zn/acre) + 
AMS increased soil test Zn 1.2 to 2.9 ppm compared to the non-treated controls. MES 10 and 
MESZ increased soil test S compared to the N only control, while blends of MAP +/- Zn at 2 
lbs/acre + AMS and DAP + Super Zn (2 lbs Zn/acre) or ZnSO4 + AMS significantly increased 
soil test S compared to the N only control. 

There was no difference in ear leaf P, Zn, or S concentration among treatments at Albany 
with a corn-soybean rotation (data not presented), which was probably due to the high soil test P, 
Zn, and S at this location (Table 1). Similarly, no difference in soil test P or Zn was observed at 
the Albany site in a corn-soybean rotation (data not presented). 

The continuous corn site at Albany had several treatments that increased soil test P 
concentration, but Zn treatments had no significant impact on soil test Zn concentration when 
compared to the non-treated controls (data not presented). When compared to the N only control, 
SO4–S in the soil increased with all treatments that included a S additive. Soil test SO4–S was 
similar between MES10 and MESZ when compared to the addition of AMS. 

Average soybean yields were 47-49 bu/acre for all treatment in Novelty in 2012, 2013, and 
2014 and Albany in 2013 and 2014 but there was no significant treatment effect on soybean 
yields within 2012, 2013, and 2014 (Table 5). 
 
SUMMARY 
P rates of MES10 and MESZ compared to blends of MAP, Zn, and S 

 In corn, the effect of fertilizer yields from corn indicated MESZ and MAP at 110 lbs 
P2O5/acre had high average corn (6 site-years) 

 In soybeans, the carry over effect of fertilizer treatments from corn to soybean indicated 
 Urea at 46 lbs N/acre, MES10, MAP+AMS, MAP+ZnSO4+AMS, MESZ at 110 lbs 
 P2O5/acre had high average soybean (4 site- years) yields. 
 Soil test Zn increased with all treatments that included Zn regardless of rate. 
 Soil test SO4-S increased with MES10 at 18 lbs S/acre, MES 10 at 28 lbs S/acre, MESZ 

at 18 or 28 lbs S/acre, and MAP + AMS at 28 lbs S/acre at Novelty in 2013. 
 Ear leaf P concentration was greatest with MAP + AMS at 110 lbs P2O5/acre and was 

similar to the high rates of MAP or MESZ. 
ZnSO4 blends with MAP or DAP compared to MES10 and MESZ 

 Corn grain yields were ranked MAP + ZnSO4 at 5 lbs/acre + AMS (133 bu/acre), MAP 
(131 bu/acre), and MAP + ZnSO4 at 2 lbs/acre + AMS = DAP + ZnSO4 at 2 lb/acre + 
AMS (130 bu/acre) for 7 site-years. 
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 The non-treated and no N control, N only control, MESZ, and DAP had similar soybean 
yields (4 site-years). 

 At sites with low soil test P and S, selective fertilizer treatments significantly increased 
soil test P and S following corn in 2013. 

 Soil test Zn increased with selective treatments at Novelty in 2013, but not at Albany 
with low or high initial soil test Zn. 
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