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1) High commodity prices, input costs and crop yields. 
2) Higher retailer profit margins :-> 
3) Increased availability of precision nutrient application 
equipment allowing micronutrients to be applied 
accurately and uniformly at relatively low rates. 
4) Ease and convenience of adding micronutrients to 
multiple-input tank mixes of herbicides, fungicides, etc. 
already destined for field application. 
5) Increased understanding of soil/crop nutrient 
relationships by producers and their crop advisors. 

What is driving current interest in 
 micro/secondary nutrients ? 



      Jethro Tull, 1731 

Jethro Tull invented the grain drill and many 
complementary technologies that resulted in 

large increases in grain yields during the 
18th century. 



“All sorts of dung and compost contain 
some matter, which, when mixt with the soil, 
ferments therein; and by such ferment 
dissolves, crumbles, and divides the earth 
very much; This is the chief, and almost 
only use of dung... This proves, that its 
(manure) use is not to nourish, but to 
dissolve, i.e., divide the terrestrial matter, 
which affords nourishment to the mouths of 
vegetable roots.” 

Jethro Tull, 1731 



“All sorts of dung and compost contain 
some matter, which, when mixt with the 
soil, ferments therein; and by such ferment 
dissolves, crumbles, and divides the earth 
very much; This is the chief, and almost 
only use of dung... This proves, that its 
(manure) use is not to nourish, but to 
dissolve, i.e., divide the terrestrial matter, 
which affords nourishment to the mouths 
of vegetable roots.” 

Jethro Tull, 1731 

Adoption of Tull’s tillage intensive row cropping 
system increased yields dramatically across Europe 

even though it was based on  
an incorrect theory of crop nutrition  
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~ 18 elements have been 
identified as essential for 
the growth of all plants 
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Many more elements are found in plants  
some of which clearly have beneficial  

(but not essential) effects on plant growth/health 

of plant dry matter 



Current Opinions in Plant Biology. 2009 Jun;12(3):267-74 

Physiological functions of beneficial elements. 
Pilon-Smits EA, Quinn CF, Tapken W, Malagoli M, Schiavon M. 
Biology Department, Colorado State University, Fort Collins, Colorado 80523, 
USA. epsmits@lamar.colostate.edu 

Abstract 
Aluminum (Al), cobalt (Co), sodium (Na), selenium (Se), and silicon (Si) 
are considered beneficial elements for plants: they are not required by all 
plants but can promote plant growth and may be essential for particular 
taxa. These beneficial elements have been reported to enhance resistance to 
biotic stresses such as pathogens and herbivory, and to abiotic stresses such 
as drought, salinity, and nutrient toxicity or deficiency. The beneficial effects of 
low doses of Al, Co, Na and Se have received little attention compared to toxic 
effects that typically occur at higher concentrations. Better understanding of 
the effects of beneficial elements is important to improve crop productivity and 
enhance plant nutritional value for a growing world population. 



Provance-Bowley, M., J.R. Heckman, and 
E.F. Durner.  2010. Calcium Silicate 
Suppresses Powdery Mildew and 

Increases Yield of Field Grown Wheat.  
Soil Science Society America Journal. 

74:1652-1661.  



Investigating the Essentiality of Elements 

Very abnormal growing conditions 



Some elements (e.g. Se, I, As, Cr) 
 have been identified as essential for 
animals but not for plants. 



N = 100 
http://web.missouri.edu/~umcsnrsoilwww/webpub05/micro1_2005rev.htm 

1/333 of N 

Uptake of micronutrients is very small relative to N 

1/1,000,000 of N 



Total levels are for the plow layer of a typical Corn Belt soil 



Min	   Max	   Mean	   CV	  
N	  	   10.2	   15	   13	   9.8	  

P2O5	   5	   12.3	   9.1	   19.6	  
K2O	   3.7	   7.5	   5.8	   13.9	  
S	  	   0.9	   1.4	   1.1	   13.5	  
Mg	   0.88	   2.18	   1.55	   23.6	  
Ca	  	   0.13	   0.45	   0.28	   30	  

Fe	   9	   89.5	   35.5	   52.6	  
Zn	   15	   34.5	   26.7	   18.4	  
B	   2.3	   10	   5.9	   36.3	  
Mn	   1	   9.8	   4.8	   52.2	  
Cu	   1	   5.8	   3.2	   49.6	  
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pa

rts
 p

er
 th

ou
sa

nd
 

pa
rts

 p
er

 m
ill

io
n 

Surprisingly little is known 
about the factors 

controlling this variation 



…… 

Nutrient availability 

C
rop yield 

Classic concept of yield response to nutrient availability 

Macronutrients 
tend to have 

 a broad  
sufficiency 

 range 

Micronutrients 
tend to have a 

narrow 
sufficiency 

range 

Over application of 
micronutrients is 

much more likely to 
cause yield loss  

Macronutrient  
Deficiency  
Symptoms 

Crops can 
recover from 

some obvious 
micronutrient  

deficiency 
symptoms  

with little yield 
loss 



Nutrients used in small 
quantities tend to be much 
less mobile in plants 

Nutrients used in large 
quantities tend to be easily 
moved around in plants 

Negative 
interactions 



Micronutrients have very important roles in plant metabolism 
Just a few atoms can make all the difference in 

the structure and function of enzymes 





? ? 

pathogen 



pathogen 



Inorganic nutrient forms taken up by plants 

All are 
more 

available 
in acid 
soils 



6.5 7.5 

Why is VRT lime more likely to pay 
than VRT P, K or N? 

AVOID OVER LIMING!! 



Suggested soil test levels for selected micronutrients in IL 

SOIL TEST LEVEL (LB/ACRE) 
MICRONUTRIENT AND PROCEDURE  VERY LOW  LOW  ADEQUATE 
Boron (alfalfa only) hot water soluble 0.5 1.0  2.0 
Iron (DTPA) --  <4  >4 
Manganese (DTPA)  --  <2  >2 
Manganese (H3PO4)  --  <10  >10 
Zinc (0.1N HCl)  -- <7 >7 
Zinc (DTPA)  --  <1  >1 



soil tests for micronutrients  
have limited value 

• sampling and soil test methods are less reliable 
• calibration databases are inadequate 
• subsoil supply may be sufficient 

If soil test levels are high, deficiency is unlikely 
but  low soil test levels are a 
 weak predictor of deficiency! 

Unfortunately 

Low plant tissue levels of micronutrients 
are a more reliable indication of likely 

response to fertilization than soil testing 



http://iah.aces.uiuc.edu/pdf/Agronomy_HB/11chapter.pdf 

 Critical tissue nutrient levels for corn, soybeans and alfalfa 

 Nutrient concentrations below these critical levels  
(in designated plant parts) indicate that deficiency is likely. 

Why are these #s higher? 

Some consultants feel that higher tissue levels  
are needed for high performance 



Micronutrients deficiencies are normally 
associated with one or more of the following 
five situations:  

(1) highly weathered soils 
(2) coarse-textured soils 
(3) high-pH soils 
(4) Organic/muck soils 
(5) soils that are low in organic matter because of 

severe erosion or land-shaping processes 
have removed the topsoil. 

Why ?? 

(natural pH < 5) 



            Specific crops are much more likely  
             to experience specific deficiencies 



Boron (B) deficiency is common for alfalfa.  
Characteristic symptoms of the deficiency are yellowing of the upper 

leaves, eventually turning to a purpling color, along with stunting of the 
upper stems. Deficiency symptoms for B are similar to leaf hopper 

damage. Deficiency symptoms are most commonly observed during 
drought conditions. If B deficiency has previously been observed, it will 
likely occur whenever alfalfa is grown in that field unless B is applied 

on an annual basis. 



Boron fertilization 

On sandy soils, apply 1 lb of boron per acre after 
the first cutting of alfalfa each year. On heavier 
soils, 3-4 lb/acre after the first cutting (yr 1) is 

normally adequate for the life of the stand.  

Boron is highly toxic to germinating 
seeds of corn and soybeans. Boron 

fertilizers should never be applied as a 
"starter fertilizer" in or near the row. 



NCDA recommendations for Boron: 

all brassicas: 2 lbs per acre 

cantaloupes & cukes: 1 lb per acre 

peppers and tomatoes: 1 lb per acre 

okra: 0.5 lbs per acre 

Foliar application of Boron 

Crops with high demand for boron may 
benefit from foliar applications of 

boron (~ 0.2 lbs B/acre) at the following 
times: prior to heading of cole crops, 

prior to root swell in root crops, and at 
first bloom for tomatoes and okra.  

Adequate boron is critical for 
high quality vegetable crops 



In corn, wheat and alfalfa , B is immobile and 
must be acquired at all stages of plant growth. 

Foliar application can be used to correct 
deficiency in current tissues but will have minimal 

effect on later plant growth. 

 For some species, B mobility varies considerably 
between  cultivars. 





? 



Manganese deficiency symptoms  
(stunted plants with green veins in yellow or 

whitish leaves) are common on high pH 
(alkaline) sandy soils, especially during dry 

soil conditions. 



Foliar applications of MnEDTA at rates 
as low as 0.15 lbs of Mn per acre in 

mid-June to soybeans planted in early 
May have resulted in significant yield 

increases in IL.  

Manganese is relatively immobile so 
multiple applications may be necessary 

to optimize yield. 

When should Mn be applied to soybeans? 

2x2 banding of Mn in Indiana has 
 NOT been found to be effective 

Mn should be applied 
promptly when deficiency 
symptoms are observed 



Are Roundup Ready™ Soybeans more likely 
to experience Mn deficiency ? 

There is a growing body of evidence that RR soybeans 
are more likely to experience Mn deficiency than non-RR 

soybeans.  

Researchers at Purdue University have attributed this to 
less effective Mn utilization within RR beans and 

glyphosate interference with Mn uptake.  

THERE IS CONSIDERABLE VARIATION  
BETWEEN RR SOYBEAN VARIETIES 



    Impact of glyphosate on Mn transforming microorganisms 

Reduced Mn+2 is much more available  
for crop uptake than oxidized Mn+4. 

Interpretation  
Glyphosate promotes Mn oxidizing microbes and 

inhibits Mn reducing microbes 

Why does this matter? 

Don Huber 

Dry soil conditions  oxidization of Mn 



Far reaching effects of glyphosate on soil chemistry and ecology 

Don Huber 



A recent study at the U of I found that 
the amount of "flash" following 

glyphosate application increased with 
glyphosate rate, but that foliar 

application of Mn had no impact on the 
amount of "flash", leaf Mn content, or 

crop yield.  

It is likely that glyphosate effects on 
yield related to Mn only occur when Mn 

levels are approaching deficiency. 



Caution should be taken when mixing Mn 
and other micronutrients with glyphosate. 

 Dry flowable products show the most antagonism, 
while chelates show the least. Antagonism may 

result in greatly reduced weed control.  

Not all formulations of glyphosate are equally 
reactive. 

Glyphosate can inhibit the mobility of Mn applied to 
plant foliage prior to, with, and for up to eight days 

after application. 











? 



Zinc deficiency in corn is exhibited on the upper leaves as inter-veinal 
chlorosis. The veins, midrib and leaf margin remain green.  

As the deficiency intensifies “feather like” bands develop on either side of the 
midrib and the leaves may turn almost white (hence the term “white bud” was 
coined to describe Zn deficient corn plants); internodes are short resulting in 

stunted plants. 

http://www.cropsoil.uga.edu/~oplank/diagnostics70/Symptoms_/Corn/Images-Corn/images-corn.html 



Zinc 

High pH, cool weather and very high P levels 
increase the likelihood of Zn deficiency. If 

very high P levels have resulted from manure 
applications, Zn deficiency is  less likely.  

Soil test levels of Zn are poor indicators of 
yield response to the application of Zn. 



Soil applied 
Favorable responses have been observed for 
both banded and broadcast applications of Zn  
(2-4 lbs Zn/ac if banded or 4-8 lbs if broadcast) 

Foliar applied 
Favorable responses have also been observed 
for foliar Zn applied at 1 lb/ac  Zn (sulfate form) 

or 0.15 lb Zn (chelate form). 

Application of Zn 





Soybeans normally outgrow the stunted, yellow appearance 
of Fe chlorosis.  As a result, it has been difficult to measure 

yield losses or decide whether or how to treat affected 
areas. 

Research in Minnesota has shown that timing of Fe 
application is critical to attaining a response. Researchers 

recommend that 0.15 lb/acre of iron as iron chelate be 
applied to foliage within 3 to 7 days after chlorosis 

symptoms develop (usually in the second-trifoliate stage of 
growth). Waiting for soybeans to grow to the fourth- or fifth-

trifoliate stage before applying iron resulted in no yield 
increase.  



No oats Oats killed at 12” 

Impact of oat intercropping on Fe chlorosis 

Elevated soil nitrate promotes  Fe chlorosis  
Competition for nitrate by oat reduces Fe chlorosis 

Some interesting research in Minnesota 

http://www.extension.umn.edu/AgProfessionals/components/CPM/Lamb_Soybean.pdf 



Molybdenum 

Molybdenum (Mo) differs from most of the other 
micronutrients in that it increases in availability with an 

increase in pH.  

Historically Mo deficiency has primarily been reported for  
legumes grown on very acid soils but recent investigations 
suggest that Mo deficiency may be much more widespread.  

The most practical solution is often to apply lime but Mo 
seed treatments and foliar applications  can be of value.  



http://magissues.farmprogress.com/ksf/KS12Dec07/ksf024.pdf 

Generally if a seed has been grown in soils 
with sufficient molybdenum, the seed itself 

contains enough of the nutrient for the 
growing plant it produces.  

Mo 

Some evidence suggests that 
crop seeds are increasingly 

likely to be low in Mo 



Field Crops Research  Volume 110, Issue 3, 28 February 2009, Pages 219-224  

We demonstrated the feasibility of producing Mo-
rich seeds of several soybean cultivars by means 
of foliar sprays of ~ 1/3rd of a lb of Mo/ac, between 
the R3 and R5 stages with a minimum interval of 
10 days between sprays… in field experiments 

performed in soils with low N content and without 
N fertrilizer, Mo-rich seeds produced plants with 

higher yields of total N and grain. 



Summary 

Soil tests for micronutrients are NOT very reliable for 
predicting crop response to fertilization.  

If soil test levels are high, the likelihood of response to fertilization is low. If 
soil test levels are low to medium, response to fertilization is inconsistent.   

Decisions about  micronutrient fertilization should take into account:  
1) sensitivity of the crop to be grown 

2) soil characteristics that affect the availability of the element, such as 
soil pH, organic matter, soil texture, and soil P level 

3) tissue test levels 
4) soil test levels 

If multiple factors indicate potential for deficiency,  
fertilization on a trial basis is a good strategy. 







http://www.mitchellfarms.com/?p=84 



Is S a limiting nutrient ? 



Sulfur deficiencies are increasingly common 

-   Enforcement of clean air standards has reduced SOx 
emissions from power plants and industry by > 50% 

 in the last 2 decades 

-  Higher crop yields are removing higher amounts of S 
from soils as well as increasing the need for S 

- The amount of S applied in fertilizer materials  
(often unintentionally) has decreased. 





Sulfur Deficiency in Corn 

Overall light green 
color, worse on new 
leaves during rapid 
growth. 

Unlike N,  
S is not 
readily 

remobilized 
from older to 

younger 
plant parts.  



Sulfur Deficiency in Wheat 

Overall light green color, worse on 
new leaves during rapid growth. 



Sulfur deficiency in Alfalfa 



Important S concepts 
When S is deficient, plants tend to accumulate 
non-protein N, which raises the N/S ratio in the 

plant. A N/S ratio of 9:1 to 12:1 is especially 
important in forages that will be used for animal 

feed, so that the rumen microorganisms can 
effectively use the N.  

Grasses are more competitive for sulfate (SO4
2-) 

than legumes and tend to crowd out legumes in  
S deficient pastures.   

Brassicas like canola and radish cover crops have 
a high demand for S.             



So what can you apply if your soil needs S? 

Ammonium sulfate (21-0-0) – 24% 
Ammonium thiosulfate (12-0-0) – 26% S 

Potassium sulfate (0-0-50) - 18% S 
Sul-Po-Mag (0-0-22-S) - 23% S, 11% Mg 

Gypsum aka calcium sulfate  - 17% S 
Elemental S – 100% S 

Animal manures – 0.1-0.3% of DM 
(ES95, ES90, ES85) 



Example of an elemental S product 

? 



Ca+2 should be the dominant  
exchangeable cation and ion in solution 

Exchangeable 
cations 

Ca+2 

Ca+2 

Ca+2 
Ca+2 

Ca+2 
Ca+2 

Ca+2 
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Ca+2 

Ca+2 

Ions in solution 

Ca+2 

Ca+2 

Ca+2 

Ca+2 

Ca+2 Ca+2 
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Solution concentrations of Ca in temperate region 
soils tend to range from ~30 to ~300 ppm. 

Solution concentrations are not the same as 
extractable (soil test) concentrations. 

15 ppm Ca 
is adequate 

for most 
crops 



Magnesium deficient corn 





? 



Technical Abstract: A driving force in soil erosion is the 
low electrolyte content of rain water. Various electrolyte 

sources have proven useful in serving as electrolyte 
sources such as phosphogypsum, lime and various salts, 

however, each has other potential problems. We 
performed a number of studies on low cost gypsum from 
scrubbing of coal fired power plants (FGD gypsum) and 

found the neutral salt gypsum to be an excellent 
electrolyte source which is slowly soluble in rainwater and 

has few if any potential environmental problems. It has 
proven very useful in keeping soil clays flocculated and 
maintaining greater infiltration rates, therefore, reducing 

runoff and erosion. 

Title: Using Gypsum to Affect Soil 
Erosion Processes and Water Quality  

Author: Dale Norton  






