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Agronomic Information From

Winter 2013

What’s Inside…

Samplename, P_1782, K_7664, Ca3179, Mg2790, S_1820, B_2496, Cu3247, Fe2599, Mn2576, Zn2138, Na5889, Al3082, IS1(Time), IS2(Time), IS3(Time), IS4(Time), IS5(Time), IS6(Time), IS7(Time)
1/2, 437.594910, 304.864838, 7649.852051, 2187.390137, 53.592815, 52.834301, 20.062305, 106.817513, 160.676056, 122.046562, 51.932156, 51.971195, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.00
1/2, 443.937836, 297.769531, 7642.451172, 2182.712402, 60.479038, 52.635326, 20.914694, 106.816109, 160.644150, 122.612053, 52.663570, 52.068581, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.00
B-30121, 153.512970, 401.081085, 1963.547363, 491.526245, 63.422817, 0.577201, 2.244094, 118.209358, 42.772667, 4.132974, 208.646637, 774.718262, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.00
B-30122, 52.680058, 181.621613, 2304.274414, 737.462830, 37.583893, 0.072150, 1.640420, 92.401810, 47.562416, 7.232704, 141.033844, 897.558167, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.0000
B-30123, 123.057320, 416.216217, 5024.327148, 1668.310181, 30.201342, 0.865801, 2.703412, 75.021439, 25.269382, 22.869122, 127.951134, 700.638550, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.0
B-30124, 125.526695, 363.243256, 3140.404541, 973.513367, 26.845636, 0.144300, 1.456693, 122.714546, 28.817347, 13.501047, 102.048882, 676.859436, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.0
B-30125, 86.428215, 205.405396, 2289.822266, 764.692749, 18.456375, 0.144300, 1.325459, 111.017097, 22.391590, 7.990416, 113.984970, 770.961670, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.000
B-30126, 65.026947, 200.000000, 3175.986328, 1141.228882, 20.469799, 0.432900, 1.627297, 119.215599, 14.901445, 12.054506, 102.894753, 534.184814, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.0
B-30127, 99.598228, 201.081085, 2478.959961, 850.198181, 26.845636, 0.144300, 1.627297, 99.113831, 9.776610, 8.265948, 118.890991, 987.753540, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.00000
B-30128, 111.121994, 207.567551, 4491.260742, 1367.740356, 14.765100, 0.432900, 1.771654, 122.074203, 17.286465, 9.574722, 98.496254, 640.495850, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.00
1/2, 446.935852, 279.272705, 7656.511230, 2197.076660, 53.291531, 53.510033, 21.055357, 106.931816, 161.284042, 122.770729, 54.025463, 53.013439, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.00
B-30121, 141.263657, 386.181824, 1957.331055, 490.971619, 65.830719, 0.429799, 2.253156, 117.496193, 42.782101, 4.275598, 202.564102, 790.633423, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.00
B-30122, 53.871735, 178.909088, 2307.663330, 736.371460, 31.974920, 0.429799, 1.748139, 91.463760, 47.801556, 7.804662, 137.080872, 913.973145, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.0000
B-30123, 120.513062, 417.818176, 5012.927246, 1664.488403, 29.153605, 0.859599, 2.822920, 74.560760, 26.011673, 23.753321, 124.403801, 714.817688, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.0
B-30124, 126.498810, 339.272705, 3148.713623, 976.612183, 26.332287, 0.429799, 1.566850, 121.552460, 29.494164, 13.980525, 100.107590, 687.831116, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.0
B-30125, 73.425179, 200.727280, 2277.893066, 757.351685, 25.391850, 0.214900, 1.398511, 109.259369, 22.840466, 8.619061, 109.754349, 773.358887, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.000

36, 297.769531, 7642.451172, 2182.712402, 60.479038, 52.635326, 20.914694, 106.816109, 160.644150, 122.612053, 52.663570, 52.068581, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.00
512970, 401.081085, 1963.547363, 491.526245, 63.422817, 0.577201, 2.244094, 118.209358, 42.772667, 4.132974, 208.646637, 774.718262, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.00
80058, 181.621613, 2304.274414, 737.462830, 37.583893, 0.072150, 1.640420, 92.401810, 47.562416, 7.232704, 141.033844, 897.558167, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.0000
057320, 416.216217, 5024.327148, 1668.310181, 30.201342, 0.865801, 2.703412, 75.021439, 25.269382, 22.869122, 127.951134, 700.638550, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.0
526695, 363.243256, 3140.404541, 973.513367, 26.845636, 0.144300, 1.456693, 122.714546, 28.817347, 13.501047, 102.048882, 676.859436, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.0
28215, 205.405396, 2289.822266, 764.692749, 18.456375, 0.144300, 1.325459, 111.017097, 22.391590, 7.990416, 113.984970, 770.961670, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.000
26947, 200.000000, 3175.986328, 1141.228882, 20.469799, 0.432900, 1.627297, 119.215599, 14.901445, 12.054506, 102.894753, 534.184814, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.0
98228, 201.081085, 2478.959961, 850.198181, 26.845636, 0.144300, 1.627297, 99.113831, 9.776610, 8.265948, 118.890991, 987.753540, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.00000
121994, 207.567551, 4491.260742, 1367.740356, 14.765100, 0.432900, 1.771654, 122.074203, 17.286465, 9.574722, 98.496254, 640.495850, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.00
52, 279.272705, 7656.511230, 2197.076660, 53.291531, 53.510033, 21.055357, 106.931816, 161.284042, 122.770729, 54.025463, 53.013439, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.00
263657, 386.181824, 1957.331055, 490.971619, 65.830719, 0.429799, 2.253156, 117.496193, 42.782101, 4.275598, 202.564102, 790.633423, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.00
71735, 178.909088, 2307.663330, 736.371460, 31.974920, 0.429799, 1.748139, 91.463760, 47.801556, 7.804662, 137.080872, 913.973145, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.0000
513062, 417.818176, 5012.927246, 1664.488403, 29.153605, 0.859599, 2.822920, 74.560760, 26.011673, 23.753321, 124.403801, 714.817688, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.0
498810, 339.272705, 3148.713623, 976.612183, 26.332287, 0.429799, 1.566850, 121.552460, 29.494164, 13.980525, 100.107590, 687.831116, 5000.000000, 5000.000000, 5000.000000, 5000.000000, 5000.0
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Who To Contact…

Mother Nature once again gave us some surprises 
this year with early snow fall and new December low 
temperatures. But overall we have a lot to be thankful 
for this year with a great growing season in most areas 
of the country as well as a bountiful yield once again. 

We want to take the opportunity to introduce 
everyone to our newest employee at Spectrum Ana-
lytic. Amanda Martin joined our staff earlier this year. 
Amanda will be filling an agronomist position when 
Scott goes into full retirement in the future. 

We continue to offer the Solvita soil test as an op-
tional analysis to evaluate soil health as related to mi-
crobial activity. Retailer and grower interest continues 
to grow. This test was first introduced to the market 
place in late winter of 2010. There is limited research 

regarding calibration of the test for making nitrogen 
recommendations; however Woods End Lab and several 
university soil scientists are doing research to calibrate 
the test and make it more useful for the agricultural 
market. Research projects continue on the test so that 
information can be better applied to evaluate soil health. 

All the employees at Spectrum Analytic wish you and 
your employees and their families a Blessed and Merry 
Christmas. We hope that everyone enjoys the holidays 
together with friends and family and that everyone 
travels safely. In 2014 we will be facing new challenges 
once again, take these challenges and convert them into 
an opportunity. May the New Year be successful to you 
and all your business ventures.    		

Merry Christmas & Happy New Year!
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A Look at Micronutrient Uptake and Storage in Corn
By Amanda Martin

Corn production has seen sev-
eral changes in cultivar, fertilizer 
inputs, and management practices 
over the years. A lot of research 
focus has been on macronutrients 
(N, P, and K) due to the higher 
amount taken up by crops. For 
example, Dr. Fred Below from 
the University of Illinois observed 
that new corn rootworm resistant 
corn hybrids tend to take up more 
potassium than conventional va-
rieties (Crop Life, October 2013). 

Recently, a study from Purdue 
University investigated micro-
nutrient (Zn, Cu, Fe, and Mn) 
uptake and allocation in modern 
corn hybrids under the following 
conditions 1) three different rates 
of nitrogen fertilizer and 2) dif-
ferent plant densities. This was a 
two part experiment conducted 
by Dr. Ignacio Ciampitti and Dr. 
Tony Vyn.

The findings from the first half 
of the study indicated that high 
yielding, modern corn hybrids 
take up not only more nitrogen 
from soil but more micronutrients 
such as zinc, iron, manganese and 
copper. Nitrogen fertilizer rates 
also influence how much of these 
nutrients are stored in the grain at 
harvest. Growers may need to use 
fertilizers to meet the increased 
micronutrient requirements of 
hybrid corn in high-yield systems, 
especially if soil nutrient levels are 
too low. 

According to Dr. Vyn, Pur-
due professor of agronomy and 
co-author, “This study raises the 
question of whether we need to 
pay more attention to micronu-

trients in fertilizer management,” 
He continues by stating, “In high-
yield systems, it’s not just that corn 
requires more macronutrients like 
nitrogen and phosphorus - which 
is what farmers normally think 
about - more micronutrients are 
needed as well. If you have soil 
that is deficient in micronutrients, 
you could be limiting your yields.” 

“Though micronutrients are 
essential for optimum plant 
growth and reproductive devel-
opment, current management 
practices rarely take them into 
account, as growers often assume 
that soil nutrient concentrations 
for these nutrients are adequate. 
But in modern crop production 
systems, deficiencies could occur”, 
Vyn said. 

“For many years, we didn’t 
have to worry about micronu-
trients,” he said. “But if you’re 
in a cash crop situation where 
you’re producing bigger plants 
and more grain, you are export-
ing more micronutrients away 
from the field at harvest. If you’re 
not replacing them, the soil is 
going to be depleted over time.” 
In order to see if micronutrient 
applications are necessary for a 
fertilizer program in a given crop 
year or if a grower is planning on 
using modern hybrids, soil testing 
for micronutrients using an S2 
or S3 package is the best way to 
assess if micronutrients are in the 
good range for that crop year in 
the rotation. 

“Soil factors such as pH and 
moisture can also influence micro-
nutrient availability”, said Ignacio 

Ciampitti, co-author of the study 
and assistant professor at Kan-
sas State University. Additional 
factors that affect micronutrient 
uptake include: competition with 
other micronutrients and organic 
matter content.

“Nutrient availability is more 
complex than soil nutrient con-
centrations,” Ciampitti said. “Nu-
trient availability is also related to 
the plant’s ability to take up each 
nutrient at the soil root interface”.

In the second part of a study 
observing how modern corn 
hybrids (post-1990) absorb and 
allocate nutrients under contem-
porary management practices, Vyn 
and Ciampitti measured how si-
multaneous increases in the num-
ber of plants per acre and nitrogen 
rates affected the concentration of 
zinc, copper, iron and manganese 
in two hybrids of corn.

Vyn indicates that the in-
fluence of plant density on the 
uptake of micronutrients was rel-
atively minor, even at high crowd-
ing levels, in that higher plant 
density resulted in similar yields 
as medium and low densities. But 
as nitrogen rates increased, yields 
rose and corn plants took up a 
substantially greater amount of 
micronutrients and allocated more 
micronutrients to the ears.

“From a human nutrition 
viewpoint, there’s always a con-
cern that increasing yields will 
dilute the nutritional quality of 
corn,” Vyn said. “But as long as 
soil concentrations of nutrients 
are sufficient, higher yields tend 
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to mean more micronutrients are 
concentrated in the grain, not 
less.”

But higher corn yields mean 
more micronutrients leave the 
field at harvest. This is due to an 
increase in plant biomass in the 
modern hybrids.

Typically, “Growers are not 
used to thinking about how much 
zinc leaves the field when they 
harvest grain corn,” Vyn said. 
“But that’s part of the manage-
ment equation that has to be 
considered.” For example, at high 
plant density (42,000 plants per 
acre) and high nitrogen rates (200 
pounds per acre), 58 percent of 
zinc taken up by corn hybrids was 
removed in the grain, compared 
with 31 percent of copper, 18 
percent of iron and 15 percent of 
manganese.

Both professors observed dif-
ferences regarding when micro-
nutrients are absorbed and where 
they are stored in the corn plant. 
They found that zinc is taken up 
throughout the season and is pri-
marily stored in the stems during 
the vegetative stage, while iron is 
allocated to the leaves. Copper and 
manganese are distributed to both 
leaves and stems and are taken 
up mostly before the flowering 
period.

To prevent deficiencies, Vyn 
suggests growers add zinc to bulk 
fertilizer with phosphorus- which 

has a similar uptake pattern 
- or put it in a starter, while 
manganese can be sup-
plied in a foliar application 
where necessary. Growers 
usually can rely on soil for 
sufficient levels of iron and 
copper, he said.

Conclusions from this 
study point toward further 
research that will concen-
trate on developing esti-
mates for micronutrient 
requirements to help in-
form growers which kinds 
of fertilizers to apply and 
when.

“There’s no question 
that when you have more 
biomass and higher grain 
yields, you require more 
of certain micronutrients,” 
Vyn said. “It’s something to 
be aware of.”

Routine plant tissue 
testing along with soil test-
ing is the best way to mon-
itor micronutrient levels 
prior to the nutrients maxi-
mum uptake. Tissue testing 
is also a way to assess crop 
response to post emergence 
nutrient applications to 
improve fertility programs 
to accommodate the newer 
hybrids and achieve maxi-
mum yield. 

Meet Amanda

Spectrum Analytic has recently 
hired Amanda Martin as a new team 
member to help serve our clients. 
Amanda, a Wisconsin native, joined 
the Spectrum team in March and 
was hired to be an Agronomist un-
der the guidance of Bill Urbanowicz 
and Scott Anderson. Her educational 
background includes a B.S. in Envi-
ronmental Science from Iowa State 
University and a M.S. in Plant and 
Soil Science from the University of 
Kentucky. Her master’s involved an 
extension research project evaluat-
ing the fertility status of potassium in 
Kentucky soils.  She has spent the last 
two years running the Soybean Ver-
ification Program for the University 
of Kentucky where she worked with 
both farmers and retailers scout-
ing soybean fields across western 
Kentucky.  “As the new girl in town, 
working at Spectrum Analytic, has 
been a great learning experience 
thanks to great training under Bill 
and Scott. It is a great facility that 
is truly geared to making life easier 
for our customers. I cannot wait to 
continue to learn and interact with 

more customers in the future.”
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Lessons from plant analysis in 2013
By Bill Urbanowicz

We analyzed thousands of plant 
tissue samples this year and the in-
terest and amount of samples taken 
each year in the Midwest continues 
to grow. The survey listed here tells 
quite a story about the nutrient 
situation of our crops. In looking at 
the data, keep in mind that this is a 
biased survey. That’s because most 
people don’t send us samples of 
healthy appearing or acting plants. 
They more often are trying to find 
out why the crop is not performing 
as they would like or expect. Having 
said that, each year more customers 
are taking the advice of their crop 
consultants, fertilizer dealers and 
our lab and are sampling crops that 
they thought were “normal”. As the 
following table shows, there were a 
lot of hungry crops in 2013. 

We have highlighted the values 
that indicate more than 33% of 
that crops nutrients were low, but 
that is an arbitrary choice. No crop 
producer would want a third of his 
crop to be nutrient deficient, so take 
notice of some of the other results as 
well as the highlighted ones. 

Many of these samples had ac-
companying soil test results, the fer-
tilizer program, and recent weather 

conditions. From this information it 
was apparent that the main reasons 
for these results were:

•	Acid Soils
•	Weak Soil Tests
•	Weak Fertilizer Programs
•	Annually Cash-Rented Land 

(probably)

K continues to be the main 
nutrient that reports the most 
samples below normal. The use of 
calcitic lime may be a reason for the 
amazing number of low Mg levels. 
However, a lot of growers have to 
pay a little more for dolomitic lime 
and they apparently are not willing 
to use this inexpensive source of Mg. 
Of course this is a “pay me now, or 
pay me later” situation and they 
paid later with an Mg deficient crop. 
Another reason for a few of the low 
Mg levels is that some growers have 
gotten their soil K:Mg ratios out of 
balance. Grasses (especially corn) 
like a soil K:Mg ratio of about 1:1. 
If the soil K:Mg ratio is higher than 
about 1.5:1 (in ppm or lb/ac, not 
saturation), nearly all crops will have 
Mg problems... again, regardless of 
how high the soil Mg level is. This 
is because the excess K will prevent 

adequate uptake of Mg.
After emphasizing the problems 

of excess soil K, we see that low plant 
K uptake is probably the first most 
widespread problem. For a long 
time now, we have watched as the 
K fertility of farmland in general has 
deteriorated. This was happening 
before the price of potash spiked, 
but based on our experiences, that 
spike in prices appears to have fur-
ther weakened potash use and ag-
gravated the slide in soil K tests. As 
with lime, we suspect that annually 
cash-rented land is one of the main 
reasons for weak fertility programs 
in general. 

Micronutrient use has increased 
the past several years and we do not 
see as many low micronutrient levels 
that we saw 5+ years ago. In 2013, 
we did see some crops with Cu levels 
16%+ below normal as well as some 
marginal Zn levels in wheat, apples 
and blueberries.  

Space doesn’t permit an in-depth 
discussion of all of the crops and 
their nutrient trends, but this in-
formation should put everyone on 
notice that there are significant areas 
for improved yields through proper 
fertilizer use.

Crop
Samples Below Normal

N P K Ca Mg S B Cu Fe Mn Zn

Corn 15% 8% 19% 2% 32% 5% 0% 2% 0% 3% 9%
Soybeans 42% 13% 35% 3% 11% 2% 0% 16% 0% 0% 0%
Wheat 20% 14% 14% 0% 47% 4% 3% 16% 0% 4% 35%
Alfalfa 4% 0% 46% 0% 51% 6% 3% 1% 0% 1% 0%
Apples* 6% 2% 59% 58% 12% 0% 1% 16% 0% 2% 26%
Grapes 17% 0% 37% 30% 12% 32% 10% 20% 1% 0% 1%
Blueberry 23% 3% 11% 3% 23% 0% 9% 46% 14% 3% 31%
Bold Values Are More Than 33% Below Normal
*Apple Ca uptake is not necessarily related to soil Ca
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Crop Nutrition Problems Can Become Pest Problems
Dr. Robert Mikkelsen, Western North America Director, IPNI,

We are familiar with the con-
cept of preventative medicine, 
where health problems are avoided 
by good practices instead of curing 
sickness after they occur. This same 
concept applies to damage caused 
to crops by plant diseases and pests 
when adequate and balanced nutri-
tion is lacking.

Each nutrient in plants has 
unique and specific functions that 
operate in an intricate balance of 
physiological reactions. A deficien-
cy of a single nutrient will result 
in stress that impairs healthy plant 
growth. Until the symptoms of 
deficiency stress become visible, the 
hidden roles of proper nutrition in 
maintaining plant health are too 
frequently overlooked.

New scientific studies are again 
confirming what farmers have 
known for many years about the 
link between plant health and nu-
trition. Healthy plants can general-
ly withstand stress and attack better 
than plants that are already in poor 
condition. For example, recent 
work with corn has demonstrated 
the link between an adequate K 
supply and increased leaf thick-
ness, stronger epidermal cells, and 
decreased leaf concentrations of 
sugars and amino acids. All of these 
factors lower the attractiveness of 

plants for pests, such a spider mites.
The link between adequate K 

and soybean aphids has also been 
recently reconfirmed. Research 
shows that K-deficient soybeans 
tend to transport more N-rich 
amino acids in the phloem, making 
them a favored target of stem-suck-
ing aphids.

The link between plant nutri-
tion and disease control generally 
falls into one of these categories 
where proper fertilization can:

Reduce pathogen activity: 
Proper mineral nutrition can slow 
or inhibit the germination and 
growth of a variety of plant patho-
gens in soil and in plant cells.

Modify the soil environment. 
The selection of a N source can 
temporarily modify the rhizosphere 
pH during critical periods between 
germination and seedling establish-
ment. Likewise, the addition of 
elemental S is a common practice 
to acidify the root zone of some 
crops for disease control.

Increase plant resistance: 
Healthy plant tissues are less sus-
ceptible to infection.  Proper nutri-
tion can stimulate the production 
of physical and chemical defenses 
to cope with pathogens.

Increase tolerance to disease: 
Adequate nutrition can help plants 

compensate for disease damage and 
to sustain a high level of natural 
compounds that inhibit pathogen 
growth within plant tissue.

Facilitate disease escape:  Plants 
that are adequately fertilized with 
boron (B) and zinc (Zn) have been 
shown to have fewer fungal spores 
that break dormancy on the roots, 
compared to deficient plants. A 
healthy photosynthetic capacity 
also allows for a quick growth 
response to a pathogen invasion.

Compensate for disease dam-
age: An adequate supply of plant 
nutrients is closely linked with 
vigorous root growth and photo-
synthetic activity. These healthy 
plants can better tolerate increased 
disease burdens than plants stressed 
by nutrient deficiency.

Nutritional and environmen-
tal stresses often trigger greater 
pest and disease damage to crops. 
While proper fertilization does 
not eliminate the risk of pests and 
diseases, it provides an important 
degree of protection from many 
yield-robbing factors.

Effective disease and pest man-
agement through proper plant 
nutrition improves crop quality 
and contributes to provide a safe, 
abundant, and nutritious food 
supply.

Your Sample 
Results are 

Available on 
the Internet

•	 Access sample results anytime, anywhere, free of charge.
•	 Print off your own reports, in the style of your choosing.
•	 Change the crop and yield goal for any sample and get a new recom-

mendation.
•	 No specialized software to download.  Your results can be accessed, 

viewed, and downloaded using any web browser.  

Sign up at http://www.spectrumanalytic.com/results/   
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Mycorrhizae Fungi & How They Assist in Nutrient Absorption
Dr. Thomas L. Jensen, Northern Great Plains Director, IPNI

There is a lot more than just 
plants that live and grow in soil. 
Soil inhabiting organisms include 
a diversity of types and sizes. There 
are small burrowing mammals, in-
sects, amphibians, and worms that 
can be seen with our eyes, and also 
a large diversity of tiny and micro-
scopic biota including nematodes, 
bacteria, fungi and actinomycetes. 
All of  these organisms work to 
breakup, disperse, incorporate into 
the ground and decompose plant 
residues. They also in many instanc-
es help to weather soil mineral com-
ponents and less soluble precipitated 
compounds. All this activity results 
in the release of plant nutrients in 
mineral forms that plants can use to 
grow. The whole process of nutrients 
being used by plants, and then plant 
residues being decomposed in soil is 
a vital part of nutrient cycling in the 
environment.

The majority of the nutrients in 
soil, at any one time, are stored in 
forms that are unavailable to plants. 
At first this sounds less effective, 
but is in fact a necessary feature of 
soils so that nutrients are stored and 
released in a timely  and adequate 
manner, but not so soluble that 
they would be easily leached out of 
soils. Plant roots exude chemicals 
that help to dissolve some of these 
more complex and less soluble 
compounds that contain plant 
nutrients. However, plants are not 
able to do this all on their own, 
and this is where other soil-inhab-
iting organisms, noted above, help 
out. One especially effective and 
beneficial group of microbes is a 
genus of fungi called Mycorrhizae 
(M). These fungi have the ability to 

grow into the roots of many plant 
species, while their fungal hyphae or 
branches grow into the soil matrix.

M fungi are beneficial to many 
important agronomic crop species 
in a couple of ways. They live 
symbiotically with the crops by ac-
cessing and supplying needed plant 
nutrients from the soil to their plant 
partner. The plant in turn shares 
photosynthetically produced sugars 
to the fungi as an energy source. The 
M fungi make nutrients accessible 
to crop plants by first effectively in-
creasing the extent of the plant root 
system in soil by exploring portions 
of the soil that the roots would not 
grow into and touch. Secondly, 
they have the ability to dissolve low 
solubility compounds containing 
plant nutrients, that crop roots are 
less effective at doing. Because many 
plant nutrients have low mobility 
in soil, they diffuse slowly and for 
only a short distance, for example a 
few millimeters in a growing season, 
from an area of higher concenration 
to an area of lower concentration. 
It is very helpful to have the M hy-
phae assist in finding and acquiring 
needed nutrients. In these two ways 
they help supply nutrients to crops, 
especially less mobile phosphorus, 
potassium, and most micronutri-
ents.

Management of cropping sys-
tems by choosing certain crop ro-
tations and reduced tillage systems 
can help  M fungi to be more effec-
tive. Even though in the original 
natural state many of the grassland 
soils of the Northern Great Plains 
contained a diverse group of M 
fungi species the use of intense 
tillage, summer fallowing, and 
predominately growing wheat, has 

drastically reduced the number of M 
fungi species surviving. The remain-
ing species cannot supply needed 
plant nutrients as well compared to 
if more species would be present. 
However, by using conservation or 
no-till cropping, and a more diverse 
crop rotation including pulse crops 
such as lentils and field pea in rota-
tion along with small grain cereal 
crops, it is possible to create soil 
conditions suitable to re-establish 
many beneficial M fungi species.

There is on-going research in the 
Northern Great Plains on how to 
bring back the beneficial influence 
of missing M fungi for growing 
crops. Research is being led by 
Dr. Chantal Hamel, Director of 
the Soil Microbiology Laboratory, 
Semiarid-Prairie Agricultural Re-
search Centre, of Agriculture and 
Agri-Food Canada, Swift Current, 
SK.  Dr. Hamel’s research team is 
selecting beneficial missing species 
of the fungi, still present in natu-
ral grasslands, and reintroducing 
them into cropped soils. Part of the 
technique to achieve this is to suc-
cessfully grow the needed species in 
sufficient quantity under controlled 
laboratory conditions, inoculate the 
seed of a compatible crop species, 
e.g. a pulse crop, and grow  this 
crop in rotation with wheat. The 
use of no-till planting and cropping 
helps the reintroduced fungi to sur-
vive, as tillage itself is disruptive to 
established fungal hyphae in soils. 
Many of the so called “lost” species 
of M fungi will increase nutrient 
availability to crops, after reintro-
duction using less tillage, cessation 
of summer fallowing, and growing 
diverse crops in rotation.
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The Facts About Phosphate Rock: Are We Running Out?
Dr. Robert Mikkelsen, Western North America Director, IPNI

Most of the phosphate rock 
that is mined from the earth goes 
towards making fertilizer for crop 
production. Every cell in plants 
and animals requires P to sustain 
itself and there is no substitute for 
it in nature. 

During the past five years, there 
were several well-publicized reports 
suggesting the world phosphate 
rock supply was rapidly dwindling. 
In response, there was widespread 
concern about whether we were 
reaching our “peak” supply of phos-
phate rock and if fertilizer shortages 
are on the horizon. 

Recently updated estimates 
report that the earth has at least 
300 years of known phosphate rock 
reserves (recoverable with current 
technology) and 1400 years of 
phosphate rock resources (phos-
phate rock that may be recovered 
at some time in the future). These 
numbers fluctuate somewhat since 
companies do not intensively ex-
plore resources that will only be 
mined far in the future. 

Phosphate fertilizer can be a 
significant cost for crop production 
and an important mineral for ani-
mals. However from a global per-
spective, phosphate is considered as 
a low-price commodity. One recent 

publication estimated that each 
person consumes an equivalent of 
67 lb phosphate rock each year. 
This results in an annual consump-
tion of about 9 lb P per person (or 
0.4 oz. daily consumption), which 
is equivalent to 1.7 cents per day. 

Phosphorus atoms do not dis-
appear in a chemical sense, but they 
can be diluted in soil or water to the 
point where it is not economical 
to recover. Annual P losses to the 
sea by erosion and river discharge 
roughly balance the quantity of P 
that is mined. This shows that there 
is substantial room for improve-
ment in efficiency. Implementing 
appropriate recovery and recycling 
of P from animal manure, crop 
residue, food waste, and human 
excreta would make a major step 
in this direction. 

Efforts to improve P efficiency 
and build soil P concentrations to 
appropriate levels, serve to enhance 
its use. In developed countries with 
a history of adequate P fertilization, 
the need for high application rates 
diminishes over time. This con-
trasts with the situation in many 
developing countries where low soil 
P concentrations still require signif-
icant fertilizer inputs to overcome 
crop deficiencies. 

Members of the public are en-
couraged to engage in debate over 
important issues, but there is a 
danger that oversimplification leads 
to incorrect conclusions. The case 
of looming P scarcity is an example 
where insufficient information led 
to a wrong conclusion. Somehow 
the incorrect notion still persists 
that there is an impending short-
age of P and that limited fertilizer 
availability will soon lead to global 
food insecurity. 

There may be a scarcity of many 
earth minerals some day, but the 
P supply will not be a concern 
for hundreds of years. However 
responsible stewardship of rock 
phosphate resources still requires a 
close examination of improving ef-
ficiency throughout the entire pro-
cess, including mining, fertilizing 
crops, and implementing strategic 
waste recovery. Working together 
to improve P management will 
allow us to conserve this precious 
resource for future generations. 
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