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Agronomic Information From

Winter 2011

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…

As we close another year, we want to take this opportunity 
to say “Thank you” for your business in 20��.  Another year has 
passed and as usual Mother Nature has presented new challenges 
and rewarded us with a bountiful harvest.  20�� weather will be 
remembered by many as the year of drought in the South and 
extremely wet conditions in the Corn Belt with everything else 
in between.  Spring started off with good field conditions the first 
of March in many areas.  In the South growers were able to get 
corn planted. Then rains came later in the month bringing field 
work to a standstill over most of the Corn Belt. Rain continued 
in Ohio and Eastern Indiana until the last of May. June came 
and most areas were able to plant all the corn and soybeans by 
the third week of June. Rain was irregular over some areas east 
of the Mississippi with some coming close to drought conditions 
during the summer. When harvest arrived and combines began 
to hum, reported yields ranged from below normal to higher than 
normal and everything in between. The north-eastern part of the 
United States is now experiencing heavy rainfall and a later-than-
normal harvest season. But as always with American agriculture, 
no matter what Mother Nature offers, farmers make it a fruitful 
harvest season. 

The past growing season has brought about some interesting 
topics for this issue of our newsletter. Potassium seems to be the 

nutrient that has been the hot topic. At the lab, we receive questions 
weekly about potassium soil test levels and how it acts in the soil 
and plant uptake. The library on our internet website (http://www.
spectrumanalytic.com/doc/library/article_list) contains many 
articles on potassium and the other macro and micronutrients and 
their functions and how they work in the soil. In this issue Scott 
Anderson has written an article with some interesting facts regard-
ing trends of potassium soil test levels across the United States with 
other interesting information.  

We are now offering the Solvita soil test. This test was first 
introduced to the market place in late winter of 20�0. 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. For the latest information, 
consult the Solvita website (www. http://solvita.com/).

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 20�2 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.      
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Inadequate Potassium is an Increasing Concern 
by Scott Anderson

Recently more of our customers 
have been concerned about potas-
sium (K) nutrition of their crops. 
This could be due to the continuing 
high percentage of plant analysis 
results that show K stress in a wide 
range of crops as shown in the table 
to the right. 

Potassium shortage has been a 
significant and wide-spread problem 
for many years, but as we have noted 
before, there seems to be a continu-
ing trend toward increasing problems 
with K shortage in many parts of 
the country. The International Plant 
Nutrition Institute (IPNI) published 
an extensive survey of over 4 million 
20�0 soil test results titled “Soil Test 
levels in North America” that illus-
trates the problem. 

Figure �0 from their survey shows 
the median or mid-point value of the 
soil K tests surveyed. These results are 
in ppm, so if you are accustomed to 
lb/a, simply multiply the value by 
2. While we cannot assign a quality 
determination to these values without 
knowing either the soil CEC or the 
soil type, and critical levels can differ 
between regions and states, some 
of this evaluation was done and is 
shown in their Fig. �2. The amount 
and direction of change in the median 
soil K level between 2005 and 20�0 is 
shown in Fig. �3. This data indicates 
that much of the eastern U.S. has 
lower than ideal soil K levels and the 
trend in soil K tests is either relatively 
flat or negative. And, when consid-
ering the factors of ever increasing 
potash prices and the large amount 
of annually cash-rented acres, the 
prospects for improving K fertility are 
probably not good.

Corn and soybeans are the largest 
acreage crops and while corn does 

not have a high K removal rate, 
its companion crop, soybeans do 
have a high removal rate. And 
as we all know, soybeans rarely 
receive fertilizer of any type. The 
following table lists some typi-
cally reported nutrient utilization 
values for both crops. When 
considering crop uptake and 
removal rates, keep in mind that 
before a nutrient can be built into 
the harvested portion of the crop, 
the crop must first build the plant 
structure to produce that yield. 
Therefore you cannot ignore the 
nutrients that are in the portion 
left in the field.

 Inadequate K fertilization of 
the corn-soybean rotation results 
in decreasing soil K availability 
over time. Fruit and vegetable 
producers tend to do a much 
better job of fertilizing those 
crops, but even there, K tends to 
be overlooked more than many 
other nutrients. We also have a 
significant number of customers 
producing Christmas trees. This 
crop tends to be produced on land 
that is much less fertile than other 
crops and again we find that many 
of these growers tend to overlook 

Percent of Plant Tissue Samples Below Normal in K Range
(Spectrum Analytic only)

Crop 2008 2009 2010 2011

Corn 18 13 22 17

Soybeans 32 38 37 31

Wheat 21 11 25 7

Alfalfa 47 31 41 40

Apples 44 41 40 49

Blueberries 0 8 12 15

Christmas trees 28 24 26 29
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the importance of K fertilization. The 
result of not having used adequate K 
over a long time span is lower yield 
potential, more crop diseases, in-
creased drought stress and lower soil 
K tests in much of the country. While 
the K application rate is normally the 
largest factor in determining K avail-
ability to crops, it isn’t the only one. 
The other next most important factors 
are probably �) the amount and types 
of clay in the soil, 2) soil moisture, and 
3) soil compaction. 

It is pretty easy to identify soils 
with high or low clay content, but 
not all clay is created equal. In fact, the 
variations in clay formation, structure 
and activity is large and complicated 
enough to warrant its own separate 
area of science called clay mineralogy. 
Because of this complexity, we can 
only touch the surface of the subject 
here. In simple terms, clay minerals 
are formed as the result of the decom-
position of rocks over geologic time 
periods. Individual clay particles are 
the smallest mineral particles in the 
soil, but they tend to clump together 
and appear to be much larger. Indi-
vidual clay particles can be compared 
to dinner plates and as they occur in 
the soil they are somewhat like stacks 
of dinner plates that can expand and 
contract, somewhat like an accordion. 
Each of the individual clay particles 
has electromagnetic charges on their 
surface, with the edges of the “plates” 
being somewhat more active. While 
electromagnetic charges occur in both 
positive (+) and negative (-) forms, the 
net effect of all clay charges results in 
an excess of negative charges on the 

clay surfaces. These many individual 
negative charges in the soil act to at-
tract and hold elements with a positive 
(+) charge (cations) and repel elements 
with a negative (-) charge (anions). All 
fertilizer supplied plant nutrients ex-
cept nitrates (NO3-), sulfates (SO4-), 
and the plant available forms of boron 
(BO3-), and molybdenum (Mo-) are 
cations and are attracted to and held 
by clay. It is not uncommon for farm 
soils to contain from 30% to 70% 
clay. Clay is normally the main fac-
tor in determining the soil cation 
exchange capacity (CEC) since it has 
a net negative electromagnetic charge, 
a tremendous surface area (due to the 
small particle size), and most soils 
contain a lot of clay. The soil CEC is 
in turn a major factor in determin-
ing the soils ability to tie-up, or fix, 
applied K and other cations, as well 
as serve as a reservoir for K and other 
cation nutrients to plants. 

There are many different types of 
clay, each with different physical and 

chemical attributes. In agriculture we 
are most often concerned with the 
following groups. 

• Smectite: Typified by Mont-
morillonite.  These clays are 
younger, less weathered types 
with high CEC values. They in-
clude the multilayered 2:� type 
clays, which mean there are two 
layers of one type sandwiching 
another layer of a different type. 
They are typically expanding 
types that, when dry, can leave 
large cracks in the land. These 
clays are more abundant in the 
cooler Midwest and Northern 
areas. They have CEC’s rang-
ing from 60 to �50 meq/�00 
grams

• Illite and Vermiculite: Typi-
fied by the intermediate age, 
multi-layered, non-expanding, 
mica-type clays.  They tend to 
have intermediate CEC values 
of from �0 to 45 meq/�00 
grams. 

• Kaolin: Typified by Kaolinite. 
These clays are older, highly 
weathered, single-layered or 
�:� type clays. These clay types 
have the lowest CEC of the 

Corn 200 Bu/a N P2O5 K2O Mg S

Grain 150 88 58 30 18

Total 266 114 266 65 33

Soy-
beans

60 Bu/a N P2O5 K2O Mg S

Grain 240 48 84 12 28

Total 315 58 205 24 38

Continued on page 6
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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/   

The Science Behind the Nitrogen Credit for Soybeans
by Dr. T. Scott Murrell, Northcentral Director, IPNI

“Take a N credit for corn fol-
lowing soybean.” This statement, 
or something like it, is common 
to most N recommendations for 
corn. The idea is that after a soy-
bean crop, corn doesn’t need as 
much fertilizer N. The common 
perception is that because soybean 
is a legume, it adds to the overall 
N supply in the soil. Let’s take a 
closer look at what is going on with 
this credit.

The credit itself amounts to a 
reduction in fertilizer N ranging 
somewhere between 20 and 60 lb 
N/A, depending on the recommen-
dation system. It can even be more 
in some cases. Some universities 
recommend a fl at rate reduction, 
while others vary the credit based 
on soybean yield. Still others use a 
combination of the two. Common 
to all of them is that the credit is 
based on a comparison to a con-
tinuous corn system, which typi-
cally takes more N to grow a corn 
crop to the same yield level.

So does corn following soybean 
use less N or should we really think 
of it as the continuous corn crop 
needing more N? It all depends 
on which one is used as the basis 
of comparison. A continuous corn 
crop has more residue that is higher 

in C. Soil N can be immobilized 
for a time by soil microorganisms 
as they utilize the C in this residue, 
reducing the N available in the soil. 
Adding the additional 20 to 60 lb 
N/A makes up for the immobilized 
N and may also speed the organic 
matter mineralization process.

Contrary to common percep-
tion, levels of nitrate in the soil are 
often lower after a soybean crop 
than they are after a corn crop. 
Soybeans get their N either from 
the nitrate already present in the 
soil or from the N fixed by the 
bacteria present in the nodules. 
The more nitrate present in the soil, 
the less comes from the nodules. 
Consequently, soybeans actually 
deplete, rather than increase, soil 
nitrate levels.

So where does the “extra” N 
come from following a soybean 
crop? It is currently thought that 
exudates from soybean roots, as 
well as the roots themselves, in-
crease a pool of organic N that is 
easily mineralizable. In the Mid-
west and Northern Corn Belt, this 
N becomes available early enough 
in the season that it reduces the 
fertilizer N needed, leading to the 
credit. However, in the warmer, 
more humid southeast U.S., this 

N can be mineralized too early in 
the season, resulting in no credit. 
In fact, many states in the south-
east U.S. do not have a soybean 
credit.

The soybean credit therefore 
appears to have more to do with 
the soybean root system than 
with the above-ground stem, leaf, 
and pod residue left after harvest. 
Consequently, a late season disas-
ter like hail damage wouldn’t be 
expected to reduce the N credit 
much if the crop was near maturity 
when it happened. In fact, it likely 
increases the credit since the high 
N soybean seed is left in the field 
and will quickly mineralize once 
contact with the soil occurs. The 
magnitude of this credit will be 
influenced by the duration of warm 
soil temperatures and the amount 
of precipitation received afterward 
in the fall and subsequently in the 
spring.

The N credit is more than a 
number. Although it is a simple 
part of recommendations, it ac-
tually reflects a complex set of 
reactions in soils. Having a better 
understanding of the science be-
hind the credit can help advisers 
make adjustments under changing 
conditions.
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Is There A Need For More Calcium?
by  Dr. Robert Mikkelsen, Western North America Director, IPNI

Humans and animals need Ca 
to build strong bones. Plants also 
require plenty of Ca to develop 
strong cell walls and membranes. 
Animals fed a diet with low Ca de-
velop weak bones and osteoporosis. 
Similarly, insufficient Ca in plants 
leads to a breakdown of cell walls 
and membranes, and to a variety of 
disease and post-harvest problems. 
In addition to plant nutrition 
benefits, sufficient Ca has a role in 
maintaining soil physical proper-
ties, alleviating subsoil acidity, and 
the reclamation of sodic soils.

There are soil conditions where 
Ca applications are very helpful. 
Sandy soils and crops irrigated with 
low Ca water may be particularly 
vulnerable to low Ca availability. 
Soils with low pH generally have 
low Ca availability. Unusually high 
exchangeable Mg may pose a prob-
lem for Ca uptake by roots. 

Most agricultural soils contain 
considerable amounts of Ca. A 
good estimate is that each cmol 
of exchangeable Ca is equivalent 
to 400 lbs/A (in a depth of 6 2/3 
in.). Many soils contain several 
tons of exchangeable Ca on cation 
exchange sites. Therefore, it may 
take large applications of Ca to 

make significant changes in soil 
chemistry.

Probably the best known symp-
tom of Ca deficiency is blossom-
end rot of tomato fruit, but this 
problem is closely related to plant 
water stress and the difficulty in 
delivering Ca to the fruit. This 
illustrates one of the problems 
with Ca deficiencies—is it a lack 
of Ca that is the problem or is it a 
problem with delivery of Ca within 
the plant?

In soil that seems to have ad-
equate Ca, why do deficiency 
symptoms sometime occur? The 
problems often appear when Ca 
does not adequately move to the 
plant organs where it is needed. 
Calcium moves primarily with the 
transpirational water moving up 
from the roots. Once in the plant, 
Ca is not readily mobile from 
one plant part to another. Plant 
organs that have low transpiration 
(e.g. fruits such as melons, apples, 
and tomatoes with a waxy skin, or 
the inner/sheltered parts of leafy 
plants such as lettuce) can develop 
low-Ca disorders. When these 
disorders develop, sometimes it is 
related to the soil Ca supply, but it 
is frequently related to water stress, 

cool temperature, and limited 
transpiration.

When low Ca is causing plant 
problems, start with getting the 
soil tested. Make sure there is 
adequate Ca present and low pH 
is not a problem. Large amend-
ments with Ca inputs such as lime 
or gypsum may be recommended 
to address these conditions. When 
targeted inputs are needed during 
the growing season, several highly 
soluble Ca sources are available. 
They may be best applied to the 
active root zone to promote rapid 
uptake. Foliar sprays containing 
Ca can also be beneficial to address 
potential deficiencies, but only a 
limited amount of Ca can be as-
similated this way. 

Calcium is required by plants 
in relatively large amounts. Many 
forage crops, such as alfalfa, remove 
over �00 lbs Ca/A/yr in harvested 
hay. When plant deficiencies occur, 
it is necessary to examine the cause 
of the problem in order to know 
the best response. There are many 
excellent sources of Ca available, 
but their appropriate use depends 
on your individual situation.

eSubmit Online Sample Submittal
http://www.spectrumanalytic.com/submit/
Try it with your next set of samples!

IMPROVED!  Now submit all types of samples: soil, plants and more

Reduce Errors

Improve Efficiency

Print Paperwork

Print Bag Labels

Submit Any Samples
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three listed here at from 5 to �5 
meq/�00 grams. They are more 
abundant in warmer Southern 
areas.

All soils contain various propor-
tions of several types. The manner 
in which a particular soil ties up and 
releases K, and the amount of K that 
is affected depends in large part to 
the mixture of clay types and the total 
amount of clay in that soil. The CEC 
value on a soil test report is a good 
indicator of both the amount and 
type of clay in a soil. High CEC’s tend 
to have more total clay and may have 
more Smectite types of clay while low 
CEC soils are likely to have less total 
clay and/or less Smectite clay types. 
Soils that have high clay content, but 
low CEC’s are typical of those with a 
majority of kaolin clay types.

While soil moisture affects the 
uptake of all nutrients, K uptake is 
probably more sensitive to dry soils 
than many other nutrients. What is 
worse, a primary role of K in plants 
is to control the stomatal activity of 
the leaves, thus controlling the plants 
ability to regulate internal water 
balance. The result is that dry soils 
reduce K uptake which is critical to 
the plants ability to withstand that 
same drought. A K shortage can mean 
an ever-increasing downward spiral in 
crop performance during dry weather. 
A wheat study illustrates 
this point.

The author found that 
while increasing drought 
stress always reduced pho-
tosynthesis, increasing K 
applications greatly reduced 
that stress. Since the rate of 
photosynthesis is central to 
yield potential, adequate K 
fertilization is also central to 

improved yield potential. This next 
statement might seem illogical, but 
after a summer of severe drought and 
K stress it is very likely that a fall soil 
sample could show a higher K test, 
even though the crop suffered from 
reduced K uptake. This is because 
as the soil dries out subsoil water 
moves to the surface. As this happens, 
whatever is dissolved in the water 
moves to the surface as with the water, 
including K. The dissolved materials 
do not evaporate with the water and 
are left in the top layer of soil. This 
effectively “mines” the subsoil of K 
and other relatively mobile nutrients. 
It is likely that the crops in such a 
soil may initially benefit from the 
upward movement of this K, but as 
the drought persists, any benefits are 
probably short-lived and the continu-
ing lack of water would begin to take 
a toll on potential yields. The resulting 
lower K uptake and any remaining 
upward K movement during grain fill 
and in the fall ultimately contribute 
to a somewhat higher soil K test for 
that fall after the crop having suffered 
from a K shortage. Later snow melt-
ing and spring rains normally restore 
the “correct” soil K test. 

When most people think about 
the effects of soil compaction on nu-
trient uptake, they usually think of the 
problems caused with P uptake. This 

is normal, because P is so immobile in 
the soil that it requires vigorous root 
growth for the plants to access the 
available P in the soil and compaction 
prevents vigorous root growth. How-
ever, compaction hurts the uptake 
of most nutrients, including K. Two 
of the main mechanisms that cause 
lower K uptake in compacted soils 
are probably lower oxygen content 
in compacted soils and a lower avail-
ability of N and P in compacted soils. 
Plants require oxygen for respiration, 
just like animals. Plants respire and 
consume oxygen 24 hours per day, 
just like we do. When the oxygen 
supply is too low, they also suffer in 
the same way as we would under those 
conditions. With most plants, the 
oxygen in the roots is obtained from 
the soil atmosphere, not by having 
it transported down from the leaves. 
A typical soil should contain 20% 
or more free oxygen (O2) in the soil 
atmosphere. Soil with poor aeration, 
due to compaction may have as low as 
0.2% O2. In such low oxygen condi-
tions, the roots begin to suffocate. You 
might think of it in the same way as 
mountain climbers as they approach 
the �0,000 foot level. At that altitude, 
there is too little oxygen in the atmo-
sphere to support normal human 
functions and the climbers have to 
strap on oxygen masks to continue the 

Inadequate Potassium
Continued from page 3
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climb. Nitrogen and P are also typi-
cally limiting in compacted soils. We 
have mentioned the reasons for the P 
shortage. Nitrogen can be thought of 
as the nutrient that gives plants their 
vigor for aggressive growth. When N 
is deficient it reduces the uptake of 
nearly all other nutrients, including 
K. Compacted soils normally lead to 
less N uptake. Nitrogen is typically 
deficient in compacted soils because 
when soil is compacted, the pore 
spaces in the soil that contains most of 
the soil air are compressed into smaller 
volumes. The smaller average volume 
of soil pores mean that it takes less 
water to saturate the pores. When the 
pores become saturated, denitrifying 
bacteria in the soil take their oxygen 
from the available nitrate molecules 
(NO3), thus converting them to nitro-
gen gas (N2) and that N is lost to the 
atmosphere (denitrification). As the 
plants begin to suffer this N shortage, 
and probably a P shortage as well, they 
become very inefficient at obtaining K 
and other nutrients. Since the plants 
need large amounts of K, they are now 
faced with a shortage of all three major 
nutrients and yields suffer. 

One final problem affecting 
proper K fertilization is annually cash 
rented land. Tearing down and build-
ing up soil K (and P) fertility is not 
a one year proposition. Even if high 
fertilizer rates are applied to a poor P 
or K soil test, much of that fertilizer 
will likely be tied up by the soil and 
yields are not likely to be proportion-
ate to the rates applied. You might 
say that this nutrient tie-up is like 
the soil trying to re-balance itself, but 
regardless of what we call it, nutrient 
efficiency on a poor soil test is low. 
This is why agronomists have long 
compared a good soil test to a bank 
account. It’s great to have a big one, 
but if you keep making withdrawals 
it will eventually run out.

The most difficult task for any 
farmer and crop adviser who is devel-
oping a N management plan is esti-
mating the fertilizer and/or manure N 
rate for the expected crop uptake de-
mand. While crop N uptake demand 
can be estimated based on a three to 
five-year yield history, knowledge of 
expected uptake (and removal) at the 
targeted crop yield, new crop genetic 
yield potential, and the provision of 
other essential nutrients and adequate 
plant protection… the most unpre-
dictable factor that complicates such 
estimation is the weather.

In sandy mineral soils of the 
southern U.S., the soil organic mat-
ter content of the surface soil is often 
below �%, while in the Midwest and 
Great Plains it can range above 4% 
because those areas natively supported 
productive grasslands. Humus is con-
sidered the more stable fraction and 
makes up roughly two-thirds to more 
than three-quarters of soil organic 
matter. The N content of organic 
matter is approximately 5%. The rate 
of release of the N from soil organic 
matter depends to a great extent on 
the C to N ratio of the organic matter 
acted upon by soil microorganisms. 
On average, soil organic matter has 
a C to N ratio of �0:�. If we assume 
that an acre of soil roughly 6 2/3 in. 
deep weighs about 2,000,000 lb, then 
that surface soil depth may contain 
between 20,000 and 80,000 lb of 
organic matter; or between �,000 and 
4,000 lb of total N/A.

It is not uncommon for some to 
use a general rule of thumb of about 
� to 2% release of N in soil organic 
matter, during the spring through 
summer growing season each year. 
The release rate varies with soil texture 
or CEC, soil pH, soil microbial popu-

lation, the prevailing temperature 
and moisture, as well as with any soil 
disturbance by tillage. The range of 
N released (mineralized) by soil mi-
crobes may be approximately �0 to 
80 lb/A each growing season, or more. 
Obviously, more N is released during 
warm, moist conditions as opposed 
to those that are cool and dry. With 
such a broad range, it is no surprise 
that there have been many attempts 
to develop more reliable measures of 
“potentially available soil N”, and in 
some regions, soil N tests have met 
with some calibration and field valida-
tion success. Often, these “potentially 
available soil N” tests require sampling 
beyond the typical 0 to 6 in. depth, 
and may require sampling to 2 or 3 
ft. deep.

In 2007, the International Plant 
Nutrition Institute (IPNI) published 
�3 papers from the Proceedings of 
a 2006 Symposium on Managing 
Crop N for Weather at the Meetings 
of the Soil Science Society of America 
(SSSA). For more specifics and guid-
ance on ways to better account for 
weather in your 20�2 crop N manage-
ment plan, consider visiting the IPNI 
webpage where the proceedings may 
be purchased: http://ppi-store.stores.
yahoo.net/books.html. Also consider 
contacting your Land Grant Uni-
versity extension office or your crop 
adviser to learn more about soil N 
testing and how to improve your crop 
N management plan. By integrating 
weather variability into your plan-
ning, and by using in-season direct 
plant tissue N testing, or surrogate 
measures by chlorophyll meters and 
precision agriculture crop N sensors, 
you may achieve improved N use 
efficiency.
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