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Good Day from Ward Laboratories!

Thank you for reading our handy reference book, WARDGUIDE. We
trust you will use it often in the day -to -day operation of your
agriculture business.

WARDGUIDE is designed to help answer some of your basic

guestions. WARDGUID E is produced from a variety of credible

sources and our fifty plus years of experience in providing quality

agricultural testing to thousands of producers throughout the

United States. The guide is comprehensive , however, it will not

answer all of your cr en ncEee D2 Oade A e? NradeArr k?
Laboratories is always just a phone call away and we are ready and

willing to help you.

We have designed WARDGUIDE to be as useful to you as possible

with a quick -referencing table of contents to help locate the
information  you need. If you have any questions about its usage or
content, please call us at (308) 234 -2418 or (800) 887 -7645 or send
us a question by e -mail.

We are proud of WARDGUIDE and trust it will be a valuable asset to
your operation for years to come. Our be ran Ae T eor

Sincerely yours,

Kq md%&/ C Q.)Mﬂ/

Rayrond C. Ward,
President Ward Laboratories, Inc.

aboratories, Inc.
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RaymondC. Ward, Ph.DCertified Professional Soil Scientist

Essential Plant Nutrient Elements

There are two criteria that must be met for an element to be considered essential. First, if the plant cannot complete
its life cycle (i.e. form viable seed) in the total absence of that element, it is essential. Secondly, an element is essential
when it can be shown that it forms part of any molecule or constituent of the plant that is essential, such an N in amino
acids and protens, or magnesium in chlorophyll.

Fourteen mineral elements are considered essential. By adding®l and C@to the 14 minerals, a total of 17 are
considered essential. With these elements and sunlight, a plant is able to synthesize all the needed compolinds
requires to complete its life cycle. Table -1 lists essential plant elements.

Table 1: Sources of Essential Elements for Plant Nutrients

Macronutrients Micronutrients

From Air and Water From Saoll From Saoll
Hydrogen (H) Nitrogen (N) Iron (Fe)
Oxygen (O) Phosphorus (P) Manganese (Mn)
Carbon (C) Potassium (K) Boron (B)
Calcium (Ca) Molybdenum (Mo)
Magnesium (Mg) Copper (Cu)
Sulfur (S) Zinc (Zn)
Chloride (Cl)
Nickel (Ni)

Elements needed irrelatively large amounts are referred to as macronutrients while those needed in smaller relative
amounts are known as micronutrients, or trace elements. Micronutrients are most apt to be a problem in a) sandy soils,
b) organic soils, or c) very alkaline gils. This is because of relatively small quantities of nutrients in sands and organic
soils, and low availability in alkaline soils. Of the macronutrients, N, P, and K are called the primary nutrients while Ca,
Mg, and S are considered secondary nutrients

C, H, and O compose about 95% of a plant. The mineral elements are obtained naturally from the weathering of primary
and secondary soil minerals, biodegradation of organic matter, and gases in the atmosphere. These natural sources are
supplemented with fertilizer, manure, compost, and sludge.

Usually only a small amount of an element is available in soil solution while a large amount is adsorbed on soil particles.
Availability is related to many soil factors other than total quantity.

The following is a Ist of the essential elements and the main forms in which they are taken up by plant roots.

Crop Nutrition and Management)2



RaymondC. Ward, Ph.DCertified Professional Soil Scientist

Table 2: Essential Elements and Forms for Plant Uptake

Ammonium N NHa* Nitrate N NGs
Potassium K+ Sulfur SQ--
Magnesium Mg+ Chloride Ct

Calcium Ca+ Phosphorus HPOr HPG -~
Iron Fet+, Fe+* Boron HsBG:
Manganese Mn+* Molybdenum MosO--

Zinc Zn+

Copper Cu

Nickel Ni+*

ADDITIONAL REFERENCES:

» Barber, S.A. 1984Soil Nutrient Bioavailability , Wiley-Interscience Publication, New York.

» Brady, N.C. 2008The Nature and Properties of Soils , 8" edition. Macmillan Publishing Company, Inc., New York.

» Havlin, J.L., Benton, J.D., Tisdale, S.L. and Nelson, W.L. Zad5Fertility and Fertilizers , 7h edition. Pearson
Prentice Hall, New Jersey.

» Salisbury, F.B., and C.W. Ross. 19P&nt Physiology , 2nd edition. Wadsworth Publishing Company, Inc.

The Plant: Parts and Basic Functions

Roots
The important functions of plant roots areto:

1. anchor the plant in the soil
2. absorb water and nutrients from the soil
3. transport materials from the point of absorption to the base of the stem

The root tips have cells that divide and grow to increase root length. As length increases, the volume of genetrated
increases for water and nutrient uptake. Roots do not grow in dry soithus, moisture must be present. Corn roots may
COi x ¢8vd PAO AAuUu AAOI U ET OEA OAAOGI T8 4EA ET OEUTT OAI
feetfor corn, and about 12 feet for sorghum. Downward penetrations may range from 3 to 6 feet for grain crops while
alfalfa may go as deep as 20 feet.

Stems

The stem is a rigid structure between leaves and roots. Stems contain vascular bundles, the plessues that transport
water, nutrients, and metabolic products up or down the plant. Xylem is the part of the vascular tissue responsible for
upward movement while the phloem is responsible for downward movement. The corn plant has well defined vascular
bundles as evidenced by the stringdike fibers found inside corn stalks.

Crop Nutrition and Managementy3



RaymondC. Ward, Ph.DCertified Professional Soil Scientist

Leaves
Leaves are the sites of photosynthesis. There are four major parts to a leaf:

1. Epidermis z a single layer of cells that are on the upper and lower leaf surface, covered by a wéger that
slows the movement of water and gases in and out of the leaf.

2. Mesophyll z makes up the largest portion of the leaf thickness, is found between the two epidermis layers and
is composed of loosely arranged cells on the bottom side amgll-ordered cells on the top side of the leaf.

3. Veins and Vascular Bundles z are continuation of those in the stems and roots. In grass plants, veins run
DAOAT T A1l O1 AAAE 1 OEAO xEEI A ET 1AcCOi A0 OGEAU AOA AO«

4. Stoma z these are openings throughwhich water and air can pass when the guard cells are open. Guard cells
open and close in response to osmotic pressure. Carbon dioxide, oxygen and water vapor are the most important
atmospheric gases that pass through stoma. In most crops, the stoma opédansing the day and closes at night.

Transpiration

Transpiration (T) is the loss of water from plants to the atmosphere. As much as 99 percent of the water taken up by
plants is transpired. Transpiration helps cool the plant and continues the extraction efater from the soil. The water
requirement to produce a pound of dry matter varies considerably among different crops. A corn crop may require 24
inches of water (evapotranspiration) throughout the growing season. If the crop produces 240 bushels per aot
grain, that translates to 2,700 gallons of water used to produce one bushel of corn. Less yield often increases amount
of water used.

If available soil moisture cannot replace the water losses due to evaporation and transpiration, wilting occurs. Wind,
light intensity, temperature, and humidity can all affect transpiration. Wind, bright sunshine, and high temperatures
elevate transpiration rates.

Photosynthesis and Respiration

Photosynthesis is the process by which carbon dioxide (GJGand water (HO) are converted, through energy supplied
by sunlight, to chemical energy in the form of carbohydrates and oxygen{OThe chemical equation is:

Frrf®ec o *i‘qﬁ ,ﬁ'ﬁl pfe | Wrdead

Respiration is the reverse process of photosynthesis..@ consumed from the atmosphere and GUs given off. The
production of carbohydrates by photosynthesis is responsible for increasing the dry matter of a plant. Thus,
PDET O OUT OEACE @1 AR OO0 &AEH IAA DAOODEBAOEI T EO A OAOAAEEIT ¢ A
exceed respiration in order for plant growth to occur.

ADDITIONAL REFERENCES

» Salisbury, F. B., and Ross, C.W. 19P8&nt Physiology, 2nd edition. Wadsworth Publishing @mpany, Inc. Belmont,
CA.

Plant Nutrient Uptake

Plant nutrient uptake is governed by the available nutrient supply and by the concentration of that element at plant
root surfaces. Nutrients are supplied to roots in three ways. First, roofgenetrate the soil and come in direct contact
with soil colloids and the nutrient held by the colloids. This is called root interception. Second, some nutrients in the
soil solution move to the root with the water through mass flow. Third, some nutrients wve in response to
concentration gradients between the immediate root zone and soil zones farther away. This is called diffusion. Plants
take up nitrogen mainly by mass flow, phosphorus by diffusion, and potassium by diffusion.
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RaymondC. Ward, Ph.DCertified Professional Soil Scientist

Nutrient solubility is affected by root exudates and microbial activity near the root. Nutrient entrance into the root
depends largely on reactions associated with the plant. Energy, supplied by respiration in root cells, is needed for active
absorption of plant nutrients. Active upike is also against chemical and electrochemical potential gradients, thus the
need for energy. Uptake generally increases as soil solution concentrations increase, however, a maximum is reached
at high ion concentrations. Reactions occurring within the degovern the rate at which uptake occurs. Passive uptake
does not require energy for nutrient absorption.

The rate of active uptake is influenced in several ways. First, if oxygen is limited the absorption rate is reduced. Second,
cold temperatures limit respiration and therefore slow uptake rates. Slow plant growth in early spring can be
attributed somewhat to the uptake inhibition by cold soil temperatures. Third, several compounds such as malonic
acid, azide (N) and cyanide (CN) can lower uptake rateg.he latter two interfere with the mitochondrial cytochrome
electron transport system.

31T A ETTO i1 O6A AAOI OO 0116 AAT1T 1 AI AOAT AO xEOE OEA EAIf
from respiration and selectively binds to the ionfrom the soil solution, moves across the cell membrane, and releases

the ion from the soil solution into a more concentrated solution inside the cell. Because these carriers are ion specific,

one element may be preferentially absorbed over another in theod solution.

ADDITIONAL REFERENCES

» Brady, N.C. 2008The Nature and Properties of Soils , 8th ed. Macmillan Pub. Co., Inc., New York.
» Salisbury, F.B. and Ross, C.W. 19P&nt Physiology , 2d ed. Wadsworth Publishing Co., Belmont, CA.

Essential Plant Nut rients: Macronutrients

There are seventeen elements known to be essential to plant growth. Natural organic and inorganic substances,
supplied by soil weathering are the primary sources for these plant nutrients. Sometimes the nutrient reservoir is
lacking or deficient in supplying adequate nutrients to meet plant demands and elements must be added.

Nitrogen

Nitrogen (N) is considered a major or macronutrient element and ranks fourth in importance among essential elements
with carbon, hydrogen and oxygenra AA OAOPAAOEOATI U AEAAA T &£ .8 . EOOI CAl
and even more is found in the soil as organic sediments. Unfortunately, this N exists in a form that cannot be used or
taken up by plants, as only oxidized (N§) or reduced (NH*) forms of N can be used. AtmosphericaNs combined with
hydrogen (H) from methane (CH) to form anhydrous ammonia (NH), the basic nitrogen fertilizer. Transforming
organic N to usable forms is a biological process. Because these processedmlegical, they are sensitive to soil pH,
temperature and moisture.

The nitrogen concentration of most crop plants averages 2 4%. Crop plants take up both nitrate (N®) and
ammonium (NHs*). The form used by plants depends in part on rainfall, soil pldnd the age of the plant.

Once NQ@-is taken into the plant by either active or passive uptake, it must gain an electron in a process called
reduction, which is accomplished by an enzyme called nitrate reductase. Enzymes are the catalysts for specifimated
processes and can be used repeatedly. They can be illustrated as puzzle pieces with notches that will fit only specific
I71 AAOI AGs . EOOAGA EO OEA 11710 1171AAOGI A OGEAO OELFEOOG O
energy fromthe products of photosynthesis. As available energy increases, so does nitrate reductase, explaining why
nitrates accumulate in plants during cloudy weather.
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RaymondC. Ward, Ph.DCertified Professional Soil Scientist

Nitrogen in this reduced form is found in amino acids and proteins, including the genetic informiah proteins, DNA
and RNA. Amino acids are the building blocks that are joined together by a low energy bond to form proteins. The
diagram below illustrates the path N takes in a plant.

4k d5 0=

Yr: «m

Because nitr@en is the key ingredient in amino acids, it is found and needed virtually everywhere in the plant. It is the
glue that holds cellulose, the rigid elements of a cell wall, together. A rigid cell wall supports the plant and keeps it
upright and sturdy. Chlaophyll, the pigment that absorbs light in photosynthesis, is made of proteins, bonded around
magnesium. Nitrogen is also found in chemical substances that control growth, auxins and kinins, and is part of the
nucleoproteins, or genetic makeup of plants. ileoproteins are found in the nucleus of all plant cells.

All these uses make nitrogen essential for plant growth through cell division and enlargement and thus, is responsible
for an overall gain in dry matter. Nitrogen is very mobile in plants and canebdrawn from some plant parts and
translocated to regions of higher demand within the plant. A deficiency interrupts the growth process, causing stunting,
due to poor cell development, and yellowing, due to decreased chlorophyll formation.

High amounts ofnitrogen stimulate shoot growth more than root growth most likely because N is needed to make
chlorophyll, in addition to the genetic proteins and cell walls needed by all cells. However, an adequate supply of N
promotes deep and numerous roots due to thgreater leaf area providing energy for growth.

Phosphorus

Phosphorus (P) is derived from soil organic matter and minerals. It is actively absorbed by plant roots as primarily
H.PQ, - or HPQr. The latter is absorbed more in soils of pH 7.0 or greater. kB mobile in the plant and redistributes
from older to younger plant parts as demand changes.

Phosphorus is a structural component of plant energy transfer molecules known as ATP, ADP, NADdtd NADP. It is
also a part of the genetic information compound®NA and RNA. Because of the role of P in energy and genetic transfer
systems, it is found throughout the plant, concentrating in leaves where photosynthesis takes place and at growing
points where energy for growth is needed. A plant captures energy fronuslight by adding P to form an intermediate
compound called ATP. ATP energy is used to make letegm energy compounds such as sugar and starch. When these
long-term energy-products are formed, the required energy comes from releasing one P group from ATRis process
changes it to ADP, which now contains only two P groups. P is also a part of the other energy transfer compounds,
NADP and NADPH In these compounds, P functions as a part of the compound and is not the element released or
added in energy tansfer.

The role of P in energy transfer is also a role that affects the availability of other nutrient elements. Plants gather
nutrients through passive absorption (nutrients enter the plant with water and other elements) or active absorption
(energy is wsed to absorb an element) from energy supplied by ATP.

The building blocks of genetic information, called nucleotides, consist of a phosphate group, a sugar, and a nitregen
based amino acid. These blocks are linked together by the phosphate group to foime genetic code compounds RNA
and DNA.

Phosphate groups, called esters, are combined with sugars, alcohols, acids or other phosphates to form
polyphosphates. These molecules join the P groups in a chain, which forms a very hégiergy bond. This bond, when
broken, releases energy. Phytic acid is an example. It is commonly found in seeds and is used to support the high rate
of metabolism that occurs during seed germination.
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Phosphorus is found in phospholipids, which are waxy compounds that line the cell mémane. Phospholipids are
essential to maintaining an intact membrane and limiting what elements are absorbed into the cell. The phosphorus
group acts as a float for the compound so that the waxy pair is aligned toward the outside.

Potassium

Potassium (K) is derived from weathered soil minerals such as clay. Generally, the more clay in the soil the more K that
is present. Although K is plentiful in the soil, only ¥ 8% of the total K is in a form that is available to plants. Potassium

is actively absorbed as a monovalent cation (! which means it lacks one electron, causing it to be attracted to other
elements. Once inside the plant, K moves mostly upward. Within the plant, K is the most mobile nutrient.

While potassium is essential to all fants, it is not a part of any plant tissue compound. It is stored in large quantities in
the vacuoles or reservoirs within each cell. Vacuoles are important factors in cell growth, as the more a vacuole stores,
the larger it becomes, stretching the cellsit expands. High concentrations of K seem to contribute significantly to cell
expansion.

Potassium does not form any complex organic molecules in plants but does serve as an enzyme activator for 46
enzymes. An enzyme is a protein that assists a chemioahction. An inorganic element such as K is needed to start the
reaction. Since enzymes are not used up in a chemical reaction, it seems that a plant would demand only small amounts
of K; however, K ranks fifth in nutritional importance. Potassium accountorizv b 1T £ A DBI AT 060 AOU
ranked fourth, occupies 1.5 5%. Potassium is present in plants in large amounts possibly because it has very loose
bonds to the enzyme it activates. High K concentrations are needed to improve bonding.

Potassium aids maintenance of osmotic potential and water uptake. Plants well supplied with K have good cell pressure
and stomatal control. Good stomate control is important to the plant as the stomates serve as entryways for water and
other elements in the led Each stomate is controlled by two guard cells that swell and shrink to open and close the
stomate. Open guard cells have a high concentration of K. Guard cells close when K moves to surrounding cells changing
the osmotic pressure of these cells.

Potassum serves a vital role in photosynthesis. It increases growth through vacuole enlargement, which in turn
increases the leaf area and therefore the total photosynthetic area. This increases the amount of energy transfer
compounds, such as ATP, which suppllie energy needed to transport photosynthetic products to other plant parts.

Sulfur

Sulfur (S) is a major plant nutrient that is mainly derived from organic matter decay in the soil. It also comes from
inorganic soil compounds or gaseous S(n the atmosphere. It is absorbed as the sulfate (SO-) anion. It is actively
and passively absorbed into the plant.

Like nitrogen, S is involved in low energy bonds, called thiol bonds, which are similar to the energy level of peptide
bonds. Amino acids containingS use thiol bonds join together in chains to form proteins. Sulfur is part of cystine,
cysteine, and methionine, which are amino acids. Sulfur is found in certain vitamins, in oils and activates protein
separation.

Plants deficient in S express symptoms sh as stunting and general plant yellowing; stems are thin. Although sulfur is
mobile in the plant, redistribution from older to younger leaves is not as pronounced. Sulfur may be important in the
hardening of cells to cold and drought. In energy transfeits role is similar to phosphorus.
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Magnesium

Magnesium (Mg) is derived from weathered soil parent materials. Plants actively and passively absorb Mg as a divalent
cation (Mg), giving it a strong attraction to negatively charged elements.

Magnesium is tte center of the chlorophyll molecule. Ten percent of total plant Mg is found in leaves, about ¥z of that
magnesium resides in chloroplasts. Plastids store the remaining Mg. Magnesium chelates with energy compounds and
organic acids acting as a bridge betweeenergy compounds and enzymatic reactions. It is a cofactor for many enzymes.
Nitrogen metabolism and protein synthesis depend on Mg.

Magnesium deficiencies appear first as interveinal chlorosis in older leaves and progress to younger tissues.
Developingfruits and storage organs depend on Mg redistribution from older leaves. Deficiency symptoms develop
slowly on these parts.

Calcium

#Al AEOI j#AQ EO A PAOO T £ I ATU T ETAOCAIT O &£ OT A ET OEA A
typically rich in Ca. Acid soils are low in available calcium. Plants absorb Ca passively as a bivalent(@ation
(meaning it lacks two electrons), which gives it a strong attraction to other elements. It is the most immobile of plant
nutrients and is highly absorbed on the exchange sites which is why is has limited movement to other plant organs.
Calcium travels passively through the plant relying on the transpiration stream for transport.

Calcium is an integral part of the plant cell walls. Cell walls@made of three layers, with Ca found in the middle layer

as calcium pectate, which acts as a cementing agent between the inner and outer layers. Calcium is also found in cell
vacuoles serving as an immobilizer to organic acids and other ions, renderintgeim norttoxic. This helps to counteract

the effects of low soil pH.

Calcium is important to proper plant cell organization. Calcium is essential for cell division and elongation as it is a
critical factor in regulating cell membrane permeability. Meristem#éc or shoot tip growth also needs Ca. It is also
needed to convert the amino acid tryptophan to a plant growth hormone, indoleacetic acid (IAA), commonly called
auxin. Auxin controls leaf and fruit drop, and initiates plant growth response to a light soae. IAA also increases
respiration and potassium uptake as IAA binds to cell membranes. The formation of callus tissue on roots and root and
root hair curling, essential for N fixation in legumes, is also a result of auxin production.

Deficiency symptoms &r Ca are first observed in younger leaves and tissues as deformed and chlorotic leaves.
Deficiencies are seldom observed in older tissues. Calcium is not redistributed so younger leaves and fruit are totally
dependent on new Ca uptake.

Essential Plant Nut rients: Micronutrients

Plant requirements for minerals vary. These minerals are referred to as micronutrients and although only trace
amounts are required, they are essential to successful plant growth.

zZinc
Zinc (Zn) is derived from basic igneous rocks ahoccupies exchange sites on soil particles. Generally, Zn levels increase

with soil organic matter and decrease with increasing soil pH. Zinc uptake is reduced when excess phosphorus is
present. Uptake of zinc is primarily in the divalent form.

Zinc is esential for enzymes to produce the compound tryptophan, thprecursor of the plant growth stimulator 1AA.
Zn is present in the enzyme ribonuclease, which mediates some protein synthesis. Plants deficient in Zn are low in
tryptophan and IAA. They have smalkaves and internodes fail to elongate.
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Iron

Iron (Fe) is derived from primary minerals. All soils have ample iron content, but the solubility is regulated by soil pH.
Uptake of Fe is primarily as a divalent cation.

Iron is a part of the electron transpot enzymes, active in photosynthesis and mitochondrial respiration. It helps
breakdown water molecules into hydrogen and oxygen. Iron, along with molybdenum, is an element of the nitrite
nitrate reductase enzymes and of the nitrogen fixation enzyme, nitrogese.

Although Fe is not a part of the chlorophyll molecule, a major portion of Fe is in the chloroplasts. Iron is essential for
chlorophyll structure and synthesis. Plants deficient in Fe have fewer and smaller chloroplasts, which causes plants to
developchlorosis. Iron is very immobile in plants.

Manganese

Manganese (Mn) is supplied by the same parent minerals as Fe; the two are closely associated. Uptake is active and Mn
competes with other cations, particularly with NH* and Fe+ for uptake.

Manganese activates several enzymes, especially thaseolved in fatty acid and nucleoprotein synthesis. It is required
for respiration and photosynthesis as part of the electron transfer system.

Manganese is immobile in plants and concentrates in meristematic tissue. Young plants depend on current uptake to
supply Mn. New leaves are the first part of the plant to show deficiency symptoms.

Copper

Copper (Cu) is found in primary and secondary minerals but exists in soils mostly as organic complexes. Copper is part
of the transport system in photosynthesis. Caper is found in plant organelles and in several enzyme oxidases. Some

enzymes use Cu as a cofactor in their synthesis. Copper deficiency interrupts protein synthesis, disrupting growth and
causing dieback.

Molybdenum

Molybdenum (Mo) is primarily derived from the weathering of a number of minerals. Plants absorb Mo as a divalent
anion.

Molybdenum availability increases as soil pH increases, thus liming acid soils increases availability. The enzymes,
nitrite reductase and nitrate reductase, contain Mo, whickacts as an electron carrier between oxidized and reduced
states.

Deficiency symptoms include interveinal chlorosis, stunted growth, and poor nodule formation in legumes. Often, lime
application is the best correction for the deficiency.

Chloride

Chloride is the most abundant anion in nature. Chloride is adsorbed in soils as the chloride-J@nion. Plants may
acquire chlorine from atmospheric chlorine gas and convert it to chloride within the plant. The normal accumulation
is in cell vacuoles. Chloride ismmobile and accumulates in older plant parts.

Chloride is essential for the stimulation of electron transfer from water to chlorophyll in photosystem Il of the
photosynthesis process.

Deficiency symptoms are the wilting of leaves that become chlorotic artittonze colored. Chloride deficiencies have
been noted in areas of the Great Plains.
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Boron

Boron (B) is derived from primary minerals and from shale or sedimentary rocks. However, it is found only in low
levels in the soil solution. It is absorbed passivglby the plant as borate (B@3). Boron deficiency occurs more often
than other micronutrients, except in semiarid and arid regions. Absorption of B decreases with increasing soil pH or
heavy liming.

Boron is immobile in plants. Young leaves and fruit degnd on current uptake to supply required boron. In developing
cells, B is needed to control sugar transport and polysaccharide formation. It regulates starch formation at sugar
production sites, preventing excess production, and determines how the sugarseaused by the plant. Boron is used in
the formation and metabolism of pectic compounds needed by cell walls.

"TOolT AAZEAEAT AEAO OAAGAA T O 00T P OEA AlTTCGCAOETT I £&
disorganized plant. RNA metabodim is apparently affected, causing possible death to the plant. Excess B leads to
toxicity problems, as there is only a narrow B concentration range safe for plants.

General Outline: Nutrient Deficiency Symptoms

I.  General Outline for the Identification of Nutrient Deficiency Symptoms

A. Nutrient elements that show their deficiency symptoms on the older leaves of plants first Z Nitrogen,
Phosphorus, Potassium, Magnesium and Zinc.

B. Nutrients elements that show their deficiency symptoms on the young leaves of plants first.
1. Loss of green color without death of terminal bud or growing point.

a. Veins are lighter than rest of the leaf Sulfur

b. Veins retain dark green color outside of dead spotsManganese
c. Veins retain green color with loss of color between veing Iron
d. Marginal firing z Molybdenum

2. Death of terminal bud preceded by yellowing of bud leavegCalcium and Boron
3. Permanent wilting of upper leavesz Copper and Chloride

II. Nutrient Deficiency Symptoms that Occur on Older Leaves First
A. Nitrogen

1. Corn - In young corn, nitrogen deficiency is characterized as a stunted, spindly plant with light green
foliage. In older plants nitrogen will move out of the lower, older leaves into the new growing parts. The
tips of the older leaves will yellow and the yellowingwill follow down the midrib in a typical V shaped
pattern. The leaf will eventually die.

2. Small Grains and Grasses- Nitrogen deficiency of small grain and grasses can be described as plants
that are erect, spindly and poorly tillered. The lower leaves turgellow and die from the tip to the base.

B. Phosphorus - Phosphorus deficiency symptoms in the field are difficult to interpret because there
are no outstanding specific external symptoms. Phosphorus is translocated in the plant. At maturity,
plants have the largest portion of phosphorus in the seed.

a. CornzPhosphorus deficiencies of corn are characterized by slow, stunted growth and dark green
color. Sometimes the lower leaves and the stentend to become purplish.

b. Small Grains and Grasses z Phosphorus defigencies of small grains and grasses are
characterized by slow growth and lack of tillering when plants are dark green.

c. Legumes z The chief symptoms of phosphorus deficiency are a retarded rate of growth and
spindly plants, with leaves turning dark green ombluish-green.
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C. Potassium

1. Legumes z Potassium deficiency is perhaps the most outstanding and easily recognized symptom of
legumes.

a. Soybeansz The first sign of potassium deficiency in soybeans is the irregular mottling around
the edges of the leaflets. Theschlorotic areas soon merge, forming a continuous yellow border
around the tip and along the sides of the leaves. The marginal firing often spreads to include half
or more of the leaflet area, while the center and base of the leaf remains green.

b. Alfalfa and Sweet Clover z Small white spots around the leaf margin first appear on the green
leaves. Later the tissue between these spots becomes yellowigheen to yellow and finally dies.
Generally, the symptoms are more pronounced on the lower leaves. This iscuse potassium is
translocated, like nitrogen and phosphorus, but not to the same extent. Wintéalling of alfalfa
also indicates a potassium deficiency.

2. Corn and Sorghum z The first sign of potassium deficiency in corn or sorghum is a slower rate of
growth. The leaf edges and tips become dry and scorched, with the rest of the leaf showing yellowish
stripes. The lower leaves are affected first. Lodging of corn at maturity is a final result of a potassium
deficiency.

3. Small Grains and Grassesz Small grairs demand less potassium than corn and legumes. There is one
common potassium deficiency symptong the edge scorch of the leaves.

D. Magnesium - Magnesium is translocated in the plant; therefore, magnesium deficiencies are
frequently found on the lower leaves of plants.

1. Corn z The first magnesium deficiency symptom is a striping or chlorosis between the veins and, if the
deficiency is severe, a crimson red color frequently appears on the lower leaves.

2. Potato z In potatoes, an orangeyellow coloration appears aound the margin of the lower leaves and
along the veins.

E. Zinc

1. Corn z Two to three week old corn plants develop pale yellow stripes on each side of the midrib of
lower leaves. These yellow stripes start near the base of the leaf and extend about % ofléreth of the
leaf. Later, leaves may become reddidbronze in color and eventually die. Shortening of internodes and
stunting also occur.

2. Small Grains and Grassesz On oats and wheat, zinc deficiency symptoms occur as thin growth and
pale green color. Theolder leaves show collapsed areas at margins and leaf tips are grayish in color.
Actually, small grains and grasses are less sensitive to zinc deficiency.

3. Legumes 7z Zinc deficiency of alfalfa can be described as yellowing between the veins, particulanty i
the older, lower leaves. Shortened stems resulting in bushy groups of leaves are another zinc deficiency
symptom of legumes. Soybeans are more sensitive to zinc deficiency than alfalfa or clover.

lll. Nutrient Deficiency Symptoms that Occur on Younger Leaves First

Since these nutrients do not move in the plant, the nutrient will be lacking in the young or new leaves. These nutrients
show deficiencies in three general ways, as was shown in section |.
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A. Loss of Green Color without Death of Terminal Bud or Growing Point

1. Sulfur z Veins are lighter than rest of leaf

a.

Sulfur Deficiency Symptoms Zz Sulfur deficiency symptoms resemble those of nitrogen.
However, with a diminishing supply of sulfur, a distinction may be sharply drawn: on most plants,
young leaves are lighgreen to yellowish in color, with even, light colored veins. Sulfur deficient
plants are characteristically small and spindly with slender stalks that tend to be woody. They
also have decreased root developmenilfalfa and other legumes arparticularly sensitive to sulfur
deficiency

2. Manganese z Veins retain dark green color outside of dead spots.

3.

a.

a.

Manganese Deficiency Symptoms z In general, plants with netveined leaves (legumes) that
develop chlorosis in the interveinal tissues while the vims remain green are known to have a
manganese deficiency. The first symptom of potatoes and soybeans is small pinheszed black
specks parallel to the main veins. Plants that have parallel veins, such as small grains, develop a
general chlorotic condition and secondary symptoms such as gray speck of small grains.

Iron z Veins retain green color with loss of color between veins.

Iron Deficiency (Chlorosis) Symptoms z The earliest stages of iron chlorosis may consist of a
generally pale leaf color without veinal patterns. The next stage consists of an interveinal
chlorosis in the leaves. There is no gradation of green coloring within the interveinal areas as in
the case of zinc and manganese deficiency symptoms. At the most severe chlorosis stage, the finer
veins and even the larger veins are yellow. These deficiency symptoms occur on the young leaves
of the plant, since iron is immobile in the plantSorghums are the most sensitive to iron chlorosis

4. Molybdenum z Marginal Firing

a.

Molybdenum Deficiency Sympto ms z General deficiency symptoms of oats are a bluish

coloration of the outer glumes and the grain produced is pinched. In legumes, molybdenum
deficiency symptoms show up in about the seventh week. The leaves turn pale with progressive
discoloration from greenish-yellow to pale yellow.

B. Death of the Terminal Bud Preceded by Yellowing of Bud Leaves

1. Calcium
a. Calcium Deficiency Symptoms z In most plants, calcium deficiency causes reduced root growth
and frequent root rotting. The roots are affected before the fws show any symptoms of calcium
deficiency. In moderate stages of deficiency, the young leaves become distorted, fail to grow and
show spotting or necrotic areas. Since calcium is not translocated, the growing points and young
leaves are affected insteadfahe lower leaves.
2. Boron

a. Boron Deficiency Symptoms z Boron is largely immobile in plants, causing stunting of the

younger growing parts of plants.

(1) Sugar Beetsz Heart rot of sugar beets is caused by a boron deficiency. It is first noticed in
midsummer after the sugar beets have attained considerable size. The first symptoms are
crosschecked petioles and misshapen leaves. The petioles and midribs of the misshapen
leaves become twisted. The color of the newer leaves is dark green until they start to
disintegrate, when they turn yellow, brown and black. Boron deficient beets also appear to
have been stepped on because the leaves grow out in a horizontal position rather than
vertical position.

(2) Corn z Boron deficiency of corn causes a striping of the upper leas@nd barren stalks.

Crop Nutrition and Managementj12



RaymondC. Ward, Ph.DCertified Professional Soil Scientist

(3) Alfalfa z In alfalfa, the top of the plant becomes yellow or reddish while the lower leaves
stay green. The plant has an umbrellike appearance. Seed production is very low when
boron is lacking.

C. Permanent Wilting of Upper Leaves
1. Copper Z Most copper deficiencies are concerned with organic soils.

a. Copper Deficiency Symptoms z The youngest leaves of corn become light yellowistgreen near
the base of the leaf and the tips become necrotic when deficient in copper. Oats, wheat anddyar
have similar symptoms. Deficient alfalfa plants have faded green color with a grayish cast,
internodes are shortened and necrotic areas appear on the upper leaves.

2. Chloride

a. Chloride Deficiency Symptoms z The youngest leaves first wilt and subsequentlgan become
chlorotic and bronze-colored.

Seed Quality

Poor seed quality is a major cause for poor stand establishment in crops. Other factors that can contribute to poor
stands include planting depth, herbicide injury, low soil temperatures, crusting, insgs, disease, or improper planter
operation.

Variety

Seed is unique in that it is actually a miniature plant that contains the genetic code that governs maturity class, disease
and insect resistance, lodging susceptibility, adaptability, and numerous oth&mits.

Viability

Seed purity and germination percentage are two factors that should concern farmers. Seed purity identifies the kinds
of seeds present including by weight: pure seed, other crop seed, weed seed, and inert matter. Equmlhortant to the
amount of weed seed by weight is the species of weed seed present.

Viability, or capability of germination, is a test that provides an estimate of stand establishment. Germination
conditions include the type of growing medium, moisture, misture level, duration of the test, and the temperature
requirements. Although optimum conditions are rarely present in the field, these germination tests provide uniform
results that gives the buyer added confidence when purchasing and comparing seed.
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PLS provides a more accurate estimate of the plant producing ability of the seed than purity or germination values
alone.
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Vigor

Seed vigor tests were developed to provide a better estimate of seed quality as related to actual field emergence since
germinatol OAOOO 1T OAO AOOEI AGA bl OAT OEAI OOAT A AOGOAAI EOEI A
determine the potential for rapid, uniform emergence and development of normal seedlings under a wide range of field
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The mostcommonseed vigor tests include:

Cold Test

The seeds are placed in soil or paper towels lined with soil and exposed to 50° F for seven days, then placed in favorable
conditions for an additional six days. This test is based on simulation of early spring planting aitions.

Accelerated Aging Test

The seeds are placed in a chamber that provides relative humidity near 100% at 106°F for 72 hours, after which the
seeds are removed and germinated according to a standard germination test.

Tetrazolium (TZ) Test

The TZ moleale reacts with hydrogen that is released as a result of respiratory activity. This process forms a water
insoluble red pigment called formazan which subjectively categorizes living tissues based on staining patterns and
colors. These categories range froweak to strong vigor.

Seedling Growth Rate Test

In soybeans, seedlings greater than 2 inches in length after four days are considered normal seedlings. The percentage
of normal seedlings at this count can be used as an indication of vigor.

No singeOAOO EO AT 1 OEAAOAA AAOOAO OEAT OEA 1 OEAOO8 311 A
represents vigor based on a series of tests.

ADDITIONAL REFERENCES
» McDonald, M.B. 1986Three Vs of Seed Quality. Crops and Soils Magazine, November.

Effect of Tillers on Corn Yield
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in corn?

What are Tillers?

Tillers are lateral branches extending below ground nodes. The number ofléts that develop depends on plant
population, row spacing, soil fertility, early season weather conditions, and the genetic background of the hybrid. In
low population situations, many hybrids will take advantage of available soil nutrients and moistureotform tillers.
This is more often the case in early stages of the growing season. A few hybrids will form tillers even in high plant
densities. To most farmers, this is an unwanted situation since most are concerned that yields may be reduced.

Are Tillers Detrimental to the Main Plant?
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and main plants: nutrients produced in tiller leaves are allowed to get to the ears on the main plardafter the main

plants had all of their leaves removed.
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Modern tracing methods of plant nutrient movement in the plant are possilel with labeled carbon. It has been found
that little nutrient exchange takes place between tillers and main plants prior to tasseling. After tasseling, and during
grain fill, large amounts of nutrients move from leaves of large, earless tillers to the eam the main plant. If ears were
present on main plant and tillers, little nutrient movement from the tillers took place. Apparently, ears receive
nutrients from the structure on which they develop. The only movement of food from the main plant to the tilte
occurred when an ear was present on the tiller but not the main plant (a situation which seldom occurs under field
conditions).

Small, shaded tillers probably have little influence on main plants; if there is an effect, it is probably positive. Tillers
may be detrimental in dry soil conditions when the additional leaf area may increase transpiration rates and cause
depletion of soil moisture sooner than if no tiller had developed. In low population densities, increased grain yields are
likely due to tillers feeding the main plant or producing their own ears.

Reasons Tillers are Unwanted

Farmers do not like tillers mainly because of the sight created by tillers that die early. Tillers will sometimes produce
unsightly tassel ears. Also, more dry matter is mduced which can be a problem for combines at harvest. However,
those harvesting corn for silage may welcome the additional dry matter.

What if You have Tillers?

Do not avoid hybrids just because they might tiller. Most seed companies select against tilgr because they are
undesirable.

If tillering occurs, consider your plant population or the uniformity of the stand. Gaps and low plant densities are
probably the cause.

In conclusion, tillers will not likely affect yields to any great extent. One shoukklect corn hybrids on yield potential.

ADDITIONAL REFERENCES:

» Carter, P.E. 198@&-riend or Foe? Do Corn Tillers Help or Hurt Yields? Crops and Soils Magazine, January.
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The Value of Feed Testing

Laboratory testing is a beneficial resource for livestock production decision making. Accurate feed information will
result in accurate ration and diet formulation, less over or underfeeding of animals, reduced feed waste, and provide
more costefficient protein, energy and mineral supplementation strategies.

Nutrition is the cornerstone of animal health and production performance. Feed testing is the foundation of a well
managed animal diet resulting in overall better animal health and achievement of pradtion goals such as reaching
target average daily gain of a steer in a feedlot or meeting egg production efficiency goals in a laying hen. More efficient
utilization of feed resources to meet production goals will result in increased profitability to thdivestock operation.

The first step in feed testing is identifying your goal as a producer. Your goal will dictate the information relevant to
your operation and determine your feed testing needs and interpretation of the results. Ward Laboratories, Inasan
animal scientist available for consultation before sampling to help you determine what feed analyses best suit your
results, producers can improve animal health and performance while preventing death losses from toxicities to
maximize profitability.

Feed Sampling Procedures

The information and results provided by the laboratory report caronly be as good as the sample received by the lab.
It is important to provide a representative feed sample to produce accurate nutritional information for livestock
management. Before retrieving samples, consult with Ward Laboratories personnel and/or folv procedures from a

The first step to obtain a representatveOD AT D1 A EO O AAEET A O11 0608 1T £ AEAAA8 1
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distinguish each lot. For example, if you havan alfalfa field and a grass hay field you intend to bale together, each field
xEl I OADPOAOGAT O A OI1 068 AT A OET OI A AA OAI DIl AA OADPAOAOAI

subsamples to properly represent the lot due to variation irall feeds. A sample from one spot within a lot may not have

the same nutritional value as another. Several subsamples are used to obtain an average value of the whole lot. The
National Forage Testing Association recommends a combination of 20 ssbmplesas the sample for laboratory
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samples are taken from the outside of the bale or feed pile as well as from-18 inches inside the lot. If ampling baled

hay, it is best to use a hay probe, which can be purchased from Ward Laboratories. Producers close to Ward
Laboratories may rent a hay probe free of charge. Once you have obtained your sample place it in a quart size plastic
bag and send it ¢ the laboratory for testing.

Bales

Sample 20 bales from eachot, or take samples from 20% of the bales. Core a
rectangular bales from the end and altound bales from the twine surface. Mix the
samples thoroughly and use the quartering procedure (described below) to obtain
representative sample for analysis.
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Loose Hay Stacks

Select 4 stacks from each cutting for sampling. Collect at least 3 core samples from
side of each stack, mix thoroughly and take a representative sample for analysis usi
the quartering procedure (described below). If a core sampler isat used for hay
sampling, hand grab from each of the bales.

Upright Silo
— Take random scoops of silage while unloading. Mix the samples thoroughly and take
-\‘ representative sample for analysis using the quartering procedure (described below)

Horizontal Silo

Remove a column 6 inches by 12 inches wide on the open end of . Mix the sample thoroughly and take a
representative sample for analysis using the quartering procedure (described below).

Bunk Sample

Take 810 grab samples from the bunk(s) as the ration is being unloaded. Mix the sample thoroughly and take a
representative sample for analysis using the quartering procedure (described below).

Grain Sample

Take 5 random hand samples from the bin or truck. Mix the sample thoroughly and take a representative sample for
analysis using the quartering procedure (describedbelow).

Quartering -Procedure

Sometimes when forages and feeds are sampled, the total of the aggregate samples is too large and bulky to send into
the laboratory. The total sample size can be properly reduced and still maintain a representative sampleduartering

the sample. Mix the entire sample thoroughly, then pour it into a pile on clean paper or plastic. Then divide the sample
into four equal parts (quarters), saving the opposite two quarters. If the sample is still too large, repeat the procedure
until the proper sample size of one pint to a quart is obtained. All samples should be placed in an airtight plastic bag
and submitted to the laboratory for analysis.

Figure 1: Quartering a Sample (Top View)

Feed Testingd18



A BRguide

A7 a1V

Rebecca J. Kerhunbery, M.S.Professional Animal Scientist RaymondC. Ward, Ph.DCertified Professional Soil Scientist

Fractions of Feed

Below is a chart of each fraction of feed as defined from proximate analysis. This is your guide to how feed testing
breaks down each fraction of the sample to obtain pertinent information about the feed.

Feed Sample
1

[ 1
1
[ 1
Ash (Minerals) Organic Matter (OM)

1

Non-Nitrogenous Matter Crude Protein (CP)

Ether Extract (EE; Lipid Carbohydrates
Nltrogen Free Extract
(NFE) Crude Fiber (CF)

Figure 2: Fractions of Feed Used in Analysis

Nutrient Feed Tests

Dry Matter
The amount of dry matter in the feed or the percentage of feed that is not water.

Dry Matter is important in comparing the nutrient value across several feeds, which vary in moisture content. It is also_
OOAA ET AEAO & Oi O1 AGEIT AT A OAOEITT AAI AT AET ¢ O bDOAA
Council (NRC) provides required daily dry matter intake values for each livestock species.

Moisture
The amount of water in a feed

Understanding the moisture content of a feed can help the producer avoid storage problems. Bailing a hay too wet can
result in mold and is a risk factor for ignition. It is recommended that hay be baled below 20% moisture content, and
ideally to bale below15% moisture. Storing corn grains or silage under moist, warm conditions can result in a decline
in the metabolizable protein of a feed due to heat damage. Moisture and Dry Matter are included in all feed testing
reports.
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Ash
The total elemental or minerd content of the feed

Ash is used to calculate the nitrogen free extract portion of a feed for proximate analysis energy equations.

Minerals
Important biological co-factors involved in maintenance, growth, reproduction and immunity on a molecular level.

Minerals are typically measured to:

compare the guaranteed analysis of a mineral supplement
check that a ration has been mixed properly

formulate a mineral supplementation plan

specifically,to check the calcium to phosphorous ratio
periodically check Pr a deficiency or toxicity in the diet.

g

Minerals interact with each other, often making the specific diagnosis of a deficiency or toxicity particularly difficult

Calcium (Ca)

Calcium is a structurally important component of bones, teeth and eggshelSalcium is also involved in muscle
contractions. An excess of calcium in the diet can result in big head disease in equids, twisted snout in swine, and water
belly, the formation of urinary calculi most commonly affecting rams. Deficiencies include rickets young animals,
osteomalasia in older animals, and milk fever in nursing cows or ewes. Resorption is a process by which the body
removes calcium from bones and/or teeth, for use in other tissues and naturally occurs during lactation and egg laying.
Parahyroid hormone (PTH) regulates this process and therefore, hyperthyroidism causes increased PTH which
manifests as deficiency symptoms, when there is plenty of calcium in the diet. Phosphorus (P) in high concentrations
can depress the absorption rate ofalcium also manifesting as deficiency symptoms.

Phosphorus (P)

Due to the close working relationship of phosphorus and calcium in bone building, deficiencies of phosphorus are like
those of calcium, including rickets and osteomalasia. Additionally, pica,condition causing animals to chew on or eat
odd things such as dirt and/or wooden structures, is also a symptom of a phosphorus deficiency. In some feeds, such
as corn and soybeans, phosphorus may be bound and biologically unavailable to monogastricplagic acid. Swine

can be supplemented with phytase, an enzyme which breaks down phytic acid, to access the phosphorus in those feeds.

Magnesium (Mg)

Magnesium is an important biological cefactor required for the activation of many enzymes. Symptoms aleficiency

include muscular tremors, staggering gait, nervousness, and convulsions. Grass Tetany is a common deficiency
syndrome in which animals are grazing a lush spring pasture and the grass has yet to absorb adequate levels of
magnesium to supporttheAT Ei A1 08 OANOEOAI AT 68 4EEO AT TAEOEITT AAT Al
Producers often choose a high magnesium mineral supplement to offset inadequate levels of magnesium. High levels

of potassium in the soil can interfere with the upake of magnesium in a plant as well as high levels of potassium in the

diet can interfere with the absorption of magnesium by an animal.

Potassium (K)

Potassium plays a critical role in cell and nerve signaling. Deficiencies of potassium are rare, as nptestts contain
sufficient amounts of potassium.
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Zinc (Zn)

Zinc is a main component of enzymes critical in many biological processes. A deficiency of zinc results in parakeratosis,
or the abnormal keratinization of the skin or epidermal lining causing itto appear thick and scaly, along with
inflammation of the nose and mouth, stiffness of joints, and swollen feet. Sghnically, low levels of zinc depress the
immune system making animals more susceptible to infectious agents.

Iron (Fe)

Iron is largely associated with protein and blood. Deficiency symptoms include anemia, and respiratory distress. High
levels of iron interfere with copper absorption, thereby resulting in copper deficiency symptoms.

Manganese (Mn)

Manganese functions in theactivation of enzymes. Deficiencies are most commonly seen in poultry, manifesting as
slipped tendon in chicks, and malformation of leg bones. Symptoms of deficiency may also be caused by excess calcium
and phosphorus in the diet interfering with absorption of manganese.

Copper (Cu)

Copper is a cofactor in multiple enzymes and is responsible for the pigmentation and crimping of hair and wool.
Deficiencies of copper result in anemia, loss of crimp and pigmentation of hair and wool, and decreased animal growt
As the liver is the major storage organ for copper, liver necrosis, hepatic coma and death result from excess copper
intake. Copper metabolism is linked to molybdenum levels in the diet. Iron and sulfur also interfere with copper
absorption.

Sulfur (S)

Sulfur is a component of protein and several vitamins. It is only an elemental requirement for ruminants to support
the microbial population. A sulfur deficiency results in a deficiency in sulfur containing amino acids. In excess, sulfur
can be very hamful impairing the metabolism of the vitamin thiamin causing polio encephalomalacia (PEM) or animals
ATTTTT1U OAZEAOOA A-clifidally Aigh leGels 6 Aufflr iA thedietcan3ntdere with copper absorption.

Sodium (Na)

Sodium is involvedin osmotic regulation and transmission of nerve impulses. A deficiency in sodium results in
dehydration, and decreased nutrient absorption, specifically carbohydrates and amino acids. In excess, animals are
excessively thirsty, and fluids begin to colledn the body.

Molybdenum (Mo)

Molybdenum is involved in protein metabolism. A deficiency in poultry results in impaired nitrogen excretion.
Molybdenum is closely related to copper metabolism and impacts copper toxicity.

Cobalt (Co)

Cobalt is only a requiement for ruminants to support the rumen microbial population. It is a component of vitamin
Bi12. Deficiencies in cobalt, or vitamin B include, wasting disease, emaciation, and pernicious anemia.

Selenium (Se)

Selenium is a required mineral but in excesis toxic. It is involved with metabolic reactions involving vitamin E.
Deficiencies of selenium include muscular dystrophy, stiff lamb syndrome, also called white muscle disease, a
degenerative muscle disease of young ruminants, or crazy chick diseas@egeavous system disorder in young poultry.
Toxicities include blindness, staggering, nervous disorders, sloughing of the hair and hooves, stiff joints and sometimes
sudden death. Excess selenium also has deleterious effect on reproduction of all speciesieSplants are accumulators

of selenium (e.g. Milk Vetch and Princes Plume). In some locations, selenium is high in the water.
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Salt Chloride (CI)

Chloride plays a role in digestion as hydrochloric acid in the stomach and is closely associated with sodsrit plays
a role in osmotic regulation. Low concentrations of chloride in the diet can result in a depressed appetite and low water
intake while excess chloride in the diet, like sodium, can result in extreme thirst and accumulation of fluids in the body

3A1T 0 EO Al 01 OOEI EUA Ao rGnia mbdk éndlysi, feed@nillEoptdiad mixell ratiorUn@xEr©suldmit
10 different feed samples and run salt on each separately. The percent Coefficient of Variation (CV) is calculated in a
special report. The results of the CV over all the samples determines if corrective action should be taken.

Table 3: Interpretation of Mixer Analysis

Percent CV Corrective Action

<10% Excellent None
10-15% Good Increase Mixingtime by 25-30%
T 0 . -
15-20% Fair !ncrea_se mixing time by 50%, look for worn equipment, overfilling, or sequence of
ingredient addition
>20% Poor Possible combination of worn equipment, overfilling, or sequence of ingredient

addition. Consult extension personabr feed equipment manufacturer

Feed Testingd22



RaymondC. Ward, Ph.DCertified Professional Soil Scientist

Swine
Requirement

[ Beef Cattle
Requirement

Species Dairy Cattle

Requirement

Maximum Maximum Maximum

Mineral gtrao;:(ﬁlr?l?) gﬁ‘gm% Gestation Lactation Toﬂ:/aetlvle Lactation Dry Cow He(iigr):/" g%lls MBaJH;e TOLIZ:/ae?Ie Gestation | Lactation Toﬂz:laetl)le
Calcium % 2.00 0.43z0.77 | 0.39 0.29z0.52 0.30 2.00 0.75 0.75 0.75
Chloride % 0.25 0.20 0.20 0.20 0.12 0.16 0.12
Cobalt ppm 0.10 0.10 0.10 10.00 0.10 0.10 0.10 0.10 10.00 400.00
Copper ppm 10.00 10.00 10.00 100.00 10.00 10.00 10.00 10.00 100.00 5.00 5.00 5.00 250.00
Iron ppm 50.00 50.00 50.00 1000.00 50.00 50.00 50.00 50.00 1000.00 43.00 15.00 40.00 | 600.00
Magnesium % 0.12 0.12 0.20 0.40 0.2070.25 0.16 0.16 0.16 0.50 0.04 0.04 0.04 0.30
Manganese ppm 20.00 40.00 40.00 1000.00 40.00 40.00 40.00 40.00 1000.00 10.80 3.81 10.00 | 500.00
Molybdenum | ppm 5.0 10.00
Phosphorus % 1.0 0.2870.48 0.24 0.2370.31 0.19 1.00 0.60 0.60 0.60
Potassium % 0.60 0.60 0.70 3.00 0.90z1.00 | 0.65 0.65 0.65 3.00 0.20 0.20 0.20 2.00
Selenium ppm 0.10 0.10 0.10 2.00 0.30 0.30 0.30 0.30 2.00 0.08 0.03 0.07 5.00
Sodium % 0.0670.08 | 0.06z0.08 0.10 0.18 0.10 0.10 0.10 0.15 0.20 0.15
Sulfur % 0.15 0.15 0.15 0.40 0.2070.25 0.16 0.16 0.16 0.40
Zinc ppm 30.00 30.00 30.00 500.00 40.00 40.00 40.00 40.00 500.00 27.00 9.52 25.00 | 2000.00
Species SIELET) Goats Horses Chickens
Production Requirement Maximum Reuirement Maximum Requirement Maximum Maximum Tolerable Level
Mineral Stage (unit) Mature Ewe | Lamb elgEbE s el ESE R Maintenance | Growth P ERE VAT Immature Adult
Calcium % 0.25z0.40 0.55 1.50 0.03-0.80 1.50
Chloride % 4.00 4.00 0.50-1.00 0.50z 1.00 0.70 4.00z 6.00
Cobalt ppm 0.1070.20 0.1070.20 25.00 0.10-0.15 25.00 0.10 0.10 25.00 100.00
Copper ppm 10.00 10.00 15.00 10.00-25.00 40.00 9.00 9.00 250.00 250.00
Iron ppm 40.00 40.00 500.00 35.00z7 95.00 | 500.00 40.00 50.00 500.00 4500.00
Magnesium % 0.1270.18 0.12 0.60 0.18-0.40 0.60 0.09 0.10 0.80 0.57 1.12
Manganese ppm 40.00 40.00 2000.00 40.00-1000.0 | 2000.00 40.00 40.00 400.00 4000.00
Molybdenum | ppm 0.50 0.50 5.00 0.107 1.00 1000.00 350.00 500.00
Phosphorus % 0.20z0.30 0.25 0.60 0.25-0.40 0.60
Potassium % 0.50z0.80 0.60 2.00 0.80-1.50 2.00 0.40 0.50 1.00
Selenium ppm 0.30 0.30 5.00 0.10-20.00 5.00 0.10 0.10 5.00 10.00 5.00
Sodium % 0.10z0.15 0.10 0.20 0.35 0.35 0.89 1.20
Sulfur % 0.15z0.25 0.15 0.307 0.50 0.20-0.30 0.30z7 0.50 0.15 0.15 0.50 0.81
Zinc ppm 30.00 30.00 300.00 40.00-500.00 40.00 40.00 500.00 800.00

All values on mineral table are taken from National Research Council (NRC) resources.
Mineral requirements for horses vary by purpose, activity level, age group and sex; for more detailed information, pleage teé NRC Requirements of Horses.

Mineral requirements for poultry vary by species, breed and production purposes; for more detailed information, pleastoréfeNRC Nutrient Requirements of Poultry.
Mineral requirements for sheep and goats vary psoduction stage, weight, and breed type; for more detailed information, please refer to the NRC Nutrient Requirementdliof Sma

Ruminants.
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Protein

Crude protein is not actually a measurement of the protein content of a feed, but the nitrogen. Total nitrogen of the
sample is measured by combustion. The resulting value is multipliday 6.25 for most feeds except wheat grains, which
are multiplied by 5.70, and milk, which is multiplied by 6.38.

Protein provides the animal with essential amino acids made up of carbon and nitrogen, which are utilized to meet
most animal performance goa including growth, reproduction and lactation. It is one of the most important nutrients
to consider when balancing a ration or diet.

Soluble Protein
Measures the amount of protein not associated with large carbohydrates.

This form of protein is particularly of interest in the ruminant diet because soluble protein is the protein in the diet
which will feed the rumen microbes. When balancing a ruminant diet, several fractions of protein must be accounted
for. Soluble proteinis an estimate of the protein which will be degraded in the rumen and utilized by the microbes, also
known as rumen degradable protein (RDP). The portion of crude protein left is the undegradable intake protein (UIP)
also referred to as bypass protein orumen undegradable protein (RUP). The metabolizable protein (MP) of a ruminant
animal is the amino acids absorbed in the small intestine. The MP is composed of fed bypass protein, and protein
provided by rumen microbes which have washed out of the rumen.oimeet the protein needs of a ruminant, a producer
must feed the microbes and the animal through RDP and RUP. This is unique because the protein needs of the microk es
can be met through feeding nosprotein nitrogen.

Non-Protein Nitrogen (NPN)
Measures theamount of urea or ammonia available to microbes for growth and protein production.

Urea is a cheap source of nitrogen which can only be utilized by ruminants. Urea is fed to the ruminant and the microbe 3
in the rumen convert the urea to protein through their own growth and reproduction. The microbially produced
protein can then be utilized by the ruminant animal for their own maintenance, growth and reproduction
requirements. Ammonia treated, low quality forages, such as corn stovers and straw, are alsthaap way to increase
both digestibility and crude protein. The ammonia breaks down the fibers in the feed, thereby increasing digestibility
while rumen microbes convert a portion of the ammonia to microbial protein to be utilized by the ruminant animal.
Knowing the amount of urea or ammonia the microbes are receiving can help a producer approximate protein gained
from feed sources when formulating a diet or ration.

Damaged Protein or Acid Detergent Insoluble Protein (ADIP)
Measures proteins bound tdignin which have become biologically unavailable.

Feeds stored under conditions with high moisture and high oxygen result in heating of the feed which causes proteins
to bind to lignin and caramelization of the feed resulting in increased palatability wish means the animal will likely
consume more of the feed. If too much heat damaged protein is in a feed, it is suggested that an adjusted crude protein
value be used for ration balancing and diet formulation. If the ratio of CP:ADIP is at or below 14, tlede protein does

not need to be adjusted.

If CP:ADIP is above 14, the crude protein should be adjusted as follows:
6 Q6 IBOQAR—— 60
If the CP:ADIP ratio is at or above 20, the crude protein should be adjusted as follows:

0 QQo6 IBDQRD 6 000
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Crude Fat or Ether Extract (EE)
The measurement of the fat percentage.

Fat is an important nutrient. First, fat provides 2.25 times more energy than carbohydrates making it very important
in the proximate analysis energ prediction of the feed. Second, fats also deliver fat soluble vitamins A, D, E, and K.
Consumption of a lowfat diet may result in fat soluble vitamin deficiencies. Third, fat plays a key role in animal health,
growth, and reproduction, thus directly affecting production performance. Finally, a diet with more than 7% fat
adversely affects fiber digestion in ruminants.

Crude Fiber (CF)

The slowly or indigestible portion of the feed, including cellulose and portions of hemicellulose, lignin, and other
indigestible nutrients.

Crude fiber is an estimation of feed digestibility. The feed is treated with an acidic solution, which removes sugars and
starches, and an alkaline solution, which removes some but not all hemicellulose and lignin. Fiber is importamthe
health of the lower gastrointestinal tract in all species.

Acid Detergent Fiber (ADF)

The least digestible portion of a feed and indicates the indigestibility of a feed and contains cellulose, lignin, pectirt, bu
not hemicellulose.

The energy and djestibility of a feed can be predicted solely from ADF. ADF has an inverse relationship with
digestibility and energy value of a feed. As ADF increases, the digestibility and energy of the feed decreases and as ADF
decreases, the digestibility and energyfahe feed increases. ADF is required to calculate the relative feed value (RFV)
and relative forage quality (RFQ).

Neutral Detergent Fiber (NDF)

Represents the indigestible and slowly digestible portion of a feed and contains cellulose, hemicelluloggniln, but not
pectin.

NDF is always greater than ADF because the percentage of hemicellulose in a feed is greater than pectin. Feed intake
can be predicted based on the NDF value of a feed. As NDF increases, intake decreases and as NDF decreases, intake
increases. NDF is used to calculate relative feed value (RFV). Grasses generally have higher NDF values than legumes
and NDF increases with plant maturity.

Lignin
An indigestible compound prevalent in straw, woods, and hulls. High lignin content in a feeddicates low feed
digestibility.

Nitrogen Free Extract (NFE)

A calculated value estimating the amount of soluble carbohydrates (sugars and starches) in a feed. NFE is calculated
for proximate analysis using the equation:

000 pTIT VWO QMIQ 60 6000
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Total Sugars Invert (TSI)

Measures the total amount of sugar in a feed. Feeds guaranteed based on sugar content, such as molasses and other
syrups, are generally tested for total sugar invert (TSI). Horse ownemmay test hay for TSI if equine diabetes is a
concern. Cane molasses are guaranteed to be greater than 46% TSI and beet molasses are guaranteed to be greater
than 48% TSI.

Total Starch

A measurement of the starch, a rapidly available carbohydrate, in féeStarch is an energy indicator. High starch feeds
are generally high energy feeds such as cereal grains, corn, and corn silage. A high starch diet indicates a risk for
bloating in feedlot steers.

Available Starch

The amount of starch available for rumemmicrobes. Available starch should be analyzed when grainduced frothy
bloat is a concern. This often occurs in feed yards when a high starch diet is introduced too fast without a stgp
program in place.

The pH of Feed

pH

A scale to measure thacidity or basicity of a substance. The scale ranges from 0 to 14 with 7 defined as neutral. A pH
value below 7 is acidic or has more free hydrogen (flions available to form a covalent bond, and a pH above 7 is basic,
or has less free hydrogen ions avaible and more free hydroxyl (OH ions available to form a covalent bond. The pH

is a particularly important measurement for ensiled feeds such as corn silage and haylages as pH can be an indicator
that a feed was ensiled properly. Typically, corn silags more acidic than haylages. There are several causes for a pH
higher than expected including:

low moisture silage

incomplete fermentation

sampling too early and

spoilage by mold and or clostridia bacteria.

PwnNpE

Below are expected pH ranges for ensiled fds:

Table 5: Expected pH Ranges for Ensiled Feeds

Dry Matter (%) 30z40 45755 30235 30z40
pH 4.324.7 4.725.0 4.3z24.7 3.774.2

Energy Values

Total Digestible Nutrients (TDN)

The sum of digestible crude protein, indigestible crude fiber, digestible nitrogen free extract, and digestible ether
extract (fat). The TDN value is used to predict energy values of feed for beef cattle, dairy cattle, sheep, and goats. The
TDN of afeed can be calculated through proximate analysis, estimation from the ADF or estimation from the CF.
Proximate analysis is the most accurate predictive value of TDN as it utilizes CP, CF, NFE, and EE. Estimation from ADF
or CF are less accurate, howeveequire less laboratory testing and are less expensive.
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Energy Values
Used to balance rations to ensure the animal has adequate energy to meet production and performance goals.

Digestible Energy (DE)

The amount of energy absorbed through the gastrointestinal tract and available for metabolism, or the gross energy of
the feed minus energy losses through feces.

Metabolic Energy (ME)
The digestible energy minus energy losses through urine and gasses.

Net Energy (NE)
The metabolic energy minus the energy lost through heat increment.

NEn - the net energy value of feeds for maintenance calculated from TDN.
NEg - the net energy value ofeeds for the deposition of body tissue, growth or gain calculated from TDN.
NE - net energy of lactation calculated from ADF.

Below are the NRC energy equations for various species of livestock:

Beef Cattle 2000:

reldAml 8 epdrd
el | 8 eorF

00 p&j O 1 clYO TmWIp WO pd ¢
VO pg8 O ™ X0 mp PO pHU

The above equations are also used for sheep and goats.

Dairy Cattle 2001.:

rrlddml 8 epd rd
7Rl 8 err 8
00 p& WO ™ clO mdrp MO pP ¢
VO p8 O ™ X0 mp PO pHU
Swine 2012:
e ] | 8 eb+ V] 8 ebwmr- 8 obll+ « 8 epd 5
1 L Gm) 8 eb+v| 8 ebmrs 8 epl+ <« 8 epd 17
000 OBAQ 1T ad O p& @b QHO ™ wWwbki 0 ¢ wn&)cwbr]l €0 Q@ abPo6 00
Horses 2007:
IisEl 8 8 e—pq
| OEAO EIT OOA ANOAOGEIT O TAAA O AA AOOOI I EUAA AAOGAA 11 Ol

exercise, etc.

Poultry:
Equations vary greatly depending on the species of bird and require a correction for urea excretion in the feteiterial.
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Forage Quality Indexes

Relative Feed Value (RFV)

Relative feed value is an index to determine the quality of legume hays. The digestible dry matter of a feed is calculated
using the ADF and the dry matter intake is calculated from the NDF ofeeed. The RFV is dependent on various factors
which affect the ADF and NDF fiber content of the feed including the forage or feed type, plant maturity, irrigation, time
of day when harvested, and drying conditions. Relative feed value is very important wh buying and selling legume
hay including alfalfa.

0'QQQI BIDO@®RO QUid 18 x wb 600
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USDA Quiality Guidelines for alfalfa hay (not more than 10% grass). Guidelines used for reporting economic data across
the United States, and adapted in 2002 (2003 USDA Livestock, Hay & Grain Market News, Moses Lake, WA)

Table 6: UDA Quality Guidelines for Alfalfa

Category | ADFO9____ | NOFOO I RPV | TONO® | CPOw

Supreme <27 <34 > 180 > 62 > 22
Premium 27229 34736 150z 180 60.5762 20722
Good 29732 36740 1257150 58760 18720
Fair 32235 40z 44 100z 125 56 758 16718
Utility > 35 > 44 <100 <56 <16

All figures are expressed on a dry matter basis.

Relative Forage Quality (RFQ)
Relative forage quality is an index of both legume hay and grass hay.

YO0 Oi o 6RO & VE 0TAQQI & Qwid "IPE 6 i

Table 7: Relative Forage Quality Suggested for Different Cattle Types

Relative Forage Quality Cattle Type

100z 200 Heifer (18 724 mo.). Dry Cow

140z 160 Dairy Cow (It 3 mo. of lactation) Dairy Calf

Dairy Cow (last 200 days lactation)Heifer (37 12 mo.)

1257150 Stocker Cattle

1157130 Heifer (12 z 18 mo.). Beef Cow/Calf Pairs

(Adapted from: Undersander, 2003)

Grass Hay Quality
Grass hay quality is also categorized based on crude protein percentage dry matter basis.
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Table 8: Grass Hay Quality

CrudeProten 09

Premium >13
Good 9713
Fair 1st 5z9
Low <5

Near-Infrared Spectroscopy (NIRS)

Near-Infrared Spectroscopy (NIRS): Determines quantities of nutrients in feed based on Iigh'
calibration equations. The reflectance of a testsample|smathemaUcaIchomparedWlthth
spectra of reference samples previously assayed by standardized and industry approved wi
chemistry methods to determine nutrient concentrations.

NIRS follows the same principles of many wet chemistry analysis. It compares an unknow
sample to a database of known samples similar to using a standard curve in other analysis. C
near infrared reflectance system is calibrated to read from 850 to 2500 nm wavelengths and
determines the feed component values based on reflectance. NIRS results can be obtained in minutes, supporting a
quick turn-around time, and is less than half the cost of the wet cherig equivalent. NIRS is a secondary method of
analysis which can only be as accurate as the wet chemistry it is based on. However, it can be a more repeatable method
due to less sample handling steps. NIRS is an accepted method for protein, fiber, fat@thér macromolecule analysis.
However, NIRS has difficulty determining small molecule abundance and minerals are not accurately represented
using this method. Additionally, not all feeds can be tested using NIR. Forages, legume and grass hays, ensiles| feed
and corn grain generally encompass the feeds that can be tested for nutrient values using NIRS. Utilizing NIRS for
analysis instead of a simple wet chemistry crude protein and ADF can tell you more about the forage such as
digestibility, water soluble carbohydrate content and more for a very similar cost. Other feeds and mixed feeds such as
bunk samples and rations must be tested through wet chemistry.

Table 9: NIR Recommended and Wet Chemistry Required Tests

NIR Recommended Wet Chemistry Required

Legume Hays Any NonCorn Grain

Grass Hays Rations and Mixed Feeds

Green Chop Seeds

Fresh Forages Minerals and Concentrated Feeds
Legume/Grass Hay Mixes Soybean Meal and other Meals
Haylages Milk and Milk Replacers

Small Grain Silages Distillers Grains and Byproducts
Corn Silage Liquid feeds

Earlage

Corn Grain
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Toxicity and Animal Health Related Tests

Nitrate Poisoning

Nitrate poisoning occurs when animals, most commonly cattle and horses, consumigaites. There are two types of
nitrate poisoning which depend on the physiological state of the animal and the level of nitrate exposure. Chronic
nitrate toxicity occurs when animals under physiological stress, such as pregnancy, lactation or illness, some
moderate levels of nitrate for several days. The symptoms of chronic toxicity are reduced appetite, weight loss,
diarrhea, or no symptoms at all. Chronic nitrate toxicity can result in abortions without warning signs. Acute nitrate
toxicity is the consumption of high levels of nitrate rapidly which can result in cyanosis and sudden death. The nitrates
are converted to nitrite in the rumen by the microorganisms, when the cattlbelch,they inhale the nitrite which then

binds to the hemoglobin inthe cadi A8 O Ai T T A DOAOAT OET ¢ OEA AETAET C 1T &£ 1
poisoning. Nitrate accumulation in a forage is dependent on plant species, maturity, part of the plant, environmental
conditions, and management factors. Species of nitetaccumulating plantsinclude sorghums, sudan grass, millets,
oats, Johnson grass, broadleaf weeds, corn, sunflowers, and very rarely, under high stress conditions, soybeans and
alfalfa. Mature plants tend to accumulate less nitrates than young plants oegrowth. Additionally, nitrates tend to
accumulate in the lower third of the stock of the plant, making leaves and stems less likely to contain nitrates. Stressful
environmental conditions including drought and frost cause a plant to accumulate nitrates @uto the inability to
convert them into plant proteins. The most prevalent management practice resulting in high nitrate forages is nitrogen
fertilization. Increased nitrogen in the soil may increase yields, but it will also increase the amount of nitratgptake by

the plant.

Table 10: Animal Response to Nitrate -Nitrogen Concentrations

pbi  OAOU| Animal Response

< 1400 Safe

Marginal , use caution when feeding. Can cause reduced milk producti@ortions and

140072100 low rate of gain. It would be best to limit daily use to %2 of the total daily dry matter intake.

Potentially Toxic ,feeds in this range should be limited to 1/3 of the total daily dry matter

2100z 3000 intake
3000 z 4000 Toxic, feeds in ths range should be limited to 1/4 of the total daily dry matter intake.
Very Toxic, feeds in this range should only be 19 15 % of the total daily dry matter
4000 z 5000 ; ;
intake as a part ofawell-mixed TMR.
> 5000 Do not feed z death may occur.

Feeding Forages with Nitrates

Several strategies can be adopted to use forages with higitrate contents. Ensiling the forage can reduce nitrate levels

by 40 to 60%. High nitrate forages can be grazed, however; cattle should be fed a dry roughage first to decrease and
control intake levels of the high nitrate forage. If the forage has been hvasted and baled, dilution with other feeds,
mixed into a balanced ration, or grain supplementation can be used to decrease nitrate levels. Cattle can adapt to
moderate nitrate feeds gradually through feeding limited amounts of nitrate throughout the dayather than a high
amount in one meal. Never feed high nitrate feeds to cattle in a stressed physiological state.
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Prussic Acid (Cyanide, HCN)

Specific species of plantincluding sorghums, sudan grass, flax, birdsfoot trefoil, Johnson grass, and wild alyeor
choke cherry leaves under certain growing conditions produce hydrogen cyanide (HCN), the poisonous gas responsible
for prussic acid poisoning. This poisonous gas is released after plants are damaged from freezing, crushing or cutting.
The crushingorAOOOET ¢ 1T AU ET Al OAA AEAxET ¢ AAOEIT AU AT EI Al O8
red blood cells and prevents oxygen from binding, and results in animal death by asphyxiation. While prussic acid
poisoning works quickly resulting in sudden death, symptoms of the intoxication include excessive salivation, difficult

breathing, staggering convulsions and collapse.

Growing conditions for cyanide accumulation in plants include the growth stage, plant maturity, soil fertility, and
stressful gowing conditions such as frost or drought. Young plants, new regrowth leaves and stems accumulate more
cyanide than a mature plant. Soils high in nitrogen and low in phosphorus and potassium typically yield plants with
more prussic acid accumulation thamwell balanced soils. Therefore, it is recommended that phosphorus and potassium
levels should be maintained per recommendations provided by a soil test report. Drought stunts the growth of plants,
leaving mature plants with cyanide accumulation. Freezingrbaks cell walls causing the release of cyanide, which will
dissipate within 3-5 days. Therefore, cattle should not graze plants listed for cyanide poisoning for at least 4 days after
a frost. Additionally, regrowth after a frost or drought conditions accunulates cyanide and producers should test
before grazing or harvesting under those conditions.

When feeding forages potentially high in prussic acid, animals should not be stressed or hungry to avoid over
consumption of potentially hazardous feed. This isnost often a concern when grazingSelectively grazing on leaves

and stems instead of consuming the entire plant can be a factor in prussic acid poisoning. Cyanide dissipates after
harvest with proper storage and drying techniquesGreen chop is typicallysafer to feed than allowing grazing because

EO AAAOAAOAO OEA AT EIAI 60 AAEI EOU O1T OAT AAO 111U 1AAOQ!
silage not be fed until after 3 weeks of proper storage and fermentation. Hay loses more thab?4@ of the cyanic acid

during the drying process and is generally not the source of prussic acid poisoning.

Table 11: Animal Response to Prussic Acid

<200 This feed should not caus@russic acid poisoning.

This feed may be potentially toxic, so it should be fed at a restricted rate. If
200z 600 pastured, animals should be closely observed during that part of the day and
removed if they show any signs of discomfort.

This feedis potentially very toxic, so it should be fed at a very restricted rate, if al
> 600 all. Drying, ensiling,or allowing to mature more fully should reduce its prussic
acid content.

Mold on Feeds

Mold on feeds decreases production value of the feed. THecreased digestibility of feed and reduced palatability will
decrease intake and energy contents potentially up to 5%. Any spore count below 1 million spores per gram is
considered relatively safe. Molds also pose a potential threat to animal and humarglté via the respiratory tract. This
happens when released or dislodged spores are inhaled. Symptoms and irritations of spore inhalation can be more
severe in individuals with allergies or asthma. Proactive measures to reduce the risk of moldy foods inckuatleaning
storage areas and equipment, avoid storing grains at high moisture levels (approximately higher than 12%), checking
stored feeds frequently for signs of damage and deterioration due high moisture or heat, and using preservatives and
microbial additives when ensiling a feed.
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Table 12: Feeding Risks at Various Mold Spore Counts

Spores per gram at 90% of Dry Matter Feeding Risks and Cautions

Under 500,000 Low Count

500,000z 1,000,000 Relatively Safe

Discount Energy (95%)

1,000,000z 2,000,000 Feed with Caution of Health Risks

Discount Energy (95%)
2,000,000z 3,000,000 Feed with Caution of Health Risks
Closely Observe Animals and Performance

Discount Energy (95%)
Feed with Caution of Health Risks

3,000,00002 5,000,000 Closely Observe Animals and Performance
Dilute with Other Feeds
Over 5,000,000 Discontinue Feeding

(Adapted from: Adams, Kephart, Ishler, Hutchinson, and Roth)

Aflatoxin

Aflatoxin is a specific type of mycotoxin; mycotoxin produdbn is often accompanied by high mold counts and under
performance with no obvious explanation. Two specific strains of mold or funghspergillus flavusand A. parasiticus
produce aflatoxin. These molds show up as gray or olive green patches on kerneldekds, the toxin can reduce animal
health and performance. Feeds typically affecteshclude corn, peanuts, cottonseeds, and milo. Aflatoxin generally is
not found consistently throughout a feed but is often localized to one area of the storage container. A representative
sample should be taken from streaming grain when storing or moving the feedVhile the consequences of aflatoxin
are most often decreased feed and reproductive efficiency, it has resulted in the death of some animals. It is also a
human health concern because aflatoxins in a dairy cow diet can be present in milk.

A producer cantake several steps to prevent aflatoxin in feed. The first is insect control, both early in the field and
during feed storage. Second, observe cereal grains for gray or green mold; early detection is advantageous to determine
a solution and prevent furthercontamination of feeds. Take action with machinery to minimize damage to grains. An
undamaged grain cell wall can resist penetration by mold spores. Always clean storage bins and equipment before and
after use. Finally, if aflatoxin becomes prevalent, figicides may be considered.

Table 13: FDA Guidelines for Acceptable Aflatoxin Level in Corn Based on Intended Use

Intended Use Aflatoxin Level (ppb)

Milk (lactating dairy feed) None detected
Unknown <20

Feed for younganimals <20

Dairy cattle <20

Breeding beef cattle, swine, and mature poultry <100
Finishing swine <200
Finishing cattle < 300
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Grain Particle Size

Grain patrticle size is often overlooked. Processing livestock feeds often increaskggestibility by increasing the surface
area, allowing greater microbes attachment locations and greater enzyme activity. However, if the grain is ground too
fine and too small, it can cause gastric ulcers, which decrease daily intake, lowering productiBmine are most often
affected by gastric ulcers due to particle size of the feed. The optimum particle size for a swine diet to maximize feed
efficiency and minimize gastric ulcers is 706800 microns.

Frequently Asked Questions

Q: What are the nitrate lev els in my area?

A: Nitrate levels are affected by many factors including plant species, soil conditions, and production management such
as irrigation and especially fertilization. Nitrate levels, even within the same field, may not be the same, and themea
goes for nitrate levels in your area. If there is a potential nitrate concern, we recommend you test the feed for nitrates.
Additional extension materials regarding nitrate risks can be provided, if requested, to help you make an informed
decision abouttesting for nitrates.

1d 7EAO AOA OEA AT Aocu OAI OGAOG AT A pOiT OAET 1 AOGAT O Al C
A: While an inference can be made as to the average energy values for corn silage, variance exists among producers.
Additionally, our database is not segchable by feed type and records are not generated or kept for average sample

statistics. If you are trying to balance a total mixed ration, it is recommended you test to avoid over feeding or
underfeeding animals. Our estimate by looking through samples not accurate for your corn silage sample.

Q: Can | add tests to my report after | have received my results?

A: Yes, we keep your samples for 30 days. For this reason, please review your results as soon as possible and call with
additional requests while the sample is still available.

Q: I'would like to test for something not found on the Ward Laboratories, Inc. website or listed on the Fee
Schedule. What can | do?

A: We are happy to refer you to a lab that performs a test we do not offer gend your sample to another lab for a $10
fee. Some commonly requested tests we send to other labs include ionophore quantification, microbial identification,
vitamin quantification and selenium levels.

Q: I am having trouble interpreting my report. Wha tcan | do?
A: We welcome your calls and emails to help you interpret your report We have an animal scientist

help you understand the results of your testing report.

Feed Testingd33


mailto:rkern@wardlab.com

R ERguide

Rebecca J. Kerhunbery, M.S.Professional Animal Scientist RaymondC. Ward, Ph.DCertified Professional Soil Scientist

7TEAT 1 AOEAOET ¢ AOAxAOOG6 OPAT O COAET O O 1 EOGAOOInkE bDHOI
customers the nutrient levels of the spent grains can help communicate the value of spent grains to target livestock
production markets. Here we have compiled a guide to help brewers see how their product ranks compared with
average book values. Baskon the laboratory report, the spent grain product may be better presented as a protein
supplement, energy supplement, or fiber replacement in the livestock diet.

Table 14: Spent Grains Analysis Interpretation

AverageExpected

Constituent Comments

Value or Range

Low dry matter and high moisture may be a limiting factor for inclusion
19.2-32.8 rate in poultry diets. Most livestock producers prefer higher dry matter
and less watercontent in supplemental feeds.

Dry Matter % (wet
brewer's spent grains)

Protein is one of the most important nutrient requirements to meet and

ino
Protein % 26.5 often producers will see more value in high protein supplemental feeds
ADF % 20.14 (ECE ZEAAO AOAxAOO8 COAET O AAT A
forage in a beef or dairy cow's diet, however, may limit inclusion rate in
aNDF % 48.7 poultry diet.
Fat % 73 Fat can provide both energy (2.25 X carbohydrates) and fabluble

vitamins (A, D &E).

Higher starch levels can indicate inefficient milling or mash processes.
Starch % 5.3 However, high starch typically coincides with high energy vaes and can
replace grain in livestock diets.

Calcium % 0.2

Phosphorous % 0.58

Potassium % 0.08

Magnesium % 0.16

Zinc ppm 62 Mineral analysis should be used by livestock producers to ensure their

mineral supplementation will provide adequate levels to meet
Iron ppm 250 requirements, but not so high as to result in toxicity issues. Sulfur and
phosphorous levels may be highly concentrated. Irocould also result in

Manganese ppm 38 copper interferences.
Cupper ppm 21

Sulfur % 0.31

Sodium % 0.26

Molybdenum ppm
Livestock haveAT AOCU OANOEOAI AT 608 " OAx
high starch will have higher energy concentrations and therefore can
TDN % 71.0-76.9 xI OE ET OEA AEAO AO Al AT AoOgU 00
fiber content will have lower energy value and can be used imé
livestock diet to replace forage.

Feed Testingd34






RaymondC. Ward, Ph.DCertified Professional Soil Scientist

Nitrogen Fertilizer Recommendations

Plants absorb nitrate from the soil solution and synthesize it into amino acids for use in plant growth. Nitrate is the

Nitrogen fertilizer recommendations are made by calculating a nitrogen requirement for the crop and yield goal and
subtracting the soil nitrate values from the requirement. The amount of nitrogen available from a past legume crop
and/or from li vestock manure must also be subtracted from the nitrogen requirement.
The suggested amounts of nitrogen available from a past legume crop are as follows:

Table 15: Available Nitrogen from a Past Legume Crop

Alfalfa 757100
Alfalfa, %2 stand 50275
Alfalfa, poor stand 0z25
Soybeans 40760
Other beans 257230
Clovers, vetches, etc. 757125
Cover Crops 30250

The historic suggested amounts of nitrogen available frommanure application are as follows:

Table 16: Available Nitrogen from Manure Application

Manure Type Available Nitrogen (Ibs N/ton)

Beef Feedlot 327

Dairy Barn 276

Poultry 10z 20

Swine 5710

Slurry 62720/ 1,000 gal

for each crop is shown on the next page along with the subsoil factor for converting the subsoil nitrate téstlbs of N
per acre. The total nitrogen requirement is determined by multiplying the crop yield goal by the nitrogen requirement.
Surface soil nitrate ppm reading is multiplied by 0.3 and by the sample depth (inches) to arrive at pounds of N per acre.
The pounds of N in the subsoil is calculated by multiplying the subsoil nitrate ppm reading by subsoil sample depth
(inches) and the subsoil factor of 0.3. The sum of nitrogen from the surface soil and subsoil is subtracted from the
calculated total nitrogenrequirement. If a subsoil nitrate test isnot available, assume it to be 5 ppm N&N for fine
textured soilsand 2 ppm NQ-N for sandy soils.
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Table 17 Nitrogen Requirements and Subsoil Factors for Various Crops

Corn 1.11lbs/bu 0.3
Milo 1.151bs/ bu 0.3
Popcorn 1.3 1lbs/bu 0.3
Seed Corn 1.41bs/bu 0.3
Corn Silage 9.9 Ibs / ton 0.3
Sorghum Silage 8.5 Ibs / ton 0.3
FeedHay 25 lbs / ton 0.3
Sudan Hay 27 lbs / ton 0.3
Soybeans 0 0.0
Pinto Beans 1.45Ibs / bu 0.3
Great Northern Beans 1.35Ibs / bu 0.3
Peanuts 3.0 Ibs / cwt 0.3
Winter Wheat 2.4 1bs/bu 0.3
Spring Wheat 2.4 1bs/bu 0.3
Oats 1.3 Ibs/bu 0.3
Rye 1.91bs/bu 0.3
Feed Barley 1.51bs/bu 0.3
Malting Barley 1.11bs/bu 0.3
Small Grain Silage 17 Ibs / ton 0.3
Small Grain Hay 40 Ibs / ton 0.3
Alfalfa 0 0.0
New Alfalfa 51bs /ton 0.3
GrassAlfalfa 20 Ibs / ton 0.3
Clover 0 0.0
Bromegrass 40 Ibs / ton 0.3
Bermudagrass 40 Ibs / ton 0.3
Fescue 351bs/ton 0.3
Native Grass 27 Ibs / ton 0.3
Lovegrass 32Ibs/ton 0.3
Cool Grass 40 Ibs / ton 0.3
Sugar Beets 8 Ibs/ton 0.3
Sunflowers 0.051Ibs/Ib 0.3
Potatoes 5.0 Ibs / cwt 0.3
Cotton 0.11lbs/Ib 0.3
Millet 1.7 Ibs / bu 0.3
Onions 0.25 Ibs / cwt 0.3
Melons 14 Ibs / ton 0.3
Garden 110 Ibs / unit 0.3

The nitrogen rate for these legume crops is calculated on the basis of i#BerBquirement. The N requirement is based on a 1:3 ratio

(N:P2Gs).

Fertilizer Recommendationsd37



RaymondC. Ward, Ph.DCertified Professional Soil Scientist

The actual amount of phosphorus available for a growing crop is very difficult to measure. Plpp®rus is held on
surfaces of soil colloids as slightly soluble phosphorus compounds. Therefore, the soil test must estimate how quickly
the slightly soluble phosphate will move from the colloid surfaces to the soil solution for plant uptake.

phosphorus fertilizer applications with the phosphorus soil test value. After a number of years of experiments, a
calibration curve can be drawn that shows the amount of yield response for each soil test category.

Each soil test range is an estimate of the percent sufficiency. A sufficiency of 80 % means the crop yield will only reach
80 % of its potential yield if phosphatefertilizer is not applied. Therefore, phosphate fertilizer yield response and
sufficiency ranges can be estimated from the soil test ratings in Table43

Table 18: Sufficiency Ranges for Phosphorus Soil Tests

Mehlich Pz3 / Bray Pz1 (ppm P) Olsenz P (ppm P) % Sufficiency

0z5 0z3 257250
6712 478 45780
13725 9716 707295
26750 17231 907100
51+ 32+ 100

Phosphorus fertilizer rate suggestions for many crops at a standard yield are shown in Tablé3nthe next page. If a
different yield goal is desired, the BOs rate is adjusted according to the value in the righbhand column of the
recommendation table on the next page.

Manure application will influence the final rate of phosphate fertilizer application. The manure application rate is
multiplied by the amount of P.Gs per ton for the kind of manure used. This is then subtracted from the-Bs rates
determined from the recommendation table. It is best to analyze your manure/slurry for a more accurate evaluation.

Table 19: Recommended Manure A pplication Rates for Phosphorus

(o5 o

Feedlot 7715 /ton

Dairy 5z10/ton
Slurry 5720/ 1,000 gal
Swine 8720/ton
Poultry 20740/ ton
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Table 20: Phosphorus Fertilizer Recommendations for Various  Crops

[ | MehichR3/Bray PL ppmP
Crop 0%5 6712 13725 26750 51+ [N | (+/-) |
Corn 70z 100 45765 25740 0z20 0 120 2.51bs. /10 bu.
Milo 602780 40755 15735 0z20 0 100 2.51bs. /10 bu.
Popcorn 707100 45765 25740 0z20 0 100 2.51bs. /10 bu.
Seed Corn 707100 45765 25740 0z20 0 60 2.51bs. /10 bu.
Corn Silage 707100 45765 25740 0z20 0 12 1.51bs. / ton
Sorghum Silage 70790 45765 25740 0z20 0 15 1.5lbs. / ton
Feed- Hay 50765 35250 20735 0z20 0 3 4 Ibs. / ton
Sudan Hay 50765 35250 20735 0z20 0 3 4 lbs. / ton
Soybeans 50770 35z45 20730 0z15 0 35 51bs. /10 bu.
Pinto Beans 50770 35745 20730 0z15 0 ALL NONE
Great Northern Beans 50770 35745 20730 0z15 0 ALL NONE
Peanuts 60770 50760 25745 0z30 0 ALL NONE
Winter Wheat 65785 50760 25745 0z20 0 45 3.2 1bs. /10 bu.
Spring Wheat 45760 35745 20z30 0z20 0 35 3.21Ibs. /10 bu.
Oats 45760 35245 20730 0z20 0 80 1.51bs. /10 bu.
Rye 45760 35745 20730 0z20 0 45 2.51bs. /10 bu.
Feed Barley 45760 35745 20730 0z20 0 60 2 Ibs. /10 bu.
Malting Barley 45760 35745 20730 0z20 0 60 2 Ibs. /10 bu.
Small Grain Silage 65785 50760 25745 0z20 0 8 1.5Ibs. /ton
Small Grain Hay 65785 50760 257245 0z20 0 4 4 Ibs. / ton
Alfalfa 907120 60785 30755 0z25 0 4 6 Ibs. / ton
New Alfalfa 907120 60785 30z55 0z25 0 3 6 Ibs. / ton
GrassAlfalfa 652780 45760 25740 0z20 0 5 51bs. /ton
Clover 70795 50765 257245 0z20 0 4 6 Ibs. / ton
Bromegrass 55270 40755 207235 0z20 0 3 4 Ibs. / ton
Bermudagrass 50765 35745 20z 30 0z20 0 3 4 Ibs. / ton
Fescue 557270 40755 207235 0z20 0 3 4 Ibs. / ton
Native Grass 35745 20730 0z20 0 0 ALL NONE
Lovegrass 45760 35745 20730 0z20 0 ALL NONE
Cool Grass 557270 40755 207235 0z20 0 3 4 Ibs. / ton
Sugar Beets 1057120 | 857100 557280 30750 0 20 2 Ibs. /ton
Sunflowers 35745 30735 20z 30 0 0 1800 1.2 Ibs. /100 Ibs.
Potatoes 1307160 | 100z125 | 60795 207255 0 350 1.51b. /10 cwt
Cotton 60775 50760 30745 0z30 0 500 2 Ibs. /100 Ibs.
Millet 45755 35745 20730 0720 0 ALL NONE
Onions 70795 50765 25745 0z25 0 ALL NONE
Melons 807100 55775 30750 0z30 0 ALL NONE
Garden 1307160 | 1007125 K 60795 20755 0 ALL NONE

The phosphorus recommendation rate for these various crops is based©spEr acre.
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actual amount of available potassium for a growing crop is &mated by measuring the exchangeable potassium level
in the soil through extraction with ammonium acetate solutions.

fertilizer applications with potassium soil test levels. After a number of years of experiments, a calibration curve can
be drawn that shows the amount of yield response for each soil test category.

Each soil test range is an estimate tifie percent sufficiency. The following table, for example, shows that a crop grown
in a soil with a K soil test between 4180 ppm K will produce 45% to 80% of the yield produced with adequate
potassium fertilization.

Table 21: Sufficiency Ranges for Soil Potassium Test

Soil K Test, ppm K Sufficiency (%)

0z40 20750
41780 45280
817120 70795
1217200 907100
200 + 100

Potassium fertilizer rates suggested for many crops are shown on Table93on thefollowing page. The suggested rates
of KO per acre are developed for a standard yield as shown. If a different yield goal is desired, the® K
recommendations are adjusted by the amount shown in the righhand column in the recommendation table.

Manure apgication will influence the final rate of potash fertilizer application. The manure application rate is

multiplied by the amount of KO per ton for the kind of manure to be applied. This amount is then subtracted from the
K20 rates obtained from the recomrandation table. It is best to analyze your manure/slurry for a more accurate

evaluation.

Table 22: Recommended Manure Application Rates for Potassium

Feedlot 15730/ ton

Dairy 10z 20/ ton
Slurry 10z 35/ 1,000 gal
Swine 72715/ ton
Poultry 15z 35/ton
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Table 23: Potassium Fertilizer Recommendations for Various Crops

; Soil K Level, ppm K Standard | K20 Adjustment
Yield
120

Crop 0z40 41 780 8127120 121 7 200 200 + ‘ Rate (+/-)

Corn 1057180 6027100 35255 157230 0 2 Ibs. /10 bu.
Milo 757120 50270 30745 15730 0 100 2 Ibs. /10 bu.
Popcorn 907145 55785 30750 15730 0 100 2 Ibs. /10 bu.
Seed Corn 1057180 602z 100 357255 15730 0 60 2 Ibs. /10 bu.
Corn Silage 1357220 807130 50775 30745 0 12 4 Ibs. / ton
Sorghum Silage 1357220 807130 50775 30745 0 15 3.5Ibs./ton
FeedHay 807130 50275 30745 0z25 0 3 12 Ibs. / ton
Sudan Hay 807130 50775 30745 0z25 0 3 12 Ibs. / ton
Soybeans 907 145 55785 30250 0z25 0 35 6.5 Ibs. / 10 bu.
Pinto Beans 907 145 55785 30250 0z25 0 ALL NONE

Great Northern Beans | 90z 145 55785 30750 0z25 0 ALL NONE

Peanuts 907 145 55785 30250 0z25 0 ALL NONE
W.Wheat 6027100 35255 20730 0z20 0 45 2.51bs. /10 bu.
Sp. Wheat 607100 35255 20730 0z20 0 35 3lbs. /10 bu.
Oats 607100 35255 20730 0z20 0 80 2 Ibs. /10 bu.
Rye 607100 35255 20730 0z20 0 45 2 Ibs. /10 bu.
FeedBarley 607100 35255 20730 0z20 0 60 2.51bs. /10 bu.
Malting Barley 6027100 357255 20z30 0z20 0 60 2.51bs. /10 bu.
Small Grain Silage 707120 45765 25740 0z20 0 8 3.6 Ibs. / ton
Small Grain Hay 707120 45765 25740 0z20 0 4 12 Ibs. / ton
Alfalfa 1307210 807125 45775 25740 0 4 15 Ibs. / ton
New Alfalfa 130z 210 807125 45775 25740 0 3 15 Ibs. / ton
GrassAlfalfa 130z 210 807125 45775 25740 0 5 14 Ibs. / ton
Clover 130z 210 807125 45775 25740 0 4 15 Ibs. / ton
Bromegrass 8527150 50275 30z45 0z25 0 3 12 Ibs. / ton
Bermudagrass 120z 210 707115 40765 20735 0 3 12 Ibs. / ton
Fescue 8527150 50275 30745 0z25 0 3 12 Ibs. / ton
Native Grass 557100 30750 15725 0 0 ALL NONE
Lovegrass 707120 40765 25235 0z20 0 ALL NONE

Cool Grass 8527150 50275 30745 0z25 0 3 12 Ibs. / ton
Sugar Beets 130z 210 807125 45775 25740 0 20 5.0 Ibs. / ton
Sunflowers 557100 30750 15735 0 0 1800 12 Ibs. / 1,0001Ibs.
Potatoes 1357225 807130 50775 25745 0 350 15 1b. / 100 cwt
Cotton 907145 55785 30z50 0z25 0 500 51bs. /100 Ibs.
Millet 607100 35255 20730 0z20 0 ALL NONE

Onions 1357220 807130 50775 30745 0 ALL NONE

Melons 1357220 807130 50775 30745 0 ALL NONE

Garden 1357225 807130 50775 25745 0 ALL NONE

Potassium recommendations are based on Ib®ker acre.
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Sulfur Fertilizer Recommendations

Plants use sulfur in the sulfate form (S -). It is an anionthat is held very loosely on anion exchange sites in lightly
acid to alkaline soil conditions. Sulfate is considered to be a mobile nutrient, meaning it moves easily with soil water.
It may leach as rapidly as nitrate, especially in sandy soils.

organic matter is a good supplier of sulfatesulfur.

Irrigation water is also an important source of sulfatesulfur. One must consider this source of sulfur when
recommending sulfur fertilizer. Sulfur fertilizer generally does not produce a yield increase on any soil when the
irrigation water contains more than 8 ppm SQ@-S. The exception to this guideline occurs on veandy soils where
sulfate is leached out of the surface soil by early season rainfall before the irrigation season begins. Some sulfur
fertilizer may be needed to keep the crop green and growing early in the season although enough sulfur would be
supplied by the irrigation water later in the season.

When sulfur fertilizer is needed, application methods are somewhat dependent on soil texture. Corn roots develop very
slowly in sandy soil, so the sulfate fertilizer should be applied as a starter2inches tothe side of the seed. The starter
fertilizer should contain 25-30 pounds of nitrogen, 810 pounds of sulfatesulfur and some phosphate and potash,
depending on the soil test. Additional nitrogen and sulfur may be needed if the early growing season is \w&atl cool
and the plants remain pale greerfertigation of urea ammonium nitrate (UAN) and ammonium thiosulfate through the
center pivot irrigation system has performed well.

Corn grown on fine textured soils will show sulfur deficiency if the sulfur soil tests are low and tillage is reduced or
eliminated. Finer textured soils contain more organic matter and hold more water so there is less leaching of sulfate

Sulfur fertilizer recommendations for many crops are shown in Table -230 on the following page. The

are calculated in a sinlar manner to nitrogen recommendations. The table shows the amount of sulfur recommended
for several soil test ranges. Recommendations for yield goals can be obtained by a proportional calculation.

The practice of netill and residue management has reducethe amount of sulfur mineralized from organic matter.
Currently, we are considering only the sulfate sulfur test for recommending sulfur.

Table 24: Sulfur Recommendations for Various Crops

Corn 0.20 Ibs/ bu
Milo 0.22 Ibs / bu
Popcorn 0.21Ibs/bu
Seed Corn 0.25Ibs / bu
Corn Silage 1.41 Ibs / ton
Sorghum Silage 1.425 Ibs / ton
FeedHay 4.0 Ibs / ton
Sudan Hay 4.0 Ibs / ton
Soybeans 0.49 Ibs / bu
Pinto Beans 0.25Ibs / bu
Great NorthernBeans 0.4 Ibs / bu
Peanuts 0.67 Ibs / cwt
Winter Wheat 0.45 Ibs / bu
Spring Wheat 0.40 Ibs / bu
Oats 0.19 Ibs / bu

Fertilizer Recommendationsd42



RaymondC. Ward, Ph.DCertified Professional Soil Scientist

Rye 0.28 Ibs / bu
Feed Barley 0.22 Ibs / bu
Malting Barley 0.22 Ibs / bu
Small Grain Silage 2.51bs /ton
Small Grain Hay 6.0 Ibs / ton
Alfalfa 8 Ibs / ton
New Alfalfa 5.5Ibs / ton
GrassAlfalfa 5.0 Ibs / ton
Clover 6.0 Ibs / ton
Bromegrass 5.0 Ibs / ton
Bermudagrass 6.0 Ibs / ton
Fescue 5.0 Ibs / ton
Native Grass 4.0 Ibs / ton
Lovegrass 4.0 Ibs / ton
Cool Grass 6.0 Ibs / ton
Sugar Beets 1.3 Ibs /ton
Sunflowers 0.008 Ibs / Ib
Potatoes 7.0 Ibs / cwt
Cotton 0.02Ibs /b
Millet 0.25Ibs / bu
Onions 0.038 Ibs / cwt
Melons 0.1 Ibs / cwt
Garden 22 Ibs / unit

Zinc Fertilizer Recommendations

Zinc is amicronutrient that crops use in very small amounts compared to nitrogen, phosphorus or potassium. There is
less than 0.4 Ib. zinc in 200 bushels of corn. In comparison, there are about 130 pounds of nitrogen.

Some crops are more responsive to zinc fertilgion than others. The recommendation table, Table-31, on the next
page shows large differences in zinc recommendations depending on the crop. The genetic systems of crops vary
enough to make some crops tolerant to zinc deficiency while others are quiseisceptible to zinc deficiency.

The recommended rates of zinc will usually raise the soil test to a high level for the crop to be grown. If a crop is
nonresponsive to zinc and is grown in rotation with a zinc responsive crop, the zinc recommendation wilekquite
different for the two crops. The zinc application rate should be made for the most responsive crop in rotation.

a starter or as a deep band as other effective methods of application. If a starter is used, only about-thvirel of the
recommended rateneeds to be applied in one year. The starter application should be repeated for 3 years to raise the
soil test to a high level.

There are many different types of zinc compounds available for application. The recommendations shown in Table 3
11 are rates swggested for inorganic sources, such as a wateoluble zinc sulfate. If a fluid zinc compound is used, the
rate should be the same as shown in the table.

Zinc fertilizer recommendations for many crops are shown in Table -31 on the following page. These iac

determine when zinc is needed again.
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Table 25: Zinc Fertilizer Rec ommendations for Various Crops

\
| 070.25 0.2670.50 0.5171.00 1.01 +
Corn 8710 628 1z5 0
Milo 8710 628 1z5 0
Popcorn 8710 628 1z5 0
Seed Corn 8710 628 1z5 0
Corn Silage 8710 628 125 0
Sorghum Silage 628 476 0z3 0
FeedHay 527 325 0z3 0
Sudan Hay 527 325 0z2 0
Soybeans 8710 628 0z2 0
Pinto Beans 8710 628 125 0
Great Northern Beans 8710 628 1z5 0
Peanuts 8710 628 1z5 0
Winter Wheat 325 1z3 0 0
Spring Wheat 325 1z3 0 0
Oats 1z3 0 0 0
Rye 1z3 0 0 0
Feed Barley 1z3 0 0 0
Malting Barley 123 0 0 0
Small Grain Silage 1z3 0 0 0
Small Grain Hay 123 0 0 0
Alfalfa 1z3 0 0 0
New Alfalfa 123 0 0 0
GrassAlfalfa 1z3 0 0 0
Clover 123 0 0 0
Bromegrass 1z3 0 0 0
Bermudagrass 123 0 0 0
Fescue 1z3 0 0 0
Native Grass 1z3 0 0 0
Lovegrass 123 0 0 0
Cool Grass 1z3 0 0 0
Sugar Beets 1z3 0 0 0
Sunflowers 426 224 0z1 0
Potatoes 8710 628 1z5 0
Cotton 1z3 0 0 0
Millet 1z3 0 0 0
Onions 426 224 0z1 0
Melons 426 224 0z1 0
Garden 8710 628 125 0

Recommendations are based on Ibs Zn per acre. For soils with a pH of 7.4 or girategse the zinc recommendation by a factor of 1.4.

Iron Fertilizer Recommendations

Sorghums and soybeans grown on calcareous (excess free lime) soils often turn yellow early in the growing season,
especially when it is wet and cool. In some cases, theles may turn almost white. When the plants are lacking this
much chlorophyll, the plants will die. Corn and wheat will also show iron chlorosis in some circumstances

Iron availability is measured by the DTPA test. Iron chlorosis in plants occurs in sotlsat test low for iron. Usually the
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Table 26: Iron Soil Test Ratings

0z25 Low Many crops show iron chlorosis

2.6724.5 Medium Iron sensitive crops (like sorghums and soybeans) show chlorosis
4.6210.0 High Lawns may show iron chlorosis

10.1 + Very High Iron is adequate for all crops

Iron chlorosis symptoms appear as interveinal yellowing. Usually the veins remain green. The general appearance of
the field may be a bright yellow. In severe cases, leaves develop a bleached white color before plant death. Quitmt,
analysis will show higher iron concentrations than normal plants.

Recent research has shown that iron is probably precipitated in the leaves in an inactive form by bicarbonate ions. In
high excess lime soils, bicarbonate from lime is present and iset ion that precipitates iron in the plant tissue.

Research at the University of Nebraska has shown that sulfur (sulfate or thiosulfate) applied in the starter fertilizer has
reduced iron chlorosis. The idea is that the sulfate anion competes withicarbonate ion uptake reducing the
bicarbonate level in the plant. Therefore, iron in the plant remains available for plant functions.

The most economical and responsive method of iron fertilization is foliar application. University of Nebraska research
has shown that one to three pounds of orth@rtho EDDHA iron chelate is effective in correcting iron chlorosis. This
product has produced large yield responses where severe iron chlorosis was corrected by the iron treatment.

Ferrous (iron) sulfate may correct iron chlorosis at times. A foliar application of 2%2% of iron sulfate solution at 15 to
30 gallons per acre is recommended. Up to three applications may be required atd@y to 2week intervals. Another
application is 50 to 100 Ibs of ferrous sulfate bwadcast per acre as close to planting as possible.

Copper Fertilizer Recommendations

Copper deficiencies in the United States are less common than deficiencies of other micronutrients. Geographically,
they occur infrequently and usually in localized areasGenerally, copper deficiencies are found over the Florida citrus
area, in organic and very sandy soils. Most of the other reports of copper deficiency in the USA come from the eastern
half of the country and from the Pacific coast states.

Copper deficiercy appears most frequently on peat soils. Other soil conditions where copper may be deficient are a)
acid soils, b) highly weathered soils ¢) sandy, alkaline soils and d) it soils. Recently, copper deficiency has been
identified in wheat in no-till systems in the Great Plains.

A copper deficiency is corrected easily by a soil application of copper sulfate or copper oxide. Foliar treatments of
copper do not appear to be as effective as soil applications. Since copper is held in the soil by colloidahmiggmatter
and clay, one application will provide adequate copper for several years.

Suggested copper fertilizer rates are the same for all crops although some crops are more responsive than others.
Copper has been found to be deficient occasionally onryesandy soils. A recommendation is made to correct the
deficiency so the grower will not have to apply copper yearly.
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Table 27: Copper Fertilizer Recommendations

DTPA Copper Soil Test, ppm Cu Recommended Lbs. Cu per Acre

0z0.10 476
0.11z0.20 1z3
0.21 + 0

The approximate copper content of copper sulfate is 25% copper. It has a blue color and can be easily identified in most
fertilizer mixes. The copper content of copper oxide ranges from 60% to 80% copper. It had@wn color. Research
in Michigan has shown both products to be equally effective.

Manganese Fertili zer Recommendations

The amount of manganese available for crops in soils varies considerably depending on soil pH, soil drainage, organic
matter level and climate. When soil manganese levels are low, manganese deficiencies are more likely to occur when
soil pH is alkaline. Conversely, manganese may be too high for maximum crop production when soil pH is 5.4 or more
acidic.

Waterlogged soils cause manganese to become quite soluble. As the water table drops, manganese may be leached
from the surface soil causg a manganese deficiency. Very high organic matter levels (over 12%) tend to complex
manganese, making it unavailable for crop use. Extended wet, cool periods have created more manganese deficiencies
than more normal climactic conditions.

Manganese sulfte is the most common carrier of manganese. It is very soluble and can be used as a soil or foliar
treatment. Chelated forms are effective when foliar applied, but not as effective as manganese sulfate soil applied.
Manganese sulfate contains 228% Mn andmanganese EDTA chelate contains 12% Mn. Manganese oxide (about 50%

Mn) can also be used as a soil application. When making a soil application, the manganese fertilizer should be applied
with other fertilizer and applied in a band near the seed.

Broadcastapplication of manganese can be made when deficiency symptoms appear on growing crops or where a
starter fertilizer is not applied when soil tests show low manganese. Use foliar application, one pound of manganese is
suggested for small plants and two pouds for medium to large plants.

above 3.0 ppm is considered to be adequate.

Manganesefertilizer recommendations are shown on Table 314 on the next page. Suggested manganese fertilizer
rates are based on the responsiveness of the crop and on an inorganic source of manganese applied as a starter.
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Table 28: Manganese Fertilizer Recommendations for Various Crops

Crop DU

| 073.0 31+
Corn 1z8 0
Milo 1z11 0
Popcorn 1z8 0
Seed Corn 128 0
Corn Silage 128 0
Sorghum Silage 1z11 0
Feed- Hay 1z11 0
Sudan Hay 1z11 0
Soybeans 1z11 0
Pinto Beans 1z11 0
Great Northern Beans 1z11 0
Peanuts 1z11 0
Winter Wheat 1z11 0
Spring Wheat 1z11 0
Oats 1z11 0
Rye 128 0
Feed Barley 1z8 0
Malting Barley 128 0
Small Grain Silage 1z11 0
Small Grain Hay 128 0
Alfalfa 128 0
New Alfalfa 128 0
GrassAlfalfa 128 0
Clover 128 0
Bromegrass 1z8 0
Bermudagrass 1z8 0
Fescue 128 0
Native Grass 128 0
Lovegrass 128 0
Cool Grass 1z8 0
Sugar Beets 1z11 0
Sunflowers 128 0
Potatoes 1z11 0
Cotton 1z8 0
Millet 1z8 0
Onions 1z11 0
Melons 1z11 0
Garden 1z11 0

Recommendations are based on Ibs Mn per acre.
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Lime Recommendations

Lime is applied to soils to reduce soil acidity. Soil acidity is determined tspil pH. If soil pH is 6.5 or less, a buffer pH
reading is made to determine lime requirements. The buffer pH measures the reserve acidity that is held on the soll
clays and colloidal organic matter

At a given soil pH, soils higher in clay andrganic matter will require higher amounts of lime to neutralize the reserve
acidity. Lime recommendations are made to neutralize the reserve acidity and raise the soil pH to near 7.0. Soils having
a low total acidity, or a low lime requirement, will showa more rapid soil pH decline in future years.

Liming materials differ in their neutralizing value. Two factors affect this value. One factor is the calcium carbonate
equivalence (CCE), which is an expression of the purity or percent calcium carbonate. Thleer factor affecting the
neutralizing value of lime is the fineness of grind. Limestone ground to pass a-6fesh sieve is considered to be 100
percent effective; limestone passing through an-&esh sievebut held on a 6@Gmesh sieve is considered to be 50
percent effective. Any limestone that is held on an-Biesh is not effective in neutralizing soil acidity.

The effectiveness of limestone in reducing soil acidity is based on its purity and fineness, which is called Effective
Calcium Carbonate (ECC). Coar$éime is not effective and powdered lime is no better than its percent ECC. Fluid lime
or suspension lime effectiveness must be based on its ECC value after the water has been added which is 40% to 50%
of the total weight.

The rate of application of limeis determined by dividing the suggested ECC rate per acre by the percent ECC of the lime
being applied. The equation is:

& 7|=4I|f "I-JIFD Ulm" -i<..-
" PrrrlFlH Om

The lime shouldbe applied well enough in advance of the planting season to give the lime enough time to neutralize
the soil acidity. The rates of lime suggested on the soil test report are large enough to neutralize all of the soil acidity.
A grower must consider this plication a long-term investment of usually 6 years. The cost of the lime, interest and
application should be prorated over this period of time.

The suggested rates of lime at a given buffer pH value are based on neutralizing 8 inches of soil. With redtitiage
and notill systems being adopted by growers, lime recommendation rates should remain the same.

The lime recommendations are based on the soil pH value, buffer index value and the kind of crop.

The desired pH levels of various crops are shown ifable 315.
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Table 29: Desired pH Levels for Various Crops

Crop Desired pH Crop Desired pH
Corn 5.728.3 Small Grain Hay 55783
Milo 5.728.0 Alfalfa 6.178.3
Popcorn 5.728.3 New Alfalfa 6.178.3
Seed Corn 5.728.3 GrassAlfalfa 6.178.3
Corn Silage 5.728.3 Clover 6.178.3
Sorghum Silage 5.728.0 Bromegrass 5.728.5
FeedHay 5.728.0 Bermudagrass 55785
Sudan Hay 5.728.0 Fescue 55785
Soybeans 6.178.3 Native Grass 55785
Pinto Beans 6.178.3 Lovegrass 5.5z85
Great Northern Beans 6.178.3 Cool Grass 55785
Peanuts 6.178.3 Sugar Beets 57285
Winter Wheat 55783 Sunflowers 5.778.5
Spring Wheat 55783 Potatoes 55275
Oats 55283 Cotton 5.878.5
Rye 55783 Millet 55785
Feed Barley 5.728.5 Onions 5.578.5
Malting Barley 5.7285 Melons 55z8.0
Small Grain Silage 55783 Garden 6.127.5

When the soil pH is less than that shown for the crops in the above table, the grower should consider liming. However,

"lime" in the water to satisfy the need for lime.

Table 30: Lime Recommendation Based on Buffer pH

Buffer pH Tons of ECCPer Acre Tons of Ag Lime at 60% ECC
7.0 0.0 0.0
6.9 0.4 0.7
6.8 0.8 1.3
6.7 1.2 2.0
6.6 1.6 2.7
6.5 2.0 3.3
6.4 24 4.0
6.3 2.8 4.7
6.2 3.2 5.3
6.1 3.6 6.0
6.0 4.0 6.7

*This will bring the soil pH up to 6.8.
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Magnesium Fertilizer Recommendations

Most soils contain high levels of magnesium; therefore, yieldesponses to magnesium fertilizer application are
uncommon. Great Plains soils that may show response to magnesium fertilizer are sandy soils low in exchangeable
magnesium. In humid areas of the USA, magnesium deficiency may occur in acid soils that ansistently limed with
calcite lime instead of dolomite lime. Magnesium deficiency is not a problem in finéextured soils of arid and sem

arid regions of the USA. Soils of the arid and semiid regions contain 2:1 type clay minerals that contain largeraounts

of exchangeable magnesium.

Much of the research work in the United States and Europe has shown that yield response to magnesium fertilizer is

Table 31: Magnesium Soil Test Ratings

Magnesium deficiency symptoms may be general in most fietops, vegetables and
0z25 Low . . L .
fruits. Magnesium fertilization is advised.

Magnesium deficiencies are expected in sugar beets, potatoes and fruit crops.
26250 Medium Magnesium fertilization is strongly advised for these crops. Cereal crops would not
be expectedto respond consistently.

Magnesium deficiency is not expected in vegetable crops. Magnesium fertilization i
517100 High suggested for fruit crops. A Mg soil test in the low, medium and high ranges sugges
some grass tetany problems for grazing cattle.

101 + Very High | No magnesium deficiencies are expected.

Some researchers have suggested that the soil K to soil Mg ratio is important to provide adequate Mg. To have a high
level of Mg, the soil test K:Mg ratio (equivalent basis) should be letisan 5:1 for field crops and less than 3:1 for
vegetables and sugar beets.

The soil calcium (Ca) to soil Mg ratio is not important unless the soil test Ca:Mg ratio (equivalent basis) is less than 1:1.
The only soils to have magnesium levels high enough tause a Ca:Mg ratio of less than 1 are those derived from
serpentine, which is a magnesium silicate mineral. These soils have low productivity and the narrow Ca:Mg ratio should
alert the producer to problems other than soil fertility.

The concepts of basexchange ratios for calcium:magnesium:potassium have been thoroughly researched the past few
years. The conclusions have shown that ratios can vary widely without loss of yield. For example, in Indiana the
researchers found the soil test Ca:Mg ratio couleary from 1:1 to 50:1 without affecting the yield.

Magnesium fertilizer recommendations at this point in time have not varied for different types of crops. The
recommendations are based on the soil test and crop requirement for irrigated corn. The suggestates of magnesium
application are:
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Table 32: Magnesium Fertilizer Recommendations

Soil Test Range, ppm Mg Recommended Lbs. Mg Per Acre

0725 35755
26750 107 30
51 + 0

Irrigation water is a good source of Mg. Thamount of Mg applied per acre can be calculated by multiplying ppm Mg
in the irrigation water times 0.23 to determine pounds of Mg applied per inch of irrigation water. Subtract this amount
from the guidelines above.

Boron Fertilizer Recommendation

Some crops are highly sensitive to boron deficiency while others are very tolerant to low levels bbron. The
occurrence of boron deficiency on susceptible crops is more prevalent in dry years.

Boron deficiencies most often occur on low organic matter, sandy soils in the humid regions. In general, monocotyledon
(grass) crops require only about onefourth as much boron for normal growth as the dicotyledon (broadleaf) crops.
Boron deficiency is most pronounced on sugar beets and garden crops such as cabbage and cauliflower.

Most of the total boron content of soils is found in the mineral tourmaline, whichreleases boron slowly as it is
weathered. Most of the available boron is held by the organic matter portion of the soil. Boron deficiency occurs more
often during periods of dry weather but tends to disappear rapidly as soon as the surface soil moisturagéplenished.
Boron leaches easily in sandy soils but is held by the finer textured soils.

Much of the irrigation water in the western USA and the Great Plains contains adequate boron for crop growth. All of
the factors mentioned above must be consideredl@ng with the boron test before making boron fertilizer
recommendations.

Most boron fertilizers are sodium borates. They are generally used for soil applications. SoluBaran be used for both
soil and foliar applications because of its greater solubilityBoron deficiency is easily corrected with a boron fertilizer
application to the soil.

The rate of boron application is based on soil test level and crop type. Boron can be applied as a broadcast treatment
or as a starter two inches to the side of the seedDdo not apply boron fertilizer with the seed because of potential
germination loss.

Boron fertilizer recommendations for various crops are shown in Table-39 on the next page.
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Table 33: Boron Fertilizer Recommendations

Crop DU U

| 070.25 0.267 0.50 0.51 +
Corn 0.5z15 0 0
Milo 0.5z15 0 0
Popcorn 0.5z15 0 0
Seed Corn 05715 0 0
Corn Silage 0.5z1.5 0 0
Sorghum Silage 0.5z1.5 0 0
FeedHay 05715 0 0
SudanHay 0.5z15 0 0
Soybeans 0.5z15 0 0
Pinto Beans 0.5z15 0 0
Gr. No. Beans 0.5z15 0 0
Peanuts 1.5z3.0 0.5z15 0
W. Wheat 0.5z15 0 0
Sp. Wheat 0.5z15 0 0
Oats 0.5z15 0 0
Rye 0.5z1.5 0 0
Feed Barley 0.5z1.5 0 0
Malting Barley 0.5z1.5 0 0
Sm. Gr. Silage 0.5z1.5 0 0
Sm. Gr. Hay 0.5z15 0 0
Alfalfa 15z3.0 0.5z15 0
New Alfalfa 15z3.0 0.5z15 0
GrassAlfalfa 1.5z3.0 0.5z15 0
Clover 15z3.0 0.5z15 0
Bromegrass 0.5z15 0 0
Bermudagrass 0.5z15 0 0
Fescue 0.5z15 0 0
Native Grass 0.5z1.5 0 0
Lovegrass 0.5z15 0 0
Cool Grass 0.5z1.5 0 0
Sugar Beets 1.5z23.0 0.5z15 0
Sunflowers 0.5z15 0 0
Potatoes 1.5z23.0 0.5z15 0
Cotton 1.5z3.0 0.5z15 0
Millet 05715 0 0
Onions 0.5z15 0 0
Melons 0.5z15 0 0
Garden 0.5z15 0 0

Recommendations are based on Ibs B per acre.
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Table 34: Quantity of Plant Nutrients in Various Crops

(Pounds of Plant Nutrient per Unit Indicated)

Yield Unit [ N (Nitrogen) | P.Os (Phosphate) K20 (Potash) | Calcium Magnesium | Sulfur Manganese | Zinc
. per bu 0.67 0.35 0.25 0.01 0.05 0.08 0.0004 0.0006 0.001
Corn (Grain)
200 bu 134 70 50 2 10 16 0.08 0.12 0.20
) per bu 3.30 0.73 1.20 0.18 0.18 0.18 0.001 0.0013 0.001
Soybeans (Grain)
60 bu 198 44 84 10.8 10.80 11 0.06 0.078 0.06
) per bu 1.20 0.48 0.29 0.015 0.15 0.10 0.0007 0.002 0.003
Wheat (Grain)
60 bu 72 29 17 15 9 6 0.042 0.12 0.18
Cotton per bale 32 14 19 0.67 1.33 2.70 0.02 0.037 0.107
(Lint and Seed) 2 bale 64 28 38 1.34 2.66 5.40 0.04 0.074 0.214
) per bu 0.66 0.39 0.27 0.067 0.083 0.06 0.000167 | 0.0007 0.00067
Sorghum (Grain)
100 bu 66 39 27 6.7 8.30 6 0.0167 0.07 0.067
Sunflowers per cwt 2.70 0.97 0.90 1.20 0.20 0.25 0.002 0.002 0.005
(Grain) 20 cwt 54 19 18 2.40 4.00 5 0.04 0.04 0.10
per ton 51 10 49 28 5.25 5.40 0.015 0.11 0.105
Alfalfa (Total)
6 ton 306 60 294 168 31.50 32 0.09 0.66 0.63
per ton 32 10 46 8 3.50 5 0.01 0.15 0.04
Grass (Total)
4 ton 128 40 184 32 14 20 0.04 0.60 0.16
per ton 3.70 2.20 7.30 2.20 0.50 0.45 0.002 0.05 0.002
Sugar Beets (Root)
25ton 93 55 183 55 12.50 11.30 | 0.05 1.25 0.05
) per bu 0.77 0.28 0.19 0.025 0.0375 0.07 0.0004 0.0015 0.0006
Oats (Grain)
80 bu 62 22 15 2 3 5.60 0.032 0.12 0.048
per cwt 0.30 0.15 33 0.015 0.03 0.03 0.0002 0.0005 0.00025
Potatoes (Tuber)
500 cwt 150 75 60 1.50 3 15 0.02 0.05 0.025
per cwt 3.50 0.55 0.85 0.60 0.57 0.40 * * *
Peanuts (Nuts)
35 cwt 123 19 30 21 19.95 14 * * *

*No data for this nutrient. Data collected from IPNI.
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Compare your soil tests with the ratings in the tables below.

Very Low

Table 35: Soil Fertility Ratings for Soil Nutrients

Medium

Very High

R h——_———————_————————— T A e

ppm
Olsen Bicarbonate, P ‘ 0z3 479 10z 16 172730 30 + neutral, alkaline, calcareous
Bray-1, P 0z5 6712 13725 267250 50 + neutral, acidic
Mehlich-3, P 0z5 6712 13725 26750 51+ wide range of soils
Chloride, CI 0z1 122 224 476 6+ dryland soils
Potassium, K 0z40 41780 817120 121z 200 200 + exchangeable cation
Sulfate, S 0z4 527 8711 12715 15+ low organic matter
Magnesium, Mg 0z10 11720 21735 36750 50 + exchangeable cation
DTPA Zinc, Zn 0z0.25 0.2670.50 0.51z0.75 0.7671.00 1.01 + alkaline soils
DTPA Iron, Fe 0z1.0 11220 2.1z4.5 4.6710.0 10.1 + alkaline soils
DTPA Copper, Cu 0z0.10 0.11z0.20 0.21z0.30 0.31z0.60 0.61 +
DTPA Manganese, Mn 0z0.5 0.6z1.0 11220 2.1z4.0 4.1+ alkaline soils
Hot Water Boron, B 0z0.10 0.11z70.25 0.2670.50 0.5172.00 210+
KCI Exchangeable, Al 0z1 225 6720 21740 40 + for acid soils
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Table 36: CEC Ranges for Different Soil Textures, pH < 7.0

Sand <6
Sandy Loam 5710
Loam 9718
Silt Loam 15725
Clay > 22

Table 37: 1:1 pH Rating

<54 Strongly acidic
5.475.7 Moderately acidic
5.876.2 Slightly acidic
6.327.3 Neutral

>7.3 Alkaline

Table 38: Soluble Salt Ratings

mmho/cm Crop Impacts

0z1.0 No crop hazard

11z15 Yield reduction on sensitive crops
16235 Moderate to severe yieldreduction
3.6+ Severe yield reduction

Nitrogen and Sulfur Fertilizer Recommendation Calculations

Nitrogen Recommendations

baold 6 sunQ(th QR NN@®EnNivd SDaonfﬁwaQrﬂﬁza)eml
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i If no subsoil sample, assume 2 ppm NEN for sandy soils and 5 ppm NON for Ioamy or heavier subsoiIsFor more

Sulfur Recommendations

- Y QNR°YE ®a

"™M Qu ,n‘
TRUE 1081

i divide by 0.8 for sandy soiloor by 1.0 for loamy and clayey soils.

Seq = Yield goal x S req factor
Soil S= ppm S X 0 3 x depthin inches With a maximum of 8 in.
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Table 39: Nitrogen and Sulfur Requirements for Various Crops

; N Req S Req |
Crop Unit R R .,
Ibs per Unit Yield

Corn bu 1.10 0.20
Milo bu 1.15 0.22
Popcorn bu 1.30 0.20
Seed Corn bu 1.40 0.25
Corn Silage ton 9.90 1.41
Forage Silage ton 8.50 1.425
FeedHay ton 25.00 4.00
Sudan Hay ton 27.00 4.00
Milo Silage ton 10.00 1.50
Cane Hay ton 25.00 4.00
Soybeans bu Z 0.49
Pinto Bean bu 1.45 0.25
Winter Wheat bu 2.40 0.45
Spring Wheat bu 2.40 0.40
Oats bu 1.30 0.19
Barley bu 1.50 0.22
Rye bu 1.90 0.28
Small Grain Hay ton 40.00 6.00
Alfalfa ton Z 8.00
GrassAlfalfa ton 20.00 5.00
Clover ton Z 6.00
Bromegrass ton 40.00 5.00
Bermudagrass ton 40.00 6.00
Fescue ton 35.00 5.00
Bluegrass ton 35.00 5.00
Cool Grass ton 40.00 6.00
Warm Grass ton 27.00 4.00
Sugarbeets ton 8.00 1.30
Sunflowers Ibs 0.05 0.008
Potatoes cwit 0.50 0.07
Cotton Ibs 0.10 0.016
Millet bu 1.70 0.25
Onions cwt 0.25 0.038
Melons cwt 0.70 0.10
Triticale bu 1.90 0.28
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Phosphorus Recommendation Calculation

Phosphorus Recommendation
BRI TE DR SRl

i 00 FHTER o "FHUFHTI THT EHTHB FHHHHH T

Example: Mehlich P-3 = 20 ppm; yield goal = 180 bu/A irrigated corn
Ibs P205 /A = exp [4.6& (0.064 x 20 ppm)] + ((180 buz 120 bu) x 0.25)
Ibs P.Os /A = exp [3.32] + (60 x 0.25)
Ibs BOs /A = 27.7 + 15
Ibs P.Os /A = 42.7 or 45 Ibs

Table 40: Phosphorus Fertilizer Recommendations for Various Crops

| Intercept ] Mz3/Pz1 Slope Olsen P Slope | Standard Yield Adj. FactorPer Unit Yield |
Corn 4.60 0.064 0.102 120 bu 0.25
Milo 4.38 0.064 0.102 100 bu 0.25
Popcorn 4.60 0.064 0.102 80 bu 0.25
Seed Corn 4.60 0.064 0.102 60 bu 0.25
Corn Silage 4.60 0.064 0.102 12 ton 1.50
Forage Silage 452 0.064 0.102 15 ton 1.50
Feed Hay 4.16 0.062 0.099 3ton 4.00
Sudan Hay 4.16 0.048 0.077 3 ton 4.00
Milo Silage 4.35 0.064 0.102 12 ton 1.50
Cane Hay 4.16 0.048 0.077 3 ton 4.00
Soybeans 4.25 0.064 0.102 40 bu 0.50
Pinto Beans 4.25 0.064 0.102 All None
Winter Wheat 4.44 0.055 0.088 45 bu 0.32
Spring Wheat 4.08 0.047 0.074 35 bu 0.32
Oats 4.08 0.062 0.099 80 bu 0.15
Barley 4.44 0.047 0.074 60 bu 0.20
Rye 4.08 0.055 0.088 45 bu 0.25
Alfalfa 4.78 0.057 0.081 3 ton 6.00
Grass/Alfalfa 4.40 0.064 0.102 3 ton 5.00
Clover 4.53 0.050 0.080 3ton 6.00
Brome 4.22 0.049 0.078 3ton 4.00
Bermudagrass 4.17 0.050 0.078 3 ton 4.00
Fescue 4.22 0.062 0.088 3 ton 4.00
Bluegrass 4.22 0.049 0.078 All None
Warm Grass 3.85 0.071 0.114 3 ton 4.00
Sugar Beets 4.82 0.032 0.051 20 ton 2.00
Sunflowers 3.80 0.036 0.058 18 cwt 0.012
Potatoes 5.08 0.048 0.077 350 cwt 0.15
Cotton 4.32 0.060 0.096 1000 Ib 0.05
Millet 4.00 0.060 0.096 All None
Onions 5.56 0.055 0.088 All None
Melons 4.61 0.064 0.102 All None

Adjustment factors are in Ibs.2Bs per acre.
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Potassium Recommendation Calculation

Potassium Recommendations
BT geomm: <g it

yield adj. = (yield goalz standard yield) x adj factor

Example: soil test K =120 ppm, yield goal = 180 bu/A irrigated corn
Ibs K;O/A = exp [5.20z (0.014 x 120 ppm)] + ((180 buz 120 bu) x 0.25)
Ibs K2O/A = exp [3.52] + (60 x 0.25)
Ibs K;O/A = 33.8 + 15
Ibs K;O/A = 48.8 or 50 Ibs

Table 41: Potassium Fertilizer Recommendations for Various Crops

Intercept Standard Yield Adj. Factor Unit Yield
Corn 5.00 0.0140 120 bu 0.20
Milo 4.75 0.0140 100 bu 0.20
Popcorn 5.20 0.0140 80 bu 0.20
Seed Corn 5.20 0.0140 60 bu 0.20
Corn Silage 5.40 0.0140 12 ton 4.00
Forage Silage 5.20 0.0125 15 ton 3.50
Feed Hay 4.86 0.0125 3ton 12.00
Sudan Hay 4.86 0.0125 3 ton 12.00
Milo Silage 4.97 0.0125 12 ton 3.60
Cane Hay 4.86 0.0125 3 ton 12.00
Soybeans 4.97 0.0140 40 bu 0.65
Pinto Beans 4.97 0.0140 All None
Winter Wheat 4.59 0.0130 45 bu 0.25
Spring Wheat 4.59 0.0130 35 bu 0.30
Oats 4.59 0.0130 80 bu 0.20
Barley 4.59 0.0130 60 bu 0.25
Rye 4.59 0.0130 45 bu 0.20
Alfalfa 5.34 0.0125 3 ton 15.00
Grass/Alfalfa 5.34 0.0125 3 ton 14.00
Clover 5.34 0.0125 4 ton 15.00
Brome 5.00 0.0140 3ton 12.00
Bermudagrass 5.34 0.0140 3 ton 12.00
Fescue 5.00 0.0140 3ton 12.00
Bluegrass 5.00 0.0140 All None
Warm Grass 4.60 0.0140 3 ton 12.00
Sugar Beets 5.34 0.0125 20 ton 5.00
Sunflowers 4.59 0.0160 1800 Ib 0.012
Potatoes 6.20 0.0150 350 cwt 0.46
Cotton 4.97 0.0125 1000 Ib 0.05
Millet 4.59 0.0130 All None
Onions 5.56 0.0130 All None
Melons 5.40 0.0125 All None

Adjustments factors are in Ibs.2R.
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Micronutrient and Lime Recommendation Calculations

Zinc Recommendation

R

T R

i ifpHis 7.3 or less, pH factor is 1.0
i ifpHis 7.4 or above, pH factor is 1.4

MZR: Zn recommendation at 0 ppm Zn soil test.
AZR: Zinc soil test factor.
CRad;j: Zinc adjustment

(See Table 21 below for values.)

Example: Soil test Zn = 0.50 ppm, soil pH = 7.0, irrigated corn Ibs
Zn /A =107 (9 x 0.50 ppm)] x 1.4
IbsZzn/A=[1074.5]x1.4
IbsZzn/A=550r6 Ibs

Magnesium Recommendations
7= 1 dpqed |

MR: Magnesium requirement at @opm Mg soil test.
MCE Magnesium soil test factor.

(See Table 21 below for values.)

Example: Soil test Mg = 40 ppm, irrigated corn
Ibs Mg / A =55z (0.9 x 40 ppm)
Ibs Mg / A = 55z 36
Ibs Mg/ A =19 Ibs

Manganese Recommendations
..H.”v.T: J"'=| JJ'F?JJ'd:]

MnR: Manganese recommendation at 0 ppm Mn soil test.
MnCF:. Magnesium soil test factor.

(See Table 21 below for values.)

Example: Soil test Mn = 1.0 ppm, irrigated corn
Ibs Mn /A =9.0z (3.0 x 1.0 ppm)
Ibs Mn/A =923
Ibs Mn /A =6 Ibs
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Copper Recommendations
mfT= FOq FO Fe F Ommm

CuR Copper recommendation at 0 ppm Cu soil test
CuCFECopper soil test factor.

(See Table 21 below for values)

Example: Soil test Cu = 0.10 ppmirrigated corn
Ibs Cu/A =67 (25 x 0.10 ppm)
IbsCu/A=6225
Ibs Cu/A=3.5Ibs

Boron Recommendations
mffv= [ | Fp | m—c

BR: Boron recommendation at O ppm B soil test.
BCF Boron soil test factor.

(See Table 21 below for values)

Example: Soil test B = 0.15 ppm, alfalfa
Ibs B/ A =3.0z (5 x0.15 ppm)
lbsB/A=3z70.75
Ibs B/ A =2.25Ibs

Chloride Recommendations

O R AR 2T TR M

N
CICE Chloride recommendation at 0 ppm CI soil test

Example: Soil test Cl = 12 ppm, wheat
Ibs ClI/ A=35.0z (12 ppm x 0.3 x 8)
Ibs CI/ A=35.07 28.8
Ibs Cl/A=6.2Ibs

Lime Recommendations (Effective Calcium Carbonate)
FrF= 8 10 Hlmre

Example: Buffer pH: 6.7
EEC/A=(7.0z6.7)x 4
EEC/A=0.3x4
EEC/A =1.2 tons
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Table 42: Micronutrient and Lime Recommendation Factors for Various Crops

MR MCF MnR | MnCF | CuR CuF BR BCF cC
Corn 10 9 0 55 0.9 9 3 6 27 1.75 5 35 2
Milo 10 9 3 55 0.9 12 4 6 27 1.75 5 35 2
Popcorn 10 9 0 55 0.9 9 3 6 27 1.75 5 35 2
SeedCorn 10 9 0 55 0.9 9 3 6 27 1.75 5 35 2
Corn Silage 10 9 0 55 0.9 9 3 6 27 1.75 5 35 2
Forage Silage 10 9 2 55 0.9 12 4 6 27 15 5 35 2
Feed Hay 10 9 3 55 0.9 12 4 6 27 15 5 35 2
Sudan Hay 10 9 3 55 0.9 12 4 6 27 15 5 35 2
Milo Silage 10 9 2 55 0.9 12 4 6 27 1.75 5 35 2
Cane Hay 10 9 3 55 0.9 12 4 6 27 15 5 35 2
Soybeans 10 9 0 55 0.9 12 4 6 27 15 5 18 3
Pinto Beans 10 9 0 55 0.9 12 4 6 27 15 5 18 3
Winter Wheat 10 9 5 55 0.9 12 4 6 27 15 5 35 1
Spring Wheat 10 9 7 55 0.9 12 4 6 27 15 5 35 1
Oats 10 9 7 55 0.9 12 4 6 27 15 5 35 1
Barley 10 9 7 55 0.9 9 3 6 27 15 5 35 2
Rye 10 9 7 55 0.9 9 3 6 27 15 5 35 1
Small Grain Hay| 10 9 7 55 0.9 12 4 6 27 15 5 35 1
Alfalfa 10 9 7 55 0.9 9 3 6 27 3.0 5 18 3
Grass/Alfalfa 10 9 7 55 0.9 9 3 6 27 3.0 5 18 3
Clover 10 9 7 55 0.9 9 3 6 27 3.0 5 18 3
Brome 10 9 7 55 0.9 9 3 6 27 15 5 35 1
Bermuda 10 9 7 55 0.9 9 3 6 27 15 5 35 2
Fescue 10 9 7 55 0.9 9 3 6 27 15 5 35 1
Cool Grass 10 9 7 55 0.9 9 3 6 27 15 5 35 1
Bluegrass 10 9 7 55 0.9 9 3 6 27 15 5 35 2
Warm Grass 10 9 7 55 0.9 9 3 6 27 15 5 35 2
Sugarbeet 10 9 7 55 0.9 12 4 6 27 3.0 5 18 2
Sunflowers 10 9 4 55 0.9 9 3 6 27 1.5 5 18 2
Potatoes 10 9 0 55 0.9 12 4 6 9 3.0 5 18 1
Cotton 10 9 7 55 0.9 9 3 6 27 3.0 5 18 2
Millet 10 9 7 55 0.9 9 3 6 27 15 5 35 1
Onions 10 9 4 55 0.9 12 4 6 27 15 5 18 3
Melons 10 9 4 55 0.9 12 4 6 27 15 5 18 3
Triticale 10 9 7 55 0.9 12 4 6 27 15 5 35 1
Crop Classification (CC): 1 = limerecommendedat pH 5.4 or less.

2 = lime recommended at pH 5.6 or less.
3 = lime recommended at pH 6.0 or less.
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Fertilizer Requirements for Corn Silage

Nitrogen
] -H—JW= «

hMlen s n was = s
oo | et o>

Example: Ibs/A = (25 tons x 9.9% (40 soil N) z (0 Manure N)z (0 past crop N)z (15 irrigation N) = 193 Ibs N/A to
apply

artm V-0 dm |4 oot p ™

Phosphorus
Table 43: Phosphorus Requirements for Corn Silage
M-3 Soil Test lbs P-Os/A |
(ppm P) 15 ton 25 ton
0z5 707100 857115
6712 45765 60780
13725 25740 40755
26750 0z20 15735
51+ 0 0
Potassium
Table 44: Potassium Requirements for Corn Silage
Soil Test lbs KeO/A |
(ppm K) 15 ton 25 ton
0z 40 1357220 1757 260
41770 807130 1207170
717120 50775 907115
1217 200 30745 70785
201 + 0 0
Sulfur

sHy= mldens wiy<c - 8 eff fve Ap v
Example:lbs S/A = (25 tons x 1.41 Ibs S/tony (2.4 x 5) = 23 Ibs S/A

[ For sandy soil divide by result by 0.8.
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Zinc

Table 45: Zinc Requirements for Corn Silage

ppm Zn Ibs Zn/A*
0z0.25 8710
0.2670.50 628
0.5171.00 125
1.01+ 0

*These are corrective rates and should last 5 or more years.

Nitrogen Fertilizer z Use Wisely

Nitrogen fertilizer is usually needed to produce the moseconomical yields of corn, milo, wheat and other netegume
crops. The most profitable rate of nitrogen for each field is dependent on several factors including:

Carryover residual soil nitrate

the past crop

manure application

yield goal of crop to be grom
amount of nitrate in irrigation water
timeliness of the fertilizer application

oahkwNE

Efficient use of nitrogen fertilizer is beneficial to conserving energy and protecting ground water supplies. It takes
26,600 BTU of energy to manufacture, deliverand appiffoA D17 OT A T £ 1 EQOOI CAT 8 3ET AA OE,
in one gallon of diesel fuel, one pound of nitrogen is equivalent to 0.19 gallons of diesel. In other words, 100 pounds of
nitrogen applied to the soil has an energy equivalent of 19 gallons dfesel fuel. To use energy efficiently, apply the
correct rate of nitrogen.

The University of Nebraska has traced nitrate movement to a depth of more than 40 feet at several locations. In one
experiment, a rate of 200 Ibs of nitrogen was applied annuallynoa Hastings silt loam. After eight years of nitrogen
application, soil samples were taken to 40 feet. The control plot contained 0.9 ppm nitratgtrogen in the 35-40 foot
depth while the nitrogen treatment contained 2.1 ppm in the same depth. Although ¢mitrate concentrations are low,
there is some nitrate movement to the 4€foot depth. This demonstrates that growers need to utilize all soil sources of
nitrogen so that applied nitrogen is used effectively and not lost to leaching.

The nitrogen requirement for crop production depends on the crop and yield. Corn and milo require about 1.1 Ibs of
nitrogen per bushel to grow the plant and produce the grain. If the grain is removed and the stalks are returned to the
soil, approximately two-thirds of the nitrogen is removed from the field. Nitrogen in the stalks is returned to the soil
as part of the organic nitrogen phase. Nitrate left over from the previous fertilizer application can be measured by soil
test. This nitrate is used to adjust the nitrogen ratedr the next crop. A nitrate soil test should be obtained from the top
8 inches of soil and from the 86 inch depth to properly evaluate nitrogen fertilizer carryover.
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Legumes (beans, alfalfa, clover, and cover crops) supply nitrogen for the next crop. &esh from lowa, Nebraska and
Kansas has shown that the past soybean crop will supply 40 to 50 pounds of nitrogen per acre. In addition, corn and
milo production will increase 10 or more bushels per acre following soybeans compared to following corn or il This
past soybean nitrogen should be subtracted from the next crop nitrogen fertilizer recommendation. A good stand of
alfalfa will supply about 100 pounds of nitrogen to the first noAlegume crop. Clover will supply about 70 pounds of
nitrogen that canbe subtracted from the nitrogen fertilizer recommendation.

Irrigation water may be a source of nitratenitrogen. Irrigators should have their water checked so they can plan on
utilizing this source of nitrogen.

The University of Nebraska "Hall County Prejct" sampled soil and water for nitrate and found that irrigated fields, on
the average, contained 65 pounds of soil and water nitrateitrogen in 1983 and up to 90 pounds of nitrogen in 1987.
In all fields compared, yields from the nitrogen management prdice which include soil and water nitrate were equal
to or greater than yields from the higher nitrogen rates normally used by the producer. This continues to hold true
today.

Nitrate leaching occurs when water moves deeper than the crop root zone. Natlirainfall and irrigation water are the
sources of leaching. Proper irrigation scheduling must be followed to prevent leaching during the growing season.
Rainfall during the fall and spring causes most of the leaching problems. The amount of leaching defsean the soil
water holding capacity and the amount of water that flows through the soil. Runoff water does not cause leaching.

The formula for estimating leaching losses is:

" =
Where d = depth of nitrate leaching (inches)
Pv = soil field capacity
a = amount of leaching water (inches).

If the field capacity of a Holdrege silt loam is 46% and a Valentine loamy fine sand is 22% and 10 inches of water moves
through the root zone, nitrate leaching will be 22 inches in the Holdregsoil and 45 inches in the Valentine soil. These
calculations illustrate the leaching problem in the sandy soils.

Nitrate movement is not distinct but acts like a wave. The leaching calculation predicts the peak nitrate concentration.
About 50% of the nitate will be below and 50% above this calculated point.

Nitrogen application rates must be managed for each particular field. Early spring or late fall nitrogen applications are
permissible for silt loam soils but not for sandy soils. For very sandy soihjost of the nitrogen must be applied during
the growing season as a sidedressing and/or through the irrigation system. A starter fertilizer placed2inches to the
side of the seed should contain 20 pounds of nitrogen for sandy soils. Twenty to 40 pouwts of nitrogen could be
applied with the herbicide application.

Nitrogen fertilizer can be used efficiently if all sources of soil and water nitrogen are measured and considered.
Timeliness of the nitrogen application is controlled somewhat by soil texturand operator preference.

Fertilizer Effectiveness and Starter Technology

Persistent myths coming from the low salt/orthophosphate fertilizer promoters have prompted this response to
implied fertilizer advantages. Recent claims have been geared for wheaptdressing and row crop starter uses. Look
for these stories to be adjusted to accommodate foliar feeding promotions as we move into the growing season.
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Orthophosphates (ortho-P) are claimed to be agronomically superior to the polyphosphatdpoly-P). PolyP is a chain
compound formed by driving water off of orthomolecules with heat. Two orthos joined in this manner form a
pyrophosphate chain; three orthos form a tripolyphosphate chain. Most polyphosphates exist in the pyrophosphate
form.

2 b D FE . amte 3 b E :
N LTV FLLETT. | H0 SLr T- FA

Following soil application, poly-P takes on soil water (hydrolysis) to convert back to ortheP, the form takenup by
plants. This hydrolysis reaction is affected primarily by soil biological activity, which is controlled by soil pH and
temperature. Very acid soil conditions and cold soil temperatures slow the conversion. Growing season temperatures
should allow mog of the reaction to occur within two weeks after application. Remember that 3040% of 10-34-0 is
already in the ortho-P form and ready for plant uptake when applied. Dry phosphates (186-0, 11-52-0 and 0-44-0)

are 100% ortho-P. Field studies have showno difference in crop response between orthd® and polyP.

One advantage of poRP is the sequestering property, which prevents natural impurities and micronutrients from

precipitating. Zinc is held by electron sharing in a ring compound as shown belowh& micronutrient sequestering
capacity amounts to about 1.5% by weight, depending on the size of the pdhfraction of the total phosphate.
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No sequestering properties exist with the ortheP in 9-18-9 or 6-24-6, or other ortho-P products forcinggrowers to
use the expensive EDTA chelates for applying zinc, iron, manganese and/or copper.

The "hot mix" formulation of 9-18-9 refers to reacting anhydrous ammonia with phosphoric acid and then adding
potassium hydroxide. The heat of this reaction is cdrolled at approximately 220°F. If the hot mix argument is used,
remember that 10-34-0 polyphosphate is made by combining ammonia and phosphoric acid in a pipe reactor at 640°F.
"Cold mixing" refers to combining liquid polyphosphate with nitrogen solutionsand /or granular potash. Both mixing
processes result in the same nutrient availability.

Fertilizer Placement Methods

For many yearsfertilizer placement was done in one of two ways: surface broadcast and incorporated, or band applied
near the row as "starter" with the planter. New methods such as strip, dedpand, dual placement, poqup, dribble, and
knifed-in have been developed. Th&erminology can be somewhat confusing at times.

Fertilizer Placement Glossary
Band: any method that applies fertilizer in narrow strips.

Broadcast: uniform application over the entire soil surface.
Deep: application of fertilizer at least 4 inches belowhe soil surface, usually injected with a knife or subsoiler.

Dribble or Streaming: surface application, usually in liquid form, in anarrow band.
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Dual: simultaneous application of N and P (or other) involving anhydrous ammonia or N solution injected withttoer
fluid or dry fertilizer at the same point of application.

Knifed : injected below the surface behind a knife to cut through the soil and residue make an opening for the
application.

Plowdown : broadcast fertilizer incorporated by plowingz Not advocatedtoday.

Point Injection: preplant or post-planting applications of fluid fertilizers for conventional and reduced tillage systems;
this technique employs a spoked wheel to physically inject nutrients at points 8 inches apart to depths eb4nches.

Pop-up: D1 AAAT AT O T £ EFAOOEI EUAO AEOAAOI U xEOE OEA OAAAN OAI
Starter: placement in bands on one or both sides of the row; typically applied two inches beside the seed row (2 X 0);
synonymous with band application

The efficiency and benéf from a particular placement method depends on soil type, inherent soil fertility, crop, and
climatic conditions. Small grains planted in narrow rows may have different responses than corn grown in rows 30
inches or wider even though both have fibrous rot systems, while soybeans might respond differently due to its tap
root system.

Some observations about P and K placement are:

1. Effectiveness of various placement methods for P and K is dependent upon soil test levels, soil texture, residue
management progams, climate, and yield production potential.

Yield response to different placement methods is rare when soil tests are high.

When soil P and K tests are low, band placement is necessary as part of the fertilizer program for most crops.
Surface strip anddeep band applications of nitrogen ouperform broadcast applications of nitrogen.

Direct placement of phosphate starter with corn seed is recommended at 6 Ibs of N #Kon sandy soils and at

8 Ibs of N + KO on silty soils and not recommended for soybeamon any soils.

agkrwd

Factors Influencing P Fertilizer Response
Four major factors should be remembered when making comparisons between placement methods:

1. Soil test P level of nofertilized soil.

2. Root contact with the fertilized soill.

3. P concentration of the fetilized soil solution.

4. Mycorrhizae fungi growth in no-ill/soil health systems.

P Level of Non-Fertilized Soil

The probability of a response to P fertilizer decreases as the soil test level increases. The response to P fertilization
varies between soils ad years. Fluctuations in the mineralization of organic phosphorus are partly responsible for
these variable responses. Some subsoils that are medium to high in P can influence P response if sufficient root
development takes place in the subsoil. Total roohass (relative to shoot growth) and root distribution are important
factors in plant growth and response to applied P fertilizer. A plant with abundant roots relative to shoot growth will
require a lower soil test value for optimal growth.

Root Contact with the Fertilized Soil

The amount of root contact with the fertilized soil is the most important factor that influences response to P fertilizer
placement. Root length, volume of fertilized soil , and thelocation of the fertilized soil are the major factas
governing root contact.
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Total root length will generally be greatest where highest yields are found. If root growth exceeds shoot growth, little

P response occurs because the plant is able to obtain adequate P from the unfertilized soil. This can leaal lack of
response even on low Resting soils. Cool, wet soils slow growth and reduce total root length and activity. This
increases the response even on soils testing high for P. Root diseases, root attacking insects, soil compaction, variety,
and highammonium levels can reduce root length and activity.

Thevolume of fertilized soil directly influences the amount of root contact with the fertilized soil. A band application
in 30" rows fertilizes only about 1% of the soil volume. However, due to root pfiferation, approximately 4% of the
root volume is in contact with the 1% fertilized volume, leaving 96% of the root volume unaffected.

In reduced tillage systems where bands are not disturbed by tillage, multiple bands will be present due to subsequent
applications, which, along with diffusion, will increase the volume of fertilized soill.

The location of the fertilized soil is the third major factor involved in root contact. Since fertilizer P is relatively
immobile, the key is to place the fertilizer inareas of major root concentration and activity. Concentration of fertilizer
P in the top 2" of soil, where root growth is maximum on ndill systems, will lead to positional availability and efficient
use of the fertilizer. Lack of residue (causing low sbimoisture, high soil temperatures) and compaction can have
detrimental effects on root growth and activity.

Phosphorus Level of the Fertilized Soil

The impact that applied phosphorus has on the P status of the soil is the third major factor thafluences response to

P. A low P buffering soil is one in which more P remains in soil solution as fertilizer P rates increase, allowing it to have
a more immediate effect on root P uptake. The influence of applied P on soil test levels and soil soluRaoncentration

will be minor for a soil with high P buffering potential (retention). Low soil test P, high clay content, high content of
finely divided carbonates, and elevated iron or aluminum oxide contents are associated with high P buffering
potentials.

Root P uptake increases rapidly with increasing solution P concentrations but gradually approaches a maximum.
However, if the fertilizer in a band increases the P concentration beyond a point that roots can utilize it, uptake will
plateau and theefficiency of P will decline.

Fertilizer placement studies do not always reach the same conclusions. The best placement for a given situation is one
that allows for the maximum root contact and the least fertilizer reaction with the soil. The factors disssed must be
kept in mind when comparing placement methods.

Mycorrhizae Fungi

Mycorrhizae fungi infect plant roots in a symbiotic relationship that receives energy from the plant in return for plant
nutrients provided by the fungi. The fungal hyphae growout into the soil 5 to 15 cm reaching further and in smaller
places than root hairs can explore. The extension of the plant root system can increase nutrient and water absorption
up the 10 times as the root system. Mycorrhizae enhance the ability of theapts to take up phosphorus and other
nutrients that are found in low concentrations in soil solution.

Band vs. Broadcast

Should fertilizer P be broadcasted or banded? If banded, at what rate? There are no easy answers to these questions,
as they depend onthe specific situation involved. Four relationships between band and broadcast have been
demonstrated in numerous studies in the Great Plains. They are presented on the following page.

ADDITIONAL REFERENCES:
» Fixen, P.E., and Liekam, D.F. 1988eat Plains Soil Fertility Workshop , Denver, CO.
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Typical Conditions
High soil test level
Warm moist soil
Warm season crop
Through incorporation

Low soll test level
Cold wet soil
High P fixing soll

Cold wet soil

Early growth critical
Low soil test level
Minimal incorporation
Dry soil surface

Low P fixing

Heavy residue cover
Warm moist soil surface
No tillage or cultivation

Figure 3: Four Relationships Between Broadcast and Band Phosphorus
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Fertilizing for Alfalfa

Table 46: Alfalfa Plant Nutrient Content

= (Crude Protein) / 6.25 |

Nitrogen | 20 % CP/6.25=3.2% N

| =64 Ibs. N/ Ton
Phosphorus 12 Ibs RGs/ Ton
Potassium 50 Ibs KO / Ton
Sulfur 5lbs S/ Ton

Table 47: Liming Soil for Alfalfa Production

pH Less than 6.0 |
Rate Determined by Woodruff Buffer Test
Sandy Soils Need smaller amounts of lime
Clayey Soils Need the largest amounts of lime

Table 48: Alfalfa Phosphorus Fertility

Soil Test M-3/Bray P-1, ppm P

% Sufficiency

Yield (Without P.Os), Tons / Acre

0z5 257250 2.0z4.0
6712 45780 3.676.4
13725 70795 5.677.6
26750 907100 8.0

Soil Test M-3/Bray P-1, ppm P

Table 49: Yield Loss Without Phosphorus in Alfalfa

Yield Loss Tons / Acre

Reduction, $ / Acre ($100 / Ton)

0z5 4.076.0 400 7 600
6712 1.674.4 1607 440
13725 0.472.4 407240
26750 0.0 0

Soil Test M-3/Bray P-1, ppm P

Table 50: P>,Os Fertilizer Rates for Alfalfa

Lbs POs Needed (4 Ton / Acre)

Lbs P.Os Needed (7 Ton / Acre)

0z5 907120 110z 140
6712 602785 807105
13725 30755 60775
26750 0z25 20745
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Table 51: P,Os Fertilizer Cost and Return

Return, $ / Acre

Soil TestM-3/Bray P-1, ppm P

P>0s ($0.50 / Ib), $ / Acre

0z5 55.007 70.00 2457530
6712 40.007 52.50 1207 387
13725 30.007 37.50 107 202
26750 10.007 22.50 (10) 7 (23)

Soil Test ppm K

Table 52: Alfalfa Potassium Fertility

% Sufficiency

Yield (Without K2O) Tons / Acre

0740 20750 1.674.0
41780 457 80 3.676.4
817120 70795 5.627.6
1217200 907 100 7.228.0
200 + 100 8.0

Table 53: Alfalfa Yield Loss Without Potassium

Soil Test ppm K

Yield Loss Tons / Acre

Reduction, $ / Acre ($100 / Ton)

0740 4.076.4 400 7 640
41780 1.674.4 160 7 440
817120 0.472.4 407 240
1217200 0.070.8 0780
200 + 0.0 0

Soil Test ppm K

Table 54: K,O Fertilizer Rates
Lbs kO Needed(4 Ton / Acre)

Lbs KO Needed(8 Ton / Acre)

0740 1307210 1757 255
41780 807125 1257170
817120 45775 907115
1217 200 25740 70785
200 + 0 0

Table 55: K,0 Fertilizer Cost and Return

Soil Test ppm K

K20 ($0.30/ Ib),$ / Acre

Return, $ / Acre

0740 52.507 76.50 3477563
41780 37.507 51.00 1227 439
817120 27.007 34.50 137205
1217200 21.007 25.50 (21) 774
200 + 0 0
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General Soil Properties
SoilcanbeAA EET AA AO A AUT AT EA T AOOOAIT AT AU OEAO 1T AAOPEAO (
upper, biologically altered part of the unconsolidated material above the bedrock portion of the earth.

Soil is the result of climatic and biologicaldctors on the parent material through time as modified by local topography.
Parent material is the debris from weathered rock within which the soil has formed. Climate and vegetation are
responsible for regional changes in soil while parent material and figraphy influence local soil changes.

All these different soilforming factors contribute to differences in soil profiles, which are considered to be vertical
sections from the surface down to the unaltered material below it. A soil profile is generallyvided into horizons. The

O!'6 ET OEUIT EO OEA OiI POIEIih OEA O0"06 EIOEUIT EO OOAOI EI
soil formation alteration. Depths of each horizon will vary considerably among soil types.

A sample of soil ca be roughly divided into four components:

mineral matter, accounting for 45z 49%
organic material, accounting for 1z 5%
25% pore space filled with water

25% pore space filled with air

PwnhpE

The mineral fraction is further divided into sand, silt, and clay. Tése determine the soil texture. The organic portion
is dark-colored and is important to physical and chemical properties of the soil. Silt, clay, and organic material are the
storehouses for plant nutrients.

Parent Material
Parent material mainlyconsists of those materials that were:

1. weathered in place, or sedentary
2. transported from their original location

Weathering processes include temperature changes (freezing and thawing); water, wind, and ice erosion; plant roots;
microbes; and hydration/dehydration. These processes are responsible for primary breakdown while chemical
processes act upon the formation of clay minerals.

Transported parent material includes those moved and deposited by water, wind or glaciers. The more common types
of water-transported materials are alluvium, or those deposited by flooding streams, and colluvium, or those moved
by gravity, frost action, soil creep, or local wash. Wind transported materials are loess (widdown silt-sized particles)
and aeolian sandgsand-sized particles). Many land areas of the Midwest have loess deposited over bedrock, sand and
gravel, or glacial deposits. The Sandhills of Nebraska are an example of aeetiaposited sands.

Soil Texture

Soil texture is the relative amount of sandsilt and clay contained in the soil. Sand particles are those which are 0.05
millimeter (mm) or larger in diameter; silt particles measure 0.002z 0.05 mm in diameter; and clay particles are less
than 0.002 mm in diameter. Particle size is the only fact@ffecting soil texture of mineral soils.
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Soils are divided into 12 major textural classes. Each class has a name that will give an indication of the relative
proportion of sand, silt, and clay particles. For example, a soil with approximately equal amourtssand, silt, and clay

is a clay loam. Increasing the silt content would make it silt loam, increasing the clay content would make it clay, and
increasing the sand content would make it sandy loam. If the approximate percentage of each particle is meaduthe

soil texture can be determined by the use of the soil textural triangle.

Figure 4: The Soil Texture Triangle

When pressing a wet sample of soil between your thumb and forefinger, sandy soil will feel gritty, clay soil vidrm a
OEAATTh AT A OEI OU OITEI xElIl Z£AAl OOEI EU86

Soil texture influences soil properties like water infiltration rate, water holding capacity, fertility retention, erosion
potential, compaction, tilth and porosity.

Soil Aggregate Stability

The stability of soil aggregates (soil granules) is important from the standpoint of soil erosion and the movement of
water and air in the soil. When aggregates are broken down by raindrop impact, the individual soil particles are more

susceptible to movement by watera A xET A8 #1 AU DPAOOEAI A0 OOAAI 6 OEA 060
runoff or ponding and crusting when dry.

Organic matter and microbial activity are the soil constituents that helps maintain aggregate stability. The resins and
scums producel by microbes help bind particles together to form water stable aggregates. The type of clay present will
also influence soil aggregate stability. Iron oxides and calcium carbonate also act as binding agents.

Farmers cannot control the types of clay or thenorganic binding agents present. However, by managing crop residue
on the soil surface, using a crop rotation with a grass or legume, and by use of cover crops, water stable aggregates will
increase.
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Soil Density and Porosity
Soil porosity is the pore pace of a soil that allows air and water to enter and be stored.

Bulk density of the soil is a measure of soil porosity, which indicates the soil structure condition. Tillage destroys soil
structure, which in turn increases bulk density. High bulk densityndicates compacted or restricted layers in a soil.

The pore space of a soil is ideally 50% (orkealf filled with water). A bulk density of 1.4 isconsidered the upper
threshold, which corresponds to approximately 46% pore space. If the pore space is less than 46%, bulk density is
above 1.4 and indicates that the soil may be too compacted for good root development and plant growth.

Cation Exchange Caacity

Cation exchange is one of the most important chemical properties of soils. This involves the exchange of cations
between:

soil solution and clay and humus surfaces

colloidal particles of clay or humus

soil solution and plant roots and

clay and humus colloidal particle surfaces and plant roots.

PwnhpE

Soil clay minerals have negative charges which attract and hold cations such as H, K, Mg, Ca,N\NtHand others. The
cation exchange capacity (CEC) of soils, in our region, is largely influencednbgntmorill onite type clays and humus
(organic matter). CEC is directly related to the type and amount of clay, and the amount of humus in the soil.

In order for a cation to be removed from a negatively charged site it must be replaced by another cationsifple
reaction may be as such:

K K
Caf - - Mg = - Mg
—
oo i Ca CLAY P
e—
= =1 K - - K
H Ca

Figure 5: CEC Exchange Sites on a Clay Particle

Notice that one C& ion with two positive charges replaces 2 H+ ions with one positive charge each. The number of
charges removed must equal the nutrer of charges added.

Effect of Soil pH

In most soils, CEC increases with pH. At very low pH levels (< 5.0), hydrogen (and perhaps aluminum) ions are held so
tightly that they effectively resist replacement, resulting in a relatively lower CEC than at higbhH values. As pH
increases, hydrogen is ionized and is thus replaceable, releasing additional sites on the clay (or humus) particles.
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of hydrogen or the amount of any other ion that will combine with or displace this amount of hydrogen. A
milliequivalent is one thousandth of its atomic weight. Thus, if clay has a CEC of 1 milliequivalent per 100 grams, it is
capable of exchanging 1 mg of ldyogen or its equivalent for every 100 grams of clay.
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an atomic weight of 40 compared to 1 for hydrogen (H. Each C#& ion has two positive charges and is therefore
equivalent to two H+ ions. So, the amount of Ca needed to replace 1 mg of H is 40/2 = 20 mg. This is the weight of 1
meq of calcium. If 100 g of a kind of clay is capable of exchanging a total of 250 mg of,@lae CEC is 250/20 = 12.5

meq per 100 grams.

Factors Affecting CEC

Fine textured soils (more clay, less sand) have higher CEC values than sandy soils. Within textural classes, organic
matter and the amount and kind of clay influence CEC.

Percent Base Saturation

Hydrogen and aluminum ions are the ions that make soils acid. Most of the other cations are called exchangeable bases
that neutralize soil acidity. The amount of CEC occupied by the bases is called the percent base saturation. If a percent
base satiration of a soil is 80, then fousfifths of the CEC is satisfied by the bases and the remainder by hydrogen and
aluminum. These bases include potassium, calcium, magnesium and sodium.

As base saturation is reduced, hydrogen ions increase causing pH to ®m®e more acid or lower soil pH. In humid
temperate regions, the soil base saturation may be about 25% at pH 5.0 and 75% at pH 6.0. In szl regions, with

a pH near 7.0, base saturation may approach 100%. Calcium tends to dominate CEC sites of s@knmiarid regions

while hydrogen and aluminum dominate CEC sites in humid regions.

Factors Influencing CEC and Availability of Plant Nutrients

Several factors may regulate the ability of soil CEC to release cationic nutrients to plants. The first is tHatree amount

of the CEC that is occupied by the nutrient in question. Second is the effect of other ions held in association with it. For
example, magnesium availability can be decreased by adding potassium. Third, types of clay will differ in their tatyac

by which ions are held. Calcium, for instance, is held more tightly by montmorillonite than by kaolinite clay.

Generally, it can be assumed that kaolinite has a CEC of about 8, illite 30, montmorillonite 100, and humus about 200
meq per 100 grams. Monmhorillonite clays are the predominate clay for the Great Plains soil area.

Table 56: Common CEC Ranges in Soil Texture

Sands <6
Fine sandy loams 5210
Loams and silt loams 9718
Clay loams 15225
Clays > 22

ADDITIONAL REFERENCES:

» Brady, N.C. 1974The Nature and Properties of Soils , 8" edition. Macmillan Publishing Company, Inc., Ne¥Xork.
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Soil Water

Water is a universal solvent that strongly impacts the physical, chemical armiological status of soil. The amount of
water in the soil can impact:

The amount of air and gas exchange in the soll

The pH of the soil solution

The nature and amount of soluble material in the soil (dissolution and precipitation)
The sorption and desorpton of ions in the soil solution

The transportation of nutrients to and from plants

The microbial habitat and microbial access to nutrients

ok wbdE

These characteristics stronglympact soil organisms and plants that are dependent on water for mass flow or diffion

of nutrients and oxygen. Excess water from high watering events (rainfall, irrigation, etc.) can cause nutrients to be
drained (leached), increase denitrification and desulfurization processes in the soil profile, and become inaccessible to
plants. Urderstanding how water is held in the soil and how much it can hold can help producers create efficient
irrigation strategies.

Soil Water Potential -31bars -15 bars -0.1bars
Pore Filled Water Space 0% 15% 25% 50% 100%
Available
__Water __
Types of Water Hygroscopic Gravitational Water
<« — — — —Cohesion Water- - - - »
Moisture Constraints OvenDry | | Wilting Point |\| Field Capacity Saturation
\

Pore Space
Available
A Y Water
Water Films o :
S e L--- Cohesion 3

Figure 6: Soil Water Potential

Soil Water Potential

Water is held by three dominant forces in the sailadhesion, cohesion and gravity (See Figure3). Water adheres and
coats the surface of mineral and organic particles. This thin coating of water is inaccessible to plants as the adhesive
force between the water and soil particles is great. This componeis also referred to as matric potential. Water has
the unique ability to stick to itself. This cohesive property, through hydrogen bonding and dipole interactions, is easily
seen by the dome like structure of a drop of water on a flat surface. Water alsas the tendency to be attracted to salt

or move to drier areas. The combined matric and osmotic pressures are responsible for the retention of water in the
soil.
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When soil becomes saturated, gravity will pull excess water through the soil profile. Thigcurs after heavy rainfall,
spring thaw and irrigation. Any water that exceeds the matric and osmotic potential for the soil is drained. This is often
accomplished 3 days after a heavy rainfall event if no more water is added to the soil system.

Field cgpacity is the maximum amount of water the soil can hold after saturation. Wilting point is the water held tightly
to the surface of soil particles and soil organic matter. This is the maximum amount of water the soil can hold that is
not accessible to plats. The difference between these two measurements indicates the amount of water that can be
held within the soil that is readily available for plants.

Available Water Capacity

Available water capacity is a commonly used method of measuring the amount ofadlable water in a soil. This
gravimetric process is measured using porous ceramic plates and pressure plate extractors set@il bars and-15
bars to mimic field capacity and wilting point of the soil, respectively. The difference between the water n&ad5 bars

and at-0.1 bars provides the available water capacity of a soil and is expressed as gram of water per gram of soil. This
can be converted to inches of water per foot of soil by multiplying by 12. Available water capacity is strongly influenced
by the pore size distribution and organic matter content.

ADDITIONAL REFERENCES:
» Brady, N.C. 2008The Nature and Properties of Soils, 8t edition. Macmillan Publishing Company, Inc., New York.

Organic Matter

Organic matter (OM) influences physical and @mical properties of soils. In some soils, OM may be responsible for
nearly half of the cation exchange capacity (CEC). It is also important in maintaining the stability of soil aggregates. In
addition, microbes in the soil also utilize OM as a food sourc&he primary source of OM is decayed plants while a
secondary source is decayed animals. Both plant tops and roots supply large amounts of OM as they are decomposed
by microbes and become integrated into the "A" horizon of the soil. Plant tissue influerecsoil formation as well as
being a source of OM.

Carbohydrates of various complexity, fats and oils, proteins, and lignins are the major classes of compounds present in
OM. These compounds vary in their rate of decomposition. Sugars, starches, simple gireg, and complex proteins
decompose the most rapidly while hemicelluloses, cellulose, lignins, and fats decompose more slowly. Waxes
decompose at the slowest rate.

Three general reactions occur in soil upon addition of organic tissues:

1. Enzymatic oxidation increases

2. N, P, and S are mineralized and/or immobilized

3. Compounds resistant to degradation are formed either from compounds present in the original plant tissues or
by microbial synthesis.

Humus

Humus is defined as a complex mixture of brown or darkrown amorphous and colloidal substance that can consist of
either modified original tissue or tissue synthesized by soil microbes.

The formation of humus is very complicated, but in general terms, humus formation can be described as organic tissue
that is incorporated into warm, moist soil and acted upon by soil microorganisms.
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As decomposition proceeds, two major kinds of organic compounds remain in the soil:

1. resistant compounds of higher plant origin (i.e. oils, fats, waxes, and lignins).
2. new compoundssynthesized by microbes (i.e. polysaccharides and polyuronides).

These two groups of compounds form the basic structure of humus. As the humus forms, numerous reactions of great
practical importance occur, such as those allowing N to become an integral paf the humic complex.

Humus is highly colloidal with a surface area and adsorption capacity greater than clay. It will adsorb water from a
saturated atmosphere at an amount equal to 8090% of its weight, compared to 15 20% for clay. The mosevident
physical features of humus are low plasticity, cohesion, and its dark color. Humus formed in seamid regions is
generally darkest in color.

Influence of Soil Organic Matter on Soil Properties

1. Soil Colorz brown or black
2. Physical properties
a. increased granulation
b. increased plasticity
c. increased water holding capacity
3. High cation exchange capacity
a. organic matter is 2 to 30 times greater than mineral colloids
b. increased cation adsorption power of mineral soils
4. Supply and availability of nutrients
a. easilyreplaceable cations present at the adsorption sites
b. organic matter is the main source N, S, P and other plant nutrients
c. weathering of elements from minerals by acids developed during humus formation

Factors Affecting Soil Organic Matter and Nitrogen

1. Temperature
a. decomposition of organic residue is accelerated by increased temperature; therefore, soils in cooler
climates have higher organic matter levels
2. Natural vegetation
a. organic matter is higher under grassland vegetation than under forestegetation
3. Soil texture, drainage
a. less organic matter in sand, probably due to lower moisture content
b. poorly drained soils are higher in organic matter due to retained moisture and poor aeration
C. erosion removes organic matter from the soil
d. vegetative coverof soils increases organic matter
4. Cropping
a. Organic matter declines over time in soil from which native vegetation was cleared away. Tillage opens up
the soil allowing soil microbes to have more oxygen, which increases the decomposition rates of organic
residues. Organic matter content will decline in situations where soil is more aerated and where soils lack
fertility. Crop rotation with legumes helps to maintain soil organic matter because of less tillage and
aeration.

Sources of Organic Matter

1. Farm manures and/or composts at 1015 tons per acre can aid in organic matter maintenance. Crop residues
and roots contribute to the maintenance of organic matter.

2. Liming and proper fertilization also contribute to organic matter maintenance through higher yields ash dry
matter production.
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ADDITIONAL REFERENCES:

» Brady, N.C. 1974The Nature and Properties of Soils , 8" edition. Macmillan Publishing Company, Inc., NeXork.

Soil Microorganisms

Soil is host to a tremendous population of living organisms, most too snhdab be seen without magnification. These
include bacteria, actinomycetes, fungi, protozoa, algae, yeasts, worms, and insects. One gram of soil may contain as
many as one billion bacteria, 15 million actinomycetes, one million fungi and protozoa, 100,00@ae and 1,000 yeasts.
Added together, that makes three to five tons of living organisms per acréoot of soil.

Nearly all microorganisms (or microbes) are found in the top three feet of soil, and most are concentrated in the top
several inches. The poplation of bacteria, for example, may be more than four times higher in the top three inches of
soil than in the %12 inch depth.

The majority of microbes obtain food and energy by breaking down complex organic substances provided by higher
plants and animds. Without microbial activity, the waste of dead animals and plants would literally bury the earth's
surface.

Various microbes grow best under different conditions:

» Bacteria ztend to respond rapidly to additions of simple sugar and starch compounds.

» Fungi and actinomycetes z tend to respond to cellulose and other more resistant compounds and to crop
residues.

» Cyanobacteria z contains chlorophyll so they can photosynthesize like plants.

Most groups depend on organic matter as a food source. Some obtain rgyeby oxidizing inorganic elements such as
sulfur and nitrogen, while their carbon source is from water soluble carbon in the soil. Some species can live in the
absence of free oxygen. These are known as anaerobic microbes, while those needing oxygenlassified as aerobic.

The decomposition of organic matter completes an important cycle in the plant world. As a plant grows, it absorbs
nutrients from the soil, matures, and dies; then through microbial breakdown, the nutrients are again released and
made available for the next generation. Without this process, most of the carbon in our environment would be tied up
in plant and animal tissue. During decomposition, certain acids are formed which react with soil minerals containing
vital plant elements; this makes them more soluble and available to growing plants. Returning residues to the soil
supplies the organic materials needed to keep the process continuous.

Nitrogen Immobilization

As mentioned, the microbial breakdown of crop residues releasesitrient elements for use by subsequent crops. This
mineralization process increases the supply of available nutrients. However, during decomposition, a temporary-tie
up of these nutrients may occur through the process of immobilization.

Plantresidues, such as wheat straw, may not contain enough nitrogen to satisfy the "diets" of the microbes. In this case,
they may consume the carbon in the straw and the available nitrate from the soil. Their consumption may be so great,
that little is left for the crop. This is known as biological immobilization of available N and may induce or intensify
deficiencies. Once the microbes die and decay, the N is mineralized into available ammonium and nitrate.

Microbes function best if the ratio of carbon to nitogen (C:N ratio) is less than 25:1. When the ratio is larger than 25:1,
microbes must borrow N from the soil to complete their task. Table-2 below shows the approximate C:N ratios of
some crop residues.
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Table 57: C:N Ratios of Organic Materials

Organic Material C:N Ratio
Sweet Clover 12:1
Barnyard Manure 20:1
Clover Residues 23:1
Green Rye 36:1
Corn Residue 50:1
Cane Residue 60:1
Wheat Straw 80:1
Timothy Grass 80:1
Sawdust 400:1

If a material with a C:N ratio higher than 25:1 is added to a soil low in nitrate, decomposition will take longer than if
that same material was added to a soil high in nitrate. For wheat, about 20 Ibs/acre of N per ton of straw is needed to
balance the C:N ratio and provideapid decomposition. On the next page is an illustration of microbial activity when a
wide C:N ratio material is added to the soil.

Period of Maximum Microbial

Nitrate

New level

Original in soil
level in
soil
LOW CO2 Nitrate Depression
Period
TME ——p
Residue added

Figure 7: Microbial Activity Response to Various C:N Ratio Material

Legume Bacteria

Legumes inoclated with the proper strain of nodule forming bacteria (Rhizobia) use atmospheric N to convert N gas
into amines that can be used for growth Thus, applying N fertilizer is not necessary. Many legumes leave substantial

various legume crops.
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Soil Activators

Products called soil activators or soil conditioners are often sold with thediea that they increase the numbers, or
activity, of microbes present in the soil. In reality, most of these products will add less than a pound of microbes to a
soil that already has 2,000 to 4,000 Ibs. of microbes per acre. Be careful! These productsraresubstitute for good,
proven farming and soil management practices.

ADDITIONAL REFERENCES:

» Soils and Soil Fertility . 1982. Kansas State University Cooperative Extension Service.
» Brady, N.C. 2008The Nature and Properties of Soils , 8" edition. Macmillan Publishing Company, Inc., NeXork.

Principles of Soil pH

The acidity or alkalinity of the soil is measured by a pH meter. The meter measures the potential difference between
the hydrogen (glass) electrode and the reference (calomeljextrode and converts the reading to pH. A soil pH of 6.5
to 7.2 is neutral and is acid below or alkaline above the range.

The small "p" is the math symbol for negative logarithm and the large "H" is the chemical symbol for hydrogen. So, the
definition of soil pH is the negative logarithm of the hydrogen ion activity in soil solution.

Soil pH is related to the properties of the "ionic atmosphere" around soil clay particles. Clay particles are negatively
charged, and thus neutralized by positively charged its called "cations".

The thickness of the double layer depends in part on the cations dissolved, and is thicker with more water in the soil,
greater hydration of the cations, and lower valance cations. When water is limited in the soil, salts are concetdth
and the double layer is much thinner. The cation concentration in the solution becomes similar to the cation
concentration on the clay surface.

The effect of salts is relevant to the concept of soil pH. Hydrogen ion concentration on the soil partgleface is higher
than in the solution due to the hydrogen ion concentration gradient across the double layer. In other words, the H ion
is small and is held tightly on the soil particle surface. As the double layer is compacted (thinned) by adding salts o
decreasing water concentration, the hydrogen ion gradient is reduced and the pH of the soil solution falls.

This means that soil pH readings can vary from time to time within a year or between years. The amount of soluble
salts in the soil varies continwusly depending on such factors as amount of rainfall percolating through the soil,
nitrification rate, salt content of irrigation water, and residue management. So, the apparent pH of a soil is often higher
in wet, cool weather than in hot, dry weather. &asonal variations can affect soil pH readings by 1.0 pH unit or more.

By measuring pH readings in a salt solution strong enough to mask climatic changes, many of the climatic effects of sail
pH variation can be reduced. The salt solution most often usesl .01 molar calcium chloride (CaG). The University

of Missouri uses this salt pH test for interpretation of soil pH on farmer fields. Other universities in the North Central
and Southern regions of the United States determine pH in distilled water.

The pH of a soil measured in 0.01 M CaG$ more constant and is closer to the pH of the solution around plant roots.
The salt pH is usually lower by 0.5 to 0.9 units, depending on existing climactic conditions. Our lab has measured higher
water pH's after exended wet, cool periods.

The basic control factors of soil pH are

1. activity of calcium ions and
2. concentration of carbon dioxide.
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The equation for salt pH is:

where; pCa the negative logarithm of the calciumactivity
pCQ: the negative logarithm of the partial pressure of carbon dioxide
: a constant for solubility of calcium carbonate which is between 10 and 10.5

The following table illustrates the effect of carbon dioxide (C£) concentration on pH andCa ion changes.

Table 58: Effect of Carbon Dioxide Concentration on pH and Calcium lons

Carbon Dioxide Pressure pH of Calcium Carbonate pH of Clay Calcium lon Conc. In
(atm) Suspension Suspension Solution (meqg/l)

0.00033 8.42 8.57 0.53
0.001 8.00 8.30 0.75
0.003 1.77 7.95 1.14
0.01 7.33 7.62 1.70
0.03 7.00 7.30 2.52

0.1 6.65 6.95 3.84

The CQ concentration changes as soil residues are decomposed. A 0.1% concentration of @01 atm) is a low
figure for most soils; Table 43 shows that the pH has dropped to 8.0 in a calcareous soil. Under pastures, the lecel
may be near 1% (0.01 atm) andoil pH near 7.3. This example shows why cultivated calcareous soils have a higher pH
than comparable pastureland.

IN SUMMARY:

1. Soil pH can vary considerably.

2. Soil pH depends on the salt concentration in the soil solution and carbon dioxide concentratianthe soil air.
3. Soil pH varies appreciably over the field and can even vary when taken on the same day.

4. Soil pH is not a stable measurement.

ADDITIONAL REFERENCES:
» Russell, E.W. 1973o0il Conditions and Plant Growth , 10th edition.London.

Soil Fertility
Definitions:
1. 4EA OOOAU T &£ A OIEI 60 AAEI EOU O 00PBPI U AOOAT GEAI
supply occurs, and the factors which affect that supply of nutrients to plants.
2. The natural ability of a soil to supply fant nutrients.

One does not manage soil fertility; one can only manage plant nutrients, which may in turn affect fertility.
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Dynamics of a Soil z Plant System
If M is a nutrient element, its movement can be described as follows:

I veo w0l Ve 80 € d ol F 3 oo Ol mm - «

Energy must be supplied by the plant for movement of nutrients into the plant.

Availability of Plant Nutrients

Plant nutrient availability has both chemical and positional components. Unavailable fornef nutrients are found in
soil minerals, soil organic matter, and precipitated compounds.

Factors that affect the conversion of unavailable to available forms and vice versa are:

the chemical activity in its unavailable form,

the chemical activity of anyreplacing ions at the point of reaction,
the amount of available ion in solution,

microbial activity, and

factors that affect the transfer of available ions to the root surface.

gL

Microbial activity is affected by moisture, aeration, nutrient supply, termperature, and soil pH. The transfer of available
ions to the root surface is affected by the replaceability and theumber of exchangeable ions, and by the concentration
gradient present for dissolved ions.

Nutrient Mobility
Definition : the ability of a nurient ion to move through the soil by one or several mechanisms.

The nitrate ion is the most mobile in the soil because of its high water solubility and very limited reaction with soll
compounds. Sulfate is nearly as mobile as nitrate but may be restrickén soils with appreciable anion exchange
capacity (highly weathered soils). Exchangeable cations are held by clay and organic matter but are in equilibrium with
the soil solution. The rate of release depends on:

1. exchange types and concentrations in theod solution,
2. the replaceability of the exchangeable cations, and
3. the rate of removal from the soil solution.

Six Essential Steps for a Successful Soil Fertility Program

1. Collecting Good Representative Soil Samples: A soil test antérpretation is only as good as the sample.

2. Proper Care of the Sample: Do not contaminate the sample. Send samples immediately for analysis.

3. Chemical Analysis at the Laboratory: Reliable test results are available since procedures are standardized and
regulated by the state.

4. Proper Interpretation of Laboratory Results: Interpretation must be based on regional land grant university
fertility and soil test calibration research.

5. DevelopRecommendationsBased on land grant university research in your regiorof your crops.

6. Refine Recommendations with Individual Grower: Should be the responsibility of the crop consultant or
Agronomist (CCA).

Soil Testingd83



RaymondC. Ward, Ph.DCertified Professional Soil Scientist

Soil Nitrogen

Soil nitrogen (N) is present in one of four major forms:

1. Organic- associated with soil humus

2. Amino acids

3. Ammonium N fixed by certain clay minerals
4. Exchangeable ammonium and soluble nitrate

Most soil N is associated with organic matter, being released at a rate e8% per year in conventional tillage; release
rate is much slower in natill. Clay-fixed anmonium N is only slowly available to plants and microorganisms. Soluble
nitrate and ammonium account for only 0.1z 2.0 % of total nitrogen present except in cases of large applications of
nitrogen fertilizer.

Six key biochemical processes make up an imecked system known as the nitrogen cycle. These processes are:

Fixation
Immobilization
Ammonification
Nitrification
Denitrification
Leaching

oahkwNE

Figure 4-5 shows the main portions of the nitrogen cycle. Additions to the system are through commercial filiters,

crop residues, animal manures, and ammonium and nitrate salts brought down by rain. Certain microorganisms fix
atmospheric N. Depletion is due to crop removal, drainage, erosion, and gaseous losses. Most of the N additions go
through several reactons before removal can occur.

Fixation

Fixation of ammonium can occur through clay minerals or by organic matter. The negative charge of clay minerals
attracts and traps the ammonium cation, making it relatively unavailable to plants or microbes. The atidn of
fertilizers containing free ammonia can react with soil organic matter to form compounds that resist decomposition,
in a sense "fixing" the ammonia. Legume bacteriRhizobium fix atmospheric nitrogen. Since the legume plants are
able to use the iitrogen fixed by these bacteria, the relationship is known as symbiotic. These bacteria take free N from
the soil air and synthesize it into plant useable forms. It is likely that N compounds produced within the bacterial cells
are diffused out the cell wdl and absorbed by the host plant.

Immobilization

When fresh plant materials or crop residues are added to the soil, microorganisms begin to decompose this material.
Microbial population increases soon after the addition of the fresh plant residue. If thelant material has a
carbon:nitrogen (C:N) ratio greater than 25, the microbial population will use available soil nitrogen to decompose the
residue. This process is referred to as immobilization of nitrogen. On the other hand, if the C:N ratio of the fregant
material is less than 25, the microbial population will begin releasing additional available nitrogen.
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Figure 8: The Nitrogen Cycle
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Mineralization

The conversion of organic nitrogen to available forms is referred to asineralization. Mineralization is a combination
of two distinct microbiological processes (1) ammonification and (2) nitrification.

Ammonification

This process occurs when organic matter is broken down, through enzymatic digestion of bacteria and fungtoin
simpler amino compounds. Further reactions break these down to carbon dioxide, water, and ammonium (NH
Plants can use NH although most N uptake is in the nitrate form. Ammonification progresses best in walrained,
aerated soils but will occur urder almost any condition because of the wide variety of organisms capable of
accomplishing these changes.

Nitrification

This is an oxidative process that converts ammonium (Nfito nitrate (NOs). Two groups of bacteria, collectively called
nitrobacteria, are involved. These bacteria obtain their energy by oxidizing inorganic compounds such as ammonium,
sulfur, and iron while obtaining carbon from carbon dioxide (Cg). Nitrosomonas is responsible for the conversion of
NHs+ to nitrite (NOz), then nitrobacter oxidizes NQto NGs. The second transformation follows the first so closely that
little nitrite (toxic to plants) accumulates.

Soil Testingd85



RaymondC. Ward, Ph.DCertified Professional Soil Scientist

Nitrifying bacteria is very sensitive to their environment. Aeration, temperature, moisture, lime, fertilizer sa$, and the
carbon:nitrogen (C:N) ratio can all affect the vigor of these bacteria. Since nitrification is oxidative, any procedure that
increases soil aeration should increase it. The temperature range for nitrification is from 30° to 125° F, with 80°36°

F being optimum. The optimum soil moisture content for plants is also optimum for bacteria. Extremely low or high
soil moisture can be detrimental; however, nitrification can proceed at or below the wilting point. Nitrification requires
abundant exchamgeable bases, partially accounting for low rates occurring in acid mineral soiBut acidity itself is
little consequence when adequate bases are present, as peat soils of below pH 5.0 may have high nitrification rates.

Applying large quantities of NH-N fertilizers to strongly alkaline soil can depress the nitrobacter step, possibly due to
toxicity to those bacteria. Nitrosomonas are apparently not affected, leading to possible buildup of N@very high pH
soils. The C:N ratio is significant in the nification process. As the microbes decompose plant and animal residues,
they incorporate inorganic nitrogen into their bodies, thus immobilizing nitrogen, and bringing nitrification to a virtual
standstill. Competition between bacteria and higher plantsfr N is initiated. As the carbon content of residue decreases,
through the loss of CQ, to a C:N ratio of about 25:1, some of the immobilized N is mineralized and ammonium
compounds appear, returning favorable conditions for nitrification, releasing N©

NOs-N, whether added in fertilizer or nitrification, may go in four directions:

1. used by microbes
2. used by plants

3. leaching

4. denitrification

Leaching is the loss of Ngby drainage through the root zone. Since NGs highly soluble and does not attach to clay
particles, it leaches easily with rainfall or irrigation.

Denitrification

Denitrification occurs when NQis converted back to the gaseous form of N and returns to the atmosphere. Conditions
encouraging denitrification are poorly drained, poorly aerated sds often found in wet springs. Anaerobic microbes
are responsible for using oxygen from the Ngfor the reduction process. The trend of reactions is:

4k o 4F & 4 4
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Nitrous oxide and N\ are the major forms of gaseous loss.
Reactions and Fate of Nitrogen Fertilizers

Nitrogen applied in fertilizer undergoes the same reactions that are involved in the biochemical releases from plant
and animal residues. Fertilize N will be in one or more of three forms:

1. Nitrate (NOs)
2. Ammonia (NHs)
3. UreaN (CO(NH)

UreaN is subject to ammonification, nitrification and utilization by microbes and plants. Ammonium fertilizers can be
oxidized to nitrates, fixed by clayparticles, or absorbed by plants and microbes. Nitrate fertilizers can be lost by
denitrification, leaching, or absorption by plants and microbes.
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ADDITIONAL REFERENCES:

» Brady, N.C. 2008The Nature and Properties of Soils , 8" edition. Macmillan Publishing Company, Inc., NeXork.

Soil Phosphorus

Several conclusions have been drawn from numerous phosphorus fertilization experiments.

Recovery of fertilizer phosphorus by a crop planted immediately after application is low,

usualy 10 - 30%.

Loss of applied phosphorus in percolating water is very small.

When broadcast on soils, most phosphorus not found in the harvested crop remains in the first 2 or 3 inches of
soil. Moldboard plowing incorporates P deeper but is not recommended.

Phosphorus remains available to plants for several years.

In many soils the total content of phosphorus is greater as the particle size becomes smaller.

Harvesting and removing crops result in depletion of soil phosphorus.

PwnpE
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The above conclusions can be el@ned by looking at the reactions that occur when phosphate fertilizer is applied to
soils. These reactions are valuable in explaining phosphorus availability, retention, and builgh in soils.

Phosphate Reaction in Soils

Phosphorus forms slightly solublecompounds in soils. Thus, the amount of phosphorus in solution at any one time is
very small. When plants are growing, it has been shown that the soil solution must be renewed with phosphorus many
times per day in order to obtain normal plant growth. Thefactor that limits phosphorus uptake by plants is the rate of
renewal of phosphate in the soil solution near the plant roots.

The low solubility of phosphorus in soils is caused by phosphate reactions with iron, aluminum and calcium ions. Iron
and aluminumions adsorb (holds) phosphorus in acid soils and calcium ions adsorb phosphorus in alkaline soAs.
phosphorus is absorbed by plant roots more phosphorus moves into the soil solution to keep supplying the plahhis
process is called diffusion.

The total amount of phosphorus in soils ranges between 200 and 2000 pounds per acre in the topsoil, but the amount
in the soil solution may be about 0.% 2.0 pounds per acre. This illustrates the low water solubility of phosphorus in
soils.

Acid mineral soils cantain certain levels of soluble (exchangeable) iron (Fe) and aluminum (Al). The more acid the soil,
the more concentrated the iron and aluminum. Also, freshly formed Fe and Al compounds become less soluble over
time. Fixation is much greater below a soil H of 5.0. In addition to soluble and exchangeable Fe and Al, soil clays are
sources of iron and aluminum that are capable of reacting with phosphate ions.

In alkaline soils high calcium activity encourages the formation of dicalcium phosphate. Although tiselubility of
dicalcium phosphate is greater than that of iron and aluminum phosphates, its solubility is high enough to supply plants
with phosphate. In some alkaline soils there is an abundance of tiny lime (CaffCrystals that adsorb phosphate ions
in a similar reaction.

Factors Influencing Phosphorus Retention in Soils
Phosphorus availability in soils is greatest when the soil pH is between 5.5 and 7.0 as shown below.
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Figure 9: Influence of Soil pH on Phosphorus Availability

When phosphate fertilizer is added to a soll, it reacts with the appropriate compounds depending on soil pH. The initial
reaction is from soil solution to adsorption on existing crystals (solid phase).

PP
Fertilizer P ——— Solution P « : P Solid P
Phase P

PP

Figure 10: Fate of Added Fertilizer P in Soil

Phosphorus continues to react with the solid phase and eventually becomes part of the crystal. Solubility decreases as
the phosphate becomes an integral part of the crystal. The period of time may be short or lat@pending on the "fixing
capacity” of the soil.

PP
P P
P Solid P - " solid
P Phase P ' p Phase
P P

PP

Figure 11: Phosphorus Fixation in Soil
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Soils with a high fixing capacity will require larger amounts of phosphorus fertilizer. Once the capacity is filled, then
the rate of fertilizer can be reduced. The amount of iron, aluminum, or calcium in relation to the amount of phosphate
determines P fixing capacity. The phosphorus fixing capacity of many soils has been satisfied from past phosphate
fertilization. Soil testing will tell if th e fixing capacity has been satisfied. We also have a buffer P test that can estimate
the amount of phosphate needed to satisfy the fixing capacity.

Soil clays of the 2:1 type fix or adsorb less phosphorus than clays in highly weathered soils where 1:1 tybeys
predominate.

Solubility of phosphate compounds increases as temperature increases. This means that crops grown during the cooler
periods of the year will show more visual response to added phosphate.

It has been estimated that 1/3 of the total phospate in native grassland agricultural soils was organic in nature. The
loss of organic matter by cultivation has no doubt reduced the organic portion. The organic phosphorus is mineralized
similarly to nitrogen; once it is in the mineral form, it enters tre soil solution and reacts with the mineral or solid phase

as already shown. Laboratory experiments have shown that decreases in the organic P content of soil are related to
increases in soil test P. Mineralization of organic P in relation to the C:N:Pimsuggests that when the C:inorganic P
ratio is 200:1 or less, mineralization will occur. If that ratio is 300:1 or more, immobilization will occur.

Phosphorus Availability in Soils

The rate of dissolution and diffusion of solid phase phosphate to solutiophosphate determines soil phosphate
availability. It has been shown that all phosphate added to soil reacts with the solid phase. For the phosphorus to
become available to the plant, it must go back into solution.

As phosphate ions (H2POs-and HPO;, --) are taken out of solution by the plant root more must be released from
the solid phase. The rapidity of replenishment determines the availability. The availability is determined by

Asmentioned, plants absorb P mainly as ##Q;-or HPQ~. The concentrations are related to soil pH levels. ThePO,
-ion predominates in acid environments while HP® - occurs above pH 7.0. Phosphorus soil tests are designed to
measure the portion of sold phase phosphorus that moves into the solution phase rapidly as needed by the plant. If
there is not enough solid phase phosphate present to supply this solution phase need, then phosphorus fertilizer must
be added.

ADDITIONAL REFERENCES:

» Brady, N.C. 2008The Nature and Property of Soils . 8 edition. Macmillan Publishing Co., Inc., New York.

» Tisdale, S. L. and Nelson, W.L. 19&il Fertility and Fertilizers . 2nd edition. Macmillan Publishing Co., Inc., New
York.

Soil Potassium

Potassium (K) is an essetial plant nutrient identified with overall plant vigor. Potassium is absorbed by plants in larger
amounts than other plant nutrients with the exception of nitrogen and possibly calcium. The earth's crust contains
about 2.40% K, compared to only 0.11% P.o8tent may vary from as little as a few hundred pounds to more than
50,000 pounds of K per acre furrow slice. Original sources of K are primary minerals including feldspars, muscovite,
and biotite.
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Potassium Equilibrium in the Soils
Soil K exists as:

1. Relatively unavailable or fixed
2. Slowly available
3. Readily available

Unavailable or fixed K occurs in the primary minerals mentioned above. As much as 98% of all soil K can be relatively
unavailable. Weathering processes over time gradually break down the primarginerals to release K for plants but K
ions released during weathering may also be lost to drainage, held as an exchangeable ion on clay patrticles, or
converted to a slowly available form.

Slowly and readily available K account for-R% of the soil's totd K content. Readily available K occurs in soil solution
and on exchange sites and is absorbed by plants. Slowly available K is considered unextractable by normal procedures
used in laboratory analysis for K. Over a period of time, this K becomes readilyadlable. Equilibrium exists between
exchangeable and solution K. This is of practical importance since absorption by plants causes a temporary disruption
in the equilibrium, causing exchangeable K to move into solution to restore equilibrium. As watspluble fertilizers

are added to the soil, the reverse occurs. Available K, already in equilibrium in soil solution with similar cations, is in
equilibrium with slowly available forms indicated by:

slowly available K«————> exchangeable k————— water-soluble K

Factors Affecting Potassium Fixation in Soils

Certain factors influence the conversion of soil and fertilizer K to less soluble forms, including the type of colloid,
temperature, wetting and drying, and soil pH.

Colloid Type

K fixation takes place mostly in soils containing expanding clays suchrmasntmorillonite , illite, or vermiculite. Clays of
the 1:1 type do not fix K in the manner that 2:1 clays do. Although organic matter can holdiKthe exchangeable form,
it cannot fix it. The more illite clay in the soil, the more soluble and exchangeable forms of K will be fixed by the illite.

Temperature
Alternate freezing and thawing have been found to release a fraction of fixed K to exchangeable forms in some soils.

Wetting and Drying

In situations of low to medium K content in some soils, drying of the soils can increase the amount of exchangeable K
that can be extracted. If K levels are high, the opposite may be true.

Soil pH
Lime applications can sometimes increase K fixatioThis can be more beneficial than detrimental. Liming increases

the base saturation of the soil, therefore decreasing the loss of exchangeable K to leaching. But as calcium saturation
increases so does the adsorption of K by the clay, reducing the K corttation in the soil solution.
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Figure 12: A Summary of Potassium Gains and Losses

ADDITIONAL REFERENCES:

» Brady, N.C. 2008The Nature and Property of Soils . 8" edition. Macmillan Publishing Co., Inc., New York.
» Tisdale, S. L. anllelson, W.L. 1966Soil Fertility and Fertilizers . 2nd edition. Macmillan Publishing Co., Inc., New
York.

Soil Sulfur

Sulfur (S) is a constituent of the amindA A ErAethidnine and cystine, plus thevitamins, biotin and thiamine. It is
essential for plant and animal growth.

The three major sources of sulfur are:

1. soil minerals
2. atmospheric gases
3. organically bound S (the largest fraction of soil sulfur)

Other sources include precipitation and irrigation water. Tle ratio of carbon:nitrogen:sulfur in the soil is about
100:10:1.4.

Four forms of S are present in soil and fertilizer:

elemental S,

sulfide (S2)

sulfate (SQ2)
organic compounds.

PonpE
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Figure 13: The Sulfur Cycle

Mineralization and Immobilization

Organic matter is the major source of soil sulfur. Organic forms of S must be mineralized from organic matter by soil
microbes in order for the S to be in the plantwvailable form, S@2. Mineralization of S@2 is depencent on the same
environmental factors as nitrogen mineralization and may proceed at rates of-2% per year. This can also be
expressed as € pounds of S@-S per acre furrow slice for every 1% organic matter. N¢ll systems have decreased S
mineralization. As carbon/organic matter are increased so is N and S. Sulfur deficiency is more pronounced irtilio
systems.

Sulfate is an anion and is therefore weakly bound to soil exchange sites and is easily leached beyond the root zone,
especially n sandy soils.

Immobilization occurs when organic materials such as crop residue are added to soils low in inorganic S. The
mechanism of tie up is much the same as for nitrogen. C:S ratios in excess of 300:1 can lead to immobilization. As
microbial activity declines there is potential for inorganic S to appear again in the soil solution.

Oxidation and Reduction

The oxidation, or conversion of S to sulfate, in the soil is accomplished through five species of bacteria of the genus
Thiobacillus Since the toleance of environmental factors varies widely for these species, the conversion to sulfate can
occur over a wide range of soil conditions. The optimum soil temperature range is from 65° to 90°F. Oxidation can
occur in the pH range of 2 to 9.
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In waterlogged soils, sulfates become unstable and are reduced or converted to sulfides by bacteria. The sulfate is
changed to volatile forms such as dimethyl sulfide or dimethyl disulfide and is lost to the atmosphere. Another reduced
form, dihydrogen sulfide, is detectd as a "rotten egg" smell.

Sulfur deficiencies most likely occur in sandy soils due to fewer exchange sites and lower organic matter content.
Residue management systems have reduced the available sulfate level so all soils Htilhor reduce till systems require

ADDITIONAL REFERENCES:

» Brady, N.C. 2008The Nature and Property of Soils . 8 edition. Macmillan Publishing Co., Inc., New York.

Soil Zinc

The earth's crust contains an avage of 80 ppm of zinc (Zn), ranging from 10 to 300 ppm. Generally, zinc is evenly
distributed throughout the soil root zone below the top soil and will likely be low in areas where topsoil has been
removed mechanically or by erosion.

Factors Affecting Zin ¢ Availability
Plant availability of Zn is influenced by soil pH, phosphorus level, organic matter, and adsorption to clay.

Soil pH
Zn is generally more plantavailable in acid than alkaline soils. In fact, Zn activity has been found to decreasefa

for each unit increase in pH. The more acid soils of the Eastern U.S. generally require less zinc fertilization compared
to the more arid soil of the Midwest.

Soil P Level

Many researchers have reported highhavailable Rinduced Zn deficiencies. This phenoenon was thought to be due
to precipitation of zinc phosphate. However, more recent data suggests that fhduced zinc deficiencies occur only
when zinc itself is deficient in the soil. In situations of high Zn concentrations in the soil, high P availitlidoes not
affect Zn availability.

Soil Organic Matter

Soils with high organic matter content have been found to keep Zn highly available. Mineralization of Zn from organic
matter occurs; but, as with nitrogen, immobilization can also happen.

Adsorption to Clay Minerals

Zn is bound to clay minerals by isomorphous substitution (replacing one atom with another of similar size in a crystal
lattice) and is held on exchange sites. Clays of 1:1 structure fix less Zn than clays of 2:1 structure. Titjeeh the soil
CEC, the more Zn is adsorbed. In general, the grassland soils of the Great Plains are naturally low in available Zn.

Additional Causes of Deficiencies

1. Restricted root zones caused by soil compaction
2. Cool, wet soil causes less root developmeand less mineralization
3. Lack of mycorrhizal fungi
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Collecting Representative Soil Samples

The fact that a soil test is no better than the sample it was taken from cannot be oxvanphasized. Soil fertility variation
is an inherent soil property present inevery farm field.

Table 44 is an illustration of variation across a field. Although the data is from North Dakota, the principle is the same
for all soils. Note the range of soil test values especially for sites 3 and 4. With grid sampling we see thig tyjpvariation
in most fields.

Table 59: Range and Average Soil Test Values from Four Sites in a North Dakota Field

I T S T S T N Y S

Range Range Range Range
NGs-N 21284 39 317208 90 12746 23 147225 62
P 5220 12 7239 17 2746 14 7z110 27
K 2407540 | 423 36027540 509 1307970 365 4057690 521

Data from Kansas State University showed that soil phosphorus varied by as much as 40% within a distance of one
foot. Although these may beextreme cases, it shows that variation can be a problem even when the land has been
uniformly treated over a number of years.

There are several guidelines to follow when collecting soil samples which reduce the variation problem and create a
sample that mae accurately reflects the fertility levels of the area from which it was taken.

Proper Sampling Equipment

Soil probes, soil augers, and spades can all be used for sampling. If using a spade, care should be taken that a uniform
slice of soil is taken at eeh site. A clean plastic pail is recommended for use while collecting the soil samples. Never
use a galvanized metal pail or any container that may be contaminated with fertilizer, manure, etc. Finally, the soil
should be submitted to the lab in a clean oth or plastic lined paper bag and sent as quickly as possible. If the soil
sample cannot be sent immediately, spread out the soil on clean paper to air dry. This reduces the chances of
appreciable amounts of organic nitrogen mineralization by microorganisis during the time between sample collection

and drying at the lab.

Depth of Sampling

A surface sample of 8 inches should be collected for NP-K and micronutrient analysis. Subsoil samples from-86
inches (824 inches minimum) should be collected for tsting for residual nitrate-nitrogen.

Divide Field into Sampling Units

A single soil sample should represent no more than 40 acres. In fields that have numerous slopes, divide the field by
topography. Represent sideslopes with one sample, low areas with asther, hilltops with another and so on. Do not
mix cores from low areas and sideslopes together; that does not give you much information. Areas of a field that have
had different crops, fertilization or liming should also be sampled separately. Changes snil color, drainage, and
texture should also be sampled separately. Avoid dead furrows, old feedlots, old farm sites, terrace channels, alkali
spots, or any small area in a field that is drastically different; that only serves to contaminate an otherwigeod sample.
Sample odd areas separately.
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Number of Cores in a Composite Sample

Within a sampling area, take at least 15 cores at random. Be sure to keep top and subsoil cores separated in their
respective pails. After collecting the cores, thoroughly miand put about one pound of soil into a clean bag for each
depth.

Labeling of Soil Samples
Clearly label each bag and be sure the sample identification matches that on the soil information submittal sheet that

Grid Sampling
Grid sampling is important for assessing soil nutrient variability. Each sample for a grid point shislibe a composite of

at least 8 subsamples. It is suggested that two subsamples be taken from the left and right sides and from the front and
back of the sampling vehicle. Mix the subsamples before placing in the sample bag.

Soil Test Calibration

Soil tess are used to predict the amount of plant nutrient needed to supply crops with 100% of their nutrient
requirements. Some soils are very low in certain plant nutrients and consequently require high rates of fertilizers to
supply crop needs. On the other hah other nutrients are found in very high levels and no additional nutrient is

required.

Definition

A soll test is a chemical means of estimating the nutrient supplying power of a soil. The test must be calibrated before
it can be properly interpreted. Sai tests are calibrated by establishing fertilizer rate experiments on different soils to
determine the best fertilizer rate at a given soil test level. Once a number of fertilizer experiments have been conducted,
the data can be summarized, and fertilizerecommendation guides developed for each soil test level. Field research is
necessary before soil test values can be used to suggest fertilizer rates. Land Grant University Agricultural Experiment
Stations provide this information.

Chemical Analysis

The chemical method used to measure the available soil nutrient level is important to the extent that the method must
be accurate. The extraction method must show measured increases in nutrient level as the indicated field crop
response decreases.

In designing € AT EAAT | AOET AOR OEA ROAOOEIT 1 & [ AAOGOOEI ¢ OAEDA
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general, fixed forms are not availale forms and should not be included in the forms extracted by a soil test method.

Correlation and Interpretation

All soil test values must be correlated with crop growth from fields of known response. The experimental site must
have only the fertilizer nutrient as a variable. Variables such as plant population, planting pattern, tillage practices,
variety, planting date, soil, and rainfall/irrigation are identical in time and quality. For example, when a P experiment
is carried out on a P responding soignd one plot is fully fertilized while another has everything except P, a difference
in rate of growth is established that can be measured as the final yield per acre.
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Fertilizer and Recommendations

The soil test indicates the nutrient level in thesoil. It says nothing about the yield potential of the soil, the season, the
management practices, or the amount of fertilizer needed. The accuracy of the test interpretation is based on the kind
and quality of field research. Most soil testing correlatiomesearch is conducted by Agricultural Experiment Stations at
the Land Grant Universities.

To determine the level of fertilization, economic considerations are important, especially the value of the expected crop
increase in relation to the cost of the fdilizer. To make an economic judgment, it is necessary to estimate the yield
response and its value. This is difficult to do, but the best suggestion is to use average yield responses and prices.
Therefore, the final fertilizer recommendation depends on aturate soil test collection, analysis, and interpretation of

the test results based on sound research and judgment.

Expression of Yield Responses

Concept of the Nature of Yield Response

1. LIEBIG'S LAW OF THE MINIMUM

Justus von Liebig proposedth®, Ax | £ OEA -ETEI O0i 6 ET pyoec8 4EEO 1 Ax | A
on that nutrient that is found in relatively the smallest quantity in the soil, that is the minimum®”. When that nutrient is
supplied in ample amounts, the nutrient in thenext smallest relative supply becomes the limiting factor.

Based on this law, if in a particular soil, nitrogen is sufficient for 150 bu/acre, phosphorus is sufficient for 160 bu/acre,
and potassium is sufficient for 170 bu/acre, the yield will be 150 buécre and nitrogen will be the limiting factor. If
nitrogen were added to a level that is sufficient for 170 bu/acre, then phosphorus becomes the limiting factor.

2. MITSCHERLICH'S LAW OF DIMINISHING RETURNS

In 1909 a German soil scientist, E. A. Mitschezh, developed an equation that related growth to the supply of growth
factors. This concept is based on this differential equation:

-l
AL
m, T

This equation states that the increase in yield due to an increment of fertilizer is directly proporticad to the difference
between y, the actual yield, and A, the yield possibility. Factor quality x is the rate of fertilizer and c is a proportiahal
constant that depends on the nature of x. The increment of change is represented by the letter d. In tlyethe greatest
increase in yield (y) is from the first increment of fertilizer (x); the amount of yield increase becomes progressively
smaller with each additional increment of fertilizer (x), about one half the response from the previous increment

Mitscherlich proposed that the parameter ¢ was constant over a wide range of conditions. Several scientists pointed
out that not all sets of data had the same c value that Mitscherlich proposed. Consider two different situations in which

A exists as two diffeent yield possibilities, which may be due to weather, variety, or fertility differences. Assume the
same amount of fertilizer is added in each situation. If ¢ has the same value in both cases, then the above equation leads
to:
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This shaws that different yields can be expected from the same amount of fertilizer if the yield possibilities are
different. Also, a certain amount of fertilizer is sufficient for a given percentage of the yield possibility no matter what
that yield possibility is. Therefore, the constant value of ¢ has led to the "percentage sufficiency concept”. This is the
percent of the possible yield that is given by the nutrient if none is supplied. Another scientist, Baule, extended this
concept further to say that if two rutrients were lacking the expected yield of the crop could be obtained by multiplying
the percent sufficiencies for the two deficient nutrients together and multiplying their product by the yield possibility.

Example:
Suppose: Yield is 80 bushel/acre if ro P applied and K is adequate.
Yield is 90 bushel/acre if no K applied and P is adequate
A (yield possibility) = 100 bushels/acre if both applied
Percent sufficiency of P would be 80/100 = 80%
Percent sufficiency of K would be 90/100 = 90%
Yield = 0.80 X0.90 x 100 = 72 bushels/acre if nothing is applied.

This can be extended to more than two nutrients by continued multiplication of percentage sufficiencies.

Comparison of the Two Concepts

Assume a given situation where nitrogen is sufficient for 70 bu/a@ while phosphorus is sufficient for 90 bu/acre and
the yield possibility is 100 bu/acre. According to Liebig's Law, the yield would be 70 bu/acre while the Mitscherlich
Baule formula would show 63 bu/acre. Which is correct?

Given two mobile nutrients, nitogen and sulfur, both potentially deficient for a particular yield possibility, neither will
appear to be deficient until one is nearly gone. Therefore, the actual yield is related to the supply of the nutrient rather
than the yield possibility. In otherwords, the amount of nutrient needed in the soil to obtain a yield possibility will be
different in conditions where yield possibilities are different. The percentage sufficiency concept does not apply in this
case. Generally, it can be stated that LiebsgLaw applies to mobile nutrients, while the Mitscherlich concept applies to
immobile nutrients.

Consider immobile nutrients such as phosphorus or zinc. The amount available to the plant is dependent on root
extension. Since root extension is proportionato top growth, the amount of nutrient available is closely related to
plant yield. Also, since root extension may be affected by deficiencies of other nutrients, multiplying the percentage
sufficiencies for the deficient nutrients is logical for immobile mtrients. Therefore, the MitscherlichBaule concept
applies to immobile nutrients.

Bray further expanded this concept to incorporate soil test values for the nutrient into the equation. His work indicated
that c is not a constant over a range of fertilizeapplications but increases with the rate of application. The point of
diminishing returns is much different when c is not held constant.

Soil Test Methods: Nitrate

ammonia salts are all converted eventually to nitrate. Plants can and do absorb ammonium ions but the majority of the
total nitrogen is obtainedfrom nitrate ions.

Nitrate is also unique in the nitrogen cycle because it is soluble and can be moved through and away from the root zone
by percolating water. However, if it does not move out of the root zone, it remains available for plant uptake.
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The nitrate soil test measures the amount of nitrate left in the soil and available for the next crop. Nitrate is water
requirement and then subtract the nitrate measured by thesonteStThlsglvesthe best estimate of the amount of
nitrogen to apply.

Most labs report nitrate as ppm N. To calculate pounds of N per acre, multiply the ppnirate reading by 0.3 and by
sample depth in inches to calculate pounds of N per acre. If the soil samplere 6 2/3 inches deep, the ppm would be
multiplied by 2; if 12 inches deep, ppm would be multiplied by 3.6 (12 X 0.3) to arrive at pounds of nitrat@trogen
per acre.

Nitrate-nitrogen is extracted from soil by water saturated with a calcium solution. Nitrate is very soluble so it can be
extracted with water. Calcium is added to flocculate soil clays, so a clear filtrate can be obtained. Nitrate is yaed in
the filtrate by the cadmium reduction procedure with a flow injection analyzer (FIA). Nitrate is quantitatively reduced
to nitrite when passed through a copperized cadmium column. The nitrate is then determined by diazotizing with
sulfanilamide followed by coupling with N-(1-naphthyl) ethylenediamine dihydrochloride. The resulting water soluble
dye has a magenta color which is read at 520 nm wavelength.

Many correlation studies have concluded that the nitrate soil test estimates nitrate carryover we well. Most
researchers have found that a stronger correlation is obtained when a deep soil sample (from 8 to 36 inches) is included
for nitrate analysis. The correlations have improved when nitrogen response is related to growing conditions that
influence final yield. In other words, a realistic yield goal must be established to make the best use of the nitrate test.

Deep soil nitrate samples should also be taken where crop quality is very important. Sugar beets, malting barley,
potatoes and cotton are gamples. Excess N can lower quality and profits on the crops.

There are a few shortcomings of the nitrate test that should be mentioned:

1. The nitrate test does not measure N released by a previous legume crop. An adjustment must be made by the
grower or crop consultant.

2. It does not measure ammoniureN from recent anhydrous ammonia application. It takes -8 weeks for most of
the anhydrous ammonia to convert to nitrate in warm soil and considerably longer in cool soils.

3. Nitrogen available from manure will not ke shown by the nitrate test until the manure has had a chance to
mineralize in the field.

Soil Test Methods: Phosphorus

be measured because of phosphorus reactions with soil particles. Phosphorus is an immobile nutrient, which means it
is held on soil particles and does not move with soil water. It moves by diffusion. As the plant root penetrates the soil,
phosphorus is absorbed by the root hairs from soil solution and then phosphorus ions move from the soil particles to

only penetrate a small portion of the total soil volume.
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In our laboratory, phosphorus is extracted by the Mehlich B test. This extracting solution is 0.013 N HNgand 0.015

N NHiF. The HN@adds acid to the soil to increase the solubility of calem, aluminum and iron phosphates. A dilute
acid is used to avoid dissolving very insoluble phosphate compounds. Fluoride ions precipitate soluble calcium
allowing extraction of more soluble calcium phosphates (such as dicalcium phosphate). Fluoride alsamplexes
aluminum strongly and frees phosphates bound to aluminum. This method removes the readily soluble portion of each
available form of phosphorus (that portion of phosphorus of the most immediate significance to crop growth). The
extract also has 0.8 N NH; NG;s for extracting cations and 0.20 N acetic acid to buffer the extract against excess lime
(CaCQ) reaction.

A blue color is developed for the measurement of phosphorus by complexing phosphate with molybdate ions and then
adding a reducing agentThe reducing agent we use is ascorbic acid with potassium antimony tartrate. The color
intensity is measured at a wavelength of 882 nm.

The Mehlich R3 test does work in high exces$ime soils because of the 0.20 N acetic acid. The acetic acid keeps the
extracting solution mildly acidic so the more readily available forms of phosphorus can be measured.

The availability is related to percent sufficiency or the percentage of phosphorus supplied by the soil. For a soil test
with 80% sufficiency, the soil willsupply 80% of the phosphorus the plant requires and added fertilizer will be needed
to supply the rest. If no phosphate is added, the yield will be 80% of its yield possibility.

The percent sufficiency values are determined by a large number of field exjpments that involve the measurement
of response to fertilizer at various soil test levels. A soil test lab must utilize the correlation of research work condudte
by the Land Grant Universities.

Ward Laboratories also analyzes P by the Olsen HEB test. his test works well for soils containing free lime. The
bicarbonate ion (HCQ) exchanges with the phosphate ion, and the sodium suppresses calcium activity, so phosphate
stays in solution for analysis. The Olsen P test reads lower than the MehlictB Rest, usually by 62%.

Table 60: Phosphorus Sufficiency Levels for Mehlich P -3, Bray P-1, and Olsen P Soil Tests

Mehlich PR3 / Bray P-1, (ppm P) Olsen R(ppm P) %Sufficiency
0z5 0z3 very low 257260
6712 428 low 45780
13z25 9z16 medium 70795
26750 177231 high 90 z100

50 + 31+ very high 100

Sufficiency levels shown are established for the Corn Belt Western area and are based on research correlation work at
these Universities.

Phosphatefertilizer applications should always be made on soils testing very low and low in phosphorus. In the
medium range (1325 ppm P) the application may be eliminated one year without significant yield loss. This is
especially true when the Mehlich P38 phosphaus soil test is above 20 ppm P. However, the producer should not skip
two crops in a row. In the high (2650 ppm P) range, only enough phosphate fertilizer is needed to maintain the soil P
test level.
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Farmers are often concerned about phosphate fertilizeefficiency. The fact is that most phosphate fertilizers sold in
the Corn Belt have the same chemistry and availability. Any claim that one phosphate may be more available than
another phosphate fertilizer is simply not true. Phosphate placed in moist soithere roots are growing is the most
available.

Soil Test Methods: Potassium

unavailable, slowly available, or ready available. The exchangeable and readily available nonexchangeable forms of
potassium are important considerations for the interpretation of the potassium soil test.

Exchangeable potassium is potassium held on the surface of negatively charged clay emganic particles. The readily
available nonexchangeable potassium is derived from primary minerals: K feldspars and micas; and from secondary
clay minerals: illite and vermiculite.

The negative charge on the clays and organic matter is reported sometimas the soil test report as cation exchange
capacity. A higher CEC indicates more clay and/or organic matter in the soil, thus more positions for holding K and the
other cations: calcium, magnesium and sodium. Often the lowest potassium soil tests are foimdandy soils and the
highest tests are found in the clay or organic matter soils in a given locality.

One reason that the K soil test changes slowly is the source of nonexchangeable potassium. Research in Nebraska has
shown that crops utilize largequantities of nonexchangeable potassium.

Research reports have shown good relationships between crop response to K fertilizer and the exchangeable K test.
However, soils are different from region to region, and the exact nature of the response must be detged for each
crop and on each soil if reliable fertilizer recommendations are to be developed. Soil differences must include organic

Soil particles less than 20 microns in diameter have the active cation exchange sites. This includes colloidal organic
matter, a portion of the silt, and the etire clay fraction. Cation exchange capacity of organic matter varies from 50 to
250 meq/100 g. Cation exchange capacity of 2:1 type chemical structure is about 100 meq/100 g. Therefore, sandy
soils will usually have a CEC between 2 and 6; silt loams-25; and clays 18 30 meq/100 g. Since the potassium is
held on CEC, it is an immobile nutrient like phosphorus.

The actual amount of K availability has to be calibrated by research field plots. The percent sufficiency in several soil
test categories is asdllows:

Table 61: Percent Sufficiency of Soil K Tests

Soil K Test, ppm K Soil Fertility Rating % Sufficiency

0z40 very low 20750
41780 low 45780
817120 medium 70795
1217160 high 907100
161 + very high 100
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Potassium is extracted from the soil with 1 N ammonium acetate. The ammonium ions in the extracting solution
exchange with potassium on the exchange sites of clays and organic matter. There is a large excess of ammonium ions
in the solution that replaces ptassium and the other cations. The soil and extracting solution are mixed vigorously on

a shaker for 5 minutes. The soil is separated from the liquid by filter paper. The filtrate is analyzed by inductively
coupled argon plasma spectrophotometer (ICAP).

Soil Test Methods: Sulfur

requirement of a crop.

The sulfur requirement is about 1/7 of the nitrogen (N) requirement. Generally, forage and row crops will remove 15
to 35 Ibs of S per acre and cereal grains abibl5 Ibs of S per acre.

Most of the sulfur in surface soils is found in the organic form. During microbial organic matter decomposition, sulfate
is released for plant uptake. The release of sulfate is similar to nitrate.

There are various sulfurcompounds present in the atmosphere that are returned to the soil. Annual additions range
from 1.0 to 10+ Ibs. per acre annually. Therefore, sulfur responses are less around industrialized areas.

The sulfate contained in irrigation water may not be adequat to meet crop needs. When irrigation water contains
more than 20 ppm S@-S, sulfur fertilizer response is not likely. An exception to this guideline occurs on very sandy

keep the crop green and growing early in the season.

There are numerous methods proposed for evaluating the sulfur status of soils. Extractants that remove soluble sulfate
plus a portion ofthe soil-adsorbed sulfate predicts available sulfate better than other extractants. We have chosen a
calcium phosphate (500 ppm P) extractant. The phosphate anion displaces the adsorbed sulfate ions and the calcium
ions depress the extraction of organic miger. This extractant performs well in acid soils and also in calcareous soils as
found in the Great Plains region. The soil extractant is shaken vigorously for 30 minutes to allow the phosphate time
to displace adsorbed sulfate.

The sulfate concentrationin the filtrate is determined by developing a barium sulfate turbidity, which is determined
by flow injection analysis (FIA). The final result is reported as ppm S€B.

Sulfate is a mobile nutrient. Therefore, the quantity measured is an exact amount inateof a percent sufficiency. One
may calculate the pounds of sulfate by multiplying the ppm reading by 0.3 and by soil depth of 8 inches. This amount
of sulfate is subtracted from the sulfur requirement of the crop and desired yield. The final sulfur recamendation
must evaluate the organic matter level, irrigation water sulfur concentration, soil texture and atmospheric sulfur
contribution.

Soil Testingd101



o

RaymondC. Ward, Ph.DCertified Professional Soil Scientist

Soil Test Methods: Zinc, Iron, Manganese and Copper

These micronutrients are extracted with a chelate solution cldd DTPA. This diffusion test estimates mineral
availability after being in contact with the soil for two hours. The test was developed by Colorado State University.
Correlation data has been collected from many experimental sites in the Great Plains sm@bions. Fertilizer

The actual extracting solution is 0.005 M DTPA, 0.01 M Ca&hd 0.1 M TEA. The pH of the extracting solutions is 7.3.
When the extractant is added to the soil, protonated TEA (HTEA+) replaces Ca and Mg on the exchange sites. This
exchange increases soluble Ca two to three fold, which suppresses dissolution of icaccarbonate in calcareous soils.
Extraction of the micronutrient cations depends on the binding strength of the DTPA. The chelation of zinc and copper

is excellent over a wide pH range. Chelation of iron by DTPA is excellent below pH 7.0 but is stillstabtial at pH 7.3.
Manganese is more difficult to predict because of redox potential. In oxidizing conditions, some complexing exists at
pH 7.3.

DTPA is capable of holding 550 to 650 ppm depending on the micronutrient cation. On average, about 3.5% of the
chelating agent is occupied by the four micronutrients. This excess of DTPA reduces the possibility that extraction of
one micronutrient might significantly affect the amounts of the other metals. Extraction time is 2 hours. Thénsures

that the initial rapid dissolution of the micronutrients is complete. Most of the micronutrients are extracted in the first
hour--except for manganese, which continues to dissolve over a long period of time. Zinc, Iron, Manganese, and Copper
availability ratings are dependent on kind of crop and soil test level.

Table 62: Zinc, Iron, Manganese and Copper Availability Ratings for Various Crops

_ Alfalfa, Clover, and Small Grains Sorghums, and Misc.

Zinc Rating

Very low 0.00z0.25 0.00z0.15
Low 0.00z0.25 0.2670.50 0.16z0.30
Medium 0.2670.50 0.50z71.00 0.3170.60
High 0.51 + 1.00 + 0.61 +
Iron Rating

Low 0.00z2.50 0.00z 2.50 0.00z 3.50
Medium 2.60z4.50 2.6076.00 3.60z10.00
High >4.50 > 6.00 >10.00
Manganese Rating

Low 0.00z1.00 0.00z1.00 0.00z1.00
Medium 1.10z 3.00 1.10z3.00 1.10z3.00
High > 3.00 > 3.00 >3.00
Copper Rating

Low 0.00z0.10 0.00z0.10 0.00z0.10
Medium 0.11z0.20 0.11z0.20 0.11z0.20
High 0.21z0.60 0.2170.60 0.21z70.60
Very High >0.60 >0.60 >0.60
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Soil Test Methods: Calcium and Magnesium

Much of the calcium in soils is found as exchangeable calcium. The level in the soil can range from 250 to over 5,000
ppm Ca with no apparent evidence of deficiency or excess in plants. The need for calcium as a nutrient is directly
associated with soil pH. A strongly acidic soil will have enough aluminum and manganese present to reduce plant
growth. The addition of carbonate as lime (CaGpincreases soilpH, which eliminates aluminum and manganese
toxicity and improves plant growth. For further information on liming recommendation and magnesium fertilizer

Magnesium content in the soil is similar to the potassium levels. Exchangeable magnesium levels are similar to
exchangeable potassium levels in the Western Corn Belhd higher in the Eastern Corn Belt. Some of the total soil
magnesium is found in norexchangeable form. Therefore, the exchangeable magnesium level changes slowly with
time because of the equilibrium with norexchangeable forms.

Research has found that mgnesium availability is related to the exchangeable magnesium level. Exchangeable
magnesium and calcium are extracted from the soil by extracting the soil with ammonium acetate. The ammonium ions
displacethe calcium and magnesium on the exchange complé&uwr laboratory uses ammonium acetate solution as the
source of ammonium to displace the calcium and magnesium. The extracting solution is vigorously shaken with the
soil for 5 minutes. After the samples are filtered, the filtrate is analyzed for calcium dmmagnesium by inductively
coupled argon plasma (ICAP).

The 1 N ammonium acetate solution dissolves some of the limestone (Cali@ calcareous soils. Therefore, in alkaline
soils, the calcium and magnesium soil test readings include both exchangeable amdall portions of more soluble
calcium and magnesium minerals.

The interpretation of the calcium test generally should be based on the soil pH value. Some agencies and laboratories
have stressed a Ca/Mg ratio as being used for propaterpretation. However, a review of the literature indicates that
the ratio is not much of an issue unless the Mg test exceeds the Ca test on an equivalent basis (meg/100g).

Magnesium interpretation is based on the exchangeable Mg level. Many studieshia United State have shown that Mg
response may occur when the exchangeable level is less than 50 ppm. A study in Indiana compared Ca/Mg ratios
ranging from 1:1 to 49:1 without affecting crop yield as long as the Mg test remained above 50 ppm.

Table 63: Interpreting Mg Soil Test Levels

Magnesium deficiency symptoms may be general in most field crops, vegetables
0z25 Low : . e )
and fruits. Magnesium fertilization is advised.

Magnesium deficiencies are expected in sugar beets, potatoes and fruit crops.
26750 Medium Magnesium fertilization is advised for these crops especially. Cereal crops would
not be expected to respond consistently.

Magnesium deficiency is not expected ifield or vegetable crops. Magnesium

517100 High fertilization is suggested for fruit crops.

101 + Very High No magnesium deficiencies are expected.

A Mg soil test in the @z 100 ppm range may indicate a problem with grass tetany in cattle grazing forages grown on
these soils.
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The interpretation of the exchangeable calcium test is dependent on soil pH. If calcium is relatively low one must refer
to soil pH to determine if lime is needed.

Legumes should be limed when pH is below 6.1, row crops when pH is beléw, and small grains and grasses when
pH is below 5.4. These are suggested guidelines for the Western Corn Belt and may change in areas where subsoils
contain large amounts of acidity.

Salt Affected Soil

Salt-affected soils are more common in arid and sei-arid regions than in humid areas. Saltffected soil is adversely
changed by the presence of soluble salts. Saline soils contain enough soluble salt to limit plant growth while sodic soils
contain excessive exchangeable sodium that destroys soil strucéu Salinesodic soil is excessive in both soluble salts
and exchangeable sodium and thereby interferes with normal crop growth.

Origin of Salt in Soils

The formation of saltaffected soils is a continuous geochemical process, due mainly to the weatherofgprimary soil
minerals. Rainfall is generally great enough to transport salts out of the weathering zone as they are formed. Products
of weathering may remain in the root zone because of less rainfall, high evaporation, very slow permeability, or high
water table. Since salt moves with water, saline soils are generally found in low laying areas where water accumulates
because of poor internal drainage conditions. Subsequent water evaporation allows the salts to accumulate in the soil.

Irrigation Water as a Source of Salt
Man-induced saline soils can be a result of irrigation. All irrigation water contains dissolved ions (salts). These salts

Properties of Salt Affected Soils

The types of salts present indicate the chemical and physical properties of salfected soils. The salts present in soil
shouldideally be determined under field moisture conditions. Since this is rather inconvenient, laboratory procedures
have been developed to simulate the soil water under saturated conditions. This is done by adding distilled water to a
soil sample until reachng the saturation point, then extracting the moisture from the soil by vacuum filtration. This
extract is known as a saturation extract.

The extract is used to classify soils as normal, saline, sodic, or salgmlic. Salinity is measured by electrical
conductivity (EC) and exchangeable sodium is measured by the sodium adsorption ratio (SAR). The SAR is statistically
correlated with the exchangeable sodium percentage (ESP). An SAR value of 13 roughly corresponds to an ESP of 15.
EC can be measured becausations have positive charges while anions carry negative charges, thus electrical current
can be conducted. This electrical current is calibrated and given as millimhos per centimeter (mmho/cnés the
concentration of ions increase in the soil solution me electrical current is produced to give a greater EC reading.
Sodium, calcium and magnesium are determined in the saturation extract to calculate SAR.

SAR is calculated as follows:

) =4 “tmk
1T FEa® Toa® 7

Thelimits for various classes of sakaffected soils are given in Table-9.
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Table 64: Classification of Salt Affected Soils Based on Saturation Extracts

EC (mmho/cm)
SAR <13 <13 >13 >13
ESP (%) <15 <15 >15 > 15

Soluble salt tests reported by soil testing laboratories are usually reported from a 1:1 soil:water suspension. For
interpretation from a soil test report, please refer to Table 410.

Note that the 1:1method involves the texture of the soil for proper interpretation.

Table 65: The Relationship Between Conductivity and Degree of Salinity

| DEGREE OF SALINITY (L:1 Soluble Salt Measurement)

Texture NonzSaline Low Saline Moderate Saine | Strong Saline | Very Saline
mmho/cm

Coarse sand to loamy sanc 0z 1.1 1.2z2.4 25z4.4 4578.9 9.0+

Loamy fine sand to loam | 0z1.2 137224 25747 4.829.4 9.5+

Silt loam to clay loam 0z13 1.4z25 2.675.0 5.1z710.0 10.1 +

Silty clay loam to clay 0z14 15228 2.975.7 5.8z711.4 115+

A soil test report will show % Na of base saturation if exchangeable cations areasured in the soil. The interpretation
for a sodic soil from a soil test report is an estimate of the sodium from a saturation extract as shown in Table.4

General Features of Saline Soils

» May have the presence of white crust

» Soil pH is less than 8.5

» Principle cations are Ca and Mg with lesser amounts of Na
» Presence of gypsum and possibly lime

» Soil remains in flocculated condition

General Features of a Sodic Soil

» Soil is low in salinity

» High amounts of exchangeable Na

» Soil pH may be as high as 10 due tbe formation of Na2CO3
» Some Ca, Mg and K present

» Principle anion is HCO3 with lesser amounts of Cl and SO4

» Soils become physically dispersed, or deflocculated, reducing entry of air and water into the soil; excessive sodium
promotes the dispersion and swelling of clay minerals, restricting water movement; the soil is extremely hard
when dry.

» Sodium toxicity
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Characteristics of Saline -Sodic Soils

» Possesses same chemical properties of both saline and sodic soils

» Presence of excess sathaintains soil permeability and keeps soil pH below 8.5

» Reclamation requires leaching of salinity and then leaching of exchangeable Na with
» gypsum application before crop growth can be improved

Effects of Salt on Crop Growth

An increase in the salt concetnation of a soil will result in water being "pulled" away from plant roots, causing a
condition known as "physiological drought". This is when a crop appears to be droughtressed even though there
may be plenty of available water in the soil. The attrdion of water to salt is a function of osmotic potential, which is
governed by salt concentration. An increase in salt concentration causes osmotic potential to become stronger meaning
plants have a more difficult time utilizing soil water. A good examplef osmotic potential is when you see moisture
gathering around salt pellets. The high attraction for water (negative osmotic potential) by the salt pulls water from
the atmosphere, much the same as salt would pull water away from a plant root. Multiply tB#C from saturation extract

by 0.36 to determine the atmospheres of osmotic potential.

Salt Tolerance of Field, Forage and Vegetable Crops

Tolerance to soil salinity varies among plant species. Therefore, selection of crops is an important decision that ba
used to reduce the impact of soil salinity. Crop response to soil salinity is influenced by plant growth stage, variety,
irrigation method, soil moisture management, soil fertility, and climate.

Barley, wheat, and corn are most sensitive to salinity uting germination and seedling stages and become more
tolerant with maturity. Overall, barley is one of the most saltolerant field crops available. Hot, dry conditions magnify
salinity problems.

Management of Saline and Sodic Soils

The most common method used to reduce excess salts in soil are tile drainage and leaching. Salts are leached down
through the root zone and drained off through the tiles. One must be sure, however, that the water being used in the
leaching process has a satisfactory salt levet the effort will be self-defeating. Leaching is most effective in permeable
soils that are high in calcium and magnesium. Leaching salisedic soils with water low in salt may intensify the
sodium problem because calcium and magnesium are removed, allimg sodium saturation to increase and thereby
causing formation of a sodic soil. To reclaim a salinesodic soil, applications of gypsum (CaS@H20) or elemental
sulfur for calcareous soils only may be needed to supply soluble calcium to exchange witldisim so that sodium can

be leached as sodium sulfate. Exchangeable calcium allows leaching of the salts, which will improve the soil and make
it more satisfactory for crop growth. Elemental sulfur is effective in calcareous soils.

As mentioned, sodium haards can be reduced by substantial applications of gypsum. Up to several tons per acre may
be needed and the gypsum should be incorporated lightly or left on the surface. Sulfur can also be used to reduce
sodium hazards if the soil contains excess lime. dp conversion to sulfuric acid, sulfur changes the lime into soluble
calcium sulfate (gypsum). Calcium exchanges with sodium, which reduces sodic properties.

The charts on the following pages illustrate the tolerance of vegetable, field and forage cropy&#o soil salinity.
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The following formulas help determine the amount of sulfur or gypsum needed to reduce sodium percentages to safe
levels:
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Figure 14: Salt Tolerance of Vegetable Crops
EC of Saturated Paste Extract(mmho/cm at 25°C)

*The indicated salttolerances apply to the period of rapid plant growth and maturation, from the late seedling stage
onward. Crops in each category are ranked in order of decreasing salt tolerance. Crosslines are placed at 10, 25, 50 and
100-percent yield reductions.
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Rice (Paddy) |
Corn
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Figure 15: Salt Tolerance of Field Crops

EC of Saturated Paste Extract(mmho/cm at 25°C)
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Figure 16: Salt Tolerance of Forage Crops
EC of Saturated Paste Extract(mmho/cm at 25°C)

*The indicated salt toleances apply to the period of rapid plant growth and maturation, from the late seedling stage onward. Crops in each
category are ranked in order of decreasing salt tolerance. Crosslines are placed at 10, 25, 50 aperb@dt yield reductions.

Control of soil salinity can be accomplished through careful irrigation management. Excess water is needed to leach
salts below the root zone. Frequent irrigation may be necessary to keep salts diluted enough to allow normal plant
growth. This is especially criticalat germination and early plant growth stages. Use of sablerant crops is another
management tool. Temporary alleviation of saline conditions, perhaps with farm manures, may allow the
establishment of less tolerant crops like alfalfa, which may maintaintself once established despite the saline
conditions.

How much excess irrigation water is needed to leach salt to a tolerable level in the root zone? A leaching requirement
needs to be calculated as follows:
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, A 08 GurGoll thot bne holds 10 inckes of water and your irrigation water has an EC of 2.00 mmho/cm. A 50%
corn yield reduction occurs at an EC saturation extract of 6.00 mmho/cm (Taken from Figure6}. The leaching
requirement would be 2.00/6.00 x 10 = 3.33 inches. If you had estimated th&2.5 inches of water waseeded to fill
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If you estimated 2.5 inches of water was needed to fill root zone to field capacity, 5.8 inches of water has to be applied
j ¢c8uvodo&d 8

ADDITIONAL REFERENCES:

» James, D.W., Hanks, R. J. and Jurinak, J.J. M@®ern Irrigation Soils , Wiley-Interscience Publication.John
Wiley and Sons.
» Brady, N.C. 2008The Nature and Property of Soils . 8th edition. Macmillan Publishing Colnc., New York.
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