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. ] MICHIGAN FIELD CROP ECOLOGY - INTRODUCTION

SIntroduction

\
"~ |Richard R. Harwood
o o

S Why this book?

...‘ This volume was assembled by a proup of Michigan agricultural scicnusts, MSU Exeension workers and
. farmers to promote greater understanding of Michigan ficld crop ecology in arder 1o help Michigan farm-
/ f ers achieve greater sustinabiliny in their farming svstems. We touch briefly on the social, political and
macrocconomic dimensions thar are cridical aspects ol agricultural sustainability, but vur pamary goal is to
build an understanding of the biological basis of sustainability. Our general approach is to describe
. L management (especially ficld crop biodiversinv and crop rotation) in terms of'its influcnee on organisms’
habirats and food sources tound m the agriculiural landscape. Roth agriculiural productivin: and environ-
mental qualiy can be signiticantly enhanced by more effectivels managing the biological processes upon
which agriculture 15 based.

Since considerable ficld crop ccology rescarch in Michigan is being conduered at the WK Kellogg
. Biological Starion (KBS) in Kalamazoo Counry, this book draws heavilv on research conducted there.

o w‘* Research resules are gleaned from three KBS projeces in particular: the Long-Term Ecological Rescarch

ot Ul K ﬁ S project in Row Crop Agriculture (LTER), the Living Field Laboratory (LEL}Y and the Cover Crop
i Program. The LTER is funded in cooperation by Michigan State Universiry, the Michigan Agriculrural

’ S Experiment Stadion and the Natonal Science Foundation. "Ube rescarch ar the KBS 1 TER centers on the
'}7_ ceological interactons underlving the productivite and environmental impact of ficld crop ecosvstems and

J) e on patterns, causes and consequences of microbial, planr and inseer diversity in agriculiural landscapes,

‘Y \\l The LEL was designed o integrare basic ecological knowledge eained from the LTER into cropping sys-
gy tems appropriate to Michigan farming, situations. The Cover Crop Pragram, largely farmer-driven, assesses
), various cover crops for the Michigan environment and cvaluates management opaons sach as time of’
planiing. mcrhods of killing and herbicide compaibiline

-.\,‘~1 b " ] -l.,-_ et ; “F5E
Living Field Laboratory. W.K. Kellogg Biological Station (KBS).
Hickory Corners, Mich. (above). Ag field day at KBS (r).
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Goals for Michigan’s
field crop agriculture

Michigan agriculture is one ol the counery’s most diverse,
rellecting the variety of its soils and microclimares. A biologically
based agriculoure muse build on this diversity.

To be sustainable, Michigan's agriculrure must be plobally
competitive in producing commoditics that commonly move
great distances at low cost, such as corn, sovbeans, wheat, dry
beans and sugar. Jt must also be regionally and nadonally com-
periove in produun g polatacs, hay “and many animal products.

Agricnlure must also provide a range of ecosys-
tem seevices to our peaple, our cconomy and our
landscape. These serviees include providing clean
surface waier, fiteered groundwater, clean air, bio-
logical diversity and stabilicy, wildlife habitac, waste
recveling and an aesthetically pleasing landscape.
Since farms dominate the landscape in many pares
ol Michigan, services provided by agriculoral
ccosvstems beneliv all Michigan residenrs,

What is field crop ecology?

Field crop ecology is a part ol agricultural ccology, or agroccology, which is the stady of the interactions
among the many biological, ¢environmental and management factors that make up and mfluence agricul-
ture, Another wav of defining agriculrural ecology is that it is the study of material and encrgy Nows with-
in and across agrculeural fields, from the level of the individual soil organism o the global scale.,
ITmpaorrant interactions within this complex web include those among sonl\ plants, animals, humans, land-
scapes and the ammosphere. An ccological perspective recognizes that these interactions occur in an often-
changing environment and that it is impossible 1o change one aspecr of a frming system without affecting
others. In other words, agricultural ccology considers farming systems trom a “holistic” rather than a
“reductionistic™ perspecrive.

Ficld crop ceology is different from the broader ficld ol agriculrural ccology only in thar iv specifically
addresses feld crop producrion; thus, the principles we discuss in this publication are applicable o all
frrming systems, but the demils are specific to ficld crop production. An incroduction to ficld crop ccosys-
tems is given in the nest chapuer.

Integrating ecology into farming system design

AL the prodoction Jevel, most technological developments have been aimed at reducing labor and
increasing viclds, largely by considering commodiny production from the perspective ol the engineer,
chemist and plant breeder. While grear sirides have een made using this largely engincering approach,
some unexpecred conscquences have resulted by not adequately considering the complex biological sweb
thatis ar work in W system of healthy, efficient soils, plants and animals.

licological management of farming svstems is an approach thar considers this complex biological web
and recognizes that management decisions atfect the habicats and food sources ol organisms imporrant in
regulating biological processes and, therefore, agricultural producnivine. The reladonship benveen soil
quality and crop health is at the beare of field crop ccology.
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The major objectives of ceological management
are:

1) enhancing soil quality (and productiviey),

2) managing pests and discases witly mini-
mal environmenral impacr, and

3) recycling nucrients and residues clicee-
tively and clhiciently,

Management practices that help achicve all
three of these goals, sucl as the use of crop rota-
tion and cover crops. are highlighted in this
book. This book provides guidelines for using
these practices. Specific combinations of practices
should be designed for individual farms based on
microclimate, soils and other factors.

Michigan climate and soils: problem and opportunity

Effecrive management begins with an assessment of an arca’s climate and soils; che fundamental base of
agricultural productivity. Since Michigan land costs, taxes, soil types and climace are often not ideal, we
must compensate by using the resources we have (water, soil and local markets) cificicntly and prorecting
them from degradadion.

Most Michigan countivs reccive 30-34 inches of minfall annually, ranging from 26 inches in the Saginaw
area, to nearly 40 inches in the southwesr. Abour half falls dunng the main, five-month growing scason
{May-Sept). During the sumimier, evaporation and crop demand exceeds ratnfall in most regions, so litde

The eftect of climate and soils
on Michigan ficld crop ecology
is discussed on the following
pages using three examples: soil
quality, control of Hessian fiv
damage o wheat and the use of
cover crops. Lach example
addresses che imporeance of chi-
mate and soils on management
decisions.

Monthly average precipitation and
potential evapotranspiration for the
years 1956-1986 at K8S.

OND ] FMAM J | AS

Month




MICHIGAN FIELD CROP ECOLOGY - INTRODUCTION \4

Soil quality and climate

interactions Crust
In Michigan, most soil deten- Depth

araton, groundwager contami- (in)

nation and »oil loss occor during 0 —

the winter. Fall plowing exposcs S —

soil to weathenng and disrupts
sotl organisms’ habirars. The

hest way to minimize soil deren- 7 = It

oration is (o Jeave crop residues 5 ﬂg”ﬁﬁ%’?@
on the surtice and /or plane a . (“,@a’w

coner crop. Boih dead and living 1 : R '

cover physically protect the soil

irom degradation that occurs 8

from direct exposure to raintal,
In addirion, the roots of live
cover crops can rake up excess
saluble nitrogen, provide a L
lavorable environment for soil
organisims and supply fresh crop
residue to “PUISC” the hiota in Sourte: Soil Management, Ontario Menistry of Agrecultire, Food and Rural Affairs, 1994,

the spring.

Soil ovpex differ in their
demand tor such “wender loving
care.” Coarse-textured soils,
with a water inhltracion rate of
above nwo inches per hour,
require much more carciul
nitrate managenent than do
inc-textueed soils. Other sotls
develop a crust or are suscepuble
To compacton it steps are not
taken to protect theny.

Soil Crusting

Following the rapid wetting
and drying of an overworked
seedbed. a solid sheet of sail,
0.01-2 inches thick. forms that
is ught enough to prevent
crop emergence. This is known
as soil crusting.

Hessian fly and Michigan climate

Scasonal temperarure and moisture changes

Aso adTect inseer and disease incidence. An Earllast wheat
example fumliar to many farmers 1s schedul- seeding dates to
g wheat planting dates to avoid damage by avoid Hessian fly
the Hessan tly, a porennally serious wheat damage
pest. As cemperacures drop in che il <
. 5 ept. 3-4

Hessian v activite decreases and wheat can _ P
be safely planted after Dy activine has reached [ ] sepr59
a minimum threshold. This Flessian ily-free

. Hresold. 10 ; Y B sepe. 10-14
whear planting dare is adjusted in unusually .
cold or warms years, in recognition rhae I:I Sept. [5-19
Hessian (v activine is wearher-dependent.
R - AP l X ) E Sept. 20-25

I'his is a good example of using ccologieal =
intformation about pests o aid in ficld crop ¢

nanagement.
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Cover crops and climate

In a crop rorarion svstem with ar least one winter crop,
and where carly harvest permies, a Qall cover erop is desirable
for many reasons, including those noted above. Fall temper-
atures determine the capacity for crop management dunng
the cold season. A wide mnge of speaies 3s available for
Aungust seedinp: LI emperatares, however. derermine the
potential for September and Ocrober scedings. Michigan
has three zones for R growrh thar correspond 1o the grow-
g degree davs (G above the $0° F base considered
appropriate tor most cover crops. A total GDD for
Seprember and October above Y00 s ideal tor cereal-
legumie mixes. Those arcas above 1100 GDD have further
options, imcluding, Jegumes like hairy verch.

LB

GDD*< 900 (T T T R

I oo > 900
I coo > 1100

*GDD = growing degree daYs. abO\FE_ 40° F
for September and October.

Annual rye-
grass planted
into sweet-
corn.

Red clover in corn.

Cover crops can markedhy reduce nivare leach-
ing as shown i the table below. T several scudics,
L cover crops reduced mitrace leaching in conrintious
corn by as much as 36 pereent. Reducetion in
nitrate loss also occurred when compost and /or
four-crop rotation were used, bur viclds and prol-
Hits were somerimes lower,

Nitrate leaching in different cropping systems using various nitrogen
sources (pounds of nitrogen per acre)

Nitrogen source

Fertilizer Fertilizer Compost
+ cover + cover

Nitrate leaching | 64 | 23 | 41

Seurce: The Living Field Laboratory, KBS, 1993.96,

These are just a tew examiples of the inlluence of cimate and solls on management decisions that influ-
ence soll quahity, pest populanons and nutrient reeveling. This book addresses these and other issues in
Hercater detail.
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MICHIGAN FIELD CROP ECo

-ield crop
2cosystems

. Philip Robertson

{ey concepts and questions

¢ Whart is an ecosvstem? How do ficld crop ceosystems difter from unmanaged
ccosvstems? What can we learn from unmanaged svstems to help manage ficld

Crop ccosvsrems susrainablys

How do ficld crop ccosvstems and surcounding ccosvsrems atfect cach other?

What is primary productivity and what influences ir?

How do encrgy and nutrients flow through ficld crop ccosystems?

* o 0 o0

What are the different components of field crop ccosystems and how do they
interact? '

How do biodiversity and crop rotation influence field Crop ccosvstems?



—_—

What is an ecosystem?

'An ccosystem is a geographic location on the earth’s surface
witere energy and nuericnts are caprured and transformed by
plants, animals and microbes. '

An ceosistem can be as harge as the planer or as small as 4
Aclump ot soil, W‘irhin cach, complexs communities of organisims
INreract to ranstorm energy from one form to another, and 1o
take up and ransform nutrients such as nitrogen and ph(;sphorns.

Eftecrive ecological management of ficld crop-
ping systems is based on understanding farms
and ficlds as ccosysrems.

Source: ©1997,
reprinted by permis.
sion of The Living
Earth, facfEarth

: ‘ lmaging., Santa Monica,
| CA 90404,

L To most of bs, an ecosystem is an area with well-defined boundaries that ser it apart from adjacent arcas.
el ’

In a lake ecosystem, energy is provided both by sunfight
bon, water, nitrogen and other molecules into green or {captured by phytoplankton and plants such as water

~ In aforest ecosystem, trees use sunlight to transform car-

lities) and by organic material washed in from the water-
shed via streams and groundwater. Many nutriencs leave
by streamwater, eventually making their way to coastal
areas where they become inputs to marine ecosystems.

woody material (biomass) thac is harvested, burned,
eaten or decomposed by other organistns, Nutrients
enter the ecosystem in rainfall and air and leave the
ecosystem dissolved in streamwater or air.
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Farms are human-managed cecosvstems designed ro produce as
nuich harvestable biomass (crop vield) as environmenral condi-
riops will allow. Natural inputs conrribure tremendous!y to a

farm’s productiviny as do supplemental inputs such as fertilizers
and pesticides. As a result, farms tend to be more productive
than the natural ecosystems they repliced.

in a formal comparison of cropped
and natural ecosvstems ar the KBS
TR site, corn appears 1o produce
rwice as much aboveground biomass as
the deciduous forests it replaced when
agriculiure moved into the arca in the
18505, Soil resource needs are corre-
spondingiy high - during July a corn

crop can ke up two pounds of nitro- -
gen per acre per davs in conerase, the 3
deciduous forest receives only about 3 5,000
10 pounds of nitrogen per acre per '
vear i precipitation, g
The producnvity of a field crop C
ceosystem can place enormous y -

demands on environmental resources.
Samce of these effects are discussed in
this chapter.
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|Ecosystems as parts of landscapes

Ficld crap ccosvstems are not isolated units —
thev are parts of landscapes, and aftect other
ccosvstems downwind and downstream. Tikewise,
thev are also influenced by forces and events in
other ccasystems upwing and upstream. Field crop
S lecosystems can be managed to maximize the envi-
ronmental services they provide and minimize the
~ environmental degradation rhey cause.

-

An average ficld crop ceosvstem in the
;i""" Grear Lakes region may be abour 40 acres
~ B insize. Any particular field is surrounded
by a mosaic of other ficlds, woodlors and Southwest Michigan landscape.
wetlands that provide habirats for inscers,

L birds, manmimals and other ovganisms. Many

ol these organisms can help regulate agri-

cultural pest populations.,

Small wetlands and riparian aceas help
protect water quality by filtering nitrates
and other contaminants thar leach [rom
croppud ficlds.

Typical southwest Michigan wetland.

In the last centory, agriculture con-
triburted 10 the global atmospheric carbon
dioxide build-up as land was cleared and
soil organic matter decomposed. In the
CoOmMINgG CENnAry, soil organic matter gains
in well-managed soils may help oflser fur-
ther increases in atmospheric carbon dioy-
ide from fossil fuel combusnon and detor-
¢SO,

Mammoth clover and annual ryegrass
seeded into sweetcorn.
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The effeer of agnculture on downstream envi-
ronments mav occur over very long distances,
Nitrate leached from farms in the Mississippi
watershed — which includes most of the U.S. corn-
bele - 1s the apparent cause ol a seasonal oxygen
deficic in the Gull of Mexico thar significantly
harims Gult Coast lisheries.

Satellite image of KBS (infra-red).

Likewise, ficld crop ccosvstems
may be atfecred by very distant
activitics. Ozone, nitrogen oxides
and other indusurial pollutants can
be ransporied grear distances by
winds and allecr crop and torest
ceosystems far awayv.

Source TI1997, reprinted by permission of The Living
Earth. Inc/Earth Imaging. Santa Monica, CA 90404,

Inscct and pathogen outbreaks
in distane pares of the U.S. can
also be delivered 1o Michigan
larms on weather fronts and
through high-alritude winds. The
potato leathopper, for example, is
carricd by sourhwesr winds to
Michigan farms,

Source D997, reprinted by pecmission of The Living
€arth, Inc/Earth tmaging. Sanza Monica, CA 90404
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Primary production basics

Ecologists call the production of plant biomass
trom sunhghe, water, armospheric CO, and
nutrients primmary production. Primary produc-
tion is based on photosynthesis and is the basis
for the global food chain. During photosynthesis,
energy trom sunlight is stored i the chemical
bonds holding carbon atoms together.

Plants use the sugar (fixed carbon) produced
from photosynthesis lor evervthing from sced
production 1o growing new root hairs to chemi-
cal defense compounds. These uses can be broad-
lv caregorized into chree classes: growty, repro-
ducrion and maintanance. Growth is whar we
harvest in a forage crop: reproduction is what we
harvestin a grain crop. Maintenance encrgy is lost
as GO, during growth and reproduction.

Perhaps 30 percent of the energy fixed by a field crop
ends up below ground as root biomass — bur we don’
really know how much, because it is hard 1o track small
roots that are produced and shed consrantly as soil con-
ditions change through the growing scason.

Of the aboveground biomass, about 50 percent is
removed as grain, though this varies by crop species. The
remaining aboveground productiviry is cither removed as
sccondary harvest (such as whear siraw), or retrrned ro
the soil as soil organic matter to provide encrgy for the
invertebrare and microbial decomposers in the soil food
web.
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Net primary productivity

Ner primary productivicy (NI'P) i< the amount of plant biomass produced during a given rime period
within a pacdicular cecosvstem. Feosvstem NPP depends on the plants® photosynthetic efficiency, leaf
arca, leaf duration and on warer and nutrient availability.

Photosynthetic efficiency

Some plants (norably corm), warni-scason grasses
and comman weeds have a photosyntheric parhway
dominared by four-carbon (Cy) molecules. Ac high
remperarures these Gy plants can phorosynrhiesize ar
much higher rates than their Cx counterparts such
as wheat, sovbeans and cool-scason grasses,

Leaf area

Up o a point (abour tour acres ol leal surkace area
per acre), an ccosystem with more lealarea {photo-
svathetice tissue) will fix maore carbon over a given
unit of time. A repical Michigan deciduous (hard-
wood) forest has abour cight acres ot leat surface per
forest acre, while a rvpical corn field has abourt tour
acres. A corn ficld may be considered more efiicient
with respect to leal area.

Leaf duration

The length of time that Teaves are present in an
ceosvstem during the vear affects the amount of energy captored. In a prairic or an carly suceessional
ceosvstem, at feast a few green plants are present vear-round, cven under snow, and are ready ro phorosyn-
thesize as soon as remperatures permit. In a conventional annual monoculuure, planes may exhibir signifi-
cant growth for only 10-12 weeks per vear.

October in Southwest Michigan

Annual crop. Abandoned (early Alfalfa, Deciduous
successional) field. forest

Water and nutrient availability

Fcosvstems with asimilar plant commaniry, whether a deciduous forese, a successional old-field or an
annual field crap communiry, can produce only as nyuch plane biomass as essential plant resoutrees permit.
By far, the most limiting resources in werrestrial ecosystems are nitrogen and wacer, although in cerrain sie-
uations other resources, such as phosphoras, potassiin or micronutricnts, can also limit plane growrh.
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Energy flow in the field crop ecosystem

Only a tinv fraction of the light energy suiking rhe carth is transtormed to the chemical energy that
holds plant molecuices togerher. This fraction is evenrually converted 1o heacand CO, chrough varous
pathwavs, involving every organism in the ceosvstem.

Plants use photosynthesis to convere light energy and CQO; ro chemical energy, stored nainly as bonds
holding carbon aroms togerher. Nutrients, such as nirrogen and phosphorus, are taken up from soil and
used to construce tissue and carry out biochemical processes. Planes and the nutrients they conrain may be
consumed by herbivores, which in turn mav be consumed by carnivores. When plants, herbivores and
carnivores die they are consumed by decomposers such as bacteria, tungi, carthworms and some insects.
Decomposers may also be consumed by carnivores. Stored carbon is returned to the atmosphere as CO,
wheneverin is consumed for energy. Nurrienty are likewise returned to their inorganic forms when decom-
poscd.

The herbivore and the decomposer pathways are the two major energy flow pathwavs in terreserial
ccosvstems. The carnivore pathway is a much smaller pathway, bue can be very imporrant in pest conrrol
strategics. Flerbivores tend ro feed only on plancs, while carnivores teed at several levels. For many organ-
isms, food sources change scasonatly along with availabilivy.

Field crop ccosvstems are designed ro maximize encergy low from plants to the primary herbivore con-
sumers (hwmans and Jiveseock).
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Herbivores

The herbivore pathwayv in ficld crop ccosvstems is dominated
by rumans and livestock. Perhaps 25 percent of the ner primary
productivity of a ficld crop sysrent is removed as grain, and
depending on the crop, this grain is cither fed 1o Jivestoek (i.c.
corn) or consumed direerly by humans (i.e. whear).

There are other herbivores in the ficld crop ccosystem. Leal
caring insects, such as grasshoppers, sap-sucking inscers such as
aphids, stalk-boring mscees such as corn borers, root-chewing,
insects such as parasitic nematodes and sced-cating verrebrates
such as birds and mice, all derive cheir energy direetdy from liv-
ing plangs.

Herbivore communities are different in varions planr commu-
nirics. For example, corn borers prefer corn instead of soybean
plauits. On che arher hand, sovbean cyst nematode populations
will be larger in sovbean than corn liclds.

Decomposers

In most natural ccosvsiems more encrgy ilows from plants into
the decomposcer pathway than the herbivore pachwav, This is also
the case — though less so = Tor licld crop ccosvstems. In ficld
crops, more than 60 percent of net primary producgvity nsually
dircety enters the decomposer pathway, which is dominared by
bacteria, fungi and invertebrates, such as carthworms. These
organisms derive their energy from old leaves, stems and roots.

Some of the chemical bonds in dead planes are casier to break
than others, so some plant biomass disappears quickly. Other
bonds can be broken only by specialized decomposers. Soil con-
rains organic matter in widely varving stages of decomposition,
providing energy tor an equally wide variery of microbes and
microinverrebrates.

Although less well understood than hervbivore communitics,

the decomposer community is also strongly influenced by ficld
crop biodiversitv and crop rotation.

Scurce: R Carvajal

Carnivores

About 90 pereent of the energy consumed by herbi-
vores is respired as heat or exercted. The remainig 10
percent is transformed o growth and reproduction. This
herbivoare biomass may be cansumed by carnivores.

In 2 held crop ccosystam, carnivores come in many
forms. Ladybird beetles cat aphids, birds and spiders cat
lcalhoppers, ground beetles car grubs, nematodes car
soll protozoa and fimgi and humans cat livestock.

Since the carnivore community depends on the herbs-
vore communiry, the carnivore community is also affecred
by field crop biodiversiry.
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Biogeochemistry:
How nutrients cycle

Crop productivity otten
depends on making nutrients
avajlable to the crop ar the
right ume. Planes requive many
chemical elements for growth,
bur usually onlv a few {often
just nitrogen ) arc in himired
supply. A nurrient is considered
limiring to plant growth when
plant growth responds posirive-
Iv 1o the addition of the nurr-
ent, as in rhis graph.

Crop nutricnts such ax nitro-
een, phosphorus and porassiom
come from many different
sources and cxist in many dif-
ferent torms in soil, only a tew
of which are available ro plants.

Nutrient availabiliry is dependent on biological, geological and chemical processex. Biogeochemistry
is the study of how, when and in whar forms nutrienss become available to plants, microbes and other
Organisns.

Some ¢lements, such as
porassium, are under
largch geological con-
trol — geological weather-
ing provides more potas-
stum chan most plants
need, altbough in <ome
high-potassiuny crops
such as altalky soil
reserves mav bie depleeed
after several decades.
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Soil-bound

Nimrouen 1s under strong, biological
control. Although chemically abundant i
the anmosphere, only afew 1vpes of
planes— in 2 symbiotic partmership with
microbes — can use atmospheric nirrogen.
All vrher plants depend on nifrogen provid-
cd by decomposers or senthetic ferrilizer.

A tepical corn crop that vields 150
bu /A contains abotir 240 b /A of nitro-
gen, 10016,/ of phosphorus and 190
Ib/A of porassium in aboveground bio-
mass (grain and stovery, More dhan halt ol
this nirrogen and phosphorus and abowt
ong-quarrer of this potassium are removed
i rhe grain.

To maintain long-ter productiviiy,
farmers must periadically replace all of
these nunrients plus e amounts losi by
other pathwavs such as leach-
mg. These nurrients mav be

Some clements, such as
phosphorus, are under
largely chemiceal control -
most Michigan soils
strongly bind phosphorus,
releasing only a trickle 1o
the soil solution in a form
sach as FLPOS™ that is
available for plant uprake.

Dinitrogen fixatiol

replaced swith the use of
manure, specific cover crops

or synthede feetilizers. The Yield Nutrients removed in harvest

VanOUS NUEACHE SOUFCes Crop bu or ton N P,0; K,O

behave differentdy in xoil and per A

il sHmporant to understand

these eveles to manage nurri- Alfalfa hay 6 ton 270 60 270

cnrs effecrively. Nirrogen Corn, grain 150 bu 135 64 42

management and cyeling are Corn, stover 4.5 ton 101 36 144

discussed in decail in a subse- Soybean, seed 50 bu 188 44 66

quent chapier. Soybean, straw 2.5 ton 127 30 70
Wheat, grain 60 bu 75 38 23
Wheat, straw 2.5 ton 30 8 53

Yield and nutrient content of common crops

Source: North Central Repron Research Publicanon Mo, 341
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i Key concepts and questions

€ Whac is soil?

Whar are the abioric (non-living) components of soils?
What are the biotic (living) components of soils?

How do abiotic and biotic soil components interace?

What is soil quality?

L 2 R B IR 2

How can biological diversity and crop rotation benefit soil quahty?

Additional reading

Doran, J. W., D. C. Coleman, D. F. Bezdicek and B. A. Stewart. 1994, Defining soil quality for a sus-
tainable environment. Soil Science Society of America Special Publication Number 35, ASA, Madison,
Wis,

Ontario Ministry of Agriculture, Food and Rural Affairs. 1994, Best management pracrices: Soil man-
agement. Ontario Federation of Agriculture, Toronto, Ont., Canada.
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What is soil?

Soilis a living ecosvstem. Management of ficld
crop ccosystems recognizes that soil s a place
where energy and matrer are caprured and trans-
lormed by planes, animals and microbes.

Soils are compasced ol boch abiotic
(non-hiving) and biotic (hving) components.

Saurce Explonng the rale of diversity in sustaimable agriculture, Olson, Francis angd KaHla
(eds } 11995, reprinted by permussion of American Society of Agronony, Madison, Wis.

Abiotic soil components

Abionic soil componenrts include mineral marter (clay, silt,
sand), water, air and organic mareer. Air and warer pereent-
ages vary significantly with sail textore, weather and plant
water uptake,

Soil

Mineral macter is composed ol various proposrtions of sand, sile textural
. . o . .
and clav particles. Sand particles are 0.05 to 2 mm in diamerer, sile trlangle
particles are 0.002 to 0.05 mm in diamerer and clay particles are less
than 0.002 mm in diamerer. Becanse clay particles have a very large
surface arca 1o volume rano, they can hold much more water and
nutrients than larger parricles,

Sonrce Scil management. Oncaane Miristry of Agriculture.Food and Rural Affairs 1994

Soil texture is the proportion of sand, sile and clay in asoil. The I
soil textural triangle, shown here, is used 1o classifi asoil into one &
of 11 different caterories, cach of which has different physical and
chemical properrics. The example shown here (10 percent clay, 70
pereent sand and 20 pereent sile) is asandy Joam. Soil wxture afteces
nearly every aspeer of soil use and management, but is not aflecred by
management unless signilicant soil crosion oceurs,

60
Clay loam Slity
clay loam

Silt loam

Water and air. Since cach size particle confees different physical
and chemical properties on asoil, soll rexrure is an imporaani derer-
minant of water rerention, bulk density, acravion and fertilitvy. The
acration and water status of a soil, in turn, have important ifluences
on soil biota activiny.

Percent sand

Organic matter. Soil organic matter (SOM), thougl usually comprising less than five pereent of a soil’s
weight, is one of the most important components of a ficld crop ccosystem. SOM strongly maodifies soil
organism habitar and provides a food source tor much of the soil biora. When soil microorganisms feed,
thev change the form of SOM and in the process release inorganic nuwmicnts, especially nitvogen, phospho-
rus and sulfur. This process is called decomposition amd is an imporeant process in all healthy ceosvstems. 8
Because soil microorganisms are concinually consuming the SOM portion of their home, SOM must be
corrinuously replenished ro naintain soil qualiny,
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I e
==

i ;-jBiotic soil components

1 Plant roots

.";'; @ plant residues (both roors and shoors) are rhe wlomare
| source of almost all carban {(encrgy) for soil organisny

@ chere mav be 1,000 rimes more soil microorganisms
near plant roots than in soil Turiher away from roots

 Bacteria
/i & along with fungi, are the most important group in organic
matier decomposition
¢ oxrracellular compounds help bind soil particles inco
aggreyares
@ specialized groups are involved in cach portion of the
/ nitrogen evele
| soirce M Kieg
{ Fungi
i @ the most important group involved in decompaosing
i resistant compounds such as hignin
@ hyphac grow extensively throngh soils, hielping bing soil
particles into aggregates
¢ some specialized fungt grow symbiotically wirh plant
roots, imereasing nurrient and water uptake and
decreasing discase incidence
Source, M] Klug
Actinomycetes

@ type of bacreria with growth form similar 1o fungi;
lunctions similar to both
@ produce compounds thar give soil it distinctive aroma

Source: G.Garry, MSU Center for Microbial Ezology,

i Nematodes

¢ arc the most numerous animals in the soil

@ help aceelerare decomposition when thev graze on
bacteria, fungi and plant residuces

Source:' W L Goedirend

Protozoa
@ help accelerare decomposition when they wraze an
bacreria, fungi and plant residues

Souree:VV. S R.Gupta

Arthropods

@ help aceelerate decomposition when they (mites,
collembola and other insects) graze on bacteria, fongl
and planr residues

¢ Collcmbola, shown in this phorograph are an imporeant
arthropod in plant residue decomposition

Earthworms

¢ burrowing acriviey mixes soils and creates macropores
that increase water infiltration and flow and help acrace
suil

@ <ol passape rhrongh guts increases aggeregation and
nurrient cveling

) Sourcer R Camaal

Typical numbers or length Typical biomass

(in one handful of soil)

60 - 150 inches
(annual crops)

1,500-3,000 inches
(perennial grasses)

300 million -
50 billion

500,000 -
100 million

100 million -
2 billion

1,000 -
10,000

100,000 -
50 million

100 -
1,000

o

(pounds/acre)

3,000
(annual crops)

15,000
(perennial
grasses)

400 - 4,000

500 - 5,000

400 - 4,000
5-50
5-100
1-10
10 - 40
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Soil organisms interact with each other and their environment

Seil organisms interact in many ways, For example, protozoa cat bacieria and some fungi feed on proto-
zoa or nematodes. Other fungi are consumed by protozoa or parasitized by nematodes. Interactions
among soil organisms nxay be very complex and are crucial 1o the functioning of soils.

This conceptual model of
the soil ccosystem associared
with a crop plant illustrates
the interactions among the
biotic and abiotic tacrors
assocnted with the groweh
and development of this

Herbivores

Fungi Carnivores plant. [t shows the flow of
Bacteria Nematodes both macter and energy as
Nematodes Carnivores o o
| : thev move throneh the
nsects Bacterivores S S
Fungivores system.

Insects

Mites
Symbionts ;‘;“gi
Mycorrhizae s

Protozoa

Rhizosphere
Fungi
Bacteria
Protozoa

Inorganic
nutrients

Decomposers
Soil-borne microbes
Bacteria
Fungi
Actinomycetes
Protozoa
Earthworms
Arthropods

In additon to obtaming morganic nuerienms and water from soil, the roor system serves
as 2 host for various herbivores, mcluding fungi, bacteria, nematodes, arthropods and
inseces. Decomposers, including fungi, bacteria, actinomyecres and carchworms, mineralize
[abile and resistant substrares (soil organic mareer). These are referred 1o as ficst-order
interactions. [n sccond-order interactions, arganisms leed on organisms involved in
first-order interactions. Further levels of interaction are called third- and fourth-order
interactions. Numerous specics of soil-borne organisms including nematodes, inseets,
mites, fungi, bacteria and protozoa feed ax carnivores, bacterivores or angivores on the
organisms involved in the previous activity level. Soil ccosvstems scem to function very
much the same as the abovegrownd pasrures with which we are all more tamiliar.

Soll ccosvsrems funcrion i accordance with the Sceond Law of Thermodyiamics, which
stares that “in any encrgy comersion, the linal produce will consist o {ess uscable energy
than the orginal product. because of the inevirable loss of energy in the form of heat.”
The amount ot biomass, thercetore, is less in cach subsequent interaction order or trophic
level.
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1 Soil, air and water, are basic natural resourees chat
rr,';pmvi(lg IMPOrfant cCOSYSTCIM SErvices. lf(")r cxam-
“iple, soil is a carbon and norrient cveling sire and
also helps clean both water and air. Much of our
Jdrinking water in Michigan is filtered through soil
as it moves into ground and surface warters. Poorly
managed, soils can serve as a pipeline for pollutanss,
such as nirrate into groundwarer, silt into surtace
‘,*wntcrs and nitrous oxide into che atmosphere.

Soil quality is a measure of a soil’s function, specifically, a soil’s ability to:

8 Ace_cpt, hold and release nurrients and other chemical constituents.
Accept, hold and release water to plants, streams and groundwater.
Promote and sustain root growth.

Maintain suitable soil biotic habirat,

Grok N

Respond to management.

6. Resist degradation.

%/ j While soil culdivation can resule in soil degradation, including loss 10 crosion and decreased sail organic
Amatter content, a sustainable agriculure, by definition, does not decrease soit qualine. While there is cur-
£ Wit rendy no consensus on which set of measures to include in an assessment ol soil quality, scientists peneral-
& Al ly agree thar measures of both abiotic and biotic soil components will have to be integrated in a holistic
manncer o assess soil qualits. Balanced biodiversiny is increasingly seen as an essential component of soil
qualicy.
Soil characteristics important to soil quality:
@ Soil organic matter @ Strucrure ¢ Electrical conductivity
i @ Water holding capacirty ¢ [exture ¢ Nutrient availability and release
@ Water infiltration rate @ Bulk density @ pH
@ Microbial biomass carbon and nitrogen @ Balanced biotic diversity

Management goals for maintaining or improving soil quality include:

L. Using rencwable soil components (such ax organic matter and nutrients) no faster than chev can
be renewed.

~

Using nonrencwable soil components {snch as soil parcicles) no faster than substiwie resources
can be developed.

3. Generating or applving potential pollutants associated with soil management (such as manure or
pesticides) only as fast as the soil svseem can assimilace or transtorm them,

Managemeni options that increase soil qualite include crop rotations and cover crops. These options can
increase soil organic marrer, organic nitrogen and protect againse soil crosion. Ecological pest manage-
mient sirategies decrease the need for agrculiural pesticides and also reduces soils® exposure to toxic com-
pounds. These management options are discussed in subsequent chapeers,
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Carbon

Michel A. Cavigelli

Key concepts and questions

@ Why is carbon the farmer's primary management (ool?

@  Why is soil carbon (soil organic matter) important?

@  What is the carbon cycle and what are its major components?
L 4

How can soil organic matter (SOM) levels be changed through management of crop
biodiversity and crop rotation?

L 2

How do crop residue quantity and quality influence SOM levels?

2

How do animal manures influence SOM levels?

How are SOM levels affected by tillage?

Additional readings

Jacabs, L. W.. S, U. Bohm and B. A. MacKellar. 1992, Recordkeeping system for crop production -
management sheets. MSU Extension Bullerin E-2344.

Mlc igan Agriculture Commission, 1995, Generally accepted agricultural and management practices
for manure management and utilization.

- Midwest Plan Service, 1985, Livestock waste facilie handbook, 2nd ed. MWPS-18, Towa State
University, Ames, Iowa.

ian, K., | H. P. Collins and E. A. Paul. 1996. Management controls on soil carbon. In: E.A. Paul,
ian, E T Elliot and C. V. Cole (eds.). Organic matter in temperate agroccosystems. CR¢
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What is carbon?

Carbonis the farmer’s primary resource. Farmers manape carbon when they:
Grow a crop Plant a cover crop/green manure

Plants are 40-45 per-
cent carbon on a dry
weight basis. Essentially
all carbon (hat enters an
agricultural syseem is
brought in by green
plants dunng, photosyn-
thesis.

Using a cover crop extends the length of the
“earbon growing season™ and helps prorecr the
soil rom crosion doring eritteal rinies.

Till the soil

Manure 15 plam carbon that has been processed
by animals. Proper manure nanagement can con-
vert a potential waste producr into a valuable

resouree.

Soil carbon is strrongly influenced by tllage
INLCNSITY,

Use soil conservation practices

Protecting, soil from crosion is the most impaoriant step
vie can take 10 conserve soil carbon.

Source. Howell, NRCS,

_4 Carbon contributes more than any other resouree 1o a farm’s long-term sustainability and managing
Ccarbon appropriarely increascs crop vield potentials. This chaprer focuses on soil carbon's benefits to
Jlong-term agricultural producrviry and how its inputs and ourputs are influenced by tarm management
~decisions. Although managing soil carbon is usually not a prioricv in Barm decision making, practices thar
improve soil carbon levels and dvnamics can be incorporated into cconomically etticient production svs-
tems. This chapter is intended 1o show how such practices may be integrated into current high-producrion
farming svstems,
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Why is soil carbon important?

Carbon, in the form of soil organic matter (SOM), is a crucial contributor 1o soil quality. SOM is
also a major source of plane nutrients (especially pitrogen, phosphorus and sulfur) and is the major food
source tor most soil organisms. SOM and the soil biona it supporrs influence many soil physical propertics,
creating a favorable environmens for crop roor growth and increasing crop vickl poremials.

Soil structure

SOM conrribures significantly to soil structure, The importance ol SOM 1o soil physical prop-
which reters o the stze, number and stabitivy of ertics is shown dramaacally in a soil ot similar
soil aggregates. Apgregares are very small clods of texcure rhat has been managed to maximize
soil particles held together by SOM “glue.™ Thev SOM inputs (A) and one in which SOM has
hetp srabilize soil against erosion and create a ben- been depleted (B). Nouce also the influence of
¢hicial environment for crop roots. Since aguregate SOM on soil color.

formanion and stability are parrially clay dependent,
clay soils have greater aggregation than sandy soils.

A.. Soil with relatively high SOM reuins its structure
when water is added. structure when water is added.

B. Soit with low SOM does not retain as much

Soil fertility
During decomposition, the ourrients thac are part of SOM are released and can be taken up by plants.
Soil moisture and aeration

As aresull of its cfteer on soil aggregation, SOM provides more (avorable bulk density and pore size
distribution. Lower bulk densitv allows more extensive root growth; more favorable pore size disrribu-
ton mercases water infilimation rates, water retention and aceration.

Soil erosion
By holding soil particles together as aggregates, SOM reduces soil loss w crosiog.
Water and nutrient retention

SOM increases water and nutrient retention in the soil, making them more available ro planrs. SOM
has a nee negarive charge that attraces positively charged plant nutrients (e.g. Co*, M2+ K*y, keeping
them from leaching. This cation-retenuon abiline is referred to as carion exchange capacity or CEC. Clay
particles are also negatively charged and so contribute 1o a soil’'s CEC.

SOM's benefirs to soil phvsical and chemical properties tend to increase with a soil’s clay content, since
clay provides sites for SOM binding.
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Carbon cycle

The eftects of management decisions on SOM levels can best he understood by first taking 2 closer ook
ar the carbon cvele. The carbon cvele 15 2 schematic representadon of the dilferent torms of carbon within
the envirvonmenc, and the processes that control the transtormanon of carbon from onc form to another.
These rransformations are mostly biological processes and understanding what influences them is crucial
to understanding managemenm effects on SOM denamics. Each farm and process is discussed below,

' Forms ol carbon are numbcered and identiliced in bold and transiormation processes are in ftalics. Green
arrows indicate inputs and red arrows, ontputs. The cttects of various management alternatives on these
“pools and processes are discussed on pages 22-27.

Livestock

CcO
6. Manure A

CO 2

. 3.Aboveground

|
S [
residue I

9. Erosion
r————i

Microbial respiration/
mineralization

Microbial respiration/

mineralization
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Carbon dioxide (CO,) from the atmospherce is incorporated into plant biomass

during photosynthesis. The carbon, once incorporated, is referred o as organic car-
bon. Plants are abour 40-43 pereenc carbon on a dry weight basis, regardless ol age or
rpe.

A significant porrion of the carbon in row crops is harvested. Up to 60 percent of

the carbon incorporated into corn is harvesied as grain. Sclling grain off-tarm repre-
sents a carbon exporr from the tarm. When crops arce ed to hvestock on-farm, and the
manure is applied to the soil, much more of the original plant carbon is mainrined in
the farm system.

3 4 After a crop is harvested, both aboveground (shoor) and below ground

{roor) residues enter [hL soil. Root residacs also enrer the soil system while the
plmr is alive; when old roots die pomom are sloughed off| or carbon L(.)Inl\()llndb leak
our of them. Most microbial activ ity in soils occurs in the rhizosphere, thar portion of
the soil affected directly by the root. The importance of plant roots in stimulating the
biology of the soil is just beginning ro be fullv appreciated and its implications for man-
agement are currently gaining greater rescarch attention,

Carbon is a food source for soil microorganisms such as bacteria, fungi and acrine-

myveeres. Thus, some carbon that encers the soil as residuc or manure becomes part
of the microorganisms (3-15 percent of original plant residues) and s called microbial
biomass. The largest proportion of residue carbon iy released 1o the atmosphere as
CO, when soil organisms respire {60-75 percent ol original plant residues). The con-
version of organic carbon to CO, is called carbon minernlisntion.

Although the microbial biomass carbon pool generally represents less than five per-
cent of the roml soil organic carbon pool, itis fundamental 1o the (uncllomnkS of any
ccosystem and is crucial in developing SOM. As a resule ol microbial activity, carbon
undergoes many complex chemical transtormarions thad are collectively known as
decom position. Decomposition rates are influenced by factors that influence microbial
activity: emperagure, moiseure, acranon, pH, amount and quality ot residue, residue
particle size and degree of burial in the soil.

Manure, conipost or industeial by-producrs (such as sewage sludge or food process- i

ing plant waste ) can be important SOM sources. The carbon in manure and com-
post, because it has already undergone some transtormations, contribures more to
long-term SOM pools, on a dry weight basis, than plant residues.

thus called short-term SOM. Short-rerm SOM provides some benefits o soil phys- |
ical condition, but it is mostly important as a short duration {one to three vears) source
of plant nutrients (primarily nicrogen, phosphorus, and sulphur). Manipulating this
portion in scasonal patterns is absolucely essential vo nutricnr use eificiency and pre-
venting nutrient loss to the environment.

Other carbon components in residucs and manures are converred during, decompo-

sigon pracesscs to carbon forms that are more resistant to further microbial activiry.
These compounds make up fong-term SOM or humus and they provide many of the
beneticial physical propertics described on page 19. Only 10-25 pereent of residue car-
bon is rerained as long-ternmy SOM. Abour one to two pereent of long-term SOM s
converted 1o COs cach vear. A soil that has one percent SOM has abour 20,000
pounds SOM, or 10,000 pounds carbon per acre furrow slice.

Erosion. It has been estimated that more than halt of the topsoil has been lost from
many sites since production agriculture began in the United Stares. Because SOM is
concentrated in the topsoil, topsoil loss represents a significant SOM loss.

1 Lcaching. Small amounts of SOM move through the soil profile with warer
movement, especially in sandy soils and along old roor or worm channcls.
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MManaging carbon to maximize SOM
benefits

The amount of organic marter in a soil is determined by the halance between soil carbon inputs and
outputs. fnputs include plant restdues and manures thar are rerurned vo the soil; outputs include harvesr,
carbon mneralization during decomposinon, crosion and leaching. Under native conditions, cach soi) f1as
“a partcnlar SOM cquiilibrium level thar is determined by climate, vegetation, slope and soil tvpe Far
mincral soils, this valee is usually beoween ane percent (sandvy soils) and five percent {(clay soils) of tol
soil, by weight. Following cultivation, rhere s usnally a dramatic decrease in soil carbon levels before a
new SOM cquilibrivom level is reached. This new cquilibrium point is largely determined by management
decisians.,

Guidelines for SOM management can be developed aronnd two important principles: 1) input man-
agement (the amount, kinds and timing of residues rerurned to the soil) and 2) output nuanagenment
(rillage intensiey and crosion conwrol). SOM level changes oceur slowly, Theretore, this chapree is based
largely on resules from long-cerm studies, many conducted in staces other than Michigan.

Carbon inputs: crop residues

The repe and sequence ot crops grown influences SOM levels and dynamics. Two crop characteristics
determine 1hese effects: residue quantity and quality.

Residue quantity
The cffeer of residuce quantite on SOM Tevels is fairly: seraighttorward: SOM benefirs increase with the

amount of residuc lelt on or incorporated into the soil. Crops vary considerably in the amount of residue
that is returned 1o the soil as seen in this rable.

Sourte. Management contrals en soil
carbon. Paul, Paustan, Elliat and Cole
(eds ) I Organic matter in tempers
ate agreecosystems, CRC Press and
North Central Region Researeh
Publication No, 341,

Soybeans (right) produce less than
hall the aboveground residue of
corn (left).
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Because a large propor[ion ol added residucs
and a portion of Already exisning SOM is con-
verted o CO, doring microbial tluompoanlmn
arge amounts of residue are required to main-
win or increase SOM levels. This ligure shows
that to maintain SOM levels (green hine) in
lowa under continuous corn, more than 4,000
Ih /A of residues must be recurned to the soil
every vear, Because this value is affected by all
the (actors thar inlluence decomposicion
(including remperature and moiseure), the
amount of residue required 1o maintain SOM
levels is different ar differenr sites. Abour half
the residue required to maintain SOM levels in
fowa was required at siees in Montana and
Sweden. Carbon retarn to soils can be
mereased fuerher by incorporating animal or
green manures (cover crops) into a farnung svs-
tem.

Corn
and
small grain

Source: Organic mattar (n temperate agroecosyseemns. Paul, Paustian, Elhatt and Cale
(eds) 1996 adapted by permissian of CRC Press. Boca Raton, Fla

One promising means ol incorporating
perennial crops info a romsion is intensive
rotational grazing. Grazed pastures show
an even grearer SOM increase than those
harvested by machine.

The amount of residue produced is also related o a site’s fertility. Synthetie fertifizers may slighely
increase SOM (evels indirectdy by increasing plant productivity and residuc retumn. Organic sonrces of
plant nurricnes have both this indirect, as well as a direct, clicet on SOM levels.

Source: Organle matter In tempenate agroecosystens. Paul, Paustan, Elliow and Cole
(eds). ©1996 adapted by permission of CRC Press, Boca Raton, Fla

Montana

Sweden

C rop rotations incorporatng, percnnial
crops increase SOM levels more than con-
tinuous corn or any other rotation,
Compared 10 continnous corn (a value of
zero on this graph), rotations that include
perennial crops result in increased SOM
levels. Most other rottons, including
corn-sovbean rotations, resule in lower
SOM levels (negative values in this graph).
The positive influence of perennial crop
rorations is due o both che vear round
presence of roots in the soil and rednced
ullage activities in these rotanons.
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various Residue quality

Plant carbon occuwrs in several forms, including soluble
compounds (sugars and amino acids), henvicellulose, cel-
lulose and lignin. Each carbon compound decomposes at
a ditlerent rate, as shown in this diagram.

Carbon compounds are found in differing proportions,
depending on the repe of plane and ies age. Addirtonally,
plints vary in how much nitrogen they contain relative to
carbon. This ratio is called the C:N ratio. The ;N nno
is especially important in determining the nitrogen tertil-
izer value of crop residues. This topic is covered in more
detail in the nitrogen chapter.

compounds Hemicellulose Cellulose
(percent)
29 27
58" 9
18

Source: Kenonova, Nowakawiki and Newrnan. 1966, Soil organic matter. Pergamsn Press and Foth,
Withee, Jacobn and Thien, [982 Laboratory manual for introductory toul sciences. éth edition, Wm. D
Browrn anit Co Publishers.

The various forms of plant carbon have different fates in
soil: the more readily decomposable compounds are hkely
to end up in the microbial biomass or quickly mincratized.
On the other hand, up to 30 percent of lignin can end np
as long-term SOM. Young plants, such as green manures,
tend to benefit soil tertility the most, while com or wheat
stalks rend to improve soil physical properties by increasing
long-rerm SOM levels,

Saurce: Organic matter in temperate agroccosystems, Paul, Pausvan,
Elliott and Cale (¢ds). D1996 reprinted by permission of CRC Press,
Boea Rates, Fla

Acrive plant roots scem to have an impor-
tanc eftect on soil microorganisms. Recent
findings suggest that cover crop roots stimu-
late so1l microorganisms and increase carbon
and nitrogen mineralization rares. This “prim-
‘ing effect™ is shown schemacically in chis dia-
~gram. The number of both bacreria and fungi
s higher when cover crops or perennials are
Sincluded in a roradon, and this increase ocenrs
“carlier in che growing season than when no
‘cover crops are used. “This pactern benelits
nirrogen fertidiny and soil qualin: as discussed
in the cover crops chaprer.

Source Harwood and Willion, KBS 1996
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Carbon inputs: animal manures and
other sources

Anunal manures have long been used 1o maintain or increase SOM levels and fertilire. The biology off
animal manure deconposition is similar 1o that Tor plane residues: SOM fevels inerease with the amount of
manure added. Manure conrans carbon compounds rthar are more resistant 1o decompasition by soil
microorganisms than plant vesidues, Phercrore, a given amount of manure carbon mav contribute more to
fong-term SONI than would ¢rop residugs.,

Animal manures, compost, sewage sludge
and industrial by-products contam varying
amounts and qualiey of carbon and nutrients.
Manure from the same ammals varies in com-
position over ne duc 1o feed vatons, feed
quality, cte. Even greacer dilferences are Tound
beeween diflerent groups ol animals. Manure
handling and storage methods altect composi-
ton due to differences in drving and decompo-
sinon. Apphcation rate recommendadons are
hased on nutrient loading raies, especially
nitrogen and phosphorus. Manure xhould be
sampled for these nurrients belore being
applicd in large quantirics or on a regular basis,
Michigan Righr to Farm Guidelines should be
consulted for further manure management
information. Similar concerns need to he
addressed when applving vard compost and
industrial sources of organic matier.

Carbon outputs:
tillage

After nacive fands are converted o agricultural produc-
tion, there is usually a dramatic SOM level decrease. This
deerease is usually duce to fower residuce being returned to
the soil and more imporaantly, increased decompaosition : ank ‘ lllinois
and crosion due to rillage acuvinies. F

Scurce: Qrgamc matter in temperate agroccosystems, Paul, Pausvan, Efliore and
Cole {eds), 21956 reprinted by permission of CRC Press, Boca Raton, Fia,
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Tillage inilucnces crosion by
exposing the soil to the effects of
wind and water. This henre shows
that topsoil loss, afier TGO vears of
cultivanon, ingreases wirh the nllkge
frequency.

Source Buyanavsky, Kucera and Wagner 1985 Bulleun Ecelogical
Society of America

Tillage also incrcases decomposition by:

@ burving residues so they are exposed to preater microbial acuvity
@ increasing soil remiperarure and acradon, both tactors that increase decompuosition rates
@ physically breaking up soil aggregares and exposing the internal SOM ro microbial activiey,

Tillage, therctore, results ina reduction ol lopg-term SOM and its benelits o soil physical propertics.
These losses end to be greater insandy soils because chey have very linde clay thar perfornms some of the
same functions as SOM, and to which SOM can more readily bind.

Although we have long underseood thac tillage influences soil depeh and SOM| soil quality continues ro
decline in many areas. This erend can be reduced by using crop rotations with perennials, conservation
titlage, and crosion-reducing soil conservarion practices.

Conservation tillage helps reduce soil crosion by
leaving crop residues on the soil surface and by
deercasing or climinating llage. There are many
forms of conservation dllage, but no-rill is most
effective at reducing crosion and mcreasing SONI .
levels. SOM mav increase tive to 20 percent under : """'f_'“"““i
no-till. SOM vnder no-till tends 1o concentrate in
the top once to two inches of soil.

mary®

No-till drill and soybeans planted in corn residue.

No-tll, however, is not applicable in all sitnations,  some areas of Mhichigan, no-rill may not be pracu-
_cal since lack of tillage keeps soils cool, rerarding sced germinarion and potentially reducing crop vields,
L Also, poorly drained soils are subject to compaction without tllage. Tess extreme formm of conservation
Jtillage are more common in Michigan, chough they generally show similar SOM levels 1o conventional
rillage. In places where no-till is not feasible, SOM management may depend more heavily on input man-
agement. As vouw’ll read in other chaprers, carbon inpuc management straregies benein the enrire agricul-
tural ccosvstem, including nutrient use efficiencies and biological control of insects and nemarodes.
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Carbon outputs: soil erosion control

Management practices intended to increase SOM levels and fine-tune carbon denamics are often wasted
il soil crosion rates are greacer than che soil formanon rate. Excessive soil erosion resulrs in:

< diminished soil qualivy
@ decreased crop vields and
@ increased production costs.

When perennial crop rorations, cover crops or
reduced ritlage incensity do not adequarely prevent
soil crosion, crosion contral practices and structures
need 1o be implemented and inscalled.

Soil erosion in soybean field.

Terraces and strip (contour) cropping arc
essenuiad for preventing saoil crosion on hilly
ground.

Source: Howell, NRCS,

Grassed waterways decrease soil movement wirh |
runoff waters.

Source: Howell, NRCS.

Windbreaks can help increase vields 10-20
percent where wind erosion is a problem.

Souree: Mowell, NRCS.

Correctly establishing and maintaining these measures is crucial. Manvy of these rechnologics require
rrained technical assistance. To learn more abour these rechniques, contace the Natural Resources
Conservation Service.
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iNitrogen

Michel A. Cavigelli

Key concepts and questions

¢ What arc the tour major sources of crop nitrogen?
What is the nitrogen cycle and whar arc ics major components?

Why do organic and inorganic sources of nitrogen behave differently in soils?

® ¢ 0

How do soil moisture and temperature affect the major ransformations in the
nitrogen cycle?

.

How does nitrogen lost from farm ficlds influence environmental qualin?

.

How can ditterent sources of crop nitrogen be managed to mimimize losses and
synchronize soil nitrogen availability and crop uprake?

¢ How can crop biodiversity and crop rotarion benefit nirrogen management?

an Es, H. M., S. D. Klausner, W. S. Reid and N, M. Trautmann. 1991. Nitrogen and the environ-
| ment. Cornell Cooperative Extension Information Bulletin 218.

Vitosh, M. L. and L. W. Jacobs. 1996. Nutrient management to protect water quality. MSU
Extension Bulletin WQ-025.

Vitosh, M. L. 1991. Nitrogen management strategics for corn producers. MSU Extension Bulletin

| WQ-06,

Vitousek, P. M. et al. 1997. Human alteration of the global nitrogen cycle: Causes and consequences.
- Issues in ccology No. 1, Ecological Society of America.
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What are major nitrogen sources?

Achicving high yiclds with currene crop varieties requires making large amounrs of nirrogen available to g
mect crop demands. Less than half of applicd nitrogen, however, may be caken up by crops the vearitis |5
applicd. Some ot the rest is imcorporated into soil organic matrer by the soil biora, but some may be lost v . _\,
from the farming system. Nitrogen loss may be cconomically costly to rhe farmer and contribure o ‘
pround and surface water contamination. These concerns have led 1o increased interest amony farmers, o '[ § PNt
MSU Exrension agents, rescarchers and others in improving, nitrogen manageiment srrategics to minimize & b
nitrogen fosses withour sacrificing. production.

Efficient nitrogen management sreategics take Al advantage ol all available
sources. The fowr major crop nitrogen sourees are:

Soil nitrogen Legumes

A legume crop can convert
up to 200 pounds of atunos-
pheric nitrogen 1o plant-avail-
able nirrogen per acre per
vear.,

Red clover root nodules
containing nitrogen-fixing

bacteria.

Most soil nitrogen
. Tere v 7- M M -
¢ ,\!bl'b. as ()T{DJI‘!IL nitro Source' F Dazto, MSU Center for
peny e, associated Microbiad Ecalogy
with soil organic car-
bon.
‘ Manure

Synthetic
fertilizers

There are many forms of
synthetic nitrogen feralizer.

- i__. -
Manure can supple much ot a crop’s nitrogen
needs.

All of these exeepr syntheric fertilizers contain most ot their nitrogen in an organic
lorm, i.c. bound to carbon. Grganic nitrogen behaves differently in soil than the
inorganic nitrogen commonly found in synchetic fertilizers. This is because the bond
benween nitrogen and carbon in organic nitrogen forms must be broken by soil
microorganisms betore the nitrogen can be available to planes. Eificient pitrogen
management strategics must be based on understanding soil nitrogen dynamics and the carbon cycle. This
chapter explains the nitrogen cyele and how it is affected by management. Corn, the most common
Michigan ficld crop, is nsed as an example here, beeause i requires the most nitrogen.
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I The nitrogen cycle

Nicrogen (N) exists in many different forms. The nitrogen avele is a sehematic representation of these
forms and the processes that conrrol how nitrogen is tramsformed and moved front one forn 10 another.
Each mitrogen form and process is discussed below. Forms are identitied in bold and processes are in bold
isnlics. In the diagram, green arrows represent inputs and red arrows; ourputs. The elicers of various
nirrogen management srrategies on these lorms and processes are d\ﬁulssul in this chaprer. You may wish
to refer back to this dmbmm when reading, the rest ol tis chaprer,

1 Plant uptake. Plants can only rake up nitrogen in the inorganic forms ammoniom (NH ) and nitrate
(NOy)

Large amounts of crop nitrogen arc found in harvested grain and hay. When these are sold off-farm
rather than rerurned o the soil as manare, the amount of nitrogen added o the svstem mwst be
yincreased.

L& 3 More than 99 percent of soil nitrogen is present as organic nitrogen, i.c. bound o carbon in soil

r organic marcer (SOA). Aldhough substantial amounts ol inorganic nitrogen (ammonitm and mrrate)
may be released from SOM doring the growing scason, supplemental nitrogen must usually be added in
modern agnicultural svstems that do not emphasize organic sources of nitrogen.

Dlmrrogcn (Na,) makex up 78 pereent ot the earth’s aumosphere. This is cqual to 35,000 tons of
nitrogen per acre. Planes, however, are pot able o use this form of nitrogen.

! 5 As A resule of industrial and agricultural activiries, precipitation adds the cquivalent of 5-10 pounds of
nicrogen per acre per vear (Ib N/A/vr) to Michigan soils.

Nitrogen fixation converts Ny to ammonium by cither bactena (biological nitrogen fixation) or
chemical processes (ehemrieal nitrogen fixation). Some free-living bacterna fix N5, but dus amounts to
only 53-10 )b N /A /vr for Michigan -.Q,riculruml systems. Maost biological nirrogen Axation conies from
..rvmbzouc nitrogen-fixing bactcria in legume root nodules. [mpm rant legumes include soybeans, alfalta
and a number of green manure crops. Chemiaal nitrogen lination is carvied our by ln.hmnm (abour 10 11
N/A/yr) and mdusn}'. Industrial nirrogen fixation synrhesizes NH , using armosphieric Ny and hydrogen
(H5) from natural gas. This process is energy intensives it requires about 40,000 cubic feet of narural gas
for cach ron of anhvdrous ammonia produced. Further processing produces the range of fertilizers used in
agriculrure today.,

Synthetic ferrilizers contain one ol three nitrogen torms: urea [CONH, ), [, ammonia/ammonium or
nicrate. All non-nitrate forms commonly ased in row crop agriculture are readily converred o soil
nitrate by mincralization and /or nitrificaton (sce below).

8 Almosr all the nitrogen in erop residnes and green manures, and abour hall of thag in animal

mantres is in organic forms not immediately available for crop nprake. These forms of nitrogen
are mtur.ll]\' slow-released at a rate that depends on the factors thar inlluence minemlization, immobiliza-
tion and nitrification.

1 OOrganic nitrogen iy converted ro ammomium chrough nityagen mineralization. Nitrogen and car-
% bon mincralization occur at the same time, bur unlike carbon, the primary product of nirrogen

\ mineralization (ammonium}, is nor lost to the svstem, but is readily available for plant uprake. Nirrogen
L A mineralization is conducted by a wide array of soil organisms and is controlled by the same facrors that
control carbon mincralization: soil temperature, moisture, acracion, pH, amount and quality of vesidues,
restduc particle size and degree of burial in the soil. Managing nitrogen mineralization is av the heart of
an efficient nitrogen ferulity program.
1 1 Nitrogen immobilization reters to ammonium and /or pivrate uprake Iy the wicrobial biomass.

When organic carbon is consumed by the microbial biomass, some inorganic nitrogen may also be

consumed and then become part of short-term or long-termy organic matier pools. Immobilization is the
opposite of mineralization since plant-available nicrogen is converred back ro organic form. Both nitrogen
mincralization and immobilization occur simultancously, but their rates vary .ucordms: to »oil conditions
and carbon and nitrogen demands of soil microorganisms and plants.
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1 :2 Nitrification. Ammonium is converted 1o nitrate by spedialized bacteria called nitritiers.
Nitritication is a crucial step in the nitrogen eyvele because ammonium and nitrate possess very dif-

ferent properrics.

1 Ammonium is not very mobile in sotls. Because of 1ts positive charge, ammoniam is attracted 1o
negatvely charged soil colloids (¢layv and organic martrer).

1 Ammonium can be lost from che svstem via ammonia (NH;) volatilization, when ammonium is
transformed to ammonia, a gas that can eeadily dilfuse into the armospliere. This chamical process

occurs when urca or manure (which contains a large proportion of nitrogen as urea and uric acid) are

surface applicd. Volatilization rates are highest at high pH (5>7.9) and under dry and swarm conditions.

1 Nirtrate, because of its negative charge, is very mobile in soils. [Fnot raken up by the crop, nitrate is
very susceptible to Joss by both leaching and denitrification.



MICHIGAN FIELD CROP ECOLOGY - NITROGEN

\ 1 6Nitratc leaching occurs whenever soil nitrate is present and water moves down throngh che sojl
profile. Leaching potental is highest during those times when crop upeake is low or non-existent,
and following rainfall or snowmelt (fall, winter, early spring and (ollowing heavy rain storms). Sandy soily
darc more susceptible 10 nitrate leaching than clay soils.
1 7Dcnitriﬁc:1tion is the conversion of nitrare to gascous Ny, nitrous oxide (N530) and /or nitric oxide
(NO) by specialized bacreria (denitrifiers) under anaerobic conditions. Soil oxygen is deplered when
soils are saturated and /or when micrabial respiration is very high. Clav soils are more susceprible to deni-
trilication than sandy soils. All the nitrate in o poorly-acrated soil may be lost to denitrification in owva to
three davs during warm periods.

» 1 Despite 60 years of conservarion programs, lirge amounts of soil nitrogen are still lost via runoff
and erosion.

Relative size of
Harvest nitrogen pools

The pools of nitrogen arc
shown as circles in this diagram.
The size of the dircles retlecrs
the size of the pools in a typical
agricultnral soil. Note that the
organic nitrogen circle is 100
times as large as anv of the
other circles. Also, if atmospher-
ic nirrogen were included as a
circle, it would have a diamerer

Nz of about 13 fecr. The arrows
fixation rCpPresent nitrogen ransforma-
tions. For clarity, not all arrows

Gas are labeled. T'he large square

represents the boundary of the
farm. Those arrows that cross
tlns boundary represent nitro-
gen inpurs and losses from the
Lea-ching l?n‘ny Many nir.mg%‘n oansfor-

mations result in nitrogen losses
from the farm.

Precipitation i
P Fertilizer
Source: M, Russelle, journal of Producuon Agriculture, 1591
@ Hays, KS . .. .
0.22 B Colby, KS » Nitrogen lcvcls‘m (.}rm soils havclhccn rclduu-d over
= © Garden City,KS ume ax a resule of agriculeural practices. This pactern is
o 0.i8 identical to that described for carbon in the previous
& chaprer. Some of rhis nitrogen was removed in harvested
g crops. Some was lost by other means, porentially con-
9 0.14 = tributing to yir and water quality problems, as discussed
i on p. 35.
S ol0f
Loss of soil nitrogen accompanying organic carbon
losses in wheat-fallow rotations at three locations
0 1 1 | 1 in Kansas, over 40 years.
0 10 20 30 40

Years of cropping Source: USDA Technical Bulletin 1164, 1957,
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Soil moisture, temperature and the
nitrogen cycle

Scasomal cemperacare and moisture Hucteanons influence the microorganisms thar control the rates of
many nitrogen transtormations. The major ransformations of soil nitrogen — minerlization, nitniication,
immobilization and denitrilication — can occur very quickly, especially during warm weather when the soil
is moist.

r—— Water limiting  ———p jf— Acrauon limiting —w|
8= T T T T T L) 1 T
Microbial
activity Denitrification
z 2
o
« =
© ]
2 5
=] L
o 9
= b
I I I I i i 1 | I L 1 1 1 1 1 1 !
S0°F 70°F 90°F 110°F 130°F [USRPLI L ey s S el el
Temperature Percent water-filled pore space

Saurte; Lmn and Doran, 3oi Stience Socicty of America Journal, [984

Microbial accivity and nitrogen cycle process rates increase with

- : : Microbsal acuvity is limi both low and high
temperature in the range commonly found in soils. crobial activity is limited at hig

soil moisture, and is highest in moist, but not wet
soils. The exception to this pattern is denitrifica-
tion. which continues to increase with soil
moisture,

Soil water cycle

Nitrogen compounds move into 3
4. Runoﬂand roslon " ' and out of the soil depending on
— a.Evapor e e
phation soll water eycle processes.

3. Inﬁltratlonl | |

5. Percoladon

Sourze: Soil Management, Ontario Ministry of Agricutture,
Food and Rural Affairg, 1994,
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Precipitation. Michigan precipitation is
plentiful and is often cqually diseribured
throughout the vear.

Lvapotranspiration is water movement
out of the soil by a combination of evapo-
ration and transpiration. Transpiration is the
removal of soil water by plam nprake and
release 1o the atmosphere [ranspiration
removes much more soil mosstare than evapo-
ration. Because actual evaporranspiration rates

Water amount (inches)

. 0 1 1 1 1 1 | M 1 -
arc difticult ro measure, scienrists measure JFMAM | | ASOND
potential evapotranspiration (PET) rates ro

Sstudy soil warer cveles. Month

Monthly average precipitation and patential evapotranspiration
rates for the years 1956 - 1986 at KBS. Though actual values vary
across the state, this pattern is representative for major Michigan
agricdltural areas.

3 Infileration vs. runoff and erosion. Whether precipitanon enters the soil or runs off the surtace
depends on precipiration intensity and on the soil’s intiliration capacitv. Infilration races depend
on $oil rexture, structure, compaction, {reczing and sataration. Soils thar are compacted, trozen or alveady
Msarurared with warer have very low infileration rates and are prone 1o high runoff rates. Runoft and cro-
sion are highest during carly spring (snowmelr), fall and during intense or long mins throughout the vear,

Percolation and leaching. The fare of water in soil depends on the soil’s field capacity, warer content
and cvapotranspiration rates. Sandy, poorly strucrared and low organic marter soils hold less warer
(have lower ficld capaciny) than clav, well-scrucrured and high organic marrer soils. When soil moisture is
below ficld capacity, added water will be stored i the soil. When soil moisture is at or above ficld capacity,
added warer will pereolate through the soi) profile, carrving any nitrare present wirly it This s called
nitrate feaching.

Capillary tlow 1s the movement of soil water from wet to dry arcas throngh very small <oil pores as

aceurs in a sponge. Iy response to evapotranspiration, soil water from deeper, wetter horizons diffuses
Jup through the soil profile.

Nitrogen management requires considevation ol soil’s texture. Coarser soils are prone to nirrate
S lcaching and fine soils are prone to denitrification.

Clay soil, soils with high water table,
shallow soils over impervious layer

very low

very low

Infiltration capacity/  Leaching Runoff
Type permeability potential potential
Deep, well-drained sands and gravels high high low
Moderately deep to deep, moderately drained, moderate moderate moderate
moderately fine to moderately coarse texture
Impeding laver, or moderately fine to fine texture low low high

very high

Sourge Cornell Extention Informauon Bullain 218
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Nitrogen and Ammonia N,
environmental i
q u al ity .Ammonia N.O

latilization

NO\ 2. Runoff, '

erosion

I. Ammonia volatilization: ammonia in

the atmosphere Urea Animal

fertilizers manure

Anmmmonia valatilization from urea and manure can
contribure o odor problems. Proper manure and
fernilizer management can dramarically reduce
ammonia volailization.

2. Runoff and erosion: nitrogen in
surface water

Nirrogen tha s lost irom agricultural svstems via
runait and crosion is in botch organic and inorganic
forms. When this nitrogen and other nutrients in
the nmolf coter surface warers (lakes, ponds, dvers [
and streamis), they can cause inereased plint and/or
microbial erowth, increasing marerial decomposing
in the sediments. Sedimenr decomposition increasces
the svstem’s oxveen demand and reduces water quality for fish and other wildlite. The kev to reducing
nitrate contantinargion of surface waters i< to minimize crosion and runoil as deserbed in the carbon
chaprer.

3. Nitrification and denitrification: nitric and nitrous oxide in the atmosphere

A small porton of nitrogen thar undergoces nigitfication and denitrification can be converred o nirric
oxide (NOJ and nitrous oxide (N,O). Nitric and nitrous oxides both contribure to stratospheric ozone
destruction, which may resulvin inereased skin cancer rates. Nitrous oxide is also a greenhonse gas, con-
tributing, to global clinate change. Aumospheric concentrations of these gases have imercased in recent
vears and inefticient nitrogen use in agriculture is commonly recognized as an importane comributor. Qur
current knowledge of NO and N,O production by nitrification and denitrification is not sound ¢nough to
allow us to snggest management practices to minimize iy, but the srrategics used o decrease niteate leach-
ing arc likely o help decrcase NO and N,O emissions from agrcultural soils.

4. Leaching: nitrate in groundwater

The federal standard for nitrate nitrogen in drnking water is 10 parrs per million (ppm). Nitrate con-

centrations higher than this can cause methemoglobinemia, or “blue baby discase™ ininfants. Some Ine- it
stock are similarly susceptible o nitrate. At higher cancenrrations (100-200 ppmy), nitrate in combination Rl
with amines (poruons of protein malecules); can form Cancer-causing nitrosaminges, LA ¢ o

A 1984 study in one heavily agricehural Michigan county with sandy soils showed more than 10 ppm B
. . S X . H e - . . . [ 1
nitrate nitrogen in 34 percent of the tested wells. Though it is difficulr to generalize about other arcas of rm‘t
the state based on this study, itis clear that nitrate in groundwarer is a scrious environmental problem. - .'.“ e
2
- * ‘h‘

The kev to reducing nitrate leaching is 1o minimize soil nitrare concentrarions during times when pre- g
cipitation ¢xceeds evapotranspiration. PIV) and soil nitrate content can be manipulated using, crop rora-
tons and carclully managing feralizer and orher nutrogen sources.

Increasing nirrogen use efficiency will help solve these environmental problems and provide direct
cconomic benefits to farmers. These strategics are discussed on the following pages.
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iManaging nitrogen

avaflability and plane uprake.

The goal of managing the nitrogen cvele is to minimize nitrogen losses by senchronizing soil nitrogen

Crop uptake

Plant nitrogen uptake is low
during carly plant growch
stages, but increases exponen-
tally along with drv matter
{carbon) accumulation. In
Michigan, exponenutal comn
growth accurs beivween mid-
Junce and the end of Auguse.
In arder 1o reach crop vield
potentials, it is important thar
nitrogen (usuwally in the form
of mtraie) 1s available for
upiake when demand occurs.,
This is the reason that side-
dress applications are mosr
cificient.

50
Days after emergence

Source lowm State Universiy Specal Report No 48

Nitrogen fertilizer

Yield goal* recommendation

(bu/A) (Ib N/A)
100 110
125 140
150 180
175 210
200 250

*Yield goals must be realistic and achjevable, meaning
they are achieved at least two of five vears. Choosing,
unrealistic or unachievable yield goals will lead to over-
or under-fertilization. Expected yvields are influenced
by soil type and management.

Source: MSU Exzennian Bulleun, W06

Nitrogen fertility
recommendations

The nitrogen cvele’s dynamie natare
makes it difficult to measure the amonnt of
nitrogen available for crop uprake. Ferdlivy
recommendanions are often based solely on
crop vield goals and previous culeural prac-
tices. This tble shows MSUs nitrogen fer-
rilization recommendations for continuous
corn when no legemes or manures are used
on a soil with less than four percem organic
matter.

When organic nitrogen sources are used,
fertilizer recommendations are reduced
baved on the concepr of “nitrogen cred-
its,” an estimate of the fernlizer eguivalent
ol nitrogen supplicd by organie sourees.
Nitrogen credits are subtracted from the
fertilizer cecommendations provided in rhis
table. MSU nitrogen credic recommenda-
tons are included throughout this chaprer.



MICHIGAN FIELD CROP ECOLOGY- NITROGEN

A second method of accounting lTor organic nitrogen sources is the
pre-sidedress nitrate test (PSNT). The PSN'T measures the
amount of <oil nitrate in cardy June, abour two weceks prior to side-
dressing nitrogen terulizer, Recent rescarch by MSU scientists indi-
cares that the PSNT is a good predictor of the amount of nitrogen
that will be available to corn. The majorine of fertlizer nitrogen
should be applied only after this cest is taken (i.e. split applica-
tions). Itisimpormnt that rest samples nor be raken eadier than the
reccommended time so chat only recently mineralized and nicrified
nitrate are measured. Soil sample bags and information on taking
soil samples for che PSNT are available frony all MSU Exiension
otlices or the MSU Soil and Plant Nanrient Laboratory.

Managing nitrogen: soil
nitrogen

Michigan's mineral soils naturally contain 2,000-6,000 1b N /A,

almost all of which is organic nitrogen. Like soil carbon, this nitrogen is present as a vanery of com-

pounds with ditferent decomposition races.
Anmnually, onlv one to three pereent (25-75

Soil sampling.

Ib N/A) of soil organic nitrogen is convert-
ed to inorganic nitrogen. Thus, total soil
nitrogen docs not flucrnate during a crop
Vear.

Inorganic, or plant-available nitrogen,
flucruates dramatically during the year. In
FESPONSE 1O INCFEASING SPRANE [CMPErarres,
mincralization and nitrification rares are
high, providing a spring pulse of inorganic
soil nitrogen. This peak mav or mav not be
caprured by plants. Manipulating this peak
is one goal of ctficient nitrogen manage-
ment.

Rate of nitrogen supply or demand

Nf&ogan synchrony in row crop e:os'yfhﬁ‘i%{

Sourte: Robertson. 1997

Nitrogen credits for soil nitrogen

Soil organic matter Nitrogen credit

(percent) (Ib N/A/vr)
0-4 0
4-8 20 - 40
organic soils (>8) 40 - 80 management.

Source. MSU Extenyion Buliern WOQQS

Soll nitrogen mineralizatian’s contribution to
crop uptake is presented in this rable. SOM Jevels
tend 1o increase with the soil’s ¢lav content. As dis-
cussed iy the carbon ¢haprer, SOM levels can be
increased over the long-term through appropriate

gty
AR
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eYEManaging nitrogen: crop residues, green

@ manure/cover crops and crop rotation

Plants, especially kegmmes, can be used to “grow™ nitrogen. T'he plant nitrogen chat becomes available
to succeeding crops is proportonare 1o the quanuy and quality ol residue produced and rerurned o the

Crop residues

(‘mpx ditler geearly in the amount of nitrogen they con-
Lain. About 30-00 pgr«.uu of the nitrogen in grain arops is
harvested in the grain, The remainder iy otten cetirmed to
the sl as residuc.,

Yield and nitrogen content of common crops
bu or Nitrogen
Crop ton/A Ib/A content
c = g I A—— Alfalfa hay 6 ton 12,000 270
uﬁr?:ﬂﬂe‘ R el Corn, grain 150 bu 8400 135
Corn, stover 4.5 ton 9,000 101
Sovbean, sced 50 bu 3,000 188
Green manures and Sovbean, straw 2.5 ton 5,000 127
Wheat, grain 60 bu 3,600 75
cover crops Wheat, straw 2.5 ton 4,500 30

Green manures are crops
grown to provide fernility (asual-
Iv nitrogen) to succceding crops. Cover crops arc used ro decrease runolt] crosion and leaching
berween cropping scasons. A single crop olien serves both purposes, so the terms green manure
and cover crop are often used interchangeably.

Sourte Morth Central Region Research Publication No 341

Legumes arc usnallv used as green manures becanse of their ability to host nitrogen-lixing bac-
teria in root nodules. Legume sceds should be inoculated with the appropriace bacterial species
just prior to plantng. The bacteria provide the plant wirth readily available nitrogen by fining
atmospheric nitrogen; the plane provides the bacteda with energy 1n the tarm ot carbon. When
soil nierare levels are high, this mutnalism breaks
dowi and plants save their carbon encrgy by taking

merogen directly from the soil.
Nitrogen fixed in root nodules of

The amount of nitrogen fixed in legume nodules common legumes
thar will be available to a succeeding crap depends on ]
} legume species, variely age, srowth and soil conditions. Legume species N fixed (Ib/A)
Legume/grass mixture being
inoculated with nitrogen-fix- Alfalfa 50 - 150
ing bacteria, Red clover 60 - 70

Residue quantity

! I _:%: White clover 60 - 100
Jr—— . , . Hairy vetch 60 - 180
“JJll C:N ratios of common crop residues , |.|'1$ more rcsnit.iucinl. Xt S 30
i d 3 particutar kind returned to :
Residue C:N ratio the soil, the greater the

Source. Managing cover traps profitably, Sustunable Agriculture

\ . e LS Yy g
nri ()ELH rerarned. Publicsvons - USDA

Young legumes 12 - 20:1 .

| Young grasscs 20 - 40:1 Residue quality

i Corn stalks 60:1
Small grain straw 80:1 Residue quality is even more important in controlling the tate and
\*\’ood;' materials 400:1 availabiliny of residue nitrogen. "The amount ol crop or cover crop

residue ninrogen available ro succeeding crops is derermined largely by
the residues™ carbon o nitrogen ratio (C:N ratio).

Source: Labaratory manual for introduciory

. bth edition Foth, Withee, Jacobs
1982 reprintec by perrussion of
\‘Vlu C Brown Co. Fublishers, Dubugue, lows
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Residue C:N ratio

This ligure shows the effect of residue C:N
ratio on soil nirrate and microbial activity during
and after decomposition.

de levels

10X

Solid lines show the effects of high C:N ratio
residuces; dashed lines those of low C:N ratio
vesicues.

When residucs are added ro soil, microbial
acrivity increases (carbon dioxide production)
and microbial uptake of nitrogen (immobiliza-
ton) reduces soil nitrare levels.

As residue decomposition progresses, the
amounc of readily decomposable carbon
declines, soil biomass gees smaller and the nitro-
gen inomicrobial eddls is slowly released, making
it available for crop uptake. At this poinr, miner-
dlization is greater than immobihization. A soil's
imorganmic nirrogen level alter decomposition

S P . Source: Laberatery Marual For Intreductory Soll Sciences, th
depends on original residue C:N levels. Nivate Edition, Foth, Withee. Jicabs and Thien, @ 1982, 1dspted by permis-
levels iollowing decomposiuon arce higher only il the original son af¥ym, C Brewn Cab Publishiers, Dilbuguia. law
residue C:N ratio is about 20:]1 or less.

Residues with high C:N ratios (>30:1)

Nitrate and carbon d

Residue added

Residues with high C:N ratios have 1oo littke nitrogen relative to carbon for rapid microbial growtl, so
organisims use ammonium and nitrate present in soil to supplement thatin the residues. Soil nitrare levels
are deplered following the recurn o soil of residucs witly high C:N rarios and no nitrogen is available tor
crop growth. This is one reason why adding nitrogen fectilizers may help increase decomposition rares.

Residues with low C:N ratios (<20:1)

Residues wirly low C:N rarios conrain sufficient nitrogen for soil niicroorganisms so that depression peni-
ods are neither as severe nor as long-lasting. Nonctheless, primary ticld crops should not be planted immiedi-
ately following the killing of cover crops. Decomposition processes and residue qualine and quantiry con-
siderations are sunmmiarized in this table of nitrogen credits.

Nitrogen credits for previous crops when followed by corn

Previous crop Nitrogen credit (1b N/A)
Corn and most other crops 0
Soybeans 30
Grass sod /pastures 40
Annual legume cover crop 40 - 80+
Perennial forage legume 60 - 140~

*Nitrogen credits can vary considerably based on plant species, stand density,
growing conditions and harvest date.Values are calculated using 40 + 20x,
where x = plants/sq ft.

Source: MSU Extension Bulletin WQO23 and Mamging Cover Crop
Profitably, Susainable Agricu'ture Publications - USDA
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% 3 Managing nitrogen losses using cover crops and crop rotations
L

"‘,}.‘_ Nitrate leaching and denitrilication can be reduced by nmaintaining continuous plant cover using cither
g cover crops or perennial crop rorarions,

o

™.

" \.‘
W ‘ ’ \
. ‘. .- =
oA | Following corn’s phvsical maaradion {or that of

& & any warm scason crop), significant residual nivrate
T' gy lcaching can occur, especially on sandy soils 1 no

\ 'h -

-

= S

cover crop s used. On finer-textured soils, nicrate
loss 1s more hikely to occur as denirificauon. Cover
crops, especially prasses (e.g. annual ryegrass) wnd
joilsced radishy, have successtully been used 1o vake
up residual nirrogen lollowing, corn withour

. decreasing the succeeding corn crop’s vield.

-

Annual ryegrass cover crop.

A winter wheat crop affccts soil nitrogen like a
cover crop/ereen manure. When wheat is planted,
oanspiration reduces soil moisture and plant
uptake reduces soill mrare concentrations, reduce-
ing fall and winter niteate leaching, Nirrare leach-
ing mav occur following wheat maturation since
transpivation is very fow at this ume, though frost-
scedimy red clover o whear can alleviare this
problem. After wheat harvest, rapid clover growth
reduces soil moisture and nitrate levels. MSU
stadies have shown first-vear corn vield in a corn-
corn-sovbean-whear rotation are highest when a
red clover green manure crop is included.

Perennial crops (c.g. altalfa) exhibic much lTower
=S nitrare leaching than annual crops becanse water
and nitrare uprake occur over a longer growing sca-
son. Nitrate leaching can oceur, however, after the
crop is killed and belore a sncceeding crop is estab-
lished. Tuis important to synchronize killing, a
perennial crop sath the succeeding crop’s nitrogen
uprake.

Alfalfa.
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Managing nitrogen: animal manures

Toral soil nitrogen levels may be increased over time by repeated manure application.

=
Typical nitrogen content of manures from
selected animals

Animal type Ib N /ft3 manure

Dairy cattle 0.30
Beef cartle 0.35
Swine 0.42
Sheep 0.73
Horse 0.36
Poultry 0.83

Scurer MSU Extension Bulletin E.2)44

Nitrogen loss

Nitrogen losses from manure can also be high.
Volatization, lor example, can reduce surface-
applicd manure’s nitrogen content by more than
70 pereent. Incorporating nanure inimediacely
can deerease volatizadion losses to less than five
percent. Denitrificarion losses can be as high as
20 pereent of manure nitrogen. Leaching losses
will be high for manure applicd during periods
ol high leaching porential.

Ammonium nitrogen volatization losses
for surface applied solid and semi-solid
manures

Days before Percent
incorporation lost
0-1 30
2-3 60
4-7 80
>7 90

Source MSU Extension Bulleun E-2340

Application timing

[n addition, the dming of manure application
relative to crop growth afiects the amount of
nitrogen available tor crop uprake. This figure
summarizes the amonnt of nitrogen available
from manure and uring, as effecred by application
tming and swrage.

Source: Carnell Cooperative Extension 5FS Face Sheet. Page 101

Nutrient content

Animal manures, compost and industrial by-prod-
ucts are sotorioush variable in nurrient concent.
Manure’s nitrogen content varies with animal species,
age, diet, gender and reproductive stage, bedding and
manure storage and handhing procedures.

It is important co analyze manures and other
Organic Matter sources [Or nuirient content 1o give
appropri.te nutricnt eredits and not over fertilize.
Also, because phosphate levels in many Michigan
soils are very high due to a history of high manure
applications, manure putrient ¢concentrations should
be monitored tor two vears to determine expected
nutricnt levels,

Nitrogen losses during manure handling and

storage

Manure Handling system Nitrogen lost

type (percent)

Solid Daily scrape and haul 155835
Manure pack 20 - 40
Open lot 40 - 60
Deep pit (poultry) 15 - 35

Liquid Anaerobic pit 15 - 30
Above-ground 10 - 30
Earth storage 20 - 40
Lagoon 70 - 80

Source: Midwest Plan Service, 1985,

Effect of application timing and storage on manure
nitrogen availability

Total manure nitrogen
Urine I

Ammonium N I 1

Feces

Organic N-mineralized Organic N-{residual)

Time of Percent during the year applied mineralized from
application available past applications
During the
growing Dry mater Percent Fram manure Percent
3£ ata 100 conent available
tidedrets percent
injeetion for Less than 15 12 percent
TOW Crops. 18 percent pereent

2 yearvago § percent
Spring season. Greater than 25
Reduce number 18 pereent percent 3 years ago 1 pereent

by 15 for cach 65

day application
is delayed

percent

All ather ]
conditions percent+
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the compost’™s C:N ratio.

N

é
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.
b

in this table.
L™ r

Acrobic manure composting can in¢rease nitro-
Leen srability, decrcase manure volume and decrease

REManaging nitrogen:
l...#-"*ir:’ synthetic fertilizers

Many forms of svnrhete nitrogen fertilizers are
used in Michigan field crop agriculture. Some com-
S monly nsed nicrogen feralizers are grouped by rype

Composting at KBS.

Nitrogen content of fertilizers
b 8 Fertilizer type

Source of nitrogen (percent)

A Percent nitrogen Urea  Ammonia/Ammonium  Nitrate
Urea 46 100
Anhydrous ammonia 82 100
Aqua ammonja 21 100
Ammonium phaosphates 3-21 100
Ammonium sulfate 2] 100
Urea-ammonium nitrare 28 - 32 50 25 25
Ammonium nitrate 34 50 50
Calcium, sodium and
potassium nitrates 13- 16 100

Volatilization

Ammonia
volatilizatio

WI’ Ammonium

and nitrate
ltrtmun

Urea
fertilizers

Surface-applicd nrea tereilizers are suscepiible co Jarge nitrogen losses via ammonia volatilization during
PO iy conditions, especially il pH > 7.9, One-hal"inch of rain is sutficient to move surlace-applicd urea into
B e soil and essendially climinare volarilization. Without rajn, however, 75 pereent of urea can be lost by
volatilization in less than five davs. Tike manure, urea should be incorporated soon after application.

Leaching and denitrification

Under warm and moist conditions, virtually all properly
applicd urea- and ammonium-based fertilizers are converred to
nitrate in less than owo weeks. Nitrogen Joss from agriculrural
svstemis oceurs primarily after nitrogen undergocs nitrficaion,
since nitrate is so mobile and prone to Jass. To avoid nitrate
loss by leaching, denitrification or runoft, it is imporrant ro
coincide ferrilizer applicarion with crop uptake. This means
that nitrogen fertilizers shouldn® be applied in the fall,
Alehaugh nitrogen fertilizers are usually cheaper when pur-
chased ar this cime, nitrogen losses from tall-applicd fertilizers
range from 10 to 20 pereent on line-rextured soils, and 30 to
more than 30 percent on coarse-textured soils. 10t is necessary
to apply in the fall due 1o wet spring. conditions, apply non-
nitrate ferrilizer alter soil temperatures have dropped below
50° ) and consider using nitrificavion inhibitors, Nitrification
inhibitors have proven eflective in Michigan only on fine-tea-
tured so1ls when nitrogen applications are slightly below rec-
ommended levels,
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Nirrate-based fertilizers should never be applied in the falt in Michigan due (o the porential for
immediate loss by leaching and /or deniitication.,

Apply nitrogen in splst applications. Starter fer-
tilizer applicd ar corn planting is tollowed by Jarger
amounts when corn is three (o four inches high
bascd on nitrogen credits and /or PSNT results.
Applving nitrogen ferdlizers in splic applicanions has
a number of advanrages. First, ic allows nitrogen
ferulizer adjustments for weather conditions prior
to ¢crop uptake. Sccond, nsing the PSNT allows a
measure ol the amount of nitrogen released from
sail, plant residues and manures. Finally, vields are
nor alfeeted vsing spliv applications, but nirrogen
use cthiciency ingreases.

Tillage and the
nitrogen cycle

Tillage stimulates nitrogen mineralizanon and
mtrilication. T'herctore, fall sillage withour planting
a cover crop should be avaided whenever possible.

Michigan no-cll soils warm up slower than filled
soils, so mineralization and nirrification oceur larer
m the spring under no-ll than conventonal rillage.
Surface residues can also increase immobilization of
inorganic nirrogen.
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Cover crops

Dale R. Mutch and Todd E. Martin

Key concepts and questions

@ What are cover crops?

@ How do cover crops influence carbon and nitrogen cycles:

¢ How do cover crops mtluence pest management?

@ How do cover crops influence weed management?

@ Which cover crops can be used in cach part of a corn-com-soybean-
wheat roration in Michigan?

¢ How economical are cover crops?

@ Whac arc the long-term bencefits of using cover crops?

Additional reading

~ Sustainable Agriculture Research and Education Program. Managing Cover Crops Profitably.
= Sustainable Agriculture Publications - USDA, Washington, D.C. 20250-2200.
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What are cover crops?

A cover crop is a crop that is not harvested but is grown ro bene-
fit the soil and /or other crops in a number of ways. Cover crop

benelits include: reduced sol erosion; impraved soil guality; reduced

weed pressnre; redoced insect, nemarade and ocher pest problems.

Cover crops are grown during or benween prinxary cropping scasons.

They are versatile and easily adapred to conventional, low-inpur and
organic ficld crop ccosystems,

There are many cover crop species. Legume cover crops iy
atmospheric nitrogen fnto a form plants and microorganisins can
nse. Non-legume species recycle existing soil nirrogen and can
reduce the risk of excess nitrogen leaching into groundwarer.

Cover crop species

Species Life cycle? Nitrogen valueb Seeding rate Sceding depth
(Ib/A) (Ib/A) (inches)
Legumes
Annual medic SA 40 - 100 10 - 39 1/4t0 1/2
Berseem clover SA 60 - 90 9-20 1/4101/2
Crimson clover SA 50 - 60 12 - 20 1/4t01/2
Field peas SA 30 - 100 70 - 150 lto2
Hairy vetch WA 60 - 180 25 - 40 1/2 102
Mammoth red clover B 60 - 70 §-15 1/4101/2
Sweetclover (SW)E B 70 - 90 8-15 1/4t01/2
Alfalfa P 50 - 150 9-25 1/4t01/2
White clover P 60 - 100 5-7 1/4t01/2
Medium red clover (RC) P 60 - 70 10 - 15 1/4t01/2
Alsike clover B/P 60 - 70 4-10 1/4t01/2
Birdsfoot trefoil P 40 - 100 5-10 /4t 1/2
60,/40 mix (RC/SW) B/P 60 - 90 8-15 /4w 1/2
Non-legumes
Buckwheat SA NA 36 - 60 1/4w 1/2
Forage turnips SA NA 3-5 1/4t01/2
Oats SA NA 34 - 68 lto2
Oilseed radish SA NA I15-25 l/4t01/2
Rape SA NA 3-8 1/4t01/2
Annual ryegrass WA NA 15 - 25 1/4t01/2
Barley WA NA 48 - 96 lto?2
Rye WA NA 28 - 112 1/2 w1
Triticale WA NA 60 - 120 1/2t01
Wheat Wa NA 60 - 120 1/2 101

Nitrogen values vary depending on cover crop densities
€ Yellow-blossom sweetclover

A Life eycles: P = perennial; WA = winter annual; SA = summer annual; B = biennial

Source Manapng Cover Craps Profitably, Sustainable Agriculcure Publizations - USDA,
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h

crop rotation

- Because every aspect of farm management is
~ linked w orther aspects, it is imporiant 1o con-
~sider the entire system when planning, a field
crop scheme. Rotanng crops is an important
practice that bas repeatedly proven to be an
excellent pest management tool. Rotation also
provides an opporrunity {or seeding cover
crops. The corn-corn-sovbean-wheat rotarion
many Michigan farmers use offers several pos-
sibilities for incorporating cover crops.

Growers can incorporate cover crops into their
[cropping svstems by oversceding, (rost seeding, sen-

fal seeding or spreading,. Common field crop rotation in Michigan

Source. Howeil, NRCS.

Overseeding {above). bulk spreading
(below).

Frost seeding,
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Cover crops in corn

Researchers ar KBS have adopred a corn system that includes a /-
10-inch band herbicide treaiment followed by nwo cultivations.
Cover crops are oversceded at the sccond cultivation. Sceveral cover
crop specics have been successhully cstablished this wav, including
crimson clover, mammoth red clover, annual rvegrass, hairy verch
and a 60 percent red clover /40 percent sweet clover plowdown,

Cover crop options for corn

Oct Nov
Non-legumes
: D ne
Crimson clover Barley
AB | ety e
_ Oats
: Oilseed radish
B 'Rapeﬂhrnip
: C Rye

Triticale

A = Overseed corn at vegetative stagesVY4 -Vl
B = Overseed corn by air or highboy

C = Overseed corn by air or highboy

* = After Hessian fly-free date

T = Not recommended if being planted to wheat

o 7

A/C= Annual ryegrass +
crimson clover

AR = Annual ryegrass

| €C = Crimson clover

MC = Mammoth red cloy

NC = No cover

AIC= Annual ryegrass +
crimson clover

AR = Annual ryegrass

CC = Crimson clover

MC = Mammoth red clover

NC = No cover
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Timing is verv important to successfully estabhshing x cover ¢crop by overseeding. 1o is extremelyv impor-
tant 1o sced when there is enough light to germinaie and cstablish the cover crop, vee fate enough so it
will not compere with the corn crop tor warer, nurrients or light. Two vears of rescarch data have shown
that legume covers should he seeded benveen corn growehy stages V-4 and V-6, while annual rvegrass
should be seeded ar V-6 10 V-8, With good weed control, cover crops overseeded beawveen the corn rows
have not shown a corn vield reduction compared 1o a broadeast /no cultivarion herbicide treatment. FFor
1best ground cover alter corn harvest, adequate rainfall musr occur during the growing, scason.

——
=

-
-,

=

'
.

Crimson clover and annual ryegrass in corn
stubble.

- can still nse cover crops by sceding cover crops acri-
Lally or with highboy applicarors, These seedings can
begin when the carn crop begins drying. As the

plant dries, sunlight pencrrates to the soil, allowing

have been very successlul seeding cereal grains, par-
ticularly cereal rve.

Annual ryegrass in corn stubble.

Cover crops in soybeans

Sovbeans leave very itile 1esidue following har-
vest, thus following sovbeans with whear is an ¢nvi-
ronmentally benelicial rotation. Not only will the
whear benefit from the nitrogen produced by the
sovbeans, but seeding after sovbean harvesr general-
Iv offers a good scedbed for dnlling wheat. Whear
also provides farmers perennial weed conirol.
Michigan sovbeans are often harvesied following
the Hessian Hv-free date, providing a nice fitin the
crop rotaton scheme.

One alternarive o rotating to whear is 10 tollow
soybeans with cover crops planted at sovbean leal’
drop. KBS cover crop rescarchers have successiolly
overseeded red clover, wheat, cereal rve and forage
rape into sovbeans.
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Cover crop options for soybeans

ﬂ/

Mar Apr May Jun Jul  Aug Sept Oct Nov

%
©__J

Legumes Non-legumes

NR Berseem clover AT Annual ryegrass

A Crimson clover A Barley

A Mammoth red clover NR Buckwheat

A Medium red clover A Oats

A Sweet clover A Oilseed radish

A White clover A Rape/Turnip

A 60/40 mix A Rye

Al Hairy vetch A Triticale
NR Medic, annual A* Wheat

A = Overseeding at leaf drop

NR = Not recommended

1 = Not recommended if being planted to wheat
* = After Hessian fly-free date

Wheat seedlings emerging in
soybean stubble (corn stwbble
from previous year).

Rye seeded into soybeans.

Red clover seeded into
soybeans.
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Cover crops in wheat

Wheat offers several cover crop sceding alterna-
rivex. Mammorth red ¢Jover can be successtully
frost-seeded into whear when spring nitrogen ferril-
izer is apphed. This vsually oceurs mid-Mareh o
mid-April, depending on Jocation. Nitrogen is not
necessary for the cover crop, but combining acrivi-
tiex reduces the number of trips across the ficld.

Alter wheat harvest, farmers have a large window of time for establishing cover erops and managing,
perennial weed problems. Several cover crops can be successiully drilled inro wheat smbble.

Cover crop options for wheat

Apr  May Jun  Jul  Aug Sept Oct Nov
Legumes Non-legumes
Berseem clover Annual ryegrass
Crimson clover Barley
Mammoth red clover Buckwheat
Medium red clover Oats i
Sweet claver Oilseed radish
White clover Rape/Turnip
60/40 mix Rye
Hairy vetch Triticale
Medic, annual Wheat

A = Frost seed
B = Seed after harvest
NR = Not recommended
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Red clover in wheat. Oilseed radish in wheat stubble.

Cattle grazing oats sown into an early harvested potato field.

Once farmers begin incorporating cover crops
into their farming systems, they will discover innov- &
arive cover cropping strategics. Cover crops fit well
with short-scason specialty crops (carly harvest
P()R][OC.\\ CAITOLS, CllCllIanl‘S\ snap l)L‘ﬂI\S) sweet
corn and sced corn). In southwest Michigan, farm-
crs have shown that carly harvested porato fickls
can be seeded 1o cover crops and grazed by live-
stock.

Oats and forage rape in harvested seed potato field.
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Economics

What are the economics ol using cover craps in ficld crop syseems? Initial studics conducted ar KBS
compared connuaus corn to lirst-vear corn lollowing frost-sceded red clover in wheat. These studies have
shown a S40/A gross rerurn minus ¢osts when cover crops were incorporated into a ¢rop rotation,

| Costs and returns of first-year corn in a rotation compared with
continuous corn*

First-year corn following wheat and red clover cover crop

Yield or
quantity Price ($) Dollars /A
Gross returns 158 bu 2.35/bu 371.30
vield @ 15 percent moisture
Variable costs
Seed Corn 26,000 sceds /A 24.00
Ryegrass 25 1b 0.30/1b 7.50
Red clover 15 b 1.00/1b 15.00
Fertilizer 409 Ib 0.11/1b 43.28
Bladex 4L 0.5 qt 3.10/qu 1.55
Dual 11 0.5 pt 7.01 /pt 3.50
Atrazine 0.25 pr 3.051/pt 0.76
Drying 10.00
Fuel 5.42 gal 0.9 /gal 4.88
Repairs 6.01
Operating interest 10.00
Total variable costs 126.48
Gross margin (gross return minus costs) 244.82

Continuous corn (no cover crop)
Yield or

quantity Price ($) Dollars/A
Gross returns 139 bu 2.35/bu 326.65
vield @ 15 pereent moisrure
| Variable costs
| Sced Corn 26,000 sceds /A 24.00
Fertilizer 596 1b 0.105/1b 61.78
Bladex 4L 0.5qt 3.10/qu 1.55
Dual 11 0.5 pt 7.01/pt 3.50
Atrazine 0.25 pt 3.05/pt 0.76 il o I
Drying 10.00 don, MSU
Fuel 5.42 gal 0.9 /¢al 4.88
Repairs 6.01
Operating interest 10.00
Total variable costs 122.48
Gross margin (gross rerurn minus costs) 204.17

*Third year of rotation study, KBS,1995

KBS studies on corn showed no vield differences berween banded herbicide with nwvo cultvadons and
overseeded cover crops versus broadeast herbicide and no cultivation. The reduced herbicide svstem
requires owo cultivations and is more labor intensive, but it also decreases herbicide costs by 67 percent.
These savings can often compensate tor the added cost ol cover crop sced. The long-term economic bene-
fits of cover crops have not ver been caleulared, bur the value ot inereased soil biotic diversity, soil quality,
soll organic mattey, soil erosion control, inscer and nematode biodiversiy, soil wacer-holding capacity, acer-
ation and water pereolation is certainly impartant.
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Cover crops, soil nitrogen and soil
quality

Recent KBS rescarch has shown a dramatic influchee al cover crops on soil nitrate dvnamics when nsed
in conjuncuon with composred dairy manure.

Soil nitrate fluctuations
7 I\Fertilizer (no cover)

Compost
with cover
&12-| crop

6 —
4—
2 = — —
. | T | | T
May (2 | June 8 July 18 Sept 29 Dec 15
May 26

Source: Living field Laboratory, KBS, 1995

This figure shows that when svnthetic ferdilizer way applicd according to PSNT recommendations, a
sharp increase insoil nitrate levels tollowed. Corn viclds were 152 bu /AL Adding a clover cover crop to
this svstent resulted ina slightyv carlier inercase m soll nitrate and only a shight increase in vield (158
bu /AL curve not shown), When composted dairy manure was the sole added nitrogen fertiliny source,
nitrate Jevels peaked carlier in the scason, but maximum levels were much lower than with syntherie ferril-
izers, and corn vields were similarly lower (140 bu/A). When cover crops and compost were the only
nitrogen sources added to rhe manure rrearment, maximum nivate levels were much higher than with
manure alone, and equal to those with fertilizer. Peak nitrate concentration occurred five weeks cardier and
corn vickds were higher (169 bu/A).

This eftect wits nor just due 1o nitrogen, since adding fertilizer carlier in the season does not result in
this type of vield increase. The carlier pitrate peak, resule-
ing from mineralization of manure and cover crop nitro-
gen, mav be an indication of soil qualine. The cover crop’s
active roors mav have provided a “priming cffect,” in
which wicroorganisms growing on or near live roots
ncrcased manure and soil nitrogen mincralization more
than without a cover crop. This possibility is currently
being investigated by MSU rescarchers.

IFurther progress toward increasing nitrogen efficiency
in Michigan row crop ceosvstems will require more
rescarch on integrated svstems, and will involve coopera-
tve efforts beoween farmers, MSU LExtension and research
scientists. Incorporating cover crops will undoubtedly be
an imporrant conmponent of high-production, nitrogen-
cthicient agriculrural svstems in Michigan.

Crimson clover and oats, early December.
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Pest ecology and
management

s George W. Bird and Michael F. Berney

Key concepts and questions

@ What is pest ccology? How are species, populations, communirics, ecosvstems and
the biosphere related:
¢ What 1s carrving capaoity?

@ How s the population growth of a pest specics regulated by limiting factors such
as resource imitations and predation?

@ Whar is integrated pest management (IPM)? How are ecological principles
applied in [PM:?

¢ How can the release of beneficial organisms be used to manage pests?

How can crop biodiversity and crop rotation be used to influence pese ccology?

rancis, C. B. Flora and L. D. King (eds.)
v & Sons, Inc., New York.
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Pest ecology

Leological pest managementas heavily
dependent on knowledge of pest biology and
ceology, A short introducnion to population
and community ecology conceprs is provided
heree. Biology specific 1o insecrs and nemarodes is
provided in the lollowing chaprers.

Species, populations, communities and
ecosystems

R
Papulation

Al

I narure, those organisms capable of reproducing and
producing viable offspring are members ot the smne
species. The nvelve-spotted fadvbug, ( Colvmsncailia smacnlain
lenar) 1s an example of an inseet species. The soybean cyst
nematode ( Heterodera ghivernes) is an example of a nemarode
SPCCICS.

Populations arc groups of ndividuals of the same species and
are vfien eapressed as populatdon densitics (number of individuals
perarea or volume).

Populations vsually exist in communitics, nvo or more interacting
popuations. The definitions of population and communicy exclude
associated abiotic (nonliving ) factors. The abiotic svstem components are
included in the coneept ot ccosystem. The biosphere includes all the
workd's ccosvstems.,

" populatlon_ densi

PR "'u,

Carrying capacity and
population density

Carrying capagity is a species’
population depsiey thar an
CCORVSICIM €an SUPPOrt over a
long period of nme. The carry-
ing capacine of an ccosvsem iy
determined by the species” biot-
ic potential (reproduciive rare,
abiliy to migrate, ability 1o
invade new habiracs, detense
muchanisms and ability to cope

with adverse conditions) and rhe

resource availabiliny in the Blotcpotental Limiting factors

ccosvstem. Actual population _ T
densicy is almost always lower # Reproductive rate @ Lack of food or nutrients

than carrving capaciy due to the

. L R # Ability to migrate (animals) ¢ Lack of water
constraining, ¢flect of limiting At onrce ((eon) SR -
factors (Jack of Tood, nutricnts, ' @ Lack of suitable habitar
water or sinnable habitar; or abil- @ Ability to invade new habitats ' _
ity to cope suecessfully wich : ; @ Adverse weather conditions
predators, discase, parasites or Beleme meranisms ePridiars
compeuors). # Ability to cope with adverse :
conditions # Disease
# Parasites

Ssurce Emvironmental Science, Sth Ed, B Nebel,
R.T.Wnghr, @ 1996, adapted with permission of
Prentice-Hall, Inc . Upper Saddle River, N |.

& Competitors
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Growth limits

When an organisim hyves i an opo-
mal environment with no limitang, fac-
tors, its population growtch potential
depends on its biotic porenrial and
¢an be represented by a J-shaped

cATYIing capaciny, a population crash
iy occur. s sitwanon rarely occurs
in pature, A spectiic organism’s popula-
tion growth potential is usnally con-
strained by one or more limiring fac-
tors including predators or resource
limitations. In this case, population
growth is represented by an S-shaped
curve.

carrying capacity by
natural enemies

‘I‘M'.---dd--‘----_ﬂ

Carrying capacity

[n nacural ecosystenis, herbivores
spend their time searching for food. In
ficld crop ceosvstems, the crop pro-
vides a plentiful and readify available
resource for peses because humans con-
cenrrate production in large helds for
cthicient harvesnng,

Generation

This situation tavors pests rhar nor-
mally have high reproducive porential. The carrving capacity ol ticld crop ecosystems for these pests is
very higly and pests can reach numbers that can cause economic damage.

Approaches to pest management

Pest hiology was reasonably well understood by the 19205 Riological, culearal, chemical, physical,
genetic and regulatory pest conrrol procedures were used. Research activirics associated with both World
Wars led o the discovery, development and common use ol svnthetic organic pesticides. There were,
however, unexpected consequences associared with increasing pesticide use, including:

¢ Development of pest resistance to pesticides

€ Chemical contamination of the environment

€ Acute and chronic human health risks

¢ Harm to non-targer benelicial organisms

® Pesticide-induced evolution of new key
_P'CSIS

® Pest population density resurgence

As a resule, the ULS. Council on Environmental Qualice reviewed these phenonmenain a 1972 publica-
tion enutled “Integrated Pese Managemenc.™ Integrated Pest Management (IPM) was defined as, “A
svstems approach to reduce pest damage to tolerable levels through a variewy of rechniques, including
\'. predators and parasites, genctically resistant hosts, natural environmental modifications, and when
[necessary and appropriate, chemical pesticides.”™ TPM consists of designing, using and continually evaluat-
Jing pest control procedures. [t requires a thorough understanding of cach pest and irs associared ceosvs-
|tem.

In June 1993 the President pledacd “ro help agricultural producers implement 1PM methods on 75
o 'percent of total crop acreage by the year 2000, and on December 14, 1994 the United Srares
Deparument of Agriculture announced a “National Plan 1o Inerease the Use of 1PM.”
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3 IPM decision 2
support aids ' |

The IPM process

TPN can be described
as a cvelical pracess com-

prising scven interacuve R —

components, E
|

The field crop |
ecosystem '

The field cron ccoss Biological IPM strategy and

1C 1L.( LI()‘p LLO‘S_\S‘ monitoﬁng tactic Selection .

tem consists of all of the Il
components and interac- A
rions discussed in the
chaprers on Field Crop
Ecosvstems and Soil IPM procedure
Eeoloey. implementation

\/

Field crop ecosystem

Production system manager/decision maker (farmer)

The praduction svscem manager or decision maker is responsible for overall svstem qualiey and the
success or failure of [PM programs.

Biological monitoring

Biological and environmental monitoring are essential knowledge intensive componcents of the 11'M
process. Biological moniroring, also called scouring, consists of comprehensively evaluating pest presence
and population density, determining crop or livestock status and analyzing, the narure and population
density ol associated beneficial organisims.

Environmental monitoring

Since the svstem’s biotic componeiits are driven by irs abotic cle-
ments, comprehensive environmental monitoring is imperative,
Temperature, raintall and relacive hamidity are examples of abioric
components of the covironment momrored in [PM programs.

Decision support aids

Biological and environmental dara are either directly available o
the farmer or available through various TPM decision-support sys-
tems. Examples of 1PM decision sapport aids include pest sconcs,
crop consultants or a compurer program.

Trap/field monitoring.
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The concept of thresholds is a funda-
: mental 1PM aspeet. T the population den-
s ween pest pop __ , equilibrium density, | SItY cL\c.cctix rhe damage, injury or path-
'O n threshold g ogenicity threshold, crop Joss will alrcady
4 St i have raken place. The IPM action
threshold, therefore, is at a lower pest
N ‘ populiton density, and designed to pre-
—_— = == . vent crop loss it tactics are implemented
in an appropriate and tmelv manner.

— — — — — — DRamage,injuryor_ _ _ _ _
pathogenicity threshold

IPM action threshold

Time

|IPM strategy, tactic selection and procedure implementation

Data from biological and environmental monitoning are used to sclect appropriate MM sinegics and
o tactics and determine the most appropriate implementation procedures.

IPM srrategics consist of the way the production systemy manager or decision maker approaches a poren-
tial or exining pest problem. Fundamenral 1PM strategies can be divided inco the following four caregories:

€ DPest avoidance or exclusion € DPest containment or eradication

€ DPest population reduction ¢ No action at the present time

A diversity of pest management ractics are available for use under the fivst dhree 1PN strategics.
Particular tactics are specific to the pest of interest and are addressed in more derail in the (ollowing two
chaprers. I genceral, tactics can be classibied into one ol the following live categories:

.

¢ Biological ¢ Genetic ¢ Chemical
¢ Cultural ¢ Regulatory

Becanse the [PM process is eyclical, once an 1PM racric has been implemented, biological and environ-
mental monitoring must be continucd to derermine if the implemensed action resulied in the desired
] CCOSYSLEm Tesponse, or il"an additional TPM 1actic is required.

The following chapters on insects and nematodes are designed 1o provide a basic onderstanding of the
biology of these organisms in relation to their associated ccosvstems, potential as pests and possible imple-
mentation of the pracrices, systems and conceprs of TPM especially those Tocused on managing field crop
biodiversity and ¢rop rotation,

Pests, with which humans have alwavs competed for food, feed and hiber, include weeds, verrebraces,
arthropods, nemarodes, lungi, bacteria and viruses. Due ro imited space, we present only information
about inseer and nemarode biology in this document, but che principles of TPM are applicable ro all pest
types.
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The Insect
Community

Manuel Colunga-G., Stuart H. Gage and Lawrence E. Dyer

Key concepts and questions

® Some insects are herbivores, some are predarors, and others are parasitoids. Flow
do these different components of che inscce community interact with other
CCOSVSTCM coMponents?

€ Whar are beneficial insects? How do predators difter trom parasitoids?

¢ How do weacher and management influcnce insecet popularions?

@ Whar arce the different scales of complexity in field crop ecosystems? How do
plant architecture, growth, succession, diversity, crop rotation, landscape struc-
cure, function and change affect beneficial insecr activiey?

¢ How can management of structural complexity and diversity favor benceticial
inscct acnviey?

Additional readings T

| Haas, M. alldD Landis. 1994, Insect management in wheat and other small grains U Exter
Bulletin E-2549.

~ Mahr, D. L. and N. M. Ridgway. Biological control of insccts and mites. North Central Region
| Publication 481.

- Maredia, K. and D. Landis. 1993. Corn rootwvorms: biology, ¢cology and management. MSU
| ‘Extension Bulletin,
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The basic com-
poncents and inter-
acrions within ticld
CTOP CCOSVSTEMS
arc outlined in this
diagram.

CO, ?

[nscers ave six-legged organisms that plav an important role in the function of many ccosvstems. More
than one milhon inscer species exist worldwide, The majority are beneficial in human-managed ceosys-
tems and only a snall traction are pests.
In agricultoral ccosvstems, farmers are very familiar with insects, primanly because of the cconomic
damage thar some pese species can cause. Volumes of informacion have been produced regarding plant

A resistance, importation, augmenration and release of benclicial inscews. Deseriptions of these and other
pest management practices are found m orher MSU Extension bulletins.

1n this chaprer, we focus on the implicatons tfor the inscet community of biologicallv managing, lield
crop ccosvstems, Pracrices such as crop rorarion and cover crop use increase the complexity of ¢rop
ccosvatems wirh a subsequent impacr on inseet/plant inreractions.

Plants
In the enerpy tlow that occurs wichin the rrophic system,

plants are important 1o insecrs because they provide them with
both habitat and food sources.

Navy beans.

Souree Howell, NRCS.
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Herbivores

Indickd crop ceosvstems, herbivores may be verte-
brates (rodents, birds), invertebrates (mites, insects) or
pathogens (virus, bacteria, fungi). In most cases, herbi-
vores share crop resources with farmers wirthout causing
stgnificant damage. In fact, most herbivores are not can-
sidered pests, and in some cases, they can be bencticial
since they feed on weeds. There are, however, a few
cases when herbivores can reduce yields significantly,
When herbivores are cconomically important they are

| Tarnish bug (above). Corn
cafled pests, and managenient schemes aimed at reduce- rootworm adults (r).

ing theirr population density need 1o be implemented.

Carnivores: beneficial predators and parasitoids

Many carnivores are well known to farmers. Carnivores such as cagles, owls, hawks, foxes and covores
help maineain the cquilibrium of ceosvstems by regolating the numbers of herbivores such as mice, rats
and groundhogs.

In ficld crop ecosystems, there are organisms less swell known o farnyers that feed on insece herbivores.
These nacural enemies prevent pests [rom reaching outbreak levels. These beneficial organisms are classi-
ficd into nwo major groups: predators and parasitoids. Both groups are biological control agencs thar are {8
imporrant in regulating herbivore numbers in che dicld. There are, however, some major dificrences in the
bology and behavior that separate predators and parasitoids. These are highlighted in the bosces below.

In agriculoural ccosystems, natural enemies are al 4 disadvanrage becanse the pests have areadily avail- - IS
able food source (crop), while natucal enemics have 1o scarch through the plants o find their prev (pests). [
A thorough under- L™
standing of how natural
enemies interact within
the ficld crop ccosysem
can allow farmers to In most species, both
infroduce management immature and adult

pracrices l’|].1l’ cncourage ators feed on prey.
beneficial insect activiry.

Ground beetle,

Parasitoids

In most parasitoid species only
immature stages feed on prey.

One individual (the larva) feeds on
one prey during its lifetime.The
adult, however, leaves many prey
parasitized during its lifetime.

Most parasitoid species are special-
ists (feed on a limited range of \ ‘q
species). , \

YNV A&
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Weather system moving
through the Great Lakes
region.

Source 21997,
reprinted by perms-
sian of The Living

I‘. Earth, Inc/Earth

¥ imaging., Santa Menica,
CA 90404,

gcorn.

8| Pesticide application in second year

Weather and management
influence insect populations

Weather

Weather regulates biological activity and has importani etlects on field
crop ceosvstems. Temperature and precipitation influcnce crop growth and
development and. therefore, the timing of planting, barvesting and other
agricultural practices. Wind attects the timing of pesticide applications and
influences evaponanspiration (which can reduce the availabiliny of wacer for
plants).

[nsects, o, are atfecred by weather. Warm temperatures increase insect
activity and speed up their development. In an unusually warnn sumner,
the number of insect herbivore generations will be high and mav result in
decreased crop viclds, On (he other hand, very cold winters, precipitation
and wind can cause high tnscet morrality. Wind also helps disperse inscats.
The potato leathopper, an important pest of alfalfa, migrates on armospheric
currents lrom the Gulf Coast to Michigan every spring.

Potalo leaf hopper, Source Mare Sule, Ohio Soate Univerury
nymphs and adulc.

Management

While farmers depend upon weather and other natural processes,
management also influences inseet populanons. Management has
buth direct and indircet cffects. For example, i a farmer applies
pesticides to conrrol an inscer pest, a dircel result is thae inscces dic.
Whatr mav be less obvious is that only susceprible individuals in ihe
population die, leaving pesticide-resistant survivors, A pesticide
application mayv also kill beneticial organisms, sach as natural enc-
mics or pollinarors. Beneficial insect numbers are also reduced when
trees and fencerows are remoned, since vegeration provides shelter
and alrernare food sources.

[t is important to design pest management strategics that mini-

mize negacive impaces on the ficld crop ccosysiem, ver allow farniers
1o meet their cconomic goals.
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Scales of complexity and the insect
community

Management has a large influence on ficeld crop ecosystem complexiry. Lcologically based fickl crop
ceosvsicm management increases diversity and focuses on interacrions benwveen system components that
improve ccosvstem stability and resilience. The system's diversine and structural complexity have impar-
ant implications for the insecr communiry. The nexe five pages will address different seales of complexity
rhat we find in ccologically managed svsiems, and will emphasize management decisions that favor the
narural regularion of insect peses using benelicial insects.

Plant architecture

A plant’s structure and chemical composition significantly affect
which mscer will catit. Inseats that live in trees are diffceent from
those that live in bashes or those chat inhabit grasses. In agriculiral
crops, the plant can derer or attract mscers, The sclection and usc of
resistant varietics in fickd crop ccosysrems is based on this fact. For
example, alfalty varicties with long, elandular hairs are more resistang
to alfalia weevil.
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Plant growth

As crops grow and change during 1he season,
so do insecrs. Inscets synchronize their develop-
ment with the development of the plans they
prefer. Examples of management strategies thac
take this mro consideration include: 1) monicor-
ing lor important pests such as the European
corn borer or the corn rootworn at ¢rivical
tmes, 2} cutung alfalky when the alfalfa weevil
cpg stage peaks, 3) releasing purchased benehi-
clal inseets during a pest's suseeptible stage and
4§ changing whear planting time to minimize
Flessian v impact.

Plant diversity

If plant growrth changes the vegetational scrnctare of the fickd over time, plant diversiey
b changes the strucrure of the tfiedd in space. Signilicant changes can accur within a field it
another plant species is added into the system.

Hairy vetch.

This additional plant could be another crop (intereropping), a cover crop or single companion weed.
Cover crops that are used 1o add nitrogen ro the soil can also serve as an important refuge for benceficial
msecrs. Planting grasses in alfalfa, for example, can deter potato leathapper.
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Crop rotation

Some important pests have 3 special preference for particu-
lar crops. The corn rootworm, tor example, deposits cggs in
the soil in corn ficlds. The egps overwinrer and hateh the next
scason, Plandng the same ¢erop in a ficld vear after vear fosters
higher numbers of rcotworms. Crop rotation reduces root-
worn numbers since succeeding gencrations will not ind
their preferred hose in the same field. They must cither dis-
perse to new ficlds or dic.

Some benehicial insects, such as the
twelve-spotted ladybird becetle, are
more abundant in corn than in sov-
beans, In this case, roration will make
the number of this specics fluctuare
every vear. As discussed in rhe Field
Crop Leosystems chaprer, roration
also has beneficial ¢ffects on many
other svstem componeuts.,

Landscape diversity

In farm ficdds, interactions occur benwveen plants, pests, bene-
ficial insccts and the weather. However, the population dvnam-
ics of most inscets are influenced by factors thar cxrend bevond
the boundaries of individual fields. For those inscets, the land-
scape and not the licld is cheir domain. If we zoom our and
look ar the landscape level, we see thar adjacent o crop fields
there are rivers, lakes, other crops, forest patches, abandoned
ficlds and houses. Three landscape characreristics are important
to ccosystems: structure, fuerion and change.

Landscape

A land area composed of a
cluster of interacting

ecosystems.

Landscape structure Landscape function Landscape change
The spatial relationships The interactions among the The alteration in the struc-
among the distinctive ecosys- | spatial elements. ture and function of the eco-
tems or elements present. logical mosaic over time.
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Landscape structure

Agriculuural landscapes are usually highly frag-
meneed, with non-agricultural parches interspersed
among crop helds. Surrounding vegetanion phvs an
importanr role in the dynamics of a field’s inscct
commumity. Many pesis maove readily from one
field to another so that pest management suceess
Lmay depend on what is in nearby ficlds. Pest man-
agenent practices should therefore consider land-

scape strucrure.

Landscape function

Renchicial inseets can also move irom field to
ficld. Yor example, ladvbird becetles, key beneficial
inscees 1 ficld crop ceosystenms, oceur carly in the
scason i alfalta or wheat, and later move to corn
Jor sovheans. Nearby parches of non-crop vegera-

b tion are especially imporeant for benelicial insecrs
because many spend some stage ol their Jife cvele in
arcas owmside crops. Uncultivated parches present
alrernate food sources. Somie insccrs, ncluding
ladybird beetles, use these patches during rhe win-
ter and reraen the nexe vear to crop liclds.

Landscape change

All Tandscapes have seasonal changes rhar are reg-
ulated by wearher, though the structure of agricul-
tural landscapes is highly dynamic due 1o intense
Luman acriviry. Planting, cultivating, harvesting,

Although the complexity that emerges from
‘é’« landscape diversity may seemy overwhelming, its
L Himpact cannot be ignored. Managing a landscape

and government agencies. For example, public and
privare organizations monitor inscer pest popula-
tions and acrivities in numerous locations. Farmers
can use this informartion 1o guide their manage-
mene decisions.

Seurge Howell, NRCS




MICHIGAN FIELD CROP ECOLOGY - INSECTS

Plant succession

Landscape structure changes wich crop development and crop rotation. Landscape structure is also
affected by the changes thar ocenr in non-agricudtural patches. For example, old field and forest pacches
dlso change with rhe scasons and across years. Change in plant species compasicion thar ocears with time
is called planr succession.

In carly succession, species thar vapidly colonize disterbed areas predominate. These are mosrly annual
herbs and grasses. As succession proceeds, herbaceous perennials, sheabs and small trees prevail. Laver
stages are dominated by large, long-lived rrees (oak, ickory, maple and others).

Plant succession

i

bt -~
g5 T, ~ Disturbance

Annuals

Bi-annu

als

The insect community also changes
as suceession takes place. For example,
the species of ladybird becetle that
dominates a poplar habitar changes as
the stand develops, The firsg vear that :
trees are planted, Coceinella seprenn- 181
prorcinra is the dominant species.
Coleomenilla maculata lengi dominates
the following three vears. Finally,
Brachiacantha ussinn, Y specics nepical
of woodlots, becomes the dominant

v
i

specics.

Thercetore, the snceessional stage of
ceosvseenmis within the landscape will
influecnee population densities of bene-
ficial insecrs.

Mean trap captures
O
L

" C. maculata
Cseptempunctdm»

0. s ——— g - =]

1989

1990 1991 1992 1993 1994 (995
Year
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Suceessional ficlds are ymporwant o the beneficial
inscet conmmunity. The plans in these fields are
mhabited by insecrs that provide alternate food for
benceticial inseces, and the plants chemselves can
provide nectar and pollen. Non-crop sites provide
shelter for benefical insects alter a disturbance in
the field crop ccosvarem (e.m. harvese, herbicide
application, cte.), so maintaining edges of uncuoli-
vated habitats in the landscape is timportant for reg-
ulating pest populadions.

(Examples

Uncultivated habitaws such as forest patches and undisturbed fickd borders are imporrant to benelicial
insccr dvnamics. Current information does not ver allow us to derermine the number of trees or unculti-
vated parches thacimayimize biological control. Nevertheless, we do know that these resources are impor-
tant components ol licld crop ecosvstems and landscapes.

Twelve-spotted ladybug

The nvelve-spotted ladvbug (Caleamegilin maculatn lengi) is an important Michigan ladybird beerle
species. [is present in most field crops and feeds on aphids during its larval and adulr phases. [ prev is
Mscarce, adults can also feed on pollen from other plants, such as corn.
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When fall arrives; adules of this ladybird beetle species move to hibermacion sites in forest patches, clus-
ters of gees or even individital trees. Thev aggregaie in colonics of hundreds of individaals under the lit-
ter, which proteers them trom the cold. Snow insulares them further, \When spring arrives, the insects
become active and feed on the pollen produced by spring flowers in ncarby hibernution sites. In
Michigan, dandelion s a dominant plant at this time of the vear, and icis an imporant tood source for
the adults. As the weather warms up, adults disperse to agriculrural ficlds and reproduce. Adule and larval
stages leed on carly pests in crops.

Seasonal movement of the

twelve-spotted ladybird beetle .
~7

74

I‘. 3 -
Ay g F
N T sy,

Fall and winter:

; Early spring:
under litter

feed on polle

Spring: alfalfa
or wheat

Trees that provide shelter are very important
for the survival of this specics during the wineer,
Pollen from spring flowers, such as dandclion, is
a critical food source prior 10 dispersal to crop
ficlds. Tn some cases, when crop ficlds are adja-
cent to forest patches, dandclion flowers close to
the wrees are destroved daring spring plowing,.
This destrovs an imporaant food source for ben-
chicial insects.
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A parasitoid wasp, Eriborus terebrans

Erviboras terchrans, 3 pacasitoid wasp, is one of the nat-
ural cnemices of the European corn borer in Michigan
fandscapes.

FFor E. terchrans, awowell as for other parasitoids, the
larval siage is the only one tha feeds on herbivores. T'he
adulr searches for s preferred hose (in this case.
| European corn borer larvae) and deposits an egg inside
the arvas This cge hatches and the parsitoid larvd feeds
on the pest farva, The adult, however, doex not feed on
the pest. Tnstead, adults feed on necrar praduced by wild
flowers. Adulrs also need shelrer for protection from
high summer temperatures. Both food and shelter are
provided by forest patches locared ac com ield edges.

Nectar, produced by flowers such as the
Queen Anne’s lace, constitutes prine food for
parasitoid aduls.

Clearly, teaving forest patches wirhin
the agriculwiral landscape will help the
population size of the nvelve-sporeed lady-
bug and Ertbarns revebrans and could help
control aphids and European corn baorer,
respectively,
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Nematodes

Michael F. Berney and George W. Bird

Key concepts and questions

£
I

@ Whar are nematodes and what impacts do chey have on humans?

@ What are the ditterent tepes of nematodes? Whar roles do nemarodes play in
cCosystems?

@ What s the difference benween ecroparasices, migratory endoparasites and seden-
tary cndoparasires?

@ Whar are necrotie, hvpoplastic and hyperplastic discase syimproms caused by
plant-parasitic nematodes?

¢ How can plant parasicic nematode damage be avoided and managed?

@ How can tield crop biodiversity and crop rotation imfluence plant parasiric nema-
tode population sizes?

¢ How can sovbean cvst nematode damage severite be reduced asing field crop
ccosvstem biodiversiny and crop rotation?

Additional reading

Bird, G. W. 2000. Nematodes and Soil Quality, 84-94 (in) Michigan Ficld Crop Pest Ecology and
Mauagcmt,ur Cavigelli, M. A., S. R. Deming, L. K. Probyn and D. R. Mutch (eds). Michigan State
Um\crsltv Extension. Bulletin E-2704. East Llnsm&, Michigan. 103 pp.

v -'Pedt.rson :md G 1% Wmdlnm 1998 Plant and Nenntude Intum‘c JlS'“
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¢

Impact on humans

animals, such as pers and ornamentals.,

Direct impacts

cavsed by a nematode.

Hookworms are

What are nematodes?

Nematodes are roundworms that inferace directly and indirectly
with humans and other amimals, plants and microorganisims. They
are classitied in che animat phylum Nemata, and are best known for
N lcansing, infections discase i planes and animals, but they also plav

r‘“mn |m|\()rnnr role i <oil and crop ccology. Nematodes are
{ on Al farms in soils, plants and animals. Nemarodes feed on and
Jinteract with many soil-borne microorganisms, such as fungi, bacre- {
{ riaand protozoa. Many bencficial nemarodes serve as bmlouml fi
o pest control agents i managed systems and athers plav mporeant J|
1 roles in regulating natunal ccosvstems and nurrient eveles. th
i
i

Stylet
Median bulb

W, gttt Excretory pore

Nerve ring

Cuticle

Digestive glands

¢ present e

Source R Ingham.

Head region of a plant parasitic
nematode (herbivore).

Nematodes impact hamans directly by causing mfections diseascs,
or indireerly by damaging crops, liv L\l()\l\ and other plants and

Trichinosis is probably the most widely known human disease caused by nematades. Alchough most
people know the danger of caring raw pork, few understand that this is 10 avoid an infectious disease

nematodes thar cause intecrious human diseases. On a global basis, these discases rank
Jamong the four moest important factors contributing to human suffering,

Indirect impacts

Nemarodes impacr agnculiure by parsitizing crops
and livestock, preving on bacieria, fungi and proto-
700, and vecroring plant pathogenic viruses. As plant
or animal parasires, nemarodes cavse infecdous dis-
eases. Jwo mmportant examples in Michigan are rhe
sovbean cvst nematode and the dog heartworm.
When they prev on other soil organismis, nematodes
help accederate rates of decomposition and nunicm
cveling. Some entamopathogenic nematodes (insect
pathovens) harbor bacteria found only i their
mreestnes. These bacreria produce chemicals thae are
highly roxic to msccrs.

Nematode biology

Nemarodes have a head (anterior end) and a il
(posterior region ). ‘They have well-developed nerve
and reproductive svstems, and are considered the
most primitive anal with a complere digesave svsten.
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Size Width of

The adules of most nematode specics remain No. 50 i
nuicroscopic, while others grow to more than a cotton thread
oot i lengeh.

Width of s
Habitats nematode

Nematodes Jive in water. Any ccosvstem con-
wining water can be a suitable environment for
nemarodes, including plane tssue, animal tissuc,
decomposing organic marrer, sail, lakes, streams,
rivers and oceans.

Feeding

Nematodes live as herbivores or earnivores (both predators and parasites). As
predarors, they feed on other orgamsms, such as bacieria, prorozoa, fungal spores,
small inverrebrates and other nematodes. As parasites, nematodes feed on most planr
and animal specics, including humans. Some teed as cctoparasites and actach themscelves
to the vurade ol a host. Others feed as endoparasites and live within their hosr.

Head region of a bacterial-
feeding nematode

(baccerivore).
Reproduction :
epro ° Nematode life cycle
Many nematode
specics reproduce Egg First stage| First mole | Secend
sexually, while others (Zygote) [mmmm—| juvenile in je—  $138€
reproduce through a egg juvenile
varicry ol alternative
mechanisms, The
e evele ¢ Hatch
general hife evele of a Head region of a fungal-
nematode consises of I feeding nematode
the zvgore or fertil- Second (fungivore).
1zed cgg, lour juve- Female Male stage
. = Iuvenile Seureer R Ingham
nile stages and adule in il
I » I f‘-‘ ]I . In soil or
males and females. Yore
Nematodes mott or
shed their exterior Second
skin (cuticle) four molt
times, once benveen
cach of the life Fourth molt Fourth Third molt | Third
s(;[gc.\‘_ | ! st_age _ Smge
juvenile juvenile

Head region of a predacious
nematode {carnivore).

Source R ligham

Ecology

17a nematode community is diverse and contains many specics, there is a high prob-
abilicy rhat no one species will be ar an extremely high population density. This is con-
sidered a balanced and blO]OblGl“y diverse community. An old iicld that has nor
been disturbed for many vears and is in the process of succession is likely to have this
tvpe of nematode commumiry strucrure, T few nemarode species are present, it is likely
that onc or more of these will exist at a high populacion density.
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Rescarch has tound rthar nemarode community soructure varies amaong, diffeeent cropping svstems. The
rario lormed by dividing non-plant parasitic nematode numbers by plant parasitic nematode numbers was
highest for a rransidon organic roraton of corn, corn, sovbeans and wheat. The ratio was fowest for a
conventional system involving the same crops. The nemarode communiny structure index was intermediate
for 1wa other svstems with intermediate

4 biological diversity. These results suggest
&) that the ratio of non-planr parasitic 1o plant
! iparasitic nematodes may be a nselol indica-

Nematode community structure index*

¢ “ecosyste 3 wi igh rari :
Wdtor of ccosystem healch, with high rario System Ratio
numbers indicatmg a more healihy ecosys-
Arem. This rescarcly is -groing . 1 : . X
n.m.l [y I'\an L|m:1 Is on-g Altl‘\gl Amd future Conventional tillage 1.70
ssults w . rer . . patte
result | welp dcter nmune 1 thas p\lu.m 1S S}'Stc“l

CONSISTENT Over tme. Integrated fertilizer
Integrated compost
Transition organic

~N o
3 O o
L/ Mo (9]

* Population density of non-plant parasitic nematodes/popula-
tion density of plant parasitic nematodes on May 26, 1996 at
the Living Field Laboratory. KBS.

Plant parasitic nematodes

Muost plant parasioe nematodes feed on root tissue. A dew species feed on shoot rissue. They
have a sevlet that is inserted into plane cells during feeding.

Symptoms

Intectious discase symproms caused by planr parasitic nemarodes
generally fll into three categories: neerotice, hiypoplastic and byper-
plastic.

Infectious disease symptoms
Symptom Definition Example

necrotic lesions,
vellow foliage
stunted roots or

Necrotic breakdown of cells,
tissues or organs
Hypoplastic  rerarded growth and

Hyperplastic

development in cells,
tissues or organs
over growth or
development in cells,
LISSUES OF Organs

shoots, low crop
vields

root galls, swollen
root tips, excessive
root branching

Root galls (hyperplastic symptom)
induced by root-knot nematodes
(sedentary endoparasite).

sedentary endoparasites,

There are three types of plant parasitic nemarodes: ectoparasites, migratory endoparasites and
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Ectoparasites

Ectoparasites inject their stelers mto plant cells and feed trom the
surface ol root or shoot tissuc. The most impormant ectoparasitic
nematode in Michigan ficld crop production is the corn needle
nematode ( Longidorns breviaimntans). This nemarode’s feeding
catses swollen root tips, exrensive plant stunting, barren cars and
graatly reduced grain vields. This species s limited 1o coarse, xandy
soils. [t is a sertous problem on seed and irrigared corn. The needle
nematode species L, elongatns can be a liminng factor in Michigan
celery production.

The dagger nematode { Xiphinema americanmi) is commonly
axsociared wirth Michigan weee fruiv and vinevard crops. It is men-
tiomed here because in addition to being an importanr pathogen,
this species can rransmit plant viruses. [n Michigan, X. muericnnm
aarries the tomato ningspor virus that canses peach rosette mosaic
virus disease in grapevines, cherry tree stem pitting and apple tree
URION NCCTOSIS.

Migratory endoparasites

Migrarory endoparasites penerrare host tissue and migrate
throughout the plant. The most commaon and significant migrarory
plant parasitic nematode species in Michigan is the root-lesion
nematade (Prarvlenclus penctrans). This specics is not only an
important pest in potato, corn, alllia, small grains, strawbernes,
mint, cclery and orchard crops, but in some cases it ingeracts with
fungi to cause even more serivus disease. The root-lesion nemacode
penctrates inro root ussue and migrates throughout the cortex,
causing, cell necrosis and decreasing water and nutrient uprake and
transport ¢ticiency.

A sceond migrtory endoparasite, the bulb and stemn nemarode
(Ditvienchns dipsact) feeds on shoot tissue and can be a major pest
in Michigan onion and ornamental producrion systems. 1n other
parts of the world, various races of this nematode are serions alialfa
pathogens.

Another foliage-feeding migrarory endoparasite is the pinewood
nematode (Bursaphelenehies xvlophagus). This specics is umque
because it is transmitred from infecred trees to healthy pine trees by
fong-harned beetles, The pinewood nematode can kil a maure,
healthy pine tree ina few months,

Sedentary endoparasites

Sedentary endoparasites penerrate host tissue and establish a teed-
ing site where rhe females spend the rest of their lives. The nwvo
most important scdentary endoparasitic nemntodes in Michigan
agriculture are the root-knot and cvst nematodes. Both types cause
plants to torm complex hvperplastic symproms at the nematode
feeding sites. These nematodes aleer normal plant metabolisim by
redirecting plant resources tfor nemarode reproduccion.

The root-knot nematode female deposits eggs outside her body
inan egg mass. The egg mass is prorected when roor galls are
formed. Although the northern root-knot nematode ( Meloidogyne
haplmy is an imporrant pest in Michigan vegeable and ornamental
sVsEems, 1 is not known to be a major problem in field crop produc-
ton svstems. Another root-knot nematode species, AL natalied, s
known o exisc only in Michigan.

Cyst nematode on socybean roots.

Source: lowa State Univerniry

Scunted corn growth (left) by
plant parasitic nematodes.

Cyst nematode on soybean roots.

Source: lowa Stare Univiersiey
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Female cyse nemarodces retain mose of their eggs
wirhin their bodies. Some species also produce an
external egy, mass. When the female dies, her body
becomes a cyst that protects the eggs in the absence
of a suitable host for as long as ten vears.

Ar least seven evst nematode species affect
Michigan agriculiure. The two most imporant to
Michigan ficld crops are the sugarbeet eyst nema-
tode ( Hercsodern «chachtir) and the soybean cyst
nematode ( M. glveises). The clover cyst nematode
(H. trifali) and the cercal cyst nemarode (M. ave-
nacy are also present. Michigan is the onlv reporied
U.S. location (or the carrot eyst nematode (H.
carotar).

Reduced pianc growth due to
soybean cyst nemacodes.

Avoiding and managing plant parasitic
nematodes

Most conventional Michigan farmimg svs-
tents maximize crop vields using porchased
system inputs. This frequently limits biologieal
diversity ang results i an extensive Tood sup-
Aply for plant parasitic nematodes with very fow
facrors o limit their populanon potenrial,
When a plant parasitic nematode’s popularion
exceeds a threshold level, an infectious dis-
easc occurs. In cermin situations this will linyic
profitable crop production.

Licologically managed farming svstems are

designed o foster biological diversity.
Consequently, nemarode problems are rare in
these syseems.

Nematode management process

Nematode management involves using intormation about an ccosvstem's starus, predicting a probable
future nemarode problem and sclecting an appropriate serategy to keep plant parasice populations below
discase threshold levels.

The monitoring svsrem must provide information about nematode population density, cropping, history,
proposed site use, soil rexrure, soil nutrition and other existing factors that lisnit or enhance the nema-
tode’s biotic porential.

Since most farms are not equipped to process soil and tissue samples tor identifving nematodcs,

7 Michigan State University and several privare resting, laboratories provide this service.

Farmers and crop consulmnts use informacion from the monitoring svsrem to select an appropriate
nemarode mmanagement strategy: avoidance-exclusion, containntent-climination, control or doing
nothing,
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Nematode management strategies

Avoidance-exclusion

Avordance-exclusion 1< by far the best way o prevent nematode problems. [ois always casicr to prevent |
a nenxatode problen than to manage an established problem. Some nematode management ractics that
can be used under this stratey nclude:

Designing a field crop ecosystem for biodiversity
Rotating crops

Enhancing potential limiting factors

Using nematode-free seeds and transplants
Implementing a soil erosion control program
Using a water management system

Keeping farm equipment nematode-free

* % ¢ & ¢ 4 4 4

Maintaining good farm sanitation

Containment-elimination

Conminment-climination is also an importam nemartode management strategy. Onee a nematode species
is established in a site, 3t is very imporaant to prevent ie from spreading to other sites. This can be
achicved, in part, by reducing the population density in the inlested sice and using avoidance-exclusion to
prevent its spread o new locations. It is usually nor possible 1o eliminaie a nematode species from a svs-
tem onee it has become established.

Nematode control

When a namatode’s population density execeds a crop’s threshold, some rvpe of contral is used.
Nematode control reduces the population density to a level that is below the discase threshold, and
atrenpis to maintain it at this new equilibriunt,. Nematode control tacrics inclnde:

Manipulating soil structure
Manipulating soil water potential
Manipulating soil humus content
Using organic amendments
Rotating with non-host crops
Enhancing existing limiting factors
Releasing natural enemies
Introducing bionematicides

* & S 9 S & % & #

Using synthetic chemical nematicides

Doing nothing

Doing nothing is sometimes the most apprapriate strategy. For example, when a plant parasitc nema-
tode’s population is declining and looks as though iv will continue (0 decline withour using another man-
agement strategy, then doing nothing is the most appropriate serategy.
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Soybean cyst nematode: case studies

Conventional field crop ecosystem

Sovbean vield in an 80-acre ficld has been declining annoally for the past three vears. Plants in various
v Llocations are stunted. appear vellow during the growing scason and have very few nitrogen-fixing root
nodules. Yield losses are estimared 1o he 60 percent ol the site porential. Although corng wheat and soy-
beans are produced on this farm, sovbeans have been grown in this ficld for the past five vears. The fol-
lowing are the results of 4 soil and roor tssuce sample submitted ro MSU for identificarion of the problem.

PLANT PARASITIC NEMATODE POPULATION
DENSITIES AND RISK INDEX

OCCURRENCE OF BENEFICIAL NEMATODES

Saprophagous Nomatodes FwW

Popuiation Hisk

Nematode - —naex’ FPredaceous Nemalodes NN

Sal |Root’ Endomycorthizal Fung W

” Nematode Trapping Fung NN
Root-lesion [] Penetrans 12 MM = none AB - abundani

O

FW = few EX = extrame
Ci = common

Fatse root-lesion

Root-xnot [7] Northern

O

Cyst  [Xl Soybean 1 Oat
[ Sugarweey || Clover 850420 6

DIAGNOSIS:
Nematode protilarm sile,!l
Disease complex problem sing D
Possible problem site 0
Future problem site 7
No problem dolocted 1

Pinewood

Stubty-root

GENERAL RECOMMENDATION
Action advisable X
Employ lactic on a trial basis X
Refer to MSU Ex). Bullesn No
E-22 pagas_): 6
pagas
No aclion strategy available O
Submit 100l samplo D
Submit additional soif sample
No action required al this time 1

Daggor

Neede

Stunt

Lanceo

Shoaih

Hing
Pin :Namalodes/\DO cm’ soll
"Nematodes/1.0 g rool

Spirat Risk Index

0 = Nono Dclocted
Foliar 1 = Low

2-3 = Maderole
Othear 4 = Hgn

5 = Sevore

Cther

Analysis of the soil and root tissue indicates thar the low vields are caused by the soybean cyst nema-
tode ( Hetevedera glveines). Tois strongly recommended thar this ficld be placed it a long-term rotation
Idesigned o deercase population densitics of the sovbean evse nematode and increase erop productiviry,

* The roration should consist ot three, three-vear eveles. The first cwo vears ol non-hast crops (corn, whear,
poraro, cic.) in the firse cvele should be tollowed i the third vear with a nematode-resistant sovbean culti-
var from a known resistance source. The non-host crops planted in the first two vears of the sccond three-
year evele should be followed with one vear of a nematode-resistant sovbean culnvar from a different resis-
tance source than the one used in the firse three-vear evele. After nwo vears of non-host crops in the third
three-year evele, a nematode susceprible sovbean cultivar should be planted. The above recommendation
is designed o lower population densities of the sovbean cvst namatode and conserve host-plant resis-
tance. It should also be nored that very tew beneticial nematodes and Ringi were associated with the
sample from this ficld.
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Organic field crop ecosystem

An organic farmer, in the process of ransinoning a 40-acre ficld from a conventional svstem 1o a certi-
fied organic svstem, submitred a soil and roor tissue sample for nematode analvsis. This analvsis was
destgned w use the npes and population densities of nemarodces and associated tungs to mdicate overall
soil quality, with special reference to the concepr of a “living soil.” The farm produces specaly small
grainy, specialty beans, com and a varicrv of forage fegumes. When the sample was raken, the sire was

planted to whear wich an oversseeded clover.

PLANT PARASITIC NEMATOOE, POPULATION
DENSITIES AND RISK INDEX

Population Aick

Nemalode 1 . Indox‘
Sal | Rool’
Root-lesion )| Penettans 3 1 1
]
False root-lesion
Root-knot ] Notthemn
Ul

Cyst [ ] Soybean [] Oat
] Sugarbest  [] Clover o o|o

Pinewood

Stubby-root

Dagger

MNeadle

Stunt & 1

Lanco

Sheath

Ring
Pin 6 1

OCCURRENCE OF BENEFICIAL NEMATODES

Saprophagous Nemalodes AB

Pradaceous Nematodoes c™M
Endomycarrhizal Fung EX
Nematode Trapping Fungi CM
NN = nong AB = abundani

FW =few EX = extterme
CtA = common

DIAGNOSIS:
Nematode problem site 7
Oisease complex problem site 71
Possible problem site 1
Future problem site 7
No probiem detacted ¥

GENERAL RECOMMENDATION
Action advisable 7
Employ tactic on a tnial basis 11
Re'or to MSU Ext Bultatin No
pages
page
No action sirateqy available D
Submut root samptle )
Submit additional soll sample 7
No action required at this ime X

Spiral 14 1

Faliar

Othor

Other

"Nematodes/100 cm” sail
;Nematodesﬂ.o g 1oo!
“Risk Index

0 = Nonc Oectectod

1 = Low

2.3 = MWNoderate

4 = High

5 = OSavere

Although five cvpes oi’ plant parasiric nematodes were cecovered from che soil and root dssue, nane
were at high enough population densities to be considered as a current or porential problem in relation to
crop productivity. There was a high rario of non-plant parasitic (o plant parasitic nematodes. The overall
beneticial ovganisms analvsis indicared diverse fungal and baceerial feeding nematodes, an above average
populition density of predacions nemarodes, a very high population densiry of mycorrhizal fungi spores
and the presence of nematode-rapping fungi. Based on the results of this sample, the soil would definitely
be classificd as a “living soil.” one important component of an overall soil qualitye audic.
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Directions for farm
change: Bringing it all
together

Richard R. Harwood

Learning objectives

@ How can a holistic approach be used to bring social, regularory, environmental
and cconomic objectives mto harmony with family and business goals?

4 How can parterns of crop diversity be designed to reach the multiple objecrives of
soll quality, pest management and high vields?

@ How can the wadeofts berween high vield, profit and adverse environmental

impact be ninimized?
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Considerations for farm change

A holistic approach

Most farms are operated with a carelul eve toward the off-farm
canvironment, and blend tamily goals with business objectives. Ir's
as imporrant to plan for the evolving sacial, political and regula-
tory environment as it is o plan a cropping scason. Have family
goals for the farm been realistically established and pur on paper?
Dacs the fanuly understand and share those goals? Given the most
likely patterns ol change in the local communiy and in regalatory
processes, what implications are there tor faem size and strucrore?
Whar changes are likely in markers, and what new opportunitics
are probable for providing high vatue goods and services! Whae
implicanons docs all of this have for how the farm landscape is
managed? How should the “social contract™ evolve with neigh-
bors and with the local communine? How can a farmer be proac-
tive in thar social agreement in order ta head off contlice or, worse
ver, more regulation?

We have not examined many of these broader issttes beeause they are bevond the scope of this volume.
The precedimg chaprers have given insight into many of the more critical ficld crop ccosystem processes
imporrant to agricultural Tandscape acstherics, ficld crop ccosvstem soundness, covironmenral protection
and cconommnic efliciency

Thase chaprers impress the need jor taking a holistic viewpoint which considers biology along with cco-
nomics, engineering and human well-being. But whar are the prionnes and where do we srarc?

We have learned that the best ecological methods for influencing biological organisms are managing

their habitats (somerimes ar the fandscape level, within a ficld or in the soil) or managing their tood
source, which means managing plants and crops, organic inpurs and therr residucs.
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What changes should producers make in the crops rthey grow, where rhey are planted, their timing and
their management pracoces? Ie's logical to begin by listing kev determinants of productivity and system

Landscape design

Gerring a view of the farm landscape can help a
producer identify poreneial “socially sensivive™ arcas,
Whac special considerations should be given to
nearby homes? Are they upslope or downslope from
our ficlds: \Whae travel patrerns to and from ficlds
could be changed to avoid populated or congested
arcas? Where are the neighbors’ wellst How deep
are they and how rapid is nearby soil leaching?

Are ficld shapes, sizes, grasswavs and other sur-
Face warer management pracrices consistent wich
good crosion conrrol? Are grasswavs managed for
beneficial ingeet habitar? Are our ficld borders,
headlands or non-arable fickd arcas managed for
wildlite and predaror habitat? These are a few of the
questions afarmer needs to ask himself/hersell to
provide the bese landscape design.

Design for soil quality
".‘ Soil quality and productivity are major prioricics.
. On the best soils it may be enough ro use modest
to low ullage on a simple summer ¢crop rotation
sich as corn and beans or sovbeans, while carcfully
monitonng mputs and managing crop residues.
Minimal rotation is adequate tor controlling corn
roonwvorm and plant parasitic nemarodes. These
soils are characterized by low slope and a texeure,
clay cype and depeh profile chac normally pravide
vood aggregarion, internal warer movement and
~moderate 1o low leaching potential.

{f a soil has a tendency to compact, cruse or have
low water infiltration, a more aggressive crop rotanon is suggested. Controlled trafiic patrerns, tillage and
‘drainage svstems may also be necessary. These soils gencerally require greater crop diversity and longer
root growth duration. This requires managing soil habitar, crop residue quahty and soil organisms. A

davs), brings the acuve rooung period 10 57 percent for a two-vear bean and wheat rotation, and 92 per-
ent if a cover crop is used followmg whear.

A beans-wheat-cover crop-corn romtion has active rooting, 72 percent of the time over a rhree-vear peri-
d and includes four species it a monoculture cover crop is used. Including a legume hay ¢rop in rhe rora-
ion for two or thiee vears adds even more aggressive soil conditioning.
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[{ a svstem's major crop has areat cconomic value {ie. polatoes or sugar beets), management revalves |
around optimizing the soil and environment for that crop and balancing the need for soil conditioning,
pest and disease management with its planting frequency. With sugar beets, the choice is cither a three- or k
four-vear votation, Given the heavy machinery trattic, at least one winter crop is needed (either a winrer K
cereal or an aguressive cover crop alter beans). Wheat, followed by an aggressive legame cover, followed I
by corn is an execllent sequence, bur generally takes four vears with beans, inless the beets are ot carly ".- L
cnough for fall wheat planting, r, 3

These options for increasing rooting duration and crop and residue diversity have @ major impact on
mcreasing soil organism abundance and diversity, which in turn impacrs soll qualiny.

o Rotation Active l:ogting Number of
Rotation vears perio species

Corn-sovbeans 2 32 2
Soybeans-wheat 2 57 2
Sovbeans-wheat/cover 2 92 3
Corn-soybeans-wheatr/cover 3 72 4
Beets-wheat-corn 3 76 3
Beets-beans-wheat /cover-corn 4 65 5

Designing for reduced nutrient leaching

Warer is added o cropland as snow, snowmelt and rain. Tn 2 tepical fickd, most oi ihis warer eventually
cvaporates back ro the atmosphere (66 pereent from April to October). About 23 percent of it will run off,
the soil surface o streamis, crecks, drains, Takes and ponds.

The remaining nine pereent of this warer enters the soil (infittration). This soil water can pereolate
through the soil to growdwarer, be stored as soil moisture or ranspire by plants back 1o the armosphere.
Groundwater replenishes the soil water rable (shaliow aquiicrs), percolates to deep aguifers or lows back
to surtace waters such as screams amd creeks.

The fate of irrigadon warer. parricularly with over-
head sprinkler svstemy, is similar co that of falling pre-
cipitation. The main dilference is that wacer is taken tion
from local surface or ground warer sources. Taking or
wasting too much warer is a rsk when supplics are
I()\\‘.

If a soil has 4 course texture a farmer must consider
nitrogen use ¢fhicicney and leaching porential.
Nitrate leaching in mineral soils is poverned by ihe
sofl nitrate concentration and the amounrt of excess
water (rainfall plus irrigation minus evapotranspira-

ion) Infiltration
ton),
One way of looking at nitrogen loss 1o groundwater

Runoff and e

is 1o consider the landscape-level impact. I 3 neigh-
bor’s well is shallow and near a soil with a high leach-

ing rate, even assingle season with a large nicrogen Percolation
pulse (100 or so pounds per acre) mav cause a short- 111

term problen. Ina more slowly leached soil, or where
the well is cither deeper or o greater distance from rhe
liclds, assessing three- vo four-vear nitrace leaching
averages is probably more mummJLl] KBS data show
that nirrate leaching loss depends on crop rotarion
and scason.
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Most leaching occurs during the winter 1ollowing a fertilized crop. The rotations shown here tollowed
lons rerm alfalfy, so [caching was Ingher than would normally be L\PLL(’Ld tor al} crops. In 1994, a wet
i‘“w June caused he: vy leaching under sovbeans, showing thar there is a period of vulnerability carly in the
crop scason. A 1996 sumimer drouL,hl lefr sidedressed nitrogen unused, causing all corn to lose more chan
100 pounds nitrogen per acre the following winter, On average, corn in rotation lost 70 1o 80, sovbeans 48
and wheat 24 pounds nitrogen per acre per vear. Valnerability in the high-leaching vears brought overall
nitropen loss in the rotation 1o a level similar to that under continuous corn. Applicd nitrogen averaged 85
pounds per acre per vear and 130 pounds per acre per vear tor the continuous corn.

Annuaz Itroge leaching (pounds N per acre) at the Living Field Laboratory, 1993-1997, KBS
Year (April - April)  Soybean Wheat  1st year 2nd year Rotation Continuous
corn corn 1\'erage corn
1993-94 49 49 75 70 6l 72
1994-95 54 16 45 38 38 24
1995-96 11 17 59 63 38 18
1996-97 76 15 100 151 86 103
crop (system) average 48 24 70 81 56 54

wre. the farny would contribute 28,672 pounds of nitrogen into gronndwater from cropland. Additional
amounts mav come from housing areas (lawns, septic svstems) and other sources. Carctul nitrogen man-
agement is critical, regardless of the crop sestem. We hope many farmers can do bewrer than our KBS svs-

tive tor reducing overall mirogen loss. Avoid early fall nitrogen mineralization by leaving 2 high-nitrogen
cgume of cover <crop 1 place while the soil s sdll warm,

A plant’s efficieney at taking up sotl nitrogen and
applicd fereilizer seems linked to the rate of lage
spring soil nitrogen mineralization. T'his can be
esrimated using the rate of spring soil nirrate
buildup (the presidedress nitrare lost). This rare is
cnhanced by a history ot long-duratian crop root-
ing, crop diversity and by a modest amount of
green legume cover crop residue leftin che spang.
This fresh residue seems 1o “spike™ bacterial repro-
duction in the soil. Spring-applicd anunal manure
multiplics the cover crop eftecr. These nitrogen soil
sources appear correlated wirth overall soil quahty
and high corn yields. Such nitrogen “pulsing™ is
obviously not desirable ahead of beans or sovbeans,
as it would increase the leaching potential. We
don’t know how this carly scason “pnlsim_" affects
nitrogen loss during the following winer.

 Designing for disease management

Ecologically based discase control requires a knowledge ol pathogen biology and pathogen crop
interaction. Docs a pathogen leave residuc in the soil, crop residuc or ficld borders? Does it have alrer-
nate hosts? How, under what conditions and when is inoculunm produced? Is crop genenc resistance avail-
able? Dowes crop vigor, nutrition or riming impact infection and discase development? With soil-borne
pathogens such as porato scab or sugar beet voot ror, rotations ol three vears or more can effectively

- reduce inoculum levels. Disease is a prime consideration when planning crop rotations, with soil gualiny
~and nematode control sccondary factors,
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With wheat secab, which leads to a myvcotoxin buildup in the grain, alcernating hosts such as corn and
weedy species ensures a plentiful inocuhum supply. Spores are produced on crop residues in the spring,
though wheat is susceptible to intection only duding the flowering period. Since spores move for some dis-
rance, scientists debate how effective it is to bury springame crop residuc. A lack of corn residue mighe
reduce one fungus species” inoculum, bur it would nor affect alernare host production ol several other
discase-causing, specics.

With sovbean white mold, spores disseminace Irom the
soil under the crop canopy. Plant pathologists believe that a
cover crop or crop restduc mighe help reduce inoculum dis-
persal. The same rotation and cover crop tools used for soil
quahine and fertiline benefits mav also apply 1o discase con-
trol, but disease management muost be pathogen specific.

Managing for insect and nematode
control

fnseet pest management is more conples than discase

control and requires knowledge of specific pests and their
predaror relationships. Managing habitat for both pests and
precators is imporcant. It is imporrant co remeber that insect
habivat is eliccted by landscape-seale crop diversiny, quality
of ficld borders and crop timing. Cool-scason crops, such as
wheat oralfalfa, often provide an carly season source of aphids and other food Tor such predators as lady-
bird beetles. This helps build their populations ahead of aphid intestations in warim-season sunimer crops.
European corn borer is preved upon primarily by Eriborsss, a parasitic wasp. Eyiborus needs habitaes adja-
cent to corn fickds for carly scason shelter and food. In amitual crop agriculeure, perennial habirats adjacent |
to crop fiekds may be necessary to provide the structure, stability and resooree needs tor the successiul
conservation ol natural cnemics and effeciive biological control.

The ratio of nematode types in a community may be an indicaror of soil qualiny, A well-planned crop
rotation, planned crop diversity and use ol cover crops can enhance habinar for beneficial organisms, make
carbon and nitrogen flow more efficiently and lead to improved soil qualin: and vield.

Biological pulsing

Crops have diftering levels of net primary productivity, or total biomass accumulation and rewern co the
soil. Corn reeurns more carbon 1o the soil than any of our other teld crops, including harvested hay
crops or any of the cover erops we have deseribed. eans and saybeans return far less carboin, but have a
much lower C:N ratio. Young, cool-scason legume covers have a very high-quality, readily decomposable
biomass, so thev spike the svstent.

A wheat-clover rotation has a 22-monch period of diverse root groweh. The combination of soil condi-
rioning, followed by high-qualine substrate incorporation prior 1o first vear corn provides the highest soil
acuvity pulse in the rotation. A good rotrion chectively canses scasonal highs and lows of soil biological
activiry. For those highly responsive crops like corn, sugar beets or potatocs, periodic pulsing is a eriical
part ol the design. Early spring pulsing is desivable [or the non-legume crops. Beans, sovbeans and other
legumes shonld be placed v roranon in the “low pulse™ vears.

Crop integration efficiencies

There are several wpes of crop integration ctiiciencies. The major benetits in reducing npurs and
increasing vickd are shown in the accompanying table. Yield increases depend on cftectively using
“conditioner™ crops. Those crops, when combined wich andscape-level effects, can add 1o significant cost
SIVINES.
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orm scouting or control costs
ercent vield advantage

-
wvindoy
10 percent yvield advanrage

eded clover
A with PSNT)

Economic returns

~ T'he biological inreractions outlined in the previous pages and chapiees have obvious cconomic implica-
tions. Thosce that improve soil qualiny, harvest greater vield and nurrient use efficicney benefits and reduce
the need for addirional nutrient or pesticide inpuis. Landscape-level pest-predator imteractions may have
major impact, though the cconomics have not been determined. Benelits are likely to be in the range of a
Hew dollars per acre per crop.,

KRS research shows thad first-vear corn has higher
nec cconomic return than second-vear or continuous
carn. Adding compost and cover crops maximized
both soil bivlogical activiey and Arst-vear corn vield,
That advantage drops oft rapidly in second-vear
corn. High-value ¢rops dominate cconomic analvses
of crop rotations. The rotation’s overall profitabilivy
depends greatly on relative crop prices.

I a limited Michigan farm survey sample, gross
margin tor continuous corn was S84 per acre, where-
as a multi-crop rotation achicved a gross margin of
S5103 per acre. When manure was added 1o the rota-
tion, the margin was S115 per acre. These farm data
include fandscape-level effects and presumably long-
term rotation equilibrivm. The integration cilects
held over a wide price range for corn, sovheans and
wheal.

Source: Jones. M. 1996.

Visible indicators of sustainability

Michigan’s farms must nor only be cconomically and eonvironmentally sustainable, they should look thar
way o an informed public. Rural residents are increasingly concerned about environmental soundness and
stability. Thev myust berter understand and appreciate the environmental services that a healthy agricul-
ture provides. Visible good management indicators should include crop diversity patterns, good winter
residue cover, parches of green ficlds in the late fall and carly spring, grass sorips and whire (rather than
brown, duce to blowing soil) snow along windy winter roadsides. Biologicallv integrared practices make
good ceonomic, environmental and acestherie sense.
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Michigan Field Crop Ecology

During the many planning sessions for this publication, prioritics were determined based on a logical
learning sequence, availability of Michigan data, farmer priorities and space.
Several topics had to be deferred to subsequent publications including:
Social /political linkages and social contract
Weed ecology
Pathogen management
Mycorrhizae management
Tree and forest management
Wildlife issucs
Livestock and manure residue management.

Companion Bulletin: Michigan Ficld Crop Pest Ecology and Management. Michigan State University
Extension Bulletin E-2704.

Additional information: hrtp://www.canr.msu.edu/misanct/
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