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Trees on the Great Plains:
Agro-Ecosystem Diversity

Laurie Hodges, Mary Ellen Dix
James R. Brandle, Mark O. Harrell
Robert J. Wright, Ron J. Johnson

Ronald M. Case, Kenneth G. Hubbard
Linda J. Young, Rebecca L. Fitzmaurice

Nathalie J. Sunderman, Michele M. Schoeneberger

The University qfNehraska and the Forest Service collahorate in an
eight-discipline, twelve-person project. They look at "life on the edges."

L. Hodges presenting research results on
impacts of tree shelterbelts on growth and yield
ofcabbage to visiting international agronoml"t'

Agriculture in the Great Plains faces
increasing pressure for environmental stew
ardship and for more economical farming
and pest management practices. The con
cept of sustainable agriculture was devel
oped to address these needs. A sustainable
agricultural system is one that consistently
enhances environmental quality and the re
source bases, provides basic human food
and fiber needs, is economically viable, and
enhances the quality of life for farmers and
society. In the Great Plains, we define
agroforestry as the use of trees to help make
agricultural production systems more sus
tainable. The trees function to conserve soil,
water, wildlife, and other natural resources.
They also improve water quality while main
taining natural resources and crop and live
stock productivity and profitability.

The use of trees in agroecosystems im
pacts the microclimate and biological envi
ronment of the systems. Agroforestry eco
systems are composed of crops, trees, soils,
invertebrate and vertebrate wildlife, and
many other components. The roles of each
component and how the components inter
act within the system must be better under
stood before effective guidelines can be de
veloped for managing the agroecosystem.

In the Great Plains, farmers and urban
dwellers rely extensively on synthetic pesti
cides to control insect pests and help pro
duce more crops. This has created problems
such as pest resistance to pesticides, unin
tentional pesticide damage to nontarget or
ganisms, and contamination of the ecosys
tems. New methods are needed to control
pests. Native natural enemies can provide
long-term protection from most forest defo
liators and be used to control pests of crops
in the Great Plains. However, farming, ur
ban development, and other practices have
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destroyed most ecosystems that provided
long-term habitat for natural enemies of crop
pests. Crops now cover extensive areas of
the Great Plains. Farming, urban develop
ment, and other practices have destabilized
most of the ecosystems in the Great Plains
that provided long-term habitat for natural
enemies of insect pests. Because tree plantings
are the most stable component of this oth
erwiseunstable human-modified ecosystem,
they can be used to enhance and conserve
populations of natural enemies. Tree
plantings can affect natural enemy abun
dance by altering the microclimate in adja
cent areas, by providing food, protection
and reproduction sites, and by providing the
vertical and horizontal diversity needed by
many vertebrate and invertebrate natural
enemies.

Trees in agricultural ecosystems increase
farm outputs and enhance the human and
natural environment. Research in Nebraska
and throughout the world has demonstrated
that tree windbreaks (shelterbelts) modify
wind profiles, temperatures, available mois
ture and other microclimate factors. Trees
also provide food and shelter for many kinds
of wildlife, including arthropods and birds.
Many of these arthropods and birds are
important natural enemies of tree and crop
pests and have the ability to reduce destruc
tive insect infestations. Insecticides, fertiliz
ers, and cultural practices impact pest in
sects as well as their natural enemies. Fur
thermore, inputs of insecticides and fertiliz
ers have replaced the interactions among
pests and their natural enemies.

In agroecosystems, plant and animal
diversity is particularly high along edges
where crops and trees are in close proximity.
These edges could serve as refuges for both
beneficial and pest species during periods of

unfavorable conditions within the crops, The
use of tree windbreaks to enhance natural
enemy populations is an attractive altenu
tive to pesticides in the rural landscape. Little
is known about the insect populations orthe
diversity of insect species found in treewind
breaks common in the Great Plains. Inseli
diversity in the edge zones where crop and
trees meet is also largely unexamined. rvhl
available information on the influences 01

tree windbreaks on arthropod natural en·
emies is scattered, was obtained in foresl
ecosystems, and does not pertain 10

agroecosystems of the Great Plains. Inaddi
tion, information on how tree and crop man,
agement practices influence abundance III

wildlife, such as resident and migratorybirds
is extremely limited.

In 1991, scientists representing eigh
disciplines from two agencies (the USD.l
Forest Service and the University of ~e

braska) and five university departments (For
estry. Fisheries and Wildlife; Horticulture
Agricultural Meteorology; Entomology;anc
Biometrics) met to form an Agroforesm
Team. The purpose of the team is to explcn
the nature of agroforestry ecosystems, tl
understand the differences between shel
tered and exposed systems, and to develq
ways to optimize aspects of these system
most appropriate for sustainable manage
ment. Funding to date for the various project
has been through the U. S. Forest Servi«
Hatch funds, McIntire-Stennis funds, andat
Agriculture in Concert with the Environ
ment (ACE) USDA grant. Two of the project
led by women researchers will be described
a third project features the research of tWI
women graduate students on the diversir
and numbers of birds using riparian woodJ
and herbaceous edges and windbreaks ani
herbaceous edges and adjacent crop fields,
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sults are encourageing because greater num
bers of predators, especially ants and spiders
usually were found in crop fields near
shelterbelts than in similar fields away from
shelterbelts. The tree species and tree species
diversity within the shelterbelts influenced
predator abundance and arthropod
predator:prey ratios within the shelterbelt
and neighboring crops. Crop management
practices, such as harvesting wheat and al
falfa in adjacent fields, also affected the
predator:prey ratios. In addition,
predator:prey ratios were found in litter un
der the trees. Low ratios were found within
grass edges, alfalfa, and muskmelon.

Integrated Pest Management (IPM) com
monly is targeted toward control of a spe
cific pest problem, and frequently has not
been integrated into the long-term manage
ment of crops, trees, or surrounding land
scape. Future research will focus on habitat
enhancement through manipulation of tree
species components of windbreaks, their
edges, and crop management to favorably
affect the balance of natural predators to
prey. The information we are gathering on
insect abundance and diversity can be used
to develop environmentally sound practices
for managing the landscape instead of a
single crop or crop pest.

Avian Use of Shelterbelts and Ad
jacent Crop Fields

Project Leader: Ron Johnson
Graduate Students: Rebecca

Fitzmaurice and Nathalie Sunderman
Additional studies are assessing wild

life useof trees and other vegetation in wind
breaks and along riparian corridors through
agricultural ecosystems. Species diversity
and abundance of the birds and mammals in
these ecosystems are being evaluated dur
ing the winter, breeding season, and spring
and fall migrations. During the breeding
season, many birds are insectivorous and
also feed insects to their young. Common
resident species as well as neotropical mi-

Spiders help regulate abundance of tree and
crop pests in agroforestry systems.

Incorporating vegetable crop produc
tion with traditional grain production sys
tems characteristic of the Great Plains pro
vides diversification of the farm's economic
base. It also provides additional food and
habitat for the insect pests of the various
crops and the na tural enemies of these pests.
Little research has been conducted toward
understanding the extremely complex dy
namics of predator and prey in relation to
high value horticultural crop production in
the lee of tree Windbreaks. The landscape
scale or systems approach to pest manage
ment within this agroecosystem will be nec
essary to develop sustainable production
systems incorporating crops with very low
tolerance for insect damage and where the
damage has a direct economic impact on
market quality. This aspect is being studied
under the next set of projects.

M.E. Dix is collecting arthropods caught in a
pitfall trap located on the perimeter ofa corn field
and next to ajuniper shelterbelt.

Native Arthropod Enemies of Crop
Pests

Project Leader: Mary Ellen Dix
In 1990, studies were initiated to deter

mine the impact of trees on the distribution
and abundance of invertebrate natural en
emies of crop pests. These studies were ini
tially conducted in windbreak systems at the
Agricultural Research and Development
Center (ARDC), University ofNebraska, near
Mead, Nebraska and were expanded to pri
vate farms in 1993. Ground and
foliage-inhabiting arthropods in the
shelterbelts and crops were sampled peri
odically throughout the year with pitfall
traps, foliage sweeps, and branch samples.
Distribution of these generalist arthropod
predators in the woody edge and other com
ponents of the ecosystem were compared,
and the most common and effective preda
tors will be targeted for furture studies to
enhance their abundance. Preliminary re-

M.E. Dix is installing a pitfall trap near a tree
row. These traps are used to determine influences

of trees on abundance ofground dwelling
arthopods in agroforestry and tree Iturf ecosys

tems. She is digging a hole for a pitfall trap.

Quality, Quantity, and Pests of
eget.ible Crops

PI rject Leader: Laurie Hodges A I 
.oug] several studies show that windbreaks
" rea: e dryland yields of corn, wheat, and
',her Iield crops, and that the yield lost by
. oun I occupied by windbreaks is more
an compensated for by increases in the

lit r and quantity of the harvest, the pre
se eJ .ects of shelterbelts on vegetable pro
netic n are not well understood. The direct
feet of shelter on vegetable yield is only
rt ( f the story. The time of harvest and
ality of the harvested product also have a

, ajoi effect on the economic viability of an
ter orise. Vegetable quality is as important
yi( ld and has a direct impact on net prof

tabil.ty of the crop.
.vluskmelon grown in sheltered and ex

se 1 sites, for example, are being com-
are i for earliness, percent culls, average
eiFht per head, head shape, cavity size,

colo, sugar and sugar components, and lev
els (,f damage from insects and diseases.

aboage cultivars grown in sheltered and
exp''sed sites are being compared for head
Iden;ity or solidity, color, pungency, levels of
'vitanin C and folic acid, percent culls, mar
ketability. average weight per head, pest
damage, and earliness. Sequentially plant
ing snapbeans within the protected zone
provided by tree windbreaks takes advan
tagl2 of the microclimate changes in the pro
tected zone, especially warmer air and soil
temperatures, effectively extending the
growing season by 7 to 10 days, thus provid
ins a marketable crop when economic re
turns generally are highest. This informa
tion will be used to develop recommenda
tiensfor growing vegetables near tree wind
breaks,management guidelines for sequenc
ins the vegetable crops, and harvest sched
uling and labor needs.
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Indonesian graduate student planting muskmelons in a
plot sheltered by trees.

grants were observed using the shelterbelts and riparian
corridors. More birds and bird species used shelterbelts
than edges without trees, i.e. herbaceous edges where crop
land adjoins grassy edges. These birds may be consuming
insect pests that spend a portion of their life cycle in the litter
under trees or in the grass at edges. In fields, the variety of
species was greater in those with woody edges (tree wind
breaks or where trees formed borders to riparian areas), but
the generally abundance (number) of birds in fields was
similar regardless of edge type. However, more insectivo
rous species were found in fields next to windbreaks, espe
cially within the first 150 feet from the windbreak.

Our preliminary data indicate that field edges, particu
larly woody edges, provide habitat for bird species in
agricultural areas and potential benefits for sustainable
agricultural systems. Some unique bird species prefer her
baceous edges without woody cover, and the requirements
of these species need to be considered in landscape
managment practices.

As we develop more comprehensive data bases, the
information will be correlated with information on pest
abundance. Future studies will evaluate prey preferences,
feeding behavior, and other information needed to develop
methods for enhancing the abundance of targeted species
and increasing their impact on pests.

Laurie Hodges, University of Nebraska-Lincoln (UNt),
Department of Horticulture, is a Vegetable Specialist and Plant
Physiologist. She received herPh.D. from Auburn Unh'Crsity in
Plant Pathology. She received herotherdegrees from the Univer
sity of Arkansas (Agronomy) and the University of New Hamp
shire (Botany).

Mary E/len Dix, USDA. Forest Service, NationalAgroforestry
Center, Lincoln, Nebraska (Agroforestry Center! is II Research
Entomologistwith the U. S. Forest Service. She receired degrees
from George Wllshington University, l\101mt Holyoke, lind the
University of Georgia

James R. Brandleis a Forest Phusiologist in the Department
ofForestry, Fisheries and Wildlife(FFW) at UNL. He received his
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Kenneth G. Hubbard, Department of Agricultural tvieteo
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Plains Climate Center, He receioed his Ph. D.from Utah State,
M.S. from theSouth Dakota School ofMines andTechnology,and
the B, 5. from Chadron State (Nebraska).

Linda J. Young, Department of Biometrics, UNL, is a
Biometrician. She received her Ph. D. from Oklahoma State
University, and theM.S. and B.S. degree from West Texas State
University.

Rebecca L. Fitzmaurice, is currenilu a communications
specialist in wildlifeand naturalresource conservation, employed
with D. J. Case & Associates in Mishawaka, Indiana. She will
received her M. S. degree from the University of Nebraska in
Wildlife Biology. Her B.S. is from the University of Evansville
(Indiana).

NathalieJ. Sunderman.Hvv, received haM. S.degreefrom
the University of Nebraska in Wildlife Biology lind her B.S. in
Biology from Concordia College (Nebraska).
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Scientist, U. S. Forest Serviceand received degrees from Wiscon
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