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A Role for Intercropping in Modern

Agriculture

Bruce Horwith

Agriculture in developed nations relies on mechanization and petrochemicals and
typically uses manocultures. Monoculture is subject to several problems that
intercropping can alleviate. Intercrapping has potential as an economic and
ecalogical alternative fully compatible with medern agriculture.

Intercropping, the practice of growing
more than one crop in a field at the same
time, was commonly used in the United
States before 1940 (Kass 1978). It contin-
ues to be widely used in much of the
developing world, where farmers have
only limited access to the agricultural
equipment and products that trans-
formed agriculture in the industrialized
world (ASA 1976, Kass 1978, ICRISAT
1981). Modern industrialized agriculture,
which typically uses monocultures, has
increased yields enormously in the de-
veloped countries, but the improvement
has not been without its costs. The pro-
duction and operation of machines and
the synthesis of fertilizers and pesticides
cost an enormous amount of energy.
Other costs can be high as well, ranging
from degradation and disruption of the
environment to human pesticide poison-
ings. An increasing number of agricultur-
al scientists are sufficiently concerned
about the environmental and health risks
of modern agricultural practices that
they are reassessing several low-technol-
ogy alternatives like intercropping for
use in developed countries (Schultz et al.
1982, see Environmental Management
7(1) 1983).

This article examines several prob-
lems associated with monocultures, par-
ticularly those that intercropping can al-
leviate. Intercropping may have been
abandoned partly for convenience and
not because it is inherently incompatible
with modern agricultural technigues. To
redefine the potential role of this prein-
dustrial technique in today's world, I
attempt to identify the explicit and im-
plicit assumptions that define our con-
cept of modern agriculture. [ concentrate
on the United States because of its lead-
ing role in agricultural modernization,
but because the benefits and problems of
modern agriculture are global, I have
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drawn my examples from both the devel-
oped and developing worlds.

MECHANIZATION AND THE
TRANSITION TO MONOCULTURES

Machines promised to reduce labor:
For farmers who farmed their own land,
machines reduced back-breaking tedi-
um. For landowners, they provided a
cheap substitute for hired labor and
could ensure harvests if the labor supply
was low or if farm labor’s attempts to

organize proved successful (Friedland et
al. 1981). Mechanization became an im-
portant impetus in the switch from inter-
crops to monocultures because equip-
ment to plant and harvest a single crop
per field was easiest (o design (Rasmus-
sen 1977). Development of new hybrids
and synthetic compounds that synchro-
nized ripening made once-over har-
vesting possible, stimulating further
mechanization. Without synchronized
ripening, harvesting required multiple
trips through the field; mechanical har-
vesting was less productive than hand-
harvesting on multiple trips because ma-
chines often severely damaged plants
with immature fruits.

Before the development of low-cost

intercropped tomatoes and beans have consistently ovaryielded in trials by the New World
Agriculture Group on a small farmers' cooperative outside of Managua, Nicaragua. Photo: John
Vandarmeer.
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synthetic fertilizers, farmers periodically
had to rotate crops with nitrogen-fixing
legumes or leave fields fallow to main-
tain soil fertility. For example, farmers
could grow corn for only two to three
years without adding fertilizers because
corn demanded so much nitrogen (Bor-
man and Crossley 1911, Pierre et al.
1967). Synthetic fertilizers made it possi-
ble to simply add specific nutrients. Crop
rotation also lost favor because the crops
substituted in alternating years could not
he harvested by the same specialized
machinery. And the expense of purchas-
ing mechanical harvesters, seeders, and
other equipment discouraged farmers
from taking land out of production to be
left fallow. Monocultures grown in con-
tinuous sequence resulted.

PROBLEMS WiTH MONOCULTURES

The low cost of synthetic fertilizers
may have been a double-edged sword.
The inexpensive and seemingly inex-
haustible supplies helped create a false
sense of security among farmers, con-
tributing to the abandonment of soil con-
servation practices {Bernal 1969). Soil
loss from erosion is occurring at an
alarming rate (Larson et al. 1983), exac-
erbating the need for synthetic fertiliz-
ers, a need that could be reduced by
more rational land-use practices. Ad-
dressing the problems of soil erosion and
lowered soil quality is now a top priority
for USDA and other government agen-
cies (CEQ et al. 1981, USDA. 1977).

Abandoning c¢rop rotation also in-
creased weed problems (OTA 1979).
Weed species were able to proliferate
that were preadapted to the fixed annual
planting and harvesting schedules for
growing monaciultures in continuous se-
quence. Although mechanical cultivation
to remove weeds continued, herbicides
rapidly became the primary means of
weed control. They are now the principal
component of the multibillion-dollar pes-
ticide industry, accounting for oearly
55% of the pesticides applied in the Unit-
ed States. This percentage will increase
with the trend toward no-till and other
forms of reduced-tillage agriculture
{Eickers et al. 1978).

As the petrochemical industry devel-
oped, inexpensive and potent insecti-
cides became widespread. Initially these
were used to control pest outbreaks,
which are frequently more severe in
monocultures than in intercrops. One
explanation offered for the greater pest
problems in monocultures is that their
lower plant diversity supperts a less di-
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verse insect community. Because many
pesticides are relatively nonspecific,
they kill both the pests and their natural
enemies, further reducing diversity in
the insect community. Some measure of
control is provided by the biological di-
versity inherent in most natural ecosys-
tems, which reduces the possibility that
any one species will proliferate (Goad-
man L1975, Paine 1974). For example, the
most dramatic insect outbreaks often oc-
cur where relatively few species popu-
late vast areas, as in northern coniferous
forests. There the spruce budworm peri-
odically devastates whale sections.
Huge monospecific stands of annual
crops may be even more susceptible to
disruption because they are simple, hu-
man-made communities that have not
heen “‘tested™ on an evolutionary time
scale {Andow 1983, Cox and Atkins
1979, DeBach 1974, Murdoch 1975, van
den Bosch 1978, Way 1977).

Pesticides can be extremely useful
toals, but recognition is growing of com-
plications that arise when pesticides, es-
pecially insecticides, are abused (De-
Bach 1974, van den Bosch 1978). For
example, in 1977 Pimentel and col-
leagues reported that in the 30 years
since the widespread introduction of pes-
ticides, insecticide use in the United
States had increased twelvefold, yet pre-
harvest crop losses to insects had nearly
doubled (Pimentel et al. 1977). Insecti-
cides have often aggravated a pest prob-
lem by reducing the population of the
pest’s patural enemies andfor hastening
the development of pest resistance
(Brown 1978, Edwards et al. 1979). The
potential severity of the prablem is illus-
trated by the well-documented, insecti-
cide-induced collapse of the cotton in-
dustry in northeastern Mexico and
southern Texas (Adkisson et al. 1982),

More pests have developed resistance
to insecticides than other pesticides, but
all forms of pesticides have been affect-
ed. From 1970 to 1980 the number of
arthropod species exhibiting resistance
almost doubled from 224 to 428, Qver
150 resistant species of plant pathogens
are known, and an estimated 50 herbi-
cide-resistant weed species have been
reported (Dover and Croft 1984). Even
more alarming is the continued dramatic
increase in the rate of resistance
(Georghiou and Mellon 1983; see also
April 1985 BioScience 35:216-218). Ina
recently released study, Dover and Croft
offer a resistance management strategy
that includes intercropping among sever-
al alternative pest-control methods (Do-
ver and Croft 1984).

Certainly as important as the agricul-
tural complications from pesticide use
are the health risks. As the tragedy in
Bhopal, India, illustrates, there are di-
rect risks in producing pesticides. Less
dramatic, but affecting a greater number
of people—farmers, fieldhands, and la-
borers—are poisonings from pesticide
use. This health risk is difficult to assess
because the toxic effects are often cumu-
lative, frequently with substantial time
lags between exposure and the onset of
symptoms (Task Force on Occupational
Exposure to Pesticides 1975, see Resi-
dite Reviews 75, 1980). Perhaps of even
greater concern is the widespread resur-
gence of malaria and other insect-trans-
mitted diseases, a resurgence that has
paralleled the increase in insecticide use.
From the mid-1960s to 1980, the inci-
dence of malaria in the Central American
nations of El Salvador, Guatemala, Hon-
duras, and Nicaragua increased two- to
threefold. It has been estimated that,
because the incidence of malaria corre-
lates strongly with DDT use, ¢ach kilo-
gram of insecticide added to the eaviron-
ment will generate 105 new cases of the
disease (Chapin and Wasserstrom 1983),

The amount of petrochemical-based
pesticides applied to our land continues
to increase exponentially. For example,
the amount of pesticides used in the
United States has a doubling time well
under ten years (van den Bosch 1978).
The detrimental effects of many of these
¢hemicals are widespread and well un-
derstood; in the case of many others, the
risks have been inadequately studied
(Davis 1977, Smith 1982, von Stackel-
berg 1981). According to a 1984 report by
the National Academy of Sciences, less
than 10% of agricultural chemicals used
in the United States have been fully
tested for their ability to cause chronic
health problems (NAS 1984). Concern
for human health, as well as for the
health of our environment, argues
strangly for prudent use of petrochemi-
cals and expanded research into alterna-
tive, ecologically sound agricultural
practices.

ADVANTAGES OF INTERCROPS

Interactions between species include
both negative (campetition) and positive
{facilitation) components. For example,
ane species, even while diminishing the
supply of available nutrients, may pro-
vide the shade necessary for successful
establishment of a second. Yet at a later
stage both species may compete for
light. In addition, the second species
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may produce toxins that slightly inhibit
the first but prevent growth of competi-
tive weeds. Understanding ecological in-
teractions like these in agricultural sys-
tems, rather than focusing only on the
net outcome, may suggest ways to
change the outcome by manipulating the
system. The intercrop species and their
relative densities can be varied, for ex-
ample, as can the pattern and timing of
planting.

Companion Plant Compensation

Perhaps the most obvious advantage
of growing two crops simultaneously is
the substantially reduced risk of total
crop failure (Anderson et al. 1980,
Pearce and Edmondson 1982, Rao and
Willey 1980). Crops differ in their re-
sponse to physical and environmental
stress, and if is not uncommon for one
crop species to do poorly while a differ-
ent crop grown under the same condi-
tions thrives. In fact, even varieties of
the same species differ enormously in
their response to the variable climatic
conditions that typically occur. At pre-
sent, many farmers gain security simply
through diversifying, replacing a single
large stand of one crop with smaller
monocultural stands of several crops
{Anderson et al. 1980),

Planting both crops together in the
same field, or intercropping them, pro-
vides an additional benefit because the
resaurces that become available through
the failure of one species can be used by
the surviving crop (Willey 1979, see
Schultz 1984 for a fuller analysis of risk
assessment in intercrops and monocul-
tures). The remaining companion crop
can use resources, such as synthetically
produced fertilizers, which would other-
wise have been lost due to leaching ot
run-off, thus increasing the efficiency
with which these expensive inputs are
used.

This compensation mechanism can op-
erate when physical factors such as
drought affect the companion crops dif-
ferentiallty. But the benefits from com-
pensation can be equally significant
when biological agents canse crop fail-
ure. In an experimental test of this
“‘compensation’” hypothesis, research-
ers at the University of Michigan re-
leased hornworms (Manduca spp.), a
caterpillar pest on tomato but not cu-
cumber plants, into half of the tomato-
cucumber intercrop plots. Cucumber
vields were higher in the plots where
hornworms were released. Although
homworm defoliation of tomato plants
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reduced tomato yields, the resulting in-
crease in light increased the cucumber
yields. Cucumber yields increased more
than tomato vields decreased, and con-
sequently there was overyielding of the
system as a whole.t

Difierential Use of Resources

When the distance between plants
reaches some critical point, they begin to
compete for at least some of their re-
sources. Given a set of fixed conditions
(environment, planting pattern, etc.),
competitive interactions between two in-
tercropped species can have three possi-
ble outcomes:

® Intraspecific competition can be less
than interspecific competition for both
species.

® Intraspecific competition can be great-
er than interspecific competition for
both species.

& Intraspecific competition can be less
than interspecific competition for one
species, while the reverse is true for
the other species.

One of the few widely accepted axi-
oms in ecology states that coexisting
species must differ, at least to some
extent, in their use of rescurces (Gause
1934, see also American Naturalist 6 (5),
1983 for a special issue critically re-
examining this topic). It is highly im-
probable, therefore, that intraspecific
competition will always be less than in-
terspecific competition for all resources.
If intraspecific competition were always
less, however, then from the standpoint
of competition alone, it would be better
to grow each c¢rop in monoculture. But
even in this case, factors other than
competition, such as pest insect reduc-
tion and weed control, might still argue
for intercropping.

If interspecific competition were less
than intraspecific competition for all re-
sources between two species, then it
would be clearly advantageous to grow
them as intercrops.

More commonly, however, interspe-
cific competition is less than intraspecif-
ic for many, but not all, resources. For a
particular resource, one species may suf-
fer greater intraspecific competition, and
the other species greater interspecific
competition. Under these conditions the
net outcome of the competitive interac-
tions will be that one species does *‘bet-
ter”” when grown in intercrop than in
monaoculture (relative vield [RY] > 0.3),

LB, Horwith et al. unpublished data.

but the other species does “‘worse™ by
the same criterion (RY < 0.5).

The relative yield of a species in an
intercrop is the ratig of its intercrop yield
to its yield in a monoculture. The sum of
the yields of both species is the relative
yield total (RYT). A term equivalent to
but intuitively more understandable than
RYT is the land equivalent ratio (LER},
which is a measure of the amount of land
that would need to be planted in mono-
cultures to give a yield comparable to a
unit area of land planted as an intercrop.
Qveryielding is said to occur when LER
> 1.0.? Whether the intercrop system
overyields depends, of course, on the
relative magnitude of the increase and
decrease in yields of the two crops.

Competitive interactions are usually
evaluated for a fixed environmental situ-
ation, but outcomes of the interspecific
interactions may be different under other
conditions (Harper 1977, Trenbath
1976). For example, adding nitrogen to
claver-grass swards can reverse clover’s
competitive advantage over several
grass species when the mixture is grown
in low-fertility soils. Since the reguire-
ments and the ability to satisiy them
differ for each species, it follows that
interspecific competition will be least in
more spatially and temporally heteroge-
neous environments. The probability of
realizing an intercrop advantage should
be greatest when the two crops can draw
from a patchwork of resources within a
field and when they demand these re-
sources at different times (Vandermeer
1981).

Facilitation: Reducing Fertilizer
Requirements

In many situations the presence of a
second species may actually enhance
nutrient availability for the first. For
example, although competition between
a legume and nonlegume in an intercrop
inevitably occurs for some resources,
the legume, through a mutualistic associ-
ation with nitrogen-fixing bacteria (e.g.,
Rhizobium), may provide additional ni-
trogen to the nonlegume (Nutman 1963,
Quispel 1974, Reid 1983, Simpson 19635).
The amount of pitrogen made available

* Technically, the overall plant density of the mono-
culture and intercrop must be the same to evaluate
the relative strength of inter- and intraspecific com-
petitian; this condition is often impractical when
studying crops. However, if the experiments use
empirically determined optimal density monocul-
tures, thea obtzining an intercrop yield of species |
greater than half of the mapocultural yield {i.c., RY,
> 0.5} suggests that more of species | can be
obtained per unit area by planting it in intercrop.

BioScience Vol. 35 No. §



to the nonlegume may be increased by
timing the planting of an annual legume
(e.g., dry beans) so that the legume sen-
esces and releases nutrients when the
nonlegume’s nutrient demands are high.

Legumes also form mutualistic associ-
ations with a fungal group, vesicular
arbuscular mycorrhizae (VAM), as do
many other agriculturally important
plant families (Gerdemann 1975). This
mutualism enhances the host’s ability to
procure nutrients, particularly phospho-
rous (Hayman and Mosse 1972, Pairunan
et al. 1980). Furthermore, Rhizobium
and VAM can act synergistically for the
host legume, greatly increasing autrient
availability {Crush 1974, Redente and
Reeves 1981). Recent reports suggest
that if the nonlegume in the intercrop can
also associate with VAM, VAM may
mediate interspecific nuirient exchange
{Chiariello et al. 1982). The nonlegume
may thus receive nutrients from the le-
gume while the latter is alive as well as
when it dies.

Intercropping can also reduce the need
for synthetic fertilizers by alleviating soil
erosion (Siddoway and Barnett 1976).
Maost soil is lost between harvesting and
establishment of the next crop. Differ-
ences in the phenologies of intercrops
allow for continuous plant cover, reduc-
ing the amount of time the field is bare.
Furthermore, the diversity of the root
systems of the two crops enables them to
use and stabilize a broader soil zone
(Willey 1979). For soil conservation, liv-
ing mulches should be especially effec-
tive. Typically, in such an intercrop sys-
tem, a grass, legume, or grass-legume
mixture is used as a cover crop (Nichol-
son 1983, Vrabel 1983). Into the perenni-
al cover crop, rows for planting the prin-
cipal crop are either rototilled or
prepared with herbicides. Since only a
portion of the field is cleared, this system
requires less tillage than conventional
tillage systems and less herbicide than
so-called no-till systems, where herbi-
cides are used instead of tillage to pre-
pare the seed bed.

Facilitation: Reducing Pesticide
Requirements

Intercrops have been shown to reduce
the populations of numerous herbivore
species under a wide range of conditions.
Risch et al. {1983) reported that in 150
intercropping studies involving 198 her-
bivare species, 53% of the herbivore
species were less abundant in the inter-
crop, 18% were more abundant, 9%
showed no difference, and 209 showed a
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variable response. Two contrasting
mechanisms of pest deterrence have
been proposed: the ‘‘resource concen-
tration hypothesis,” where the presence
of nonhost plants interferes with the
search by a given pest for its host crop,
and the “‘enemies hypothesis,”’ where
the diverse crop environment provides
shelter and necessary alternative food
sources for insect predators and para-
sites (Bach 1980, Risch 1981, Root 1973,
William 1981).

An advantage of intercropping that has
not received as much attention is the
reduction of weeds (Altieri et al 1983,
Glass and Thurston 1978, Yih 1982), but
evaluating this benefit may be complex.
If a speci¢s is used to control weeds, it
will probably also compete with its com-
panion crop. Therefore, we might expect
that crop’s yield to be [ess than it would
be if grown in weed-free monoculture.
However, the economic and/or ecologi-
cal cost of maintaining a weed-free
monoculture may be excessive (Doll
1980, Holm 1971). In Nigeria, for exam-
ple, researchers are cautiously optimistic
about growing a native legume as a
mulch species with corn. The legume can
enrich the soil with nitrogen, but its
greatest advantage is in suppressing
weeds. Farmers in this part of Africa
devote nearly 509 of their time to hand
weeding because herbicides are either
too expensive or otherwise unavailable.
Corn does best if weeds are completely
removed. But it does better with some
weed control by, as well as competition
from, the legume mulch than it would do
with no weed control at all and, there-
fore, strong competition from weeds.

Even in the developed nations, where
herbicides are readily available, inter-
cropping with living mulches may pro-
vide economically and/or ecologically vi-
able alternatives for weed control. Many
agricultural weed species require a dis-
turbance like plowing to germinate and
establish themselves. Since living mulch
systems require less of the field to be
tilled, the area suitable for weed devel-
opment decreases. The life histories of
several plant species may make them
especially suitable for living mulches:
They are vigorous early in the growing
season and may be effective controls
when many weed species must become
established; later in the season, when the
crops are most active, the mulch be-
comes dormant. For mulch species that
are normally active during the growing
season, it may be feasible to induce
“summer dormancy’’ with low levels of
herbicides that inbibit but do not kill the

mulch. The cost-benefit argument for
using living mulches to reduce herbicide
application becomes more favorable
when the yield of the mulch crop is
included in the analysis.

CONCLUSIONS

Mechanization and dependence on
synthetic chemical fertilizers has dra-
matically transformed agriculture. In
that transformation, monacultures have
been substituted for intercrops. Large
areas of land are now farmed as mono-
cultures, depauperate biological commu-
nities consisting of one major plant spe-
cies. Enormous inputs of nonrenewable
resources are used to produce the fertil-
izers and pesticides necessary to main-
tain monocultures, especially as prac-
ticed today. Monoculiures are expensive
economically, energetically, and envi-
ronmentally, and we must question the
wisdom of depleting resources while ig-
noring alternatives. Many of the prob-
lems associated with monocultural pro-
duction are reduced or eliminated by
growing twe or more different crops
together.

Our notion of modern mechanized
farming connotes, but should not pre-
sume, the necessity of monocultures.
Intercropping would undoubtedly have
become mechanized, albeit much more
gradually than did petrochemical-based
monocultures. There is little question
that, given sufficient motivation, appro-
priate technology could be developed
to mechanize most, if not all, inter-
cropping systems (Erbach and Lovely
1976, Hansen and Risch 1979, ICRISAT
1981).

In a comprehensive analysis of our
agricultural systems, we should not only
examine yields, but also the cost of the
inputs used to obtain them. Intercrop-
ping may help eliminate unnecessary use
of nonrenewable resources in modern
agriculture or use them more efficiently.
An innovative approach to the analysis
of intercropping includes not only its
advantages and disadvantages, but meth-
ods of manipulating the system for our
benefit.

ACKNOWLEDGMENTS

Special thanks to B. Schultz, H.
McGuinness, J. Vandermeer, and P.
Horwith for their interest and critical
comments on early versions of the manu-
script. S. Gliessman, S. Wittwer, E.
Chu, and an anonymous reviewer pro-
vided input that aided revision.

289



REFERENCES CITED

Adkisson, P. L., G. A. Niles, J. K. Walker,
L. & Bird, and H. B. Scott. 1982, Control-
ling cotton's insect pests: a new system.
Science 216; 19-21.

Akobundu, I. Q. 1980. Live mulch: a new
approach to weed control and crop produc-
tion in the trapics., Pages 377-382 in Pro-
ceedings of the 1980 British Crop Produc-
tion Conference—Weeds.

Altieri, M. A., D. K. Letourneau, and J. R.
Davis. 1983, Develaping sustajnable agro-
ecasystems. BioScience 33: 45-49,

American Society of Agronomy {ASA). 1976.
Multiple cropping. ASA Spec. Fubi. 27.

Anderson, J. R., I. L. Diilon, and I. B. Har-
daker, 1980, Agricultural Decision Analy-
sis. Jowa State University Press, Ames, [A.

Andow, D. 1983, The extent of monoculture
and its effect on insect pest populations
with particular reference ta wheat and cat-
ton. Agric. Ecasyst. Environ. 9: 25-35.

Bach, C. E. 1980. Effects of plant density and
diversity on the popuiation dynamics of a
specialist herbivore, the striped ¢cucumber
beetle, Acalymma vittatta (Fab.). Ecology
61 1515-1530.

Bernal, I. D. 1969. Science in History, vol 2,
The Scientific and Industrial Revolutions.
MIT Press, Cambridge, MA.

Barman, M. L., and B. W. Crossley. 1911.
Corn. Waterloo Publishing Ca., Ames, JA.

Brown, A. W. A. 1978. Ecalagy of Pesti-
cides. John Wiley & Sons, New York.

Chapin, G., and R. Wasserstram, 198). Pesti-
cide use and malaria resurgence in Central
America and India. Soc. Sci. Med. 17:273-
290.

Chiarielle, N., J. C. Hickman, and H. A.
Moaney. 1982. Endomycorrhjzal role for
interspecific transfer of phosphorous in a
community of annual plants. Science 217:
941-943.

Council on Environmental Quality (CEQ), US
Departments of Agriculture, Cammerce,
Defense, Energy, Housing and Urban De-
velopment, Interior, State, Transportation,
and Treasury; Environmental Protection
Agency; and Water Resources Cauncil.
1981. MNarional Agricuitural Lands Study,
Final Report. US Government Printing Of-
fice, Washington, DC.

Cax, G. W., and M. D. Atkins. 1979. Agricul-
tiral Ecology: an Analysis af Warld Food
Production Systems. W. H. Freeman and
Ca., San Francisco.

Crush, J. R. 1974, Plant growth responses to
vesicular-arbuscular mycorchiza. VII.
Growth and nodulation of some herbage
legumes. New Phyral. 73. 743-749.

Davis, John E. 1977, Pesticide Protection: A
Training Manual for Health Personnel.
NTIS PB&3-140 079. National Technical
Information Service, Springfield, VA.

DeBach, P. 1974, Biolagical Control by Natu-
ral Enemies. Cambridge University Press,
New York.

Doil, I. D. 1980, Weed science at CIAT and
weed problems in Latin America. Weed

290

Sci. 28: 454-456.

Dover, M., and B. Croft. 1984, Getting
Tough: Public Policy and the Management
af Pesticide Resistance. Warld Resources
Institute, Washington, DC.

Edwards, C. A., K. D. Sunderland, and
K. 5. Gearge. 1979, Studies on polypha-
gous predators of cereal aphids. J. Appi.
Ecol. 16: 811-823.

Eickers, T. R., P. A. Andrilenas, and T. W.
Anderson. 1978. Farmer’s use of pesticide
in 1976. US Dep. Agric. Agric. Econ. Rep.
418.

Erbach, D. C., and W. G. Lavely. 1976. Ma-
chinery adaptations for nmultiple cropping,
in multiple cropping. ASA Spec. Publ. 27,

Friediand, W. H., A. E. Barton, and R. I.
Thomas. 1981, Manufacturing Green Gold.
Cambridge University Press, New York.

Gause, G. F. 1934, The Struggle for Exis-
tence. Hafner, New York.

Georghiou, G. P., and R. B. Mellon. (983.
Pesticide resistance in time and space.
Pages 1-45 in G. P. Georghiov and T.
Saito, eds. Pest Resistance to Pesticides.
Pienom Publishing Corporation, New
York.

Gerdemann, I. W. 1975, Vesicular-arbuscular
mycorrhizae. Pages 575-591 in The Devel-
aopment and Function of Roots. Academic
Press, London.

Glass, E. H., and H. D. Thurston. 1978. Tra-
ditianal and modern crop protection in per-
spective. BiaSeience 28: 109-115.

Goodman, D. 1975. The theory af diversity-
stability relationship in ecology. Quanr.
Rev. Riol. 50: 93-120.

Hansen, M. K., and S. I. Risch. 1979, Food
and agriculture in China. Part [. Science for
the People 11: 39-45.

Harper, J. L. 1977, The Popularion Riology of
Plants. Academic Press, London,

Hayman, D. S., and B. Mosse. 1972. Plant
growth responses to vesicolar-arbuscular
mycorrhiza, II1. Increased uptake of labile
P from soil. New Phytol. 71 41-47.

Holm, L. 1971. The role aof weeds in human
affairs. Weed Sei. 19: 485-490.

International Crops Research Institute for the
Semi-Arid Trapics (ICRISAT). 1981. Pro-
ceedings of the International Workshop on
Intercropping, 10-13 JTan 1979. Hyderdad,
India.

Kass, D. C. L. 1978. Polyculture cropping
systems: review and analysis. Cornell int.
Agric. Bull. 32

Larson, W.E., F.J. Pierce, and R. H.
Dowdy. 1983. The threat of soil erosion to
long-term crop production., Science 219:
458465,

Murdoch, W. M. 1975. Diversity, complex-
ity, stability, and pest control. J. Appl.
Ecol. 12: 795-807.

National Academy af Sciences (NAS). 1984,
Toxicity Testing: Strategies to Determine
Needs and Priorities. National Academy
Press, Washington, DC.

Nicholson, A. G. 1983. Screening of turf-
grasses and legumes for use as living
mulches in vegetable production. M.S.

Thesis, Cornell University, Ithaca, NY.

Nutman, P. 8. 1963. Factors influencing the
balance of mutual advantage in legume
symbiasis. [n P. §. Nutman and B. Mosse,
eds. Svmbiotic Association. Cambridge
University Press, Cambridge, UK.

Office of Technology Assessment (OTA).
1979. Pest Management Strategies in Crop
Praotection. Vol. I. OTA-F-98. US Govern-
ment Printing Office, Washington, DC.

Paine, R.T. 1974. Intertidal community
structure. Experimental studies on the rela-
tionship between a daminant competitor
and jts principal predator. Qecologia 15:
93-120.

Pairunan, A. K., A. D. Robson, and L. K.
Abbatt. 1980. The effectiveness of vesicu-
lar-arbuscular mycorrhizae in increasing
growth and phosphorous uptake of subter-
ranean clover fram phosphaorouvs sources of
different solubilities. New Phytol. 84: 327-
338.

Pearce, 5. C., and R. N. Edmondson. 1982,
Historical data as a guide to selecting sys-
tems for intercropping two species. Exp.
Agric. 18: 353-362.

Pierre, W. H., S. R. Aldrich, and W. P. Mar-
tin. 1987, Advances in corn production:
principles and practices. Iowa State Uni-
versity Press, Ames, [A.

Pimentel, D., E. C. Terhune, W. Dritschilo,
D. Gallahan, N. Kinner, D. Nafus, R. Pe-
terson, N. Zareh, I. Misiti, and O. Haber-
Schaim. 1977. Pesticides, insects in foaods,
and cosmetic standards. BioScience 27:
178-185.

Quispel, A. [974. The Biology of Nitrogen
Fixation. Eisevier, New York.

Rao, M. R., and R. W. Willey. 1980. Evalua-
tian of vield stability in intercropping: stud-
ies on sorghum/pigeon pea. Exp. Agric. 16:
105-116.

Rasmussen, W. D. 1977. The mechanization
of American agriculture. Pages 295-315 in
A. Fusione and L. Moran, eds. Agricuttural
Literarure: Proud Heritage—Furure Promi-
ise. Assaciates of the National Agricultural
Library, Inc. and the Graduate School
Press, US Department of Agriculture,
Washington, DC.

Redente, E. F., and F. B. Reeves. 1981. In-
teractions between vesicular-arboscular
mycarrhiza and Rhizobinm and their effect
on sweetvetch growth. Soil Sci. 32: 410-
415,

Reid, D. 1983. The combined use of fertilizer
nitrogen and white clover as nitrogen
saurces for herbage growth. J. Agric. Sci.
160: 613-623.

Risch, 5. I. 1981. Insect herbivore abundance
in trapical monocultures and polycultures:
an experimental test of two hypotheses.
Ecology 62: 1325-1340.

Risch, S.I., D. Andow, and M. A. Altien.
1983. Agroecosystem diversities and pest
control: data, tentative conciusions, and
new research directions. Environ. Entomof.
12: £25-629,

Root, R, B. 1973, Organization of a plant-
arthropod association in simple and diverse

BioScience Vol. 35 No. 3



hahitats: the fauna of collards (Brassica
oleraceq). Ecol. Monogr. 43: 95-124.

Schultz, B. B. 1984, Ecological aspects of
stability in polycultures versus sets of
monocultores of annual crops. Ph.D. Dis-
sertatian, University of Michigan, Ann
Arbor.

Schultz, B. B., C. Phillips, P. Rosset, and I.
Vandermeer. 1982. An experiment in inter-
cropping tomatoes and ¢cucumbers in south-
ern Michigan, USA. Sci. Hortic, 18: 1-8.

Siddoway, F. H., and A. P. Barnett. 1976,
Water and wind erosion contral aspects of
multiple cropping. ASA Spec. Publ. 27:
317-335.

Simpson, I. R. 1965. The transference of ni-
trogen from pasture legumes to an assocjat-
ed grass under several systems of manage-
ment in pot culture. Axst. J. Agric. Res. |6:
915-926.

Smith, J. R. 1982. A battle over pesticide
data. Seience 217: 515-518.

Task Force on Occupational Exposure to
Pesticides. 1975. Occupational Exposure to
Pesticides. Report to the Federal Working
Plan on Pest Management, US GPO Publ.
No. 0-551-026. US Government Printing
Office, Washington, DC.

Trenbath, B. R. 1976. Plant interactions in
mixed crop communities. ASA Spec. Publ.
27: 123-165.

USDA [977. Research progress and needs:
conservation tillage, USDA Agnicultural
Research Service, North Central Region.
ARS-NC-57.

van den Bosch, R. 1978. The Pesticide Con-
spirgey. Doubleday & Co., New York.

Vandermeer, J. 1981. The interference pro-
duction principle: an ecolagical theory for
agriculture. RigScience 31: 161-364.

von Stackelberg, P. 1981. IBT not an abera-
tion. Northwest Coalition for Alternatives
tg Pesticides 2(4). 10.

Vrabel, T. E. 1983, Effect of suppressed
white clover (Trifolium repens 1..) on sweet
corn (Zea mays var. Rugosa Bonaf.). Yield
and nitrogen availabilty in a living mulch
cropping system. PhD. Dissertation, Cor-
nell University, Ithaca, NY.

Way, M. I. 1977. Pest and disease status in
mixed stands versus monocultures: the rel-
evance of ecosystem stability. Pages 127-
138 in I. M. Cherrett and G. R. Sugar, eds.
Origins of Pest, Parasite, Disease, and
Weed Problems. Blackwell Science Pub-
lishers, Oxford, UK.

Willey, R. W. 1979. Intercropping—its impor-
tance and research peeds. Part [. Competi-
tion and yield advantages. Field Crop
Abser. 12: 1-10.

William, R. D. 1981. Complementary interac-
tions between weeds, weed control prac-
tices, and pests in horticultural cropping
systems. Horric. Sci. 16: 508-513.

Yih, W. K. 1982, Weeds, intercropping, and
mulch in the temperate zones and the trop-
ics—some ecological implications for low
technology agriculture. Ph.D. Dissertation.
University of Michigan, Ann Arbor.

May 1985

—

WE WON'T PUBLISH AN
OUTSTANDING NUMBER
OF BOOKS THIS YEAR.

We will, however, publish a number of
outstanding books...

ESTUARINE ECOLOGY of the SOUTHEASTERN UNITED STATES and
GULF of MEXICO...Robert R. Stickney. . Harsh and demanding ecasys-
tems, estuaries often remain wilderness preserves of extraordinary beauty
despite the constant physical and chemical changes commaon to such areas.
Preservation of these marshlands depends on man learning to live in
harmony with his environment. This book, a starehouse of technical infor-
mation on the physical, chemical, geological, and biclogical characteristics, is
the first to bring together data on estuarine ecology in the region of interest.
324 pp. Ilus. $24.50 @« MARSHES of the OCEAN SHORE...Develop-
ment of an Ecolagical Ethic...foseph V Siry.. . Growing anxiety over
destructive industrialism, loss of wild seashores, and the need for coastal
resources has produced legislation to protect the country's wetlands. Joseph
V. Siry traces the interplay among scientific knowledge, popular values, legal
frameworks, and public policy in the development of the nationwide es-
tuarine sanctuary system. 264 pp. fllus. Maps. §22.50 m BIRDS of the
TEXAS COASTAL BEND... Abundance and Distribution...fehn H.
Rapipole, Gene W. Blacklock - . Concise accounts detailed by maps and illustra-
tions describe the nearly five hundred species sighted in the richest bird
country in North Armerica, nocth of the tropics. 184 pp. Color, bisduw illus.
Maps. $19.50 m« BOBWHITES in the RIO GRANDE PLAIN of TEXAS
coval W Lehmann . .. Over fifty years of research and field experiences are
distilled m this guide to the bobwhite and its management, including large
sections on environmental controls and recommendations for maintaining
and increasing papulations in semiarid rangelands. 394 pp. 295 bigw and
calor lus. Maps. $30.00 m MOUNTAIN ISLANDS and DESERT SEAS
..+ A Natural History of the U.S.—Mexican Borderlands... Frederick R.
Gehlbach . . . New information and ariginal hypotheses clarify the interplay
of natural ecological cycles with the touch of man, augmenting a trend
toward aridity. 72¢ pp. Maps. 65 color, 6 bidw sllus. $19.95 w THE SHARKS
of NORTH AMERICAN WATERS...José 1. Castre...With concise de-
scriptions, detailed drawings, and underwater photographs, over a hundred
species of sharks are identified in this handy field guide to all species
reported within 500 nautical miles of U .S. and Canadian shares. 194 pp. 17
color, 156 bidw iius. $9.95 paper; §19.50 cloth. wm FISHES of the GULF of
MEXICO...TEXAS, LOUISIANA, and ADJACENT WATERS...H.
Dickson Hozse, Richard H. Moore . .. Accompanied by text providing derailed
identifying descriptions, six hundred illustrations identify the mare than
four hundred species of fishes found in the regian. 346 pp. 230 color, 295
bSws dilus. Maps. $89.95 paper; $14.95 cloth.

Qry. Ticle
Estuarine Ecology $24.50
Marshes of che Ocean Shace $22.50

— Birds of the Texas
Coastal Bend $19.50

Bobwhites in the Rio Grande £30.00

— Mountain Islands and

TEXAS A&M UNIVERSITY PRESS
Drawer C, College Station, TX 778434354

109 discount on two or more
Posrage $1.50 for firse baak
$.50 for each add’l. book
5.125% Texas sales tax

O Bill my escablished acceunt

Desert Seas $19.95 o Payment enclosed
— Sharks of Nacth American Bill my O MascerCard O Visa
Warers paper §9.95 Account #
cloth $19.95
Fishes of che Name .
Gulf of Mexico paper $9.95 | Stre= Cicy
cloch §1495 | Scace Zip

CIRCLE NQ. 60 ON THE READER'S SERVICE CARD

291



http://www.jstor.org

LINKED CITATIONS
-Pagelof4-

You have printed the following article:

A Rolefor Intercroppingin Modern Agriculture
Bruce Horwith

BioScience, Vol. 35, No. 5. (May, 1985), pp. 286-291.
Stable URL:
http://links.stor.org/sici 2sici=0006-3568%28198505%2935%3A 5%63C286%3A A RFI I M%3E2.0.CO%3B2-H

This article references the following linked citations. If you are trying to access articles from an
off-campus location, you may be required to first logon via your library web site to access JSTOR. Please
visit your library's website or contact a librarian to learn about options for remote access to JSTOR.

Refer ences Cited

Controlling Cotton's Insect Pests: A New System

Perry L. Adkisson; George A. Niles; J. Knox Walker; Luther S. Bird; Helen B. Scott
Science, New Series, Vol. 216, No. 4541. (Apr. 2, 1982), pp. 19-22.

Stable URL:

http://linksjstor.org/sici ?sici=0036-8075%2819820402%293%3A 216%63A 4541 %3C19%3A CCI PAN%3E2.0.CO%3B2-4

Developing Sustainable Agroecosystems

Miguel A. Altieri; Deborah K. Letourneau; James R. Davis

BioScience, Vol. 33, No. 1. (Jan., 1983), pp. 45-49.

Stable URL:

http:/links.jstor.org/sici 2sici=0006-3568%28198301%2933%3A 1%3C45%3A DSA %3E2.0.CO%3B2-E

Effects of Plant Density and Diversity on the Population Dynamics of a Specialist Herbivore,
the Striped Cucumber Beetle, Acalymma Vittata (Fab)

Catherine E. Bach

Ecology, Vol. 61, No. 6. (Dec., 1980), pp. 1515-1530.
Stable URL:

http://links.jstor.org/si ci ?sici=0012-9658%28198012%2961%3A 6%3C1515%3A EOPDA D %3E2.0.CO%3B2-G


http://links.jstor.org/sici?sici=0006-3568%28198505%2935%3A5%3C286%3AARFIIM%3E2.0.CO%3B2-H&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0036-8075%2819820402%293%3A216%3A4541%3C19%3ACCIPAN%3E2.0.CO%3B2-4&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0006-3568%28198301%2933%3A1%3C45%3ADSA%3E2.0.CO%3B2-E&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0012-9658%28198012%2961%3A6%3C1515%3AEOPDAD%3E2.0.CO%3B2-G&origin=JSTOR-pdf

http://www.jstor.org

LINKED CITATIONS
- Page2of 4 -

Endomycorrhizal Rolefor Interspecific Transfer of Phosphorusin a Community of Annual
Plants

Nona Chiariello; James C. Hickman; Harold A. Mooney

Science, New Series, Vol. 217, No. 4563. (Sep. 3, 1982), pp. 941-943.

Stable URL:

http://linksjstor.org/sici ?sici=0036-8075%2819820903%293%3A 217%3A 4563%3C941%3A ERFITO%3E2.0.C0%3B2-Z

Plant Growth Responsesto Vesicular-Arbuscular Mycorrhiza. VII. Growth and Nodulation of
Some Herbage L egumes

J.R. Crush

New Phytologist, Vol. 73, No. 4. (Jul., 1974), pp. 743-752.

Stable URL:

http:/links.jstor.org/sici 2sici=0028-646X %28197407%2973%3A 4%3C743%3A PGRTV M %3E2.0.CO%3B2-9

Studies on Polyphagous Predators of Cereal Aphids

C. A. Edwards; K. D. Sunderland; K. S. George

The Journal of Applied Ecology, Val. 16, No. 3. (Dec., 1979), pp. 811-823.

Stable URL:

http://linksjstor.org/sici ?sici=0021-8901%28197912%2916%3A 3%3C811%63A SOPPOC%3E2.0. CO%3B2-7

Traditional and M odern Crop Protection in Per spective

Edward H. Glass; H. David Thurston

BioScience, Vol. 28, No. 2. (Feb., 1978), pp. 109-115.

Stable URL:

http://linksjstor.org/sici ?sici=0006-3568%28197802%2928%3A 2%63C109%3A TAM CPI %3E2.0.CO%3B2-H

Plant Growth Responsesto Vesicular-Arbuscular Mycorrhizalll. Increased Uptake of Labile
P from Soil

D. S. Hayman; B. Mosse

New Phytologist, Vol. 71, No. 1. (Jan., 1972), pp. 41-47.

Stable URL:

http:/linksjstor.org/sici 2sici=0028-646X %28197201%2971%3A 1%3C41%3A PGRTV M %3E2.0.CO%3B2-P

The Threat of Soil Erosion to Long-Term Crop Production
W. E. Larson; F. J. Pierce; R. H. Dowdy

Science, New Series, Vol. 219, No. 4584. (Feb. 4, 1983), pp. 458-465.
Stable URL:

http://links.jstor.org/si i ?sici=0036-8075%2819830204%293%3A 219%3A 4584%3C458%3A TTOSET%3E2.0.CO%3B2-9


http://links.jstor.org/sici?sici=0036-8075%2819820903%293%3A217%3A4563%3C941%3AERFITO%3E2.0.CO%3B2-Z&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0028-646X%28197407%2973%3A4%3C743%3APGRTVM%3E2.0.CO%3B2-9&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0021-8901%28197912%2916%3A3%3C811%3ASOPPOC%3E2.0.CO%3B2-7&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0006-3568%28197802%2928%3A2%3C109%3ATAMCPI%3E2.0.CO%3B2-H&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0028-646X%28197201%2971%3A1%3C41%3APGRTVM%3E2.0.CO%3B2-P&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0036-8075%2819830204%293%3A219%3A4584%3C458%3ATTOSET%3E2.0.CO%3B2-9&origin=JSTOR-pdf

http://www.jstor.org

LINKED CITATIONS
- Page3of 4 -

Diversity, Complexity, Stability and Pest Control

William W. Murdoch

The Journal of Applied Ecology, Vol. 12, No. 3. (Dec., 1975), pp. 795-807.

Stable URL:

http://links,stor.org/sici ?sici=0021-8901%28197512%2912%3A 3%3C795%3A DCSA PC%3E2.0.CO%3B2-E

The Effectiveness of Vesicular-Arbuscular Mycorrhizasin Increasing Growth and Phosphorus
Uptake of Subterranean Clover from Phosphorus Sour ces of Different Solubilities

A. K. Pairunan; A. D. Robson; L. K. Abbott

New Phytologist, Vol. 84, No. 2. (Feb., 1980), pp. 327-338.

Stable URL:

http://linksjstor.org/sici ?sici=0028-646X %28198002%2984%3A 2%3C327%3A TEOV MI1%3E2.0.CO%3B2-M

Pesticides, | nsectsin Foods, and Cosmetic Standards

David Pimentel; Elinor C. Terhune; William Dritschilo; David Gallahan; Nancy Kinner; Donald
Nafus; Randall Peterson; Nasser Zareh; Jim Misiti; Oren Haber-Schaim

BioScience, Vol. 27, No. 3. (Mar., 1977), pp. 178-185.
Stable URL:
http:/linksjstor.org/sici 2sici=0006-3568%28197703%2927%3A 3%3C178%3A Pl FAC%3E2.0.CO%3B2-5

Insect Herbivore Abundance in Tropical M onocultures and Polycultures: An Experimental
Test of Two Hypotheses

Stephen J. Risch

Ecology, Vol. 62, No. 5. (Oct., 1981), pp. 1325-1340.

Stable URL:

http://linksjstor.org/sici ?sici=0012-9658%28198110%2962%3A 5%63C1325%3A HAI TM%3E2.0.C0%3B2-0

Organization of a Plant-Arthropod Association in Simple and Diver se Habitats. The Fauna of
Collards (Brassica Oleracea)

Richard B. Root

Ecological Monographs, Vol. 43, No. 1. (Winter, 1973), pp. 95-124.

Stable URL:

http://links.jstor.org/sici ?sici=0012-9615%28197324%2943%3A 1%3C95%3A OOA PA| %3E2.0.CO%3B2-A



http://links.jstor.org/sici?sici=0021-8901%28197512%2912%3A3%3C795%3ADCSAPC%3E2.0.CO%3B2-E&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0028-646X%28198002%2984%3A2%3C327%3ATEOVMI%3E2.0.CO%3B2-M&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0006-3568%28197703%2927%3A3%3C178%3APIIFAC%3E2.0.CO%3B2-5&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0012-9658%28198110%2962%3A5%3C1325%3AIHAITM%3E2.0.CO%3B2-O&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0012-9615%28197324%2943%3A1%3C95%3AOOAPAI%3E2.0.CO%3B2-A&origin=JSTOR-pdf

http://www.jstor.org

LINKED CITATIONS
- Page4 of 4 -

A Battle over Pesticide Data

R. Jeffrey Smith

Science, New Series, Vol. 217, No. 4559. (Aug. 6, 1982), pp. 515+518.

Stable URL:

http://links.jstor.org/sici 2sici=0036-8075%2819820806%6293%63A 21 7%3A 4559%3C515%3A ABOPD%3E2.0.CO%3B2-T

The Interference Production Principle: An Ecological Theory for Agriculture
John Vandermeer

BioScience, Vol. 31, No. 5. (May, 1981), pp. 361-364.
Stable URL:

http://links.jstor.org/si ci ?sici=0006-3568%28198105%2931%3A 5%3C361%3A TI1 PPA E%3E2.0.CO%3B2-F


http://links.jstor.org/sici?sici=0036-8075%2819820806%293%3A217%3A4559%3C515%3AABOPD%3E2.0.CO%3B2-T&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0006-3568%28198105%2931%3A5%3C361%3ATIPPAE%3E2.0.CO%3B2-F&origin=JSTOR-pdf

