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ABSTRACT

,f
I: :-.omicadvantages of mixed cropping particularly from work in the tropics are well

- There has, however, been an unfortunate dearth of scientific input from en-
_... : ~:5tSand pathologists despite the recognition accorded insects and diseases as rna-

- .ing factors to increased yields in most tropical crops. The indication from the
.. : :.:-;formation is that intercropping frequently reduces insect herbivore infestations

: .: mponent crops. This, the first of a two-part review paper, gives some of the cir-
:: - ::3.: evidence of reductions in the abundance of insect pests due to mixed cropping
:: ::-' to the diversity-stability theory. Examples from work by the author on pest

.... . ; -.:-: in a cowpea/sorghum mixture at Zaria are also given. The need for incorpora-
::.:~,native pest control strategies that reduce the current level of reliance on

_. :; ernphasised.

is

)f
3,
3:

INTRODUCTION

The Diversity-Stability Concept

":-:e:y held that the stability of a community and of its constituent species is
:.: related to diversity of the species and the complexity of association among them

- . ~-.. :t5S: Pimentel, 19.61b; 1977; Southwood and Way, 1970; Root, 1973; van Emden
_' : ',:,..__~T;', 1974; Murdoch, 1975; Way 1977; Bach 1980a). The concept that diversity
. __ .: ,:2.bility in an ecosystem was first proposed by MacArthur (1955) and Elton
. -:; ':':-. :", 3.5 developed from comparisons between pest outbreaks in simple habitats
. ;:-:-..:.:: .slands and simple agro-ecosystems) and the relatively stable status of

: : ::-_.':':.: =-.5;): herbivore and other species in more complex habitats (e.g., continental
_': .; ':"'-.:'::-;particular, natural forest communities). Diversity in this context means the
. - - : -: :: 5;:'e.;ies(Murdoch, 197.S}tspeciesrichness (Way, 1977) or the number ofspecies
':' .'_ ::'.=-.'::'.-iduals (van.Bnden and Williams, 1974), whilst stability refers to the
-~. ,-':"'-.:: ::' 2. fairly constant mean state, either of a species mix in a community

':;. =- .:::y I or of a particular species population (species stabilty) irrespective of
. z; ":-:-.0=-.:;from the mean (MacArthur, 1965; van Emden and Williams, 1974:
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Crop diversity and pest management I

Way, 1977). Southwood and Way (1970) and van Emden and Williams (1974) considered
diversity to be a broad term covering a wide range of relationships which must be
distinguished when its relationship with ecdsystem stability is being considered. Thus
diversity may be classified into:
(a) Climatic diversity; variations in climate are probably the most disturbing factors in
population systems (Southwood and Way , 1970), and 'ecosystem stability will be reduced
by climatic diversity' (van Emden and Williams, 1974).

(b) Trophic diversity; involves species diversity, and the entry of a new species may
increase stability if it occupies an unfilled niche but if it displaces an old species, may
increase or decrease stability depending on whichever species is the more efficient.
(c) Structural diversity: involves vertical or horizontal spatial zonation or heterogeneity as
well as age or successional heterogeneity. Structural diversity promotes species diversity
(van Emden and Williams, 1974) and Murdoch et al. (1972) observed that the diversity of
homopteran species was related to the diversity of foliage height in a grassland.
MacArthur (1955) postulated that stability should increase not only with the number of

species but also with the number of foodweb links amongst the species, i.e. trophic
diversity, provided the number of species exploited by each predator remained constant.
According to him, a given level of stability could be achieved either by a large number of
species each with a restricted diet or by a small number of species each eating a large
number of others. Leigh (1965) concluded from a mathematical model that the stability
condition is harder to achieve with a small number of species than with a large one.

The circumstantial evidence from which the association between diversity and stability
was developed and which supports the concept, comes from numerous studies reported in
the literature demonstrating greater incidence of specialist herbivores in simple compared
with diverse communities. For example, in temperate regions the white pine weevil,
Pissodes strobi Peck., is abundant on the white pine (Pinus spp.) in monoculture but
when the pine is mixed with hardwoods, infestations are insignificant (Pierson, 1922;
Graham, 1926; MacAloney, 1930). Schneider (1939) proposed that insect outbreaks did
not, occur in tropical forests because of the high species diversity. A study of the mango
beetle (Cryptorynchus gravis F.) in Java showed that while it caused little damage to the
mango fruit when the trees were growing in natural forests, it severely attacked the fruit
when the trees were grown by themselves or otherwise cultured near man's habitation
(Voute, 1935). Eidman (1942; 1943) observed that the African virgin forests were
relatively free from insect pest outbreaks in contrast to areas in which man had altered the
environment. Such evidence led some workers (e.g., Schneider, 1939; Voute, 1946) to
propose that in tropical and other virgin forests, outbreaks never occur. Subsequently,
Turnbull (1969) and Harper (l969) , among others, explained that this was because there
are always sufficient natural enemy species available to control herbivore species whose
populations tend to rise above the equilibrium lever. However, Eidman (1942) and Gray
(1972) stated that insect damage does occur occasionally. For example, Janzen (1971)
reported that intense destruction by specific fruit and seed-eating beetles is the cause of
the widely spaced trees in Central American forests. Way (1977) stated that a comparable
situation occurs in Africa where the timber trees, such as mahogany tKhaya spp.) and
iroko (Chlorophora spp.) are also kept dispersed by the specific herbivores Hypsipyla spp.
(Praylidae) and Phytolyma spp. (Psyllidae), respectively. At a certain level of tree density,
intense destruction occurs and many die; whensurviving trees become too widely spaced
for successful dispersal of the herbivores, the latter's population is forced to fall. Stability
is thus achieved by mutual density-dependent actions of the herbivores and their host
trees, a mechanism that emphasises the relative importance of habitat permanence in the
mechanics of the diversity-stability concept.

Another school of thought (Hutchinson, 1959) considered that although stability was
directly correlated with diversity, there was need for caution about the existence of a
generalised unidirectional causal link as suggested by Elton (1958) among others.
According to Hutchinson (1959), in evolutionary terms, the more stable communities
would tend to outlast the less stable ones so that diversity then increase d as a consequence
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of stability rather than vice versa. From studies of the abundance of forest
Macrolepidoptera in Ca,nada,· Watt (1964;-1965) showed that the more competitors a.
herbivore had the more stable its population; but the more host trees the less stable the
population, contrary to predictions by. the;diversity-stability hypothesis. Similarly,
Zwolfer (1963) found that simple' parasite complexes of Lepidoptera increased stability
more efficiently than larger complexes. Witkowski (1973), studying weevil populations in
a successional series of meadows that had resulted from the drainage of wetlands, also
observed that species diversity of both herbivorous weevils and the meadow plants
increased with progressive successional stages as expected, but the weevil population
stability decreased with succession, thus showing negative correlation between diversity
and stability. Murdoch (1975) and Goodman (1975) agree that correlation alone between
diversity and stability is not sufficient proof that the apparent stability is due to diversity
or the causes of it; van Emden and Williams (1974) and Murdock(1975} suggest that the
relationship between diversity and stability is parallel rather than causative and that the
correlation may be a consequence of co-evolution among the component species in a
community over time, thereby explaining why natural systems appear more stable than
che more ephemeral agro-ecosystems. Although Southwood and Way (1970) state that the
role of diversity in population stability is impossible to predict especially when a detailed
knowledge of the responses of the various links in the system is lacking, they add that, for
any ecosystem, the greater the diversity the greater the chances of stability.
The relevance of the diversity-stability hypothesis to agro-ecosystems has been treated

.n several reviews (Southwood and Way, 1970; van Emden and Williams, 1974; Murdoch,
1975; Potts, 1977; Way, 1977) some of which question it on theoretical grounds or in
;;articular empirical contexts. However, van Emden and Williams (1974) and
Murdoch (1975) consider from the existing evidence that the theory deserves serious
consideration.
Fundamental differences exist between natural communities and agro-ecosystems.

\\ 'hereas natural communities are self -perpetuating and have competent species adapted
:::-_!'oughco-evolution to withstand each other and the various climatic and adaphic {actors
c: their niche, agro-ecosystems are artficially erected by man, are frequently disrupted
and are of limited duration. The trend in modern agriculture has been towards larger
~_onocultures (Potts and Vickerman, 1974; Potts, 1977) with crop species usually of
.miform age and variety (genotype). Such agro-ecosystems are further simplified by such
;;ractices as chemical pest (Murdoch, 1975) and weed (Dempster, 1969) control and hedge-
~ow removal (Terrason and Tendron, 1975); practices that are-often implicated in certain
pest outbreaks (Potts, 1977;O>aker , 1977).

THE EFFECf OF NON-CROP PLANT SPECIES ON PESTS OF CROPS

The 1960's and especially the past decade, have witnessed a surge in research activity in
the area of diversification of agro-ecosystems as a means of controlling insect pests. These
studies include investigations ranging from the effect of the presence of non-crop species
to those of mixed or inter-cropping. For example, Pimentel (1961a), investigating the
arthropod community associated with collards, Brassica oleracea L., grown among the
natural plant communtiy of a 15-year-old fallow and in pure stands, found more taxa in
the mixed than the pure stands. He also found that seven Of the species reached outbreak
levels in the pure stands but none in 'the mixed stands and concluded that species diversity
in the mixed stands had contributed significantly to preventing outbreaks. Root (1973)
investigated the herbivore load (the mean biomass of herbivores per l00gof consumable
foliage) and the abundance of natual enemies.on B. oleracea in single rows with perimeter
strips of fallow vegetation and in pure stands. He found that both were consistently higher
on the pure stands whilst diversity of the herbivore load was greater in the diverse habitat.
He attributed the difference to 'resource concentration' in the monoculture situation
which provided favourable conditions for increased growth of populations of the brasscia
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pests but lacked diversity, thereby interfering with the effectiveness of the natural enemies
which check these herbivore populations under natural conditions. Tahvanainen and
Root (1972), using similar experimental procedures, obtained similar results; Phy/lotreta
cruciferae Geeze populations were approximately twice as dense on B. oleracea in
monoculture as on those grown adjacent to natural vegetation. Predators and parasitoids
appeared to have a negligible influence on adult beetles in both habitats. In further
experiments they demonstrated that monocultures were colonised more rapidly and
suffered greater damage than stands in which the cabbages had been interplanted with
tomatoes (Lycopersicon esculentum Mill.) and tobacco. Choice experiments in the
laboratory showed that chemical stimuli from volatiles given off by non-host plants
interfered with the host-finding and feeding behaviour of P. cruciferae. indicating the
direct influence of vegetational diversity on populations of this phytophagous species.
They concluded that in natural communities, there existed 'associational resistance' in
'addltiorrto individual species resistance which together were responsible for less frequent
outbreaks in these compared with simplified man-made ecosystems such as monocultures,
where most of the associational tesistance'is lost, exposing the host to greater exploitation
by specialist herbivores.

The presence of weeds in regularly grown brassica crops has been shown to reduce
populations of the Lepidoptera, Pieris rapae (L). and Mamestra brassicae L. (Dempster,
1969; Smith, 1976a), and aphids, Brevicoryne brassicae (L.), Aphis fabae Scop. and
Myzus persicae Sulz. (Smith, 1969; 1976a; 1976b; Horn, 1981) due largely to their
beneficial effects on predators and adverse effects on host-finding by the pests (Smith,
1976a; 197.6b).These studies and others (Root and Tahvanainen, 1969;Cromartie~1975a;
1976b; Buranday and Raros, 1975; Kroh and Beaver, 1978) show clearly that host plants
tend to carry more herbivore loads in monoculture than they do in more diverse habitats.
However, uncontrolled weed growth cannot be tolerated within the crop because of
adverse effects of weed competition and therefore, maintenance of control over the weed
cover need be institutedif the possible benefits to the crop are to be realised (Smith,
1976a).

EFFECT OF INTERCROPPING ON CROP PESTS

Planting crops in mixed systems is a traditional practice that has persisted among many
peasant farming communities of the world and in gardens elsewhere (Hills, 1972;
Norman, 1974; Taylor, 1971; 1976). Terminology referring to different cropping systems
is varied and is defined in reviews by Norman (1974), Taylor (1976) and Perrin (1977). In
the present review, intercrepping and mixed cropping are used interchangeably to refer to
the growing of two or more crops so that there is a temporal and spatial overlap in most of
their growth (Perrin, 1977).
It is generally recognised that where agriculture is caplital-scarce and labour-interisive,

growing certain crops in mixtures as opposed to monocultures is frequently advantageous
(Evans, 1960; Smith, 1969; Igbozurike, 1971; Norman, 1974; Trenbarth, 1974; Raheja,
1976; Perrin and Philips, 1978). In an economic survey, Norman (1974) found that the
farmers in northern Nigeria rationalised their practice of crop diversity as a strategy for
risk minimization from crop failure and profit maximization. He found that mixed.
cropping not only prov~d an efficient way of utilising limited land and especially labour

.. resources but also assured dietary variety for those farmers who operated in near-
subsistence circumstances. Other possible benefits from intercropping include:

i) More efficient use of solar radiotion per unit areaoflandduet~\letter1ight1riterception
by th foliage. . ..
ii) Positive interaction between plant species, e.g. increased nitrogen available for-cereals-
mixed with legumes.
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1.1. Uvah

iii) More efficient use of soil moisture and nutrients associated with different root depths
of associated crops.
iv)Maintenance of a dense canopy which smothers weeds.
v) Favourable changes in the incidence of pests and diseases and the significance of their
damage.
Insect pest and diseases are major limiting factors to increased yields of most tropical
cprops (Booker 1965; Hill, 1975; Singh, 1975). It is suggested by many workers that the
evolution of polycultural systems is primarily rationalised by their inherent pest
management potential (Hills, 1972; Perrin, 1977; Uvah, 1978; Bhatnagar and Davies,
1979).
Many studies have considered the yield and economic returns from inter cropping

compared with monocropping of various crops (e.g. Andrews, 1972; Willey and Osiru,
1972; Osiru and Willey, 1972; Rao and Willey, 1980). Several methods were used to
compared gross returns from intercropping and monocropping, the most convenient
being Land Equivalent Ratios (LER) defined by Mead and Willey (1980) as
the relative land area required as sole crops to produce the same yields as intercropping'.
Higher productivity in terms of gross returns per hectare, identified by LER's greater than
.mity, have been shown for associations between such crops as soyabean (Glycine spp.)
.md maize (Zea mays L.) (Finaly, 197~; Kang, 1975); cotton (Gossypium spp.) and maize
I \lunro, 1960;Usenbo;' 1976); sorghum (Sorghum spp.) and cowpea (Vigna unguiculata
\\-alp) (Andrews, 1972; 1974; Enyi, 1973) and various crops either pigeon pea (Cajanus
cajan ) (L.) Millsp.) or sorghum (Rao and Willey, 1980). However, there is a 'great dearth
'1' research into the ecology of the arthropod species associated with the crops grown in
.r.ese systems (Perrin, 1977), but is is clear from work that has been done that
.nrercropping can reduce pest infestations.
Substantial reductions of pest incidence have been obtained by undersowing Brussels

sprouts (E. oleracea) with clover (Trifolium spp.), spurry (Spergula arvensis L.)
,Theunissen and den Ouden, 1980), beans (Phaseolus vulgaris (L.) or Lotium spp.
Coaker, 1980; Tukahirwa and Coaker, 1982). For example, Coaker (1980) obtained
~eductions of 80 percent in Brevicoryne brassicae and Delia radicum (L.) infestations,
respectively , on sprouts by undersowing wity clover. In Latin America, 80 percent of the
::'eans(P. vulgaris) and over 50 percent of the maize are produced in association with each
:,:her on peasant farms (Francis et al., 1976) and the pest situation in the maize/bean
.ntercrop was investigated in several field experiments at CIAT (Centro International de
-\gricultura Tropical, Palmira, Colombia) (Francis et al., 1976; 1978; Altieri et al., 1977;
Altieri et al, 1978). Intercrops had 26 percent fewer adults of Empoasca kraemeri Ross
and Moore. the most common bean pest, and 45 percent fewer Diabrotica balteata Le
Comte than monocrop beans. Similarly, numbers of the fall army worm, Spodoptero
<rugiperda (Smith) causing cutworm dam..ge to maize and of those feeding within its
vhorl were reduced by 14percent and 23 percent, respectively.
Bach (1980a; 1980b; 1981), inter cropping cucumber (Cucumis sativus L.) with either

.naize, tomato (Lycopersicon esculentum Mill.) or brocoli (B. oleracea) in field
experiments, found consistently higher densities of the specialist cucurbit herbivore,
+calymma vittata (Fab.) in monoculture than intercropped cucumber, She also found
fewer beetles on the cucumber growing horizontally than vertically and that the tomato
was more effective than the maize intercrop in reducing beetle numbers on the cucumber
Thus plant growth form can affect the influence of agro-ecosystern diversity on pest
numbers. In Nigeria, over 98'%of the cowpea crop (Vigna unguiculata Walp.) is grown in
.ntercrops, mostly in di- and tri-crop systems with sorghum, millet (Pennisetum spp.),
groundnuts (Arachis hypogea L.) and cotton (Mann, 1968; Norman, 1974). In a survey,
Uvah (1978) found, greater abundance of the herbivores, Megaturothrips sjostedti
.Trybom), Maruca testulalis Geyer and Aphis craccsvora Koch (56 % 81% and 104U%more
.espectivelv) on cowpea monocrop compared with that intercropped with sorghum and
suggested that the sorghum provided a mechanical and visual barrier to these cowpea
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Crop diversity and pest management I

pests.
However, not all associations between different crop-plant species result in reduction of

numbers of their respective pest species. In Costa Rica where squash (Cucurbita maxima
L.) is traditionally grown in a three-crop system with maizeand 'beans (Willey et al.,
1964), Risch (1980) examined the population dynamics of six chrysomelid beetle species
(Diabrotica spp., Acalymma spp. and Ceratomasoii.; for three seasons in monocrops, di-
crops. and tri-crops of maize, squash and beans. He found that whenever an intercrop
contained at least one non-host plant for a given beetle species, the numbers of that beetle
species per host plant in the intercrop were significantly .reduced by up to ten-fold
relative to the numbers in the monocrop. He also discovered that when a given beetle fed
?n both crop types in a di-crop and when there was no non-host present, the general
intercrop effect was usually reversed: the numbers of beetles were significantly greater on
one or both o~ t~e host plants on the di-crop relative to the numbers on the respective
monocrops. Similarly, maize, sometimes a valuable diversionary hosl for the cotton
bollworm (Heliothis armigera Hubner) when tasselling coincides with cotton bud
formation can be a damaging suurce of the pest when tasselling occurs earlier
(Pearson,1958). Furthermore, Robinson (1960) found higher numbers of pea aphids
on peas intercropped with oats (A vena sativum L.) than when grown in monoculture.

CONCLUSION

It is clear from this review that whereas greater abundance of specialist herbivores occur
on host crops grown alon e than in diverse communities in a majority of cases, this is by
means axiomatic. It is therefore desirable and perhaps imperative that any particular
polycultural situation be examined critically for the key functional links can ferring
stability before diagnosing its suitability as a pest management stratagem. The fact that
usually only a few factors seem to be crucially important in creating or ameliorating pest
problems in agro-ecosystems (Way, 1973) makes population ecology as a basis for pest
control both meaningful and practical. The need for research on intercrop systems in
relation to pest infestation is highlighted by the fact that policies to alleviate food shortage
in tropical areas would at present, for socio-economic reasons, have to be imposed within
the framework of existing farming methods. Prominent among these reasons are a low
capital base and lack of formal education (required in the use of improved agricultural
technology) among peasants who are responsible for a substantial part of the agricultural
production of most of these tropical economies. Way (1977) estimates that these
traditional cropping systems provide the livelihood of over 1,000 million people in the
tropics. However, pest control problems are not restricted to the peasant farmers of the
tropics. Murdoch (1975) points out that pest control by chemicals faces an uncertain
fucture due primarily to their selective action resulting in resistant strains of their target,
species (Brown, 1961; 1971: De Bach, 1974; Harris, 1977). Other problems arising from
the use of pesticides include: pest resurgence due to depletion of natural control agents
(Ripper, 1956; Coaker, 1977) and toxicity to vertebrates when pesticides accumulate in
their body (Davis, 1968; Mellanby, 1972), Thus, there is a need for the incorpora-
tion of alternative pest control strategies that reduce-the current level of reliance on
pesticides. In this regard, investigative studies on the mechanisms responsible for
reduction of pest attack in mixed cropping situations are desirable.
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