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ABSTRACT

Plant protection, trade, and a quality environment have complex
interrelationships. Despite the annual application of 2.5 million tons of
pesticidesintheworld, pestsdestroy morethan 40% of total potential food
production. This represents an enormous loss of food for either
consumption or export at atimewhen morethantwo billionhumansare
malnourishedintheworld. Althoughworl dwidepesticidesreducesome
losses inflicted by pests, they also cause serious public health and
environmental pollution problemswhich cost about $100billionper year.
K eywor ds Plant protectiontradeenvironment pesticides

INTRODUCTION

Plant protectioninvolvespreventing and/or limiting the pest attackson crop plants
and livestock. In order to insure adequate food production, pest species have to be
controlled whether they are native or introduced exotic.

World trade, which now totalsmorethan $7,000 billion each year (USBC 1996), is
projected to continue to expand in future decades. At present, New Zealand's food
exportstotal morethan $20billion/year (NZ 1993) compared with U.S. food exportsof
more than $40 billion/year (USBC 1996). Food exports not only augment the food
suppliesof importer nationsbut al so support agricultural production and hel pdomestic
industriesand trade bal ances of theexporter nations. Unfortunately tradefacilitatesthe
importation of new plant and animal pests which can become serious economic
problems.

Inthe 1950smost nationswerefairly self sufficientinfood, and nearly half of these
nations were net exporters of food. However, today only seven out of atotal of 183
nations are net food exporters, New Zealand and the United States are two of these
(Giampietroand Pimentel 1993). Thismeansthat amajority of nationsdepend onfood
importsto improvethefood suppliesof their citizens.

Insuring adequate food supplies becomes ever morevital astheworld population
continuestorise. Already morethantwobillion peopleintheworld arenow mal nourished
(WHO 1995). Thisisthe largest number ever recorded in history. Compounding the
problem isthefact that per capitagrain production in theworld has been declining for
the past 15 years (FAO 1996; Pimentel et al. 1997a). Grains as agroup make up 80%
of thefood consumed worldwide.

Whilethe per capitaworld food supply has been declining, serious environmental
problems have been increasing due to the rapidly expanding world population and
shortages of the basic resources required for food production (Pimentel et al. 19973;
1997b). The expansion of world trade increases the potential for more pest problems,
increased pesticide use, and greater concern about protecting the environment.

The objective of thisanalysisisto examine the existing interrel ationships among
plant protection, trade and maintaining a quality environment in New Zealand and
elsewhereintheworld.

EXTENT OF FOOD CROP LOSSESTO PESTS
When food and fiber crops are attacked by pests, not only are crops significantly

diminished but thehuman food supply isal soreduced. At atimein history whenweare
witnessing rapid growth in theworld popul ation, protecting food harvests has become
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apriority for all nations.

Approximately 70,000 speciesof pestsexistintheworld, but only 10% of theseare
considered seriouspests (Pimentel 1997). Despitetheuseof morethan2.5milliontons
of pesticidesthat areapplied annually at acost $30billion, pestinsects, plant pathogens
and weeds continue to destroy more than 40% of the potential world food production
(Oerek et al. 1994; Pimentel 1997). Preharvest pest |osses are approximately 15% for
pest insects, 13% for disease, and about 12% for weeds. After harvest, another 20% of
thefood islost to another group of pests (Pimentel 1997).

In the United States, and probably in New Zealand, preharvest losses are slightly
lower than the world average, at about 37% (Pimentel 1997). Thelossesare alocated
asfollows: 13% from insects, 12% from diseases and 12% from weeds. These losses
occur despite the heavy application of insecticides, fungicides and herbicides.
Approximately 3kg of pesticideareapplied per hectareinthe U.S. agricultural system
(Pimentel et al. 1993) and thisrateis considered to be similar to that of New Zealand.

WIDESPREAD IMPACTSOF PESTICIDES

Along with the many benefitsthat pesticides provide, their application frequently
harmsother plant and animal speciesintheecosystem. Pesticideshavebeenreportedto
poisonlivestock and contaminatemilk, meat, and other livestock products(Pimentel and
Greiner 1997). In addition, large numbers of honey and wild bees are poisoned by
pesticides, thereby reducingtheir effectivenessaspollinatorsfor fruitsand vegetables. In
theUnited States, thel ossesfrombeekillsandlossof pollination costsabout $325million
per year (Pimentel and Greiner 1997).

Sometimes unexpected pest problems emerge when herbicides are used on crop
acreages (Pimentel 1995). For example, when the herbicide 2,4-D was applied at
recommended dosages to corn, both insects and plant diseases increased (Pimentel
1995). Cornleaf-aphid popul ationswere about threetimesmore abundant on herbicide
treated corn compared with theuntreated corn. Cornborer popul ationswere about 30%
moreabundant onthetreated cornthan on the untreated, and they grew 33% larger and
produced 33% more eggsthan on untreated corn. Not only did corn smut disease grow
fivetimeslarger on the treated corn compared with the untreated corn, but the treated
cornthat normally wasresi stant to southern corn blight lost itsresistanceto the disease
(Pimentel and Greiner 1997).

When applied pesticides destroy the natural enemies of pest species, increased
pesticidesmust beappliedto compensatefor their loss. Not only do extrapesticidescost
the farmer time and money, but more pesticides are released into the agricultura
environment.

Theimpactsof pesticidesarefeltwell beyond cropfields. Fisharekilledinriversand
|lakesand other wildlifeisdestroyed aswell. For example, 67 millionbirdsarekilled by
pesticides each year inthe United States (Pimentel and Greiner 1997). Such losses not
only diminishbiodiversity but alsoadversely affect thepublic’ sability toenjoy ahealthy
wildenvironment.

PESTICIDESAND HUMAN HEALTH

Since the advent of DDT for crop protection in 1945, the growth of pesticides
throughout world agriculture has been phenomenal. In 1945, about 50 million kg of
pesticideswere applied annually worldwide (Pimentel 1997). To datethere hasbeena
50-foldincreaseintheuseof pesticides; now approximately 2.5 billionkg of pesticides
areappliedworldwideannually (Pimentel 1995). Actually, theincreasein pesticideuse
isgreater than it appears becausethetoxicity and biological effectiveness of the newer
pesticideshaveincreased at | east 10-fold during the past five decades (Pimentel 1995).

In 1945 when the new syntheticswerefirst used, therewerefew reported pesticide
poisonings. By 1973, after thesignificant increasein pesticideuse (Pimentel 1995), the
number of human pestici de poi soningsreached an estimated 500,000 (with about 6,000
deaths) worldwide (L abonte 1989). Over the next 11 years, the number of pesticide
poisonings increased three fold to 1.5 million (with about 22,500 deaths) worldwide
(Labonte 1989). According to the World Health Organization, there are three million
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human pesti cidepoi soningsannually intheworl d, of which approximately 220,000 each
year arefatal and about 750,000 contributeto the development of chronicillnesseslike
cancer (WHO 1992).

Similarly in the United States, by the late 1960s the number of human pesticide
poisoningsbegantoincreaserapidly, paralleling theincreased useof pesticides, especially
thehighly toxic, low-dosage pesticides. For example, in Californiatheuseof pesticides
increased from 68 million kg in 1950 to 269 million kg by 1988, while the number of
reported human poisonings rose from 115 in 1950 to 903 casesin 1988 (Maddy et al.
1990). By 1989, the total number of pesticide poisoningsin the United States rose to
67,000 per year (Litovitzetal . 1990) and by 1996 reached 110,000 per year (Benbrook
et al. 1996).

Inthe United States, theannual costsassociated with public heath problemsanda
broad range of other environmental problems, total morethan $8 billion (Pimentel and
Greiner 1997). Worl dwidetheenvironmental costsfor pesticideusehavebeen estimated
to be ashigh as$100 billion per year (Pimentel 1997).

CHARACTERISTICSOF EXOTIC AND NATIVE PEST SPECIES

New Zealand has an estimated 50,000 species of plants, animals, and microbes
(Halloy 1995). Unfortunately, only about one-third of these speci eshavebeen described.
For many reasons, including planning for adequate plant protection, it woul d be hel pful
if most of New Zealand’ s species were known.

There are an estimated 2,450 species of native plants present in New Zeaand,
however, approximately 6,000 speciesareintroduced plants(Halloy 1995). At present
19 of the introduced plant species cover 95% of al cultivated land in New Zealand.
Because introduced crop plants are exotic introductions, many native insect species
moved from feeding on native vegetation to attacking the introduced crops. This has
occurred in the United States and Europe where about 60% and 80%, respectively, of
the pest insects are native insects that eventually moved to feeding on the introduced
exoticcrops(Pimentel 1993). Theremaining pestinsectsareintroduced exotics.

Theinteraction between nativeandintroduced plantsisnot uniquetoNew Zealand.
For example, FloridaintheUnited Stateshasonly 2,525 indigenous plant speciesbut
approximately 25,000 plant species have been introduced and are under cultivation
(Frankand M cCoy 1995). Thereareanadditional 925 speciesof exoticplantsestablished
in nature where some are displacing native plant species. One such exotic pestisthe
mela euca(Melaleucaquinquenervia) treeintroducedfromAustralia.

Withtherapidgrowthintheworld popul ationandincreased tradetherehasbeenan
associ atedincreaseinexotic pestsentering New Zeal and and el sewhereintheworld.
Earlier it was mentioned that despiteall the pesticidesapplied annually and al other
controls, pestsdestroy morethan 40% of all potential food production. Certainly part of
theincreased pest problemistheincreaseinexoticpestsinvading al nations.

Thepest problemi sjust not exotic pests, asmentioned earlier. Thus, whenanew crop
plantisintroduced into acountry, itisan exotic plant introduced i nto anew associ ation
inanew bioticcommunity. Asexpected, theintroduced cropslack any resistancefactors
toprotect them from thenative herbivoresbecausethey had never coevolved (Pimentel
1961; 1988). Thus, alarge number of nativeinsect herbivoresareabletoincreasetheir
foodresourceby utilizingthesusceptibleintroduced crop plants. Inthereal sense, these
native organisms are “new pest invaders’ of the exotic crop which was imported
(Pimentel 1993).

Ingeneral, most cropsare exotic plantsintroduced for cultivation. For example, in
New Zealand and the United States corn was introduced from Central America,
soybeansfrom China, wheat from the Middle East and potatoesfrom Bolivaand Peru.
Infact most grain, vegetable, andfruit cropscan beconsidered exotic cropsbecausethey
wereimported. In contrast, most commercial forests are native species.

Inadditiontoacrop being exotic, most crop habitatsareuniqueinthesensethat all
native vegetation is destroyed before the crop is planted. Such an ecological situation
providesarelatively simplified habitat inviting theinvasi on of introduced exotic pestsas
well as native pests that find the new crop to be anew food source.
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Whenthe peststhat invaded U.S. cropswereexamined, only 40% of insect species
that are pestson U.S. cropswere considered forei gn-introduced pests (Pimentel 1993).
Some of these exotic pests were brought along with the imported crops. Early in the
1600sand 1700s,many were brought in with ship ballast that was often dumped on the
land. Sincemost U.S. tradewaswith Europe, it isnot surprising that most exotic insect
pestsintheUnited Statescamefrom Europe. Interestingly, Europehasfewer exotic pest
insect invaders than the United States; only about 20% of their insect pests are exotic
(Pimentel 1993).

The fact that most insect pests on crops are native species which moved on to
introduced cropsistypical throughout the world. For example, in most regionswhere
sugarcaneisintroduced and established asacrop, aunique set of pest speciesbecomes
associatedwithit. Of 1,645known pest speci esof sugarcaneworl dwide, “ 959 occur only
inasingleregion and 156 in two regions. Only 18 pest species occur in more than 10
regions’ (Strong et al. 1977). These data suggest that sugarcane pest groups develop
primarily from native arthropods that have moved from local plants and not from
arthropodsintroducedintotheregionfromel sewhere. Nearly 60% of thearthropod pests
of sugarcaneare, infact, nativeinsect herbivoresthat havemoved onto sugarcaneinthe
habitat into which sugarcane was introduced. The percentage of native pests of
sugarcaneissimilar to the percentage of native pestson U.S. crops.

An example of a native U.S. herbivore moving onto an introduced crop is the
invasionof whitepotatoby theso-called Col orado beetle. ThepotatooriginatedinBoliva
and Peru (Hawkes 1944). The Colorado potato beetle (Leptinotar saisc decemlineata)
is native to the United States and initialy fed primarily on wild sanbur (Solanum
rostratum) (Elton 1958). When the potato wasintroduced into the United States, it was
exposed to the beetle. Theintroduced potato lacked any resistanceto the potato beetle,
enabling the beetle to become the most seriousinsect pest of potatoeshereand later in
many parts of theworld, including Europe and Eurasia.

Theinvasion patternsof foreign plant pathogensinvegetableand graincropsinthe
United Statesaredistinctly different from those of insect pests. Almost 40% of the 155
major plant pathogens associated with U.S. vegetables that were investigated had a
worldwidedistribution (Pimentel 1993). Often, the pathogenic microbesarebroughtin
when acrop host isintroduced into anew country or arebrought in with the seedsof the
cropsthemselves.

About 73% of the major U.S. weed species originally came from other countries
(Pimentel 1993). Approximately 67% of the weed invaders came from Europe and
Eurasia because of the long-term selection and the intensive early trade between the
United States and those regions. Most probably the ballast from ships coming from
Europeand Eurasiathat wasdumped on the North American continent wasthecarrier.

For several reasons, the pattern of theinvasion of weedsin U.S. pasturesisquite
different fromthoseassociated with crops. Only 41% of the pastureweedinvaderscame
fromregionsoutsideof theUnited States, whereas73% of theweed invadersincrops
wereintroduced species(Pimentel 1993). Similar to cultivated croplands, most (78%)
of theweed speciesin pasturescamefrom Europeand Eurasia(Pimentel 1993).

Precisely how many weed species, plant pathogens and insect species have been
introducedintotheUnited Statesi sunknown, but Sailer (1983) estimated that morethan
1,500 insect species have beenintroduced and subsequently became established inthe
U.S. habitat. M ostinsect introductionsappeared to haveoccurred after 1900 whentrade
andtransportationsignificantly increased. Theestablishment of morethan 1,500 species
of insectsconfirms: (1) therel ative easewith whichinsect speciesestablish themsel ves
in anew ecosystem; (2) the relatively small number of introduced species that were
introduced and became pests (5% to 10%); and (3) that not al niches in nature for
invasivespeciesarefilled.

TRADE AND CROP PESTS
Fromtheforegoingdiscussion, itisobviousthat pest problemswill increaseandthe
distribution of crop pestsand their abundancewill continuetowiden astradeandtravel
expandsamong nations. Rapid growthinthenumber of peopleintheworldisaffecting
al nations, their agriculture, and their pest problems. Considering thedamageinflicted
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by al pestsonfood production, itisimperativethat theintroduction of exotic speciesbe
prevented. New Zealand isas vulnerable asthe United States or any other nation.

The prime concern for the invasion of a new insect pest in New Zealand is the
Mediterranean fruit fly (Ceratitis capitata) (MFF) (MAF 1996). Thisinsect is easily
introduced by travellers carrying fruits and vegetables in their luggage and not
understandingthethreat they poseto New Zealand’ sagriculture. Indeed, many different
exoticinsectsand diseases pose athreat, especially to thefruit industry.

Consider that New Zealand exports approximately $800 million per year of just
kiwifruit and apples. Based on the value of these crops, Baker and Cowley (1989)
concluded that it would bejustifiableto invest $500,000 to $1 million to eradicate any
introduced exotic pest that attacked these crops.

Unfortunately some new trade agreements between nations have the potentia to
increasetheintroducti on of exotic pestsinto nationswithout certain pests. For example,
Norway and other European countriesagreed to anew tradeagreement with the United
Statesand Canada. Based onthisagreement, all theinvolved nationsareexpectedtodrop
several of their barriersfor numerousimport/exportitems, including food products. Thus
Norway, for instance, isforced to import a certain quantity of applesfrom the United
Statesat acertaintimeduring eachyear (Professor T. Edland, Plant Protection I nstitute,
As, Norway, 1996). At present, Norway doesnot havemany of theappl epeststhat occur
in the United States. Forcing the importation of apples into Norway is expected to
increasethechancesof i ntroduci ng exoti c appl e pestsinto Norway . Professor Edland has
aready detected several U.S. apple pests on apples imported into Norway from the
United States.

PUBLIC CONCERN ABOUT PESTICIDES AND TRADE

Indevel oped nationslikeNew Zea and and the United States, the publicisbecoming
moreconcerned about thequantity of pesticidesinfoodsandtheir distributionthroughout
the natural environment (Cullen 1993). In the United States for example, 97% of the
peoplesurveyedindicated that they prefer to havefood without pesticides(FDA 1989).
Although 35% of U.S. foods have measurable pesticide residues, 1-3% have residues
abovethe safetol erancelevel sof contamination set by the FDA (1991). Theexpressed
messageisthat consumersdesirefood without pesticidesor withonly minimal residues.

For exporter countries, whether they bedevel oped or devel oping, thegoal clearlyis
tominimizeor eliminatepesticideresiduesontheir exports. Thepresenceof significant
pesticideresiduescan often createaproblemand canbehighly costly. For example, while
conducting research in Guatemal aand attempting to reduce pesticide usein cotton, we
observed amajor problem with beef exportsto the United States (ICAITI 1977). Two
shiploadsof beef to Miami, Floridahad to bedumped because of theexcessivelevel sof
DDT and other pesticidesfound in the beef.

Followingthat costly rejection, Guatemal aestablished alaboratory totest al | beef for
excessivepesticideresiduesprior toitsbeingloaded aboard ship. Contaminated beef was
not approved for export (ICAITI 1977). Unfortunately the rejected beef wasthen sold
ontheGuatemalanmarket (at alow price) and wasconsumed by the Guatemal an peopl e.

Another example of contaminated beef being excluded from amarket because of
excessive pesticide residues occurred with the export of beef from Australiato Japan
(Corriganand Seneviratnal1989; 1990). Apparently theAustraianMinistry of Agriculture
permitted farmers in Western Australia to use DDT, dieldrin, and various other
chlorinated insecticidesin potato production for many yearsafter these pesticides had
been banned from use in most devel oped nations. Eventually cattle were permitted to
graze on forage cropswhich had been planted on the pesticide contaminated land. Asa
result the beef became heavily contaminated and was unacceptable to the Japanese
market. The Australian Minister of Agriculture, not the farmers, was to blame for
permitting the continued use of chlorinated i nsecticidesin agriculturewhen most other
devel oped nations had banned them.

Furthermore, export problemsare created when trade partnershave quitedifferent
tolerances for pesticide residues, especialy on fruits and vegetables. For example,
raspberriesexportedfromNew Zealandfacedifferent carbaryl tolerancesdependingon
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thecountry importingtheberries. A few carbaryl tolerances(ppm) for variouscountries
areasfollows: Belgium=1.0; United Kingdom = 1.0; Sweden=2.0; Australia= 10.0;
and United States=12.0 (Langford 1989). The exporter must find away to meet these
differingtolerancespecifications.

Sometimes the presence of chemical residues are a barrier to the trade of some
commodities (Burket and Grant 1990; Conklin and Thor 1995). In many countries
wherethereisgrowinginterestinglobal environmental problems, somemay wishtouse
environmental regulationsasbarrierstotrade (Nutrition Week 1991; Zilberman 1992).
Althougharecent report by theU.S. Government A ccounting Officeindicatesthat most
pesticideresiduetolerancesareestablished to protect healthand theenvironment, there
isconcernthat someU.S. tolerancesmay hinder trade (Nutrition Week 1991). Whether
thedifferentlevel sof carbaryl tolerancesfor raspberrieswereestablishedin part astrade
barriersisnot known, but thisillustrateshow tolerancesmight be used astrade barriers
by somenations.

ADVANTAGES OF CLEAN, GREEN FOOD FOR TRADE

Because many citizens of New Zealand, the United States, and other developed
nationsfavour foodswithout pesticides, foods produced without pesticidesfrequently
receive a premium price in the marketplace (Christie 1993; Pimentel 1997). This
situation istrue whether the pesticide-freefood is produced for the local market or the
international market. Theregulationsfor theimportation of organically produced food
into the United States and Europe have been reviewed by Centner (1995).

Pesticide-freefood that is produced for consumption within New Zealand and the
United Statesis sold at apremium both in domestic and export markets. Currently, in
New Zealand about 0.2% of the total food produced is produced using organic
agricultural technol ogies(Conacher and Conacher 1991), whilethe percentage of food
produced organically in the United States and Europeis slightly higher, or about 1%
(Conacher and Conacher 1991). In all regions there appears to be arapidly growing
market for organically grown fruits and vegetabl es (HealthFocus 1991). From oneto
threebillionU.S. dollarsworth of organicfoodsaresoldintheUnited States(Heal thFocus
1991). Theconsumer, however, must beawareof thedifferent standardsset for organic
foods. Thereisaneed for improved government regul ations.

Although the great majority of the publicin New Zealand and other nations prefer
organically produced food (HealthFocus 1991), thereis aserious and unexpected risk
associated withimporting organicfood products. Theriskisespecially great withfruits,
vegetables, and other such food products because they could be infested with exotic
insects and plant pathogens. Because the probability for contamination isgreater with
untreated productsthanwiththepesticide-treated fruitsand vegetabl es, thepossibility of
introducing exotic pestsisincreased.

Thisfar ranging discussion emphasi zestheimportance of devel oping policiesthat
hel pachievesustainableagricultural productionand safepest control strategiesbased on
theminimal use of pesticidesfor the future.
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