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ON ASSESSING SOME OF THE NET
_ EFFECTS OF IPM
-

Paola Parigi and Bill Maleolm

School of Agriculture and Resource Management

University of Melbourne, Grattan Street, Parkville VIC 3052

The potential costs and benefits, private and external, of a shift to Integrated Pest Management (IPM)

are considered. A method is developed to estmate the private net retumns of TPM in particular farm

. situations This methed is then applied to compare the financial characteristics of IPM and

‘ conventional systems in apple and grain legume production in Victoria. A key finding is that in a
‘typical year” of a “typical operation” the annual net retums of a shift to IPM, in both crops, could be
positive. Externalities associated with IPM may be positive or negative depending on the
circumstances.
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INTRODUCTION

World-wide, recent govemmient efforts to achieve more susiainable pest management have focused on
the research, development and promotion of Integrated Pest Management (IPM),

Although there is no-unambignous definition of' what IPM means in theory, or in prictice, IPM stratégies

in Australia generally promote four key principles to farmers:

» whenever possible, use nonchemical control technologies (e.g. biological, cnimmi and mechanical
contral measuresy; ‘

o spray only when the level of pest anfestanon reaches a threshold of economic suynﬁeanct, r when
¢limatic conditions threaten a disease outbreak;

* avoid using sprays ina way that limits the efféctivencss of natural controls; and

+ do not spray regularly with the one chemical, because this will induce the onset of resistance 1o
chemieals (Barr and Cary 1992),

~ The principles of IPM were developed to increase the pnvaw benefits of pest contral and reduce the
environmental costs of pesueide use. While the general, ‘common sense” principles of IPM appearto be
}ﬁgﬂv congistent with these goals, whether or not the prnciples of IPM will lead to improved outcanies
in farming pracuce depends on the precise detafls of each farm situation: the pest, the crop; the focation
and so-an.

In most situations, little is known about the costs and benefits of IPM. For e¢xample, the availability of
IPM strategies for the control of specific pests in apple and grain legume production it Victoria are
welatively new phenomenon. Like many now ‘sustainable agriculture” concepts, there is some uneertainty
about what is implied inthe practice of IPM. No work has specifically addressed this issue and the
amount of information is extremely limited.

This study is about how to analyse the costs and benefits of IPM in particular farm situations wh
amount of information is extremely Jimited. Some of the possible costs and benefits, private
of IPM are assessed on the basis of existing knowledze in-part one. The private it benefit
IPM in apple and grain legume production in Victona are estimated : q '

this study provide insights to approaches that decision-makers, confronted: itha paucn, of information,
can‘take to analyse similar investment decisions.




PART ONE:
wIBLl’ PRIVA'I’E} AND EXTERNAL IMPACTS or A
SHIFT TO 1PM

SUMMARY OF COSTS AND BENEFITS OF IPM

A movement towards IPM will involve private and extemnal costs and bencﬁts Togeuwr lhcse
comprise social or total costs and benefits. Private costs or benefits. ar ‘
acenuing 1o, or bome by, those farmers, and their familics, who adopt IPM. Ul
benefits or parts of them, may affect others through changes in marker prices
benefits include conventonal externalities experienced by other fanms or indivi
shifis from conventional o IPM farming. A summary of possible costs and ben
external, of a movement towards [PM, 1s presented in Tables | and 2. It is not
accurate data op these cost-benefit relations. One reason for this is the location specif
program. Another reason is the difficulty of assessing external effects, The ta A
guide only 10 some of those factors which might (or mxgh; not) require furﬂzw conszdmtxon by
individuals and agencies making investment decisions about IPM. The following commients are
specific to particular cost and benefit tems in Tables 1 and 2.

POSSIBLE COSTS OF IPM

Higher Priced IPM Compatible Pesticides

the msmmnc,f. of pests to broad spcctmm mscctmxdes mcrcascs of’ xf :hu pncc os selccnve pestxcxdes
declines. ‘

Emergence of "New' Pests

Changes can occur in the status of pests and the importance of *new" pests as a. conse
to IPM (Gracbner et al. 1984). For example, a shift away from broad spectrum o
pesticides can result in the emergence of new pests. Problems may occur when j
inadvertently controlled by broad speetrum pesticides, are left unchecked (for e 5¢ am
1984, Hussey and Saopes 1985, Morris 1984, Way 1977), Additional control measures may becoin
necessary for ‘new’ pests adding to the cost of an IPM program,

Increased Use of Some Inputs, E.g. Labour

comentwnal commI pamcularly because of the cost
1980, leley 1978). The charge for advice on pest control
supervision are factors most commonly ideatified in the Jit
Park 1986, De Wilde and Leemans 1981, Readshaw 1984).




TABLE 2 - Possible Private and External Benefits Associzted with aShift from Conventional-to Integrated Pest Management

; __BENEFITS AVAT

“Decreased use of some mputs <
| Iniproved crop yield urqualuy v

iproved farm management v
I potential foss. me quellmi of produce in dmncsnc and export markets J

oved control of resistant pests and extended life of some chiemicals N
- regale income bmmﬁts v
: mndu ed nsk o human hes Ixcalﬂx, safety and the esmmnmam v




Goulburn Vaﬂcv mrchards. m\harxs prppmy sizes range from 10
often experience difficulties implementing new pest management tech
costs {Bates 1993, Sexton 1993). With the use aftachmques suchass
treated arens are necessary, orchardists are required 1o work together with the
to sueceed (Bates 1993, Sexton 1993)

Greater Uncertainty About the Costs and Benefits of Pest Control

privatg benefits of pest control (for mm‘pxb & 50 Wc:tnng 193%),
view that greater uncertamiy about pivate benefits front p
us& and wmmde costs (Ffféer :md R&gﬁv 19?9 Lang;sm

Lhgre seems 10 bé
memi ::esults in inc

Lexagsxmnh :md Rndd { 19?4} hkﬁn the use of* ;mamdes 0 m:’omai msuranc:; cover,
as with many forms of informal insurance practiced by farmers, pesticides applied unnecess
are an expensive form of cover :

Although ‘insurance spraving’ 1 usually discussed n the context of conventional control in aﬁw

economie literature (for example see Knight and Norton 1989, Longworth and Rude
of this sort may also arise under IPM. For example, apple growers may. be pa :
when trinling new IPM technologies such as pheromone traps. It is reasonable to >cxpcccﬂthat:
- growers adopting this new technology might also feel ansious about tolerat
‘populations which are below threshold, Consequently they might practice both * ‘
laying traps and moni itoning inseet pests) and some form of msurance spraving |

blanket spraying from time to time as a “backup’ measure). *
insurance spraying have not heen c\plored in literature: on the econ
Pannell et al. (L S¢: f18]
conditions and runs of seasons, and,fp ¢s and price scquences. Pannel'

study of IPM which found no decrease in insurance costs withncreasing level




POSSIBLE BENEFITS OF IPM

Decreased Use of Some Inputs, E.g. Pesticides

Cost savings in the short term come from using less inputs in
Mullen 1994), 1o Victoria. Barrass and Brown (1992) found a
48% in one Goulbum Valley pear orchard over one season,
reduce pesticide costs in every season. Pesticide costs sill v
a number of factors including pest populstions, the price of .
previous pest control actions

Sm:ml w:udius ham nmmi a pmsstlm pmmﬁm a‘r‘ IP\J tuchnr,alogy 1eadin;, 1o mew
L 198R, Norto-

’ g.
rcatcr pefstmuic use Mth pear S&Oumig pmgrams in Wathgm smw

Similar outcomes were recently observed in Vietorian proccssmg lom'tto pmdnc
scason was characterised by high pest populanons. Prelis ]

applied more pesticide and experienced higher pestici
speculated that this outcome occurred because |
potential pest damage more fi qucn' ’

the 1993/94 season was characterised by low pest pressums a
and experienced fower pesticide costs per kccmrt, thay TON=Se
se;zson m suascm is conssstmt wnh Napit’s premise

These findings indicate that thiere are 'nofsunptc *solutions” to-probl
need f’ar careful case-by-case local analyses carried out over anum

Improved Crop Yield or Quality




In some eases, howeve
spectium pesticida /

direetly attacked fiuit, large financial logses
Hussey and Scopes 1985).

crged as 4 consequence ¢
Section 1.2.2), I

Redxme(i‘r}.’votcnrim‘;aia;'ossr'»Emmafkejec?:mnufivmduceai,n:sD'o‘mesn;i‘MnuziEx 0

;:mmmﬂ msxduaa in pmdm:u Simxlmly, a mmr mmwmmn' or ﬂd@p&i 1Py
meet consumer demand for less residues on pmduw n exp d
Parliament 1990, Bach 1992). Research which s;nwxﬁmlly exan
economie damage associated with chemical residugs 1s rare.

Tmproved Control of Resistant Pests and Extended Life of Snmeiﬂeﬂic‘iém

quimmeut }‘?99 Cnrbut and Smuh !976* Mnms 1@‘34 Smnh and‘ pfﬁz
- 1982) ’I*hca rwsmnca ai’ pesl'ﬁ to ;)a,sumds:s ean mﬂueme pcst;mda (mst;s an;i :

:mmms nf oane famw can aifm mher fhrmz.rs* zmd mst comm! awwt:es mn irx‘
environmental and distributonal implications for soetety as a whole {Knight and Norto

Unfortunately, owing to the dynamic and complex nature of resistance, no wors. has
examined the economic implications of different pest management practices on resistan
introducing [PM. compatible pesticides can improve the control of pests whi
susceptibility to convmnonal pesticides, leading to increased yields or lower
in the short term’,

The potential for reversion of pesticide resistance in the field to prolong the life of a-com
generally considered low under continued pesticide vsage, Ho ", S
extend the usefulness of specific pesticides by encournging the use of unrelat
careful targeting of the ‘sensitive life stage’ of pests (Daly et al, 1988, k

Aggregate Income Benefits

Aggregate IPM analyses assess the impacts of IPM program
their use as well as upon the agricultural community. T
large pumber of agncultural pmduccrs, resulting cost ‘,_c.ducuo ns -
influence commodity prices. Thus, in aggregate there are potent
producers and consumers.




Faor example, #
“Anvestment in 17
found that aggre
anmatly {see 311.& Raj
suffer from a lag
1 Daswed measure m suah &mm

Fesy smdres have evaluated the relative income benefits of IPM
empirical studics that do exast relate to Amenean #l‘mtxm&dmgﬁ
Lancewsll (1977} fornd hat consumers reeiive most of the fggregate
programs through mereased quantnes of cotton hint at lower prices
thot caleulations of consumer and producer surphis often find o loss to prog
adopting new technologres Gnciuding 1PM practices) The reason offe :
due te additonal supply. Adston ¢t al (1994), however, disagree sv
for its flure to take o aceaunt the mfluence of mtematonal trade. T
commodites are influenced by world markes prices. Trade tends to »nmﬂmmp iee ¢l
fram changes in domestue production, consequently mereases in »upp do riof e
price decline as 15 frequendy assumed, Hence Napit e al, (1988) and Taylor and Lancewel! )
probuably overestmated the mrmﬁts to constimers relative (o producers (Nerton and Maullen wf}f{)

Reduced Risks to Human Health and Safety and the Environment

uf pwtxmde: use ﬁwwm o aﬁ 193& Cladq, 995} ¥ xmdmm it
IPM sl replace or reduee the use of conventional nputs: (su <
inputs which are Jess damaging to the environment (such as bwlogxml confio 8, pes tplant
vaneties and seleetive pestieides).

However, as supgested earbier, IPM will not necessard
pesticides i practice. In faet, o recent supvey of 6) ‘
anthe use of pesticides (Norton and Mullen 1994), Even when 4 reduc
cannot be assumed that non-conventional inputs are environmentally ben
pesticides are environmentally undesirable. For example:

« Some IPM compatible pesticides have higher toxieity ratings than their con

¢ Many biological controls are exotic organisms and exe &
(e.g. through competision, predation: or habitat des
Queensland's infamous Cane Toad Is an extreme-but

* *Naturally occurring organisims’ may have
extensive use of Bacillus Jlmrmgwmrf or BB
plays in the namral ecosystem (Ney

w@m lt c:tm Id alsa CAUSC 1.

iilmdnmnsh l992)

’ Tm, word *z:nvrmnmt,m' is md Im. fo refer: m e nummlﬁmlmmnenl @
xmf*my
¥ 1 is o nturally ocenrrin

mcgggman 1989, Hi ndmmu 39’)23,




. \iammlb mu‘mng, Umm em bt, gstmmaly

These examples should not be viewed as grounds for rej
policy perspective. They merely demonstrate that exter g
or negative, depending on the circumstances. They *x!sc) w,h.,,ﬂg | " Gast- » apal

of IPM rechnolopies at the Jandscapy Jevel. Mueh of this research is oi’“x publm wﬂd‘ A Al
ummﬂm requires some form of centralised Qrgwsmmn by government,

IMPLICATIONS FOR COST-BE

One enneal pont 1o emerge from Tables 1 and 2, and the foregomg wscmsmn i& that a large
number of 1ems need 1o be considercd in 4 complete cost-benefit analysis of
stems relate not only to changes m mputs and outputs, farm management, and ‘

changes over time and within and betseen locations. This point highlights the nced far nar sful wases
by=gnse analvses ~onducted over a number of seasons. :

The diffienlty 1w that owing 1o the complex and dynamic natore of pest nmngmmm Systems, and the
hd\ nf azgmﬁmm data sels, u £ 15 not mas)ble m mmmomm zmd neasure nfl oi” ﬂlp items requiring

euntml chusc tlns 5 2 m:um gc»al of IPM {wc mmm et zll 1981 Ross 1965) th& mmn n‘dcrhof
this study conld be viewed as focusing on the ‘effectiveness’ of IPM (see Owen 1993); that s, on thb
extent to which IPM is consistent with this goal




] L»ASUR*INC; THE PRIVATE NET RETURNS OF A |
M

Tn this scction the private economic impacts of a shift to IPM are explored, The results. of pre
empirical evaluations are summarised first, A frameswork which can be used to conpare:
chareteristics of IPM and conventional control is then outlined and applied to apple and
produgtion in Victoria. s

REVIEW OF PREVIOUS EMPIRICAL EVALUATIONS

Econamic evaluations of TPM programs have been undertaken all over the world for roughly 20 years,
particularly in the United States of Ameriea. Findings from specific evaluanons in Americ ‘
and nut, vegetable, sovbean, tobacco, peanuts, com and alfalfa programs have been summarise
Nmon and Muilm (1‘7‘?4) In most. cases n 18 f’ound thal whm an lI’\rI systcm 5 used,

mhmceﬁ, and nsh {usuam mr:aaurﬁ:d by vqrmmluy m Q mhw or mmgt, lml mf’nm rf;tum) ts“
or lower than that found with conventional control methods. Relatively lude empirical work h
completed in Austratia. A review of the literature revealed only five studies in two commodities, The
findings of these studies were summarised by Parigi (1995a). It was not possible to ¢ite an Amrahan
study in either grain legume or apple production.

A COMPARISON OF CONVENTIONAL AND IPM SYSTEMS IN GRAIN LIZGUMF AND?
APPLE PRODUECTION

In order to determine the economic impact of IPM in Victorian apple and grain legume production, a -
method, based on the partial budgeting approach, was developed. The approach involves thc followi’ng
steps,

i) Defining key pests (ie. pests which cause the most economic damage) and identifying the
ﬁ't.quenay and extent of d'um,g,e and how it affects the crop.

i) Defining IPM eontrol methods, how often they need to be camed out and the time taken for the
system to reach a steady state,

i) Defining conventional contral methods and how often they need to be carried out, Traditional pest
control programs usually involye the application. of pesticides at given intervals or at somc
specific growth stage of the e1op,

iv)  Listing, measuring and comparing the expected inputs. outputs, costs and revenucs of ™M and
convenmnal pest control nigthiods.

Methadology and Data Sources




tely adjust actions ac

and give sonie seope o appm;}r
which-has been mmlyscd

differs from the typival situation’

There are o range of analytical techniques which can be nsed-to measure the econamic i
iest management practices. An extensive review of key fechinigues indieated that bu
particularly when allied with bieak-cven threshold analysis, provide a ses
eepnomie impact of IPM at the fanm level (see Pangi 1993b). Although mos
approaches at the fam level fk was not possible 1o find an example of their pracy
the litemture. In the absence of o framework to guide the cconomic evaluation ‘ ,
was negessary (o formulate one. The approach dmws on standard fanm management prineiples. (se
Makeham and Maleolm 1993) aind practienl expentence in the application of hudgeting ;
and app’lﬁ produean. The principles will be similar m other grops.

numagcmmu mmzmm pi,,sx. nmmbmnmu mnmmmm aml alwmwm msellers (ﬁ om whcm 0
get first hand adwige) Chenenl resellers were also terviewed to obtain retail prices for the -
used by growers. From this data, representative pest control programs were prepared for conventional and
1P control methods in apple and gram legume production in a 'typical’ set up.

Analyses
Grain Legumes
The findings of the grain legume analysis are summarised in Table 3. A key finding s that a shift 4o »IPM ‘

might reduce costs associated with pest damage and control by arund $6.00/n. per
total variable produetion costs of $135.54/Ma per annum, net on-fam revenue of §;

and a price of peas of $210 per tonne, this figure represents a saving of about 4.4%
production costs, or a potential inerease in net on-farm revenue of about 2.5%. These gains ¢ aredue lar;,ely ‘
to reduced graen loss (and to a Jesser extent, reduced pesticide use),




Table3:  Grain LegumedPM -~ Change in Net Farm Tncome perHectire

Proposed change,

Shift from " conventtonal® fo " IPM field pea production (Malleg region of Victoria).

Eey pest,

Budwarm ‘

IPMeontrol methods:

«  Forecasung egg laving based on moth uap catehes at the regional level

o Predicting pertods of penk larval achvily using a budwonn simulation moedel

o Crap monitoring for larvae using sweep betting

. Dwdm onthe need to control hased on the stage of crap development and pod inspection.

“Conventional contrel method;

$pmymg after flowering, ofien without knowledge of the actual pest densiiés in the erop.

Time framg

One “typieal” year. Esrimates were based on expected vatues per year over g ron. of len mcﬁcpcndmu years

(1992193 priges were used?

Key assumpuons;

Qver a4 nun of en years:

»  Farmers spray their crops in eight out of ten years under conventional control and in seven out of ten
years under 1IPM.

« Lnder convennional canirel, damaging infestations of budworny are not contralled in 3 years in 10

»  Nosequential ffects of pest coniral potions taken in any one year,

ITEMS THAT ADD TO NET INCOME PER HECTARE

Added Remirns;
Yield loss prevented  $5.04

educed Costs;
Inseeticide $1.65
Risk assessiment $0.00

TOTAL ADPED RETURNS AND REDUCED COSTS(A): 9669

Reduced Returng:
Nil

Added Costs:
Crop monitoring $0.75

TOTAL REDUCED RETURNS AND ADDED COSTS [B)» S(L‘?S

A MINUS B EQUALS CHANGE IN NET')




To detcrmme the influence of changes in the level of grain loss on net returms, Table 4 lists n retums: for

various Jevels of grain loss of wml yield harvested. The table indicates that in order for the IPM syster

be profitable in a ‘typical” set up, annual grain loss, duc to controllable pest actions, mu, notiexceed

4.83%, or about 53% of that experienced under conventional control, In the considered opinion of IPM

specialists, grain loss under IPM ds not likely to exceed this figure swith frequent and informed crop
~ monitoring and appropriate action based thereon.

Table 4: IPM - Net Returns for a Range of Damage Rates

Price = §210 per anuun

r;{mm:xl Crop Loss Undé‘r ‘ Yiﬂd Lossfércvédfcd ' Ch.{ gein: m.t Eﬂrm Im.omc E
IPM Under IPM ($/ba per gnoum) | (Sthaper vﬂnrmm'}

0% (0 0vha) 9,24 10.14 1
1% (0 02 Uha) 714 8.04 ,
2% (0.04 vha) 5.04 | 504

3% (0 06 Uha) 294 ' 3.84

49% (008 vha) 084 L

4,83% (0.09t/ha) 0.9 R 0

5% (0.1 gzia} | 26 _ ©.39) |

Apples

The findings of the apple analysis are summarised in Table 5. Tn this case it was found that a shift to IPM
nuszht reduce casts assocmwd mth pest conrrol by amund SﬁOOIha per annum These gmns are du a:gely

mfestatmn and anecdota] mfnnnanon ,sugc,csts that IPM growers applled more pesnc
higher pesticide costs than conventional growers, In hmdsight, the ‘good” results ptoba it
that the data was limited to & period of four stable years, with relatively moderate mcldences of ‘pest
infestation.




‘Table§  Apple IPM - Changein Net Farm Income Per Hectare

Cadlmg mmh light brown npplc moth, twospotted mite, apple dimplingbug

1PM control methods:

o Using IPM compatible. and conventional pesticides

« Crop monitoring to predict the behaviour of pests and: diseases and: selecting and timing sprays
accordingly

Conventional control method.
Applying conventional pesticides at given intervals, often without knowledge of ﬂcﬂml pest-dedsitics in the
crop.

Time frame: ‘

One stablo year. Anaual cost and return estimstes were based on expected-values pcr vear over a-run-of four
years (1993/94 prices were used).

A_SLSEQELLQTL

* Yiclds and premiums did not change between systems,

o IPM and conventional pest control methods have the same year to vear (sequential) cffects.

TTEMS THAT ADD TO NET INCOME PER HECTARE

Added Retums:
Nil
Reduced Costs:
Chemjcal $971.00
Application S _ 800
Total; $979.00
TOTAL ADDED RETURNS AND REDUCED COSTS(A): $992.50

ITEMS THAT REDUCE NET INCOME PER HECTARE

Reduced Retums;
Nil

Added:Costs;
'ManagemenL time 3275 00
Crop monitoring
Pheromone traps
Mite release
Total:




" set a’u’p, T'IL

ammm, 0 amund 21 % oi’ ;hs;su c,\pmenccdf

mﬁ:smmn due toan anmzmmﬁ increase in tlm use .qf‘pczsuudrzs by ,;arow,ers,

Table6; IPM - Impact on Benefits of a Cha nge in Chemical Costs.

Reduetion in: Chemieal Costs
(S per annum)

a

200

J44

00

800

9925




CONCLUDING COMMENTS

Studies comparing the economie puﬁmnmw of integrated and conventional approaches us a!'ly
indicate that IPM will mantun or inerease yields, However, contrary to what s often hypothesised,
1PM swill not necessanly reduce the costs of pesticide use. The costs of pesticide us ‘
depending on the parueular farm situation, including the crop, the pests, the pest control
technologies, and the sequential impacts of previous pest control decisions. Thi: the
need for careful case-by-sase economic analyses of all nesw pest mmmy:mcm pmgrams over a
fumber of seasons.

In this study, 2 method based on the partial budgeting approach, was developed to
the expected private net benefits of a shift to IPM in particular farm sitations.
was apphed 1o IPM in memn apple nnd grmn ngumc prodm:tmn ma mel’

thc y;cld rLspanse 'c.qu,md for a shift fo IPM ta bc pmtzmble was conszdt.,md po»;blc wnh,
ﬁcqucm zmd mfbmmd cmp mammnng ami nppmpnare acnon based thcreon. In !he case i applés*,

usua] pcsi popuksnons due to an anncxp.ncd mcrmse in the use of pesncades by growérs Thc
results of subsequent analyses will be of interest.

Few studies have evaluated the cffects of IPM on the environment, At this stage, the
environmental effects of most IPM programs can only be 'guestimated’. The potential of new

and existing programs for developing sustainable agriculture must be carefully evaloated.
Much of this research is of a public good nature and therefore requires some form of
centralised organisation by government.
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