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Abstract

This paper examinesthe effectiveness of damage control mechanismsto reduce crop losses
fromagricultural pests. It usesdatafrom asampleof Cole crop (Cauliflower and Cabbage)
growing householdsin the Bhaktapur district of Nepal to study theimpact of pesticideson
agricultureproduction. Theresultssuggest that themarginal productivity of peticidesisclose
to zero for the average farmer, indicating an excessive use of pesticides. Whilethe study
estimatesthe optimal amount of pesticide per hectare of Cole crop to be 680 gramsof active
ingredients, the averagefarmer in Bhaktapur uses 3.9 timesasmuch pesticide asthisoptimal
amount. Over 70% of thefarmersinthe sample use pesticidesabovetheoptimal level despite
very smal increasesinyield attributabl e to pesticide applications. Our resultssuggest that the
timehascometo re-examinethe current strategy of the Nationa Integrated Pest Management
programme and the curriculum of the Farmers' Field School to ensure moreefficient use of
pesticidesin vegetablefarming.

Key Words:. Pesticide Productivity, Cole Crop, Damage Control, FFS, Nepal
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Productivity of Pesticidesin Vegetable Farming
in Nepal

RatnaKumar Jhaand Adhrit Prasad Regmi

1. Introduction

Vegetable producersaround theworld rely heavily onthe use of chemical pesticidesto ensure
pest contral. Although pesticidesdo not directly contributeto agricultura yields, thereisevidence
to suggest that intensive use of pesticides has significantly increased agricultural production
(Brethour and Weersink, 2001). However, pesticide use also posesrisksto human health and
theenvironment (Travis et al. 2006). Thus, it isimportant to examinethetrade-offsassociated
withthe costsand benefits of pesticidesunder different empirical contexts.

Several studies show that there are significant socia and environmental costsof pesticide use
(Ajayi, 2000; Antleand Pingdli, 1994; Antleand Capabo, 1994, Rolaand Pingali, 1993). Some
of thesestudies(Rolaand Pingdi, 1993; Rahman, 2003) a so suggest that indiscriminate pesticide
use can lead to larger pest-related yield losses rel ative to situations where pesticides are not
applied. Inthe absence of pest attacks, pesticide use only results in extra costs and no real
benefits. Neverthel ess, in the hope of combating the problem of pests, farmersfrequently apply
high doses and disproportionate combinations of several pesticides, contributing to apesticide
treadmill in certainareas. Farmersin devel oping countriesin particular continueto use pesticides
atincreasing rates (WRI, 1998).

Pesticidesdo not enhance productivity directly like other standard factorsof production such as
land, labor and capital. Rather, they help farmer combat pests that would otherwise reduce
agricultural output. Thus, pesticides are a class of damage control agents (Babcock et al.,
1992), making them different from other inputsin agriculture (Lichtenberg and Zilberman, 1986).
Thiscentral issue needsto berecognized in devel oping apesticide use policy (Chambersand
Lichtenberg, 1994). Itisasoimportant for empirica studiesthat seek to evaluate pesticide use.

Giventhedamage control roleof pesticides, it isuseful to examinetheempirica evidenceonthe
margina contribution of pesticidesto agriculturd yield. Margina productivity estimatesreported
indifferent studiesdiffer sharply. Inthecaseof cotton, Ajayi (2000), for example, estimatesthe
marginal value product (MVP) per CFA! of pesticide to be in the range of 0.47 to 4.39 for
different functional specifications. A marginal vaue product per unit cost of pesticides greater
than unity impliesthat pesticidesare under-utilized and farmerscanincreasetheir profitability by
increasing theamount of pesticidesfrom the current level (see Figure 3whichillustratesthis
concept moreclearly). Inanother study, Prabhu (1985) reportsthe MV Pto belessthan unity,
i.e., Rs0.13 per rupeecost of pesticide. However, such conclusionson thevaueof themargina
productivity of pesticides can depend on the functional specification of themodel. Fox and

1 CFA stands for Communauté FinanciéereAfricaine (French-speaking African Financial Community): 550
CFA=1USD.
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Weersink (1995) show that increasing the marginal returnsto pesticide useispossible under
common damage control specifications, implying that profit-maximizing farmerscould opt for
either no control or control at theceiling.

Inthisstudy, weexaminethe use of pesticidesin Nepa. Theuseof pesticide on vegetablecrops
in Nepal hasincreased dramatically in recent years (Maharjan et al., 2004). However, itis
worth noting that the average use of pesticidesin Nepal (whichisat 142 g/ha(ADB, citedin
Dahal 1995) israther low in comparison to that of India (500 gm/ha), Japan (12 kg/ha), or
Korea(6.6 kg/ha) (Gupta, 2004). Thislow averageisdueto an uneven distribution of pesticide
applicationsin Nepal. Pesticidesuseisheavily concentrated in the cultivation of vegetables,
mustard and cotton, and moreintensiveinthe Terai? region, Kathmandu valey and itssurrounding
areaswhereagricultureiscommercidized.

Despitearapidincreasein pesticide usein vegetablefarming, no study thusfar haseval uated the
productivity of pesticidesinvegetablefarmingin Nepal. Two studiesthat comecloseintermsof
thetopic under study are ahousehold survey (Pujaraand Khanal, 2002) and a socio-economic
study (Shresthaand Neupane, 2002) conducted inthe Kavredistrict of Nepal. These studies
have shown that profitsfrom vegetablesfarming (potato, tomato, bitter gourd and chili) where
pesticides are used are higher than from other cropsgrowninthe samearea. But thesestudies
have either adopted a production function approach (considering pesticidesasanormal yield-
enhancing input) or relied on apartia budget analysis. We notethat ‘ productivity’ estimates
using pesticides asayield-enhancing input in the production process are questioned because
scholarscan actually derivethe productivity’ of pesticidesonly when acrop isinfested with
pests. Using aconventional production function approach may resultin biased estimates of the
Impactsof pesticidesonyields(Lichtenberg and Zilberman, 1986). Thus, the main objective of
our paper isto understand the economicsof pesticide usein vegetable cropsin Nepal under a
damage control framework. We use datafrom asample of Cole crop® growing householdsin
the Bhaktapur district of Nepal for theanalysis.

Oneaspect researchersmust takeinto cons deration when studying pesticide useistheintegrated
pest management (IPM) approachinfarming.* Many countries promote|PM training, which
involves ecol ogical education and information on pesticides. For instance, Irham (2001) and
Irham and Mariyono (2001) havefound that the |PM programme hassignificantly reduced the
useof pesticidesinriceand soybeanfarminginIndonesa. Smilarly, Upadhyaya(2003) reported
that the use of pesticidesin rice decreased by 40 percent in almost al Nationa |PM programme
areasinNepal. InNepal, IPM isintroduced through the Farmer Field School (FFS) training

2 Theflat areainthe southern part of Nepal from the ChuriyaMountain rangeto the Indian Border iscalled
the Terai.

3 Cauliflower and Cabbage are the Cole cropswe consider in thisstudy. Cauliflower and Cabbage Belong
to the same species (Brassica ol eraceq) of the Brassicaceae family. Both of these cropshave moreor less
similar growing seasons, cultivation practices and pest problems. Farmers apply similar types of plant
protection measures for both of these crops.

4 IPM isapest management strategy that researchers have developed to educate farmers to limit the use
of pesticides. It relies on a combination of biological control and pesticide use methods.
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programme of the Department of Agriculture.®> Our genera understanding isthat thefrequency
of pesticide applicationsby farmershasdecreased after attendanceat FFS. Thesefindingsrely
on case studies and individual FFS reports which mainly focus on the rice agro-ecosystem.
Therefore, inthisstudy, we examinethe effect of IPM training on pesticide usein Cole crop
productionin addition to the economicsof pesticide use.

Thepaper isorganized asfollows. Section 2 discussespesticideusein agriculture, itsdamage
control characteristicsand resultsobtained from previous studieson pesticide productivity. Section
3providesan overview of thestudy areaand the descriptive stati stics of therespondents.  Section
4 describesthetheoretical foundationsof thisstudy and the empirical model sused to compute
pesticide productivity. Section 5 discussestheempirical resultsand section 6 concludeswitha
congderation of policy implications.

2. PesticideUsein Agriculture: A Review

During thelast three decades, anumber of empirical studies® have attempted to measurethe
productivity of chemical pesticidesin agriculture. These studies can be categorized into two
broad groups depending upon the methods (Ajayi, 2000). While one group usesthe generic
Cobb-Douglasproduction functions, the other usesavariant of it by taking into consderationthe
unique characteristics of pesticides. We present thefindingsof someof thestudiesin Appendix
1. Almost dl of thefirst generation studies (Headley, 1968; Campbell, 1976; Carlson, 1977),
which eva uatethe economic performanceof pesticideswithin the production function framework
using non-linear functiona forms, concludethat the value of themarginal product of pesticides
exceeds marginal factor costsimplying that the current level of pesticide useislower than the
optimum. However, there are reasonsto believe that researchers might have overestimated
pesticide productivity because of the choiceof functional formsusedinthestudy. Lichtenberg
and Zilberman (1986), for example, arguethat first generation studiesmay havefailed to capture
the damage control natureof pesticidesinthemodd specification. Furthermore, Fox and Weersink
(1995) explain how corner solutionscan arisein the use of damage control inputs, which, among
other things, mean that margina value products may not equal marginal factor costsat optimal
use. They aso explainwhy farmersmay not be particularly responsiveto pricesintheir use of

pesticides.

Lichtenberg and Zilberman (1986) suggest that the contribution of damage control agentsto
production may be better understood if one concelvesof actua (realized) output asanet result
of twointerdependent components:. potentia yield and potential lossdueto pests. Pesticideuse
needsto be conceptualized intermsof itsrolein preventing output losses. While scientistsdo not
asyet know the exact nature of the damage-prevention ability of pesticides, based on biological
scienceitisredigtic to assumethat the damage control function takesavaueintherangeof Oto
1. Lichtenberg and Zilberman (1986) suggested four separate damage control functionsfor
pesticideusein agriculture. Theseare:

5 FFShasnow becomethe model approach for educating farmersin Asiaand Latin America (Ponituset al.,
2000). IPM education through FFS focuses on the location-specific issues of agro-ecology; resisting
generalization and blanket recommendation of pesticidesuse (Dilt, 1990).

5 Headley (1968), Campbell (1976), Carlson (1977), Prabhu (1985), Lichtenberg and Zilberman (1986), Carrasco-
Tauber and Moffit (1992), Babcock et al. (1992), Rolaand Pingali (1993), Huang et a. (2001), Praneetvatakul
and Waibel (2002), and Dung and Dung (1999) are noteworthy among them.
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Exponertial: G (Xp) = (1- ")
Logisic: G (Xp) = [1+ e(“'”xp)]_l
Wehil: G (Xp)= (1_ e—xﬁ)
Pacto: G (Xp)=(1-K" X?)

where G(.) isthe damage prevented by pesticideuse, X, isthe quantity of pesticideused and A,
M, 0, c and k are damage control parametersthat need to be estimated. Thesefunctionsare

integrated into the production functionasy = f(X).G(X,), whereY istheoutput, and X’sare
standard yield-enhancinginputs.

Carrasco-Tauber and Moffit (1992) and Praneetvatakul and Waibel (2002) compared the
conventional approach with these alternative specifications of the damage control function by
fitting theseto empirical dataand found that the exponential abatement function gavethebest fit.
All other functional specificationsprovided higher estimates of themargina productivity of the
pesticide. Ajayi (2000) found theWei bull specification of themodel more plausiblefor economic
interpretation and more congruent with biological processes. The determination of the most
useful specification of thefunction for the economic analysiswill partly depend onthe nature of
thedata.

Shankar and Thirtle (2005) pointed out that most econometric analysesof pesticide productivity
aretypicaly handicapped by their failureto incorporate entomol ogical information and detailed,
stage-by-stage dataon pest infestation and pesticide gpplication. Giventhislimitation, Shankar
and Thirtle (2005) emphasi zed that Litchenberg and Zilberman’sframework providesamore
accurate framework for the analysisof pesticide productivity than thetraditional production
function analysis. Huang et al. (2001) employed thisframework in theanalysis of pesticide
productivity inriceproductionin China. Wefollow asimilar strategy sincethenon-availability of
information on pest incidenceisalimitation in our study aswell.

3. SudyAreaandtheData

Thedatafor our study comefrom asurvey of asampleof Colecropfarmers(seeFigurel) inthe
Bhaktapur digtrict (seeFigure 2) which hasavibrant group of commercid andintensivevegetable
farmers. Bhaktapur produces the largest amount of vegetables among the three districts
(Kathmandu, Bhaktapur and Laitpur) inthe Kathmandu valley (MoAC, 2006). Thereare54
vegetablefarmer groupsin 11 vegetable production pockets.” Over theyears, some 20 |PM
Farmer Field Schools have trained a total of 505 farmers (both male and female). Table 1
providesthe pocket-wise cultivated areaunder Cole crop, the number of Cole crop growing
households, and the number of trained farmersin each pocket.

7 The production pocket is a prioritized location for the production of a specific commodity such as
vegetables, ceredls, etc., and isidentified under the prioritized production package strategy of theAgriculture
Perspective Plan (1995-2015) of Nepal.
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We sel ected five vegetabl e production pockets for this study where farmers cultivated Cole
crops intensively from January to May, 2006. We interviewed a sample of 211 Cole crop
farmers (approximately 10 percent of the Cole crop farmersin the area) over the period of
January to May, 2006. Atfirst, we prepared aninventory of only thosefarmersbelonging to
vegetablefarmer groupsformed by the government’s programme and those planning to grow
Cole crop during the study season. We then categorized those farmersinto two groups: FFS
farmers® and Non -FFSfarmers. We chosethe respondentsfor this study from these two sub-
samplesof farmersseparately. We chose 67 FFSfarmersand 144 Non-FFSfarmersrandomly
fromtheinventory.®

Inthefirst phase, we collected the basi ¢ soci o-economic and demographic information of the
householdsfrom atotal of 211 households. 1nthe second phase, we collected datarelated to
inputs use and outputsin 3 to 5 rounds of successiveinterviewsto cover the duration from
transplanting to harvesting for the Cole crop which variesfrom 3 to 5 monthsdepending onthe
variety planted. We collected information on the use of pesticides on every visit from each
householdin order toimprovethereliability of dataaffected by thelength of therecall period.

Table 2 presents the descriptive statistics on the farmer characteristics. Out of thetotal 211
respondents, 82 percent (173) were male farmers and 18 percent (38) werefemalefarmers.
Themaority of therespondentswereilliterate but 35 percent had studied up to thetenth grade.
Most of the respondents, about 94 percent, indicated that farming istheir major occupation.
Theaverage age of the respondentswas 43 yearsand they had an averagelandholding size of 6
ropani® of whichthey used 3 ropani on averagein Colecrop farming. Themaximum cropping
intensity™ found in the areawas 300 percent but the mean intensity was 217 percent. Attheend,
wewere ableto usedatafrom only 201 farmersfor thisstudy.*

4. Theoryand Methods

Researchersevd uatethe productivity effect of pesticidesin termsof the output that aproducer
obtains due to reduction in potential yield loss from pests. The value of output lossthat is
prevented by the application of pesticidesisameasure of the productivity of pesticide use.

Figure4 presentsgraphically theimpact of changesin pesticideuseon production. Y _ isthe
maximum potential output for agiven doseof input usewithout pestinfestation. Inredity, complete
croplossdueto pest attack (Y =0) isunlikely to occur dueto theregulation of pest dynamicsby
biologica and natura processeswithintheagro ecosystem. Assuch, theactua minimum level of
output that aproducer obtainsafter apest attack under anatura pest control regime, i.e., without

8 FFSFarmersarethosefarmerswho have participated in the season long Farmer Field School to learn the
skills of integrated pest management.

®  Thereare2110 Colecrop growing househol dsin Bhaktapur, out of which 670 were FFStrained while 1440
arenon-FFStrained. To represent this proportion, werandomly selected 67 farmerswith FFStraining and
144 farmers without FFS training from the inventory of farmers planning to grow Cole crop during the
study season in order to make up the total sample size of 211, which is 10% of 2110.

10 20ropani= 1 hectare

1 Cropping Intensity = (Total areaunder crop in 365 days/Total cultivableAreaavailablefor 365 days)* 100

12 We left out two respondents because they suffered complete crop failure while we had to drop seven
pesticide non-users during the analysis stage.
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application of pesticides,isY . . Y . variesdependingonthelevel of natural enemiesof pests
present and theeffect of other agroecol ogica phenomena. ThedifferencebetweenY  andY .
Isthemaximum potentia yield loss abated by pesticide use. Thisdifferenceisameawreof the
destructive capacity of peststhat iseliminated by the application of pesticide quantity X, It
measuresthe effectiveness of the pesticide G(Xp) We show the optimal use of the pestici de

doseinthediagramasXp*.
4.1 Modd Specification

In order to estimate the production impacts of pesticide use, consider ageneral production
function of thevegetablecrop as

@)

whereY isthequantity of crop production and Z isavector of farminputsincluding pesticides.
However, to accommodate the uniquerole of pesticidesasdamage control agents asdescribed
above, wefollow Lichtenberg and Zilberman (1986), who specify different non-linear functional
formsfor the pesticide-yield rel aionship, and rewrite equation (1) that makesadistinction between
pesticidesand other inputsas:

2

whereZ now representsavector of conventiona inputsexcluding pesticidesand X, istheamount
of pesticides.

Theoretically, the proportion of potential yield lossfrom pest attacks rangesfrom zero (i.e.,
completelossof thecrop) to unity (i.e., perfect control of pests). Thevalueof G(Xp) should be
between 0 (meaning no damage abatement) and 1 (meaning 100 percent damage abatement).
G(Xp) followsacumulative probability distribution with respect to the values of X Combining
the standard Cobb-Douglas production functionwith alogistic functionthat esti matsthe damage
avoided dueto pesticidesuse, weestimate thefollowingjoint production function that incorporates
thedamage control function of pesticides:

n
Y = a|‘J Z” G(Xp) 3
1=
whereaisthetechnological shifter, Z areinputs (i = 1ton) and G(X p) isthe damage control
functionwhere0< G (Xp) <1.

Taking log of both sidesin equation (3) givesthefollowing econometric model for estimating
pesticideuse:

n
InY =lna+ 8 ¥ InZi +InG(Xp) +u (4

1=1
whereu. isan error term with mean zero and constant variance.
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We estimate the above equationsfor threedifferent specifications of thedamage control function:
Modified Exponentia, Logisticand Wiebull; however, weundertaketheempirica caculationsof
optimal pesticide use below only for the Modified Exponential form. For comparison, weaso
estimate a Cobb-Douglas production function with pesticidestreated asaregular input.

Using an exponentia specification of the damage function providesthefollowing econometric
modd:

InY =a+ B, In(NPK) + 8, In(L) +|B3 + B4 (Fe))In(K¢ )+ 3, (Hail) + 5, (Fc) +

. l_e[—Al{xp]-Az(FFs)[xp]] ©
where,
Y = Cropyield (kg/ha)
NPK = Tota Nitrogen, Phosphorousand Potassium nutrients (Kg/ ha)
L = Labour (mandays/ha)
F. = 1lif farmersuse al three major nutrients (NPK), that isthe use of fertilizersin
combination, or =0 otherwise
K, = Capita (NRs/ha); thisincludesthe cost of compost, seed and land preparation
Hal = 1if famerssufferedfrom hailstormdamage, O otherwise
FFS = 1iffarmershaveparticipatedinfarmer field school, O otherwise
X = Total amount of pesticide used (gram/ ha)

p

We use equation (5) to estimate theyield |oss abated by the use of pesticides, and to determine
thebest or optimum dose of pesticides (Xp). Whilewe consider severd aternative specifications
of thedamage control functionsasdiscussed in section 2, exponential specification provided the
best estimates.

4.2 Optimal Level of Pesticide Use
Animportant issueistoidentify thelevel of pesticide usethat would optimizeyields. Asshown
inFigure4, the pesticideamount X * representsthelevel of pesticide which maximizes producer

profit. Equation 6 equatesthe margina product (M P) of pesticide (derived from equation 5) to
theratio of the pesticide and Colecrop prices.

ot

~(1y +15 (FFS )X

{1_

Thus, theoptimumlevel of pesticide (X %) isgiven by:

.o In [(\?)@1 + Ay Type)-{zpD —In[::pJ @

p}(almz (FFs))
-(1y + 1, (FFS )X 0 J ]

MPP (: dl) =
dx

e

(6)

- [ Y v
P (/11 + Type}
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Where,

y =averagecropyield (Kg/ha)

P= theunit average priceof pesticide (NRs/ grama.i.)

P_=the seasonal averagefarm gate price of Colecrop (NRYKg)

Itisuseful to notethat modified exponential specification showsadirect link betweenthemargina
productivity of pesticide use and the participation of farmersinthe Farmers Field School (FFS)
training programme, wherefarmerslearn about thejudicious use of pesticidesand IPM.

4.3 Description of Variables

In estimating equation (5), we use thefollowing variables. Y, the dependent variable, isthe
quantity (kilogramsor kg) of Cole crop harvested per hectare. Wetakethe physical quantity of
output as the dependent variable asthereis no cross-sectional variationin the price of Cole
crops.

Fertilizer useisrepresented by NPK, which isthe sum of the quantity (kg) of major nutrient
elements, viz. nitrogen (N), phosphorous (P) and potash (K) per hectare used during the study
season. Thenutrient content of thecommercia chemical fertilizersused by farmersare: Urea
(46% N), DiaAmmonium Phosphate (DAP, 18 percent N and 46 percent P) and Murate of
Potash (60 percent K). We calculated the quantity of NPK taking thisinto account.*®

L isthetotal labour input (person days) used per hectare. Thisisthesum of al family and hired
labour hoursusedin al thefarm operationsfrom land preparation to harvesting. \We convert the
labour hoursinto person days assuming aworking duration of 8 hours per day.

K. isthecapital that ismeasured asthe monetary val ue of inputs other than chemical fertilizer,
labour and pesticide. We expressitin Nepai Rupee per hectare. Thisvariableencompasses
the costs of compost, land preparation and seed or seedling. The cost of compost coversthe
monetary value of compost either purchased from the market, produced by farmersthemsealves,
or borrowed. Similarly, wevalued land preparation input (Tractor) and seed or seedling input,
whether itisthefarmers own or bought fromthemarket, at themarket pricein order to calculate
itscosts.

X isthetotal quantity (grams) of activeingredient (a.i.)™ of pesticidesper hectare used by a
farmer during thestudy season. Here, pesticideindicatesthe useof bothinsecticidesand fungicides.

We usethree dummy variablesin our analyses. Hail isthe dummy variablethat capturesthe
effect of hail storm that occurred during the study season. We coded the farmers, whose Cole
crop wasaffected by hailstorms, as 1 and otherswhose cropswere not affected by hailstormsas

3 NPK = Amount of Nitrogen (N) per hectare + Amount of Phosphorous (P) per hectare + Amount of
Potassium (K) per hectare; N per ha = (((Amount of Urea*0.46) + (Amount of DAP*0.18))/Cole crop
grown area); P per ha = ((Amount of DAP *0.46)/ Cole crop grown area); K per ha = ((Amount of
MoP*0.6)/ Colecrop grown areq).

14 1USDoallar($) =63 Nepai Rupees(NRs)

15 Activeingredient (ai.) meansthe biologically active part of the pesticide.
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0. F_isadummy variable that captures whether the farmers used al three major nutrients
(NPK). Itequals1for farmerswho useal three nutrientsin combination and O otherwise. FFS
isadummy variablewhich equas 1 for farmerswho participated in the Farmer Field School and
Ootherwise.

5. Resaults and Discussions

This section describes the types of pesticide used in the study area and the estimation of the
production function and margina productsof inputsand pesticides.

5.1 PesticideUseand Farmer Perception

Farmersin Bhaktapur used forty three commercial productsfrom twenty different pesticides.
Thesurvey datashowsthat farmersuse 15 commercid productsof fivedifferent typesof fungicide
and 28 commercid productsof 15 different typesof insecticidein Colecrop farming. Themost
commonly used fungicidesare: Carbendazim, Copperoxychloride, Mancozeb, Meta axy 8 percent
plusMancozeb 64 percent. Similarly, Chlorpyriphos, Cypermethrin, Dichlorvous, Dimethoate,
Endosulfan, Fenvelerate, Parathion-methyl and M onocrotophos are the most commonly used
insecticidesin Bhaktapur for Cole crops. Most of theseinsecticidesfall under World Health
Organization (WHO) categoriesof IB tolll, implying that they belong among the extremeto
moderately hazardousclassfications. FFStrained farmersgenerdly goply well known commercid
pesticidesrather than lessknown formulations.

Out of the total amount of pesticide used in Cole crops, 76 percent are insecticides and 19
percent fungicide. Asevident fromFigure5, farmersused 2373 gm activeingredient of fungicide
and 1963 gm of insecticide per hectare on average. Overall, farmers applied 2633 gm per
hectare of pesticides. Thisfinding contradictsthefindingsof an earlier survey report of PPD
(2004), whichindicated that farmersapplied 1224 gm of insecticidesand 1295 gm of fungicides
per hectarein cauliflower farmingin the Bhaktapur District. Our numberssuggest that average
pesticide useishigher than previoudy estimated.

5.2 Estimation of Pesticide Productivity

Table 2 presentsthe summary statisticsof the variablesused in the econometric analyses. Inour
sample, theaverageyield per hectareisabout 23,000 kilograms. Theaverage pesticideuseis
2633 activeingredient gramsper hectare. Hailstormsaffect approximately 13 percent of farmers
and gpproximately 27 percent farmersusedl threemgor nutrient (NPK) fertilizersin combination.

For theempirical analysis, weestimated four different models: the Cobb-Dougl as, themodified
Exponentia, theLogisticand the Wiebull. We present theresultsin Table 3. Inall specifications
(seeTable3), fertilizer use, NPK, and labour coefficientshavethe expected sgn and are highly
sgnificant. However, thecoefficient for Capitd (K ) isstatistically inggnificantindicating thet the
yield is not responsive to capital (compost and land preparation) expenditure.’® But when

16 The coefficient of Ko is 83 + &4 = 0.415 and the standard error is calculated as SE(a83+ &4) = sqrt
[(variance(83) + variance(dd) - 2 covariance(83, &4)]=0.959. The t-value of Ko is 0.433 which is not
significant.
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Interacted with NPK combination, the coefficient of capital ishighly significant and positive
indicating that right combination of nutrientsisessential in order to get benefitsfrom capital
related expenditures. The coefficient for thedummy variable F , which showstheuseof dl three
fertilizers(NPK), isnegativeand satistically significantin al specifications. Thissuggeststhat
farmers may not be using inorganic fertilizers, viz., Urea, DAP and Murate of Potash in the
proper combination. The coefficient of Hailstorm (Hail) is negative and significant in all
specifications suggesting that hail storms contributeto crop losses.

Thecoefficient of pesticideusein different specifications (coefficient of In(pesti) for Cobb-Douglas,
A, for exponentia, o for logistic, and cfor Weibull) hasapositivesign. However, the coefficient
for pesticideuse(A,) issignificant only intheexponentia form of the production function. Infact,
all the parameter estimates of the exponential model aresignificant at the 1 percent level except
for Capital (K ) andtheinteraction of FFSwith pesticide (A,). The R?obtained fromthismodel
was0.63. Thesgnsof theestimated input parametersof thismode accord well with agronomic
fects. Thepositivebut Satigtically inggnificant coefficient of theinteraction of FFSwith pesticide
(A,) indicatesthat theyieldisnot responsiveto FFStraining in the case of Colecrop production
inthestudy area.

Figure 6 showsthedamage abatement resulting from the different level sof pesticideusedin Cole
crop productionin Bhaktapur based on the modified exponential specification (equation5). The
vaueof G(Xp) isintherange 0<G(Xp) <1. Theminimumamount of Colecrop (Y . ) afarmer
can produce without using pesticideis 6703 kg per hectare, whichis 35 percent of theaverage
production of Cole crop in Bhaktapur. We provide the results of the calculation of damage
abatement and yieldincrement dueto pesticidesin Table4. We present the pesticide productivity
curvefromthisdatagraphically in Figure 7. Theyieldlossreductionin Colecrop approaches
zero aspesticide use (Xp) Increasesto above 850 gram per hectare. The maximum attainable
yield by using pesticide (Y ) is20,938 kg per hectare. Thus, the maximum abated yield by
pesticideuse'’ is 14,235 kg per hectare.

5.3. Marginal Productivity of Pesticides

At the average pesticide application rate of 2633 gram per hectare, we estimate the marginal
productivity of pesticidesfor the modified exponentia specification (equation 6) to be closeto
zero. Thus, thisestimatefallsbel ow the estimates of Prabhu (1985), Ajayi (2000), and Huang
(2001) asmentioned in Appendix 1. Figure 8 showsthe significantly declining trend of the
margina vaue product of the pesticide asits application increases.

Using equation 7, we computethe optima level of pesticide used to be 680 gramof a.i. for Cole
cropsin Bhaktapur at the mean of the sample. We base this on the average farm gate price of
Colecrop inthe season, whichwasNRs 7.5 per kg, and the average price of agram of active
ingredient of pesticides, whichwasNRs0.75.%® Theaverage application of apesticidedosein
the samplewas 2633 gram of activeingredient of pesticidesper hectare. Thisclearly showsthat
farmersoverused about 1953 gram of the activeingredient of pesticides per hectare. 1nother

7 Themaximum abated yield by pesticide use=Y max- Ymin
18 We base this on the average price of all pesticides used in Cole cropsin Bhaktapur in 2006.
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words, farmerslose NRs 1465 (1953 X 0.75) per hectare because of inefficient use of pesticides
intheir Colecropfarming. Farmerswereusing 3.9 timesmore pesticidesthan they should during
the survey season. Thus, we can concludethat farmers overuse pesticides substantially onthe
ground of uncertainty related to effectiveness of the pesticides and the occurrence of the pest
problems. Itispossiblethat farmersdeliberately apply an overdose of pesticidesbecausethey
areuncertain of the effectiveness of the dose used and therefore wish through overuseto avert
therisk of bigger pest attacks.

Itisinteresting that the extent of overuse of pesticide differsbetweenfarmerstrainedon IPM at
the Farmer Field Schoolsand farmersnot trained in FFS. Estimates show that farmerswith FFS
use 2.7 timesthe optimal dose ascompared to farmerswithout FFSwho use 4.4 timesof the
optimal dose.

Table5 showsthat only asmdl proportion of farmers(3 percent) usetheoptimal leve of pesticides.
Themajority in Bhaktapur (74 percent) use more than the optimum amount of pesticidesand
obtainavery small increase (1-4 percent) inyield relativeto theaverageyield.

6. Conclusonsand Policy Recommendations

Chemical pesticides play animportant rolein combating pest problemsin agriculture. Increased
production and productivity inagriculturein recent yearsislargely theresult of enhanced use of
pesticidesaswell asincreased use of nutrientsand water. Thereare, however, growing public
objectionsto the use of chemical pesticidesbecause of their negative externalitieson human
health and the environment. Inorder to balance public concern about chemical residuesand
ecologica damagewith food security issues, we need to understand better what thetrade-offs
arebetween greater and morelimited use of pesticides. Accurate, improved and locally-specific
information about the productivity of pesticidesinagricultureiscrucia intheformulation of policy
ontheissue.

Thisstudy investigatestheimpact of pesticide use on Cole crop production in the Bhaktapur
digrict of Nepd. Weevd uatethe economic performance of pesticidesusing anon-linear functiona
forms. The methods used in thisstudy allow usto estimate the effectiveness of farmer field
school (FFS) training on potential yield aswell.

Wefind that pesticidessignificantly contributeto Colecrop production by limiting yield losses.
Asexpected, themarginal contributionsof pesticide usedeclineswithincreased use of pesticides.
What isinteresting isthat themarginal contribution of pesticidesiscloseto zero a theaverage
level at which Cole crop growers currently use pesticides. In the study area, farmers
apply pesticidesat morethan at their profit maximizing or optimum|level. Theoptimal or profit
maximizing amount of pesticide per hectarefor Cole crop production is 680 gramswhilethe
average farmer uses pesticidesin Cole crops at about four timesthis optimal level. Thisis
happening despite aperception among amgority of farmersthat pesticidesare harmful to human
health aswell asto beneficia organismsprevalent inthe vegetable ecosystem (Jhaand Regmi,
2009). Our resultsindicate that reduction in pesticide use from the current level would not
decreaseyiddssgnificantly.
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Wilson and Tisdell (2001) propose four reasons for the overuse of pesticides: (i) ignorance
regarding the sustainability of pesticide usg; (ii) the lack of aternatives to pesticides; (iii)
underestimation of the short and long term costs of pesticide use; and (iv) weak enforcement of
lawsand regulations. Thesereasonsseemedto beequally vaidinthe caseof our study.

Both farmerstrained in integrated pest management and those who are not trained overuse
pesticides. However, farmerstrained inthefarmer field school stend to uselesser amount of
pesticides. Policy makersand plannersneed toreview thelPM programmein Nepa andrevise
the FFS curriculum. The FFS programme should be designed in such away that it empowers
farmersto make decisions suitable for alocally-specific vegetabl e production system. This
ultimately leadsto the adaptation of aternativetechnol ogiesfor growing healthy crops.

The study sheds somelight on discrepancies between claims by agriculturistsand economists
regarding pesticide productivity. Thoughwe cannot make genera recommendationsbased on
such asmall-scale study, theresultsare still relevant for regulatory decisions. Further empirica
studiesarerequired on awider scaeto understand pesticide productivity acrossNepa’sdiverse
agro-ecosystems. It would be useful to study the correl ations between farmers' perceptions of
risk and pesticide uselevelsaswell astheimplicationsof any training they may haveonintegrated
pest management.
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TABLES

Tablel: VegetableProduction Pocket-wiseDistribution of Cultivated and Cole
Crop Areain Bhaktapur

Production Pockets Total Cultivated ColeCrop Cultivated No. of Households
Area(ha) Area(ha) Growing ColeCrop
Bode 323 40 150
Sipadole 401 ) 225
Nakhel 905 5 125
Kharipati 773 0 D
Dadhikot 652 b 8
Bhaktapur N.P 114 0 433
Katunje 32 2 153
Balkumari 155 0 287
Balkot 335 5 104
Jhaukhel 523 20 301
Duwakot 476 20 157
Total 5394 300 2110

Source: Information obtained from Plant Protection Officer of District Agriculture Development Office,
Bhaktapur (2004)

Table2: Summary Statisticsof theVariables

Variables N Min Max Mean SD
Age of Respondent (Years) 201 160 85.0 430 131
Vegetablefarming experience(Years) 201 00 50.0 141 103
Cole Crop cultivated area(ropani) 201 04 130 26 20
Total landholdings (ropani) 201 10 170 6.0 31
Cropping intensity (%) 201 1333 3000 2171 422
Production (Kg/ ha) 201 4500 60000.0 232037 102856
NPK nutrients (Kg/ ha) 201 20 11350 5290 254.8
Labour (Mandays/ ha) 201 2400 7188 4278 1067
Capital (NRS/ ha) 201 7000.0 79000.0 207937 115989
Pesticide (a.i. gram/ha) 201 533 226500 2632.8 35713
Type of participant (FFS) 201 00 10 03 05
Hail storm damage (Hail) 201 00 10 013 03
User of NPK in combination (Fc) 201 00 10 027 04

Source: Primary Survey (2006)
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Table3: ResultsfromtheNon-inear Estimation of VariousProduction Functions

Variables Cobb-Douglas Damage Control Specifications
Modified L .
Exponential Logigtic Weibull
Intercept 6.424% ** 7.163*** 7.097*** 7.176%**
(5.607) (6.20) (6.117) (6.167)
In (NPK) 0.174*** 0.165*** 0.165*** 0.160***
(2.849) (2.796) (2.776) (2.665)
In(L) 0.349*** 0.406*** 0.382** 0.383***
(2.645) (3.12) (2.916) (2.932)
In (Ko) 0.050 -0.050 -.029 -0.033
(0.750) (-0.683) (-0.392) (-0.458)
In (Ko)*Fc 0.465*** 0.431*** 0.434***
(2.780) (2584) (2.613)
In (Pesti) 0.005
(0.196)
Hail -1.514*** -1.492%** -1.516%** -1.514***
(-15.412) (-15.430) (-15.660) (-15.68)
Fc -0.130* -4.693*** -4.364%** -4.392%**
(-1.755) (-2.852) (-2.661) (-2.690)
A, 0.012***
(2.844)
A, 0.048
(0.279)
V1 1.394
(0.064)
o 0.061
(0.163)
c 0.218
(1.50.131)
R? 0.61 0.63 0.63 0.63
N 201 201 201 201
Note:

- Absolute values of asymptotic t-statistics (for the damage control specification) and t-statistics (for the
Cobb- Douglas specification) are shown in parenthesis.

- A and A, are coefficients of pesticide use and the interaction of FFS with pesticide use in the modified

exponential model; p and o are coefficients of pesticide use in the Logistic model; ¢ isthe coefficient of
pesticide use in the Weibull model.
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Table4: Computation of DamageAbatement and Yield Increment dueto Pesticide
Use (M odified Exponential Functional Specification)

Pesticide amount Damage abatement Cumulativeyield Yieldloss
used (gm a.i /ha) function increment reduction
Xp) G(Xp) (Kg/ha) (Kg/ha)
50 0.4408 9229.3 5161.5
100 0.6872 14390.8 2886.6
150 0.8251 17277.3 1614.3
200 0.9022 18891.6 902.8
250 0.9453 19794.4 504.9
300 0.96%4 20299.3 282.4
350 0.9829 20581.7 157.9
400 0.9904 20739.6 88.3
450 0.9946 20827.9 494
500 0.9970 20877.3 27.6
550 0.9983 20904.9 154
600 0.9991 20920.3 8.6
650 0.9995 20929.0 4.8
700 0.9997 20933.8 2.7
750 0.9998 20936.5 15
800 0.9999 20938.0 0.8
850 0.9999 20938.9 05
900 1.0000 20939.3 0.3
950 1.0000 20939.6 0.1
1000 1.0000 20939.7 0.1
1050 1.0000 20939.8 0.0
1100 1.0000 20939.9 0.0
1150 1.0000 20939.9 0.0
1200 1.0000 20939.9 0.0
Note:

- Yieldlossreduction (Kg/ha) by X, amount of pesticide used is calculated as given in exaples bel ow.

Example

Yieldlossreduction (Kg/ha) at X, = (cumulativeyield incrementat X_ —Y ).

Yield loss reduction (Kg/ha) at X, = (cumulative yield increment at X, -cumulative yield increment
arXx,)

- Y,.,= 6703 kg per hectare (The minimum amount of Cole crop afarmer can produceat X ).
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Table5: ColeCrop Production Using Different L evelsof Pesticide by Farmer

Participant Level of Proportion of Production Level (Kg/ha)
Category Pesticide Use Participants Mean(Y,) Difference(D)
Non-FFS farmers  Below Optimal 21% 20891.96 -11%
Optimal 4% 19610.71 -16%
Above Optimal 74% 24276.49 4%
FFS Farmers Below 25% 22012.94 -4%
Optimal 2% 23600 3%
Above 73% 23157.45 1%
Overall Below Optimal 22% 21290.53 -8%
Optimal 3% 20180.61 -13%
Above Optimal 74% 2392351 3%
Note :
A
- Production level difference (D) iscalculatedas. ——=~ x 100%

Y

- Meanyied( v ) of non-FFSfarmers, FFSfarmersand Overall is 23355, 22878, and 23203 (Kg/ha) respectively.
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FIGURES

Figurel: Map of Bhaktapur District and Study L ocations
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Figure2: Location of Bhaktapur intheTerritory of Nepal
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Figure3: Optimal Use of Pesticides
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Figure4: Impact of Pesticideon Yield LossReduction in aProduction System
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Figure5: AverageAmount of Pesticides Used on Cole Crop (gramsa.i./ ha)
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Figure6: Resultant DamageAbatement Function of Pesticides
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Figure7: PesticideProductivity Curve
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Figure8: Marginal ValueProduct of PesticideUsein Cole Crop Production
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Appendix 1: Empirical Findingsof Pesticide Productivity Estimation Works

Source Functional Specification Finding
Headely (1968) Cobb-Douglas Function | Themarginal value of one dollar expenditure for
chemica pesticidesis approximately $4.0

Campbel (1976) Cobb-Douglas The marginal dollar’sworth of pesticides input
Function yielded around $ 12 worth of output.

Prahbu (1985) Cobb-Douglas The marginal value product of pesticide was less
Function with some than unity, that is, 0.13.
modifications

Carrasco-Tauber and Cobb-Douglas All functional specification indicates high

Moffit (1992) Function compared marginal productivity of pesticides except the
with Damage Function | exponential specification.
Specifications

Ajayi (2000) Cobb-Douglas The marginal value product per unit cost of
Function compared insecticides is greater than unity in the Cobb-
with Damage Function | Douglas model and all the alternative LZ damage
Specifications specification except Weibull specification.

Huang et al. (2001)

Exponential Damage
Control Specification

The marginal product of pesticide was only 0.07
Kg.

Praneetvatakul and Cobb-Douglas The abatement function, “the exponential form,”
Waibel (2002) Function compared gave the best fit to the empirical data of rice.
with Damage Function
Specifications
Dung and Dung (1999) | Caobb-Douglas 10 percent increase in total dose of pesticides will
Function contribute to amicro increase of 0.346 percent of

riceyield.
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