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This study examines the factors influencing pesticide and fertilizer use and analyzes the
possible impact of reducing the applicailon rates of the two inpuls on product supply, farm
ncome, and input structure, A land-productivity—specitic model is cstimated using the data of
farm households from Kyushu. The substinutability and complementarity between factors are
foumd 1o be the main determinants influencing the use of pesticides and ferlilizer, while the
effects of product prices are not determinate. The conditions for redncing the application rales
ol the two inpuls have been favorable, and consequently the widespread adoption of low—input,
sustainable [arming (LISF) systems is likely to be realized al lower opportunity cost. Priee or
tax measurcs almed at restricting agrichemical use seem not to be elfective as might be
expecled. The policy measures making LISF practices more profitable may cffectively motivate
farmers to adopt these practices, A functional transition of regional farming service gystem

from agrichemical-using to more environmentally sensitive practices is also required.

INTRODUCTION

Over the last 10years, farming systems aimed at making agriculture environmentally
safer by reducing agrichemical use and/or adopting soil-conservation cultivation, have
been widely discussed in Japan. The growing concern for environmental issues asso-
ciated with pesticide and fertilizer application has brought about innovative changes both
in farming practice and in the formulation of agricultural policy more genéral]y.
According to a survey by the Statistics and Information Department, the Ministry of
Agricuiiure, Foresiry and Fisheries (SIDMAFF, 1897, 5% of farmers have adopted
low—input sustainable farming (LISF) practices in rice production, the stable food crop of
Japanese. Some policy proposals emanating from the discussions have been enacted into
law. Evidence of this is that three agroenvironment acts (namely, the Acl Concerning
Promoting Adoption of More Sustainable Farming Systems, the Revised Fertilizer
Regulation Act, and the Act Concerning Proper Management and tilization Promotion of
Livestock Excreta), cleared the Diet in July, 1999,

Such changes have attracted extensive attention, as they indicate a transition from
conventional farming to environmentally more sustainable production systems. Japancse
agriculture is generally typified by small farm size and high land preductivity. Fertilizer
responsive varieties and intensifying input use have been the key factors of high yield in a
leng—run term alter the war. The transition to LISEF systerns is likely to result in
wide~ranging effects on product supply and input demand, which then possibly return to
influence the extension of LISF practices. Effective policy actions in line with the three
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acls are, therefore, required to take into account the possible impact of reducing
pesticide and fertilizer use on yields, farm incomes, and inpul struclure.

Some policy measures for promoting the adoption of LISF practices have been
proposed. They mainly include subsidies for LISF farmers, administrative restriction on
the use of pesticides and nitrogen fertilizer, and user fees or “polluler—-pays”, etc.
Unforiunately, few empirical researches have been done to provide full evidence for these
proposals, though a number of studies have been reported in North America and other
regions (see the review by Fox et al., 1991; Daberkov et al., 1988, Widawsky et al, 1998).
To examine the feasibility or effectiveness of such policy proposals, this study analyzes
the factors influencing pesticide and fertilizer use as well as the possible impact of
reducing the application rates of the two inputs on product supply, farm incomes, and
inpul demand, by developing a land-productivity-specific model. Censidering the
diversity of agriculture across regions, the data [rom Kyushu, an agricultural region in
southwest Japan, are used.

2. Structural changes and the use of pesticides and fertilizer in Kyushu

Kvushu is a representative agricultural region which has undergone rapid and
diversified agricultural development since the 1960s. As shown in Table 1, this region
accounted for 20% of domestic farrn outpul, with only 12% of farm land in 1997. During
the 1960-97 period, the major crops, vegetable—fruit—flowers, industrial crops, and
livestock, all exhibited high share growth rates ranging from 7% to 10%. These make
Kyushu the most important producing base in fresh producl supply.

The expansion of high-value crops generally means an increase in pesticide and
fertilizer use because of the higher input intensily of such factors in the production of
these crops. This process is further accelerated by the rapid decreasc in farm workers, as
a result of the extension of off-farm employment and the withdrawal of aged farmers.
From 1960 to 1997, farm workers decreased by 69%, 3% higher than the national mean
level. The increasing labor shortage led to a continuous rise in relative price ratios of
wage rate versus pesticides and fertilizer, and consequently facilitating substitution of Lhe
two inputs for farm labor. As a result, pesticide and fertilizer use per hectare measured in
constant 1990 prices has largely grown (Table 1). Application rates of pesticides in 1997
were higher than the national mean levels by 26% at planted area base and 39% at
cultivated area base, while the levels of fertilizer use were higher by 6% and 18%
respectively.

A key institutional measure in pesl countrolling, which was designed to meet the
requirement of raising land productivity while saving labor, is the “Joint Pest Management
System” introduced in the 1960s. Its distinctive feature is “joint and simultaneous
chemical spraying” in rural community or town units, supported technically by
agricultural extension agencies and agricultural cooperatives. However, by substituting
joint action for closer plot-monitoring of pest levels and farm-specific control measures,
this system is considered to have significantly caused the overuse of agrichemicals (Une,
1987), through it has undoubtediy plaved important roles in reducing production loss
from pest infestations. Concern about the performance of this system has derived a
request to re—avaluate the roles of conventional regional farming service system in the
development of agriculture, which mainly consists of agricultural extension system and
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Table 1. Structural Changes, Use of Pesticides and Fertilizer, and Productivities in Agriculture of
Kyushu: Some Representative Yeuars

1960 65 70 75 80 8 90 65 97

1. Kyushu's shares i pativnal

1. Cultivated area 13.9 141 140 135 132 130 127 125 124
2. Gross farm output 15.0 155 15.2 16.7 18.1 185 200 200 204
Rice i28 140 121 130 123 111 112 20108
Vegetable, fruits & flower 11.2 120 183 137 142 167 172 172 180
Industrial crops 213 219 236 258 258 2h2 278 278 116
Livestock 150 135 144 180 202 215 234 231 233

1L Pesticide & ferulizer use
1. Pesticides

Real value(¥1000/ha) ] 14 35 T0 88 102 111 124 127
% 1o nalional mean 81.7 935 109.0 131.7 1292 1224 1204 1245 1262
(L08) (110) (121) (142) (142) (143) (138) (142) (139)

2. Fertilizer
Real value(¥1000/ha) 55 73 105 108 106 112 121 127 128
% to national mean 889 993 1026 104.8 989 868 1035 1072 1058

(104 (110) (114) (110) (109) (113) (118) (123) (118)
1L Produetivity
1. Real output value of field
crops (¥1000 per farm worker) 435 587 608 967 1029 1215 1412 1779 -

Rales to national mean 081 087 082 08 089 090 0% 1.07 -
2. Reul output value of field
crops (¥1000 per hectare) 756 899 1076 1450 1385 1600 1650 1989 2060
Rates to national mean 079 085  0.8] 0.95 097 067 109 120 1.18
3. Real net farm incomes
(¥1000 per heclare) 475 908 915 1304 851 782 917 1057 965
Rates Lo national mean 082 099 087 101 102 092 102 115 096
4. Cost shares in gross farm
output : Kyushu 36.8 382 493 476 G622 670 646 642 69.7
National mean 373 428 484 449 607 632 613 620 623

Note: All of cutput and input values are measured in constant 1990 prices, and output and input
vialue per hectare is caleulated at planted area base. However, the relative application rates of
pesticides and fertilizer in parentheses are measure< on cullivaled area base.,

Source: Arca quantilies of farm land are from Lhe Statistics of Cultivated Land and Planted Area;
Data on pesticide and fertilizer use, as well as net farm incomes and costs are from the Report of
Furm FEconomy; Others are obtained from the Statistics of Agricultural Income, SIDMATLT.

agricultural cooperatives,

The intensive use of pesticides and cormmercial fertilizer has considerably contributed
to labor—saving (Table 2). In rice production, labor hours per hectare applied to pest.
controlling steadily decreased by 88%, from 341 hours in 1960 to 41 hours in 1997,
Similar changes also occurred in fertilizing, as a result of substitution of commercial
fertilizer for farm—source fertilizers with more intensive labor-use. Several major crops of
this region presented in Table 2 exhibit higher decrease rales of labor time both in pest
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Table 2. Changes in Labor Hours per Heclare: Crops with Continueus Records of Production Costs in

Kyushu
Change Rales
e 1960 6 70 75 80 85 a0 95 97 for the Period
IParm scetor mean 2866 2321 2248 2218 1678 1619 1508 1336 13567 -42.7
1. Rice
Total 1745 1323 1189 860 764 603 468 410 398 -77.2
Fertilization 66 b7 [&)] 47 44 41 Y 25 25 -62.1
Pest control 341 191 157 140 119 92 60 43 41 —88.0

2. 3weel pulalo
for processing

Total 1146 — HY6 BOA 832 TTH ThM 733 TZH ~36.4

Fertilization 86 — 7 50 48 51 51 46 43 -51.4

Pesl. control 302 - 197 178 164 122 116 102 98 i
3. Onion :

Total - — 2358 13h0 1288 1303 1342 1164 10090 -57.2

Fertilization - - 92 &) 39 43 49 38 20 -G8.5

Pest control - - 615 210 237 191 176 158 129 ~79.1
4. Orange

Total - -~ 2056 2333 1847 1954 1921 1926 18I0 -38.8

Pertilization - - 212 1 87 138 110 104 o -60.9

FPest control - - 778 660 47 480 533 464 363 -53.4

Note: The data on rice are the mean hours of Kyushu, whereas the data on sweet potato for
processing, onion, and orange represent respectively the mean hours of Kagoshima, Saga, and
Kumamoto prefectures within this region. As the discontinuity of dala, the 1997 data cxcoepl rice
are adjusted as follows:

The adjusted 1997 labor hours=1994 hours/1995 hours X 1997 hours
Source: The Report of Production Cost, SIDMAFL.

controlling and in fertilizing above total labor time, implying that the use of the two inputs
may has generated more significant labor-saving ctfects than agricultural mechanization.
O the oither hand, ihe produciivily effects of intensive pesticide and fertilizer use are
not necessarily determinate. Although land and labor produclivilics measured at real
cutput value base have steadily growr, net farm incomes per hectare exhibit obvious
decline with violent variabilily after the mid-1970s, as the rapid rise in the share of
production expense in gross farm output {Table 1). The diminishing or perhaps negative
marginal returns of pesticides and fertilizer as well as associated negative environmental
impact, which have been frequently pointed by many studies, then drive farmers to find
cut alternative production systems. According to Une{1987), a staff of agrienltural
extension agency in this region, the earliest farmers of LISF practices in Kyushu appeared
around the mid-1970s. Table 3 presents a comparative survey about the number and
percentages of LISF farmers in 1997, With the exception of fruit vegetables (open field),
all of the percentages of Kyushu are apparently higher than the national mean levels,
implying that the efforts of farmers have made Kyushu the most representative region in
environment-aware farming practices. Such changes in this region therefore provide
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Table 3. Numnber and Percentages of LISF Praclice Farmers

Kxushu Nalivnal Mean
Farmer % Farmer 9

Rice 23700 6.49 107300 5.5
Vegetahles

Fruil vegetables (open field) 1277 0.6 14900 0.8

Fruil vegelables (protecled) B200 5.0 17700 0.9

Root vegetables 5244 23 16200 08

Stem & leaf vegetables 6081 2.7 25300 1.3

Fruirs T360 9.1 23200 4.7

Nuate: The data are from Kyushu Agricultural Administration Office.

favorite materials for examining the possibility of reducing pesticide and fertilizer use 4l a
wide scope,

3. Econometric analysis of pesticide and fertilizer use .
A land—productivity—specific model

The above discussion indicates that since the 1960s, pesticides and fertilizer have
been nsed both as means of raising land productivity by preventing crops from pest
infestations and improving lertility of farmland, and as means of boosting labor
productivity by facilitating substitution of the two inputs tor labor in weed controlling and
fertilizing which once were highly labor-intensive before these inputs were used. Under
land—scarce condilions, land productivity is undoubtedly dominant either in product
supply or in farm income, even though labor scarcity has substantially occured. Such
features suggest that the economic model should be formulated based on land
productivity considerations.

The examination in the preceding section also suggests that the increase in pesiicide
and fertilizer use has been influenced by market and non-market factors, and empirical
work shouid expiicitly incorporate ihese faciors into econometric process. Consider a
production structure with multiproducts F (Y, X', Z)=0, where Y, X, Z are the vectors of
output, variable inputs, and lixed or structural [actors respectively. Let A denote land
area, v CY'=(y/A D Vi(i=1, 2, ..., m) is land productivity of crop ¢, for example, output
per hectare. Likewise, x ) € X'=(x/A)Vj(j=1, 2, .., n) and 2\ EZ'=(z /A)Vk(k=1, 2, ., o)
are the amount per hectare of variable input j and fixed or structural factor &
respectively. By the duality principle, there exists a correspending indirect profit
function

n'= ¢ (.ps r, Z’) (1)
Where 7'=( 7 /A) is defined as restricted unit profit, normalized by the numéraire

price. p and r are the vectors of normalized prices of cutputs and variable inputs. The
roles of market and non-market factors in the production structure defined can be
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investigated through the price and non-price variables respectively. To oblain a cohereryg
set of input demand and preduct supply equations, and to identify the effects of lowering
the application rates of pesticides and fertilizer on input structure and product supply, as
well as the interaction among the factors, a flexible functional form for the profit function
(1) is preferred. This study employed the following quadratic form (Law, 1978).
= @t Z 80D+ 2,7, + 2,60, 7 522, BabDs

+52, 2, 7,00 +35, 280202 + 52,8, pi1,

+E X k.pz HE T2, 3]

19 ’\ = B 1i +D

Where 1) denotes a weather variable. Applying Hotelling’s L.etmma to equation (2), a

set of land-productivity-specific demand and supply equations can be obtained.

—(X/A)="X=dxr/dr

= ?’J+E|I Tjhr]}+zjej\pj+zkpjk (ZL/A} (4}
(Y/A)=Y'=0x'/dp
=0, +Z,8up. T E,8,;r + Xk, (z/A)TD (8)

Assume the gth variable input as pesticides or fertilizer. By equations (4) and (5),
the responsiveness of demand of pesticides or fertilizer to changes in the prices of
outputs and variable inputs, as well as fixed or structural factors can be summarized in
elasticitics as follows.

7e=9 Ln (XJ/AY ALnp = B p /(X /A) ' ()
7,=Ln (X/AY dLar, = 7., 1, /[(X./A) D
=0 Ln (XJ/AY o Ln(z/A) = pq. 2 /X, {8}

Similarly, the effects of reducing pesticide or fertilizer use on cutpul supply or yield
per hectare can be evaluated either by cross—price elasticities 24, or by elasticities of
production g, while the impact on labor demand per hectare can be estimaled using
elasticities g,

Y= 6 v/ (YA )
0“1: 9"' XHA\/ Ouu vly|1%= ‘J/i-,ljn qq (]_O)
D= Tig Xy [ e Xi= Mol Y (11)

Empirical specification

Agricultural output is disaggregated among rice, non—rice crops, and livestock.
However, livestock is excluded from supply equations because of its low dependence
upon land and the relatively minor ameunt of agrichemical use. According to MAFF
{1998), the amount of chemical fertilizer applied to forage and manure crops is less than
5% of the total. No further division of non-rice outputs is madc because of the
inseparability of inputs among these crops. Variable inputs are divided into four
categories: pesticide, fertilizer, labor, as well as energy and miscellaneous materials.
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Fixed or structural factors include planted areas, capital service, rent—charge, and
weather. Since planted areas have been incorporated in equations (1) to {5), it is
unnecessary to treat it as an independent variable.

Rent—charge is used as a structural variable representing the level of regional [arming
services utilized by individual farmers. According to Report of Farm Econorry (RFE) by
SIDMAFF, rent—charge includes the expenditures paid by farmers for machinery and
implements owned by agricultural cooperatives or farmer organizations, the charges for
the Joint Pest Management System, and the expenses for regional joint utilization
facilities, including rice center, country elevator, nursery bed, as well as the grading,
storage, and processing facilities for fruits and vegetables, ete. Thus, how the regional
farming service system has related to input structure and product supply will be
examined empirically.

Data

The data from four size classes of farm households, 0.5-1.0, 1.0-1.5, 1.5-2.0, and 2.0
hectares or over in Kyushu, are used in model estimation. The sources of data are RFE
and the Survey on Prices wn Rural Areas (SPRA) published annually by SIDMAFF.
Since 1995, the scope of farm households investigated has been confined to the
“commercial farm household”, and the size categories also inereased. These make it
difficult to utilize simultaneously the data before and after 1995 in the same eslimation.
Thus, only the data for the years 1962 to 1994 are used. The sample size then is 33X
4=132.

Data on yield and price index of rice are directly availahle. The rermaining output and
input values are measured in constant 1990 prices. The aggregate outpul of non-rice
crops is the sum of the real value of vegetables, fruits, industrial and other erops. The
output per hectarc of non-rice crops are obtained by dividing the aggregate output by the
equivalent planted area used in production of these crops, which is calculated by
subtracting the area used in rice, feed and forage crops from gross planted area. The
aggregate price index of non-rice crops is constructed using a devisia index. The price
indices of pesticides and fertilizer arc dircetly available in SPRA, and the corresponding
quantity indices of the two inputs are measured in real value term. The quantity of laber
is represented by male—equivalent labor hours of family and hired workers. The
male~equivalent labor hours of female workers are measured by multiplying the number
of female labor hours by the daily wage ratio of female to male. The price of labor is
computed by dividing hired labor expenditures hy male—equivalent hired labor hours.
The aggregate price index of energy and miscellaneous materials, which is also
constructed using a devisia index, is used as numéraire to normalize the prices of
outputs and variable inputs.

The quantity of capital service is derived by dividing agricultural machinery and
implement cost by its price index. The same method is used to obtain the quantity of
rent—charge. The amounts per hectare of variable and fixed factors are computed by
dividing quantities on each categories of inputs by gross planted area. The weather
variable is represented by cool summer damage. The years when cool summer damage
oceurred are given the value 1, while other years are 0.
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4. Estimation results
The estimating system in equations (4) and (5), excluding nwméraire variable,
includes threc input demand (pesticides, [ertilizer, labor) and two product supply (rice

Table 4. Parameler Estimates of Input Demand and Product Supply Equalions: Four Size
Classes of Farm Houscholds in Kyushu, 1962-84

Explanalory Demand KEquations Supply Equations
Variable Pesticide Fertilizer  Labor Rice  Non-rice Crops
Intercept. -2.06 -4.11  -149.42 286,83 20.34
(212)  (2.72) (870 (11.81)  ( 1.18)
Normalized prices
Rice 3.13 -0.86 -81.81 89.70 69.07
{ 561) (889 (86455 ( 4.41) { 5.50)
Non-rice crops -0.06 -0.20 2557 6407 -68.34
(001 (038 (228 ( 5.50) { 4.96)
Pesticide 2.26 -2.00 -8.82 3.14 -0.01
( 508) (388 (17.70) ( 5.61) { 0.01)
Fertilizer -2.00 8.24 -3.41 -5.86 -0.20
( 3.88) ( 5.34) ( 5.80) ( 8.89) { 0.38)
Labor -8.82 -1.41 99.85 -81.81 25.57
(17.70)  ( 5.80) [ 6.86) ( 6.55) ( 2.28)
Fixed and
structural factors
Capital service 0.06 0.02 0.81 2.568 1.02
( 587y (155 (329 { 6.94) ( 3.20)
Rent and charges -0.25 -0.44 -6.29 2.84 10.16

( 6.03) (844) ( 4.82) (1.76)  { 7.9%)
_ = = ~54.25 -4.71
{863 (110

Cool surnrer dummy

Note: These results correspond to equations (4) and (5). The t-statistics are in parentheses,

Table 5. hput Demand and Product Supply Elasticities

Explanatory Dependent Variable
_ Variable Pesticide Fertilizer  Labor Rice Non-rice Crops

Normalized prices
Rice -0).2602 0.453b 0.5976, 0.1732 0.4944
Non-rice crops 0.0005 0.0171 -0.2105 0.1503 -0.5568
Pesticide -0.1777 01676 0.7747 0.0060 —0.0001
Fertilizer 0.1526 -0.6293 (.2906 -0.0112 -0.0014
Labor (1.0635 0.0246 ~(1.8030 -0,1739 0.2035

Fixed and

structural factors
Capital service 0.1468 0.0460 -0.1787 0.5092 02218
Rent and charges 0.2061 0.3575 -0.4842 0.1968 0.7747

Note: Elasticities are based the estimated paramelers in table 4 and mean value of four size
classes of farm households in 1994.
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and non—rice crops) equations. Consistent with equation (5}, variable input quantitics
arc treated in negative units. Weather dummies only appear in supply eguations since
weather seems not to significantly affect input demand per heclare.  After imposing
cross—equation symmetry restrictions, the equations are jointly cstimated using Zellner's
scemingly unrelated regression (SUR). The estimaled results arc presented in Table 4.
Most of the parameters arc statistically significant at over 5% levels.  Symmelry
assumption is not rejected at the 1% signiticance level. Partial clasticities of input
demand and product supply based on the estimaled coefficients arc reported in Table 5.

Influencing factors of pesticide and fertilizer application

The effects of product prices on the application rates of pestlicides and lertilizer are
mixed. The demand elasticity of fertilizer with respect to rice price is 0.4535 and
statistically significant al a 1% significance, whereas pesticide is estimated as negative
value of elaslicily. The cross—clasticitics with respect to the aggregate price of non-rice
crops are quite small, 0.0005 and 0.0171 respectivety, and are not different from zero at
the 5% significance level. These results suggest that produet prices are not necessarity
the key factors of increasing pesticide and fertilizer usc.

The cwm—price elaslicities of pesticides and fertilizer are respectively 01777 and
—-0.6293 at the 1% confidence level. Consistent with the induced innmovation hypothesis
(Hayami and Ruttan, 1982}, the diminishing relative price ratios to other inputs have
significantly induced the usc of the two factors. However, the low clasticities also imply
that restrictions on agrichemical use through raising inpul prices or imposing taxes on
users may not necessarily be effective as might be expecied, though the effects of
restriction will be more notable on fertilizer than on pesticides.

The partial elasticities with respect to wage rate are as low as 0.0635 and 0.0246
respectively, though the estimated coefficients are significant at a 1% level. By contrast,
Lhe cross-price elasticitics of labor with respect (o the two inputs are (.7747 and 0.2906,
exhibiting obvious substitutabilities both between labor and pesticides and betweon labor
and fertilizer. The fwo results indicate that pesticides and fertilizer applied in production
have already heen sufficiently abundant, whereas farm labor resources are relatively
scarce, sensitively responding to changes in pesticides and fertilizer.

The substitution relationships between labor and the two inputs can be further
recognized by comparing the cross—price elasticities of labor (0.7747 and 0.2906) with the
own-price clasticities of the two inputs(-0.1777 and -0.6293). Using equation (11) , the
non—price cross clasticities of labor with respect to pesticides as well as fertilizer can be
calculated as —4.3596 and —0.4618 respectively. A 10% rcduction of pesticides will,
ceteris paribus, generate a need of 44% increase in labor input, while the same
percentage of reduction in fertilizer means an almost 5% increase in labor input,
Moreover, as labor demand is sensitive to wage rate, with the own—price elasticity of
0.8030, the price ratios of labor to pesticides and fertilizer will continne to be the
dominant determinants of whether the LISE practices can be widely and rapidly adopted
by farmers.

Regarding the fixed or structural factors, capital service is estimated Lo have positive
effects on the use of pesticides and fertilizer, with the non-price cross elasticities of
0.1468 and 0.0460 respectively. The progress in agricultural mechanization has greatly
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promoted labor—saving while filling labor shortage, which then roturn to encourage
substitution both of herbicides for cultural weed controlling and of purchased fertilizer for
farm—source fertilizers. Similarly, the cstimated elasticities of rent-charge suggesi
substitutability with labor, as well as complementaritics with pesticides and fertilizer. The
improvement in the regional farming service system, such as the Joinl Pest Management
System and regional joint utilization facilities for production and marketing, is also
labor-saving and agrichemical-using. On the supply equation side, rent-charge is
estimated as having positive effects on rice and non-rice product supply, wilth the cross
elasticities of 0.1968 and (.7747 at a 1% significance level. Combination of such resules in
demand and supply equations therelore reveals the dual character of the regional farming
service system in agricultural development. On the one hand, it has strongly supported
Tamily farming under the “small-sized land ownership” by providing the improved farming
services. However, on the other hand, it also seerns to has placed the damper cn the
longer term development of agriculture due Lo inducing the excessive usc of pesticides
and fertilizer associated with environmental darnage.

The possible impact of reducing pesticide and fertilizer use on yields and/ or
farm incomes

In the estimates of supply equations, the own-price elasticity of rice is 0.1732,
whereas non-rice-crop exhibits a negative vaiue (-0.5668) at a 1% significance level.
Serions sirplhis of most food products and decline in product prices since the mid-1970s
have directed farmers to choose higher value-added crops rather than more physical
products per unit area when they make production decisions concerning non-rice crops.
The pursuit of market—oriented crop composition can be the main reason of interpreting
the negaltive elasticity. .

The cross-price elasticities of rice and non-rice crops with respect to pesticides and
fertilizer are all quite small, ranging from —0.0112 to 0.0060. By the equation {10), this
also means that elasticities of production of the two inputs are approximately zero or even
negative. Pesticides and fertilizer have been obviously overused so that additional
application is no longer accempanicd by increase in yield per unit area. Consequently, it
is possible to reduce widely the use of the two inputs without or with less production or
income loss.

5. Conclusions and discussions

Eive meaningful conclusions can be drawn from this study.

(1) The conditions for reducing widely the application rates of pesticides and
fertilizer have been favorable, though this may vary across agricullural regions. The price
inelasticity of supply with respect to the two inputs suggest that the widespread adoption
of LISF practices is likely to be realized at lower opportunity cost. Basic strategy and
policy action in line with three agroenvironment acts are required.

The productivity impact will, of course, depend on the degree of reduction of
pesticide and fertilizer use. Several surveys have confirmed the possibility of 15-30%
reduction of pesticide use and over 30% reduction of chemical fertilizer use without
production loss (Kitajima 1994; the Institute of Japanese Agriculture 1998). The most
recent survey from 2160 rice farmers, however, illustrated that a 50% reduction of
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chemical pesticides and fertilizer caused a 13.8% decline in yield per hectare (SIDMAFF,
1999). Such surveys provide powerful evidence for formulating the basic strategy and
policy targets of lowering application rates of the two inputs.

(2) The policy considerations that purport to restrict the use of agrichemicals
through raising factor prices or imposing taxes on uscrs are unlikely te be effective as
mighl be expected because of the low price elasticities of pesticides and fertilizer.
Alternatively, price or market measures making LISF practices more profitable may
effectively motivate farmers to adopt Lhese practices.

(3) Education and extension are expected to play substantial roles in promoting the
widespread adoption of LISF practices. As application rates of pesticides and fertilizer
have technically been higher than their optimum levels, the input—use reduction is likely
to contribute simultaneously to increasing net income by saving costs and to lowering the
negative environmenlal externalities arising from the use of such inputs. The “awareness
effect” ([VSouza et al., 1993) based on correct Information and knhowledge regarding the
overused agrichemicals may help to induce more farmers 1o participate in LISF practices
at lower policy cost.

(4) The lact that labor demand sensitively responds to changes in pesticides and
fertilizer indicates that lowering application rates of the iwo factors means a need to
increase labor input. Policy cfforts therefore are required both in encouraging the
adoption of more labor intensive farming systems and in developing labor-saving
technologies available in pest controlling and manure—treating. Dircct payments as
agroenvironment subsidies for farmers who have substantially contribiuted to reducing the
negative environmental externalities by employing LISF practices, as well as the
improvement in marketing environiment concerning organic farm products are likely to be
conducive to the adoption of labor-intensive farming systems.

(%) This study also suggests the necessity of promoting the transition of regional
farming service system from agrichemical-using to more environment—sensitive pattern.
This mainly includes both a transition from the conventional “Joint Pest Management
Systern” to more flexible pest controlling systems with closer plot-monitoring of pest
levels, and the transition of agricultural extension sysiem from labor— or land—pro-
ductivity bias to overall efficiency meagures of all resources including environmental gain
or cost.  As transition costs, some additional investmenis may be inevitable in
less—polluting manure-handing systems, farm infermation systems, as well as staff
training of agricultural extension agencies.
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