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This study examines the factors inf1llf'ncing pesticide and fert.ilizer use and analyzes the 
possible impact of reducing the applicatioll rates of the two inpuLs on product supply, farm 
income, and input structure. A land-Ilroduct.ivity-specitic model is estimated Llsing the uata of 
farm households from K:yushu. Thc substiTUtability 8.nd complelllenlmity between f:lctors are 
found t.o be t.he main determinants influencing the use of JlPsticides and fertilizer, while the 
effects of product prices arc not determinate. Thc conditiol\s for ['eclilcing Hle applicat.ion rat.es 
of the two inputs have been favorable, and consequently the widespread adoption of low-input 
sustainable farming (LISF) systems is likely to he realized al. lower opportunity cost. Price or 
tax measures aimed at restricting agrichemicaI use secm not to be ".ffective as Jlli~ht. be 
expected. The policy measures making LISF practices more prot1tabIc may eUcctivcly motivate 
farmers to adopt these practices. A functional transition of regional farming service syst.em 
from agrichcmical-using to morf' environmentally sensitive practi.cf's is also n~qllirf'd 

IKTRODUCTION 

Over t.he last 10 years, farming systems aimed at making agriculture environmentally 
safer by reducing agrichemical use and/or adopt.ing soil-conservation cultivation, have 
been ",ridely discussed in Japan. The growing concern [or environmental issues asso­
ciated v,ith pesticide and fertilizer application ha..;; brought about innovative changes both 
in farming practice and in the formulation of agricultural policy more generally. 
According t.o a survey by the Statistics and Information Department, the Ministry of 
Agricull.ure, Forestry and Fisheries (SIDivIAF'F, 1997), 5% of farmers have adopted 
low-input sustainable farming (LISF) practices in rice production, the stable food crop of 
.TapaneSt~. Some policy proposals emanating from the discussions have been enacted into 
I<nv. Evidence of this is that. three agroenviromnent acts (namely, t.he Act Concerning 
Promoting Adoption of l\lore Sustainable Farming Syst.ems, t.he Revised Fert.ilizer 
R.egulation Act, and the Act Concerning Proper Management and Ctilization 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. Japanese 
agriculture is generally tJ.'Pllied by small fann size and high land productivity. Fertilizer 
responsive varieties and intensjfying input use have been the key factors of high yield in a 
long-run term after the war. The transition to LISF sysrems is likely to result in 
\\ide-ranging effects on product supply and input demand, which then possibly ret.urn t.o 
influence the extension of LISF practices Effective policy actions in line with the three 
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act. s are, therefore, required to take into account th e possible impact of reducing 
p esticide and fertili zer use on yields, f<:urn incom es, and input st.ruc: Lure . 

Some policy measures for pro!l1ot ing the adoption of LISF pract ices have bf!€n 
proposed . They mainly include subsidies for LISF farmers, acl ministrative restriction on 
the usc of pes ticides and n it.rogen fe r t ilizer , and use r fees or "polluter- pays", etc. 
l: nforlunately, few empirical rcsearehes have been done to provide f1lJl evidence for these 
proposals, though a number of studies havt.~ been reported in North America ~ nrl other 
regions (see the revic\v by Fox et aL, 1 ~91; Daherkov et aI. , 1988; \Vich-mcsky et aI, 1998). 
To examine the feasibility or effectiveness of such policy proposals , this study analyzes 
the facto rs influenci ng pestic ide an d. ferti lizer use as "ye ll as t.he possihle impact of 
reducing the application rates of the £. \1,10 inputs on product supply, farm ineomes, and 
input demand , by developing a land- productivity-specific model. Considering the 
d iversity of agriculture across regions, the data from Kyushu, an agricultural regioTl in 
sout.hwest Jap;:1n , arc used. 

2. Structural changes and the use of pesticides and fertilize r in Kyushu 
Kyushu is a representative agricu ltu ral region \vhich has undergon e rapid and 

diversified agricultural development since the I DGOs . As Sh O\VT1 in Table 1, this reglon 
accounted for 20% of domestic fann outpul" with only 12% of farm land in 1997. During 
the 1960-97 period , the major crops, vegetable-frui t- nowers, indus trial crops, and 
livesLock, all exhi bited hjgh share gro .... vl h rates ranging from 7% to 10%. These make 
Kyushu the most important. producillg base in fresh product. suVPly. 

The expansion of high-value crops ge nerally means an increase in pest icide and 
fertilizer use because of t.he higher input intensiLy of SUell factors in the production of 
these crops . This process is further accelerated by the rapid decrease in farm vvorkers, as 
a re~)Ult of the extension of off-farm employment and t.h e withdrawal of aged farmers. 
From 1960 to 1997, farm workers decreased b.y 69% , :3% higher Illall the national mean 
level. The inereasing labor shortage led to a continuolls rise in rela tive price ratios of 
wage rate versus pestkicles and fertilizer, and consequently facil itat.ing tmbstitution of tile 
two inputs for farm labor. As a result, pesticide and fert ilizer use per hectare measured in 
constant 1990 prices has largely grown ('fable I). Application rates of pesticides in 1997 
\vere higher than the national m ean level s by 25% at planted area base and 39% at 
eultivatecl area base, while the levels of fE)r tilizer use were higJlc r by 6% and 18% 
respectively. 

A key inst itutional measure in pest (;olltrulling , \~' h i c h was designed to mee t tile 
requirement of raising land productivi ty while saving labor, is Ute "Joint Pest Management 
System" introd llced in the 19603. Its d ist inctive feature is "jo int and simulw.ncous 
chemical sprayiIlg" in rural community or t.own uni t.s, supported techn ically by 
agricultural extension agencies and agricultural cooperatives. However, by subst.ituting 
joint action for close r plot·~rnonitoring of pest levels and farm- specific control measures, 
this system is cOllsicierNl t.o have significantly caused t.he overuse of agrichemicals (Une, 
1987), through it. has undoubtedly playecJ important roles in reduci ng production loss 
from pest infestations. Concern about tlie p(~ rfo rmance of t.his sys£.ern has derived a 
reques t 1.0 re-avaluate lhe roles of convent.ional regional rarming 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 <incl Fertilizer, and Prod lletivities in Agriculture of 
Kyush u: Some Hepresell t.ative Years 

1960 65 70 75 
------------------~~~~~~-

80 85 90 95 97 .--""-=---=- =-----' 
1. Kyushu's shan~s iJl lli.lliOlla l 

J. Cultivatf'd :U~i::I 

2. Gross farm Ollt.pu t 
Rice 
Vegetahle, frult s & Ilov.'er 
Industrial crops 
LivC'stock 

ll. Pesticide & fer tilizer ust: 
1. Pesticides 

Real valu~(¥ I OOO/ha) 

I)f, 10 national mean 

2. Fertilizer 
Heal value(¥ 1 OOO/ha) 

% tn nation al m~an 

III Productivity 
1. Real ompUl value of Oettl 
crops (\'1000 per farm worker) 

Rates to national mean 
2. Real output vaJue of fie ld 

crops C¥1000 pcr hectare) 
Rates to national mcull 

3 . Rf: al tiP! farm inc.'Omcs 
(+'1000 per hectare) 

Rates to nat.ionaJ mean 
4. Cost s hares in gross farm 

oulv ul : Kyushu 
National U\ean 

13.9 
16.0 
12.R 
11.2 
21.:) 

15.0 

8 
91.7 

(108) 

55 
88.9 

(1 04) 

7fi6 
O.7D 

475 
0.82 

:J6.H 

37.3 

14. 1 
15,;,) 

14.0 
12.0 
2 1.0 
13.5 

14 
9:3.5 

(liO) 

7:J 
99.3 

(I III) 

587 
0.87 

B99 
0.85 

908 
O.!)g 

38.2 
42.8 

14.0 
1F:..2 
12.1 
133 
2a.6 
11.4 

35 
109.0 
(12 1 ) 

.l05 
102.fi 
(114) 

6G8 
0.82 

JU76 
0.8 1 

91:3 
0.87 

49.3 
4H.4 

J3.5 1:~ .2 

16.7 18. 1 
1;)(1 12.3 
j:J.7 14.2 
25.8 25.8 
18.0 :'; 0.2 

70 
181.7 
( 142) 

108 

10:1.8 
( 110) 

S8 
12!).~ 

(142) 

105 
98.f~ 

(I 0[1) 

967 l O::!V 
0.86 fUm 

14GO 1:lR5 
0.8;3 Ct.m 

l:lO4 851 
l.OI 1 02 

47. f1 f-i2.::! 
44.9 60.7 

l :~.O 12.7 
18.5 20.11 
I l.l 112 
15. 7 17.2 
2f) .2 27.8 
21.5 23.4 

102 
1 ~2A 

( 14:3) 

11::! 

III 
120.4 
(BS) 

121 

12.5 
20.0 
11.2 
17.2 
27.8 
23.1 

12.1 
20.4 
10.9 
18.0 

3 1.6 
23.a 

124 127 
12-4.5 125.2 
(1 42) (1:39) 

J27 128 
96.8 

(I I el) 
103.0 107.2 1 O ,~ . fj 

(118) (1 23) ( IlS) 

12 15 
0.!i0 

15110 
0.67 

7S2 
O.n2· 

670 
63.2 

141 2 

0.99 

1650 
10D 

917 
1.02 

64.6 
fiLl 

1779 
1.07 

1989 20GO 
1.20 1.1 8 

1057 !)65 
1.15 0.96 

G4.? (;!I.7 
62.0 62.3 

Note: All of output <lIltI inpu t valll(~s arc measured in const .. mt 1 !Hl() prices, and ou Lpu \. a11<1 input. 
value per h ectare i ~ calculated at planted area lwse However, the rclat.ive application rates of 
peslici(if's and fertilizer ill pan~ntheses arc mca'SUfcu on cultivated an~a base. 
Sourc(,: Area quantities of farm land are from lhe Statist.ics of Cultivat.ed La nd ami Planted Area; 
Data on peslic.:i d ~ and [t.' rtiliz,cr use, as w~ll as m~1. farm incomes and costs arc [rom the [{eport of 
F~lnu Economy; Others a re uLw.i ned from the Slalislks of Agrirl1 lrur.:ll ln('ome, SrDMAfF. 

agricultural cooperatives. 
The intensive use of pesticides and commercial fertilizer has considerabl~y contributed 

to labor-·saving (Table 2). In rice production , labor hours per hectare applied to pest 
controlling steadily decreased hy 88%, from 34 1 hours in 1960 to 41 hours in lUi!? 
Simi lar changes (l lso oc:c:urrcd in fertili zing, as a resull of substitu tion of commercial 
fe rl,ilizer for farm-source fert.ilizers wi th more intensive labor·-usc. Several major crops of 
th is region presented ill Table 2 exhibit higher decrease ra l.es of labor time both in pes t. 
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Table 2. Changes in Labor Hours per Hectare: Crops \\i[.h ConliTlllOUs Records of Production Cost.s ill 
Kyushu 

Ch,tnge Rales 

1960 (t') 70 7,~ 80 85 90 95 97 for the Period 
- - ------ - -----_._- ---

Farm sector mean 2366 2321 2248 2218 1678 161!:J 1[108 13:36 13G7 -·12.7 
1. Rice 

Tot.al 174;5 132:1 11 :lfJ 860 7fi4 50:J 468 410 398 -77.2 
Fcrtil.ization f36 57 GO 47 44 41 :1:1 2G 25 -62.1 
Pest control '341 191 157 140 119 92 60 43 41 -88.0 

2. Sweet. potat.o 
for processing 
Total }]46 B96 806 tl:3~ 771) 7fli'j 7:3:3 7::::!J ·:16.4 
r'ertilization 86 74 :50 48 51 5t 4l'i 4;3 -GOA 
Pes1. control :102 197 17K ](;4 122 11f; 102 DR -67.7 

3. Onion 
Tot.al - 2358 1:j50 1288 l:W:l l:l42 I 1G4 lO()jJ -57.2 
Fertilization 92 50 ;:)~J 4:3 4D ;38 2D -68.6 
Pest control 615 210 227 191 176 158 129 --79.1 

4. Orange 
Total 29GG Z:3:n 1847 Hl54 1921 1926 1810 ';lH.H 
Fertilization 212 lOU D7 l:3H l1U 10i) Wl -00.9 
Pest CUlltruJ 778 G60 47f} 4BO ;");3:3 484 30.'3 -5;:U 

Note: ThE' data OIl rice are the mean hours of Kyushu, whereas the data on s'rvcet potato for 
Jlrocessing, onion, and orange represent respectively the mean hours of Kagoshirna, Saga, and 
Kumamoto prefectures \\ithin this region. As tlw discontinuity of daLa, the IBB7 data except rice 
are adjusted as folluws: 

The adjust.ed 1997 labor hours= 1994 hours/1 995 hOUTS X 1997 hours 
Source: The Report of Proouction Cost, SlDMAFF. 

controlling and in fertilizing above total labor time, implying that the use of the 1.\VO input.s 
may has generated more significant labor-saving ctIccts than agricultural mechanizat.ion. 

OIL Ute oLiter hand, the pruductivity ~rr~ct8 of intensivc' pesticide and fertilizer use are 
not. necessarily determinar.e. Although land and labor producLiviLics measured at. real 
output value base have steadily groV.'Il, net farm incomes per hectare exhibit obvious 
decline with violent variability after the rnid-l !)70 s, as the rapid rise in the share of 
production expense in gross farm output Cfable 1). The diminishing or perhaps negative 
marginal returns of pesticides and fertilizer as well as associated negative envirorunental 
impact, v.'hich have been frequently pointed b,v many studies, then drive farmers to find 
out alternative production systems. According to Une(l 987), a staff of agrirllltllral 
pxtension agency in this region, the earliest fanners of LISF practices in K:y-ushu appeared 
around the rnid~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 t.he national mean levels, 
implying that the effort.s of farmers have made Kyushu the most representative region in 
environment-a\vare famting practices. Such changes in this region therefore provide 
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Table 3. Number and PercenLages of LISF Praclice Fanners 

K:YLlShu :\alional lI·lcan 

Farmer % Fanner % 
-.--.-----~-

Rice 22700 {j,U 10730U 5.5 
Veget.ables 

Fruit. veget.ables (open field) 1277 0.6 14900 0.8 
Fruit vegetables (protecled) G200 G.O l7700 0.0 
!~ool vcgC'tahlr:s f>2H 2.:1 16200 0.8 
Stem & lcaI veget.ables nOR] 2.7 211:300 U 

Fruits 7300 9.1 23200 4.7 
-------_. ------------------

Note: The dara are from Kyushu Agricultural .Administration Oftlcc. 

favorite materials for examining the possibility of reducing pe::::t.icide allli ferLilizer use aL a 
wide scope. 

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

The above discussion indicates that since the 1960 s, pesticides and fertilizer have 
heen llseo hoth as means of raising bnrl product.ivit.y by prevpnt.ing crops from pest 
infestations and improving fertility of farmland, and as means of boosting labor 
productivity by facilitating substitution of the t"vo inputs for labor in "veed controlling and 
fert.ilizing \;vhich once \vere highly labor-intensive before these inputs were used. Under 
land-scarce conditions, land productivity is undoubtedly dominant either in product 
supply or in farm income, even t.hough 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 pesticide 
and fertilizer use has been influenced by market and non-market factors, and empirical 
work should explicitly incorporate Lhese factors int.o economet.ric process. vonslder a 
production structure v"it,h multiproducts F (Y', X', Z')=O, where Y, X, Z arc the vectors of 
output, variaLk iHIJuts, aILd fixed or structural factors rcspectivdy. Let A deILote land 
area, y'jcY'=(y/A j)Vi(i=l, 2, ... , rn) is land productivity of crop i, for example, output 
per hectare. Likewise, x', E X'~ (x/A) Yj(j~l, 2, ... , n) and z', EZ'~(z ,/A) Yk(k~l, 2, .. " 0) 
are the amount per hectare of variable input j and fixed or structural factor k 
respectively. By the duality principle, there exists a corresponding indirect profit 
function: 

J['~ ¢ (.p, r, Z') (I) 

\Vhere J[ '=( J[ fA) is defined as restricted Lmit profit, normalized by the nU1neraire 
price. p and r arc the vectors of normalized prices of outputs and variable inputs. The 
roles of market and non-market factors in the production structure defined can be 
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investigat.ed through the price and non-price variables respectively. To obLain a coherent 
set of input demand and product supply eq uations, and to identify the effects of lowering 
the application rates of pesticides and fertilizer on input structure anel product supply, as 
vlell as the interaction among the factors, a flexible functional fonn for the profit function 
(lJ is preferred. This study employed the following quadratic form (Law, ]978). 

T('= a o+ L;P';Pi +LjrjTj +2:,.o,z\ ++LiL~ j3i~npil 
+~~-LjL"r)\rjrh ++2:,L 1 0).:)Z\z\ +LiLj8 PiTj 

+ L;LI; fC i, Pi z\ ~ LjLkJIji; T_ Z\ 

p', =p', +D 
(2J 

\Vhere D denotes a \veather variable. Appi:,ing Hotelling's Lemma to equation (~J, a 
set of land-productivity-specific demand and supply equations can be obtained. 

-(X,/A)=-x>a li'l a r, 

= Y j + LIL Ijll fl> + L J 8 Ji pj + Lt/Uj' (z~jA) 

(Y,/A,J=Y',=a li'l a p, 

=(3, + L,p"p, + E, e" r, + L,K" (z,fA) +Ll 

(4) 

(5J 

Assume the qth 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 surmnarized in 
elasticities as follovols. 

~ ",= a Ln (X/A)! a Lnp= (3", p, I(X,,1AJ 

r; ,,= a Ln (X/AJI a Lnr, = T." r, I(X"/AJ 

~ ",= a Ln (X"IA)I a Ln(z ,IA) = p." z,lX" 

(li) 

(7J 

(8) 

Similarly, the effects of reducing pesticide or fertilizer use on output. supply or yield 
per hectare can be evaluated either by cross-price elasticities ViC[ or by elasticities of 
production {hi' \vhile the impact on labor demand per hectare can be estimated using 
ela::;t.icities PLw 

Y",= iJ, .. , y" I (Y,/A,) 

P,q= Aj .•• XqA/ O\[qYiA=).,Iiq/r;~ 

PL'I:::O:: yLqXql Yq"Xl.=.vL'-I/;;"~1 

Empirical specification 

(9J 

(10) 

(llJ 

Agricultural output is clisaggregat.ed among ricc, non-ricp (TOPS, and livestock. 
Hovv'pver, livestock is excluded from suppl~/ equations because of its Imv dependence 
upon land and the relatively minor amount of agrichemical usc. According to MAFF 
(l998), the amount of chemical fertilizer applied to forage and manure crops is less than 
5% of t.he total. No further division of non-rice outputs is made because of the 
inseparability of inputs among these crops. Variable inputs are divided int.o four 
categories: pesticide, fertilizer) labor, as \vell as energy and miscellaneous materials. 
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Fixed or structural factors include planted areas, capital service, rent-charge, and 
vi'eather. 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 farming 
sCf\ices utilized by individual farmers. According to Report of Farrn EconOIllH CRFE) by 
SIDMAFF, rent-charge includes the expenditures paid by farmers for machinery and 
implements ovmed by agricultural cooperatives or farmer organizations, the charges for 
the Joint Pest Management System: and the expenses for H-:gional joint utilization 
facilities, including rice center, country elevator, nursery bed, as well as the grading, 
storage, and processing facilities for fnlits and vegetables, etc. Thus, how the regional 
farming service syst.em has related to input structure and product supply ,"vill 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 

hect.ares or over in Kyushu, are used in model estimation. The sources of dat.a are RFE 
and the Survey on Prices in Rural kreas (SPRA) published annually by SID~lAFF. 
Since 1996, the scope of farm households investigat.ed has been confined to the 
"commercial farm household", and the size categories also increased. These make it 
difficult to ut.ilize simultaneously the dat.a before and after 1995 in the same estimation. 
Thus, only the data for the years 1962 to 1994 arc used. The sample size then is 33 X 
4~132. 

Dat.a on yield and price index of rice are directly available. The remaining output and 
input values are measured in constant. 1990 prices. The aggregate output of non-rice 
crops is the sum of the real value of vegetables, fruits, industrial and ot.her crops. The 
output per hectare of non-rice crops are obtained b;y dividing the aggregate out.put by t.he 
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 llsing a devisia index. The price 
indices of pesticides and fertilizer arc directly avaiJable in SPRA, and Lhe corresponding 
quantity indices of the tVI-'O inputs are measured in real value term. The quantity of labor 
is represented by male-equivalent. labor hours of family and hired workers. The 
male-equivalent labor hours of female workers are measured by multiplying t.he number 
of female labor hours by the daily \\'age ratio of female t.o male. The price of labor is 
computed by dividing hired labor expenditures by male-equivalent hired labor hours. 
The aggregate price index of energy and miscellaneous materials, ,"vhich is also 
constructed using a devisia index, is used as nUf(u~raiye to normalize t.he prices of 
outputs and variable inpnts. 

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 quant.ities on each categories of inputs by gross planted area. The weather 
variable is represented by cool summer damage. The years \vhen cool sununer damage 
occurred are given the value 1, vvhile other years are O. 
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4. Estimation results 
The est,imating sys tem in equations (4) and (5), excluding numeraire variable , 

includes three input demand (pesticides, fertilizer, labor) and two product supply (rice 

Tab1e 4. Parameter Estimates of Input Demand anrl Prod uce Supply Equalions: Four Siz.e 
Cla:-;sp.s of Farm Households in Kyusltll, 1 ~(j2-94 

ExpJalluLory Demanr! 1<~quatiuns Supply Equations 
Variable PesLicide Fertilizer Labor Rice Non-rice Crops 

IntercepT -2.06 - 4.11 - 149.42 286.83 20.34 
( 2.12) ( 2. i 2) ( 8. iO) (11.81) ( 1.16) 

Normaliz~J prices 
Rice 3. 1 :J - 5.86 - 8l.81 HD.70 69.0i 

( 5.(1) ( 8R9) ( 6.55) ( 4.41) ( 5.50) 
Non- ricp- crops - 0.06 - 0.20 2;-).i>7 69.07 - 68.34 

( 0.01 ) ( O.:lR) ( 2.28) ( 5.50) ( 4.9f;) 
PeMidde 2.26 - 2.00 - 8.H2 3. 14 - 0.01 

( 5.08) ( 'l.SS) ( IUO) ( 5.61) ( 0.01) 
f ertilizer - 2.00 8.24 -3 .41 -5.86 -0.20 

( ;J.SS) ( 5.34) ( ,;.80) ( 8.89) ( 0.;)8) 
Labor - 8.82 -;1.4 1 99.8:, -8 1.8 1 25.57 

(1 7.70) ( 5.80) ( 6.86) ( (i.55) ( 2.28) 
Fixed and 
stn lcLurai factors 

Capital service o.m; a.1I2 0.8 1 2.[~ 102 
( 5.87) ( 1 55) ( 3.22) ( fi.D4) ( 3.20) 

Rent and charges - 0.25 - 0.44 - 6.28 2.84 10. Hi 
( 603) ( 8.44) ( 4.82) ( 1.7G) ( 7.95) 

Cool summer d\llnmy - 54.25 -4.71 
( R.OD) ( 1.10) 

Note: Th ese results correspond to equations (4) and (5) . The I- statistics arc in parentheses. 

Table 5. Input. Demand and Product Supply F.laslicities 

Explanat.ory ()t!pen lient Variable 
Vari~ble Pesticide Pert-ilizer Labor Rice Non- rice Crops 

----------~==~--~~ 
Normalized prices 

Rice 
Non- rice crops 
Pesticide 
Fertilizer 
Labor 

Fixed and 
structural factors 

Capital service 
R~n t ami charges 

-0 .2502 
0.0005 

- 0. 1777 
0.1526 
(j.OG85 

0.1468 
0.2061 

OAG35 
(l.0 1 i 1 
0.1 5i 6 

-0.629:) 
0.0246 

0.0460 
0.:3575 

0.5976. 
-0.2 105 
0.7747 
0.2900 

- 0.8030 

- 0.1787 
- 0.4842 

0.1732 
0.1 503 
0.0060 

- 0.0112 
- 0.17:39 

0.5092 
0.1968 

0.4994 
-0.5568 
- 0.0001 
- 0.0014 

0.2035 

0.2216 
0.7747 

Notl'!: Elasr.idties are based the estima\.ed parameters in table 4 and mean value of four size 
classes of farm households in 1994. 
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and non-nce crops) equations. Consistent. \\It.h equation (5), variable input. Quantit.ies 
are treated in negative ullits. \\-,pathr:f dummies only appear ill stIppl.\' f~qllar.ions since 
\veatlwr seems not. to significantly affect input. demand per hectare. AfLer imposing 
cross-equat.ion s:,)-'nunctry restrict.ions, t.he equations arc jointly est.imat.ed using Zellner's 
seemingly unrelated regression (SUR). The estilnaLed result.s arc presented in Table 4. 
Alost of the parameters arc statistically significant at over 5% levels. Symmet.ry 
assumption is not rejected at. the FYo significance level. Partial elasticities of input 
demand and product supply based on the esLlrnaL.ed coefficient.s arc reported in Table 5. 

Influencing factors of pesticide and fertilizer application 
The effects of product. prices on t.he application rat.es of pesticides alld rertilizer are 

mixed. The demand elast.icity of fert.iliz()r with respect to rice price is 0.46:35 and 
statistically significant. at. a I 'J\) significance, whereas pc~st.icide is estimated as negat.ive 
value of elastici1.y. The eross-clasticitks with respect to t.he aggregat.e price of non-rice 
crops are quil.e small, 0.0005 and 0.0171 respectively, and are not different from zero al. 
the 5o/r) significance level. These results suggest that product. prices are not necessarily 
the ke).' fact.ors of increasing pesticide and fertilizer use. 

The O"Vv11-price elasLic:itips of pesticicies and fertilizer are rpsppc1.ivPly -0.1777 and 
-O.G29:3 at the 1% confidence level. Consistent with the induced inTlovation hypoth(~sis 
(Hayarni and Rut.t.an, 1985), the diminishing relative pricp ratios to other input.s have 
significantly induced t.he usc of the t\\'o factors. Hmvever, the 10\v elasticities also imply 
that restrictions on agrichemical use through raising input prices or imposing taxes on 
llsers may not necessaril:i/ be effective as might be expecl.ed, t.hough t.he effects of 
restriction will be more notable on ferl.ilizpr than on pesticides. 

The partial elasticit.ies \viLh respect. t.o \vagC' ratC' are as Imv as 0.0635 and 0.0246 
respeclively, t.hough t.he estimated coefficients are significant. at a 1 '1<) level. By contrast, 
the CHlss-·price elasticities of labor \',ith respect. to t.he t.wo input.s arc 0.7747 and 0.2906, 
exhibiting obvious suhsl.it.ut.abilit.ies both bet"l,veen labor and pest.icides and bet.y.,'ecn labor 
and ferlili;;;er. The t.wo results indicate that pest.icides and fertilizer applind in production 
have already been sufficien1.ly abundant., \vhereas farm labor resources are relatively 
scarcc, sensit.ively responding to changes in pcsticides and fert.Hi7.:er. 

The subst.itution relationships between labor and the tv..'o inputs can be further 
recogni;;;ed 11:>"' cornparing the cross-price elast.icities of labor (0.7747 and 0.29(6) vi,ith the 
m\'ll-price elasticities of the 1.\\'0 inputs( -0.1777 and -0.6293). Using eqnat.ion (11) , the 
non-price cross elasticit.ies of labor \vith respect to pesticides as \vell as fertilizer can he 
calculated a.s -4.~3596 and -0.4618 respee1.ively. A 10% reduction of pest.icides will, 
ceteris pa.r'ibILs, 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. 
Aloreover, as labor demand is sensitive to wage rate, \\'ith t.he o\vn-price elasticity of 
0.8030, the price ratios of labor to pesticides and fertilizer will conUrme t.o be the 
dominant determinants of \vhether t.he LISF practices can be vvide\y and rapidly adopt.ed 
by fanners. 

Regarding the fixed or structural factors, capital senlce is estimat.ed to have positiVI? 
effect.s on the use of pesticides and fert.ilizer, wit.h t.he non-price cross elasticities of 
0.1468 and 0.0460 respectively. The progress in agricultural mechanization has greatly 



492 H Bal 

promoted labor-saving "\ihile filling labor shortage, \vhich then return to encourage 
substitution hot.h of h(~rhicicles ror culturallNeed controlling and of purchased [C'rtili;..::er for 
farm-source fertilizers. Similarly, the estimated elasticities of rent-charge suggest 
substit.utability vvit11 labor, as l,vell as complementaritics with pesticides and fertilizer. The 
improvement in the regional farming service system, such as the Joint. Pest. Mana~ement 
S,ystem and regional joint utilization facilities for production and marketing, is also 
labor-saving and agrichcmical-using. On the supply equation sidt~, rent-charge is 
estimated as having positive effect.s on rice and non-rice product. supply, v,ilh the cross 
Plast.icities of 0.1968 and 0.7747 at a 1 % significance; levpl. Combination of such results in 
demand and supply equations therefore reveals the dual character of t.he regional farming 
service systpm in agricultural development. On the onp hand, it h<1 .. <> strongly supported 
family farming under the "small-sized land ownership" by providing the improved farming 
scrvicps. However, on the other hand, it also seems to has placed tlle damper on the 
longer term development of agriculture due to inducing the excessive usc of pcsticidps 
and fertilizer ']$sociated \'i-'ith environmental damage. 

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

In the estirnates of supply equations, the own-price elasticity of riee is 0.1732, 
\vhercas nOll-rice .. ·crop exhibits a negative value C -0.5568) at a 1% significance level. 
Seriolls slIrplns of most food products and decline in product prices since the mid-] 970s 
have directed farmers to choose higher value-added crops rather than more physical 
products per unit. area \vhen they make production decisions concerning non-nee CfOpS. 
The pursuit of market-oriented crop composition can be the main rea.')on of interpreting 
the negative elasticity. 

The cross-price elast.icities of rice and non-rice crops \'17ith respect to pesticides and 
fertilizer are all quite small, ranging from -0.0112 t.o 0.0060. By the equation (10), this 
also means that elasticities of production of the t\VO inputs are approximately zero or even 
negative. Pesticides and fertilizer have been obviously overused so that additional 
application is no longer accompanied by increase in yield per unit area. Consequently, it 
is possible to reduce vvidely the use of the t\VO inputs viithouL or ""ith less productioll or 
income loss. 

5. Conclusions and discussions 
Five meaningful conclusions can be drawn from this study. 
(1) The conditions for reducing widely the application rates of pesticides and 

fertiliL;er have been favorable, though this may vafY across agricultural regions. The pricp 
inelasticity of supply with rcspc'ct to the t\VO inputs suggest that the -v.'idespread adoption 
of LISF practices is likely to be realized at lower opportunity cost. Rasic strategy and 
policy action in line with three agroenvironment acts are required. 

The productivity impact \vill, 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 (Kitajirna 1994; the Institute of Japanese Agriculture 1998). The most 
recent survey from 2160 rice farmers, however, illustrat.ed that a 50% reduction of 
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chemical pesticides and fert.ilizer 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 t.hat purpon. to restrict the use of agrichemicals 
through raising factor prices or imposing taxes on users are unlikely to be effective as 
might. be expected because of the low price elasticities of pesticides and fertilizer. 
Alternatively, price or market. measures making LISF practices more profitable may 
effectivPly motivate farmers to adopt t.hese practices. 

0) Education and ext.ension are expected to play substantial roles in promoting the 
\\idespread adoption of LISF practices. As application rates of pesticides and fertilizer 
have technically been higher than their optimum levels: the input-use reduct.ion is likely 
to contribute simultaneously to increasing net. income by saving costs and to lowering the 
negative enviromnent,al externalities arising [rom the usc of such inputs. The "a\vareness 
effect" ([)';':;ouza e1. a1., l!JD:3) based on correct information and knowledge regarding the 
overused agrichemicals may help to induce more fanners to part.icipat.e in LISF practices 
at lower policy cost. 

(4) The [act that labor demand sensit.ively responds to changes in pesticides and 
fertilizer indjcates that lowering application rates of the 1\vo factors means a need to 
increase labor input. Policy cfforts therefore arc required both in encouraging the 
adoption of more labor int.ensive fanning syst.ems and in developing labor~saving 
technologies available in pest controlling and manure-treating. Direct payments as 
agroenvironment subsidies for farmers vvho have suhst;:mtirtlly ('ontrihuterl to reducing the 
negative environment.al externalities by employing LISF practices, as well as the 
improvement in market.ing enviromnent concerning organic farm product.s are likely to be 
conducive to the adoption of lallor-intensivc farming systems. 

(G) This study also suggests the necessity of promoting the transition of regional 
farming seD/ire system from agrichemical-using to more enviroruncnt-sensitive pattern. 
This mainly includes both a transition from the conventional "Joint Pest Management 
System" to more flexible pest controlling systems v.ith closer plot-monitoring of pest 
levels, and the transition of agricultural extension syst.em from labor- or land-pro­
ductivity bias to overall efficiency measures of all resources including environmental gain 
or eost. As t.ransition costs, some additional investments may be ineviLable in 
less-pollut.ing manure-handing systems, farm information systems, as \\reU as staff 
t.raining of agricultural extension agencies. 
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