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THE IMPACT OF THE NEW RICE TECHNOLOGY ON FURTILIZER CONSUMPTION

Gunvant M. Degai’=

The resource paper analyzes the effects of modern varieties on
fertilizer consumptfon in the Asian Elce economy by examining response

T -

functions of modern 8nd:££&ditionalliice'vérietiés as well aé byA
”éstimating fortilizer dem#nd functionsil ﬁate base of tﬂe p#per 1;
enormous.  The response fﬁnctiOﬁs:aré'based on several years' Aaca
from a number of experimentAsiationé in the*Philipﬁines and India,

and crogg-gection data at farm level in the Philiﬁpiﬁes.. fﬁe fefﬁilizer
démand functions are estiﬁafed fromé (1) éiﬁe serieglobservations
(1950-1972) for 12 Asian rice grcﬁing‘éountries, kii) cross»Qgction

data of the’Aéisn farm gsurvey covéring about 2,000 rice farmers in_36
villages of 6 Aglan countrieg in 19?1~7i;‘and (iii) continuous c#oss-
séction data of the Laguna {(Philippines) survey of about 156 farmers
from 1966 o 1971, VWlth the help of the analysis based such varied

ahd vagt data, Dr. Dav.d and Dr. Barker have made an important |
comtribution on EQ& subject. In Section I we gummarize thé mg{or

conclusions of the regource paper. Section II focuses on certain

methodological issueg mnd conclusions of the paper.

*Discussion paper prepared in response to Resource Paper No. 7 for
the Conference on Economic Consequences of New Rice Technology, IRRI,
Los Rafios, Laguna, Philippines, December 13-16, 1976. .,

\
**he author is grateful to Mr. D. C. Sah, Research Assistant,
Centrz for Management in Agriculture, Indian Institute of Management,
Ahmedabad, for very valuable assglstance in preparing this paper.



Section I

Major Conclugions of the Resource Paper

Analysis of Regponse Functions

Yield response of the modern varieties to nitrogen is greater
than that of the traditional varieties in both wet and dry seasons.
Yields in the dry season‘exceed those in the wet season throughout the
entire range of the respongse functions. Under farm coanditioms,
however, the difference between the responses in the two seasons may
not necessarily be as great because of the inadequacy of irrvigation
during the dry season. Maximum yield of the modern varieties is about
1 to 2 tons per hectare,higher than that of the traditional varieties,
except in eastern India during the wet season. Fertilizer required to
obtain maximum yield of modern varieties 15 about 80 kg of N per hectare
in the Philippines in the wet seacon, hut about twice as high in India.
in the dr, season algn, maximum yaeld is achieved in India at. a much
higher level of nitroi, n. The modern varicties do not seem to. perform
well in eastern India during the wet geason. ELven under the more
favorable experiment station erivironment, thelr supexiority over the
traditi&nal dnes appears to be very slight. {onsequently, Mashuri which
wasg ogiginally developed and released in Malaysia around 1965, and
which performs well at low levels of nitrogen use, has become popular
in some parts of India, Bangladesh and Malaysia. Though ﬁﬁg'values of

the intercepts indfcate that the modern varieties do as well or somewhat



bettar than traditiomal ones at :zero. level of nitrogen, under many
conditiong this may not be true. There is great year to year variability
-1n fertilizer responue even under "controlled” experimental conditions.
The analysis based on farm level data from Philippines élbo shows
superior nitrogen respcuse of the modern varileties under both irrigated
and rainfed conditions. Consequently, replacement of the traditional
varieties by the modern varieties has substantially increased fertilizer
uge, both st optimum and sub-optimum levels. This, in turn, accounts
for most of the increase in the average rice yield after 1962-64.
Finally, even with existing technology, irrigation facilities and price
sicuation, thare 18 & cousiderable scope to increase nitrogen use
because the prevailing rates of nitrogen application are much below the
economic optimum rﬁtes idarived Ffrom response functions based on farm

level data.

Fertilizer Demand Functions

The authors have estimated two demand models with the three sets
of data described abbve.l The major conclusions derived from this

r

analysis are as follows.

1In Model I, fertilizer use per hectare 1s a function of, (i)
relative price of fertilirer to rice, (i1) proportion of area planted to
modern varieties, (iii) value of production, and (iv) two parameters of
the underlying production function, namely, intercept and production
elagticity. The parameters of the production function are estimated by
fitting a Cobb-Douglas production function to the same set of data in
which total rice production is considered a function of crop area and
fertilizer uge. In estimating this production function, dummy variables



Relative price of fertilizer to rice, modern varieties and
 varisbles veprasenting shifts in fertilizer response fuhctfoné'afé
highly significant factors in expleining varidtions in ‘the rate of
fertilizes application in the Asian rice economy. ‘Var{ables
reprgsentlng phifts in fertilizer response functiona 1mprb§e ﬁz of most
equations dramaticelly, ahd the generally higher t-valués of these
variables indicate thelr greater precision of fit relative to price in
the regressicus, MNost of the shift in the fertilizer respomse functicn
is explained by the spread of modern varieties. The results Strongly
aupport the .hypothesis that rice fammers' demand for fertilizer
responds to chonges in the relative price of fertilizer to tiéé. EThc
"long-run price elasticitv,” derived from the reiécionéhip ﬁetween
fertilizer use per hwectsre and fertilizer-rice price ratio, is -0.8 to

=0.5 and remerkably atable across the three sets of dats. 'The estimated

arg usad tor lntercept and alops to di stinguish inter-country, inter-
village and inter-yea~ differeaces in the productivity of fertilizers.
An alternative moiel (Model I1) ts rpecified to overcome the statistical
problem avising from erlimsting the fertilizer demand function and the
production Funetion fiom rhe same get of data. Model II 18 specified in
two diffexent ways depending on the availability of data. In one
formulation of Medel II, variatisns in fertilizer response functions are
assunid to be reflected in the differences in the intercept levels and
price clasticity of the fertilizer demand function, and the same demand
function es in Model I is estimated by using dummy variables to
distinguish Inter-country or intec-year differences in the level and
price elasticity of fertilizer demand. 1In the other formulation of
Model 1%, four “instrumental" "arlables are aubstituted for the estimates
of fertiiizat Yesponse parameters. o



"ghov b-tun price elastizity,”™ which takes into account éhifté"in
fertilizer response functions, is lowee than the long-run elasticity,
<0.3 to ~0.7. Inclurion of the variable "value of output" in the demand
eqguation doesps uot contvibute much to thé”Rz, thus 1ndicating\th§£
either financing of fertilizer purchage is not a constraint ésﬂfarmera'
gifective demand for fertilizer or value of output is not an appropriate
proxy varizbis for favmers’ liquidity position.

Model 11I££ta tetter to the data than Model 1. It reveals
that <emsnd for fertllizer ie more sengitive to price 6hah§e§”iﬁv'
covndrias with high lovels of fertilizer use such as.Jspén, Taiwan
and South Kovea ag compared to the Philippines and Indonesia where the
level of fertilizer uge is quite low. The analysis of continuous
croan-aectlon data of Ldpuns farm gurvey shows a rightward ghift 'in the
demand function chrouph time, ond a decline in the priée elaaticity of
denand for fertilizer from ~0.9 to -0,6. Finally, the analysis reveals
*agt di?  genscs in the fertiliz - vesponge functions provide the major
oxplanatics for the wids pap in fertiilizer application between the

average! and "heaviass® tevtilizar user.

section 1Y

Mathodclogical Issuer foncerning Certain Conclusions

Bemand for fertitizer 1s yoverned by returans from its use, and-
these are signiticantly influenced by yigld respense of crops to:

fertiilzes nge. Therefore, te study effects of the moedern varieties



on fert;}izax consumption, ong shonld conmpare response functions of the
qﬂdetn v ietics with those of ¢ : traditional one: as well as examine
the evidence on acturl fertillzer consumption. But such studies .are
quite rare. Hence, thoe resource paper, which covers both thede razpects
by analyzing vast data, is an important contribution on..the subject.
The overall conclusion of the resource paper 1s that there has
been o guhgtantial impact of the modern rice varieties on fertilizer
cornegmptina dn the Asian rice econcomy. We do not disagree with this.
However, it seoms that in certaln situations, so far, this impact has
not besn se aveh through incrcage in the rates of fertilizer application
due o upw&révghifis in the responge functions; it has been through
aceeleratiag diffusten of feriillzer use on rice. The reason for this
appedss o by litlle diiference hotween the response functionsg of the
madern waristies and tihoge of the traditional ones in many situatiens.
Thus, T+ a way, our positlon A1 ifers from one of the major conclusions
i the voguurue naper which attributey growth in fertilizer uge mainly
o shifts In responee fupctious. Tie bHasis of our position is spelled
cut below Ly toeusin: on rertein lesues velated to fertilizer response

and dam=ns Luaat T ng.

Respons« ¥ masticn Analysig

The response fun.tion =znalysis 1n che resource paper raiges two
main quegticns, Firzzo, how supevior are the fertilizer response
functiore of modern varinties as coupared to those of the traditional

varisiies«? “acoad, wiat sort of fertilizer demand functions are impliad



by the fertilizer response functisue of the two types of ricé varieties?
Other qu¢ tions ariging from the esource paper are such as the: following:
Ia_the difference bet een fertilizer vesponse functions of the two

types of §érieﬂics, estimated from experiment station data, likely to
bejg;eater or smaller under the farm conditions? 1Is it likely to be

woxe or less stable over time under the farm conditiong? How do:
ﬁert;li;erltesponse functions for rainfed conditions compare witl those
for irrigated conditgions? An actempt is made below ﬁo angwer gome of
these questiong.

*

Varieties

Response Functionshéf Modern Vig-A-Vis- &raditionai Rice
Even ; cursory craminatiom of the average respons; functions
(averaged over several years) of the two types of var%eties ;upport the
conéiuéions of the vresource paper cn this agpect summarized in Section

I above. HQ%EV&T, Appoadix Table Al and A2 of the resou;ce_gapgr
re&eﬁi that; even wuder the condiriong obtained on expgfiméﬁt sggtions,
éhe reépg se‘functions are ﬁor gv ble ovgr time. D‘f ngiéAand Dr;
harkér‘héve drawn osur sittention &o this aspec.. We have fur£her probed
into the aspect for its possible implication on demand for fertilizers.

Table‘l presenis means snd coefficlents of variation of the
coefficlents of estimetod fertilizer rvesponse functions giygn‘iqlthé
resource papet. Following conclusions emexrge ‘from the table. '

fu the Philippines, the traditional variety (QﬁrA) dbésaﬁbt
respond to fertilizer use Juriang the wet season. In several cases,

the b coefricient of the guadratic response function of this variety



is negative. Even when it is positive, its value is quite smell. Against
this, the mean values of b coefficient of modern varieties (IR8 and
IR20) are quite high, and those of the ¢ coafficient are quite small.
Therefore, though the response functions of these varieties are quite
unstable (C. V. of b and ¢ often higher than 50), it is clear that the
replacement of PETA by IRB or IR20 would substantially increase
fertilizer ugse even during the wet season. 1In the dry séason,>despite
positive response of PETA, the ilmpact on fextilizer use would be still
greater. This is because of the substantially superior and more stable
responge of the modern vqrieties during the dry season.

: Durihg 't:hé"v;evt season, the situation i.n I;\di; ci:l;ffe.rs from that
in the Phiiippines in some important ways. Unlike PETA, the local
viriery hag a gignificant response to fertilizer use. More import-
antly, tﬁe responge of IR8 to fertilizer is only marginally hiéher to
that of the local variety and what is more, even this is coupled with
ereater ir=~tability of the respon - function.z The ‘mplicationsg of this

for the gpread of the modern varieties, and more for the impact of the

zrhis conclusion follows from the comparison of the average response
functions of 19 locations of IR8 and local varieties. It is not unlikely
that at gome locations the response function of IR8 may be significantly
superior and more stable than that of the local variety as in the case of
the experiment station located in Orissa. On the other. hand, there may
be cases where the local variety has superior and more stable response
to fertilizer than IR8 as indicated by the comparison between C032 and
IR8 at the experiment gtation in Tamil Nadu.
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' replacement of the traditional varieties by modern varisties on demand

3 This would be

. for:ferti lzer during the wet sea..n are obvious.
particularly true if vz .further asgume that the difference between the
responge functions of the two types of varieties would be less under
famm conditiong than under experiment ptation conditions. While this
conclusion is based on the comparison between the response function of
only IR8 and local variety, it is supported by additional evidence on

a number .of modorn varieties (Appendix Table 1).

In the dry season, however, the situation in India is sinilar
to the one in the Philippines. The response function of IRB is not only
much superior to'that of the local variety but also much more stable.
This is confimmed by a wore rapid spread of the modern vgr}gt@eq during
" the dry seaaon as compared tc the wet season, and algo by micro data on
tates of fertilizer appliéatiun during the dry season.

Sthce bulk of the rice aredn in India is in the wet seagon, the
above tnalysis auggests th&t till recently the modern rice vatleties
might not haveuguéignifzcant iwpact on fertllizer consumption in the
Indian rice economy. Such a conclusion, however, is not supported by
the trends in ferttiizer’tonsﬁmptionuof'the major riﬁe gr&udgg states in

India (Appendii:Table 2). Poasible explanation for this discrepancy

between what is indicated by the Tesponse funct&ona of the two typea of

-

E 31t may be of interest to note that by 1973-74 the moder

varieties had gpread to only one-fourth of the total rice area in India
against nearly two-thirds of the rice area in the Philippines. For
details, see IRRI, World Rice Statistics, mimeographed. April 1976,
table 12, p.36.
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Fertilizer use had not gpread to about three=-fourth of the' rice
area by i,65~66 when the modern varieties were introduced in Iﬁdia.é
Thls‘wasrso due to varied reasons such ag time-lags in diffusion of
fertilt&er use and rudimentary state of fertilizer distribution arrange-
ments in most parts of the country, besides relatively low prices of
paddy and low responsivenegs of the traditional varieties to'feftilizer§
Thus, it would be incorrect to look for the impact of the modern
varieties on fertilizer consumption in India only through raising the
rates of application as indicated by the responge function analysis. It
seems to us that, for the Indian rice economy as a whole, this impact
hag been more significant in terms of accelerating the diffusion of

X

“This estimate is supported by findings of several micro studies.
vjore importantly,it is supported by a large survey carried out by the
Hational Councll of Applied Economic Research, New Delhl. According to
thiz survey, only 37 percent of the total rice area wag fertilized by
1968~69. 1t increased to about 50 percent by 1970-71. For details,
see Mationsl Council of Applied Economic Research and Fertilizer -

Asspclati-n of Indie, Fertilizer "se on Selected Crops in India, New
© Delhi, September 1974. :

i

°For a detailed analysis of factors behind growth of fertilizer
use in India, see Desal, Gunvant M., Growth of Fertilizer Use in Indian
Apriculture, Past Trends and Future Demand. Mimeographed. Cornell
University, 196Y; Desail, Gunvant M., Chary, P. N., and Bandopadhyay, S. C.,
Dynamiceg of Growth in Fertilizer Use at Micro Level. Mimeographed.
Abmedabad: CMA, Indian Ipstitute of Menagement, 1973; and Desai, Gunvant
M., and Singh, Gurdev, Growth of Fertilizer Use in Districts of India,
Pexrformance and Policy Implications. Mimeographed. Abmedabad: CMA,
Indian Institute of Management, 1973. '
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£¢rc;;izetlusg op rice than in terms of raising the aversge rates on
fertilized rice areg. And this hes been so, not so .uch dve to the
substantial superiority of the response functions of the modern.
varieties over those of the traditional varieties, but because the
decision to introduce thé"hbdern.vatieties simultaneously led to
policies and programmes which accelerated the diffusion of fertilizer
use on rice. This was further facilitated by a very favorable paddy
price situation until the fmpact of the o0il crigis on prices of
agricultoral inputs. C o

“Perhsps it Is necessary to stress at this stage that the above
arguments are not intended to belittle the importance of the response
functions in determining demand for ferti}izers. In fact, as shown
in thg next sub-gectiocn, the response funcfion ¢xucially affects the
fertilizer demand function; and thus the future of £ert;li;e; use in
the Asian rice economy critically depends on the availability of

ecologically adapted modern rice.varieties.

Fertilizer Demand Functions Implied by the Responge Functiops of the
Traditional and Mddern Rice Varieties

The use of a micro response function to study demand for

fertilizer is nof new. Here, we extend the conventional use by deriving
fertilizer demand functions of modern and traditional varieties from
their respective fertili zer response functions to examine the impact of
the modern varieties on fertilizer demand functions. Our analygis is

based on the estimated regponse functions of the resource paper.



. The nitrogen demand functisr derived from a quadratic nitrogen
responge iunction is given by the following equation, and is ghown in

Figure 1.

wheye !

-4
]

= Economic optimum demand for N in kge per hectare

1

v 4
gl
o]
4

= Cogfficients of the nitrogen regponse function

o3
i

Price of rough rice per kg

Pq = Price oI nitrogen per kg

Figure 1 : Nitrogen Demand Curve Derived from Nitrogen Responge

Funct ion
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The. demand. curve shown in Fijure 1 is a straight line because the
underlying respongse function ig guodratic., It shows demand for N at
various prices of nitrugen for one set of values of b, ¢, and Pp;
Inasmuch as the curve presents economic optimum rates at different
prices of N - rates towards which the actual rates could be expected
to move over time if other things remain the same - it may be sa;d to
represent a long tenrn demgnd curve for nitrogen for the given values
of b, ¢, and Pp. A change in these three parémeters/eoﬁld shift .the
demand curve as well as change its slope. An upward shift‘pf the
regpongse funection, without any change in P, would shi.ft_,-t';\e demand
curve to the right and make it flatter (Figuré 24). siﬁilatly, an
increase in Pp, without any change in the response function, would shift

the demand curve to the right and make it flatter. However, in this

case, the intercept ¢n N axis will vemzin vnchangad (Figure 2B).

GConventicaalls, Jerand for fertiligzer has been studied by using
the ratio of fertilize +to product price. in s.ae situations this could
be migleading because the it 7 .o 1alid gives different magnitudes
of total net returng from fertilizer uge at different combinations of
the two prices even tlwugh the optimum rate remains the same (Appendix A).
Since the absolute size of the net returns play an important role in a
cultivator's decisions about fertilizer use, we have taken the two.
prices separately. This proceduré also makes it explicit that -&_shift
in the demand ourve .for feértilizer is governed by both changes 1n the
parameters of the tespehse function’ aa well as the price o he product.

and output Lhnnge at different rates, needa no emphasis.
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Tigure 2: Changes in Nitrogen Demand Curve Comsequent to

Changes in Responae Function and Price of Rice
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The impact of the modern rice varieties on n;trogen demand function,
implied by the estimated responae functiong given in‘the resource paper,
i3 exemined below using the above conceptual framework.7 For analyt;cal
convenienc~. to begin with it ig a sumed that there !: no difference
hotween the prices of the trnﬁition&l and modern varie;iés of rice.

-t

7It is recognized that the conceptual framework would have to be
further extended in certain directions if it is to be uged to anzlyze a
cultivator's behaviour ag a consumer of fercilizer. This would be
necessary because the effective fuuction would be demand governed by
expected responge function and expected PP, and pot by ex post values
of thesez parameters. However, for the limited objective of this paper,
the conclueion would not change materially.
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 Table 2 ghows the values of the intercepts on the two axes and
slope of ritrogen demand curve derxived from average responge functions
~of differept traditional and modern varieties. It revedls the following.

. In the Puilippines, the modern rice varieties have shifted the
demand curves for nitrogen substaatially upwards and to the right'in
both wet and dry seasons. In fact, in three out of the four cases for
~the wet season, the nitrogen demand curves of PETA have negative
intercept on the price axis, thug indicating zero demand for nitrogen
at any price. It is also clear that in ﬁOSCICRSBA, the modern varieties
have not only higher but aleo flatter demand curves for nitrogen than
. the traditional varieties. This implies Lower price elasticities -of
demand for the mudern as compared to the traditionel Varieties-i |

4 Agéinst this, in the casa of India, the situarion is quite
ﬂiffergnt. The upward shift of the demand curves for nittrogen die to
the modern vsrieties is much smaller than in the case of the Philippines
during bot™ wet and &'y seastna. “dmilarly, the dem ad curve of the
modern variety is flattsy than the one of the traditionsl variety only
during the dry;.season. Nex ie the reduction: in the slope of the demand

curve as bigh ag in the-Phillppines.a

8In ‘the case of wheat,the sftuation in India 1's Guite different.
The upward shifts in nitrogen demand curves are quite pronounced.  See
Appendix Table J'for details.
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The above analysis is based on the assumption of the same price
for both craditiorial and modern varieties of rice. If thig assumption
is relaxed to allow for a lower price of the modern variety, the
difference in the slopes of the demand curves of the modern and
traditional varieties would be reduced. While this may still imply
higher and flatter nitrogen demand curves for the modern as compared to
the traditional varieties in the Philippines, in the case of India, the
difference {n the slopes of the demand curves of the two types of
varieties may not remain significant.

It was pointed out above that while the intercept on the
nitrogen pricé axig of 8 demand curve derived from & response functicn
would be affected by a change in the price of the product, the intercept
on the nitrogen axis would remain unaffected. From this, it follows
that an upward change in the price of rice would shift the ‘demand curve
of the same variety cutwards and make it flatter. The importance of
recognizing thig is obvioug, partfcularly in a situa’ion represented by

Indis, because of two reasons. First, there has been a subs;antial rise
in the price of rice aftor mid-1960s when the modern rice varieties

- were introduced. Second, as the above analyaié indicates, the nitrogen
demand curves implied by the modern varieties do not have significantly
-differenf slopes than Fhmse implied by the traditicnal Qafietiég.‘
.Thereforg. it appeaxs to us that perhaps the rightward shifts in the
‘nitrogen demand curves between mid~1960s and early 1970s were more
;Jne to increase in rice prices than change in the nitrogen response

functions,
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Demand Functiions Estimated from Fertilizer Consumption Data

The wamlysis based 1 a feet liger demand function deri%éd from
-a fertilizer response :wnceion focuges on the relatlonship'betweén
demand. for fertillzer and plyeical response of crbp‘to fart{iiier.g
This demand functiom cannot be takern as representiﬁg effecti?é (or
actual) demand because it 1s derived from a phyglcal as diétihgnished
from ¢ behaviourial zelationship. Viewed thus, the atfempt 1# thé
regource paper o estimate demand smodals which take account of both
actual fertilizer consumption and resposnsivenssg of ferﬁilizer'is‘a
contributicn in a divection which iias not received adequate attention.
Ve, however, feel thai mome of the vesults of this atteﬁpt might ﬁaQé
bean affected by the specification of the basic demand model in the
resouTCe papar.

The baslc Cemand medel in the rescurce papey specifiés‘fettilizer
consumption as a fenctiscn of (i} relakive price of rice to fertilizer,
(ii) proportion of avea planted to ° he modern ;ice ve leties, (iii) value
of production {a peoxy for farmers' ability to finance fertilizer), and
(iv) variableg which reprvosens vacizelons in lertilizer response functions.

It yeems chat the above specification leaves out a very important
variable which influences demand for fertilizers, nsmely, diffusion of

[

fertilizer use over Uime. This would he particularly true wben the

9 i ) ) . . '

-"1E the degree oi representativeness of the regponse function tould
be agcertained, some useful ~0nc1usfona about potential demand con}d be
drawn from guch a2 demand rfunction.

P
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model is eﬁtimated from the dggregate time series (1950 to 1972)
observat.;na from 12 rice growin., countries. In most of these countries,
fertilizer use had jv .t begun irn the early 1950s. Furthermore, as the
Indian experience reveals, the diffusion of fertilizer use was not
ccgplete even by late 1960s. Therefore, it would not bé unreasonable
to asshﬁe that in such situations fertilizer use would increase up to
& level even without significant changes in the values of the
explanatory variables from the ones they had in the early 1950s. That
there was significant growth in fertilizer use before 1965, when the
ﬁodern rice varieties were introduced Lo most of thege countries,
clearly indicate this.lo Thws, both logic and empirical evidence seem
to suggest a specification errer in the basic demand model. 1If this
1s the case, it could result into uverestimatioﬁ of the coefficlents
of the explanatory vaviables f:cluded in the model. This is because of
ghe likelihood of higk pesitive corvelation between these variables and
tﬁose representing diffusjion of fartilizer use over time but which are
ot presart In the model.

Wher estimated vrom the a23zvagste time geries data, perhaps, there
{5 one more limitatiun of the hasic demaﬁd model. Presumably, the
observéd values the dependent variable (fertilizer consumption) relates to

the entive economy of the countrxies. On the other hand, the explanatory

101& is not clear vhat is the smpirical connotation of the term
“modern variety" in estimating the model. We have assumed thiat it means
the same thing as the dats givem in Teble 12 of IRRI, World Rice-
Statiastics, Aprzil 1970. For dstalls of growth in fertilizer use, see
Tabla 42 of the same publicatioa.
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variables relate only to the rice economy of the countries: This may
not. pogs a.problem in countries shefe most of the iertilizer consumption
is confined to rice. But tha 1% countries include countries like India
and Pakistan where vice acccunts fora relatively small proporéion of
total fertilizer consumption, and where growth in' fertilizer consumption
has been governed by economiesg éf ¢xops other than rice.

The above arguments ars not meant to challenge the overall
conclusgion of the demand fuiciion analyzis that the moderm rice
varieties have made a definite impact on fertilizer consumption in the
Agian rice sconomy . In fact, ag Table 3 showa, ther: has been a
gignificant accelerztion in fertilizgr consumption during 1965 to 1973
when the modern variecties weve Increasingly adopted in a large majority
¢f the Asgian rice growing countries. How;ver, it is not clear up to
what extent this acceleration has been due to the superiority of the
fertilizer response functions of modern over traditional varieties as
opposed *o suck oiher factors a- the diffugion of “ertilizer use on
rice and the lmpact of ths modern varisties on this process, favorable
developments In the zuovnowles sf otheis crops, and the p;ice trends
favorable to cuitivavors betwesn mid-1960s ;nd early 19708 in different
countries covered by :ﬂe study.

Finally, if the above doubts on the gpecification of.:he basic
demard modzl are relevant, thea it appears that the ghifts in
fertilizer regsponge functions agscclated with the spread of the modern

varietiesg will play a critical role in further rapid growth in
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fertilizer use in the Asian rice economy because of two resgoms. First,
there is a finite upper limit tec diffusion of fertilizer use, and the
past growth might ha = exhausted much of the effective potential in
this direction. Second, the relative price sitﬁation hab‘dramdtically

" changed due to the impact of: the oil crisis om prices of agricultural

inputg.
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Tabls 1 3

Mean and C.V. of the response coefficients given in

the Appendix Tables A1 and A2 of the resource paper.1

Period Mean Wet season Ory season
and
CeVe a b c a b L~
Philippiness IRRI, Laguna
1968-75  Mean 3436 16,54 ~0. 066 4243 38. 20 -0.116
Cole 27 81 129 26 30 73
1969-75  Mean 3797 19,68  ~0.149 4549 33,47 -0, 115
CaVe 21 50 37 20 25 40
1968~75  Mean 2235 ~d.22 0.005 4780 .17 =0.111
CoV. 12 179 878 15 1848 7
Philippiness MRRTC, Central juzon
1968-75  Mean 3425 16.18  =0.156 4236 29.78  ~0.105
CoVe 27 51 108 9 36 77
1968-75  Mean 3442 29,74 -0.164 3616 25.97  =0.086
CoVe 23 16 29 21 31 59
1968-75  Mesn 2050  -7.82  +0.019 3974 13.05  «0.128
Ve 30 145 473 15 89 53
Phil s+ BRCES, Bicol
1968-75  Mean 1416 26,04 -0.149 4081 37,28 =0.148
Cole 26 38 38 27 16 13
1968-752  mean 3141 28,13 ~0.163 3942 36,57  =0o14"
Co Ve 26 19 17 17 11 23
1968-75  Mean 3089 -1.97  +0.023 4129 9,44 ~0.105
CeVe 25 831 27 26 105 &3
Philippiness VRES, Visayas
1968-752  mean 3289 19.36 ~0.084 3554 21.84 ~0,071
CoVe 18 84 106 27 76 7%
1966-75°  Mean 3567  45.34  -0.235 3697 28,40  =0.095
. C.V. 19 15 60 20 55 86
1968~75"  Mean 3691 4.03 0,041 3300 2 -3.60  =0.039
C.V. 22 357 1 29 635 219




(1)

1 contdeeo
-Hﬁ--n Wet season Ory sbason
Period and - - v —
CaVe ™Y b .3 - b c.
ndias CRRI, Origpsa
1967=69 Mean 3314 24,73 -0,082 3058 42,68 «0.,078
CeVe 18 40 7 23 27 a0
196769 Mean 2509 11,47 -0,058 1551 21.74 -0.090
Ce Ve 8 61 7 28 [ 116
Indias TNPBS, Coimbator ,
1967-69 Mean 3070 24.86 =0,048 3086 21.11 0,035
CeVs 29 20 20 19 30 16
1967-69  Mean 2751 17.87 0059
CeVe 25 30 26
1967-69 Mean 3235 31.60 -(,125
Ce Ve 27 13 9
Indiag MARS, Andhra Pradesh
1971-7S  Mean 4407 8.84 -0.071
CaVe 2 38 138
1971=7% Mean 3853 - 0,336 =0, 084
CeV, 2 528 180
Indias 19 Loocations
1967-65° mean 2988 17.46  -0.045 3242 28,30 ~0.0M
1967-69° mean 2592  15.08  -0.064 2315 19.30  =0.061
CeV. 1 18 57

5 0z . 0n

1 Response functions
and N = El.untal nitrogen (kg/ha)

2 For the Dry sesson, the perfod is 1970=75

3 For the Dry seasan, the period is 1971=75.

4 for tha Ory season, the perfod is 1967-68

-

Y= M*cn whera Y = Yield of rough rice (ﬁq/ha),



Table 2 ¢ Paramctere of the nitrogen demand curves derived from

average responss functions of the traditional and modern

rice varietirs

2

Intercepts Slope

Variety  Period  Season o 3 (__'L_ \
— 2cP

N axis (37) P, axtis (bP))" b

Philippines: IRRI, Laguna
IR8 1968=75 vet 125.3 16.54 ~7.58
IR 1968=-75 Dry 164.7 38,20 wd ¢34
IR20 156975 Wet 66.0 19.68 3,20
IRZ0 1989=75 Dry 145,5 33,47 4,35
PETA 156875 Wet 398.1 -4y 22 +94,3
BETA $968-75  Dry 5.27 1.17 - 4.5
Bhilippinsss MARTC, Central Luzon
IRB 196875 Wat 51.9 16.18 - 3.2
[R20 196875 Wet 90,7 29,74 - 341
IR20 187075 Oy 151,0 25.97 - 5.8
BETA 17 58w75 dat 355.5 -7.82 +45,5
PET A 1968-75  Dry 51.0 13.05 ' ~3.91
ghiliprinmss BCES, 8icel

IR8 1968-75 Wat 87,4 . 26,04 =3,36
IR8 1968«75 Ory 126.0 37.28 -3,38
fr20 1368-75 et 86,3 28.13 3,07

"IR20 1970=7S Ory 124.4 36.57 ~3J.4
PETA 1968=75 et 4,2 «1,97 +2.17
PETA 1868-TS Ory 45,0 - 9.44 4,76

©aara



Table 2 contd .a‘c

Intercepts Shﬂiz
Varisty Period Season 5 o) L AU
N axis (5-;) P, axis ( p) ( ?"" wp.)
Philippiness VRES, Visayss
IR8 - 1968-15 et 115.2 " 48.36 =595
IR8 197075  DOry 151.3 21.84 " w7.04
IR20 1968~75 et 96.5 45,34 -2.13
IR20 ¥970-75 Dry 150.0 28.40 : 543
PETA 1968~75 et 49,2 4.03 -12.2
PETA 197M=75 Dry 46,2 «3.60 : «12.8
Indiaz CRRI, Orissa
IR8 196769 wet 150, 8 24,73 =641
IR8 1967~69 bry 27547 42,69 : ~6ed
Local 1967=69 vat 98,9 11.47 8.6
Local ~ 1967-68 Ory 120,86 21,74 «5.6
Indiag TNPBS, Coimbatore
IR8 1967~59 wet 259,0 24.86 -10.4
RS 196769 Dry 301.6 21.11 14,3
ADT 27 1967=69 Ory 151.4 17.87 -8.5
co23 1967-69 Wet 126.4 31.6 -4,0
India: MARS, Andhra Pradesh
Pankaj 197175 det 62,3 8.84 7.0
Mashur i 1974-75 et - 2.0 =0.336 6.0
Indiag 19 tocations
'IR8 196769 et 194.0 17.46 11511
IR8 1967-68 Ory 199,23 28.3 =70
Local 1967-69 wet 117.8 15.08 ~%:8
Local 1967-~68 Ory

158,2 19,30 8,2




Table 2 contd ...

1. The value of the intercept on Pn axis would be the b veluss
given iw the column multiplied by ﬂp.

2. ¥he value of slope would be the value given im the column
(;:;») divides by P .



Table 3 : Grouwth in Partilisar consumption in some Asian

countrias
Per cant of Per cant of total Average annual incrament in
rica area undsr NPK consumption betwaen

arable land

madarn varietias
under rice

1965-66  1973=74  1950~51 & 1965-66 196566 & 197074

kgs/ha
Bangladesh NA - 1841 0,39 1.68
Burma 25 - Se1 0.04 0.30
india : 23 0.02 25.6 0,27 1.56
Indonesia a4 - 36,6 0,41 2,36
PDapan 47 NA NA 13.77 8.53
nalaysia 21 10,3’ 37.4" 1.28% 7.03
Pakistan 8 - 43,2 0,23 2.4
Philippines 49 - 63,3 0456 2.60
South Korea 50 - 1.8 9.18 21.3
Sri Lanka 30 - 64,5 0,72 \ 0.£1
Talwan a1 NA “4A 11,03 8.7
Thailand 50 - 5.6 0.19 1.06

1 Ralates to Yest Malaysis

2 getwsen 1951-52 and 196566

Source 3 Compiled from Table=s 3, 12, 41, 42 and 47 of IRRI, World Rice
Statistics, April 1976



Appendix A ¢ Impact of Price Changes on Net Returns
Prom Fertiliser Usa

The objective of this Appendix is to illustrate that for the
same ratio of fertiliser price to product prica, the magnitude of
tﬁtal nat raturns from Pertiliser would changa for different cos=
binations of fartilissr and product prices even thaough the optisum
rate remains tha sams, For this sxercise, wa usas the average res-
ponse functions of the local varigty (wet season) for India given
in the resource paper. The estimated response function is given
by the following equation,

Y = 2592 + 15.08 N - 0,064 N2

where,

Y = Yield of paddy (kgs/ha)
N = Nitroger {kga/ha)

The ratic of nitrocgen to paddy prics we use is 134, The twa

sata of prices, giving this ratio, are as followe:

Set~1 Set~-1]
price of N (R-. par kg) 2.00 4,00
Price of Paddy (Rs. per kg) 0.50 1.00

Incidentally, Set-I prices roughly carrespond to the price
situation in late 19608, and Set-II pricas to the situation after

the hike in the price of fartilissr dus to the 0il Crisis,

The aconomic optisum rate for both the sets of prices is
86,6 kgs per hectare. This is eo bscause the price ratio is the
ssme, Tha total net returns from nitrogen use at optimum rate,

howsver, are substantially diffarent as shown belows

Set=1  get-11

fay_per hectare
Gross revenus at optimum rate 412,90 825,79
Total cost et optimum rate 173,12 346.24

Net revenue at optimum rate 239,78 479.55



Rppendix Table 1 3 Cosfficisnts of the nitrogen response functions of”
lacal and nf b yielding veriast'ss at some locations
in Karnataka, India.‘

Coefficients of Response Fumction

Year (Season)

a b c
g!angxa

HYVs (Irri

IR8, Jaya, . IRS 1969-~70 (Kharif) 3654 15.00 . =0.060
Padma, Jaya 1969 3920 19.64 -0.050
IR8, Jaya 1970  (Kharif) 4885 16.23 -0, 070
Jaya, Vijays, IR20, IR22,
8, IET 1039 1971 {Kbarif) 3969 35.68 -0, 90
tocal (Irrigated)

5 - 705° 1969 2597 13.28 0,060

Mangalors

HYVs (Irrigated

IR8, Jaya, MR2, IET1996 1972-73 2663 731 -0.021
Jaya, 'IRB, IET1996 1973~ ( Rabi) 2972 9,95 -0, 830
HYVa (Rainfed) _

Jaya, IR8, IET1996 1973=74 (Kharif) 4249 ' 10.88" ~0,031.
Jaya, IRB, MR2, IET1996 1973=74 (Kharif) 3946 12.'10 =0,035
Jaya 197475 2773 6.63. 0,020
TET2295 R 1574="15 2511 14.05 -0,028
Local ‘Rainf-d}

cmr2? 1974-75 2874 19,42 «0,086
cmr172 197475 1944 0.089 +0.096

‘MTU20 197475 3039 5. 66 ~0,046



Appendix Table 1 contd ...

Coefficisnts of Responss Function

Jays

Varietims Yoar (3eason)
a b [
Raichur
HYVa (Irsigatéd)
a8 196970 5036 16.60 ~0, 060
RS, Jaya 1970-71 4808 21,28 -0, 062
wocal (Irrigeted)
Local 1969~70 1607 15,64 ~04051
lLocal 1970-~71 1816 13.4§ w2, 59
Shimogs
HYVa (Irrigstad
1968..70 3522 20,67 ~0,010
1970~71 3767 12,35 +0.020
197071 3947 12.37 +0,070
1970-71 3854 12.07 +0.020
196870 (Kharif) 3003 11.35 ~0,018
1970-71 (Kharif) 1208 6.38 +0,124
196970 2434 10,22 ~0.040
Legal 198382 {95536 936 11,32 -0.083
Local? 195354 1955-56 1386 3,48 +0.067
57012 1970 3048 8.45 ~0.0%9
5704 1969=70 2563 8.27 «0.027
Chitraduggs
Yus {Irgigsted)
Jaya 1974~75 {Kharif) 2403 4.88 «0,019
1974.75 (Sumsar) 2984 4.03

-ﬂ.p"?

A



Appendix Table 1 contd ...

Cosfficients of Response Function

Varieties Year {Sesason)
a b e
nzaore

HYVs ([rrigated)

Taya 1974-75 3590 20.59 -0.0356
Jaya 1974-75 (Rabi) 3638 16.75 «0.009
ocul ;Itrigntod!

57012 1974-75 3006 36.22

5701 % 1974-75 2972 19.66

L

Respones function 3§ Y = a ¥ bN + cﬂ2 whare Y = Yield of paddy (kgs/ha), awu% o
N = alemental nitrogan (kge/ha)s The functions listed under Mandya and n-nﬁ:=;¢5

waro estimatad from sxpsriment data while the rast were estimated from date.om.
trisls on farmere' fielcs, o

Locelly improved varisties

i

Source 1 Derived fros information in Appendix €-1 of Gurushri Swemy and
SeM. uhder Raju, Agricultyra Dsvelgpment in Kirnataka, 1956-57

to 1974-78, Inetitute for Social and £conomic Change, Bangalors,
India. (Mimeogre had First Oraft of the Study).

original sourcet Varicus issues of the Mysors Journal of Agri-
cultural Sciencaes, & quarterly publication of the University of
Agricultural Sciences, Hebtbal, Bangalors, India.



Appendix Table 2 : Annual increase in nitrogen use in major rice
arowinry states of India befoce and after the
introguction of high yislding varisties

<t

Annwal incresse in N

Dar £ o e
Rar caent o er cent rice une (kga/ha) hetwesn

State tatal cropped area undear HYuYs
arrna uhdar tice oy 1973-74 S
1956~57 & 196566  1965-66 & 14570~ :

Jest gdangal 1 13 1232 0,43

lrissa 66 8 0.4 s 56
‘Assam _ 54 14 0.06 0.04
jihar 48 12 .24 .46
Tamil Nadu 16 78 ‘ 1.9 1.89
Kerala in 31 0.39 : 0.89
indhra Pradesh 26 1 0.51 0. 91
Madhys Pradesh 21 18 1.15" 0,352
‘Uttar Pradesh 19 22 0.40 1.22
Karnat aka 1 25 .26 0.8%
41l India 23 6 , J..0 d.79

1 Relates to 1956=57 to 196667

2 Relates to 196667 to 1973-74

Note 1 Tha 10 stataes listed in the tabls account for about 90 par cent of

totsl vice area, and BS per cent of the arasa undar high ylslding
varieties of rice in the country.

Sourcet Campilad from various issups of Fertiliser Agsociation of India,
fortilingr Statistics, New Delhi.




Appardin Tahle 3 1

Oarematacs of tha nitrogen demand curves

dorive? from average res—nss functions of
the lonal and high yislding wheat varieties

[ T . ppesrery

2
Intarcapts Slope
Variaty e i
g s o] 1 (2cP )
N oaxig (= s ) P, axis (pr) p
Soriay a- 54 1364 49,07 - 2478
Sonar a--63 108,92 37.04 - 2,94
Larms Rolo 118.3 54,41 - 2.17
c306 94,0 20,67 - 4,55
NPB76 82.1 32.83 - 2,50
NPEQ7 Tée 25,95 ~ 2.78
4. The valus of the intasrcaot on ”n axis would be the b values
given in 4ha coluen siliiplied by Pp.
2« The valus o” siope sotla im the value given in the ccluen

..1..‘ 1y i
(35} dividad oy Pp.

Sources The coefficiants of nitfugan rasponse functions used to derive
thia tablﬁ are from Sinqh, I.jv. ‘nd Shatﬂl, K.C.' Prggﬂctig!!
Dwarf

Functions and Economic Optime in Fertil

Uas P

. and Tall Varleties of Yhaset, Research Bulletin No, 5, Feb. 1969,
UsP,Agricultural Univeraity, Pantnagar, U.P.




