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" 'CHAPTER I
INTRODUCTION

zTradittonal agriculturs largely depends upon land and labor .

éfor”ita output while the transition to a modern agriculture is marked ;”
{by the use of a number of new inputs, technological change, and s
improvement in the quality of traditional inputs. One of the most‘}“* 
prominent features of this transition is che rapid increase in use of‘:“
chemical fertilizers, Over the 1966/67 to-1968/§9 period worldwide
fertilizer use increased at an aﬁetage annual rate of 8 percent.

Usage of chemical fertiiizer in South America increased more

rapidly, averaging 25 percent in the same period.1 In some casesl
fertilizer use has been stimulated by dramatic changes in technolo-faf 
Agies, e.g. new seed varieties which are highly responsive to plant B
nuttients, irrigation, or mechanization. In other cases fertilizer )
‘use has been gspurred by concessional prices, credit incentives, ox

educational programs. By almost any measure, chemical £ettilizer'lq

has become and will likely continue to be a key factor 1n acce ratingf

agricultural development.
In the process of capital formation, fertilizer plays a '1mpor

sacs wala in dnnransine oross and net revenue, thus increaaing thg D)



5capacity for investment, The existence of marketing and transpor-

¥tation facilities for fertilizer use indirectly makes these facilities
available for other inputs and products in the rural sector. The use
vof fertilizer nay also change the structure of the capital assets of |
ja farm firm, a larger portion of capital must be in liquid assets’ to
;be used for operating expenses, This normally will cause an incresse ;
in the percentage of product which is marketed thereby transforming the
;fsrm from a traditional type of agriculture to a market oriented unit.
fjgil This study will focus on recent changes in fertilizer utilization
»in Brazil. Not only has Brazil sharply increased its fertilizer use
recently,but it also has been very active in adjusting policies which
_affected the profitability of fertilizer application. The objectivcs

of this study are: 1) to estimate the value of the marginal product;:f

of fertilizer application on several crops in one region of Brazil':'fg

the process of economic transformation.z It must° (1) increase
domestic food supplies, (2) increase agricultural exports to obtain B
foreign exchange, (3) transfer labor to the industrial sector, (4)
contribute to capital formation through lower prices for agriculturalfmp

products and taxes, and {5) provide a market for industrial products.:”

: 23 F. Johnston and J. W. Mellor, "The Role of Agriculture in
Bconomic Development,' American economic Review, 41 (September, 1961),
p. 566-93.



An increase in agricultural production is a precondition to the fullel}
ment of any of these functions, and fertilizer is usually a key factor |
in stepping up production. 1

In many respects Brazil is eﬁ excellent case to study‘with '
‘regard to the economics of fertilizer application. It has experienced;
rapid changes in fertilizer usage in the past 20 y»ars aund has alsei
~ employed a variety of policy instruments to enconrage these changeer
On the output side, for example, minimum support prices were estab{,
lished for most of the food crops. At various times, fertilizere-.
.,reeeived consessionallbnport exchange rates and special subsidized 4
credit. The Agency fcr International Development (AID) supportedr‘”
| these efforts with loans and loan quarantees for new produc:ionze;;r
‘ facilities and programs designed to stimulate utilization'%otaliﬁgfi
:3$67 9 mil®on.3 Mainly as a result of these programs, fertilizer
consumption in Brazil has increased threefold from 250,000 tons (metric)ﬁ
in 1961 to 820,000 tons in 1970 and the private marketing sector hes
- expanded accordingly, B '“
| Although fertilization rates haﬁe increased rapidly,. the§é’i§g
almost a complete lack of information available with regardkto.the'
crop response to fertilizer at the farm level, It is not knowﬁ‘if 
present application levels have reached or surpassed optimum 1e§e1ei
Methodology o

The government price and credit subsidies for fertilizer are ”

based on the assumption of positive net returms to fertilizer use,

Agency for International Development (ATD), "Brazil Program
Analysis", unpublished manuscript,(on file AID Vashington D.C.
1970, Anuvex H), pp. 28-28.



: ever, this 'assxnnpt'ion hésssrr‘i’éé?séé:{-"agfﬁciemy tested as to its T"f-‘j::;‘-?

_fvalidity at the fawm 1 vnl in Brazil. The'major objective of this -~ N

;fdisaertation is to. test this assumption by estimating the parametera

i‘production funct ons for four?crops in one region of Southern

:fBrazil, This analysis ignoresvtheunon-crop portion of the farm

op eration, rhereby assuming the opportunity cost of capital to be
%fzero.. The employment of spccific crop production functions, however,
ifis necessary ¢o derive accurate estimates of the marginal product y

’fof fert‘lizer components (N, PZOS’ Kgo) and other complementary o

itation are analyzed.,;;-fx

The Brazilian fertiliaer situati

fthe second chapter., The discussion is divide ”into those factors»

;affecting supply (production, imports, marketing and price policy)

dthe factors influencing demand (productivity, management, infor- hfiff

fimation services and credit policy), The major focus of this chapter,""'

:}however, is on ‘the economics of fertilizer ‘use on. the farm level andf
§§a11 topics are diacussed with respect to their effect on the fann |
;operation. ‘ ' d ,' ‘ p' | o
: The area and sample is described in Chapter III. Management levels,‘
€Credit and fertilizer use, tenure, and enterprises are the major topics
:'covered in this descrintion. The conceptual model ‘used in the produc-
tivity analysis is explained in Chapter III. A description of the sample
: farms ard the characteristics of specific variables entc¢ring the produc-

tivity analysis are also presented in this chapter.



j '.l‘he analysis of crop yields with respect to fertilizer and other'

"1nputa 1is presented in Chapter V. |

= The specific aspects of the previous descriptive and quant:ative

"analysis which have major implications for Brazilian fertilizer N

‘policy are outlined in Chapter VI. Major emwphasis is placed upon :

exploring the technical implications of the produc‘tivi:y analysis.
The conclusions and recommendations for furt:her research are

‘made in Chapter VIIL.



“cHaPTER T

'EGONOMIG ISSUES RELATED TO FERTILIZER»
<" USEINBRAZIL = 0.0

view of fertilizer use and policy in Brazil follows to set the

;jstage:for‘ the.supply -an emand-discussiéhé i“.hithel"iatterx:part‘of: the

fchapter. A,:br;ef,.as,ummary‘,of;:the maJor pomts made 1s"'g1ven~m _

conclusions.

Conceptual Outline

‘comprehensxve fertlhzer study would mclude an analys1s of :
tors affrctmg supply and demand It;,will be argued later that
A_‘j.;'i_in Brazﬂ, problems on the demand s1de appear to be most crxtlcal

"3':":Ney‘erth:1ess, a conceptual'quthne ‘of the 'supply side, some



information on local fertilizer marketing conditions, and descripfive

material on past supply conditions should be helpful in vunderstanding :
the farm-level productivity analysis.

As will be shown later, fertilizer 1mportshavebeenanlmportan
part of Brazil's overall supply. An analysis ‘of'impért’ts, ‘a“sl we‘iili ‘;as." i

domestic production would, therefore, make up an irhpo:tant part bf a =

- supply analysis. Imports, on the one hand, arepnmarllyafunctmnof

v‘vrhﬂeAat the same time not allowmg a large ci;fféfence betweeﬁ domésﬁcl
and world prices of fertilizers, Brazﬂ's fert1lizer purchases ;.n the |
world market are of a magnitude which does not effect world pr»ic"ev-.- "
The production and importation of fertilizer is only part‘ of fhe
supply picture. The workings of the internal marketing sys:te'"m;-i'; o
provides transportation, storage, soil analysis, credit, ‘fertiiiz‘eva{r‘ufﬁ a2
application recommendations, and other information. All of these
functions, alone with the competition factor, affect the price at which
fertilize- can be delivered to the farmer. These market services, asidé

from the price effect, may also have an influence on the demand for



Demand

istudy the factorsanalyzed  are placed in production function’

 marginal products of all fuputs, the product prices, other input prices ant

' fértilizer prices, Manaéement, vvvhillei nota (.iijr'ect mput v'i‘rit;):;t’ﬁe;';.
production process, can. affect the returns to inputs thrdugh proper
timing of apoliction, planting depth, etc. Unfortun?tely the»_zls"e'axl'egn_’cv'zlti;i

influences which can be easily measured,



In most cases the aSsumption of an enlirhited budget is
hn:ealistic. It is for this reason that the volume of credit
ﬁveilable is included in the following discussion., Credit doesvv:_‘nve_,’ii:"f
enter the production process directly, but may be a const_rairvxtiei‘;"

he use of inputs, especially fertilizer, and thereby influencfe,.f.'bhef*.b-::’T

marginal productivity and demand for an input,

Brazilian Fertilizer Usage, 1950 to 1970

1950 and the amount of cultivated area has also 1ncreaaed from less
.rmlhon hectares in 1950 to approxlmately 35 m11hon in’ 1970 1‘
The agncultural sector has undergone many rap1d and complex e

Tl

changes during the last twenty years. ' ff.,}'.A‘number of detalled

analyseg of the Brazilian agncultural sector are ava11ab1e 2 i

. 13oha Shotwell, "FY 1970 Agncultural Sector Analyms Braz11" -
(unpubhshed paper in USAID/Brazil files, Rio de Ja.neu'o, July, 1969),
ps 24.

2G. E. Schuh and E. R. Alvis, The Agricultural Development .
oi Brazil (Hlew York: Praeger Publishers, 1970), p. 456; Peter T.
Knight, Brazilian Agricultural Technology and Trade, {New York:
Praeger Publishers, 1971), p. 223; W. H. Nicholls and R. M. Paiva,
Ninety-Nine Fazendas: The Structure and Productivity of Brazilian
Agriculture (Nashville: Vanderbilt University, 1966); C. Prado
et.al., A Agricultural Subdesenvolrida (Petropolis: Editora Vozes
Limitada, 196¢), p. 275; and G, W. Smith, "Brazilian Agricultural
Policy, 1950-1967,'" The Economy of Brazil, H. W. Ellis, ed,
(Berkeley: University of California Press, 1969), pp. 213- 65.




35 fé"rééht'diii*mg-"theifo‘urcy'ear jpe‘rmd In terms of- bulk we1ght, /thef

;mports via the port of Santos, the mam 1mport. poxnt, mcreased from‘_

‘ “ISfa‘.tistics of fertilizer consumption are given in Appendix &,

R 2Agrx Research, Estudo Tecnico~Economico Sobre A ‘
Exequ1b1l1dade Je Aumento Na Fabricacao e Uso de Fertilizantes, .
Calcario = Sais Minerais No Brasil (Rio de Janeiro: AID, 1964),

pp, 65-185,




1.0 million tons in 1969:to 1.5 million tons in 1970,

Fertilizer utilization per cultivated hectare reached 18-'.1:

kilograms _in 1968 for Brazil. In Sao Paulo, average use -rbls‘\.éilabqv, {
. 50 kilograms of plant nutrients per cultivated hectare 1n1970 a

average which is greater than the average applicya‘tidhﬁ‘z_.{g\‘te‘ n

The North used-only:8 pe cent';mostly for

""So,uth used 24 percent,

":'s"ﬁg_ar cane. The South has been:mcreasmg 1t sage of"ferta.hzer:’however

’-fétﬁ,_aﬁ_higherrat?_thén,othe.r’egi.o,nﬁ. argely due to 'n'cyr.?aS¢dfi‘-P1,"=:‘.‘,‘i“??“g

eral different cr

1E Malavolta, "Tendencia na Adubacao, " Journal do ‘Estado
de Sao Paulo, (February 21, 1971).

25tudies of the national fertilizer situation in Brazil have been
made by: Agri-Research, Inc., op. cit,, p. 303; Banco Naciornal
Do Desenvolvimento Economico, Mercado Brasileiro De Fertilizante:
1950-1970 (Rio de Janeiro, 1965), p. 56; Joao Braga Costa, "Agric-
ultural Japuts: Fertilizers, " (unpublished paper in USAID/Rio files,
Rio de Janeiro, 1969), p. 34; Associacao Nacional Para Difusao De
Adubos, (numberous published papers, Sao Paulo, 1968-1970).,




Corn
‘Sugar Cane :
Wheat and Soybean
Rice L
Cotton
Potatoes.
Edible Beans
TOTAL

Source' P V Belott1, "Perspectwas da Industria de
Fertlhzantls no Brasil, " (Paper given at the UNIDO meeting on the
Development of Fertilizers and Pesticides Industries in Latin
‘America, Rio de Janeiro, November 16-20, 1970). '

" - Supply of Fertilizer

“Production




3 goal was not reached., Domestm productzo

: 6 460 tons in 1969,

Imports of fertilizer generally-:v}‘ié_"

nced by a $15 mzlhon AID loan and further AID backed'loan

guarantees of $18 m11110n, has expenenced delays in construction

_and more u'nportantly, it is expected to have dlfflClﬂt in.matching

the pr1ces of imported fertilizer, This is pnmany: ue to;larg‘

and unforeseen decreases in the world price of rutrogen fertlhzers:
after the planning process for the plant was completed. In 1965 66

the world price of ammonium sulfate was US$ 45-50/ton and by 1969 had ‘



an be: self—suff1c1ent The problem 1s one of ‘exploratmn. produc-fl"'}‘

n Sno;Paulo, Mmas Geraxe, Pernambuco and Maranhao Est1mates

.is.near the: major consumptmn ; j,area"s’,'.ff

Pota'ssmm fert111zers arre totally unpo' t' d as no commercmlly

zquano isAa island bird whic produces a mtrogen -rich-
m_nure. : S



: T_ABLE 2. -- Future Brazilian production -facilities‘ |

. Tentative Capacxty i
Producer Location Production Products (tons/yr )
Date N

“(Pvetrobe‘asl o “B?hi,a' o 1970 Pmmoma St

11970 Ammopia 148,500
L = Ammonium BRI
~ Nitrate
- Ammonium
Phosphate
- Sulphuric
 Acid

'-i.'ﬂséb?éulé '

, Ul"t‘r"afert,ivl" e

ibeas- '-T1tan1o A
do Braml Bféh_ia‘, ,
‘,’j‘f‘Government ~ Ilha 7. Guano. s
L Pro;ect ‘ Dasratas Coe e ‘E_xploraaf.iog

“'Source: ‘Food and Agriculture Orgamzatmn of the Umtedf
: Natlons, Fertilizers: An Annual Rev1ew (Rome.; _1970), P. 4

" Marketing

. The marketing structure for fertihzerl

:'extreme,” some companies have modern production and/or rmxm
facilities, and a systum of service centers which provide credxt,
analysis and application facilities. At other extreme, a few 'fa'rrrj)é'f‘s‘f,f.i
arrange for fe-tilizer importation, transportation and applicatioﬁ i\.‘
without intermediaries,

In Sao Paulo, for example, the center of the fertilizer industry,



Tl e ' *"" R SR
,mThe f1rst 1s that the marketmg system 1s e

relatwely‘,efﬁc:.ent and' any excess proﬁt is t.hmmated through

competition from new £;_1fms _enten_ng,the_-.mark,et._?'; ﬁ.}The_isgpogd‘;'v1e

tthepresent marketmg s'ystet'n' is. lihef'fi‘t:i’e nt .ahd governm ent

i 1Agency for Internatmn\Development "Proposal and Recommen-
iatlons for the Review of Development Loan Committee: Braz11
E‘ert111zer Imports, ' (unpublished paper Washmgton. D. C. ) 1964)

~ ,' zAgency for International Development, '"Capital Asmstance -
9aper° Brazil-Ultrafertil, S, A,," (unpubhshed paper Washmgton, .
) C., August, 1966), p. 14,
3G W. Smith, op, cit., pp. 221-22; G, L. Johnson "Factor . -
Markets and Economic Development,' Economic Development of S
ITropical Agriculture, ed, W, W, McPherson, (Gainesville:
Juniversity of Florida Press, 1968), pp. 93-111,




programs are necessary to improve its efficiency. !

Adequate documentation supporting either view with res'p':et:t‘tﬂ i'
fertilizer is not available. The aspect mentioned frequently to -
justify public marketing organization is summarized in the fQ‘llvo‘_Wik :

) R
statement:
‘The lack of organized markets insures that a long chain

of intermediaries in the marketing channels exploits both
produccrs and consumers,

The high costs of entering the rural market and the small mltzalsme
of market are frequently mentioned as causes of 1mper£ect agncul-

tural marketing systems.> A study of 'the inpﬁt ,meﬁrk_et‘in'g,'s'}‘r‘s.te}n

1Charles Slater et. al,, Marketing Processes in the Recife
Area of Northeast Brazil, Research Report No, 2, (East Lansing:
Latin American Studies Center, Michigan State University, 1969),
pp. 12-7-12-11; A, T. Mosher, Promoting Agricultural Growth: A
Framework for Organization Planning (New York: Frederick A,
Praeger, 1966), p. 172; K., L, Bachman and R, P, Christensen,
"The Economics of Farm Size," Agricultural Development and
Economic Growth, ed, H, M, Southworth and B. F. Johnston
(Ithaca: Cornell University Press, 1967), pp. 252-54,

2C.'.lyde Mitchell and Jacob Schatan, "The Outlook for Agric‘:ul-"‘:
tural Development in J.atin America, " Agricultural Development in’ -
Latin America: The Next Decade, (Report of a Round Table,
Inter-American Development Bank, Washington, D, C,, 1967)_, P. 54

3T. W. Schultz, Transforming Traditional Agriculture (New
Haven: Yale University Press, 1964); Vernon Rutian, "Southeast
Asian Agricultural Markets, ' Agricultural Cooperatives and Markets
in Developing Tountries, ed., R. K, Anshel (New York: Frederick
A, Praegex, Inc,, 1969), pg. 153-56,




fi“hfli\i?dftﬁe‘astein Brr'az‘ivl supporte this vie

; government programs of research on fertilizer'response, . promotion

pubhc ystem would be more effxcxent A‘ ‘more Arec‘ent'

o 2Raymond White, "The Fertxhzer Industry in Northeast Brazil";‘
. ‘-:,(unpubhshed paper in USAID/Rec1fe files, Rec1fe, 1969), P. 41

3B, 7. Bond, T. M. Kelso, and R, O, Woodward, "A Report
on the Thailand Fertilizer Situation and Potential"(paper prepared
for AID, Washington, D, C., 1966), p. 61; E. D. Smith and J, E,
Berry, "A Study of Retail Fertilizer Markets in Northeastern Thailand
Some Preliminary Findings' (unpublished paper delivered at the

Annual Masete~rt University Agricultural Conference, February,
1971), p. 16.



The ":e‘tai‘i.ief‘tilizer ina'rvvket»i.ngf Byétein vi‘n“th‘e;,'s‘a.mple i-egiéh,p:.;f-‘
szeuao i’reto was éomposed of thirty-five dealers; 1 ‘There appear:é
“to have been a rapid growth in the fertilizer marketing infrastructure{;
in this region, In the sample group, seven of the sixteen intervigwéicfi:;’
dealers began on or after January 1, 1966 and only six were selling’_iff"_

fertilizer prior to 1960, The lack of capital require:nents such as

storage, transportation and application facilities made ,enttry..,t_d,"'t}}e

fertilizer market very easy, but transferred these reqt’xireméxiféﬁ o'

the farmer. There are two different types of dealers mtheregm

a few company dealerships and a large number of indevper.i'c‘_lé_l tagents.

The company dealership usually operated from one of thé/. maJ rc1ties
of the area, had one or more professionally trained ag‘ricultuﬁa’ti
‘specialists, a number of salesmen, storage facilities, credit sbe:f\\r‘i-c':ie.“
andsold fertilizer and agricultural chemicals in several _:ﬂunicig’iqs‘;."’:“"

The independent agent was either a company intermediary or an

independent dealer who bought fertilizer in large quantities and
resold it or a mixture of these two types, He normally sold a w1de

variety or other agricultural inputs and also bought agricultural = =~ °

1 The following discussion is baged on information gathered in
62 interviews with extensipn agents, bankers, statistical officiers and
fertilizer dealers in the region of Rileirao Freto, Sao Paulo. Sixteen

of the 35 fcrtilizer dealers in the region were interviewed,



fproducts, therefore: recezvm iles

lfert;hzer sales., He usually operated i

one to three fertilizer brands, -‘would urrushA credxt to hxs chents.f

The variation in f_ert:.h_zer.'p‘jrice.fsim ,the‘f_f;egxon» was ':ather
'high (Table 3).

,;'I'ABLE 3 --Dealer hst przces of selected fert111zers per ton m
: : 1969/70, R1be1rao Preto Regxona . : .

}'i'xm@so‘,g(zl%N)*

KCl (60%K2))

Super Phosphate (20% PZO5)

for the agncultural year 1969/70 mcludmg transportatxo cos: of
‘Cr$20-30/tor. from Sao Paulo to the farm, '

bgold by four or more dealers.,
COne U. S. dollar equals approximatelyi4 Z‘S’cfdzcﬁds‘ .

Source: Interviews wich 16 fert111zer dealers. Rlbexrao Preto
Region, December, 1970, P




Factors which may explain the differences in on-farm-price are:

(1) price information is not generally known by farmers; (2) certain
dealers may have a monpolistic selling position; (3) some dealex;s
allow a one-two month payment period without charging interest,
but may include this service in the fertilizer price; (4) indepenc.l‘er’xt_:;‘v K
dealers are not tied to the companies' list price and may be ableto

increase fertilizer prices during periods of highest demand and (5);,'}‘

:. dealers with storage facilities in the area may charge mdlrectlyf

fo: the service. Interest charged on loans granted by d‘eaylgrs‘_; arlsfpgﬂ

",Vea‘x’hibited large differences ranging from 12 to 36 pefdeqt peryear.

. If these differences actually reflect variations in (’s‘er'vi!cz‘ﬂé-a" provi ed

by dealers, the effect on the economics offert111zer usewould

n11 Analysis of these hypotheses is not w1thmthe ‘scope .of this

‘7;?":on1Y a few dealers, Credit services of the dealers and theu' c

'. 'appeared to be good except in terms of cost when compared to' f’FUNDA_‘_

 Many dealers were also perfo#ming a valuable extension service by:

aiding farmers to get bank credit and in soil analysis, 1

1A more detailed description of the local marketing system ‘
is presented in William C, Nelson, Fertilizer Marketing-Brazil,
Regearch Note No. 3, (Columbus: Department of Agricultuml
Economics, Ohio State University, 1971), p. 10,




“Pride Policy

"consumption has mcreased very rapxdly

TRaymond White, op. cit., pp. 3-7.

zS'ee Appendix E for the indices,



The assumption that farmers in developing countries do not

respond to price changes has been seriously challenged during the

past ten years. Assurhptions associated with this point of vieiw} are
summarized by Schultz, 1 His main thesis is that tradit.ion‘a‘l E
agriculture"...is at an economic equilibrium under the present
technological and economic situation and that changes 1r~ the
environment faced by farmers are necessary to st1mu1ateagncu1 ral
growth." Later studies have verified that f‘arr_:‘iez.'v‘s mee ping
countries do respond to economic mcentwes

In Sao Paulo, the supply vel}a,"s:t;»'u it

‘prices for cotton, rice, corn and: 8o\

ly  w. Schultz. ob. cit.. pp. 7-15.

‘ 2W. P, Falcon and C. H. Gotsch, "Relative Price Response,
Economic Efficiency and Technological Change: A Study of Punjab
Agricalture, ' Report No, 11, Development Advisory Service,
(Cambridge: Harvard University, February, 1967); C. K. Eicher,
"The Dynamics of Longterm Agricultural Development in Nigeria, "
Journal of Farm Economics, Vol. 49, No. 5, (December, 1967),
pp. 1158-70; and D, E. Welsch, "Response to Economic Incentives
by Abakaliki Rice Farmers in Eastern Nigeria,'" Journal of Farm
Economics, Vol. 47, No. 4, (November, 1965), pp. 900-14, '




ai}fot Ava11ab1e

‘ - Source: N‘"‘VK L'yand‘R M C Pescarm, "PrOJecoes 'Da Oferta.;
{Agrlcola Do Estado De Sao. Paulo, " _&ncultura em Sao: Paulo,
‘Ano XVII, No.: _9/10 (September, 1970), p. 57. L

‘was also fsiénifitérit;fdreo'rnv.ﬁiif}i‘fi'e's'p'ect"',td' tﬁe

ith. respect to corn prlcef ‘and soybeans w1th

price of rice, rice

,"'Pro‘]ecoes
Agnco] Do Estado De Sao. ‘Paulo, ! Agricultura em Sao Paulo
Ané XVIL: ‘No.:9/1-.(September. 1970). p.<57. R




elést'iciti’es are greater in absolute value than fhej‘ ctosselast
implying a postive aggregate supply elasticity. | B

The demand for fertilizer, as previousiy stated, is d‘er'i\%éd
from the demand for the final product, Economic theory ,stla,té;‘s.{ftha

the major factors determining the usage of variable input suchas

: Three early ‘gtudies in the

fertilizer based on price relatxonshlps.

consumption, ! A strong relationship was'fth;r‘i’d ‘ eweenfertlhze
consumption and the farm size and incomg»yﬁ:iﬁﬁflﬁeﬂsf in two-of ti
studies, A more recent study found shoyrt-__fﬁﬁ; 'd;gr’ﬁa‘.‘hd\:l.e>1a4‘st'i:¢‘:‘.if§r;to

be -.5 and a long-run elasticity to. be '-:2'.':'0“. zThefunctlonal

lg, E. Vail, "Prices of Fertilizer Materials and Factors

Affectmg the Fertilizer Tonnage'" (unpublished Ph, D, Hissertation,
Cornell University, 1927); A. L, Mehring and B. T. Shaw, Relation-
ships Between Farm Income and Farmer's Expenditures for Fertil-
izer and a Forecast of the Commercial Demand for Fertilizer in 1944
and 1945, by States,' American Fertilizer (1944); M. A. Anderson
et al,, An Appraisal of Factors Affecting the Acceptance and Use of
Fertilizer in Iowa, 1953, Special Report No, 16, (Ames: Iowa '
Agricultural Experiment Station, 1956),

2Zvi Griliches, "The Demaund for Fertilizer: An Economic
Interpretation of a Technical Change, " Journal of Farm Economics,
Vol, 15, No. 3 (August, 1958), pp. 591-607,




pletely Ahmlted to the descnptmn f przce and quant1ty changes. 3

‘Norr ally pro_]ectmns of fertlhzer consumptlon have been based on

:past annual mcreases and changes m cultwated areas.é,‘: Cne

1Yu.p.ro Hayam1, "Demand for Fert111zer in the Course of
v;y_apane‘se Agnculture Development " Journal of Farm- Economxcs,
6 No. 4 (November, 1964), pp. 766 79.. Ry it

R 2Brook A Greene,‘ "Use of Fert111zer in Amphoe Manor m,
,_Changwat Chainet, Thailand- 1967 1968", Occasional! Paper No.3 36,
‘(Cornell' Dept of Agncultyural Economms, Cornell Umversxty
1970). P- 40, R S

‘_:_3;_ B. ,-'c,idsft‘é'

oe. *‘“cit".«,fpp, b 6

: 4A genoy for Intern atmnal Development,[ !
;«Productmn Loan No.. 2! (unpublished propoaf
'_Washmgton, D, C.,' 1966). pp. 27-33,



http:limited.to

“analysis of fertilizer use explained 50-6(‘)vperc‘ent of't}ie vanance
in fertilizer imports by changes in the area of wheat and of r1cem
Rio Grande do Sul, 1 Various price ratios were included i’nv theanalysxs,
Sut no significant relationship was found. Major efforts to decrease |
fertiiizer prices however, have been based on the as sumpfion that

decreases in fertilizer prices would increase the usage of fertilizer

and therefore crop production, AID has granted or pfo'pb»sédfs'p“}?vo’j;

‘million of fertilizer import loans and the AE;jia.ziyliévriy:;gouxfeilfjn'rﬁ‘ehf

research has substantiated the effectofthe rice.subsidies.
:Presently, there is{no knowledge of the Pr°port1on of inc reasesm ;,
fertilizer usage which can be attributed thzl':i.;:i‘ev pouCyOranyOther
of the factors which may influence the utlhzatmROffertzhzer e

study analyzes only one factor in the demand equatvilénf,}-"}.'

the marginal product, although these est»imat‘es are gmpg;gg‘img“ .

current fertilizer prices,

Knight, op. cit., pp. 168-71,



‘Demand for Fertilizer’

. Productivity

Ajnalyms of the""'m'argmal product of. '”ertzhzer;k 8 central to the

ss-of making economic.recommendations. This'problemis

b ‘Estxmates of the U, S. Department of Agnculture as quoted A
by Montague Yudelman, Agricultural Development in Latin America:
.Current Status and Prospects, (Washington: Inter- Amencan S
‘Development Bank, 1966), p. 52. :

2

Estimates of a FAO/CEPAL/ BID _study as quoted by Ibid,



emphasized in the following statement,

""Recently, we worked on a research project to analyze the
incrcase in production and use of fertilizer in Brazil, ---,

It was not difficult to gather 400 studies and experiments
with fertilizer elements isolated or comtined, but it was ‘
practically impossible to determine some idea of application
levels given price information. This demonstrates the lack
of suitability of the studies for economic interpretation.'

This conclusion is shared by Rice who states:?2
"It is appalling how little research there is has been on the
profitability of inputs and how few reliable reports on the
subject can be found in most of Latin America, " '

The search for research reporting consistent high-~crop”i‘.ﬂ':‘_‘,

response to fertilizers yielded very few examples. An mformal

“increases in the usage of lime (5 to 6 tonsperac e)
(400 to 500 pounds per acre) tripled thevyiie"]fli‘i’{""c;f.Sval:)‘e"ain'glvA-""‘a'hd«' heat.
Low levels of lime and fertilizer previously usecblb mthe areahad
yielded alrnost no response, thﬁs the author concluded that "unt11

the early 1960's the economists and some soil specailists we’re‘: 'so“

busy emphasizing efficient use of lime and fertilizer that they ne‘v:'e:“r;‘:?f

lDr. Vitor Pellegrini, Comments on "Peéquisas Fundamentais

Para Acelerar O Desenvolvimento Economico', paper by G, Edward
Schuh, ANAIS IV, Reuniao da Socidade Brasileira de Economistaal
Rurais (Sao Pa.io, 1966).

2E. B, Rice, Extension in the Andes: An Evaluation of
Official U,S. Assistence to Agricultural Extension Services in Central
and South America, AID Evaluation Paper 3A, (Washington: AID, 1971),
p. 175,




-realized the importance of suificient use. "

" The predecessor of Operatidn"'ﬁl'r‘inéc\lii

'Thzs project in the municipio of Iblruba. RIO Grande do: Sul ‘ha

placed emphasis only on soil testmg, fert111zer and hme apphcatlon

and_credit. Analysis of product1v1ty[ chauges between‘ib'orrOWersf

(fert111zer users) and non bc.\rrowers (non ferhhzer users) reveale

‘pq,s_xg'gl'fzea_nt ‘_'d1fﬁfe;',eques* 1’n-:y1e1ds.4 The reasons g1ven for these results S

high,

however, 'the: application of nitrogen, ‘phosphate or potash

1Carroll P, Streeter, "Operanon Armadzllo- A State at. theg
Southern tip of Brazil undergoes a Transformatmn of Its’ Agnculture".
(unpubhshed manuscnpt Rockefeller Foundation, February, 1970), o
P 9.

2Bernard Erven and Norman Rask, "Credit Infusion As a
Development Strategy--The Ibiruba Pilot Project in Southern Brazil",
(unpublished paper presented at the Seminar on Small Farmer
Development Strategies, Sponsered by The Agricultural Development
Council and The Ohio State University, Columbus, Ohio, 1971), p. 13,



Y el

decreased bproduction. 1 Significant response of corﬁ yield to nitroée‘;ﬁ‘f
and phosphate was aléo found in Minas Gerais, 2 These conclusions |
a‘re ger_lgrally supported by soil scientists in their public statements’,
Fertilizer is claimed to yield production increases of two to ten -

times gréater than the national average yield in experiments,

(Table 5).

TABLE 5. --Summary of crop Response to fertilizer, Br,‘,;zi

National Experimental : Pract1ca1 ’

Crop Average Yield - Yield 7 Possible
(tons/ha,) (tons/ha,) - (tonS/ha ).
.Beans 0.6 2,5
Coffee 0.4 2,0
Corn 1.3 - 15,0
Cotton 0.5 .. 3,0 .
‘Soybeans L2 - 3.0
Sugar Cane 46,3 200,0
Rice 1.5 6,0
Wheat 0.8 3.0

Source: E. Malavolta, "Fertilizer Policy in the Developing
Countries - The Case of Brazil",(unpublished paper, ;Piracical_)a: o
Escola Superior da Agricultura 'Luiz de Queiroz'", undated), p. 6 o

1M. G. Fuzatto, Estudo Tecnico-Economico da Adubacao do

Algodoeiro no Estado de Sao Paulo (Campinas: Instituto Agromonico
de Campinas, '9790), p. 15.

2r A, Santos and A. M. L, Neptune, '"Adubacao de Milho no
Municipio De Oliveira, Estado De Minas Gerais,'" ANAIS (Piracicaba:

Escola Superior da Agricultura Luiz De Queiroz, Vol. XXVI, 1969),
pp. 203-208. :



‘Brazil, Noq_‘expe}jupentalnfa‘

area for whic fertxhzatxon mcreased returns per hectaré Ylelds

‘farmers in-the Northeast,

. 1.Ak):am M. Ste1t1eh, "An Analys1s of Input Productivity and
;‘Product1v1ty Changeé on Crop Enterpnse in Southern Brazil" o
{unpublished Ph, D, dissertation, The Chio State University, 1971),
pp. -42-53;

2K. D. Frederick, "Agricultural Development in the Brézihan
Northeast', (unpublished paper in USAID Rm ﬁles, Rio de Janeiro,
December, 1970), pp. 14-27,



Most of the research on fertilizer use in Brazil has yielded '
.rﬁixed results., A comprehensive 1964 review of fertilizer experim‘énts
?-;;‘-:iué'Brazil revealed positﬁe responses to phosphate and potash (Table
6). ! . Nitrcgen did not yield significant increases in crop; yie.lds_‘i:ri“

TABLE 6. --Summary of fertilizer e xperiments in Sao Paulo reporteq
by Agri-Research, Inc., 1964 :

Crop - Nutrient Applicat_ion Crbp' Respohs:ey
' (kg/ha) % increase kg/ha

Corn ' Nitrogen

Phcophate

_ L : vPovtash
Cotton . Nitrogen
‘Phosphate

Potash

R _ SR
Rice '~ Phosphate 80 97 960 )
Soybeaus Nitrogen 200 - 21 230 SR
o Phosphate 8u 39 300 +

90 25 286 A

aBased on 1964 prices in Sao Paulo,

Suurce: Agri-Research, Estudo Tecnico-Economico Sobre A
Exequibilidade de Aumento Na Fabricacao e Uso de Fertilizantes, »
Calcario e Sais Minerais No Brasil (Rio de Janeiro: AID, 1964), pp. 65-185,

lAgri--Resear}ch, Inc., op, cit., pp. 124-61.



all experiments., Similarly, estimates of changesmnetreturndue

to fertilizer application’ were positive for phosphate and potash m
all cases, however only about half the nitrogen experiments yi‘elvdédlﬂ-

positive net returns,

Analyses of fertilizer e:;perirfxfe‘pt;é‘\}yith ‘ébi’d;i‘ﬂ'-:Sé;dz P u

hypothesized price conditibn‘s.:*"EV‘e'nv dddér_éé‘;dﬁifiép‘ of e :

corn durmg the same period, No '81gnif1cant respons to’ potash was

l50nia Vieira, et, al,, Estudo Comparativo De Tres Funcoes
Na Analise Econometrica De Experimentos De Adubacag, (Piracicaba:
ESALQ-USP, 1971), p. 30,

2Peter T, Knight, op, cit.,, pp. i43-63,



http:30ito.75

~ An analysis of a credit project in Peru.found that farmers in
jthe program were using more chemical fertilizer after joining the
program, however, estimated average yield levels for most crops
financed with credit were less than the yield averages published for
the same regions by a national statistical reporting service, 1
Twenty-seven fertilizer trials in one region in Mexico found yield
increases from zero to 4,2 tons per hectare, 2 Yield response was -
reported to be very sensitive to soil conditions, rainfall distribution
during the growing season and timing and method of application,

In summary, the results of fertilization research are 1nconc1u81ve
(Table 7). Contrary to popular assumption that fertilizef is a keyto
unlocking large increases in production in Brazil, this review s_’uggeéfé
that more research is needed to determine why a nutrient may have a
significant positive impact on crop yields in one case and be
insignificant in another, This problem appéars to be especialiy

serious for the use of nitrogen,

1Ronald L. Tinnermeier, "Supervised Credit and The Sinall
Farmer", (a paper presented at the Seminar on Small Farmer
Development Strategies, sponsered by The Agricultural Development
Council and The Ohio State University, Columbus, Ohio, 1971), pp. 8-9.

2Delbert T. Myren, "The Puebla Project: A Developmental
Strategy for I..w Income Farmers', ( a paper presented a the
Seminar ca Small Farmer Development Strategies sponsored by The
Agricultural Development Council and the Ohio State University,
Columbus, Ohio, 1971), pp. 14-24,



‘TABLE 7. --Summary of findings of arulyses of response to fertilizer

Crop Response to; .
Resgearcher Location Crop Nitrogen Phosphate Potash Totalrf
Agri-Research Sao Paulo Corn
" Cotton
" Rice
" ‘ - Soybez.as
Akram Rio Grande
do Sul All crops
Frederick N.E.Brazil Sugar cane
" " Other crops
Inst. Agron. Sao Paulo Cotton
- Knight Rio Grande Rice
do Sul Wheat
. ‘ - Gorn
Santos Minas GeraisCorn
Streeter Rio Grande Soybeans
: do Sul Wheat
“Vieira Sao Paulo  Corn

®Positive response to fertilizer is' s:.gmﬁed by 0‘- g
esponse by 0 and mixed responses by e e

insignificant or



Management -

The farm manager normally supplies both the labqr and the
entrepreneural ability to the farm business. This entrepreneural
ability has often been assumed to be the key to differences in L
preductivity and rates of physical capital formation in agriculture, 1
Education and usage of information sources also have been found to»b‘e' :
correlated with managerial aSility and the rate of adoption of new
technology. 2

The quality of management determines all other aspects of ‘thei : f:l

farm operation to a great extent, Yet, the problem of identifying

and describing management has not been solved, Empirical ahal'}'r::s‘f:é‘s"

1G L, Mathis and R, E, Bender, Managerial Perception and

Success in Farming (Columbus; Dept. of Agricultural Education, The
Ohio State University, 1966); Donald M, Sorenson, Ca pital Produc-
tivity and Management Performance in Small Farm Agriculture in
Southern Brazil (Columbus: Agricultural Finance Center, The Ohio
State University, 1968); Zvi Griliches, ""Estimates of the Aggregat.
Agricultural Production from Cross-Sectional Data, "' Journal of

Farm Economics, Vol, 45, No. 2, (May, 1963), pp. 419-25; E, A,
Persons et.al,, Investments in Education for Farmers , Research
Report, (St, Paul: University of Minnesota, 1968), pp. 37-44; G, F.
Patrick and L, M, Eisgruber, "The Impact of Managerial Ability and
Capital Structure on Growth of the Farm Firm," American Journal of
Agricultural Economics, Vol, 50, No, 3, (August, 1968), pp. 491-506.

ZH. F, Lionberger, Adoption of New Ideas and Practices
(Ames: The Jowa State University Press, 1960); N, S, Shetty,
"Agricultural lnnovations: Leaders and Laggard,! Economic and
Politicei Weekly, Vol, III, No, 33, (August 17, 1968), pp. 273-81,




Credit Policy

of cooperatives, private firms and.

: J J. C. Engler, "Alternatwe Enterpnse Combmatmns :
Under Various Price Policies on Wheat and Cattle Farms in. Southern'_
Brale" (unpublished Ph, D, dissertation, Dept. of Agricutural
Econom1cs and Rural Sociology, The Ohio State University, 1971). o
pp. 47-72; D, M, Sorenson, op. cit., pp. 117-49; and G, ‘F, Patnck ,
and L, M, Eisgruber, op. cit., p. 499.

2

G. L. Johnson et, al,, A Study of Managerial Processes of
Midwestern Farmers (Ames: Iowa State University Press, 1961),
p. 172; E, O, .leady et al,, Uncertainty Expectations and Invest-
ment Decisions for a _S-‘_a-gq_ple of Central Jowa Farmers, Bulletin 447,
(Ames: Iowa Agricultural Experiment Station, 1957),



http:Bank'.of

Credito Agricola e Industrial of the Bank of Brazil increased very
slowly throughout the fifties, 1 In 1959, the real value of their
agricultural production loans reached a peak which was not equalled v

again until 1967.% Inflation, up to 85 percent annually, eroded the .'

value of currency more rapidly than the monetary amount of agri-

cultural credit was increased. Credit was granted at 7 to 10 Percent

nominal rates of interest until 1960. From 1961 to 1965, nomiha
interest rates varied from 12 to 17 percent annually for bank‘! é‘i@dit,;;
however non-bank rates varied according to the rate of infl_a'tigc‘).n-

Credit for fertilizer purchases was put under a newaprﬁ.c')ﬁgr__

1966, FUNFERTIL.3 The purpose of this fund was to finan
full value of the interest and administrative costs of ff_ér‘f.'_ill ze

for food crops. The program financed the purcha sc_"c")f;‘l‘8' )

fertilizer in Sao Paulo during 1966, 10 percent oftotalcosumptlo

. *Ralph Von Gersdorit, '"Agricultural CUredit FProblems in
Brazil," The Indian Journal of Economics, Vol. XVI, No. 161,1
(October, 1960), pp. 151-71. L

|
2See Appendix for national credit statistics.
) 4Instituto De Economia Agricola, Desenvolvimento Da Agricultura
Paulista, (Sao Paulo: Secretaria Da Agricultura, March, 1971), p. 143,

3Fundo de Estimulo Financeiro ao Uso de Fertilizantes e
Suplementos Mi.erais.



FUNDAG: replace" FUNFERTTL o'n'August 1. 1970 Thls

technology 'I'hxs assumptmn has been the basw »for‘Brale'

Céét“a',‘og'. cit., p. 7. o

~ 2"Modern Inputs" include fertxlizer, lime, hvestock mmera]
and protein supplements, 1mproved seed, art1ﬁc1a1 msemmatmn .
and agricultural chemicals. , SR T '

3The rate of inflation in 1969-70 was about 20 pe_x'cent;

4Judith T.ndler, "Agricultural Credit in Brazil", (unpublished
report to USAID Mission, Brazil, October, 1969), p, 15 and p. 8l.



FUNFERTIL and FUNDAG programs and also their control of
interest rates for all agricultural bank credit. The discussion
of credit can be divided into two parts; the change in' the volume -
of credit available to agriculture and the cost of the credit to E ".':l
the borrower,

Several economists have stated that the lack of credit i_s‘a"..‘;“
major restriction to technological change and investmentin t‘he‘.'f",}
agricultyral sector, 1 The lack of profit~uie investments, notthe
lack of credit is restricting capital formation according toother

2 . TP e
researchers.” Recent studies however, have shown that investment .

is primarily a function of access to c:edit, 3 In Southern Bra.zﬂ, th 3

transformation of farms from range livestock to crops incre’asi'éd?

lRagnar Nurkse, Problems of Capital Formation in Under-
developed Countries and Patterns of Trade and Development (New
York: Oxford University Press, 1967), pp. 4-5; M. L., Dantwala
"Institutional Credit in Subsistence Agriculture, ' International
Journal of Agrarian Affairs, Vol, V, No. 1, (December, 1966),
p. 52; Clyde Mitchell and Jacob Schatan, op. cit., p. 52.

‘ ¢ W, Schuitz, op. cit., pp. 3-23; Vernon Ruttan, "Southeast
Asian Agricultural Markets, ' Agricultural Cooperatives and Markets
in Developing GCountries, §ed. R. K.Anschel, (New York: Frederick
A, Praeger, Inc., 1969), pp. 79-106; W. D. Hopper, 'Investment in
Agriculture: The Essentials for Payoff, " Strategy For the Conquest
of Hungar, ®>roceeds of a Symposium convened by the Rockefeller
Foundation, (Wew York: The Rockefeller Foundation, 1968), p. 197.

3m, F. Long, "Why Peasant Farmers Borrow;" American Journal
of Agric, Econ, Vol. 60, No. 4, (Nov., 1968), pp. 991-1008; C. V.
Narasimhacher, "Indebtedness and the Level of Development in Some
South Indian Villages, " Agricultural Situation in India, Vol., 21, No. 1},
(April, 1966),




.cash'operating costs by‘sevenfold and the use o

 ‘hundredfold. *

‘The volume of institutional:credit for agriculture in Brazil |

t11"zer ret 1t m Braz11 revealed that 20 percent “of 5 he farmers‘ii

;_subs:.d;.zed credlt program received two- thlrds of the cred1t 4 o

lB P, Rao and Norman Rask, '"Modernization of Developmg

Agrlculture° A Brazilian Experience' (unpublished manuscnpt
The Ohio State University, Columbus, 1970), p. 9.

2Dale W, Adams, "Agricultural Credit in Latin America: A
Cr1t1ca1 Review of External Funding Policy," American Journal of -
Agricultural Economics, Vol. 53, No. 2, (May, 1971), p. 170.

3Jud1th Tendler, op. cit cxt? B P, Rao, "The Economics of -
Agricultural Credit- Use in Southern Brazil" (unpublished Ph, D,
‘dissertation, Dept, of Agricultural Economics, The Ohio State Y
University), p. 67; and C, Mitchell and J, Schatan, op. cit., p. '53; g

4D. M. Sorenson and others, An Evaluation of the CNCR
Fertilizer Loan Program in Brazil, AFC P.csearch Report 118,
(Columbus: Tl Agricultural Finance Center, The Ohio State
University, 1967), p. 22, ‘




Another study found that 5 percent of a éample of 392 farmers
" absorbed 72 percent of the increase in credit from 1965 tol96
Larger farms normally present fewer lending risks, | andlarger
loans have lower administrative costs per unibtj ‘o.i"’- moneylent
therefore it is logical from the viewpoint ofthebanksthat
’farms would receive the majority of the credlt [
for unequal credit distribution however, canbe fgqu o' the ',a’ss_urr').pj-i
tion made by a Brazilian credit official, | '

Thus 89 percent of the farmers only had the capac1tytotake

11 percent of the credit while 89 percent of the value fit the '

11 percent of the enterprenuers with larger estabhshments
. and technical needs,

Interest rates for institutional credit are qui’,téf'offe',n negatw

m real terms, i.e., the inflation rate is .hig'h‘ei' thanthe '\'orvﬁ‘ma.
»>interest charge in developing countries. "It;ha"”{s"l)jé"_e;r’l;gg(}_um
low or negative interest rates are necessary to stimulat

~gical change. These low rates, nevertheless, mayb a

in causing the unequal distribution of institutional cyv_z‘:e"('iit;ia,

lDale Adams, William Simpson and Joseph Tommy, Credit
Brazil, CFP Research Note No, 8, (Columbus: Dept, of Agricultural

Economics and Rural Sociology, The Ohio State University, 1970), p. 5

2Dr. Alc tzandre Caminha, Comment on a paper, '"O Papel do
Credit no Desenvolvimento da Agricultura' by J, H. Atkinson,
ANAIS: IV Reuniao da Sociedade Brasileira de Economistas Rurais,
(Sao Paulo. 1966). b. 79.

L]



i”_f'w'nterest rate 1s no longer

"‘:fnendshxp and the mternal"fmancxal mterest of'banks. may be the

allocative factors. A recent study found the return to additional

credlt to be substantially hlgher on amall farms; than on ;largejfarms,

1mply1ng an meff1c1ent allocatlon of vcred A An evaluatlon of subs1d1zed£

:--cred:.t programs found that because “fnegatwe mtere :

"tock “of capxtal had’suffered a net loss‘fof 47_ percent msthree

The value of. the loans outstandmg dec‘reased to on q‘uarter

?‘Banco Interamerican‘:
'._,'A‘Programa Do Credito Ru:al
{"'report, 1971), p. 64 B

Ibid.. p. 67.



been assumed to carry extremely high interest rates, 1 Studies in’

Asia have found that a very high proportion of agricultural credit

originates from informal sources, 4 South American studies
indicate that inforrnél credit accounts for less than one half of the |
amount borrowed, 3 Two of these studies found that a substantial -
number of informal loans had no interest charges and average intéresf‘, ':
rates were not excessive when risk and inflation rates were

considered. A Colombian study shows interest rates varying from = |

24 to 96 percent however the high rate was for very short periods"‘df

1Ralph Von Gersdorff, op. cit., pp. 151-71; C. R. Wharton, - fe
Jr., "The Infrastructure for Agricultural Growth," Agricultural D o
Develc;pment and Economic Growth, ed, H. M. Southworth and B, R, .
Johnston (Ithaca: Cornell University Press, 1967), p, 126,

2Reserve Bank of India, Rural Credit Follow-Up Survey, e
1959-60--General Review Report (Bombay: Reserve Bank of Indxa, /
1962), pp. 29-31,

L

3Berna.rd Lee Erven, ""An Economic Analysis of Agricultural
Credit and Policy Problems, Rio Graude do Sul' (unpublished Ph, D,
dissertation, Dept., of Agricultural Economics, University of
Wisconsin, 1967), p, 101; B, P, Rao, op. cit,, p. 74; Luis Eduardo
Montero, '"The Allocation of Agricultural Credit in Columbia"
(unpublished Master's thesis, Dept, of Agricultural Economics and
Rural Sociology, The Ohic State University, 1969), p, 67; C. T. Nisbet,
"Interest Rates and Imperfect Competition in the Informal Credit
Market of Rural Chile, '' Economic Development and Cultural Change,
Vol, 16, No. 1,(October, 1967), pp. 73-90; J, N, Stitzlein, The
Characteristics and Significance of the Non-Institutional Credit
Market in Ruval Ecuador, AFC Research Publication No, 117,
(Columbus: The Agricultural Finance Center, The Ohio State
University, 19670, p. 29. ‘

4C T, Nisbet, op. cit., pp. 73- 90 J. N. Stitzlein, op. cit.,
p. 29, ' . >1’r7



thn- total effect The'volu ey'of agrzcu]tural credxt is risxng ‘

s relationship to the formal crédit market has not been clarified,

r C T. Nisgbet, "Mone yle: 1d1ng in Rural Areas of Latin
Amenca ‘Some Examples from Colombia," The Arnerican Journal of
~Bconomics and Sociology, Vol. 30, No, 1, (January, 1971), p. 74,




~Summary

. The Braz-ilian'gover‘nment‘has made seQerai policy chvange'sf

- aimed at modernizing agriculture and increasing production;
espg‘cfally of food crops, during recent years. A major effort
was made to stimulate fertilizer use by adjdsting real ferti]l.i'zer prlces
and furnishing low cost credit for fertilizgr puréhases. .As a result,

fertilizer utilization has increased at a ‘r-a"pid rate in the past fevv'vi- o i

t

years, The fertilizer distribution systém has kept pacve w1thdemand g

j’vand has increased the number of servicéé offered to the farmer

The Brazilian fertilizer situation is not without problems

- however, as the absolute increases in fertilizer use have been :

concentrated in the South and Center areas. Vast numbers of small

farmers, especially in the Northeast, have not participa‘te‘cilj‘{ﬁ'the

expé.nsion. Domestic production of fertilizer has lagged“f"la.i'..;zbéh'i‘na

consumption. The lack of natural resources and rapid 'f:‘,e'_'cihndldgi‘ééle

changes in production techniques have been the majb:?f‘é%m]‘.e'brh of.

the Brazilian fertilizer industry, »
In this review of the factors affecting fertilizer uéa'ge and the

effect of its' utilization, several of the topics were not covered in

depth, The objective was to cover the major issues and to reveal

the complexity of the interaction of various factors influencing fertilizer

demand, The major conclusion of this review is that the present



ve1 of knowledge is hmr*ed and not suffn.lent for adequately

1nformed dec1s1on makmg The unanswered questmns w1th regardi

5A.i'to fertilizer‘ use incIu,de ‘the,‘followingt

1 Are the present var1et1es of crops responswe to fertxha :

Is the crop response to fert111zer ‘equal ‘on" farmer s fields" .-
and expenmental plots'?

What is the price e1ast1C1ty of de a.nd for fertilizer ? ‘

4 _Do increases in product prices have the- same effec' on::
;jdemand as decreasrs ; ffertxhzer prlces ?

1ncreas1ng demands for fertxhzer?

Ar_e there maJor dlfferenceszinv‘pric‘es"foi‘xide’ntiéal\'.fé'i'tiliz‘e'r’éf?i

oes. management and extensxon have an effect,:on,tl'e at
'fert111zer adoptmn and apphcatmn? : '

ilQ;{Dbes the usage of 1nformat1on by the farmer have an effect
:,:".”:“.j,on the rate of fertilizer adoptlon and apphcatmn?

11. What is the effect of fert111zer usage on the farm capital
‘structure ? : : :

12. Does fert1hzer consumption increase rates of capital
sjlformatmn?

ffi;;‘What is the natxonal benefzt/cos ratio of fertilizer
“." policies ? R -
‘This study concentrates on de_t‘e::."'m; ing the conomic pr.ofit-m :

‘fability of fertilizer use at the farm level



CHAPTER 111

DESCRIPTION OF AREA AND SAMPLE

The purpéses of this chapter are to provide descriptivn
" background on the area studied, detail the sampling procedure, and

present a‘general description of the farms sampled.,

Area Description

Farms interviewed for the study were located in the‘Anoi‘f’the_c.

part of the slate of Sao Paulo. This stite is the most popmlov.‘:.vsj
Brazil with about one-fifth of the country's total populatiqvh in only

3 percent of the total area. By most measures Sao Paulo is‘;aklyshd;thé;

economic center of the country, producing vver one-third Of“Bfézﬁillk's*f

total gross national product. The state contains a majority ofBrales
industrial base, but also has substantial agriculture. About i5

percent of tne state's gross national product originates from agricultur“c"’.‘
Agriculture in the state is highly ceinmercial, price sensitive,

dynamic, progressive, and the most important overall user of

fertilizer in Brazil, Prior to 1930, Sao Paulc was a major producer

of coffee and livestock. Since thcun production has been substantially
diversified, Corn, peanuts, sugar cane, rice, soybeans, intensive
truck crops, dairy, poultry and commercial fruit production have

all expanded in importance. The extension service, marketing



stem, and rural.trans

R 1
“in the country, -

Ribeirao Preto, the 3eg1 the-stete where ntervxewmg ;

was done, is a major producer of agr1cu1tura1 products It 1nc1udes g

30 thousand farms totalmg 3 6 m11hon hectares m 80 mun1c1p1os

Thxs region is a maJor producer of cotton oranges, sugar cane,

_j corn, nce, soybeans‘ and some truck crops “"3‘3;Much of the land in thl",

'r»¢8,,1°“ is Preaenﬂy',Le,mg?l.l.?e,si‘f.,gi‘»- ¢'12*°P.§. ut 4,9'm¢,;1~"~,ud.c,le,armg

is still being done can be noted in ,a,\b_le:)g;Ril:{é‘ira'olﬁreto:ihas

I“and{institutional credit use, theprogres swe natureof the farmers,

and the rather complete.ru.ralvinfra's‘tructure" available',inthe'area*’r-.b"‘.?

Bec‘ause of chese cond1t1ons, 1t was thought that farmers m the

area would be we11 mto the fertxhzer adovption process and thus be

most suitable for productmn functzon analysis

1A detailed description and evaluation of the agricultural
sector in Sao Paulo is given in Instituto De Economia Agricola,
Desenvolvimer o Da Agricultura Paulista, (Sao Paulo: Secretaria
Da Agricultura, March, 1971).




TABLE 8 .--Area and Production of Selected Agricultural Products in the State of
Sao Paulo and Ribeirac Preto Region, 1970

Crop: Sao Paulo Ribeirao Preto

Area ' Production Rank within Area Production Rank within

(ha.) (tons) Brazil {ha.) {tons) Sao Paulo

’ in Area? in Areab
Beans 230,933 128, 237 K lo, 238 5,820 4
Coffee 762, 325 732,000 2 64,400 33, 000 3
Corn 1,317,595 2,114,931 3 271, 863 390, 00O 2
Gotton 469, 767 551,493 1 76, 690 115, 050 1
Lemons 1,930% 2, 570%% - 638 963, 000%* 6
Peanuts 479, 193 565,772 1 33,928 40,700 3
Oranges 82,996 6, 305, 544 . 13,954 % 585, 320 1
Rice 709, 017 774, 097 4 181, 330 132, 000 2
Soybeans 47,121 61,010 30 42,471 54, 600 1
Sugar Cane 495,704 25,087,374 s | 197, 327 9, 354, 000 1
Tomatoes 18,400 381, 000 e ) 9,183 126,500 1

%1000 plants/hectare.

¥**Boxes of 40 kgm:, ~

Source: (1) Anuario Estatistico Do Brasil, Instituto Brasileiro de Estatistico, (IBGE), Rio = Janelro,
1970; and (2) Anuario Estatistico, Sao Paulo, Secretaria De Economia e Planejamento, Departmento de
Estatistico, Sao Paulo, 1970,

a
There are 22 states within Brazil,

bThere are nine regions within the ,kstatie.f .



_j.}regmnal extens1on ' personnel These mun1c1g1os represented.,are

percent.of the cultivated land was devoted to the vproductmn of;one

and (3) moresthan 50 percent of the

of the:enterprise specialities;:

ased on hese -f.s.amp,l;.ng cn_te,,r_x,.a'.r." 83

land: as‘owner'-‘ope_rated';

inter ews were carned out. durmg-July, 70

mumcxgxos (Gua1ra. Jardmapohs and Sales de Oliven-a S

chosen because the maJority of the farmers there specxalized

‘Guaxra (69 mterviewa with'crop *fa.rmers) was aettled in abouw

1900 by ranchers. Coffee productmn was mtroduced in the 1920'5 and it
" was not uniil 1948 that the agricul tural sector began changing to
wuanual crop prouuction, Approximately two-third of the population

of 27, 000 reside in the one town in the municipio, however 80 percent



of the value of the gross product of the municipio originates frbm_{»j'.; :

agriculture,

The municipios of Jardinapolis and Sales de Oliveira (65 s

interviews with crop farmers) are located about one hundred miles 'if';

from Guaira and adjoining the municipio of Ribeirao Preto, the -
major commercial center of the region. Like Guaira, the maJoty

of the population lives in the center town, but derive%bvgx_-i‘»so""

of their income from agriculture. These municipios do contain’some:.

perennial crops and livestock whereas Guaira has no perennial.crog

production.

The remaining forty annual crop farmers interviewed were

scattered throughout the other seven municipios in thegir'é‘g“ib'r'l}vlv: et
The climate of the region is classified a moderate tropical.

with dry winters (June-August) and humid wet summers, The average

annual rainfall is 1100 to 1700 mm.  The 1969/70 agriculturaliyt‘aé)‘;’ .
{Augus’. 1, 1969 to July 31, 1970) received an average amount of B
rainfall which was distributed during the year in normal fashion
(Table 9). The critical rainfall periods are November to January

(planting) and February to April (growth),

iFurthe: description of sampling procedure and characteristics
can be fourud in Kelso Wessel and William Nelson



i 'fSource. Inst1tuto de Econorma Agrmola Estatistzcas Agrxcolas\,
;(Dlvisao de Levantamentos e Analxees Estat1s cas, Sao Paulo, gt
various issues 1968 - 1971) : A

~ The major soil type in the regmn 1s terra roxa Lg1t1ma

(1eg1t1mate red earth) whxch covers about 50 percent of the area

Terra roxa and the other 90115 of the regmn are mmeral so1ls,

normally acidic and contain substant)al vam‘o‘unts of 1ron ‘and baem
They are conglomerate soils wiﬂ; goalcil\;.drazrx‘\a'gle;e‘lratrac”tlerzsvt.xee;
They are very productive soils v_lhic':h}‘a‘re ceesi&ered arnong the
best in Brazil and can support high production levels of a diversityv of‘

apricultural products.



The average yields of crops during 1969/70 were higher than the -

~five year average in nearly all cases. (Table le). This may be due

"TABLE lo. --Average yields of selected annual crops for 1966-70 andf?
1969/70 :

L B ‘Average for
< Crops : 1966-1970
Guaira Jardinapolis

cOrn(GOkg/aM) | ‘ 100. 61

Rxce (60 g /a1q) - " 45 87:»“; i
f"i'Cc;tton (15kg/alq} 146 62
“,if\:S§}ybea'ns (60 kg/alq) - 58, 87 6

Source Instituto Economia, (unpublished mformath
zvﬂ\'vPaulo, 1966-1970) and yield data of sample farms.. . -

p'gftially to the selected sample of specialized crop f‘ar‘x.n‘é‘,‘,fib_
' ddes indicate a good production year. These favorable conditié"ﬁé,

should result in a higher than normal response to fertilizer,

Sample Farms

The farms analyzed in this study are 174 of 383 farms which
were interview :d in the Ribeirao Preto area in July, 1970. ! Farms

included in this study are all farms which were classified as



"Number of Farms

e

Location

(hectares)

Gén.

. Grop |

Guaira

Jard, -
Sales

21

sample farms (Tablela.).

middle and large size grdu'ps"‘(’{jﬁ% _

) Théreﬁnwa? a muct




TABLE A --Tenure situation of samp le farms by size, type and
Location '

Number of Farms
Descriptive Owner- Owner & rents G
Factors Operator to and/or from Partnership| T otal
others e

Size (ha.)
(a) 10-30
(b) 31-200
(c) 201-3000

- Type
© Spec. Crop
© Gen, Crop

Location
Guaira
Jard, -Salegd
Other

Total

Corn is the most common crop in the érea, and1sgrown ot
151 of the 174 farms. Rice was produced by 110 far.me1"s‘-, cottonwl‘:i;‘y_'
82 and soybeans by 40 farmers. Some farms in the sample also - :
produced small amounts of coffee, sugar cane for cattle roughage,
lemons, oranges, and pineapple, Nearly all farmers produced
edible beans, but primarily for home consumption.

Ouly two of fhe sample farms did not apply fertilizer in the

1969/70 agricultural year (Tablel/3). Thirty-nine percent of the farms



TABLE I3, --Fertilizer use per farm by size, type and location of sample farms

Fertilizer Use
Per Farm
(metric tons)

Number of Farms

Size (ha) Type Location Total . %
10- 31- 201- | Spec. Gen, Jard, - I
30 200 3000 | Grop Crop | Guaira Sales ~ Other| ~ ...




béught more than 30 tons of fertilize;',' however, over 70 pe'rc"et.lti:
oper’abted more than 30 hectares of land. There does not appear to

be any major differences in fertilizer use patterns based on location
or farm type. |

| Actual fertilizer use as a percent of the minimum recomme‘ndedv_'
:’H‘_q._u'antity is higher than the a-priori expectations. Previous studies
g'i‘v.i“ndicated average use levels in the range of 25 to 75 kg/alqueire,

however, an average of nearly 200 kg/alqueire is used in}thi’s"rqegibi‘j’j

The total fertilizer use in cotton and soybean production,iév..]‘.OOQavnd

‘Rice'and

140 percent of minimun recommendations respectively. -

-~

'}-chrn land receive only 60 percent of the mlmmumrecommen
ht:;trients (TablelY).
Nitrogen application is low relative to m1n1mumrecommendatmns
(24 to 94 Peréent) and in absolute terms, 'Approximatvely 350kgof
_nitrogen.per alqueire is used on corn land in Ohio, for example, |
as compared to 34 kg in the Ribefrao Preto region. !
The use of phosphate varies from 52 to 127 percenf of minimum =
recommended application, Phosphate application is also low relative |
to Ohio, for example, the average use on cornin Ohio is approximately

150 kg. per alqueire while in the sample region it is 80 kg per alqueire.

1
Based on 125 to 150 pounds of nitrogen per acre.



.y farmers in. the Ribeirao Preto Regmn, 1969/70

- Fertilizér © .~ Recommendation® ' Actual = Actual Use
"+ and Crop’ T e Uge . as % of

- e o (kg. [alq,) Minimum
IR Recommendation

Cotton -
(1) N1trogen _
(2) Phosphate ~

(-3-) Potagh. ~ -

78-192 - 43,96 56%
144-288 ~ - 183,51 127%
: BT  *:~.114 47 7100%;{

(l) N1trogen
}.-,:3 -(2) Phosphate ‘
"""'-,:((3) Potash
(4) Total

.I.

Corn

(1) N1trogen
- '(2) Phosphate
: '(3.) Potash
?1(4) Total

'Soybeans
(1) Nitrogen
(2) Phosphate
5 'V(“3) Potash
(4) Total

L. 20,65

oL er

. .80,00 . -
212,320

All Crops T SRR
(1) Nitrogen Lh 83,60 . ¢ 30,14 36%
(2) Phosphate = . .126,05 . 111.86 89%
(3) Potassium . S 44,21 58.41 132%
(4) Total 253,42 199.41 79%

#Associacao Nacional para LCifusao de Adubos, '"Sugestoes
Gerais De Adubacao, " (unpublished paper, Sao Paulo, 1970), p. 13.

bOne alqueire equals 2,42 hectares or 5,98 acres and one
kilogram equals 2.2 pounds,



';'l;e use offéotésli is equa]l.“ btojlor ’gr‘eatéf than tlvxeb minirﬁum

' r‘ecom‘mendatio‘ns for every crop, reaching a high of 364 percent of

,'if'h_e recommended ﬁuéntity on soybean land. The absolute leyel,}
_v‘_ﬁowever remains below the average use in Ohio in soybean productibﬁ

""(8'0 versus 150 kgf [alq. ).

‘A‘bo'ut three-quarters of the farmers used credit to purchasbe'ﬁ‘,‘._‘:‘

,'1 ';fértilizer, but lgss’ than half used bank credit (Table!/5). The uéqz.._“oqﬂfﬂl;,iinl;t;j_:
| crédif varied by size group. Only one-quarter of the small favrr'n'ye"r’é

_ylsed bank credit‘as' compared to over one-half of the middle éndv'

i

_‘,]‘.a,rge farms. Cc‘o‘nversely, a higher percentage of small farm__gfé;‘

| obtained credit from ',cooﬁératives and businesses than the bthe“’..‘;";'
i '.twi") groups,
| - Farm type does not appear to influence credit use, however
location does appear to be significant with respect to the Jardinopolis
Sales-de Oliveira area, Appi;oximately one-third of the farms in this
. area used bank credit while more than half in the other two areas
obtained bank credit, Thenfarfners in the Jardinopolis-Sales de
' 'O'].iQeira area used much more business credit than the other areas‘.
‘théreby_compensatirxg for the lower level of bank credit,

Indiceé of management ability and information use were
‘,éoﬂstr‘ucted for usei in the producti_yity analysis, DBoth are

presented here, however only the management index is used in the

i



TABLEIs--Cred1t use per ope.rat‘e'd hectare on aam;.)ﬁleff?:__‘

location '

Credit

Number of Fa’rms

Sources

(Size (ha) Type Location”, " i :,:-To,téf ,_f“.:

and

Amounts

10-
30

31- 201- | Spec. Gen. Jeed, -
200 3000 | Crop Crop| Guaira Sales

Bank Credit

(C

r$ / ha,)

() ©

(2) 1-50
(3) 51-100
(4) 101-200
(5) 201-3930
(6) 301-400
(7) 401-500
(8) 501-600

Coop. Credit

(C

r$ / ha,)
(1) o
(2) 1-50
(3) 51-100
(4) 101-200
(5) 20!'-300
(6) 301-400
(7) 401-500
(8) 501-600

Business Cre,
(Cr$ / ha.)

(1) 0
(2) 1-50
(3) 51-100
(4) 101-200
(5) 201-300
(6) 301-400

Total

28

W N =N

89 47 74 100 69 65 40 174




productivity analysis as they are both attempts to measure management,
(\&G(\‘;(,)

The management index is composed of weighted values of experience,
education, use of insurance, farm records, credit, soil analysis and
information sources and membership in an agricultural organization,
The information index is made up of eleven different information
sources, each weighted by their value as a source of agricultural
information. }

The management and information indices were closely relate;l;  ’

simple correlations of 0,74 to 0. 82, and were distributed over the .

full range of possible values, Farm size appears to be positively |

related to the indices, and this is substantiated by simple‘ correlatlon e
coefficients of 0,28 to 0,37, -

The index of information does not appear to be affect
farm type or location except in the case of Guaira, Guan'a

most isolated of *he municipios and is not served by aful ti

agronomo.

lgee Appendix D for the method of calculating the indices. L



'TABLE l6. --Indices of management and information useofsamplefarmsb"yswe.type and
T : location T AT T

'NQMQ_IL s ¥ -z,g.ms’A S o

Size (ha) Type Location: - = - [~ Total =~
Descriptive 10- 31- 201- | Spec. Gen, Jard.- | T
Factors 30 200 3000 | Crop Crop | Guaira Sales «-i.‘,,'Othevre YR

Management

Index 1
(1) 0-300
(2) 301-400
(3) 401-500 1
(4) 501-600
(5) Gol- Teo
(6) 701-800
(7) 801-v00
(8) 1000

= NN N ® ®

Information
Index I IR
(1) 0-300 12
(2) 301-400 11
(3) 401-500 8
{4) 501-600 3
(5) 601-700 4
(6) 701-800 '
- (7) 801-900 O
-~ (8) 1000 . .




CHAPTER 1V

MODEL AND VARIABLE DESCRIPTION

The statistical models which will be used in the a-alysis of
fertilizer are presented in first section of this chapter. Dependert
and independent variables are listed and described in the second
gection and the estimated equations for each of the various subsax‘xﬁplg‘s:}}j’

are listed in the last portion of the chapter.

Statistical Model

A production function is a quantitive relatidn';s:ixi“p‘};‘bféf\&é"‘éh‘fah;
>utput and §ne or more inputs. Mathematical fofmé usedto ep"rese'nf;";-
‘nis relationahip include the polminial, the Co'bb-Doii‘é‘l_,éis‘é{(/]:imnea.r,u‘
logarithms), the Mitscherlich, the Spillman, the 1o'§i's£i§f;"'."g!ndﬁ.‘;h“e,

‘ 1 Sl R
linear. The Cobb-Douglas and the quadratic forms are used in

lgee the following publications for a more complete discuenion
of these functions: David D. Mason, "Functional Models and Experi-
mental Designs for Characterizing Response Curves and Surfaces, "
ed., E. L. Baum et, al., Econornic Analysis of Fertilizer Use Data
(Ames: Iowa State College Prees, 1956), pp. 76-98; E. O. Heady
et al., Crop Response Surfaces and Economic Oytima in Fertilize r
Use, Bulletin 424, (Ames: Iowa Agricultural Experiment Station,
1955); FAO, Statistics of Cr op Responses to Fertilizers (Rome
Food and Agricultural Organization of the United Nations, 1966),
p. 112,




where MP1 Margmal Product of mput-

APi Average Produc‘t,of'inpgt:

E; ‘ Elasticity of Production of input:

The economic ontimum level of an input is defined by the following



formula:
VMP; = Pj
- where: VMP; = Value of the marginal product defined
o as the product price times the marginal -
product, ‘

P; = Price per unit of the input,

The quadratic equation can represent all theoretical regidrﬁ;s‘f

the production functions thus exhibiting ranges where the mérgi al
product (MP) is greater than the average product (AP), whereM
less than the AP and positive and where MP is negéti\'r:é;;_, 'I";hfe'ti-gepélralij

form of the quadratic equation is:

Y

“where |

Dependent variable

oy
“a = Level of function
: b . n = Regression coefficients
X1:+. X, » Independent variables |
The value of the marginal product of an independent variable
is calculated by multiplying the product price per unit times the
marginal product which is the first derivative of the equation

MP =9Y =34 bl + clxl 4 dIX2
dX;

The statiriical test used to determine the significance of the regression



where : "‘:f.f'= Value of the t stat1st1c

;Regressmn" coeff1c1ent

tandard Error of the Regressmn Coeff1c1ent
T_";'V‘e(iformula used'?to test the slgmﬁcance the regressmn
‘equation :

F SSreg ' / SS. res.,
do f. . :

2 ei - e,-—l are uncorrelated. so that the covariance of .e;
e andei-I-O : '

Va.rlable Descrxptmn

Specification of variables used in the productidh'fun'ctien
" analysis is presented in two sections. The variables entering the
individual crop analvees are presented firyt and is followed by a

description of the variables entering the aggregate crop functions,



Twenty-five independent variablzs are included,'iﬁ"»tl}i';e_"
production functions. These are:

X, - Lime (tons/alq.)

X, = Nitrogen (kg. of N/alq.)

X3 = Phosphate (kg of P205/alq, )
X4 = Potash (Kg. of K20/z1q,)
X5 = All Fertilizer (X; +X54Xy)

x6 =Total Labor (Cr$/cult, alq, )1

ol
-~
)

Seed and Defensives (Cr$/alq.)

Xg = Machinery Expenses (Cr$/cult, alq.) -

Xg = Labor and Machinery Expenses (X6+X8')v

o3
(=]
1]

Total Operating Expenses (bex-?ixs)\' |

xll = Management Index I (Cr$/alq.)

X1 = Ratio of Individual crop land to Cultwatedla
X33 - Crop Land (;Q%‘)

X4 = ALl Fertilize't; Squared (X%)

X5 " Interaction of Lime and All Fertilizer (X;Xg)

X,e = Interaction of Lime and All Fertilizer Squared ( (Xlxs)zj
X17 = Interaction of Lime and Nitrogen (X;X,)

X,g = Interaction of Lime and Phosphate (X;X3)

Xjg = Ii..eraction of Lime and Potash (X} X4)

1One U. S, dollar equals approximately Cr$ 4, 25.



‘XZQ N1trogen Squared (Xz)

le - Phosphate Squared (X§)
Xzz - Potash Squared (X )

e ’-Interactlon of N1trogenrand‘:Phosph ‘tef(X2X3)

f;"[f‘ransfor'me‘d variables are X5, Xq, X and X4 thrpugh x25; ‘

: The quantity of labor was calculated in the following manner:
"famzly labor (If male then 0.5 times the number of days worked by
persons from 10 to 14 years of age plus 0,8 times the number of days
worked by persons from 15 to 17 years plus 1,0 times th: days worked
by persons from 18 to 59 years plus 0,8 times the number of days
worked by persons of 60 years or more plus if female, then 0.5 times
the number of days worked by persons from 10 to 14 years plus 0.8
times the number of days worked by persong from 15 to 59 years plus
0.5 times the r imber of days worked by per ions of 60 years or more)
plus the numnber of days worked by permanent general or crop labor
plus the number of days worked by temporary crop labor.



overestimates the labor available for c:op agriculture, but a
separation of labor into that used on indivdual crops as opposed to . -
cattle and other enterprises was not possible given the level of

available information,

Machinery expenses are computed by summing all Ope‘ratiyn‘g‘,‘::-"::V'r“‘f

costs, machine hire and i) percent of the value of the maChiri’é'xj};""""”)"
invgntory (assumes a 10 percent depreciation on the curré.nt;f valu
inventory). This summation is divided by the total Culthatedar
the farm, and is thus not a true indicator of_ma,c‘hin_é'li;);v;ﬁ'sﬂe:r b‘{,
specific crop. Management is also equal'for;af;y"jé?’ép;:q“d:'th
- farm (Appendix D). | R
The independent variables entering the aggregate anally‘sf'gzgk‘:’a‘v’fé:.f
. calculated by summing the use of the input across all crops‘"an‘d'_

dividing by the summation of crop area, The exceptions totlus

procedure are labor and machinery expenses which were already

calculated on the basis of total cultivated area per farm lj R

1'I'he weights used in calculating the aggregate yield index
are based on 1969/70 prices of corn (Cr$ 10.00/60kg.), cotton
(Cr$ 10.70/15 kg.), rice (Cr$ 21.50/60 kg.) and soybeans (Cr$
28.70/60 kg. ).



e dependent variables are’

Ysb- Aggregate Yield: Index (Based p 1 00 (Co Y
L4 1.07 (Cotton Yleld) "‘1 (R1ce Y1e1d)»—;*,:~, '8
(Soybean Yxeld))

reflect the nutrient requireme nts‘df/rc”r_q"p in the region,

1A more detailed distribution of these variables is given in.
Appendiz 5, Table szsto Ny



TABLE 11.--Mean Values of Crop Yields and Inputs for all sample farms, Ribeirao
Preto, 1970

Variables All Crops Cotton Rice Corn  Soybeans -

Y; = Yield 123,75 198, 35 68.76  106.50 64,22
(corn equilivant) (15 kg/alq.) (60 kg/alq}(60kg/alq)(60 kg/alq)

X = Lime (tons/alq) 3.98 3.96 2.08 5.12 3.11
X, = Nitrogen (kg/alq) 30, 14 43,96 16, 84 34,10 2065

X3 = Phosphate (kg/alq) 111,86 183, 51 74.47 80,49  111.6

X4 = Potash (kg/alq.) 58,41 114,47 . 31,79 = 51,48

X5 - Total Fert, (kg/tlq) 197,40 34’1__9_5’} 123“
Xg = Labor (Cr$/alq.) 231, 89 17591
X7 = Seed & Defensives TR ., : o
(Cr$/alq.) 90,90 . 267.32
Xga = Machinery (Cr$/alq) 278,98 : 28_4.‘3.3 \,

Xg = Labor & Mach,

(Cr$/alq, ) 510,87 460,24 190,19

Xj0 =All Operating Exp.

(Cr$/alq. ), 601,77 721,56 845. 69 543, 49 5%72
X,) =Managenent Index I1 1774, 40 1811, 23 1765,42 1 7‘74.40 1873, 30 " “ |
Xy2 = Crop Land/ ' : .

Cultivated Land 0.79 0. 365 0.20 0.42 0.333
X13 = Crop Land (alq,) 46,62 25,55 | 9,00 18, 37 31.84

Farm Size in Cultivated ] ‘ .
Area (alq,) 55, 84 81,26 57.11 55, 84 111,59

No. of Observations 151 82 110 151 . 40




_; :
ava11ab111ty was ‘, x.ry hlgh on the farms producing rice.

These arms are relatwely small ia s1ze and also the variable

‘,“ﬂect' the presence of a hlgh proportxon of farms from the "other"

area “30%) wh1ch had a. h1gher percent of the cultwated land devoted

jilﬁr’gergfa"r'xﬂé' DJ.ffer'nces,ere»muchgreater w1th,regar to'size

farms, an average farm producesg’éﬁn;lir.»e‘r{e of the other three crops.
The pricr ; used in calculating the value of the marginal

product (VMP) are based on an average pr1ce received by farmers

in the Ribeirao Preto regmn durmg the latter half of the 1969/70



é.gruic_:g‘ltﬁr_al,yéa‘;. 1 They are:

_ Gotton = Gr$ 10, 70/15 kg.

" Rice’ = Gr$ 21.15/60 kg,

" ‘Corn = Cr$ 10,00/60 kg.
; 'Soybeans = Gr§ 27.80/60 kg,
U - 2
y All Crops = Cr$ 10.00/unit

The

e.value of the marginal products of variables measured in'cruzeiros::

. ;" )" s . ) ) . St
‘\are-intrepreted as tne change in value of production due to a:C:

SNl ks
\s FANEA

“i:bafxge ?'in‘ the input, The variables measured in physical\»l%'difé:*
(fertxhzers and lirﬁe) must be evaluated relative to the priceper
upis; c,f\the inéut. The relevant input prices a,v:e:3
’Nitrogen - Cr}$ 1.08/ kg,
?Phc;sphate =Cr$ 0.96/kg.
. Potash = Cr$ 0.43/kg.
Aggregate Fertilizer = Cr$ 0. 83/k'g'.b4’

Lime = Cr$ 30, 00/ton

lan yields were transiormed to corn equilivants,

_ZAl‘a', VMP's derived from Tobb-Douglas functions are calculated
at the geometric means and those derived from quadratic functions at
the arithmetic means,

3The fert .izer prices are based on the 1969/70 average price

of Cr$ 226.90/ton of ammonium sulfate (21%N ), Cr$ 192, 95/ton of
super phosphate (20% PZOS) aud Cr$ 257.10/ton of Potassium Clorate
(60% K,0)

4Based on an average NPK ratio of 3-10-5,



F uactions and Sam bl‘é 's’ g

nonfert1hzer vanables andan aggregate fert111zer anable

: :.procedure has been used prevmusly and;prowdes a common bas/‘ »w:th

} another study of mput productwity in Braz11 1 Nonfertihzer vanables_r;.
~are then aggregated as fertihzer 13 d1v1ded mto 1ts separate components]

In add1txon, several equatlons usmg vanous mteractmn vanables are‘

fitted to the data*‘:‘

:The equatmns f1tted to the regxonal all crop data

10, ?‘11,"12 x13)

VLY f(-xl’xs'x,, x9'x

11)

VI Y = (X
vl Y - £ (%1, )32 X4, )?4 R, x9 1’<13')2’ '
XY= H(X) Xp X; My, X7, Xg X))

lAkram, op. cit., pp. 41-63,

A1l functions are in the Cobb-Douglas form except where
indicated.



XI Y - (%), %5, X7, Ko, X)), X)3, Xq,)°
XU Y = (X7, Xg, X1} X3 X)5, X16)° ,
Xl Y = f('XI, XZ, X3, X4’ xlO, X20, X21, X2z, X323, ’Fz4; XZSV)ka.'
XIV Y = £(X7, X9 X)) X3 X7 Xj5 Xq) |
The observations were sorted by location and the following
all crop equations were estimated for Guaira, Jardinopol.s-Sales de
Oliveira and other areas: |
I' Y- (X1, X5, X7 Xg X;31,X;3)
I Y- f(X), Xp, X3, X4, X7, X9, X11, ¥13)
m Y= i(X; X5 X, X, Xg X3 X, X3
IV Y = iX,, Xg X7,Xg, X)1,X)3)
VY = (X)X, X3, X, Xq X9."11,"13);':
V1 ov - (X, X, X, X; X, X

l1.}(13)

?

The all crop production data was also disaggregated by crop’
and individual functions were fitted to regional crop data, - The
following functions were fitted:

I Y= (X), X5, Xq,Xg, X1, Xp3)

II Y= f(XI’XZ, X3. X4, X7, X9,X11’X13)
HI Y = f(xl, XS' X6. X7, Xs’ xll,XIZ' X13)

8nuadratic form of the function,



VT - H(Xp, X3, Xy, X0, X0 Xpp Xp, X33, Xz4, %3502 -
AThe individual crop data were sorted by location and various
ﬁ"i;&ievels of fertilizer application, The following functions were f;.i;tt_eid_;-;»

to the subgroups:

As stated previously, functions were fli.t.ed to all observations
in the region and to data from each of the locations w1th1n the region.k‘
'b"kThe individual crop data were also sorted by levels of fertilizer use.

The first system (Sample A) was based on the ass-imption that,high ,

bzllevel use. of fertilizer would yield differeintfii. regressxon coefficients:fl

anffor the low level fertilization group.

was ,n attempt to mmimize the __ation in fertilizer use wzthin each

’,group Thus‘,l observatxons !exhibitingfextremely high or low leve.

’ ‘er,tilization or an abnormal distribution'vof nutrients were eliminated'.
,;\The ‘remaining observations Were grouped on the basis of mmimizing

.the variation w1th1n groups, yet maintaining sufficient sample size,

BQuadrat’ : form of the {function,

1'Ihe means of all variables in each subgroup are presented in
Appendix {3,



CHAPTER V

PRODUCTIVITY ANALYSIS

The purpose of this chapter is to report the results of the stagistical
estimation of the production coefficients and values of the marginal pro-
ducts derived from them for the sample farms, Complete models are pre-
sented for only the regional all crop and individual crop samples. Model's
I and II, which are conmsistantly the better fitting equations, are used
to represent the relationship between crop yield and inputs and are also
ﬁhe base for the value of the marginal products (VMP) presented in the

latter part of the chapter.—/

Regional Production Analysis

All Crops

Asg can be seen in Table !?ﬂjﬁm usr: yields a positive VMP, however
it is substantially lower than the price of lime at Cr$30.00 per unit.
The value of lime applied to acidic soil is difficult to evaluate.in
terms of its VMP as its effect may last from four to six years aud no
jnformation was available on the acidity of the soils by specific area.

The regression coefficient of all fertilizer is nct siguificant at
elther the 0,50 or the 0.10 level, thus the effect on crop yield by all
fertilizer is nil. Even if the regression coefficient were significant,
its absolute value also approachei, zero, The reason for this can be under-

" by viewing the coefficients of the individual nutrients, Nitrogen
has a negative effect while phosphate and potash have a positive effect

on yield thereby of setting the nitrogen effect. Only potash yieldr a

_/ Ail other functions are given in Appendix (5.


http:Cr$30.00

Table 18  Regional All Crop Production Functions

Variables Model I R Model II
- Regression Value of Mar- Regression Value of Mar-
Coefficients® ginal Product? Coefficients? ginal Product b
' (cr$) (cr$)
Consgtant 2,130 - 2.255 .
Xl = Lime 0.014% 4.36 : ' 0.018% 5.60
- (0.016) . (0.016)
Xo = Nitrogen -0.767%% ~5.36
(0.025)
X4 = Phosphate 0.014% - 0.33.,
: (0.022) R
X, = Potash S ) 0.036% 190
SR SR (0.023) SRR
X5 = All Fertilizer 0.003. 0.03
X, = Seed & Defensives 0.203%*% 4,66 : 0.198%*
(0.029) ’ (0.029)
Xg = Labor & Machinery 0.098%*% 0.32 0.109%%
' (0.036) ~ (0.036) Sk
X;qp ™ Management Index II 0.145%% 0.11 : 0.126%% 0.10°
‘ {0.084) - - (0.082) ; T
X13 = Crop Land ~-0.031% -1.88 - =0.039% o =2,36.
_ (0.028) T (0.028) Co el
Standard Error of Estimate 0.394 ©0.353
Simple R® 0360 0426
F-Ratio - . . 15,621%k . 13.181%k.

& Significant &t 0,50 level
%k Significant at 0.10 level

2 Numbers in parentheses are the atandard errars.

b yMp's are calculated at the geometric means of"thgfyagigp}gggi



VMP which is greater than its cost. Potash returns a profit of Cr§l.47
per kilogram if associated costs of fertilization are ignored,

Seed and defensives (herbicides, insecticides, etc.) yield a high
return per cruzeiro of expense. Labor and machinery expenses, however,
do not return the full amount of their cost. Ag mentioned in the previous
chapter, a precise measurement cf these two inputs was not obtainable
and X9 is an overestimate of the quantity of iabor and machinery used on
the four crops included in the all crop yield variable. Three-fourths of
the cultivated land area is included in these four crops and the VMP of
X9 indicates that only 30 percent of their cost is returned, therefore
the remaining Cr$0.70 per Cr$1.00 of cost would have to be raturned by
tventy-five of the cultivated crop area and the value of fanily labor in:'i
livestock enterprises if the present usage were to be at an economi¢ §f "

optimum,

A previous study of crop agriculture in Brazil found pdaitlﬁéffé i

turns to scale, however this analysis indicates that the returns are‘to

. management, not scale,™ -/ A direct comparison cannot be made as the;co-"-5

efficient of crop land remains negative as management is removed from the  *

-/

equation,—

Corn
The response of corn yields to fertilizer is very similar to that
of the all crop composite yield (Table )} ). The regretsion coefficient

of all fertilizer is insignificant at either of the two jindicated levels,

./ Akram, op, cit., pp. 47-67.

-/ See functions V, v_, VIII, and IX, Appendix @ , Tables Y5,



g

Corhvcrop ?uoduction Punctions for the Ribeirao PrétovRégibn .

Table \q

* significant at 0.50 lavel
** Significant at 0. 10 level

Numbera in parentheses are the standard errors.
bCalculated at the geometric means.

' Model I : Model II
Variables Regression Value of Mar- Regression Value of Mzz-
- Coefficients® ginal Product Coefficients® ginal Product®
(Cr$) (cr9)
Constant 2.262 2.331
X, = Lime oo =0,029% -10.334. -0,024% -8.55
S 0(0,019) o R - (0.020) i
X, = Nitrogen T e " =0,040% -2, 80}
(0.025) I
X4 = Phosphate 0.014 0 46ﬁ;
(0.024) S
X, = Potagh e ’ 0.020% , 1;22?’
Sl R T (0.027) ST
X; = All Fertilizer £.0,00L . 0.1 - -
- (0.024) e ‘ L
X7 = Seed and Defensives 0.154%% 5,20 0.149%% 5,03
(0.066) ST (0.066) T
X9 = Labor & Machinery 0,130%* . 0,129%% 0.33:
(0.058) (0.058) I
Xy = Management Index II 0.119% 0.020%
(0.092) (0.091)
X4 = Crop Land 0.027% 0.027%
(0.032) (0.032)
Standard Error of Estimate - 0. 405* ' 0 403
Simple R? A 0. 127 0 1
} - Ratio H4,1?7*if7?' 3 478** : 3 128**



however both nicrogen and po;ash are significant at a 0.50 level.
Nitrogen use again exhibits a negative relationship to corn yield.

The regression coefficients and VMP's of all other inputs, except
that of lime and land, are similar to those estimated for the all crop |
function, The regression coefficient for lime is négative and 2 positive
relétionship between yield and crop land is shown by the equations.

Rice
(Y Q0 o)

Only potash has a positive VMP in the production of rice! It is,

however, not significant at either the 0.50 or 0.10 levels. Nitrogepgk fi

phosphate, and all fertilizer have negative VMP's.

The regression coefficient of lime is positive and significan;JéEj

the 0,50 level. It's VMP is also greater than the cost of liwe in tﬁib”f}
- case, Seed and defensives, lgbor and machinery, and managemahtzargfv 

significantly (at a level of 0.10) and positively related to,ri¢e¥yieid;ff

Crop land is inversely related to rice yield as shown by a negative re=

gression coefficient which is significant at a 0,50 level. ;I:ﬁ |

Cotton
The regression coefficient of nitrogen in cotton production is con-' .
(tt%og :l‘) .
gsistent with the threz previously presented functionsd It is significant
at a 0,50 level and yields a negative VMP of -Cr$3.83. Phosphate and
potash have positive VMP's which are greater than their price, however
only the regreassion coefficient of phosphate is significant at a 0,50

level. The coefficient for all fertiliz~r is not significant at the 0.59;

level.




Table &0 Ri¢éfctop Etoddction FunctiohékfofifHéQRiﬁéiEébiPréto Region

® Significant at 0.50 level
ok Significant at 0.10 level

Numbera in parentheses are the atandard err

_Calculated at the geometric means..;,jyf(““f

3.331%k

Variables Model I Model II
Regression Value of Mar-b legression Value of Mar-
Coefficients? ginal Product loofficients?  ginal Product
T @) )
- Constant - 0.744 0.665
”Xi‘-,Lime 0.054% 32.55 0.055% 33.15.
O (0.032) (0.032)
:X2 = Nitrogen : -0.064% -12 427
' _ (0.062) L
X3 = Phosphate -0,077%* -3 845
(0.032)
X, = Potash R 0.038 4 85;
ST L (0.059) g
Xs = All Fertilizer -=0,090%% - -1,94. ';;_}f
.(0.034) SR . Lo
X, = Seed & Defensives - 0.086%* -3,70° 0.087%* W74
(0.048) o (0.049) i
Xg = Labor & Machinery 0,184%% - 0.39° 0.177%% .38
(0.102) Eas. (0.104) R
Xyy ™ Managemeni Index II  0,334%* 0.24 0.344%% 0.25
0.179) Y (0.181) . RO
x13 = Crop Land -0,079% -22,92: -0.088% - ~25.54
N (0.061) C (0.062)
vﬁstandard Error of Estimate  0.571 0,572
Simple Rz 0,200 0.209
P~ Ratio b, 224%%



‘Table Q|  Cotton Crop Production Functions for the Ribeirao Preto Region

Variables Model I Model II
Regression Vaiue of Mar-b Kegression Value of Mnr-b
Coefficientsa ginal Product Coefficients® ginal Product
(Cx$) (crd)
Consgtant 4,299 4,322
X = Lime 0.025% 12.56 0.029% 14,57
1 (0.020) (0.020)
X, = Nitrogen ) -0.052% -3.88
o . (0.042) :f
X = Phosphate : ; : S 0.048% 0.93
3 : . i (0.038) S
X4 = Potash T T 0.023
| . o (0.037)
Xg = All Fertilizer 0.015 - O 14
0.043) . , S
X, = Seed & Defensives 0.075% 0 70 0.068% ‘0 64;
(0.066) | (0.066)
X9 = Labor & Machinery 1+ «0,024 rO 11: -0.018 -0. 08 
~ (0.104)  (€0.103) .
X,, = Management Index II 0.031 0 04 0.028 ‘ 0 03 
(0.125) (0.123) RO
Xy3 = Crop Land 0.067% 10 44_ 0.052% 8.10
(0.045) (0.045)
Standard Zrror of Estimate 0.388 ' - 0. 380
Simple & 0.133 o, 187 |

F - Ratio : 1,910%*% : 2 104**
* Significant at 0.50 level
*% Significant at 0.10 level

8 Numbers in parentheses are the standard errors
b Calculated at the geometric means



TWu aspec.s of the equation fitted to cotton production data.sre

*’different from previous equations.' First, the VMP of seed and defe

is less than 1.00 indicating an unprofitable 1eve1 of use, Second

_returns to scale are high relative to returns found- in anj 3of

functions.

Soybeans , ,
Contraryfto*eccepte hought unitrogen _ields a high' positive VMP

: R :"':(TJGC\ 3.3)
the production of soybeans The 1eve1 of

;‘(significant at 0. 50 level)l ‘f
;_use, ‘however, is very low (21 65 kg./elq ) and the VHP of nitrogen mny |

fdtcrease rapidly at higher levels of application. Phosphate, potash, and
43a11 fertilizer are not significantly related to yield at a 0,50 1eve1. f.f
, Cssh expenses of seed, defensives, labor and machinery yield positive
{fand significant regression coefficients (0 50 level) The VMP's of these

fvariables are greater than their cost in all cases” Management is'rf

ﬁpositively and significantly (0 10 level) related to yield. The re- et
,gression coefficient of crop land is negative and only significant at }[ :
,'the C.50 level in one of the two equations.;f 7 |
" Variations in the effect of inputs exist between crops, howeverk“he .
:following general ststements can be msde.; The application of lime to:;i 1
?reduce goil acidity yields a significant and positive VMP hovever not
fequal to its cost per unit in one production period. As the effect ofi;:(

,lime remains from four to six years, an. accurate evaluation of optimum];*;

;lime usage requires time series information uhich was not available in;;;ﬂ

thla study,



Table Q3. Sojbean Crop Production Punctions for the Ribeirao Preto Région"v'““”

Variables S ' Model T
Regression Value of Mar-

Coefficients?® 3inal Product?

-Model II

Regression

Coefficients? . ginal Product

Value of Mar-b

((H29) . (Cr3)
Constant o -0.811 -0.972
X, = Lime - : 0.036 9.30 . 0.041% 10.60
1 . (0.048) ‘ (0.049) 5
Xo = Nitrogen . IR I R 0.004 1.88.
(0.065) L
X, = Phosphate -0.019 -0.70 -
(0.057) s
X, = Potash 0.038 2,94 -
| o | pn (0.062) e
X5 = All Fertilizer ° 0.011 0.19° B
(0.054) - S
X; = Seed & Defensives 0.135% 2.05 0.149% 2.26. -
(0.118) L (0.127) Sl
Xg = Labor & Machinery 0.279%% 1.00:- 0.284%% 1.02 .
. . - (0.172) R (0.180) S
xll = Management Index II 0.356%% 0.372%% 10,31
(0.259) (0.267) g
Xy3 = Crop Land . =0.056 ~0,069% =5.77."
2 | " (0.096)

-Standard Error of Egﬁiﬁaﬁamgjk0;5177 j}
Simple R? | ”f*v“*.' f0;167~;
F - Ratio 1.105%

. % Significant at 0.5 lavel
*k Significant at 0.10 level

a i
Numbars in parentheses are the standard errors
b Calculated at the geometric mean:

(0.100) -




S

3‘“if?0esh expen itures for seed an%“derensives yield highfreturns, two L

.,“ - \'

?to five times- their cost.‘fx It appears that the gr atest increase in .
iproduction and profits in the region can be obtained through increasing
.the average expenditure per alqueire on aeeds and defensives.

' There appears to be a .sua?9us of 1abor and machinery in the

fregion as the average return to tnese inputs is considerably Iess than' ’

I3

1their cost -at the margin. This variable overestimateq rhe actual‘cost in f
. . R SRR Y '
]crop production, therefore no firmvconclusions can be made on the basis

: TR L A AT “‘_S LA

]

o

3of this anaiysis. 5

Management, as measured by Index II and size, as measured by crop'

(s T - 2 ‘ .
i e 4 . y Fre

fland are positively correlated but their individusl effects on yield aref
iquite different.’ The management index is positively related to yield |
;and significant in a11 but one case. Returns to scale are negative forv
ftwo of the four individual crops and in tlie ag regate crop function.fli

S . : ) in PR ~
S DAL

: Economics of Fmrtilization

p .

:*_, ‘The value of th; marginal products presented in this section are

'derived from the regression coefficients of Model's I and‘II The -

‘economtm of fertilization is discussed in terms of locatio*;by crop in

?the firat portion of this section and 1eve1 of fertilizer'use by croph

in the last part.

Location and Crop
The sample was divided'intOchree subgroups to investigate the general
lack of significant response :o'fertilizer‘in‘the regional models. The

underlying hypothe..s was that differences«in sull types between the areas

_/ Cotton production is an excepticn returning only 60-70 percent of
_their cost. ‘


http:iverestiite.li

‘may have hiddeu the real effects of fertilization. This hypothesis is . -
found to he generally false although some differences dovexiat. Also,t
feyer of the fertilizer variables are significant in'the location sub-
samplee than in the regionalwsamplei
| The pattern of the VMP's derived from Guaria farms corresponds with

the ~egional VMP'g very closely (Table23). Only cotton exhibits a A .
positive and significant response (0.10 level).to any of the nutriehts;?:¥f
returning Cr$2.51 per applied.kilogram of potash, |

The production of rice and cotton in Jardinopolis-Sales de Oliveite‘:e
is distinctive due tc positive VMP's with regard to nitrogen and negative
VMP's with regard to potash., In hoth cases, the mean values of>the
fertilizer nutrients applled are almost indentical to the regional values,}
thus negating the hypothesis that these differences are due to changes in {j

the level of use.

The fertilizer VMP's derived from the regression analysis of crops
from other areas in the region corresponds to the regional results. |
’f‘" As in the reglonal analysis, there are major differences in“ther?ﬁﬁfe;
between crops. These differences between crops are much greater than :
differences in VMP's between locations within the same crop. There. is
no new information in this comparison, however to suggest a reversal of
the conclusion of the regional production analysis that only pcrash ’,:,3

application is returning a profit to the farmer.

Lgyel of Use and Crop

A second gubdivision of the sample was made in an attempt to determine
if the level of fertilizer use had an influence on the VMP's, This was

done specifically to recheck the insignificant and negative regression



‘Value of he Marginal Product of Fertilizer by Nutrient, and Location

Location " . Yalue of Marginal Product in Cruzeiros/

and Crop Nitrogen Phosphate Potash

Ribeirao Preto Region

All Crops -5.36% 0.33%
Cozn -2.80% 0.46
Rice ~12.42% -3, Bt
Cotton -3.88*% ~.0,93%
Soybeans 1.88 -0 70 :
Guaira ' e
All Crops -=3.04% ‘70.02'_
Corm . =2.87 1,00
Rice ~14,42% ‘=5, 54k
Cotton ~8.65% '=0.02 ‘
Soybeans .f8.09 20,98
Jard.-Sales i ﬂﬁ1773;*
All Crops : -4 38 10,41 .
Corn f‘-2 68 2+0.00 -
Rice 110,97 " <538k
Cotton ;3_89*‘ ﬂ‘1A74*,
Other Areas R o
All Crops - V-2, 76*
Corn . =1.54
Rice -51,31%

% Significant at 0.50 level
** Significant at 0.10 level

The complete equations are presented in Appendix(}
b Calculated at the geometric means.



‘cbefficients found 1n’ear11er analysis.

The high use level of Sample A includes abservations with exception;'
allhigh application levels of one of the three nutrients.——/ All other |
'_observations are included in the ;.ow-usge sample (Table &4). The response
of yield to individual nutrients in the high-use group is congistent with
the regional results, however the VMP of all fertilizer for corn, rice
- and cotton is positive, significant at the 0.50 level and greater the
- composite price of all fartilizer (Cr$1.50 to 1.63 as compared to Cr$0,83).
This appears to be due primarjily to higher levels of phosphate and potash
applications and their higher VWMP's, Fertilizer applicatiqn by low level
user is generally not profitable.

The eriterion for selecting the various subsamples of Sample B wanTff

‘to minimiz: the varience within each subgroup.—‘/ This entailed the;:?
removal of all extreme observations. The two sets of observations éf’@iﬁaf
corn and soybean observations (Sample B, Total Group) exhibit similar ,:Taf
}VMP's. There is a negative response to nitrogen, and a positive responée
to phosphate, potash and all ferfilizer. The VMP is greater than the

input price for all of the posici§e VMP's, however the coefficients are
significant only for corn production. 'fwo of the three equations fitted

to observations in the high group also yield pesitive VMP's, however

only the WP of all fertilizer in corn production is positive and greater

than its cost. In the low group, none of the regression coefficients are

./ _See Appendix © for the specific levels of fertilization.

- The data usad in this analysis are given in Appendix | ,



Table ;14 Vhlue of the Marginal Product of Fertilizer by Nhtrients, Level of Use'<
' and Crop . , .

Level of. Use : Value of Marginal Product in Cruzeiros/Ke.C

and Cropb Nitrogen Phosphate Potash All Fertilizer

Ribteirao Pruto Region ’ ' o
Corn _ : ~2,80% - 0.46 o 1.22% -0.11 -
Rice S =12,42% -3, 84%% 4.85 -1.94
Cotton C e =3,88% - 0.93% 0071 0, 14;[
Soybeans i 01,88 0 0 T -0,70 R 2,96 o

Sample A
High Group

Corn
Rice .
Cotton

- Soybeans

Low Group
Corn
Rice
Cotton
Soybeans

Sample B .
Total Group
Corn
Soybeans
High Group
Corn
Rice
Cotton 1%
Low Group R
Corn o T 2,39
. Rice - S =22.94
Cotton . -6.07 .

* Significant at 0.50 level
*% Significant at 0.10 level

'8 The complete equations are presented injAﬁﬁeﬁﬁg
b Calculated at the geometric means. o

© There were insufficient obéervationéﬁiﬁiﬁhwn,?fslf  - for regression analysis.



sig.nificant at either the 0,50 ox 0, 10 level,

Cuadratic functions were fitted to the data to inve;tiéate' the'
effect of a different type of function which yields direct estimates of
interaction between nutrients. The VMP's derived from the
quadratm functions usually have the sar~e sign as those derived from
the Cobb-Douglas function, however their absolute value is normally )
greater than those derived from the Cobb—Douglas functions (Table &,
This may be partially due to the interaction effects and partially t’iue"‘v-”

to multicollinearity introduced by the interaction and squared term'é;;

The quadratic functions also decreases the degrees of freedom"jjby'
requiring nine independent variables to measure the fertiljizé;-,:-';inpu
Another problem is that the VMP's derived from quadratié 'v.f,;‘ingti_oh
are calculated using four regression coefficients, all of wh.mhwere
seldom significant at either the 0,50 or 0, 10 levels, . o |

The VMP of nitrogen is negative in fourteen of fhe "twenf‘:y-or{e:";
cases (negative in 9 of 10 cases which are significant), tlhus> supporting‘"@
‘results of previous analysis, Nitrogen use in. cotton production mé.)‘r“
be proﬁtable, however, when applied with high levels of phosphate and
potash as indicated by positive VMP's in the regional, Sample A:
High-use and Sample B: High-use,

The VMP's of phosphate are also negative in about one-half ofill B
.the cases (negative in 5 of 7 cases which are significant), The

application of phosphate may be profitable on corn, cotton and soybeans



EZ}TABLE &E--Value of margmal product of fert111zer by nutrlent. level of vus
PSR = and crop as derived from quadratm functlonsa =

Level of Use - Value of Marginal Product in Cruzelr'SB'/kg
and

Crop N1trogen ‘ Phospha.te ) Potash All F’er i

Ribeirao Preto Region N P
All Crop L =899k 0 1,98% 3 83*
Corn S -Z 86 . =0,27% 3, 04* ,
Rice : Cl=0, ’17* ] -0, 23*0
- Cotton 0 60 :
Soybeans'
Sample A

Soybeans
Low-Use Group
Corn o
Rice
Cotton
. Soybeans = -
Sample B S
Total Group
Corn
-Soybeans L
High-Use Group B
GCorn
" Rice
Cotton o
- Low-Usge Group :
.Coxrn 4190 L, 78*° |
‘Rice - -."-“m~-199 23% -551.63* ;-392 5'2
Cotton + -35,63% 5.61 132,83

8The complete equations are in Appendix G.
bCalculated at a:_thmetic means of the variables.
¢The VMP's nave the opposite sign of those derived {rom Cobb- Douglas‘
fuactions. R
*Three of the four regression coefficients entering the calculah.on of
VMP are significant at the 0,50 level, o



under good management techniques as the VMP's for the vl‘xibgh-,u's‘_é'f.;
samples are normally positiVe.
The use of potash is profitable at present use levels, as

indicated by the VMP's, in the production of corn and cotton,

Sojrbean yields are increased by potash use only under COﬂditiin_élﬁ

éf low fertilizer usage whereas rice yields respond to‘po;a_‘gihfdnlx

when high quantities of fertilizer are applied,

The present levels of all fertilizer yield.va‘ ;;'e'_t’_'f'pﬁlqsr.,‘i_:_;y_ re urn

orily under high-use conditions in production,of‘fégr an

;.'bI'he total effect ¢f fertilizer is significant arild. negat1v
vsoybean production undex low use levels, |
. The division of the sample into high and lowvygfdltlp'é

that 'a positive net return to fertilizer is obtained when
,iingh fertilizer levels are applied and a ﬁxed proportlo;x o
:;"and éotash are applied, N1trogen, however, y1e1ds a ﬁega
Z:'J,’n'most cases.] VMP's derived from quadratic functlona
_~‘s:valr‘n.e sign as those deri\ ed from Cobb-Douglas function‘_sb‘-

cases, however are normally larger in absolute value, :

1The exceptions are Sample B, high group for cotton and
Sample B, low group for corn, '



Summary

l»Potesh is the only fertilizer nucrient to consistintly

j;positive VMP's which are greater than its cost. Phosphate,vliAH'

i_gression coefficient normally is positive, seldom yields VﬁP's which arej€
iisignificant and greater than or equal to its price. Nitrogen normally
rvexhibits a significant regression coefficient, but it is negative in
g'nearly all instances. | o

::5 The implications of these resulta are quite serious for Brazilian

r:agriculture. Much effort has been made through price and credit con-

ﬁ;cessions, advertizing and educational programs to promote fertilizer usefﬁ

ffin Brazil by the public and private sector. These results when consider-“

fﬁed with the results of other analyses reviewed in Chapter II csst seriou

@fdoubt,upon the assumption underlying the public and private programs;av

fertilizer application yieldn a positive net return to the farmer ;ﬂ
‘andstodsociety. A few of the possible reasons for lack of response to
j;fertilizer, a possible rationale why farmers are presently using an

i unprofiteble quantity of fertilizer, and the implications of these results

1dare discugsed in the - following chapter.;g


http:implications.of

" CHAPTER VI

-~ POSSIBLE GAUSES OF THE FERTILIZER PROBLEM

The analysis of fertilizer usage in the previous chapter raises :
. two important queétions: (1) what are the factors inhibiting a profita,blé'{
- response te fertilizer and (2) why are farmers presently using

nnprofitable levels and/or combinations of fertilizer nutrients, The

second question is discussed in the first part of this chapter and R
various possible answers to the first question are explored itj\_th,e.f')lgs‘t;#.j

half of this chapter,

Actual Versus Optimum Fertilizer Usags:,

As mentioned previously in Chapter III, the averageuse of:
}_fértiliZer in the Ribeirao Preto area is below the r‘ecofp‘;‘n‘é‘ﬁdétidln”
of the fertilizer industry and extension service, however
'}use also varies greatly from the optimum indicatedv bytheVMPS _
",dériVed from this analysis (Table a¢), L

The actual fertilizer use by farmers in the area is neabrevr the
épplication levels indicated by the VMP's derived ffom this analysis
than aré the levels recommended by the extension service and the
industry representatives. This supports the Schultzian hypothesis
that farmers are economically rational men, The relationship

between fertilizer recommendations and the VMP's can also explain



'verage Fert:.hzer Use
Quant1ty % of Mzmmum

A 11 ‘Crops

(1) Nitrogen 30,14
(2) Phosphate - 111,86
(3) Potash = "'\8 41 -

(4) All Fertilizer

" -Cotton
"~ (1) Nitrogen
- -(2) Phosphate
~(3) Potash S
(4) A11 Fert1hzerf‘”’f',':

;_'ﬁije e
-;'; (1) N;trogen -
" (2) Phosphate
.+ (3) Potash_ ;
1 (4) A1l Fertilizer -

* Gorn
- (1) Nitrogen
" (2) Phosphate
(3) Potash
(4) All Fertilizer

Soybeins
(1) Nitrogen
(2) Phosphate
(3) Potash -80,:00. .
(4) All Fertilizer 212,32

3VMP's derived from regioml Models I and II, '

bFertilizer prices are: (1) Nitrogen, Cr$ 1.08/kg,; (2) Phcs-
phate, Cr$ 0.96/kg; Potash, Cr$ 0.43/kg.; and (4) total fertilizer,
Cr$ 0.83/kg, ;



the farmer's level of fertilizer use under certain ,‘éohdition.é.
If one assumes the following decision function and no changé in price

relationships, U= p(R; + 1-p (E)

where: U = Level of Fertilizer Use

p = Probability that the recommendatlo'
correct :

- R = Recommended level

1 p = Probab111ty that farmer
: is correct Cnr

s:experience’

farmer has used fertilizer,
" The apparent inaccuracy of the recommendations maybe ue t

their generality, The general fertilizer recommendations for the

state are used within the region by extensiou agents and fertilizer

dealers as no regional or subregional recommendations are available,

. . also, , .
Major differences maylexist between response fo fertilizer under
experimental c .nditions and in a farm oper ation, assuming the

recomniendations are based on experimental results, Another possible,



Some of these factors are d1scussed m the:next sectmn. e

Factors Affect_g the Response to Fertlhzatxon

agnculture.

S .L'.aGEOI"SqueClIlCEtOifl'nls .,atuo.y

Factors whzch would make‘these results 'not_.apphcable to.the

,E‘general case are: (1) an abnormal cl1mate durmg the 1969/70
agricultural year in the Ribeizao Preto region; (2) uniqueness of th‘e.
sample farmers in their usage of fertilizer; (3) inaccuracy of the

data; or (4) the method of analysis, As suggested earlier, during the



1969/70 agriculturalbyear, aIJ_. vclit‘nat‘ic factors aépear normial..';-j‘
Rainfall, which is the cniticai"faétor in affecting crop responsé to
fertilizer, was within the normal range of 1100 to 1.700 mm, . ]

The distribution of rainiall also appears to be vvithin a normal rarlgé.’j

Crop yields of the sample farmers were higher than the five year .

average for the region, this it appears that the conditions were no“t"':]‘;ﬁ.
unsatisfactory for obtaining response to ferilizers,

As previously stated, the original sample was choAs'ief'h‘,'

within a size and enterprise stratification, This stratifidaﬁoni‘éibgéiy

follows the distribution of commercial agriculture in the region, 2

Thé specific observations included in this analysis were thoéé' .
farnﬁs specializing in crop agriculture and if a bias occuvrvs,,»‘vig{ i
‘chould be a upward bias as these farmers are séec‘;ial_i/sté,?‘ni.jt:ﬁ.-x,
production of annual crups, | “ .
The third possible factor which couid inﬂueﬁce'tl;'e.aje'izjé:}s‘:iil}i” z'
inaccurate data, Several precautions such as interviewer trainiﬁg’;'li'w 4
field checks of the quevstionnaires, and detailed checks of the data
used in this analysis were made to prevent this poss ibility, Some
inaccuracies may remain, however, it is not believed that they are

of such a magnitude to inviolate the results,

1
See the descwiptionca p

2Ke:lso Wessel and William Nelson, op. cit,



“*“Cobb-Douglas and quadratic furictions' were fitted to severa
‘gubsamples based on ] oéationg,and ‘l'yévél"o'f -feitilizgr @.Se‘;;g.;s_'evegral
‘gﬁombinafions of variables were avlsc")(’u'aed to recheck and'subsité;flﬁi'!af>

‘the regression coefficients found'in the" fégio nal ,"a‘;nyail'}rsilvé.“: There

L

due to changes in crops; location an

the r"e'g'vioh"and thrq‘ughdut,B‘ia 211

inaccurate or false labeling offertxh er W

was'interupted by a sales agent who -

reported that one of his fc:“di“'sxf;gmg;s_ hadgllﬁdeéér‘xd‘:entlly‘checked the
composition of the fertil‘izer." Thé'-énalyéiq had found large differences

between the ac.ual and ntated coatents of the feftilizer. The problem



may be oue of quality control in many of the small mixing plants
‘sc’att'e‘red throughout the state. A state agency has responsibility
for checking the accuracy of formulas, however the large number of

mixing plants and insufficient personnel make the task nearly

‘vimpossible. 1

The type of formulas which are most readily available to
the farmer may be a major factor in the usage of nitrogen in the
‘region, 2 Most of the feftiiizer sold in fhe region is of the prem1xed
‘fype and éontain’e a low percentage of nitrogen,

The system of granting credit for fertilizer may also decreasé '
t'.'tq flexibility of the farmer iﬁ choosing plant nutrients. Agronomos
[‘(Ap‘ersons with a college degree in general agriculture)) trained to
follow the recommendétions of the extension service,are employed
by several of the major agricultural lending iﬁsti‘tutions in the région:"v
to approve or reject loan applications for fertilizer purchases, T'his‘
éystem may require the use of nitrogen as a formal requirement or

through informal pressures. _

lpased on inforinal conversations with fertilizer de alers an
personnel from Escola Superior da Agzicultura "Luiz dc Queiroz"
(ESALQ) and Associacao Nacional para Difusao de Adubos (ANDA)

The me. ¢ common formulas are of the proportions 3-15-15
and 4-14-2,



"The operation of the fertilizer credit system

‘problem in fertilizer usage. Until July 31,.'4_'1'_1‘_').7'0

for fertilizer purchases at zero nominal interest rate

no purchase was actually made., Also, vso‘m"ef:l(.«":i‘rg"effarri"iéff"s'-bqyf~

fertilizer with subsidized credit and reaeli; 1tto ymall farmers

according to people in the regioh.‘ Due f;bn"'th_e_‘:‘ch'e‘c made by th

interviewer and/or his supervisor between'fertilizer.-use an

it was resold or r.xe{rg;:vpuhz'gli'a‘.hsﬁe@;\ L

‘General Factors =

crop varieties, 'applicatibhgx‘pethb_@s

and "sufficient use' are briefly "diséiifs'se_‘df‘ip.(thg'}_ on:tg;gt‘x:qf,"_tﬁ-eip-’. ,

probability of being the inhibiting factor,
On the basis of this study, research cited in Chépter II, and
informal con\}ersations with soil scientists, the characteristics of

the soil in the region appear to have the highest probability of being

1There were no occurances of reselling fertilizer reported by
farmers during the personal interviews.


http:fertiliz.er

th‘e key to the lack of response to nitrogen and phbsphate. The
dominate .soil type in the area is terra roxa (red so0il) which is
normally acidic with high amounts of iron and bauxite, Nitrogen N
is normally applied in the form of ammonium sulfate (NH3504)

whicix will produce sulfuric acidic (HZSO4) when bought in contact “
with soil moisture. Thus, the possiblity exists that the application
of nitrogen may def;:rease yields due to increasing soil acidicitvy' more

than increasing them due to the effect of nitx'ugén. L e

Terra roxa, as are the other soils in tbg r i
‘mineral soil which will allow water and watersolu 1 : m
through very rapidly, Ammonium sulfate 1sver
"ieech' out of the top soil given the propercondltxons °fhe vy
k fainfall soon after application, A secon'dv poss1b1htyforthelackof ‘
response to nitrogen is a possibie existence ofmlcro-orgamsms
in the sc;il which "use up' the uitfogen thereby makiﬁg. 1t unava11ab1
for plants, |

Phosphate has an affinity for iron and ba;uxite, thus mthese e
soil types a process called phosphate fixation occurs, 1 ‘Phéspha{é‘A;
applied to these soils becomes 'fixed" and not avéilable for pl‘athv

growth,

1'I'he reaction between phosphate, iron and bauxite is much"";}.'
higher in acidic soils than neutral or alkline soils,



‘Seed variety is anotherfactoraffectmgtherespons to fertiliz

The poéular phase "Green Ré\ibﬁ;hp'n is'based on:th large

“in yields brought about by new cr'op"'var;ene which are respc
-"fe'r'tiliz'er. The revolution has not occurred n

‘yet the h1gh VMP's found in th1s study kof eed:and efensrves 1mp1y

,that these inputs are very 1mportant m the ‘razﬂlan" settmg The

1:‘effect of crop var1et1es 18 probably 1mportant than soxl problem

is necessary for significant fertilizer rqap__onse”.” No information
‘'was 2vailable on micronutrients, however',' a selected sample (Sample
B, all and high groups yielded a positive net return to fertilizer while

the total samp’ . did not yield a VMP equal to or greater than fertilizer

cost,



conditions, is not uncommon in Brazil, Factors which appear to

have the best probability of being the key to unlocking high responses

to fertilization are soil conditions, crop varieties, application methods
and proper balance and level of nutrient use. Research is needed to |
gain information on each of these factors and the information should .
be passed to the farmer as rapidly as possible. The type of re_gion‘al,f
research needed appears to be similar to that used by a project to B

. . . . 1 . . e
increase corn yields in Mexico.~ Their methodology is summarized in.

the following paragraph:

It was found necessary to study all of the major
variables influencing the expression of yield as
part of an integrated experiment, Consequently -
experiments were designed to include rates of
nitrogen and phosphorus, plant population, timing
of nitrogen application, planting dates, plant
_genotype, weed control and even cultural practices
to improve moisture storage. Especially
significant is the work to integrate the

agronomic studies with varietal selection in
multivariate experimentation,

Myren goes on to state ""The complex problems of raising yields on:
small holdings under natural rainfall conditions require the joint
efforts of agronomic and social scientists. 2 This type of project is ...

applicable to a region like Ribeirao Preto where the research . w

1Delben T. Myren, op. cit,, p. 28,

21bid., p. 37.



Summary



http:relationship.to
http:fertilizer.in

- capability exists, however a different approach may be necesséry in
Brazil's Northeastern and Western areas, These areas may requiré
basic research to over come serious soil problems before a'daptiye

research would be worthwhile,



use fertilizer. . The region has been dynam

for dehvery of fert1hzer to the farms. _"There is no- problem of

awareness of f rtilizer by the farmers m the region as nearly a11

Earmers in the sample u‘evgdkfez‘-t;,h,;gr,;\‘_“Credit for fertilizer



‘purchases is also available from banks, fertilizer dealers-and

*t:‘dbperatives. The cost of nonbank credit is much higher thar'xlf'
bank credlt however it is not excessively high in real termS”.- :

__Thus, the preconditions for profitable fertilizer usage are

/-'.s-.)

fpresent except for the response of yield,

The use of fertilizer was generally not prof1tab1e in‘the

‘region, The negative requnse to nit_::ogé;i wa thei

~high positive ‘return‘_s and re
r_tvobpoaitive. R
- A Subs#mples‘\of specifié zloAc.é;ii)in

| rvevealed some differences, partxcuiar y:with.re
‘i ‘applicati_on. Higher fertilizer apphcau‘onhlevels’ y1;a1ded /a;
the marginal product which were greater than thosevaﬁx-l_,'fow' ferti
"",l;sve levels., Usage of potash and phosphate yielded post1
v:'.z'\etu‘rns in many cases at the high use levels. |
'Factors which may be inhibiting a positivebvnet'::.’;fr"f:eif’i;ﬁfﬁ 't

: fert111zer in this region are:

1. Application of nitrogen in the form of NH:,’SO4 may
increase very rapidly the acidity of soils which are
initially acid soils,

2. Heavy rainfall may '"leech out' nitrogen before plants
have an opportunity to use it,



ack of ra.infall at the
'!burn" crops.

‘jf‘-: ‘}:weigmﬁcant responae. e

Ly

Gomparison of general recommended levels, actual levels,

rdnd’ _ptimum use: levels of fert11izer revealed that the farmers m

krea were uaing levels nearer the optimum than were th

;As mtrogen application is stressed by the extension serv1ce, R

dealers, " the fertilizer mdustry )y by the off1c1a1 credlt
'institutions and in many cases fertilizer is sold in a fixed formuvlba"
.kwhich contains 2 small percentage of nitrogen,it is possible to

‘understund how a farmer may be persuaded to use nit rogen,



‘These results from one of the most progressive and productive
regions in Brazil have serious implications for other less developed
areas within Brazil, It is doubtful that higher and more profitable
responses to fertilizers will be achieved in these areas than in the
state of Sao Paulo. Yet if the income of farmers in poor areas of '_"i;:

‘Brazil is to be increased, higher levels of productivity must be - * o

achieved through the use of fertilizer, new crop varieties, defe'.jls"i;\ié;é

etc.. Credit and price programs will have little effect on productlon

,_and income unless the technological barrier is broken, 'Thi'ls";f
type of technological barrier is particularly important in small
farm agriculture as fertilizer and seeds are div.iysib}lef an}d_po;mfl

does not exhibit economies of scale,

Research Recommendations

Agronom1c research of crop response to fertilization is necessarv:’
_ ‘f\ tht R ml\!lﬁ vllqc ‘LE‘I\ur\,
on the basic and adaptive levels). The negative and 1ns1gn1f1canti' o
responses to nitrogen require basic research on the soils of the
region to identify and solve this problem, This may also require - |
research to develop new crop varieties which are more responsive
to fertilization,

The agronomic problems of fertilizer use in Brazil may require

a different type of strategy. The problems in the Ribeirao Preto

region may be solveable by present organizations in Sao Paulo, but



;pg:form‘ the same fun‘ction‘fo‘n"‘ax"tia,tik nal'scale:may require;

ithir -.-':egib'h's; '.With

control problem within the marketmg system? Does there exlst a
lack of information on optimum methods of applying fertilizer?
As millions of dollars have been spent to grant price and

credit concessiuns for fertilizer without adequate knowledge of their

»ayoffs, it would be economically desirable to transfer a portion of



_these funds to determine the effect of past expenditures"and to

‘investigate ways to increase the profitaLility of fertilizer uti'liz_a{tijt)ﬁf

S

in the future.






TERMS AND MEASURES

;A’g'ror{xom(): A college graduate with a degree equivalent to a B, S, in -
general agricuture, often has a role similar to a county‘
extension agent,

“ﬁixiqueire (alq.): A unit of land measurement which is approximaii:e;‘liyi

equal to 2,42 hectares or 5,98 acres,
‘Arroba (arr.): A unit of weight which is equal to 15 kg, or3 ,poqnd‘s“:"ﬁ
Cruzeiro (Cr$): A unit of value, Cr$ 4. 25 was approxi-rf:aré:frg"‘e}l jual
to US$ 1. 00 during 1969/70, |
‘Hectare (ha.): A unit of land measurement which is apﬁré:_@ natel
equal to 2,47 acres or 0,41 alqueires, |
.Kilogram‘ (Kg.): A unit of weight which is approxim’ate.lyA equalto 2.2
: pounds, b
'Mvillimeter (mm}: A unit of length which is approximatély equalto
0. 39‘inches. .

‘Saco (s.): A unit of weight which is equal to 60 kg,



' FARM QUESTIONNAIRE.



APPENDIX C

INFRASTRUC TURE CUESTIONNAIRES



APPENDIX DD

CALGULATION OF INDIGES



Calculation of Management and Information

Source
Interviews with three extension agents, 16 fertilizer dealle.r.'s'f:'_‘;

and 16 bankers were used to develop these indices. The infzv'a-:‘;

structure questionnaires (Appendix 3) present the questions aske
each of the respondents.

Calculation of Weights

kach respondaent was asKea 1O Tank €ignt MmanageijeuL taclurs

and eleven information sources, in order of their importance to :

-' management ability and value of information, resp‘ec'tive:lly‘j;' The

respondents were then requested to indicate the relative dxfference

between the factor which they ranked first and thelastranke ]

factor, five times as important, ten times, etc,, An‘average of.the

responses was computed for each index and was ‘;11':'al'e’a'fixizdls‘tr;buted'
according to the number of items in the index (Tablec‘i":»!')"
average of the responses with respect io managemept,‘ for 'e‘Xa‘km'pl'e
was 26.25; thus a factor ranked first receives a weight o£2625

the second, 22.50, etc.

Calculation of Coefficients

The coeffizients for each of the factors were computed by
summing the number of times a factor was ranked first times the

weight given to a first place ranking plus the number of times the



",1ght1ng factors for the components of the management*’,
- and information md1ces NS ¢

R Informatmn
Rank :

L

" This procedure was duélicéted for éé.’c_ compv "'nen _6f:t» e mdex

Then the summatmn of the subtotals of each factor was d1v1ded mto

the subtotal of each factor to obtain a ratlo (Table &% ). '_I'he'



TABLE 2R. --Coefficients for management and information indices - .’

Factors Fertilizer Extension

Dealers Banks  Agents Averag

- Management Weights

Experience . 1696 . 1905 - .
Education . 1560 L2002
Insurance L0714 . 0452
Records .1160 .0546
Ag. Organizations . 0870 .0692.

Agric, Information = ,1120 - . 1308 ;-
Cre:lit .1452 ° ,1594
Analysis of Soils .1428 . .1500"

0o~NoOUndhd W -

Information Weights

Newspapers o .0785 0692 0 ‘
Private Extension -, 1375 - ,0954 ﬂ; 1148
Radio .0854 .0762 . 0790
Banks - .0648 . 0727 |
Demonstrations & ’ R
Experiments - .,0828 . 1000
Fairs . 0876 . 1000 - -109¢ o
Govern. Extension  ,1396 . .1658 758 ' .1546

Agric, Magazines . .0943 L1136 L1028
Coop Extension . 0943 1126 ©,1050
TV . 0670 . 0296 & 3 1.0462.
Pamphlets - . 0682 - .,0648 . 54 () -

B WN -

T OO 0N O

T et




'-_Lg1ven'1n Table N



TABLE . --Calculation of Farmer Indices

Requirement Mu1t1p11er - Coeff1c1ent

~Management I

' 1, Experience: 10 years
. Education: 5 years
. Insurance: Usage '
Records: Usage R
. Ag. Organizations: Member .
. Ag. Information: Usage ' '
. Credit: Usage
. Soil Analysis: Usage
Possible Total

W ~J O N W

Management II ST 5
1. Experience: 0 years
.+ 71=10 years
°11-20 years
.. 21-30 years
' 31 years
0 years
1-4 years
5-8 years
9-12 years
B SR 13 years
. Insurance: No Usage
ST Usage
' 4, Records: No Usage
N 4 Partial Usage
L Complete Usage
5, Ag. Organization: Non-membe1
Member
- 6, Ag. Information: None
One Source
Two Sources
7. Credit: 0 loans
1-5 loans
6-10 loans
-1-15 loans
16 loans

W~ ORI N O RO RN O IR TR W N (O W N



“TABLE N --Continued

keqdirement S ge f' Multxpher

- 0 contacts/year
'1-29 contacts/year
- 30-59 contacts/year
60-97 contacts/year
‘ 98 contacts/year
Dem'onstratxons. 0 contacts/yr.
' 1-29 contacts/yr.
30-59 contacts/yr.
' 60-97 contacts/yr.
1 98 contacts/yr. :
" contacts/yr. - '
 1~' 29 contacts/year
- 30-59 contacts/year
-60-97 contacts/year
~ - 98 contacts/year ‘
f",'Extensxon. 0 contacts/yr.]f
1-29 contacts/yr. '
- 30-59 contacts/yr,
o ‘_60 97 contacts/yr.
;M. 98 contacts/yr.
ic,Magazines: -~ 0 copies/year
- 1-29 copies/year
:'}’30 .59 copies/year
- 60-97 copies/year
... 98 copies/year
0 contacts/yr,
-1-29 contacts/yr.
"~ 30-59 contacts/yr.
.. 60-97 contacts/yr.
798 contacts/yr, . -

Banks:

95!
155

B WN I~ OB WN ~O .hwwo—o.pwwn- ,\6‘.::5 WNNOWRWN~O. |

©.0 . items/year
‘:i1 29 items/year
30- 59 items/year
 60-97 items/year
. 98 items/year




TABLE 2 --Continued

Requirement Multiplier Coefficient " -

8. Soil Analysis: Never 0 141
: 1-49% of Area 1
20-59% of Area 2
60-99% of Area 34
100% of Area 4 | |
Possible Total ' 1000

 Information I
1, Newspapers: Read -
Private Extension: Contact .

2,

'3, Radio: Own

4. Barks: Contact

5. Demonstratious: Contact

6. Fair: Contact » .

7. Govern. Extension: Gontact |

8. Agricultural Magazines: Read. 03

9. Coop Extension: Contact . 105

10, Television: Own 46

11, Pamphlets: Read - .66
Possible Total ' E Y 71000
InformationII o

1. Newspapers: 0 copies/year 74

1-99 copies/year
100-199 copies/year
200-299 copies/year
300 copies/year
2, Private Extension: 0 contacts/yr,
1-29 contacts/yr,
30-59 contacts/yr,
60-97 contacts/yr,
98 contacts/yr,

POBRWNRORWON O

3. Radio: Not own
' Own
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TABLE 3o, --Consumption and production of fertilizer by reglon, _
Brazil, 1950 - 1970

Total South . Center :.Norfﬁ

1970°
Nitrogen
Phosphorus
Potassium . '
Total : 820 0“ o
% National : 20 0
1969 .
. Nitrogen 164, 4 2702
Phosphorus 265,7 80,8
Potassium 200,3 43,17
Total 630.4 151,2°
% National 21.0 8,6 °
1968 L
Nitrogen 144, 3 21,0
Phosphorus 273.1 69.0
Potassium . -184.3 33.3
Total 601, 7 133.7
% National 22,0 8.3
1967 : :

' Nitrogen 103.4 13,2 82,5 ‘ 10.7
Phosphorus 204.6 54,6 137.2 12,8
Potassium 136.9 17.6 102.3 17.0
Total 444,9 85, 4 322,0 40,6
% National 26,0 13.6 39.6 16,0

2Data Ly type and region is not available for 1970,



19

i ;Nitfog'én

Phosphorus
Potassium

o Total’

% National

65
Nitrcgen

. Phosphorus

19

Potassium
Total.

% National |

64 .
Nitrogen
Phosphorus

- Potassium

19

Total
% National

63

. Nitrogen

Phosphorus
Potassium
Total

% National

1962

Nitrogen

Phosphorus

Potassium
Total
% Naflonal ‘

oo




TABLE 3o--Continued

Total South Center North

1961 ‘

Nitrogen 56.8 6.4 47,4
Phosphorus 118, 4% 23,0 , 84,2
Potassium 13,0 9.6 56.8
Total . 248,1 39,0 188.4 .
% National 39.0° 20,9 41,9 .

1960 o _ -
Nitrogen 64,7 6.5 , 53.3
Phosphorus 127, 7 39,0 , 75.7 . 12,9
Potassium 106, 3 13,0 87,5
"Total 298,17 58,5. . 216,5 : -
% National 35,0 28,0 . 34,9

1959P
Nitrogen 44.8
Phosphorus 124, 0
Potassium. - 57.4
Total 226, 2
% National 35,0

1958
Nitrogen 41.4
Phosphorus 143, 3
Potassium 65,0

 Total : 249.7
% National 22.5

PData by region is not available prior to 1960,



TABLE 3s--Continied

1957
) Nitrogen
Phosphorus
Potassium
. Total
% National

1956
Nitrogen
Phosphorus
Potassium
Total
% National

1955
Nitrogen
Phosphorus
Potassium
Total
% National

1954
NitrOgen
Phosphorus
Potassium
Total
% National

1953
NitrOgen
Phosphorus
Potassium
Total
% National




TABLE 3¢--Continued

Total South - Center
1952
Nitrogen 10.6
Phosphorus 46 9
Potassium 15.3
Total 72.8
% National 22.9
1951
Nitrogen 18.6
Phosphorus 73.6
Potassium 28.7
Total - 120.9
% National 11,6
1950
Nitrogen 14,2
Phosphorus 50, 8
Potassium 23.5
Total ' 88.5
% National 1R 2

Source: 1960-1970: Associacao Nacional Para Difusao De Adubos,
Estatisticas Sobre O Consumo De Fertilizantes No Brasil
(Sao Paulo, October, 1970).

1950-1959: Banco Nacional Do Desenvolvimento Economica,
Mercado Brasileiro Do Fertilizantes - 1950-1970 (Rio de
Janeiro, August, 1965).




i,"‘Rvatm of Fert111zer
to Crop Indlces

1970 "

11969 -
. 1968

- 1967

1966

1965
1964
1963

1962 -
1961
1960
1959
1958

- 1957
- 1956
1955

1954

- 1953

1952 .
1951 -
1950

b {}_‘\So ur

73‘
76;
85}
16
81
1 23?
.97
.89
}’84%
L 77:\1;:

ce Instituto De Economla Agrxcola, Deeenvolv1mento Da

" March,

1971),

__&rzctxltural Paulista, (Sao Paulo. Secretana da Agncuitura,



'E.‘:"r‘-A»B'LE'g‘?‘--Prices of nitrogen, phosphate and potassium, B'razii,-u

1950-1970
'ff“,x,ear Nitrogen Phosphorus (P,0;) Potassium (K,0)
s (Ncr$/ton) (Ncr$/ton) ~ (Ncr$/ton)
1970 237.9 205,9 278.2
1969 216, 0 -180,0: 236.0
1968 193,0 - 155,0 193, 0
11967 170, 0 130,0 150, 0
1966 189, 0 123.0 - 182,0
1965 209, 0 117,0 214, 0
1964 131,0 79,0 ©.136,0
11963 53.0 41,0 58,0
1962 45,8 L3201 - 51,0
1961 25,7 : 30.4
1960 13,7 16,27
1959 8.1 Loo8,20
1958 8,2 -
1957 . 5,6
1956 - 4.7
1955 4.9
1954 4.5
1953 S 3.2
1952 . 2:6
1951 2.8
1950 2,7

iource: Instituto de Economia Agricola, Agricultura em Sao Paulév'_.
various issues, (Sao Paulo: Secretaria da Agricultura, 1960- .

*ATINAN




: '-Agncultural c red1i>;;and mtere’st_rates’ f‘B_razﬂ 1950-

Agnculturala o
ar. . Credit
(1000, 000 NCr$)

3ﬁ97o;‘,
©1969 -
1968

1967
1966
1965
1964
1963
1962
1961
1960
1959
1958
1957
1956
- 1955
1954
1953

1952

1951
1950

Sour

all banks,

| 4'.'.4;1',4 :
A 3,I‘O"7_7;§;.;;
1,544
o797
954
490
237 -
135
.75

FUNFERTHJ“
Cred1t "
(1ooo NCr$)

100
203
233
;141;

23:-.

Interest Rateb‘ Inflatmn
LAY B) - Rate

e R

TNNNNNNNNNANAN e wo oo o Al

PInterest rate (A) is based on mnumum rates of the Bank of
Brazil and interest rate (B) is an average rate computed by

F. R, Reis,

ce: Inctituto Brasileiro Geografico e Estatistico, Anuario
Estatistico do Brasil, various issues, (Rio de Janeiro:

Conselho Nacional de Estatistica, 1960-1970).



Sources continued: Banco do Brasil, unpublished docum’énié'?&ff“t‘ﬁ :i,:i
FUNFERTIL program, (Rio de Janeiro, 1971).

Fernando Roquette Reis, "Credito Rural Para Todos, ',',:"; Gula
da Commercializacao Rural, (Coopercotia, 1970), pp56-68




o ultwa ted A rea Ind é x Oleelda
(1000 ha ) TS R

-34 600
133,438
32,763
30,719
32,609
30,773
29, 842
:28,506°
27,329
126,370
24,773
23,702
23,303
22,792
21,877
20, 944
19,665
da
a
19,100

D a: is t’ibt"‘a‘\‘r'ailab'rle Sfof theseYears

'C 'Instltuto Bras11e1ro Geografxco e Estatmtlcc,‘ nuarlo"“‘-;}_f
’:'Estat1st1co do Brasil, various issues, (Rio de Janeu'o*
_'Conselho Nacional de Estat1st1ca, 1964 - 1970) ’ '

, Instituto de Economia Agricola, irzcultura em Sao Paulo,
. various ir .ues, (Sao Paulc. Secretana da Agrxcultura. ;’, "_

1960-1970).







lariables® -

‘ Guaira ther 'Are

’Yg?-'kggregate Yield

Xl = Lime (tons/alq)

'x2 = Nitrogen (kg/alq)
X4 = Phosphate (kg/alq)
X, = Potash (kg/alq)

Xs = Total NPK (kg/alq)

x6 = Labor (Cr$/alq)

X7 = Seed & Defensives
o (Ccr$/alq)

X8 = Hhchinery (cr$/alq)

X9 = Labor & Machinery
‘ (Cr$/alq)

1 .- Operating Expense
S (Cr$/alq)

‘x11 - Mhnagement Index II
AL (0-4000)
ffhéf- ‘Crop/Cultivated Area
LT (0.00)

tXis‘ﬁ Crop Land (alq)

FéimvSize in Cultivated Area

(alq)

Number of Observations

2 One alqueire is equil to 2.42 hectarés of‘5,98fh£teg‘[

(corn equivalenta) e

11186
5841
197,40

»Ei3§£56a

o oo]

if115 sof

125,25

., 3,38f

26.00

153.00°

188.68°


http:39.62.51.80

Tabla 36 Geometric Mean Values of Aggregate Production Variables by Total .
and Location - ‘ o .

Variables? Total | Jard- . Otherf ".

Sample Guaira . Sales . Areas

YS = Aggregate Yield

(corn equivalents) 124.00 139.00 127.00 100.00
X; = Lime (tons/alq) | ‘3;98 , "5;21‘”“ 3.59 | f‘:2§7éf
‘X = Nitrogen (kg/alq) 5.50 16.00 12,75 91,00
X3 = Phosphate (kg/alq)
VX4 = Pofash (kg/alq)

Fel
(]
8

Total NPK (kg/alq)
Xg = Labor (Cr$/alq)

X7 = Seed & Defensives
(cr$/alq)

fx8 = Machinery (Cr$/alq)

X9 = Labor & Machinery
(cr$/alq)

f X10 = Operating Expense
(Cr$/alq)
ﬁfj X11 = Management Index II
Aabes (0-4000)

”12 = Crop/cﬁltivated Area
(0.00)

4"1‘X13 = Crop Land (alq)

Farm Size in Cultivated Area

No. of Observations

%0ne alqueire is equal to 2.42 hectareé or 5.98 acres.



Table 377 Arithmetic Mean Values of Corn Production Variables by Total. LéVel of
' ‘ Fertilizar Use and Location

V&riablesb

Sample A S
Total High® Low Jard- .
Sample NPK NPK Guaira ~ Sales . Other

Y3 = Corn Yield (60 kg/alq)
Xll- Lime (tons/alq)
X, = Nitrogen (kg/alq).

X, = Phosphate (kg/alq)

3
X, = Potash (kg/alq)
Kg = Total NPK (kg/alq)
Kg = Labor (Cr$/alq)

x7 = Seed and Defensives
(Cr$/alq)

Kg = Machinery (cr$/alq)

Kg = Labor and Machinery
| (Cr$/aly)

KIO = Operating Expenses
- (Cr$/alq)

til‘- Management Index
TN (0-4000)

= Crop/Cultivated Area
(0.00)

%12

Klé = Crop Land (alq)

166.07
23t
32
278.98

106.50 112,19  103.27 ,L107 88 " 108.81  97.85
5.12 1 25 f,; 5g87gﬁf.?11 56 0.93 ogiéfﬁl

3610 66.02 1067 3092 9.2 41T

80.49  114.60  65.08 81.43 2. o

51.48  71.28 . ""?,;_“69 657, 3. 93ijfffi ‘

251359*3 ‘*”59182 oof

17742i6;$;iééé§32' 1721 1o 1821 48 18
0. 420 f6~404‘ 0. 428 fo;408 o, 433 ,; o 423¢f;
18.37 22,08 16 69 . 19.53 .ff“16 01 2039

Farm Size in Cultivated Area . =

(alq)

No. of Observations

455.84', vk73g3711“,{47;oif!:fn73;73 »».39;ez‘ »Z'si.so‘}jf
1 47 14 60 58 3

8Nitrogen 2 50 kg/alq or Phosphate 2 100,kg/élq or Potagh 2 100 kg/alq

Pone alqueire 3o equai to 2,42 héctares or 5.98 acres.



Table 31  Arithmetic Mean Values of Corn Production Variables by Total Level
' of Fertilizer Use and Location ;

Sample B S
Variables All High Low Others
Y, = Corn Yield (60 kg/alq) 108.96 128.67 92.96 96.32
X; = Lime (tons/alq) 22.55 10. 56 32.28 134.17
X, = Nitrogen (kg/alg) - 32.66 41.26 25.68 46.45
X5 = Phosphate (kg/alq) 105.14 145.30 72.57 2.32
X, = Potash (kg/alq) 6877 95.88 46.77 2 oz;«
X5 = Total NEK (kg/alq) | 206,57 282,44 .14;7022 g so 86?
X, = Labor (Cr$/alq) 248,63 378.33 '143'4ii ;195 oe?
X, = Seed and Defensives {Cr$/alq)  33.85 135.60 32.43 f»3pt35.
Xg = Machinery (Cr$/alq) 288.45 342,56 - | 244 ssﬂ 32?0;54 
Xg = Labor & Machinery {(Cr$/alq) 537'081 7920.80 ;382,9@; \§§$;8Ci

X10 = Operating Expenses (Cr$/alq)
= Management Index II (0-4000)° 1800.70 f1852 91

X1 =

Xy = Crop/Cultivated Area (0.00) 0.041 0 0.35
X,, = Crop Land (alq) | 20.34 f.-zz.aaz
Farm Size in Cultivated Area (alq) 64.83 i ‘83.86

No. of Observations 9% ’43


http:Variabl.ts

G Geometric Values of Corn Production Variables?byffotaﬁﬁ ?jaﬁﬁ; &

‘Variable® «
¥4 = Corn Yie}d
€60 kgfalq)
X; = Lime (tons/aIQ)
X, = Nitrogen (kg/alq)

‘727 5o§;
25000 s, 94;'555
'ib;:pofff 80, 0.

X3 = Phosphate (kg/alq) '-3@;90{

X; = Potash (kg/alq) 16;@é;

Xg = Total NPK (kg/alq) 96.00

Xg = Labor (Cr$/alq)  103.00 193.00. £®®7mmmi&mmﬁ»ﬁMo

Xy = Seed & Defensives N SN, “;~7,m, i SR
Cr$/alq) 29.00: } 28 °°ﬁﬁ‘ 31,000 28.00

203,00

Xg = Machinery (Cr$/alq) 209:06; ,164€°°i  f275,00 :

X9 = Labor & Machinery B S
(cr$/alq) 383.00°" 459.00
X0 ™ Operating Expenses 420‘00; ¢498;00

4539@°9f? 5

X;; = Management Index 1610. ooj 1660.00

(0-4000)

X, = Crop/Cultivated Area = NI
(0.00) o, 34; -0 34 )
X13 = Crop Land (alq) 9,4qf
Farm Size in Cultivated
Area ‘nlq) 27.40

10 80"

"31.40

No. of Observations 151 iidﬂj_,vﬂ féﬁi3]‘ff ;15£j‘ 33
aNitrogen 50 kg/alq or Phosphate 2 100 kg/alq or Potaah 100 kg/alq.-

Pone alqueire is equil to 2.42 hectares or 5.98 acres.""'”


http:0.34:'.-0.35

Table 3% ° Geometric Values of Corn Production Variables by Total, Level of :
o Fegtilizer Use and Location ’ . L

S(’BMEO( B

‘Variables 4 o All- High Low - : Other

Y = Corn Yield (60 kg/alq) 100.00 121.00 . 85.00  "":'91.00

Xl- = Lime (tons/alq) . : 2.72 2,89 .‘ | 261 - 2.56

X, = Nitrogen (kg/alq) . 26.00 32.00 §j321;ooff; '? R S Y
X, = Phosphate (kg/alq) 93.00 136.00 6800 - 1.48
X, = Potash (kg/alq) ~ 58.00 85.00 4400 138

5

X. = Total NPK (kg/alq) ' 187.00 268.00  : 139.00 . - 15,00
Xg = Labor (Cr$/alq) 100.00 115.00 . 88.00 107,00

X; = Seed & Defensives (Cr$/alq)  29.00 32.00 . 27,00

X, = Machinery (Cr$/alq) 233,00 308,00 . 159,00

Xo = Labor & Machinery (Cr$/alq) 388.00 . 473.00° T 7% 330,00

L 313,00

XlO = Operating Expenses
(cr$/alq)

X;q = Management Index II
‘ (0-4000) 171000 1760500 oo
X, = Crop/Cultivated Area . ' N

(0.00) 0.33 0.28

X,, = Crop Land (alq) 11.90 11.70

13
Farm Size in Cultivated Area (alq) 32.40 41.20

No. of Observations 26 ‘ 43




‘ VafinBiesb

:hmatic Mban Vhlues of Rice Production variébles by  Tota
‘Level of Fertilizer Use and Location b i

Sample A
Total High

Low
Sample

Y, = Rice Yield (60 kg/ha)

X; = Lime (tons/alq)

X, = Nitrogen (kg/alq)
X4 = Fhosphate (kg/alq)
X4 = Potash (kg/alq)

X; = Total NPK (kg/alq)
Xg = Labor (Cr$/alq)

X7 = Seed & Defensives
o (Cr$/alq)

"xa\- kachinery (Cr$/alq)

 X§ -'Labof & Machinery
finb = Operating Expenses
G (Cr$/alq)
.inll- Management Index
R (0-4000)

X, ™ Crop/Cultivated
Ek (0.00)

’x13 = Crop Land (alq)

'Farm Size in Cultivated Area

(alq)

Number of Observat:: s

aNit:rogen Z 50 kg/alq or Phosphate 2

b

| 1765 42]‘ 1860 24,j3 "°

One alqueire is equal to .,.42 hectares or 5. 98 acres.

2. 08 o 0,92 Ll S
74 47ff "f"C

0 200

9 oo
57;11-"
110

100 kg/alq or Potaah 2 100 kg/alq ;



Table ¢ Arithmetic Mean Values of Rice Production Variables by Total Level of
' - Fertilizer Use and Location , , ‘

’ : Sample B o
Variables High Medium Low
Y, = Rice Yield (60 ,
kg/alq) 62.46
X1 = Lime (tons/alq) 293.98

X, = Nitrogen (kg/alq) 24.48

1

X5 = Phosphate (kg/alq) 93.52
X4 = Potash (kg/alq) 55.10

Total NPK (kg/alq)173.10

.
w
4

Xg = Labor (cr$/alq)  408.51

X7 = Seed and Defensives
(Cr$/alq) 71.40

Xg
X9 = J,abor and Machin-
ery (Cr$/alq) 704.36

= Machinery (Cr$/a1q)295.85;‘

X10 = Operating Expen-
ses (Cr$/alq)

Xl1 = Management Index
II (0-4000) 1796.98

Xy = Crop/Cultivated
Area (0.00) 0.19

X143 = Crop Land (alq) 8.13

Farm Size in Cultivated
Area 60.98

No. of Observations 58



http:Cr$/alq)295.85
http:kg/alq)173.10

'Tabqu"wﬁ“CDQ”Geometric Values of Rice Production Vh:iabletkby;Tota “Level of |

 Fertilizer Use and Location

Total  sample A
Variable

: jSamplef High? _,,”de;;;9

'Yz - Rice Yield S eal A E
- (60 kg/alq) 59 Ong;;.bﬁ

X, = Lime (tons/alq)
2 = Nitrogen (kg/alq) IL.x
X4 Phosphate (kg/alq) 25-00

Xy = Potash (kg/alq) 9 77;

Xs g Total NEK (kg/alq) 58300j?

ng = Labor (Cr$/alq) 245}06;;

X, = Seed and Defens= e
sives (Cr$/alq) 29.00

Xg = Maéhinery (cx$/
alq) 222.00

Xg = Labor and Ma-hin- ST AT
ery (Cr$/alq) 584.00 o

X,0 = Operating Expen- L
ses (C=$/alq)  627.00:

X, . = Management Index

11 "(0-4000) ~  1680.00
X2 = Crop/Cultivated kf;fjﬁ
Area (0.00) 0{14 -
x13 = Crop Land (alq) 4,30
Farm Size in Cultivated
Area (alq) 29.30

No. of Observations 110 34

a Nitrogen & 50 kg/alq or Phosphate > 100 kg/alq or Potash = 100 kg/dlq;‘_"’

P one alqueire is ecqual to 2.42 hectares or 5.98 acres.



fable Lo Geometric Values of Rice Production Variables by Totalvaevel“g
Fertilizer Use and Location EEta

Sample B ' -

Variables High © Mediun
{5 = Rice Yield (60 kg/alq) 51,50 A SB;QOF
k; = Lime (tons/alq) 2.14 307
Ko = Nitrogen (kg/alq) 18.50 if i;éb:
X4 = Phosphate (kg/alq) 79.00 120.50°
{;, = Potash (kg/alq) 48.00 Lt
Xg = Total NPK (kg/alq) 154.50
Xg = Labor (Cr$/alq) 250.00
X7 = Seed and Defensives

(cr§/alq) ' 11.00
Xg = Machinery (Cr$/alq) 233.00

Xg = Labor and Machinery (Cr$/alq) 584.00
X10 = Operating Expenses (cr$/alq)

X1 = Management Index II

(cr$/alq) 1690.00
X190 ™ Crop/Cultivated Area (0.00) 0.145
X, ™ Crop Landa (alq) 4.20

Farm Size in Cultivated Area (alq) 28.20

No. of Observations 58



“Table - Arith
S ‘ Fertilizer Use and Location

e BB Sample A SR
»Vh?igpl: SRR "~ Total High Low T Jarde

Sample = NPK NFK ’jcuairaiQ‘]fsaLes

7Y1 = Cotton Yield as kg/alq) 198.35  221.53  184.98 f223;05~;f_f19o 34 11s;£bf‘f

X -  Line (tons/alq) S 3.9 1.66 520 0.8 1, 71 1:»25‘6iff1
X, = Nitrogen (kg/a1q),.f'v;’;‘,43.96\ 7407 26,60 40.46 46,93 s 50. 4o§;b
X, = Phosphate (kg/a14)1ﬁf’L;‘-1§3551[7i 193.27 177.86_j1 216;§of»',5156;93vg' 119,20
X, = Potash (kg/alq) Cue47 19, 13 106,02 128.16 98.93‘f‘ ;oo;8qjj
Xg = Total NEK (kg/alq) 31.95  396.47  310.50  385.00 302,790 270,40
Xg = Labor (Cr$/alq) 17591 146,56'.' 192,86  157.65  167.79  277.96

X7 = Seed and Defensives S R : : }
(Cr$/alq)  ?267;32f:iV331.93;,K,230.04‘ 246,16 292.00 286.70

Xg = Machinery (Cr$/alq) 284.33  267.15 20424  271.90  238.88  469.60

X9 = Labor & Machinery R I T N e FERE
| (cr$/alq) | 460.24 - A13.71  487.08  429.55  406.67  747.56

x1o = °Peratins Expenses Lt oo oo T e
o (Cr$/alq) “,*'7???5515”;745‘64k*\;717}121w5;575,7!;;g‘:698é§?}!1103&?2§f€'

xll - Management Iadex Ty
ERRT (0-4000) 51811“23{‘

1715 69; 1741 32

o 364'

4#12:? Crop/Cultivated Area' ? ;; 0 365 Mp;366 0 403 ;”'/”-;wf
‘313 = Crop Land (alq) 25’ssf - S

Farm Size in Cultivated Area Qf*ﬁ;; v
o (alq) el

‘thber of Observations 2

 8Nitrogen use 2 50 kg/alq or Phosphate 2 200 kg/alq or Potash Z 200 kg/alq
bone alqraire is equal . 2.42 hectares or 5,98 acres ‘ ”



Tablé L{\ Arithmetic Mean Values of Cotton Production Variables by Total Level
of Fertilizer Use and Location 3

. Sample B
Variables High Low

¥; = Cotton Yield (kg/alq) 216.46 185.46
X, = Lime (tons/alq) 144,20 780.74 .
X, = Nitrogen (kg/alq) - 1;5?,91w ,131;9}j5;

X4 = Phosphate (kg/alq)

X, = Potash (kg/alq)

X; = Total NPK (kg/alq)

Xg = Labor (Cr$/alq)

Xy = Seed & Defensives (Cr$/alq)
X8 = Machinery (Cr$/alq)

Xg = Labor & Machinery (Cr$/alq)
Xi0 = Operating Expenses (Cr$/alq

X171 = Management Index (0-4000)

Crop/Cultivated Area (0.00)

Crop Land (alq)

>
[
w

a

Farm Size in Cultivated Area f[f;

No. of Observaticns




Variable®: Total

Sample - -Guaira’  Sales:  :Other’

Y1 - Cotton Yield

X2 Nitrogen (tons/
alq)’

X, = Phosphate (kg/a1q)lff;f' ‘106 ooﬁ” 106.00  77.50

X = Potash (kg/alg) 59 e 75 oo}j 41 so{f © 65.50
X5 = Total NEK (kg/alq) ’ L?h};. s, oo”f 258,00
Xg = Labor (Cr$/a1q) -

X

117,poif 21100

7™ Seed & Defensives s
(Cr$/a1q) 521¥[, o

x8 - Machinery (Cr$/
L alg)

Xo = Labor & Mbchinery

7 (er$falg) 41,2,’;@6.;?

xlo'n'Ope:ating Expenses fsz i
(Cr$/alq) 672.00" ' -

Xl1 = Management Index
SO (0-4000)

ESQ Crop/Cultivated

Py "'Area (0.00)

Xisi- Crop Land (alq)

3ngarm Size in Cultivated
EERE " Area

~'Ne. of Observations
@Nitrogen 2 S0kg/alq or Phot hate 2 100 kg/ald’otirbtésh.ifloo kg/nlq.‘

bOne alqueire is equal to 2. 2 hectares or 5.98 acres



‘Table L9, Geometric Values of Cotton Production Variables by Total Level of
Fertilizer Use and Location .

- Sample B
Variables ,High:‘
Y, = Cotton Yield (kg/alqg) /207.00

Lime (tons/alq)

~<
} and
|

Nitrogen (kg/alq)

s
N
1

Phosphate (kg/alq)

=
w
4

?‘9o'oo§

X;z = Potash (kg/alq)

X5 = Total NPK (kg/alq) 2219 00
Xg = Labor (Cr$/alq) :;43500f
X7 = Seed & Defensives (Cr$/alq) - a187;00 
Xg = Machinery (Cr$/alq) ;éﬁz.d§ 
Xg = Labor & Machinery (Cr$/alq) ,42519@i

xlO = Operating Expenses (Cr$/alq)

X,, = Management Index II (0-4000)

11
Xp9 = Crop/Cultivated Area (0.00)
Xy3 = Crop Land (alq)

Farm Size in Cultivated Are:

No. of Observations



http:140A10.00

Table 3': Arit:lmetic Mk.dﬂ Values of Soybean Production Variables by Total, Level of
Ll i Vbrtilizer Use and Location .

S _ Sample A
Variabies® Total  High® ~ Low :  Jard-
RS ‘Sample. NPK NPK Guaira Sales & Others

‘§4 = Soybean Yield (60 kg/alq) 64.22  61.65 66}13”f _ 67,25‘_ 52.12
¥ = ee (60 tome/al)  3u2m 3 693 5 0.
X = Nitrogen (kg/alq) S s e U SU RO I o
Xy = Phosphate‘(kg/aIQ)
X, = Potash (kg/alq)
X5 = Total NPK (kg/alq)
X = Labor (Cr$/alq)'

x7 = Seed and Defensives

(Cr$/alq) | 106,00
Xg = Machinery (Cr$/alq) Tnanfﬁff

Xg Labor & Machinery
(Cr$/alq)

. Operating Expenses
v (Cr$/alq)

*12 - Crop/Cultivated Area

K13 o Crop Land (alq)

Farm Size in Cultivated Area LJ:NW
(alq)

Jjumber of Observations

9 phosphate % 100 kg/ale or Potash z 100_'g”a1 /;

bOne alqueire is equal to 2. 42 hectares or 5.‘H%d¢tés;



Table Ns . Arithmetic Mean Values of Soybean Production Variables by Total
' " Level of Fert.lizer Use and Location

\ Sample B
Variables All Other
Y, = Soybean Yield (60 kg/alq) 53.48 82 13
X, = Line (60 tons/alq) 40,44 _15 47-'
x2 = Nitrogen (kg/alq) 2296 600
Xy = Phosphate (kg/alq) 90.56

X4 = Potash (kg/alq)

X = Total MPK (Kg/alq)
X = Labor (Cr$/alq)

= Seed and Defensives (Cr$/alq) .

X, 225 20{

XB = Machinery (Cr$/alq) 310 90;

X9 = T.abor & Machinery (Cr$/alq)

464.38
X10 = Operating Expenses (Cr$/alq) :
X7 = Management Index IT (0-4000)
X;2 = Crop/Cultivated Area (0.00)
Xy4 = Crop Land (alq)

Farm Size in Cultivate d Ar

No. of Observations


http:alq)2.72l35.37

.Tab_l"ef LU-\Gemﬂe-t:l:'i.._ Values of Soybean productionVariables‘by'I.‘otal,Levelof
B ‘Fertilizer Use and Location -

vatiab1é95'” 

Y4 - SOybean Yield
(60 kg/alq)

X, = Lime ( tons/alq)
X, = Nitrogen (kg/alq) ‘,
X4 = Phosphate (kg/alq)
X, = Potash (kg/alq)

X5 = Total K (kg/alq)
X = Labor (Cr$/alq)

X7 = Seed and Defensives
(cr$/lalq)

Xg = Machinery (Cr$/alq)

Xé = Labor & Machinery
(cr$/alq)

- Operating Expenses
e (Cx$/alq)

xn - Management: Index I
5,&'-””. Lo (0 4000)

‘-‘“-_di'op/cultivated Are
"(0.00)

,'1th13 - Crop Land (alq)

=Farm Size in Cultivated .
(alq)

Na. nf ODhaarvatinnn

‘Total
- Sample

5300

86. ooﬁ;

412,00

1780.00 -

:Jar - ales
& Ot:hers

ﬁ4§¥66f
23 ooy
104 ca;

910.00 740,00

2Nitrogen 2 50 kg/alq o. Phosphate Z. 100 kg/alq or Potash > 100 kg/a]q

bOne alqueire is equal to 2,42 hectares or 5.98 acres.


http:5.078.10

Table 4y Geometric Values of Soybean Production Variables by’ Total Level
of Fertilizer Use and Location ‘ .

Variables

Y, = Soybean Yield (60 kg/alq)
Xl = Lime (tons/alq)

X, = Nitrogen (kg/alq)

Xq = Fhosphate (kg/alq)

Xy = Potash (kg/alq)

X. = Total NPK (kg/alq)

5
Xg = Labor (Cr$/alq)

X7 = Seed and Defensives (Cr$/a1q5j

Xg = Machinery (Cr$/alq)
Eg = Labor & Machinery (Cr$/alq)
Xj0 = Operating Expenses (Cr$/alq)
X,; = Management Index IT (0-4000)
Xi9 = Crop/cultivated Area (0.00)
X13 = Crop Land (alq)

Farm Size in Cultivated Area (alq)

No. of Observations

1660.00 -

Sample B
All Other -
50.00 58.00
7.10 3.8
) st
83.00 10:

 47;00 

7600

179.00.
305;09‘;
42400625







Significant at 0,50 leve!

*
: 151 Observations

Numbers in parentheses are standard errors

** Significant at 0.10 level

of regression coefficients.

Table 45 Regiona1>A11 Crop Production Functionag/
" ‘ Regresaion Coefficientsb _
Variables ‘Model IT7T Model IV Modely Model VI
Constant 2,406 2,593 2.907 2.313
X, = Lime 0.012% 0.015% 0.012% 0.011%
(tons/alq) - {0.016) (0.018) (0.015) (0.016)
= Nitrogen | o ;
(kg/alq)
X4 = Phosphate
(kg/alq)
Xh = Potash
(kg/alq) | o A
Xz = Total Fertilizer ©.0.006 1 0.028% - 0.012 < -
(kg/alq) (0.021) (0.024) (0.021)
= Labor 0.033* o 'b
(Cr$/alq) (0.044)
X, = Seed and Def. 0.203%% 0.203%% I
(Cr$/alq) (0.029) (0.029) ©(0.028)"
X, = Machinery 0.046%%
(Cr$/alq} (0.025) |
= Labor & Machinery - ' 0.117** 30.087**;
(Cr$/alq) - o (0.035) (0.035)
Xlo = Operating Expenses _ 6;059*  ' '
(Cr$/alq) - - (0.058)
xll = Management Index II ’ 0;114* 0.130% _0.117*
(0.084) (0.097) (0.080)
X;» = Crop Land/ -0.127% =0.174%
Cultivated Land (0.116) (0.135)
X13 = Crop Land (alq) 0.002 0.075% -0.016
(0.041) (0.046) (0.027)
Standard Error of Estimate 0.357 0.414 0.363 0.361
Simple R 0.415 0.201 0.382 0.389
F - Ratio 12, 578%% 6.047%* 17.906%* 18.481%%



X

Table 45

Vhfiablés

‘Model VII

Regional All Crop Production Functions?/

Regression Coefficients

Model VIII

b
Model IX

Model X

Conatant

X1 = Lime
(tons/alq)

X2 = Nitrogen
(kg/alq)

X4 = Phosphate
(kg/alq)

xa = Potash
(kg/alq)

~x5 = Total Fertilizer
(kg/alq)

X6 = Labor
(Cr$/alq)

x7 = Seed and Def.
(Cr$/alq)

- Xg = Machinery
' (Cx$/alq)

X9 = Labor & Machinery
(Cr$/alq)

X, = Operating Expenses

10 (cr$/alq)

E:f X,, = Mansgement Index IX

11

- Xy9 = Crop Land/

Cultivated Land

13" Crop Land (alq)

Standard Error of Estimate

Simple R2

¥ - Ratio

* Significant at 0. level

R 151 Observa'ions

2,666

0.020%*
(0.018)

" =0.066%*

(0.030)

0.032%
(0.025)

0.045%%

(0.026)

0.096% -
(0.058)

0.113%
(0.095)
-0.119%
(0-134)'

0.046%
(0.047)

0.241
0.406

5.650%*

2.934

0.017%
(0.016)

=0.067%*
(0.026)

0.021%
(0.022)

0.036%*
(0.023)

0.197%

©.020) -

o Dl126Wk

2.474

0.014%
(0.015)

-0.063%
(0.025).

0.0L7%
(0.022)

©.0.030%
- (0.023) .

0.186%k
(0.028)

| Gk 0.096%K
R _}gi'i(0-034)ﬁ g_”¢?f

(0.035)"

0.092%

- (0.079)

"-0,027%
T(0.027)

0.417
0.355
14. 598%k

‘0.418

0.354
14.5683%%

% Significant at 0.10 level

Mumbers in parentheses are standard ercors of regression coefficients.

2.272

~=0.063%k
©:€04025)

LWbLOfy*fff
©.022)

L 0.002%
- (0.023) .

s
(0.029) .

O.towe
" (0.036)

0110w
(0.082) "

.ok
i”‘qiozg):

‘Eqb;Aziﬁ’

0.354
14.827%%



TABLE 4.6--Regiona1 all crop quadratic productibnbfunctionsa

Variables Regression Coefficients?
Model XI Model XII
Constant 83,967 - 87.684
X, = Lime - -0.002
(0. 004)
X5 = Total NPK ' 0. 050%
. © (0.044)
X14 = (NPK) - =0,00002%
' (0.00002) I
X1 = Lime (NPK) 0.00008 - -
: , v 0, 0002)
Xp7 =(Lime (NPK))? | | 0, 0000
‘ 0, 0000)
X7 = Seed & Defensives 0,482%x% 0. 496%*
(0. 046) 0, 044)
Xg - Labor & Machinery -0, 0002% 0.0002%
(0. 0001) 0.0001)
X131 = Mgt. Index II 0. 002 0. 004 %
(0. 004) 0.004)
Xj3 = Crop Land 0. 005% 0. 005%

' (0. 006) 0. 006)
Standard Error of Estimate 48,570 8.617
Simple R 0.507 0.503.

 F-Ratio 21, 010%% 4, 252%%

*Significant at 0,50 level,
ek

Significant at 0, 10 level,
3151 observations

Numbers in parentheses are standard error -.regresgsion
coefficients, : :



i .TAB’LEIF?--Regional all crop quadratic productwn functions®

- Regression Coefficient:sb L
Variables Model XIII "VTariab‘l’e‘s

j:egmaexr--zm'v

" Constant 1108, 297 Constant 87.769

- -0.004 lee &, Nztrogen 0. 0002 -

o (0.013) " o S (0,0007)
el 1408 ."‘i-'Xiéﬁ' L1mef..&.Phosp.._-0 0003

(0. 656) Sy (0, 0006)

0,200%* X19' L1me & Potash 0.0012

(0, 122) R (0. 0026)

(.',',3;"_0,'5‘21*# - Xg Labor & Mach -0.0001%

»,’q..,;(o;-226) | S (0.0001)

- 70,007% ; - Seed & Defens 0. 494 %

* (0, 005) (0. 044)

-+ =0,00004 xll" Management 0. 004
(0.00005) - (0.004)
gxzz ’Potash Squared -0, 0005% X3A . Crop Land . 0,004"
| (0. 0009) S (0,.007)
Xz3 = lnteractmn of Nitrogen 0, 002* AR
i and Phosphate (0, 003)

?X24 = Interaction of Nitrogen 0,0001
‘ and Potash (0. 0003)
'-x25 = Interaction of - =0,001%
.=+ . Phosphate & Potash (0.001)
.‘Xlo ‘Operating Expenses - 0,0001%
" (0,0001)

5
L B

“Standard Error of Estimate . 63,758 F. ';,Sféndefd :Eif,oi-fféf?-" 487
D 2 e Estimate : :
Simple R Simple R2 "

F-Ratio

S1gn1f1cant at 0, 50 level s
S1gn1f1cant at 0,10 level
2151 observationa

bNumbers in parentheses are standard errors of regresaion coee
coefficients, » o REREER



Table 47

Variables
m

Constant

X, = Lime
(tona/alq)

X = Nitrogen
(kg/alq)

X5 = Phosphate
(kg/alq)

= Potash
(kg/alq)

x5 = Total Fertilizer
(kg/alyg)

‘= Labor
(Cr$/alq)

X4

X, = Seed and Def.

7 (cr$/alq)

x8 = Machinery

(Cr$/alq)

Xg = Lator & Machinery
(Cr$/alq)

X = Operating Expenses
10 (cr$/alq)

xll = Management Index II

Xy2 ™ Crop Land/
Cultivated Land

x13 = Crop Land (alq)

Standard Error of Emtimate
Simple R2
F - Ratio

* Lignificant at 0,50 lewe

a 60 Observations
Numbers in parentheses a

Model III

2.506

-0.010
(0.021)

0.022%
(0.027)

0.037%
(0.060)

0.298%k
(0.056)

0.064%*
(0.038)

-00006
(0.098)
"0 0363**
(0.189)

0.040%
(0.054)

0.281
0.699

14.792%%

Guaira All Crop Prn<uction Functions-—'

Regression CoefficientaD

Model IV

2.436

-0.011
(0.022)

0.013

.028)

0.335%
(0.059)

0.104%
£0.064)

-0.004
(0.105)

*0.006

(0.046)
0.303
0.638

15.565%*

Model V

2.496

-0.006
(0.022)

-0.035%
(0.038)

-0.001
(0.036)

0.051%
(0.036)

~(0.060)

0.110%

(0.064)

04016 °

(0.106)

-0.006
(0.046)

0.301
0.656
12.146%%

** Significant at 0.1 level

standard errors of regression coafficients.

Model VI

2.459

-0.036%
(0.037)

-0.001
(0.036)

0.052%
(0.036)

- 0.339%%

- (0.059)

0.111% .
(0.063)

-0.012
(0.042)

0.298
0.655
14.118%*



Table 48

Variables
- ———

Constant

x1 = Lime
(toni: /alq)

x2 « Nitrogen
(kg/alq)

X4 = Phosphate
(kg/alq)

= Potash
(kg/alq)

XS“- Total Fartilizer
(kg/aly)

Xg = Labor
(>r$/alq)

vy = Seed and Def.
(Cr$§/alq)

X8 = Machinery
(Cr$/alg)

= Labor & Machinery
(Cr$/alq)

X4

X

X
10 (Cr$/alq)

X11 = Management Index II

Xy = Crop Land/
Cultivated Land

xl3 = Crop Land (alq)

Standard Error of Extimate

Simple Rz

F - Ratio

* Significant at 0.5 level

a 58 Obsarvations

b Numbers 1n parentheses are standard errors of regression .oefficients.

= Operating Expenses

Model III

2.178
0.026*

. (0.027)

=0.005
(0.033)

0.072%
(0.063)

D.1174%
(0.043)

D. 1524k
(0;047),

0.074
(0.160)
0.056
£9.181)

=0.009
(0.070)

0.342
0.478
5.613%%

Jard.-Sales All Crop Ptoddction Functionsﬂl

Regression Coefficients

Model IV

1.334

0.023*%
(0.029)

7'°;0°1 5
' (QZQ35)*

0.1374k
(0.045)

0. 164wk
(0.056)

0.206%

(0.163)

-0.032%
(0.044)

0.362
0.380
6.372%k

b
Model V

1.585

0.028%
(0.031)

=0.044%
(0.043)

fdQOiéfi
‘(QPQ3S)~

0.016
(0.038)

- 0.140m8
(0.046)

0. 1694

(0.057)

0.166%
@6

~0.036%

(0.045)

0.366
0.400
4.088%*

** Significant at 0.10 level

Model VI

1.414

-0.032%
'(0.041).
fd}bzéﬁj
(0.034)
0.005

(0.037)

C0.78%
(0.164)

=0.030%*
(0.044)

0.366
0.:90
4.562%k



Table 49

* Significant at 0.5 level
a 33 Observations

b Numbers in parentheses are standsrd errors of regression coefficients.

ke

Ocher Areas All Crop Production Funccionsil

Significant at 0.10 level

, ' Regression Coefficientsb
'Variables Model III Model IV ‘Model V Model VI
D D R
Constant 4.864 4.922 5.180 4.892
X; * Lime 0.035% 0.028% 0.027%

(tons/alq) (0.037) (0.034) (0.037) _
X, = Nitrogen -0.058% ~0.054%

(kg/alq) (0.064) (0.063)
X4 = Phosphate 0.023 0.037

(kg/alq) (0.066) (0.062)
X, = Potash ‘0.01045i

(kg/alq) o (0.065)
X5 = Total Fertilizer © 0,006 -0.001" =0,005..

(kg/alg)  (0.052) (0.050). .(0,061)
Xg = Labor =0.001

{Cr§/alq) (0.112)
X, = Seed and Def. 0. 134%# 0,128k 0.120% 0.134%

(Cr§/alq) (0.068) - (0.065) (0.069) (0.065)
X8 = Machinery =-0.042%

(Cr$/alq) (0.048)
Xg = Labor & Machine.y 0,057% 0,044 -0.050%

(Cr$/alq) (0.080). (0.085) (03084)
xlO = Operating Fxpenses -

(Cr$/alq)
x11 = Management Index I 0.035 0.030
(0.234) (0.222)
Xy, = Crop Land/ 0.192
Cultivated Land (0.307) .
X;5 = Crop Land (alq) ~0.112% -0.082% -0.072% . -0,084%
Standard Error of Ewtima 0.362 0.354 0,362 0.358
2

Simple R 0.243 0.212 - 0.241 0.224
F - Ratio 0.963% 1.166% 0.953% 1.033%



Résiohai co':';;‘ . ‘Ptdduction hmcti('uy

% Significant at 0.50 level

2 151 Obaservations

% Significant at 0.10 level

b qumbers in parantheses are standard errors of regression coefficients.

S : hgrulion'Cocfﬂ;:ientny ' Reg. Codf.h/
Variables todel TTI Model TV Yariables Model Vv
Constant 3.295 3.284 Constant 9'7.479: e

(tons/alq) - (0.019) (0.020) (tons/alq) S
K, = Nitrogen 7 -0.040% Xy = Nitrogen -0.485**
(kg/alq) . (0.025) (ks/alq) (0.246)
Ky = Phosphate . 0.019% X3 = Phosphate 0.012
(kg/alq) - (0.024) (kg/alq) (0.163)
K; = Potash 7 0.019% X, = Potash 0.3462%
(kg/alq - €0.027) (kg/alq) (0.178)
K5 = Total Fertiliser " _Xgo = Nitrogen 0. 0024k
(kg/alq) . Squared (0.001)
‘6 = Labor xn = Phosphate 0.0004
(Cr$/alq) -7 8quared (0.0008)
K; = Sead apd daf. 'Xpp = Potash -0.0005 *
(Cx$/al Squared (0.0003)
Kg = Machine Xy Nitrogen & 0.001*
(Cr$/al ~  Phosphate (0.001)
Xg = Labor & Machinery :Xﬂ. = Nitrogen & 0.002%
' (Cx$/ale) Potash (0.003)
' Xj0 = Operating Expenses 0182** : = Phosphate & -0.,001*1:"‘
(Cr$/alq) 2(0,059) Potash (0.001)
X171 ™ Management Index IIX 0,051 -~ ;x7‘ = Seed & Def. S
.(0,092) =
X;9 = Crop Land/Culti- =0,215%% Xg = Labor &
vated Land - (0.070) B Machinary
X;4 ™ Crop Land (alg) : o.oé,z* "0.045% },15 = Total Expenses-0,0004%*
- (0.040) €0.029) : (0.0002)
‘Standard Krror of Estimate 0,394 0.409 40.678
Simple RZ 1 0.188 0.110 0.158
¥ - Ratio 4,103%* 2.960%% 2.660%*



Table 51 R Subregion Corn Production Functions

Regression Coefficientsc

X

. b
Variables Model ;M Mode' 1T Model ;[M&g Model 11
‘--ﬂ---ﬂ----------------_--I------m.--.------
Constant 2,338 2.311 1.106 1.248

1" Lime -0.062% -0.056%% 0.010 0.020
(tons/alq) (0.027) (0.027) (0.031) (0.034)
X, = Nitrogen -0.043% | -0.026%
(kg/alq) (0.039) (0.039)
X4 = Phosphate C.033% -0.000
(kg/alq) (0.045) ‘ (0.028) ,
X, = Potash 0.024 0,015
(kg/alq) (0.0&8) (0.040)
Xg = Total Fertilizer {?70:035* '
(kg/alq) - ‘f(0f037)
~ X¢ = Labor 0.010
(Cr$/alq) (0.030)
X, = Seed and Def. 0.108% 0:109%: ©0.138% -0.131%
(Cr$/alq) -~ (0.111) '(0}}}9); }(0;087)3 -€0.,090) -
x8 = Machinery
(Cr$/alq) v
X = Labor & Machinery 0.1l 0,106%' C0.286%F | 0.2774
(Cr$/alq) €0.09¢ {0.095)" +:€0.080) 15?§Q}Q&3)'
X. = Operating Expenses
X, = Management Index IT  0.101# 0.130k o oil4sk o 0.l4h%
(0.123) (0.123) ~€0,157) .~ (0.159)
X, = Crop Land/ , ST R S
Cultivated Land '
X, = Crop Land (alq) 0.087% . 0.073% . 0.057% 0.059%
Standard Error of Estimate 0.387 0.385 0.340 0.346
Simple R 0.249 0.286 0.326 0.331
F - Ratio 2,924%% 2,560%% 4.102%% 3.032**
* Significant at 0.5} level ** Significant at 0.10 level |
a 60 Observations b 58 observations.

C Number' in par’rth---- ava atandard arrara af racrassaion coefficiants.



Cable 5L

‘inz = Crop Land/ E
o Cultivated Land - -

:;*13 = Crop Land (alq) “"

: Standard Error of Entimatc

‘Simple Rz

F - Ratio

* Significant at 0.50 lewel

33 Observations

e

‘Subregion Corn

. 0.615

*f Significantvat 0.10 iévdf

Production Functionﬁ

Regression Cogfficientsb
) Other Areas
{Variables | Model T Model II
var . . , ‘ N
Constant 5.748 5.727
(tons/alq) (0.063) (0 070)
= Nitrogen -0 042 ;
(kg/alq) (0‘077)‘
X4 = Phosphate. 0. 017f
(kg/alq) (0.109):
Xa = Potash .0.026;?
, (kg/alq) (0.123)
Xg = Total Ferﬁiii;éi‘ 20,056
(kg/alq) (0- 032)”
= Labor
(Cx$/alq)
X, = Seed and Def. 2.270% 0.274%
' (Cr$/alq) ’0 188);; (Q:19§)
.X8 = Machinery
(Cr$/alq)
Xg = Lebor & Machinery /0,026 10,028,
(Cr$/alq) 00.159) (o 173)
10 = Operating Expennen
(Cr$/a1q) .
*11 = Management Index II- -0,241%
| o (0.301)

NMumbers in parentheses are standard errors of regression coefficient:



* Significant at 0.50 level

47 Obsarvations

T

Nusbers in parentheses are

'fabla 52 - Sample A - High Group Corn Production lunctiomy
Regression Q)officientok, ‘ Reg. coett. B/
Variables Model I Mcicl IX Variables Model IIX
Constant 0.057 0.984 Constant 88.238
X, = Line | - -0.019 -0.004 X; = Lime
(tons/alq) (0.032) (0.034) (tons/alq)
X, - Nitrogen © -0,055% Xy = Nitrogen -0.274
(kg/alq) (0.040) (kg/alq)  (0.578) -
x3 = Phosphate - 0,006 X3 = Phosphate 0,133
(kg/alq) - (0.036) (kg/alq)  (0.410)
X, = Potash 0.041% xk = Potash 0,353*‘
(kg/alq) . (0.032) (kg/alq)  (0.323)
X5 = Total Fertilizer | X720 = Nitrogen 0,001
(g/alq) Squared  (0,002)
x6 = Labor xn = Phosphate -0,0001
(cr$/alq) Squared  (0.0016)
X, = Seed and def. 0.152% 170,160% Xy9 = Potash 0.0005%
(Cr$/alq) (0.101) - €0.104). Squared  (0,0007)
x8 = Machinery 3" Nitrogen & (0.001
(Cr$/alq) Phosphata (0.002)
Xg = Labor & Machinery 0.158%* . 0.194%%k X,4 = Nitrogen & 0.0001
(Cr$/alq) 0.087) (0.089) Potash  (0.0028)
Xj0 ™ Operating Expanses Xy = Phosphate &--0.0007%
(Cr$/alq) Potash (0.0010)
Xj; = Management Index II - 0,226% 0.248% x., = Seed & Def.
(0.169) (0.168)
X,9 = Crop Land/Culti- = Labor &
vated Land Machinery
113 = Crop Land (alq) 0,030 0.033 xlo = Total Expenses
(0.048) (0.051) 0.007
(0.018)
Standard Error of Ketimate 0.359 0.366 37.858
Simple RZ 0.370 0.375 0.333
F - Ratio 3.917%*% 2.854%k 1.800%*

*k Significant at 0.10 level

andard errors of regression coefficients.



l'abln

53

* gignificant at 0.50 lavel

; 104 Observations

Sample A, Low Group,'»th%hi " Production Yunctions~/
e ~ Regression c«fﬁciontoy ' : 5e Vvwmas—

) ’!Qria_bl.u“ - Model I Model XX Variables lhdcl IIz
Constant 2.843 2.910 Constant 102 , 104
X, = Live -0.029% -0.020% X, = Lime |

(tons/alq) (0.024) (0.025) (tons/alq) |
X, = Nitrogen | -0.047% Xy = Nitrogen -1 .;36041;"
(kg/alq) €0.053)y (kg/alq) (1.362)
x3 = Phosphate ‘0;016”;"_‘ Xy = Phosphate '-Ov.llvzl
(kg/alq) (0.042) - (kg/alq) (0.525)
X, = Potash 0,012 ?'"-x,. -rocaph ~ 0.010
(kg/alq) €0.052) SR (kg/alq) (0. 762),
X5 = Total Fertiliser 0,006 xzo = Nitrogen  0.006%.
(kg/alq) (0% 027) : | ‘Squared (0. 006)1;_
Xg = Labor X;, = hosphats 0,002
(Cr$/alq) o Squared (0.004)
Xy = Seed and def. 0.125% 0.124% Xy = Potash -0,001%
(Cx$/alq) (0.085). (0.086) ‘ Squared (0.001)
Xg = Machinery | 3™ Nitrogen & -0.002 : '-
(Cx$/alq) Phosphate (0.012)
Xg = Labor & Machinary ©0.099% X, = Mitrogen &  0.023%
(Cr$/alq) (0.079) - B Potash (0 017) -;
X10 ™ Operating hponui 5 xés = Phosphate & -0 001
(Cr$/alq) e Potash . (0 007)
X,; = Management Index IX ~  0,095% ' ‘X, =Sesd &Def.
(0, 118):91 S B
X, ™ Crop Land/Culti- ’ | - Xy = Labor &
vated Land L Machinery
X, = Crop Land (alq) 0,014 0,014 : xm = Total Expenses 0,002
. ‘ ‘ -(0.043) (0 044) ' "~ (0.005)
gtandard Error of Kstimate 0,422 o 424 42,621
Simple R 0.076 0. 084 0.084

Numbers in parentheses are standard errors of regression cocfﬂ.ciontl._



Table 54

* Significant at 0.50 level

4 96 Ob ervations

*& Significant at 0.10 level

b jmbars in parentheses are ctandard errors of mrouton coefficients. -

Sample B, All Group, Corn Production Functions~/
I Regression c“fficient:oy : Rag. Oonff.h/
‘Variables Model I Model IIX Variables - Modsl IIX
Constant 0.974 1.125 Constant 41.216
X, = Line . -0.021* -0.021% X, = Lime -0.025
(tons/alq) (0.026) (0.027) (tons/aiq) (0.037)
X,. = Nitrogen -0,022 X9 = Nizrogen ~-0.614% -
“  (xg/alq) (0.064) (kg/alq). (0.668)
X, = Phosphate 0.099% X3 = Phosphate 0.728%
(kg/alq) (0.106) (xg/alq) =~ (0.508)
X, = Potash 0.180%k X, = Potash  0.481%
(kg/alq) (0.111) (kg/alq) (0.411)
X5 = Total !‘irtili:qrz 0 264**’:7 X720 = Nitrogen 0.007*%
(kg/alq) (0 .099) Squared (0.005)
: 16 = Labor xn, = Phosphate -0.003%
(Cr$/alq) Squared (0.003)
X; = Seed and def. ©0,204%k Xyp = Potash -0.001
(cr$/alq) .€0,087) Squared (0.003)
Xg = Machinery Xy '™ Ritrogen &  -,0001
(Cr$/alq) ~+  Phosphate (0.0039)
X = Labor & Machinery © 0.109% 0.087% X, = Mitrogen &  -0.003
(Cr$/alq) (0.080) (0. 084)’~ Potash (0.007)
le0 = Operating Expanses Xo5 = Phosphate & 0.002
(cr$/alq) Potash (0.005)
X;y = Macagement Index IZ 0.113% -0, 150% X, = Seed & Def.  0.241%
(0.114) - (0.120) (0.158)
X, = Crop Land/Culti- Xg = Labor & 0.001
vated Land Machinery (0.004)
X;4 = Crop Land (alq) 0,004 ~0,003 X, = Total Expenses
, (0.044) (0.044)
Standard Krror of Estimate 0.413 0.415 42.615
Simple R 0.226 0.236 0.240
¥ - Ratio L.oon 3.352%k 2. 146%H



R |

'l‘nthSSample B,High ‘thups, Corn ~ Production Functions®/

% Significant at 0.50 level

8 43

Observations

h Significant at 0.10 lavel

b mumbers in parentheses are standard errors of regression coefficients.

o lﬁkmuion Cocl.ﬁieinnt:oy , Reg. Coctf.h/
" Variables Hodel I Model II Variables Model IXX
Constant 1,964 1.759 Constant 190.08
X, = Line . =0,064%% -0.058% X; = Lime -0.362%
| (tons/alq) ~ (0.036) (0.037) (tons/alq) (o 498)
X, = Nitrogen ‘ ' - =0,071% Xy = Nitrogen -3.745%k
(kg/alq) - €0.079) (kg/alq) (2.088)
13 = Phosphate 0.068 Xy - Phosphate -0.648
(kg/alq) . €0.156). (kg/alq) (1.513)
X, = Potash 70.173% ., = Potash 0.853%
(kg/alq) (0.126) - - (kg/alq) (0.785)
'xs = Total Fertilimer X20 = Nitrogan 0.003
(kg/alq) ‘ | Squared (0.008)
= Labor Xy, = Phosphate  0.003
(Cr$/alq) Squared (0.007)
X, = Seed and def. 0,152% 0.178* X49 = Potash -0.002
(Cx$/alq) (0:127) (0.130) | Squared (0.004)
Xg = Machinery x23 = Nitrogen & 0.008%
' Xy = Labor & Machinery =0,078% Xy = Mitrogen &  0,017%
(Cr$§/alq) (] .112) Potash (0.015)
X0 -‘Opcratins hpouu' ' Xa5 ™ Phosphate &  0.005
~ (Cr$/alq) = Potash (0.008)
X;; = Management Index II . 0.261% 10.345% ' X, = Seed & Daf. 0,33
. - .(0.206) . (0.220) - (0.353)
X3 = Crop Land/Culti- S 0 X9 = labor & ~0.001
‘ vated Land | ) : ’ Maclidnery (0.005)
- Xyq = Crop Land (alq) -0.028 -0.050% X,o = Total Expenses
(0.062) (0.064)
Standard Error of Estimate 0.370 0,369 45.988
Simple R? 0.173 0.224 0.275
F - Ratio 1.255% 1.229% 0.950



* Significant at 0.50 levsl

& 53 Observations

~ Table sg Sample B, Low Group, Corn Production unctions/
o Regression (:ocfficiontoy Rags. cooft.k/
Variables Model I Model IX Variables Model XXI
Constant 1.725 1.850 Constant 173.346
X, = Line -0,015 ~0.011 Xy = Lime ©-0.054%
(tons/alq) (0.041) (0.042) (tons/alq) (0.038)
x2 = Nitrogen - 0.059 X2 = Nitrogen -0.103
(kg/alq) (0.110) (kg/alq) (1.817)
X, = Phoaphata -0.032 X3 = Phosphate -1.549%
(kg/alq) (0.201) (kg/alq) (1.553)
X4 = Potash 0.011 X, = Potash -2.161%
(kg/alq) (0.236) (kg/alq) (2.212)
X5 = Total Fertilizer 0,040 X0 = Mitrogen  -0.003
(kg/alq) .(0.216) Squared (0.013)
Xg = Labor xﬁl = Phosphate -0.017%
(Cr$/alq) ‘ Squared (0.009)
X; = Sead and def. ©0.227%K 0,232 X,y = Potash -0.014
(cr$/alq) -(0.123) (0.128) Squared (0.032)
Xy = Machinery X3 '™ Nitrogen & 0.022
(Cr$/2lq) | v " ©  Phosphate (0.045)
Xg = Labor & Kach' . y 0.179% 0.180% Xp, = Mitzogen &  -0.021
(Cr$/alq) (0.127) -(0.138) Potash (0.052)
Yo = Operating Expenses | X5 = Pho-phéto & 0.064%%
(Cr$/alq) ’ - Potash (0.036)
X;; = Manageuent Index IX 0.104% 0,099 X, = Seed & Def.  0.264%*
(0.147) (0.154) (0.169)
X,9 ™ Crop Land/Culti- ' Xg = Labor & 0.037%
vated Land Machinery (0.025)
X,3 = Crop Land (alq) -0.008 -0.009 X,o = Total Expenses
: (0.664) (0.066)
Standard Exror of Estimate 0.452 0.450 38.128
Simple B2 0.161 0,166 0.278
F - Ratio 1.467% 1.098%

’ 1 . 284*

*F Significant at 0.10 level

b Muxbers in parentheses are standard arrors of regression coefficients.



‘'rable57  Sample B, Other Group, Corn '

_Production Functions-/

- X

- Xyq = Crop Land (alq)

~ 8tandard Error of Estimate '
Simple Rzy

f

*

a
b

- Batto 1.083%

Significant at 0.50 level

40 Observations

-~ 0.021
,(o 050)

0 368

0.‘_183 :

0.867

@ gignificant at 0.10 level

Numbers in parentheses are standard errors of muuion coefficionts.

R ‘ Regression Cosfficients? . Reg. Coats. B/
‘Variables Model X Hodcl II  Variables Model IIX
Comstant - 3,040 2.981 Constant 104.112
- Lime - © . L0.036% -0.032% X; = Lime -0,011% -
(tons/alq) ;(o 034).; (0.036) (tons/alq)  (0.006) -
X, = Nitrogen B . i -0.050% X, = Nitrogen -5.409%
(kg/alq) ' (0.031) (kg/alq) (3.043)
| 13 - Phouphaﬁo Ly-‘-0.\'012._,;_ . Ky = Phosphate 54.834%%
| (kg/alq) i-;,-(o 343);1 . (kg/alq) (26.412)
‘X'a = Potash o 011 ,X,’ = Potash -54,(.)871&,.:
(kg/alq) (0.374). " fks/alq) (24.881) .
X5 = Total Fertilisar X0 = Nitrogen 0.001%
(kg/alq) ‘ o Squared (0.001) -
Labor - rhoaphato' ’ -
% " (Cr$/alq) xn - Squared S
X; = Saed and def. ﬁowﬂf '0.094%  Rpy = Potash -4.854%
(Cr$/alq) ‘(0 134) (0.139) . - Squared (3.087)
Xg = i(nchinary S X33 .-v'!utrogon & -7.201%%
(Cx$/alq) e -7 Phosphate (3.503)
Xy © Labor & Machinery ;omagﬁjg‘qmuum& 12,4074k
(Cr$/alq) T‘:F(O 115) Potash (6.540)’. )
X0 = Operating Expenses | f'xésy- Phonphato' & PRV
(Cr$/alq) | o !'omh R
~ X;y = Management Index II ;-f*’l 0;151*”>&»;Vx7.-1s-.d a Dct. 10.0985i;f
- R 76y ot ~ (0.468)
- X9 ™ Crop Land/Culti- o x9 - I.abor & -0.006 -
vated Land BEP lh‘chin‘cry ’(0 018)

xlo - Total vl:'pcnul L

‘j31'64§7-

0 326
1 405*



Table 58 v Regional Rice - " Prodisction Mctioh-y '

nnkrnelion cdnfticicntokj Reg. cdctf;h/
'fariables :  Model III Modal IV Variables Modul v
. “Constant 1.444 | 2.682 Constant 75.174
‘X, = Lime . 0.053%% 0.045% . X, = Lime
(tons/alq) - (0.032) - (0.033) (tons/alq)
X, = Nitroren | ~0.060% Xy = Nitrogen -0.219% -
(kg/alq) - (0.063) (kg/alq)  (0.326)
| X, = Phosphate | -0.063%% X4 = Phosphate -0.083%
’ (kg/alq) ' (0.036) (kg/e1q)  (0.056) -
X; = Potash | 0,022 X, = Potash  -0.457
' (kg/alq) . - (0.060) (kg/alq) (0.263)
| X5 = Total Fertilizer -=0,010 X209 = Nitrogex o
(kg/alq) - (0.034) » Squarzed
= Labor o 10,017 - Xy, = Phosphate
(Cr$/alq) : (0.076) Squared
X; = Sead and def, 0.085% Xy = Potash  -0.004%
{Cx$/alq) : (0.049) . Squared  (0.005)
Xg = Machinery , :fo;iﬁdii ?xz3n-ylitroscn &-0.005%
(Cr8/alq) 1€0.068). » . *  Phosphate (0.006)
= Labor & Machinery ~ x24 = Nitrogen & 0.012%, '
(Cr$/alq) . R Potash (0.009)
' Xjo ™ Operating Expenses 0.263%% ' X,g = Phosphate &0.005%.
| (Cr$/alq) )+ 10 _ Potash  (0.003)
Xy = Management Index I (.276% S Xy =Seed & Daf.
(0.181) T
Xy = Crop Land/Culti- -0.038%% -U.021 . X9 = Labor &
vated Land (0.010) (0.054) - - Machinery
‘13 = Crop Land (alq) -0,131%% . o :‘ xio = Total Expenses 0;097*
(0.068) o Sl (0.003)
‘Standard Error of Estimate 0.563 o  0.585« 35,831&3_ 
Stmple B2 | 0.234 0.157 0130
F - Ratio 3.862%* : 3.199%*
* Significant at 0,50 level . *k Significant at 0.10 level

110 Observations
Kumbers in parentheses are standard arrora nf reaerassinn rnaffi lanea

<>



f&Blé?SQY{;, Subregion Rice Production Functions

' ‘Yariables  ModelX ModelII ModelIII ModelIV -

J¢ogsc;n: - 3.620 3.770 -1.838 1.901

Xy = Lime . 0.052% 0.045% 0.114% .132%
R (tons/alq) (0 046) _ (0 048) - (0.108) "(0 113)

Nitrogen -0 087* -0, 045

‘ kg/alq) (0 079) ;'(Q’IZl)
' -0, 102% -0.090%
(O 060) . (0.056)

- Potash QQ.049¢~, ’k4d1623f
‘\1(k8/31Q) (0.083) - (0.107y

;r-O 085*

fk"'- Total Pertilizetv -
-2 'f(“ 055)

(k8/31Q)

Xg = Labor S
' (Cr$/aIQ)

- Seed and Def.~;
(Cr$/alq)

‘20,003 ©-0,002. 0. 260 o 262wk
(0.064) (0,066, .11y © .11l

x7
‘Xs - Mnchinery
(Cr$/alq)

'xé - Labor & Machinery 0,029 .0.045- om0 317**
- (cr$/alq) L (0.239) - (0.246) ST - (0.173)

- OperatinglExpensesi
, i;(Cr$/a1q) G <ﬂ
_Xil = Managemenc Index II f'bibiBfJ ;6L0261_i f[d;d54**¥  0§458*¥

: - (0.305) - (0.318) (0-290% (0.296).

'kié - Crop Land/
i Cuitivated Land

Co1s oz 0,033 -0.060

X,y ® Crop Land (alg)
Eanrar s SR RO E ';(o 128). . ;s;(o 091) - (03094

:iStandard Ertor ofHEltimat 0 524 :i; ‘ o 573 - 0.578

'ﬁsimple I 0,265 }' o 259 [ o 308" j’ o 331
= Rntio ‘f R 1.619% L2 2, 968**5v R 354
‘ fT ¢ignif1cant at 0, 50 1aval haiod exgnificant at 0.10 level

;}i? 37 Obaarvation. b 47 observations ~

T o0 't ~-7or*t-jes are standard errors of regression coefficients.



¢ Table 59 ‘Subregional Rice Production Funcﬁionl

Regression Coefficientsb

Other Areas?

Variables Model I Model II |
‘Constant 0.406 0.962
X, = Lime 0.039 0.050%
(tons/alq) | (0.064) (0.065)
X, = Nitrogen - ' -0.326%
(kg/alq) ik ~(0.209) -
Xy = Fhosphate . 1 -0,076%
(kg/alq) o - €0.105) .
%= pocanh o
(kg/alq) , +(04191)
X; = Total Fertilizer
(kg/alq) o
"X6 = Labor
. (Cr$/alq) |
'X, = Seed and Def. £0,021 0,061
(Cr$/alq) 0,209 (0.111)
\ x8 = Michinery
(Cr$/alq)
. Xg = Labor & Machinery 00144
- (Cr$/alq) £00:238Y
‘Y.xlo = Operating Expenses
o (Cx$/alq) -
"i'xll = Management Index II 0.451 0.428
(0615 (0.627;
" X9 = Crop Land/ R
Cultivated Land
Xﬁ = Crop Land (alq) "1‘?6.19_2*" _0‘ 24Th
'(0.181) 0.184)
- Standard of Estimate 0.641 0.636 |
‘Simple R? 0.321 10.401
¥ - Ratjo 1.500% 1.421%
* Significant at 0.50 laeval ** Significant at 0.10 level

26 Obsarvations

a
b Numbers in parentheses ara stundard errors of regression coefficients



Table 59 Subregional Rice  Production Function:p"_<

Regression COefficientsb

: o ‘ _ Other Areas®
Variables ' : : Model I Model II

.-.-..-...-_..-..-.------------------g-------—-!
Constant - 0.406 0.962

X; = Lime | 0.039 0.050%
- (tona/alq (0.064) (0.065)
xz- Niti‘ogen -0,326%
oo (kglalq) (r.209)

"X = Phosphate -0.076%
o (ku/alq) (0.105)
‘;\‘?Xa = Potash ©0.241%
7 (kglelg) {0.191)
= ".k'l'otal Fe rti lizer?'_'."?v’. -o ,073
“(kg/alq) (0.110)

5"‘»’<c:$/a1q>

“x5 = Seed and nef._‘ B - 0.021 | 0.061
- (Cry/alq) S (0.109) +(0.111)

X = Machinery
- (Cr$/alq)

'tx9 = Labor & Hachinery f‘v'jfif' 0. 193*:5‘ 0,144
(Cr$/alq)  ,;§% (0.236) (0.238) -

xw = Operating Expenun :

10 (ersalgy

”xii-- Management Index TI -0:451 10,428

e e (0.615) €0.627)

‘X19 = Crop Land/ -

.0+ “Cultivated Land . _ N

Xy = Crop Land (alg) g -0,247%

o } vi:.‘-(o 181)”’, €0,

Standard Error of Eltimato 0 641

'ﬂSimple R? B g‘_* 0.321

¥ - Ratio ,1.500*; L2k
' Significant at 0.57 1uvel L1 51gnificant’at-0.1o levelu

*
A 26 Observations
b Numbers in parentheses sure ctandard errors of regrassion coefficients.



* Significant at 0.5" lave

34 Observations

o'

Table 60 Sample A, High Group, Rie~  Production Functions®/
: Regression Coafficiente~ b/ Rag. (beff.h/
Variables Model X Model )I Variables Model IIX
Constant 0.019 -0.446 Constant 191.340
X, = Lime ~0,046 -0.049 xl = Lime
(r.one/aly) .€0.078). (0.082) (tons/alq)
X, = Nitrogen -0.106 Xo = Mitrogen -1.834%%
(kg/alq) (0.162) (kg/alq)  (0.932)
Xy = Phoaphate -0.106% X3 = Phosphate -0.819%%
(kg/alq) (0.123) (kg/alq) (0.362)
X, = Potash 0.046 X; = Potash -1.086%*%
(kg/alq) (0.126) (kg/alq)  (0.499)
X5 = Total Fertiliser - -0,235% X2 = Nitrogen -0,008%
(kg/alq) -€0,228) Squared  (0.006)
X = Labor X,, = Phoiphate 0.001%
(Cr8/ala) Squired (0.001)
X; = Sead and def. 10.039 X, = Potash  -0.006%
(Cr$/alq) (0.097) Squared (0.005)
Xg = Machinery X235 ™ Nitrogen & 0.001
{Cr§/alq) *  Phosphate (0.006)
= Labor & Hachinery 70,043 ;; - 0;039, - Xy4 = Mitrogen & 0.027%%
(Cr$/alq) : (0 218) 3 (0.230) ‘ Potash (0.011)
X10 = Operating Expenses 125 = Phosphate &.006%%
(Cr$/alq) _ Potash  (0.003)
X;; = Managemsnt Index II 0.719%% X, = Seed & Def.
(0 402) -
X, = Crop Land/Culti- X9 = Labor &
" wvated Land Machinery
X;3 = Crop Land (alq) -0.115% - -0.1034 x1o = Total Expenses -0,001
(0.112) f,f‘(O 117) ' , €0.009)
Standard Error of Estimate 0.626 . 0.648 30"51”
Simple 1 0,133 10.138 o 407~
F - Ratio 0.689 0.500 LT

## Significant at 0.10 level

Iumbars in paranthcses are standard errors of regression coefficients.



“Table:6l - Sample A, Ldﬁfdésﬁﬁiﬁniéé; ‘Production Punctions®/
Rnsrcsaion COQI!icionto!/ o Reg. Coeff.h/
Variahles Model T . Model IX Vat,i_gbl_.u " Model IXX
Constant 1.354 1.363 ;'déhi':ah: | 76.709
X, = Lime 0.068%* 0.0764k x1 = Line
(tons/alq) (0.037) - (0 037) : (tonl/alq)
X, = Nitrogen -0 081* xz = Nitrogen  1.456
(kg/alq) _(,0‘.-1112,) | (kg/alq)  (2.263)
X, = Phosphate -0, 140**_" X3 = Phosphate -0.886kk
(kg/alq) (o 051) | © (kg/alq) - (0.468)
X, = Potash 0 119* ‘ X, = Potash -1.049%
(kg/alq) (0.098). (kg/alg)  (1.210)
X5 = Total Fertilizer - 20,0084k . X20 = Mitrogen -0,003
(kg/alq) (0.041) - Squared  (0,056)
x6 = Labor x2 Phosphato 0.007%
(Cr$/alq) Squared  (0,006)
X; = Seed and def. 0.118% | 0.130%k Xy = Potash  0.019%
(Cr$/2alq) €0.069) €0.070) Squared  (0.0z0)
Xg = Machinery Xp3 ™ Ritrogen &-0.011
(Cr$/alq) Phosphate (0,026)
= Labor & Machinery ‘0.246#* ’ 0.218*#; x¢6 = Nitrogen &-0.022
(Cr$/alq) (0.118) '€0.118) Potash (0.055)
= Operating Expenses X55 = Phosphate &0.003
(cr$/alg) ' ~ . Potash (0.014) .
%;y = Management Index IX . 0.165% ©0.188% X, = Beod & Daf.
-.€05207) €0,206) |
X;9 = Crop Land/Culti- S X9 = Labor &
' vated Land . Hachtnary ;
X,4 = Crop Land (a!‘él) -0.081% 'x{o = Total np-nm °0.008#k
| ‘ (0.077) R (0.003)
Standard Error of utmu‘.f 0.544 38. 612
Simple R? 0.297 0.331 0»201
¥ - Ratio 4,864k 4. 145w 1,638

% gignificant at 0.7J level

76 Observations

oo

** Significant at 0.1V level

Numbers in parentheses are standard errors of regraseion coefficicntl.


http:Cotff.Wb

‘ Pmdﬁction !‘unctlom-‘-l

vated Land

X4 = Crop Land (alq)

Standard Error of Estimate
31mple RZ

¥ - Patio

* Significant at 0.50 lavel

8 59 Obgarvations

-0.066
0.104)

0.655

0.159

1.602%

“h Significant at 0.10 level

 Table 62 Sample B, High Group, Rice
Regression Coofficientoy Reg. Oooff.&/ v
Variables . Model X Model IX Variables ¥odal IIX
Constant - «1,236 -1, 107 Conatant 75.335
X, = Line 0.012 0.007 X; = Lima 0.002%
(tons/alq) (0.052) 1(0.056) (tona/alq) (o,002)
X, = Nitrogen B -0.080 Xy = Nitrogem -0,920%
(kg/alq) (0.125) (kg/alq) (1.272)
X, = Phosphate 0.013 X3 = Phosphate ' -0.197
(kg/alq) (0.213) (kg/alq)  (0.401) -
X; = Potash L 0,018 X; = Potash ~-0.243
(kg/alq) - (0.220) (kg/alq)  (0.786)
X5 = Total Fartiliser =0,017 " o Xa0 = Nitrogen 0,001
(kg/alq) -€0.184) Squared  (0.006)
x6 = Labor = Phosphate (,001
(Cx$/alq) | - Squared  (0,002)
Xy = Seed and def. -0.00001 o,')og Xyp = Potash 0,006
(Cr$/alq) .(0.0490) - (0.052) . Squarad  (0.010)
Xg = Machinery 3 ™ Hitrogen &-0,008
(Cr$/alq) Phosphate (0,017)
E x9 » Labor & Machinery 0,216% U 221 Xy4 ™ Nitrogen & 0,.025%
' (Cr$/alq) (. 196) 0. 193) Potash 0.027)
-~ X0 = Operating Expenses | o X,5 = Phosphate &0.004 | .
= (Cr$/alq) Potash (0.008)
"xll = Management Index IX 0_539* x_, = Seed & Def. .0, 009
:0,296) (0.015)
X, = Crop Land/Culti- B = Labor & 0.015%

Machinery (0.011)

,xlo = Total Expenses

36.757

b pmbers in pareviheses are standard errors of regression coefficients.



Tabie sy

.. Sample B, Low G:éﬁp_,"f'Rj.(.ft:éff;’j_-,:;,‘j‘f‘f‘i.'py_dﬁc‘(:ton Punctions®/

* Significant at 0.50 level H

& 34  Observations

*¢ Significant at 0,10 level

b mmbars in parantliases ars standard errors of regression coefficients.

| nbkrgisiou Coatficients®’ = e Reg. Coazs.R/
Variables ' Model I ‘Model IT . Varisbles Model IXII
Constant ‘ '1”.'4'62,:- 1.384 : .kcoi"liltant 103.769
X, = Line 0.115%* 0.1226% X, = Lime 0.012% .
| (tons/alq) (0.056) (0.060) - (tons/alq) (0.015) .
xz’ = Nitrogen “'_';,-,0;038 ' - Xp = Nitrogea 5.949%
(kg/alq) . - €0.079) -~ (kg/alq)  (5.288)
X, = Phosphata 720,032 Xq = Phosphate -38,658%k
(kg/alq) - (0.186) (kg/alq) (19.434)
X4 = Potash . 0.062 X = Potash  -15.734
- (kg/alg) €0.139) . (kg/alq) (16.137)
X5 = Total Fertiliser :=0,006 . Xo0 = Nitrogen -0,102%
(kg/alq) 1(0.068). Squared (0.074)
16 = Labor -xn = Phosphate 9,408%
(Cr$/alq) Squared (5.080)
X; = Seed and def, .0.071% ©0,067% Xy, = Potash  0.249%
(Cx$/alq) (0.056) (0.059). . Squared  (0.232)
3 Xg = lﬁchinory L X)3 = Ritrogen & 0.869%*
' (Cr$/alq) S Phosphate (1.165)
| Xy = Labor & Machinery T 0.158* - 0.150% 4 ™ Nitrogen &
(Cx§/alq) o (0.157) (0.165) Potash
- Xj0 ™ Operating Expanses R Xy = Phosphate & -2,284%
(Cr$/alq) ; | Potash (1.722)
X;; = Managesent Index IT 0.269% 0.286% X, = Saad & Def. 0,316
(0.322) (0.335) (0.222)
X,9 = Crop Land/Culti- DA R = Labor & 0,002
vated Land o Machinery (0.006)
!13 = Crop Land (alq) ' =0,103% - --0;099* E xw - Total Expenses
. €0.104) *(0,108) o |
Standard Error of Estimate 0.49 . 0,510 27.501
Simple R 0306 0,315 0.725"



® gignificant at 0.50 level

13 Obpervations

(-

"I"‘a‘b“io 64' Sample B, Other Group, Rice Production Mcuon'-.-/
. Regression Cocfﬁcicnto-t-’-/ Reg. Coof.f.h/
Variables Model I Model 1z Variables Model IIX
' Constant 6.621 7.506 Constant 22,218
Xl = Lime 0.018 -0.009 Xl = Lime 0.190
(tons/aiq) 0.078) (0.105) (tons/alq) (0.708)
X, = Nitrogen o -0.312% Xp = Nitrogen -1.741%
(kg/alq) (0.245) (kg/alq) (2.435)
X, = Phosphate -0.007 X3 = Phosphate 0.159
(kg/alq) (0.198) (kg/alq)  (0.256)
X4 = Potash : 0,23'0* x,. = Potash 0.860
(kg/alq) (0.216) (kg/alq) (2.496)
X5 = Total Fertiliszer X20 = Nitrogen
(kg/alq) Squared
= Labor x21 = Phosphate -0,0004%
(Cr$/alq) Squared  (0,0005)
X; = Seed and def. 10,124%: 0,149% . Xgp = Potash
(ce#/alq) - 0072). ©.079). Squared
= Machinery Xy3 ™ Ritrogen &
a (0x$/alq) 3 Phosphatas
Xg = Labor /% Machinery 40,0597 0,002 Xy, = Mitrogen &
(Cr$/ulq) -+ (0,231) +(0.240) Potash
Xj0 ™ Opevating Expenses = Phosphate &
(Cr$/alq) X2 Potash
X,y = Mansgement Index IT -0,431% 0. 536% X, = Seed & Def. 0,356%
X;9 = Crop Land/Culti- - R Xg = Labor & 0.023
vated Land ' ' Machinery (0.013)
113 = Crop Land (alq) -0,120% -0.153* Xm = Total Kxpenses
(0.116) - (0.120)
Standard Rrror of Estimate 0.460 0.466 30,591"""
Simple R 0.400 0.506 §0.469Q3
¥ - Ratfo 1.215% 1.107% 10.987%

* Significant at 0.i0 level

Kumbers in parantheses are otandard arrors of regression coefficients,



i 65

Vartables

ﬁ~Ragrascion COnfficient b/

" Model T1II Hodallv

Variables

Regional“COttéﬁijtbdqction Functions®/

Rﬁg. Cooff.h/.
Model V

-Constant

,XI = Lime

'Xz‘i Nitrogcq
7 (kg/alq)

?151? Phosphate -
| (kg/alq)

‘xa‘i‘Potalh B
(kg/alq)

Xg = Total Fertililer B
(kg/alq) o

X6 - Labo:
(Cr$/alq)

X7 =» Seed and def.
(Cx$/alq)

Xg = Machinery
(Crslalq)

X9 = Labor & Machinnry
(Cr$/alq)

= Operating Expensea
(Ct$/a1q,

xll = Managerant Index IX

X,9 = Crop Land/Culti-
veted Land

xll = Crop Land (alq).‘

Standard Error of Eltlmaro "

Simple RZ
F - Ratio

* Significant at 0,50 lavel

a

82 Observations

L 0.027%

(tons/alq) _,’wﬁ**'7 A7',J(o,on)jJ ..~

- 0.010
© (0.043)

L 0.073%
" (0.066)

0.145%

0.036%

3.965 4.250

©0.028%
T (0.020)

L 20.,053%

. 0.053%

0,017
(0.036)

€0.060)

L -0.043

.0.067

(0.136)

0.144kk 'i1355:5<°7‘=7 kg

(0.079)

(0.052) '; ,,(0;036)‘

10.383
0. 177,
1. 960*

: ;'Conltant

4‘x - Lime

e =0 ' fxz_évﬂittogen
S0 (0.041)

B (0.037) -

" X, = Potash

]1~:x23,- Nitrogen &0.002

184.548

" (tons/alq)

- -0.500%
. Ggfal))  (0.218)
X4 = Phosphate 0.141*;

(kg/alq) (0,12§);

XA = Potash
- (kg/alq)

xzo = Nitrogen
Squared

f}le'- Phosphate

Squared

Squared (0.0011) '

s

- Phosphate (0.003) -

Xy, = Mtrogen & 0.007%

Potash (0.004)

0.0 . Xpg ™ Phosphate L ~0.001
o o(0a107)

o X, = Seed & Def.

Potagh (v.001)

s Labor &
Machinery

= Total lxpenioif{ﬁ

o Sisnttielnt at .10 lavol

Mumbers in parentheses are ntandnrd errors o£ r‘srcolion coofficinntl.



‘Tabléa66‘ - Subregional Cotton Production Functions

O:hgg A;eashf '
Regression Coefficients &/

" Variables - Model I Model I Model . Model

Constant 6.874 -10.208
Xl - llil“c ) ) 0.001 : "0.353H
(tons/alq) - (0.080) (0.010)
xé = Nitrogen v qO 422%%
~ (kg/alq) ‘(o 022)
Xq = Phosphate 3.006%%
(kn/alq) ' (0. 079)
X4 = Potash B -2. 419*1
‘ (kg/alq) ﬂil - (0, 067)
Xg = Total Fertilizer 0,145
2 (egfal (. ,,7_99):1
‘Xg = Labor '
o (Cr§/alq)
X, = Seed and Def.

< (Cr$/alq)

,’XB = Machinery

.~ (cr$/alq) O

;;Xé = Labor & Machinery -~

(Cr$/a1q) A

;j*ﬁ = Operating Expensei.“7’

e (Cr$/alq) -

- Maagemene Tndex TT Lgggw 0,174k

L : o ”u;(o 952) TN (0 065),

xlz = Crop Land/ . I

o Cultivated Land.

X 5 ™ Crop Land (alq) . _0’.262* »=¥o‘§568'w
. - (0.225) - (0.026)
Standard Exrror of Estimate 10.4554”v' ‘ f’d_cgo?

. 2 . : te ) § '
Simple R ' 0.756 1.000
* Significant at 0.3) level #* Significant at U.10 level

b/ 10 Observations .
a/ Numbers in parentheses are standard errors of regression coefficient..



X

* Signific‘ant at 0.50 lawel

a 30 Obgervations

#* Significent at

.Table 67 Sample A., High Group, Cotton Froduction Functions®/
e ' Re b/ . »/
A IU T LRI Ragression Coefficients~' Reg. Coaff.
" ‘Variables - Model I Model IX Variables Model IXX
" Constant 2.238 3.051 Constant 277.314
X, = Lime . o 0,_039* Ll o,bz,:,i\f. X} = Lime
‘ (tons/alq) (00035) '(05'032) (ton-/alq) ‘
, = Nitrogen -0.014 Xy = Nitrogen -1.157%
(kg/alq) (0.078) (kg/alq)  (1.849)
X, = Phosphate 0. 1'23'*** - Rg = thIPhatc -0.913%
(kg/alq) (. 065). o (kg/alq)  (0.845)
X4 © Potash 0.021 X, =Potash  .665% -
(kg/alq) ) . (0.056) (kg/alq)  (0.600)
X5 = Total Fertilizer xzo = Mitrogen 0.0004
(kg/alq) | -~ Squared (0,0057)
X. = Labor le = Phosphata ¢, 002% '
" (Cr$/alq) Squared  (0,002)
X, = Seed, and def. 0,062 'Xpp = Potash -0 op3%
(Cx$/alq) (0.093) "~ Squared  (0,002)
- Xg = Machinery o © ¥ago= Mitrogen & 0,005%
~ (Cr$/alq) Phosphate  (0,004)
x9 = Labor & Machinery ‘ o Xp4 ™ Ritrogen & 0,005%
(Cr$/alq) ‘ Potash (0.005)
Xjo ™ Operating Expenses ) : ’825 = khosphate & -0,001
o (Cr$/alq) | o Potash (0.003)
X;y = Management Index II “ol2ow X, = Seed & Def. |
 "12 = Crop Land/Culti- | = Labor & _ S
' vated Land | » Machinery , L
\:iu = Crop Land (alg) o ‘,f'-o 005 -0032 ‘ 0 - Totul hpenlu 0 022
1 . (0.080) (0.070): | . €0.039)
Standard Error of Estimate  0.360 04310 56 096 |
Simple B2 0.304 16,530 0.536
¥ - Ratio 1.670% 2,954k

0.10 lcvol ;

b umbers in parentheses are otandird errora of regression coefficiants.



* ‘Significant at 0.50 lavel

a 52 Observations

% Significant at 0.10 level -

® pumbers in parenthecas are standard errors of regression cocfﬂciuntc.

Tab1.68 Samp le bA',-' Low. Gfé‘up ) Cot_toﬁ _Production hunctions>/
e ..‘Iigvtdali“on (hofticientoy : Reg. cootf.h/
. Variables Model T Model IIX Variables Yodal III
' Constant 5.183 5.404 Constant 198.213
X, = Lime 0.023% T 0.027% X; = Lime
" (tons/alq) (0.027) (0.028) (tons/alq) |
X, = Nitrogen =0.167% Xy = Nitrogen -7.019% .
(kg/al,q') "(0..' 120) (kg/alq) :(4 428) ‘
X, = Phosphate 0.008 X3 = Phosphate ~ -0. 046
(kg/alq) €0.071) o (kg/alq) (0. 236) .
X; = Potash 0094* X, = Potash 1'.337*_ :
(kg/alq) | 2-€0.099) B (kg/alq) (0.934)
X5 = Total ?ottiliur . Xpo = Nitrogen  0.080 .
(kg/alq) . ' Squared (0.147)
xﬁ = Labor le = Phosphate -0.0001
(c:glalq) " Squared (0.0002)
X, = Seed and def. Xyp = Potash -0.001 |
(Cx$/alq) ~ Squared (0.015)
Xg = Machinery xza = Nitrogen & 0‘.017# :
(cr$/a1q) ~ Phosphate -(0 023) :
X, = Labor & Hachinery X4 = Nitrogen & -0.026
(Cr$/alq) -7 Potash -](0 089)
'xm = Oparating Expenses 125- thosphate & V .0.000:
(Cr$/alq) " Potash (0.000) . :-
X;; = Management Index II 40,079 =0.115% Xy = Seed & Def. S
RCE 164) . (o.168) - U
X;9 = Crop Land/Culti- cal T = Labor &
- vated Land , Machinary ‘
xn = Crop Land (alq) 0.076% 0.073% B xw = Total Expenses 0, 013
(0.058) . (0.0_58) : , (0.025)
Standard Error of Estimate  0.405 0.406 59.508.
Simple R? 0.081 0.121 ' 0.151
F - Ratio 0.663 0.737 0.830



vfl',""»Sample B, High Group, Cot:ton ‘Production Functions?

Standard Errcr of Estimate |
"Simpla RZ |
F - Ratio

 Significant at 0.50 leval

*
; 35 Observations

0.305. |
0.231 f"o 322
1.400% 1.547%

xlO = Tot:al Expenses

#k Significant at 0.10 level

Rumbers in parentheses are standard errors of regression coefﬂciontl. ‘

R hsmlion cocfﬂcionto-/ SR Rag. Coetf.R/ ,
' Variables “Model T ‘Model II'  Variables Model IIX
- b.on-tant 3.214 3‘."".9'90 Constant 178.324
X, = Line 0.043% 0.018  X; = Lime 0.164
' (tonn/alq) (o .029) (tons/alq) (0. 271) G
X, = Nitrogen Xy = Nitrogen -1.673
(kg/alq) o (kg/al) (5. oaa);‘
X, = Phosphate. Xy = Phosphate  1.03g%.
(kg/alq) o .(ks/alq) ',(1 486).??:
xlo = Potash x o Potnh -0 649 :
. (kg/alq) (kslalq) (1. 584)
X5 = Total Fertiliser "'?j;szo - Nitrogon -0.009
(kg/alq) 7 Squared (0.045)
Labor B S rhOlphato |
% " (Cr$/alq) le  8quared
X; = Sead and def. Xy = Potash g o13kk
(Cr$/alq) -~ < Bquared . (9,007). -
Xg = Machinery Xpy = Hitrogen & .0.030%
(cr$/alq) Phosphate (o 026)]]
- Xg = Labor & Machinery Xy4 = Nitrogen & 0. 056*
(Cr$/alq) o Potash - (0,042)
X;0 ™ Operating Expenses xzs" ‘PhVOIPh“C & 0008* "'1_" |
, (Cr$/alq) ;" Potash (0.009)
X;; = Management Index II 17 " Seed & Def. #o.dlv(')
« _ Ll 0.081
X,, = Crop Land/Culti- Xg = Labor & é.oaa*)\
vated Land Machinery  (p,053)"

Lo



Xg = Machinery

i (cr$/alq) |

Xq = Labor & Machinery
(Cr$/alq)

Xyp ™ Operating Expenses
(Cr$/alq)

X1 ™ Muoagement Index IX

- Xy9 = Crop Land/Culti-
vatad Land

x13 = Crcp Land (alq)

Standard Error of Estimate

Simple R?
F - Ratio

* Significant at 0.50 level

a 35 Observations

-0 015
(0 184)

0,050
(0.256)

0.028"
(0.096)

0.481
0.045

0.221

-.0,026"
(0.098)

'0.493
0.067

0.234

.k4!ab:1‘|,".70 Sample B, Low Group, Cotton: Pfoduction Punctions’

‘ . ( - ‘Regression Coefficientoy Reg. c«f!.h/
Variables Modal I Modal II Variables Model IIIX
Constant 4.284 4.641 Constant

= Lime 0.019 0.027* Xy = Lime -0.00003
(tons/alq) - (0.036) (0.038) (tens/alq) (0.005)
X, = Nitrogen -0.083 X, = Nitrogen . -9.548%
(kg/alq) €0.148) (kg/alq) (7.666)
X, = Phosphate =0.034 X3 = Phosphate  0.371%
(kg/alq) (0.383) (kg/alq) ,(0 270).'
X4 = Potash *0.165 X, = Potash 0.046 -
(kg/alq) - | .(0.296) T (kgfalg)  (0.777)
Xg = Total Fertilizer o Xpo = Nitrogem  0.020% -
(kg/alq) ' L Squared (0,014)
» Labor ‘X5, = Phosphate - 0.004 =
(Cr$/alq) Squared (0.024) -
Xy = Seed and def. xzz = Potash -0.028* .
(Cr$/alq) L Squared  (0.021)

= Nitrogen & -0.060%

Phosphate  (0.075)
"Xy4 ™ Nitrogen & 0. 123**‘
o Potash (0. 057\ :
‘X5 = Phosphate & 0.017
..~ Potash (0. 032) ’
x, = jeed & Def. 0.123%
X9 = Labor & -0.001 -

Machinery (0.054)

1

X o" Total Expenses

1
§6.906
~ 0.280

0.712°

** Significant at 0,10 level

Mmhars i{n naranthasas are standard errors of regression coefficients.



AR t

* Significant at 0.50 level

40 Observations

o

" rable’ " "vRég‘ioné.il‘v Soybeans Pmductionﬂhcttou—‘-/
PR =?lnsro-sion coattictente p Reg. Coatf.l/
_‘V‘V‘anablu . Model IIX lbd.l v Variablel Modsel V
~ Constant 0.176 o;oaa © Constant ~46.267
X, = Line 0.034 ‘}mMNfo-um
(tons/alq) (O 050) 8 (0046) . (tou/alq)
xz = Nitrogen <05008 x2 = Nitrogen 0340
£ (kg/alq) | (kg/alg)  (1.628)
x, = Phosphate X3 = Phosphate -0.065
(kg/alq) AP 829). (kg/alq)  (0.223)
. X4 = Potash . 0.,041% - X, = Potash 0.031
(xg/alq) €0.;058) (kg/alq)  (0.441)
 Xs = Total Pertiliser Xp0 = Hitrogen  0,0064
(kg/alq) ' ~© Squared  (0.006)
Xg = Labor 'X,, = Phosphate 0,001’
(Cr$/alq) . Squared (0. 001)
Xy = Seed and def. Xyq = Potash 0. 001
(c:$la1q) B Squared (0. 002)
- Xg = luchimry 5\f_x23 ™ Nitrogen & -0. 013*
(Cr§/alq) 7 Phosphate (0.011)
X9 = Labor & Machinery :,;ték'h Nitrogen & -0.002 .
(Cr§/alq) e Potash (0.003)
X)o = Operating Expenses 0/505%% "'~ "X, = Phosphate & 0.000
(cr8/alq) (0 207): 00 Potash (0.000)
X, = Management Index II ,demﬁ" X, = Seed & Def.
~.(0.318) -
X,9 = Crop Land/Culti- -0.141% = Labor &
vated Land (0.183) o Machinery
X,y = Crop Land (alq) ~0.059 0.0i7 ff :xio = Total Expenses 0.176%
(0.121) (o 085) - (0.024)
Standard Error of Ectimate 0,531 oso1 48,558
' Simple R o eans 0.216 B 0.657
¥ - Ratio " 0.816 1.512% C 6.384kk

ke 81§n1£1cnnt at 0.10 level:

Mumbers in parentheses are standard errors of regression coafficiontn.



Table 72

* Significant at 0.0 level

A 32  Obgervations

Sﬁbregidn, Soybean»

Regreasion Coefficients®

Production Functions -

EEE Guaira? Jard.-Sales & Other Areasb
- Yariables - Model X Model IX Model X Model LI
Constant ~1.980 -2.415 25.598 29.867
X, = Lime 0.012 0.051% ~0,901%% -0,630

(tons/alq) (0,064)‘ (0.067) (0.391) (=-==-=) -
'xz = Nitrogen 20.01§'. A | A
' (kg/alq) - (0.082)
X3 = Phosphate ©=0,032
(kg/alq) - €0.070)
X, = Potash . 0.035 -
. (kg/alq) 0.077).
x5 = Total Fertilizer
: (kg/alq) )
, X6 = Labor
S (Cr$/alq)
'\ii]- Seed and Def. Qagiééf
(Cr$/alq) (0.132).
X8 = Machinery
(Cr$/alq) o | ,
Xo = Labor & Machinary 0.410% 0.374% -0;530%
(Cr$/alq) (0.303) (0.348) (0.314)
X 0" Operating Expenses o
1 (Cr$/alq) |
X, = Management Index II ' 0.360% 0.473% 21,4300
(0.333) (0.381) .€0.696) .
X, = Crop Land/ S R e e
Cultivated Land R '
X = Crop Land (alq) -0.010 -0.077 | -1,538%k
v (0.133) (0.168) (0.636)
Standard Error of Emtimate 0.552 0.572 0.235
Simple R’ 0.203 0,242 0.911 :
¥ - Ratio 1.324% 0.920 1.705%

%% Significant at 0.10 level

b 8 observations
¢ Mmbers in parentheses are standard errors of regression coefficients.
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SampleA, : ﬁigh' 'Gioup ,Soybeans Production Pumctions/

‘,,lumnon Coofficicn , , : : Reg. cooft.h/
Variables  Modal X Model IT  Variables Model IrX
Constant -1.356 Constant 42.201 -
X, = Line 0,000 X; = Line |
(tons/alq) - €0.000) - (tonl/alq)
X, = Nitrogen N Xy = Nitrogen
(kg/alq) (kg/alq)
Xy = Phosphate X3 = Phosphate
(kg/alq) : (kg/alq)
= Potash :x‘ = Potash
(kg/alq) 7 (kg/alq)
X5 = Total Pertiliser 02003, Y20 = Mitrogen
{kg/alq) Q(O 176). , Squared
= Labor L | X,; = Phosphate
(Cr3/alq) 5 | Squared
X, = Sead and daf. 0,051 Xp9 = Potash 0.0003
(Cr$/alq) ;‘.‘.(o 128)‘ Squared (0.0009)-
= Machinery X3 = Hitrogen & .
{Cr$/alq) *  Phosphate |
Xg = Labor & Machinery !24 = Nitrogen & -0.0_01
(Cr$/alq) : Potash (0.004) -
X10 ™ Operating Expenses Xy5 = Phosphate & -0.000I?Q
- (Cr§/alq)

X;y = Managewent Indax II

X;5 = Crop Land/Culti-
vated Land

X3 = Crop Land (alq)

Standard Error of xltimntc
Simple R®

F - Ratio

* Significaﬁt at 0.50 level

17 Obgervations

o

o 499*»;-‘:
x,(o 39

15 :10,644f”f2“5:
B 174) o
- 0. 375

0. 392

1.416%

0.939
&% Significant at 0.10 level

| Potash _(0,0005);
X, = Seed & Def.

= Labor &
; Machinery )
'j = Total l:écnncso,oo4
ﬁp (0.036)
19 379

0 406

lumbero in parentheses are standaxd errors of regression cocfficiontl{



* 3ignificant at 0,50 level

& 9z Observations

'

Table 74 'Sample A, Low Group, Soybéan Production l‘nncuouy
b/ »/
o Regressicn Coeificiento~ : Reg. Coeff.
i,vvartnblea ' Model X Model IX Variables dodel IXI
" Constant 0.859 -0.393 Constant -49.139
X, = Limo 0.124* © 0.128% X, ~ Lime
(tons/alq) (0.072) €0.077) (tons/alq)
X, = Hitrogen © -0.126% X, = Nitrogen 0.000 -
(xg/alq) -(0.109) (kg/alq) (0.000)
X, = Phosphate -0.182% X3 = Phosphate 0.093~ .
(kg/alq) © (0.144) (kg/alq) (1.701) .
X, = Potash 0.206% X, = Potash 1.065%
(kg/alq) '(0.168) {kg/alq) (1.575).
X5 = Total rbrtil:ll(;r N X0 = Hitrogen 0.108%*
(kg/alq) Squared (0.061)
Xg = Labox ' X,y = Phosphate -0'.004 |
(Cx$/alq) Squarod (0.019)
X, = Seed and def. " Xy, = Potash -0.016%
(Cr$/alq) Squared €0.010) -
Xg - Machinery | 'x23 m~ Ritrogen & -0.108*
(Cr$/alc) - Phosphate (0.065)
Xy = Labor & Machinery 05 450% | 0.473%% X, = Nitrogen & 0,000
(Cr$/=1q) (0.213) (€0.223) Potash (0.000)
X, = Operating Expenses L © " Xyg = Phosphate &  0.000
{Cr§/alq) e | Potash (0.000) -
X, = Management Index IX 0.019 40,106 X, = Seed & Def. |
(0, 448) -(0.503)
X g9 = Crop Land/Culti- S ' Xg = Labor &
vated Land ’ _ o Machinery
X,q = Crop Land (alq) -0.152% -0.152% X, = Total Expenses0, 198k
(0.135) -~ (0.149) ' (0.029)
Standard Error of Estimate 0.544 0.546 0.5421
Simple R 0.391 0.462 0.781
F - Ratio 1.715% 1, 502% | 7.626%K

*® Significant at 0.10 lavel

b Munburs in parantheses axe, standard arrors of regrevsion coefficients.



"51”'15amp1e B, All GrouPﬂ: Soybean . Production Pancttons/

xn = Managemant Indox IX

:lz = Crop Land/Culti-
‘ . vated Land

X,y = Crop Land (alq)

Standard Error of Eetimate
Simple R
¥ - Ratio
* Significant at 0.50 level

& 25 Observations

o, 311*
,_:,_.(o 307)‘

- 0.108%

. (0‘ 135);
0. 363
0.322
1.428%

ST bmuior. c«!ticicnt b, Reg. c«!f.h/ |
Variablee - ¥odal I Model II Variables Model IXX
Constant -1,785 - -2.563 . Constant 20.158
X, = Lime - - -0.004 ~ -0.006 X; = Lime 0.016

(tons/alq) (0.042) . (0.048) (tons/alq) (0.039) -
X, = Nitrogen .-'-O‘.'OOOV?;‘ . X9 = Nitrogen 0.258

(kg/alq) (0.0546) (xg/alq) (1.059)
Xy = Phosphate 0'*48* . . ,X3 = Phosphate 0.900#\'1

- (kg/alc, (o 365) 2 (kg/alq) (0.955) -

X4 = Potash 10,035 {;' X, = Potash -0.648
(kg/alq) L (0.361) (ks/siq)  (1.256)
X5 = Total r.rtiliut 0.286% X90 = Nitrogen -0.004%
, (kg/alq) €0.155) Squared (0.005)
X = Labor = Phosphate -0.005% |
(Cx{/alg) *21 Squared (0.007)
Xy = Seed and def. -0.041 ‘.- Xpp = Potash -0.001 -
(Cx$/alq) (0.114) Squared (0.011)
Xg = rachinary xz3 ~ Witrogen & 0008 ‘
(G /alq) © Phosphate  (0.016).
x, = Labor & Machinery Xz = Ritrogen & -0.006
(Cr§/alq) 277 potash (0.009)
Xj0 = Operating Expsnses et xzs = Phosphate & 0.007
- (Cr$/alq) . Potash (0.014)

;276*’-1}%',.;'",17 = Saed & Def. -0.118%

{O.'

,‘_;-*:'(o 339);* (0.097)

Xy Labor & 0.024%
, | Machinery (0.023)

0. 131*‘.34 Xy = Total Expensss

o 371 AT 18.698

o 0.436

e 0.768 -

b 813n1£teant at 0, 10 level

b mmbers 1n parentheses are standard errors of regression coefficients.



b Significant at 0.50 level

& 15 “Observations

Table 76 Sample B, Other Groups, Soybean ProductlonAMctiouy '
Regression Ccefficiente~ b/ Rag. coctf.b/ '
Variables Model X Model II Variables Model IXX
Constant 1.575 4,506 Constant -5.892
X, = Lima 0.177% 0.2974% X; = Line 0.720%
(sons/alq) (0.124) (0.139) {tons/alq) (0.630)
X, = Nitrogen S 0,229% Xo = Nitrogen 0.000
(kg/alq) o (0.289) (kg/alq) (0.000)
X, = Phosphate < -0.050 X3 = Phosphate  -0.775
(kg/alq) (0.085) (kg/alq) (1.184)
= Potash 0.069 X, = Potash -0.257
(kg/alq) (0.128) (kg/alq) (0.754)
X5 = Total Partilizer B Xp0 = Nitrogen 0,000
(kg/alq) Squared (0.000)
x6 Labor le = Phosphate 0. ode
(Cr§/alq) | Squared (0.009)
Xy = Seed and def. Xyp = Potash 0. ooz
(cr$/alq) Squared (0.003)
Xy = chhi.ncty x23 = Witrogen & .0,011%
(Cr$/alq) S L . Phosphate  (0.016)
Xg = Labor & Machinery - i 0124 T Xy, ™ Mitrogen & 0.000
(Cr3/alq) - €0.295) - - . Potash (0.000)
X;o ™ Operating Exypaenses R Xp5 = Phosphate & 0.000’
(Cr$/aiq) _ SR Potash (0.000)
X, = Faoagement Index IX . -0.340 . X, = Seed & Def. 0,351
' . . (0.679) . - (0.035)
X,3 * Crop Land/Culti- : . | Xg = Labor & -0.017
vated Land ,, ‘ Machinery (0.060)
2,4 = Crop Land (alq) 0.058 SR 0.088 . X0 ™ Total Expenses
(0.186) -~ (0.175)
Standard Error of Estimate 0.676 0,635 . 34,322
Simple R 0.471 0.650 “3-ﬁ ]0.963'
¥ - Ratio 1.188% 1.391% 19,5284

** Significant at 0.10 levcl-

b Iu-borl in parentheses are otandntd arrors of regression coefficients.
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