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Abstract

This publication presents an analysis of the Venezuelan fertilizer subsidy and estimations of its impact
on the performance of the agricultural sector. The study attempts to isolate and measure the impact that
fertilizer subsidies have had on the overall improvement of the agricultural sector, specifically on crop produc-
tion and crop productivity. The paper identifies and estimates the impact of agricultural credit, crop prices,
fertilizer prices, and crop areas on fertilizer use and crop productivity. Additionally, a methodology useful
for this type of analysis and the data nceded for its application are presented.

Results of the study indicate that modifications to the present fertilizer subsidy program in Venezuela
are needed. The study found that the level of subsidies in effect during 1988 and the first quarter of 1989—
equivalent to about 90¢ of the fertilizer price—was too high and was making farmers use excessively large
amounts of fertilizers. [t was shown that the large doses of fertilizer being used in the country were actually
depressing crop yields. A recommendation was made for a drastic reduction in subsidy level; this policy should
be acconipanied by increases in crop prices and in agricultural credit to farmers so as to reduce its negative
impact on the agricultural sector.

Acknowledgments

The author acknowledges comments and suggestions made by Dr. D. L. McCune, Dr. E. C. Kapusta,
Dr. Balu L. Bumb, and D~ R. B. Diamond. Acknowledgment is also due to Dr. Yao Chuang and Dr. Julio
Henao, who worked with the author on a study for PEQUIVEN of Venezuela during 1985, which provided
the basis for this work, and to Dr. D. H. Parish, who encouraged the author to prepare this paper.

Appreciation is also due to the PEQUIVEN staff responsible for collecting the data needed for this study.

Library of Congress Cataloging-in-Publication Data

Martinez, Adaolto.
Venezuela fertilizer subsidies and agricultural production.

(Paper series International Fertilizer Development
Center ;P11

August 1984,

Includes bibliographical references,

L. Fertilizers - Feonomic aspects -Venezuela.
2o Agriculture and state Venezuela, 3. Agriculture -
Llconomic aspects Venezuela, L International Fertilizer
Development Center. 11 Tide, THL Series: Paper series
tnternational Fertilizer Development Centery : 1417,

HDOASINA2MET  1usy AR A BEERE209KT RY-24677
FSHN 0-88090-083-0

International Fertilizer Development Center
P.O. Box 2040
Muscle Shoals, Alabama 35662

Phone No. 205-3K1-6600
TWX-KR10-731-3970 1WDEISC MCHIL
Telefax: (2051381-7.408

General Editing by . N, Roth
Typesetting and Lavout by P. F. Sandlin
Graphies by AL Martinez and T. L. McGee

TFDC publications are listed in Publications of the International Fertilizer
Developmoent Center, General Pablication TFDC--G-1, which is available
free of charge.



Table of Contents

Page

INtrodUCEION ....eei ettt rr e ar e sserer e e e reresssessessasseserneesants teveereieeersreseanesarressraens 1
BaCKZIOUNd.........ocieiiierieinrinieceeeieeniiessisseesnssnniostersosensinssesssssstoesssssssssssnts sossesssssssssssnsssssnnonsesss 1
Fertilizer SUDSIAIES......ccvciviiiiirireeiierecitirrersreecrteeesane e ter s nreessssnessssestesossesssnansssassesssnssansanes 2
Framework fOr ANALYSIS ....cccvveiiiiiienieinieneniiseiisnionsimeeniesisersrerssssosssssssstsssesssansassossasssssssassnan 3
Data Used and Limit8tIOnS.....ccccccceiiiciiiiieeenriennirerirsneesiseessinmesesssrsessesesssssassesssssssnsssssssosssssss 4
Model ESEIMALION. .....ccvviiriiiiieeiiciisiireiieeesieeesererseetsisseesssneesterssnesisaesssssessessssesassssasssassssnsraasss 4
Model of the Cropped Area .....ccccceieirreiicniininiierisiiessrsemiissss s 5
Model of Crop Productivity ........ccoccernmeiinninniiimininieimnimmmiem e, 6
Model of Fertilizer Demand.........ccccoevivieiemrieiniiirerneessiieeesssnesesereesnesssssessssssessssssssssssesess 7
Prices in Latin American Countries ...........ccccevvvvernnne. vererreseessarenirasteetarteerenbaeenaseesaresnraenn 8
ANalysis Of RESUILS ...cviievicveirieeiiciicirciiscirencenseneesirssseessnnsesessssseissasssresesssesssssnasssssssnessssnsosse 9
RecomMmMENAAtIONS . ...ccuvviieeiiniiiriiiieieciiriseentrersstrrtesersnrsessssssertassosassrssnessassssseressesniasssoranesssas 10
REOIEIICES ..o iiiiriee sttt e es s e s be e s s aecosabessbae s s b b e e e s s e s e e b a e e n e e s st ane s e b er e et eeetsrbats 10



List of Tables

Page
1. Rate of Growth and Share of GNP of the Venezuelan Agricultural Sector, 1980-86 ........cccceeverereenreerereeeresnenenes 1
2. Fertilizer Sales by Product, 1980-86 ..........ccouwvvrmmvrunreirsoonrisnnsseeaeseeossesesesesssssossssssssssssssssssesesessseeseseesessesseeseo e 2
3. Lstimated Fertilizer SUDSIAY, 1986..........c.covummrirererirririnssoecieseeeseseeeeessesssscess e s eeeeeoees e ss s seeses oo 2
4. Fertilizer:Crop Price Ratios, Average Key Crop Prices, Fertilizer Use/Hectare, and Average Crop Yield for Six
KEY CTODS ..ottt bttt sttt et e et eses s sseses oo 4
5. Economic Evaluation of Crop Response Models, Subsidies Present, 1986 ..........coo.ouovooooooooooeooooooooeoooooooooo 7
6. Economic Evaluation of Crop Response Models, Subsidies REMOVEd +.........vvvveeovoeeoosoeoosoooooeooeoeoeooosooooooo oo 7
7. Crop and Fertilizer Prices in Various Countries in Latin America—June 1988 ........oooooooooooooooooooooooo 8
List of Figures
1. Fertilizer Use in Venezuela, 1960-86 . ..........cco..vivuuirvuureeorereeeeeneeeiseeesessesssessssssssesssessssssssssss s eeeseeeeeeesesseeseeeseeeeseeeens 2
2. Estimated Regression Model of Relationship Between Exogenous and Endogenous Variables..............c.coou....... 5
3. Real Agricultural Credil Per HECtare, 196086 ..........coo...iveeeeveenemieeeseeeesssesssesssiesssessseosssssssesseeessesessseesss e seoe s 6
4. Crop Response L0 FErtilizer USe.......cocooviuiiieiiiiiiiseeeceesesosesescessseesssessssesseess s et o st eeese s s e e e ee oo 7
5. Fertilizer:Crop Price Ratios, Venezuela, 1960-86.................cvevereereeeeeeessresseesesssoesssessseessssseseeoeeeeeeseseeeeesees oo 8
List of Appendix Tables
A-l. Crop Areas for Rice, Maize, Sorghum, Cotton, Coffee, and Sugarcane, Venezuela, 1960-86 ...........cccvvvrererennnn. 11
A-2. Rice, Maize, Sorghum, Cotton, Coffee, and Sugarcane Yields, Venezuela, 1960-86 ......vvemoooooooooooooooesooooo 11
A-3. Official Crop Prices for Rice, Maize, Sorghum, Cotton, Coffee, and Sugarcane, Venezuela, 1960-86................ 11
A-4. N, Pi0s, and K;O Use in Venezuela, 1960-86 ............coveeeverveeeereersressessessossesssss oo sesseee e sees e sseses s 11
A-5. Fertilizer Retail Frices Paid by Farmers in VeN@ZUEIA ............oooevevvevvesvssiensessoe oo oo seeeees oo 12

A-6. Fertilizer Nutrient Demand and Prices, Crop Area, Agricultural Credit, and Agricultural Price Index,



Introducticn

Fertilizer subsidies can be an integral part of a nation's
agricultural development policy. Subsidies refer to financial
asgistance given to farmers or farmer groups in buying fer-
tilizer or to individuals or organizations in importing, manu-
facturing, selling, andior distributing fertilizers. In
Venezuela the main objective of fertilizer subsidies has been
to provide farmers with inexpensive fertilizers and thus to
promote agricultural productivity and production.

Fertilizer subsidy programs are usually designed to offer
short-term financial assistance. It is expected that, after a
few years, the objectives for which they were designed can
be achieved and they will no longer be needed. Otherwise, as
fertilizer consumption increases, and depending on the
extent of the subsidy given, they usually become a heavy

burden to the national economies.

This paper presents an analysis of the Venezuelan fertiliz-
er subsidy and attempts to measure its impact on the per-
formance of the country’s agricultural sector. Objectives in
the discussion are to isolate and to measure the impact that
fertilizer subsidies may have had on the overall improve-
ment of the agricultural sector, specifically on crop produc-
tion and productivity. Attentici is given to i*entifying
quantifiable factors such as agricultural credit, crop prices,
fertilizer use, and fertilizer prices and to measuring their im-
pact on the agricultural sector. Additionally, the paper iden-
tifies the data needed and the methodology used for this
type of analysis, and it makes recommendations for possi-
ble future fertilizer policy.

Background

The Venezuelan economy has traditionally been depen-
dent upon oil export revei.ces. The 1974 world oil crisis was
a bonanza to Venezuela; this crisis was accompanied by high
oil prices, which lasted until the early 1980s. During recent
years, drastic declines in iuternational oil prices have
changed the outlook of the domestic economy. The balance-
of-payment situation has deteriorated, and the country is
now facing problems in meeting its foreign debt payments
and financing its domestic economic development plans. In
spite of some recent improvements in the Venezuelan agri-
cultural balance of trade, the country had net imports of
agricultural products with a value of more than Bs 1 billion
during 1984 and 1985 and of Bs 750 million during 1986.

For many years Venezuela depended, to a large extent, on
imports of agricultural products to meet its food require-
ments. Tb stimulate the agricultural sector, a series of di-
verse policy measures was promulgated jointly by the Min-
isterio de Agricultura y Cria (MAC) and the Oficina Central
de Coordinacion y Planificacion (CORDIPLAN; during late
1979. Some of the policy measures that were taken included
increasing the availability of agricultural credit, increasing
agricultural prices paid to farmers, continuing fertilizer sub-
sidies, increasing agricultural research and extension activi-
ties, and improving infrastructure in rural areas.

However, changes in Government policies during carly
1981 brought about a diversion from these programs. A
change that is of particular interest in this study was the
removal of fertilizer subsidies, which had been in effect since
1958. Removal of these subsidies and lack of implementa-
tion of other agricultural development policies established
during 1979 adversely affected the nation’s agricultural sec-
tor during the 1980-84 period. As Table 1 shows, during
this period the agricultural sector of the country grew er-
ratically and at low rates; its contribution to the Gross Na-
tional Product (GNP) fluctuated between 6.2% and 7.5%.

(7

Table 1. Rate of Growth and Share of GNP of the Venezuelan
Agricultural Sector, 1980-86

. Tate of Growth Share of Eﬁ’

(%)
1980 1.9 6.3
1981 -1.9 6.2
1982 3.6 6.4
1983 0.4 6.8
1984 0.8 A9
1985 5.7 1.3
1986 6.8 1.5

Source: Inter-American Development Bank. 1987, “Progreso
Economico y Social in America Latina,” p. 42,

A new administration took office in early 1984 and an-
nounced a new agricultural development policy to revitalize
the agricultural sector. The overall goal of the new policy
was ‘o reach self-sufficien., in the nation’s cereal crop re-
quirements by 1993 and to reduce dependence on imports
for other agricultural crops by increasing domestic produc-
tion through crop area expansion and increases in produc-
tivity. Tb attain these goals, several important changes in
policy were announced and implemented during 1984. The
new administration’s key policy measures included agricul-
tural credit expansion, increases in crop prices, and the
restoration of the fertilizer subsidies.

These policies stimulated the agricultural sector, which
grew at rates of 5.7% and 6.8% during 1985 and 1986,
respectively—rates that were considerably higher than those
of previous years. Also, during these 2 years, agriculture's
share of the GNP increased to 7.3% and 7.5%, respective-
ly, as compared with 6.9% in 1984,



Fertilizer Subsidies

Except for the period between March 22, 1981, and
March 21, 1954, fertilizer prices paid by farmers in Venezue-
la have been highly subsidized since 1958 when the country
hegan producing fert.lizers at a small plant at Moron. The
amount of fertilizer subsidies increased significantly each
year as the costs of fertilizer procurement, transportation,
and marketing rose and fertilizer use in the country in-
creased. Estimated amounts of subsidies were Bs 249 mil-
lion and Bs 362 million in 1978 and 1979, respectively. The
former figure representzd 54% of the total cost of fertilizer
to farmers, and the latter represented 62% of the total cost.
In 1980 the estimated amount of subsidies escalated to Bs
631 million; this amount accounted for 72% of the total
farm-level cost.

On March 22, 1981, the Government eliminated subsidies
on retail fertilizer prices to make the fertilizer industry self-
supporting. As can be seen in Table 2 and Figure 1, the
sudden removal of subsidies drastically reduced farmers'
fertilizer demand in 1981, 1982, and 1983, as unsubsidized
fertilizer prices doubled or tripled. Thhis sharp drop in fer-
tilizer demand and newly initiated imports by growers' as-
sociations left PALMAVEN (PEQUIVEN's marketing
arm), which had assumed marketing responsibilities from
VENFERCA, with fertilizer inventories of about 330,000
tons. Because of the large inventories, PEQUIVEN was
forced to operate its production facilities at low capacity
rates, which in turn led to higher operating and production
costs.

Table 2. Fertilizer Sales by Product, 1980-86

1980 1981 1982 1983 1984 1985 1986

(10 )
Urea 1094 712 698 759 135.7 197.3  242.1
Ammonia sulfate 493 377 361 356 405 464 5H8.1
DAP 13.2 86 103 188 37.8 609 95.3
TSP 144 4.9 H.2 6.0 88 118 13.2
Potassium chloride €9 2.9 8.3 5h 121 226 45.9
Potassium sulfate 3.5 0.3 1.3 3 5.4 8.3 11.3

LN

TOTAL STRAIGHT 196.7 1256 1310 144.6 240.3 347.3 4659

12-24-12 1186 1043 89.2 608 143.1 183.7 2289
15-15-15 554 660 640 646 784 1466 203.3
13-13-21 228 42 20 1.3 00 00 0.0
12-12-17 50.1 335 614 699 1277 1881 1238
13-26-06 203 00 00 00 00 00 0.0
12-12-06 129 6.1 27 96 140 00 0.0
16-16-08 00 00 00 00 00 154 78.9
Powders 715 130 65 68 4.1 0.0 0.0
TOTAL NPKs 3516 227.1 2258 2130 366.3 5338 6349
Other NI’Ks 56 22 0.1 1.1 00 57 2.3

GRAND TOTAL 553.9 3549 356.9 358.7 606.6 886.8 1,103.1
Source: PALMAVEN.
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Figure 1. Fertilizer Use in Venezuela, 1960-86.

To help cope with this situation, PEQUIVEN and
PALMAVEN, in an agreement with the Government,
offered a 15% discount on unsubsidized prices for mnst
products at PALMAVEN's zonal points of sale between Oc-
tober 29, 1982, and March 22, 1984. This price discount
had little impact on fertilizer demand because it was an iso-
lated event not accompanied by complementary :griculturs!
development policies,

On March 22, 1984, the newly-elected Government rein-
stated the price subsidy on fertilizers. It reduced retail
fertilizer prices to 56% of the 1983 levels and budgeted

Table 3. Estimated Fertilizer Subsidy, 1986

Production Import?® Selling Total Total
Quantity  Cost Cost  Price Cost Subsidy

e -----... Bsit) - ------.- --(10* Bs) - -

Urea 242.1 1,088 - 649 2634 106.3
Ammonium

sulfate 58.1 781 - 550 45.4 134

FDA Domestic 33.3 1,707 - 706 56.8 33.3

Imported 62.0 - 4,514 - 2799 236.1

SFT 13.2 . 3,098 616 40.9 32.8

KCI 459 - 2,077 540 95.3 70.5

Sulfato de

Potasio 11.3 - 4,298 685 95.3 40.8

12-24-12 208.1 1,346 - 735 280.1 127.1

20.8 - 3,564 - 74.1 58.8

15-15-15 84.0 1,264 - 700 106.2 474

119.3 - 2,791 - 333.0 2495

12-12-17 123.8 - 3,567 735 4416 306.6

16-16-08 78.9 - 3,383 663 2669 2146

TOTAL 2,332.2 1,536.2

a. US $1 = Bs 20.25 commercial rate.

Source: Estimated from data provided by PEQUIVEN.




Bs 411 million through MAC to compensate PALMAVEN
for its 1984 financial loss that resulted from the reduc-
tion in selling prices. The new price subsidy and other
agricultural policies implemented by the new Covernment
had a substantial impact on fertilizer sales. Sales by
PALMAVEN in 1984 increased far above expectations,
and a resumption of fertilizer imports was necessary to
satisfy farmer demund. As Table 2 shows, fertilizer sales
increased from approximately 359,000 tons of product in
1983 to nearly 607,000 tons in 1984, an increase of 69%,
and to 1,103,100 tons during 1986. Fertilizer consump-
tion increased rapidly, and so did the subsidy, which
reached Bs 1.5 billion during 1986, or 66% of PL-
QUIVEN's total cost of fertilizers (Table 3).

The amount of subsidy shown in Table 3 for 1986 does
not represent the total fertilizer subsidy provided by the

Government. Two other forms of subsidy were and are
provided: (1) the operational expenses of PALMAVEN in-
curred in fertilizer marketing and distribution and (2) the
costs associated with the preferential exchange rate given
to PALMAVEN and PEQUIVEN for the importation of
raw materials and finished fertilizer products. At present
rates, the amount of funds nceded to support fertilizer
subsidies wili reach Bs 2.0 billion very soon ¢r may have
already reached that level. Because this level of subsidy
represents a heavy burden on the national economy, it is
imperative that the fertilizer subsidy program be care-
fully evaluated. This paper is intended to analyze the sub-
sidy's impact on agricultural production and to serve as
a guide for appropriate authorities within the Govern-
ment to reassess the value of the subsidy program.

Framework for Analysis

Fertilizer subsidies are implemented by governments
to promote fertilizer use by farmers; it is expected that
the farmers will increase their agricultural production and
productivity. Fertilizers are only one of the inputs used
in agricultural production; because many other factors
also affect the agricultural sector of a country, the deter-
mination of appropriate fertilizer subsidy policies is not
a straightforward process. Instead, consideration has to
be given to the magnitude and siebility of the subsidy's
impact on crop production, productivity, and fertilizer de-
mand. Agricultural planners and policymakers should
therefore consider alternative policies and their associated
benefits and costs before selecting a given policy or mak-
ing a recommendation.

In evaluating fertilizer price subsidy policies, three
aspects of the subsidy have received specizl considera-
tion in this paper:

1. Its impact on agricultural production.
2. Its impact on agricultural productivity.
3. Its impact on fertilizer demand.

It is known that as fertilizer decreases in price its use
by farmers increases. Increases in fertilizer use should be
accompanied by gains in agricultural production through
expansion in crop areas and in crop yields. Low fertilizer
prices encourage farmers to develop and/or to bring into
production marginal lands having low fertility. Addition-
ally, increased fertilizer use in presently cropped land will
produce greater crop vields. However, the extent to which
increases in agricultural production take place is subject
to wide variations and uncertainty. Therefore, to deter-
mine the impact of a fertilizer subsidy program, it is
necessary to understand and estimate the farmers' reac-

tion to fertilizer price changes and also to estimate the
crop response to different fertilizer use levels.

The farmers' reaction to changes in fertilizer prices is
measured through price demand elasticities, i.e., the per-
centage of change in quantity demanded due to a given
percentage of change in price. The crop response to fer-
tilizer is measured through produccion functions. An im-
portant link exists between fertilizer price demand
elasticities and crop response functions. The effectiveness
of a fertilizer subsidy program can be measured by in-
creases obtained in crop production and productivity;
therefore, if a subsidy program is to be effective, the
benefits obtained through increases in crup production
should be greater than the cost of the subsidy. As fer-
tilizer subsidy programs are implemented, the quantity
of fertilizer demanded is expected to increase. Fertiiizer
use in crop production is subjiect to the *Law of Diminish-
ing Returns,” and the economic benefits derived from a
subsidy program depend on the crop response to fertiliz-
ers, specifically to the amount of fertilizer that farmers
use before and after the subsidy is instituted.

The identification and measure of factors affecting
agricultural production at a national level are complex
issues because many factors are involved. To help explain
changes in agricultural production in Venezuela during
the past few years, the following variables were consi-
dered: total cropped area, agricultural credit, crop prices,
fertilizer prices, fertilizer use, fertilizer:crop price ratio,
and cropped area for six key crops, ie., rice, maize, sor-
ghum, cotton, coffee, and sugarcane.



Data Used and Limitations

The data used in the preparation of this study appear
in the Appendix. They consist of time series data ob-
tained from secondary sources for the 1960-86 period. The
following data were collected and analyzed in this study:

Table A-1. Cropped Areas for Rice, Maize, Sorghum, Cot-
ton, Coffee, and Sugarcane, 1960-88.

Table A-2. Rice, Maize, Sorghum, Cotton, Coffee, and
Sugarcane Yields, 1960-86.

Table A-3. Official Crop Prices for Rice, Maize, Sorghum,
Cotton, Coffee, and Sugarcane, 1960-86.

Table A-4. Total N, P.0:., and K:O Use in Venezuela,
1960-86.

Table A-5. Fertilizer Ketail Prices Paid by Farmers,
19G0-86.

Table A-6. Totai Fertilizer Nutrient Demand, Average
Nutrient Price, Total Cropped Area, Agricultural
Credit, and Agricultural Price Index, 1960-86.

These data were used in the estimation of the
parameters of various regression models. Some variables
were used as shown; others were used as averages (i.., crop
yields and prices), national aggregates (i.e., crop areas for
key crops), and linear transformations (i.e., fertilizer:crop
price ratios, use of nutrients/hectare). Table 4 presents the
values for variables estimated from the data in the Ap-
pendix tables. It includes the fertilizer:crop price ratios,
the average crop price for the six key crops, three esti-
mates of the amount of fertilizer used per hectare, and
the average crop yield for vhe six key crops.

The data used have been collected by IFDC, with PE-
QUIVEN's assistance, through several years of IFDC’s
involvement with the Venezuelan fertilizer industry.
Although the data used are believed to be the best avail-
able from secondary sources, they do not necessarily con-
stitute an optimum data set for this kind of study. A
fertilizer subsidy program could be evaluated more effec-
tively through the use of time series data on fertilizer by
crop; these data are not available in Venezuela. An alter-
native to this is the development of stratified annual farm
surveys, which is an expensive and time-consuming task.

However, considering the large amount of funds invest-
ed in the fertilizer sector in Venezuela, a systematic data
collection process is warranted.

Table 4. Fertilizer:Crop Price Ratios, Avernge Key Crop Prices, Fer-
tilizer Use/Hectare, and Average Crop Yield for Sis Key

Crops

Fertilizer: Average Average

Crop Price Crop Fertilizer Useb Crop
Year tatio Price® #1 #2 #3 Yield®

(Bsfton)  -----.. (kg/ha) - - - - - -

1960 5.51 174.4 7.8 13.1 1G.5 1,777.8
1961 6.65 141.0 9.3 14.6 11.7 1,666.6
1962 6.62 148.4 7.4 11.0 8.8 1,910.9
1963 6.71 1444 7.6 11.6 9.3 1,791.0
1964 H.44 169.0 14.5 22.2 17.8 1,738.6
1965 6.60 149.2 18.8 28.9 23.1 1,809.1
1966 6.99 146.1 22.0 34.5 27.6 2,066.8
1967 6.73 146.3 24.5 37.6 30.1 1,835.9
1968 5.80 165.7 27.2 42,5 34.0 1,822.9
1969 6.19 153.8 26.0 41.0 32.8 1,85¢.0
1970 6.73 144.0 34.9 57.2 45.7 2,120.7
1971 7.61 134.1 38.3 62,1 49.7 2,010.5
1972 9.36 114.4 48.8 80.5 64.4 2,028.3
1973 6.27 163.3 54.3 89.0 71.2 2,486.0
1974 6.05 173.1 71.2 119.1 95.2 1,970.3
1975 4.27 248.5 717 1233 98.7 2,212.7
1976 4.76 222.9 94.1 152.9 122.3 1,736.4
1977 3.17 340.0 1056.5 166.9 133.56 2,385.6
1978 2.84 386.5 116.7 179.5 143.6 2,404.0
1979 243 456.5 127.4 183.0 146.4 2,226.6
1980 2.02 5317.1 130.2 189.8 151.8 2,241.2
1981 4.67 657.0 91.4 133.8 107.1 2,226.5
1982 5.45 652.1 94.6 139.6 111.7 2,1567.6
1983 4.65 647.7 100.0 160.5 120.4 2,197.7
1984 1.40 1,055.1 175.2 254.5 203.6 2,145.3
1985 1.33 1,106.1 222.6 311.4 249.1 2,183.3
1986 1.46 979.2 241.3 32143 259.4 2,092.0

a. Average weighted price of six key commodities.
b. #1 equal to total NPK use divided by total crop area.
#2 equal to total NPK use divided by area with key crops.
#3 equal to 80% of NPK use divided by area with key crops.
¢. Expressed in maize equivalents.

Model Estimation

The development of regression models designed to
evaluate agricultural sector policies includes the selection
of a set of variables, some of which can be influenced by
decisionmakers, by climatic factors, or by market forces.
These variables are usually referred to as “exogenous,’
or variables whose values are not determined by the
model developed. The regression models also attempt to
explain another set of variables. These variables, which

are correlated with the exogenous variubles, are called “en-
dogenous,” and their values are estimated by the model.
The regression model developed here presumes to explain
the dynamic structure implied by the relationship be-
tween exogenous and endogenous variables. Figure 2
presents an illustration of the model estimated.

Time series data used for model estimation present a
strong likelihood that a disturbance occurring in one time
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period will have an effect on the next period and, hence,
Zive rise to autoregressive disturbances. Another problem
common to time series data is that they contain indepen-
dent variables having a high degree of multicollinearity.
Even though these problems can be persistent, an effort
was mad'e here to rid the esiimated models of indepen-
dent variables by carefully selecting the variables and by
estimating alternat. e models to observe variation in the
estimated coefficients.

By using a set of structural equations, an attempt was
made to represent the effect of fertilizer price subsidies
on crop production, productivity, and fertilizer demand.
The structural form of the regression models was not set
a priori; instead, several models were estimated and ana-
lyzed. In selecting the models, consideration was given
to their statistical properties (i.e., R-square, t-values, and
DW. values) and to expectations with respect to signs and
magnitudes of cocfficients. The structural form of the
models selected can be represented as follows:

(1) CA’ = f(CA’_l, FCPR;).
(2) AVY, = f(NPK,, NPK?).
(3) FD, = f(FD,-;, RPF,, KCA,).

where:
CA, = Cropped area during year t.
CA;-1 = Cropped area lagged 1 year.
FCPR, = Fertilizer:crop price ratio in year t.
AVY, = Average yield for six key crops ex-
pressed in maize equivalents in year
t.
NPK, = Amount of N, P,0s, and K.O used
per hectare in year t.
FD, = Total demand for fertilizers in year t.
FD,~y = FD, lagged 1 year.
RPF,; = Real price of fertilizers in year t.
KCA; = Cropped area for six key crops dur-

ing year t.
The regression parameters for these equations were es-
timated by using ordinary least squares.

Crop production is defined by the product of model (1)
and (2). The model of croppea area (CA,) implies that crop
area planted in Venezuela is a function of the cropped area
during the previous year and the fertilizer:crop price ratio.
This model allows for the evaluation and measurement
of the impact of Government policies related to crop and
fertilizer price policy. This model was estimated for the
total cropped area of the country and for the cropped area
of the selected six key crops.

The average yield model (AVY,) specifies a production
function for the six key crops selected, expressed in maize
equivalents. It represents the crop yields that can be ex-
pected on an aggregate basis at different fertilizer appli-
cation rates. This model allows for a measurement of the
impact on crop productivity of changing levels of fertilizer
use.

The fertilizer demand model (FD,) identifies factors af-
fecting fertilizer use by farmers. It includes the cropped
area for the six key crops, the real fertilizer prices, and
the quantity of fertilizer used during the previous year.
This model provides estimates of the impact on fertilizer
demand of alternative fertilizer pricing policies and of pro-
grams to expand cropped area. Ancillary to this model,
a model was formulated to allow for short-term and long-
term fertilizer demand elasticity estimations. This model
can be represented as follows:

(4) FD, = f(FD,-y, RPF,).

This model assumes that the effects of fertilizer price
changes are not exerted all at once but instead are dis-
tributed over time. When this model is estimated in its
logarithmic form, the regression coefficient for the RPF,
variable is an estimate of the short-term elasticity of de-
mand; the coefficient of the lagged variable estimates the
distribution of the lag and allows for the estimation of
the long-tern: elasticity of demand.

Model of the Cropped Area

In the estimation of the model of cropped area, several
independent variables were considered along with soine
linear transformations. The model was estimated for the
total cropped area and for the cropped area of the six key
crops. The following models were selected to explain var-
iation in cropped areas:

(la) CA, = 571.29 + .746 (CA,-1) - 25.42 (FCPR,)
(4.97**) (-2.59%%)
R-Square = 62%

{(1b) KCA, = 499.63 + .696 (KCA,-{) - 29.22 (FCPR,)
(4.277%*) (-3.57*%)
R-Square = 70%

The lagged variable of the dependent variable was in-
cluded in both models to account for the fact that cropped
area brought into production is a medium- to long-term



venture. When expanding cropped areas, farmers incur
capital expenses (i.e., farm machinery, irrigation systems)
that are paid over several years. Therefore, once a tract
of land is developed and brought into producticn, it will
remain in production for an extended period. The estimat-
ed coefficient values and their statistical significance con-
firm this assessment.

The coefficients for FCPR, indicate the average
changes in crop areas that have occurred during the 1960-
86 period due to changes in Government fertilizer price
and crop policies. The coefficients are of similar magni-
tude, but a slightly higher impact of price policies can
be noted when the six key crops are considered alone. The
values and the statistical significance of these coefficients
confirm the effect of crop and fertilizer pricing policies
on cropped areas and, subsequently, on crop production.

Because previous studies made by IFDC in Venezuela
indicated the importance of agricultural credit in cropped
areas, several of the estimated models included real
agricultural credit as an independent variable. Results in-
dicate that there is a positive relationship between the
areas cropped and the agricultural credit used by farm-
ers; however, this relationship was found to be insignifi-
cant. The reason for this is probably the fact that, in real
terms (1968 = 100), agricultural credit per hectare of
cropped area increased steadily from 1960 until 1979
when it reached Bs 590/ha, as shown in Figure 3. Since
1979, however, agricultural credit per hectare has
decreased dramatically, and it was equal to only Bs 200/ha
during 1986, or approximately what it was in the late
1960s. Therefore, the role of agricultural credit in promot-
ing agricultural development in Venezuela has decreased
considerably during the past 8 years.
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Figure 3. Real Agricultural Credit per Hectare, 1960-86.

Model of Crop Productivity

The crop productivity model developed here represents
the crop response to different fertilizer (N + P,0s + K.0)
use rates. Because time series data on fertilizer use by
cropped area are not available in Venezuela, three models
were estimated using different data on application rates.

Data for 1976 were excluded from the analysis as outli-
ers. The fertilizer application rate for the first model (22)
was estimated by dividing the total fertilizer used in the
country by the total cropped area, excluding pastures.
This model is assumed to overestimate the effect of fer-
tilizer on crop yield because of the magnitude of the
cropped area values. For the second model (2b), the ap-
plication rate used was estimated by dividing the total
fertilizer used in the country by the area of the six key
crops considered. This model, as opposed to model (2a),
underestimates the crop response to fertilizer used. The
third model (2¢) assumes that the six key crops considered
have used an average of 80% of all fertilizer used in the
country during the 1960-86 period. This model was esti-
mated for comparison purposes and to observe the relia-
bility and stability of estimates obtained with the other
models. The dependent variable in all three models was
the crop production per hectare of the six key crops select-
ed, expressed in maize equivalents. Pasture land that has
been fertilized in the past was not accounted for in any
of these models. However, it is estimated that less than
3% of the fertilizer used in the country is applied to
pastures. The following models were estimated:

(2a) AVY, = 1735.6 + 7.88 (NPK,) - .027 (NPK,Z)
(6.31%%) (-4.98%%*)
R-Square = 68.6%
(2b) AVY, = 1713.0 + 5.68 (NPK,) - .014 (NPK,}

(6.33**) (-4.88**)

R-Square = 70.3%

(2c) AVYt = 1735.0 + .10 (NPK,) - .018 (NPK,?
(4.43%*) (-3.29**)
R-Square = 54.0%

As an illustration of these results, Figure 4 presents
a plot of the data used for estimation of model 2b and
estimated values from the model. Models 2a through 2c
show that the estin. _ted regression coefficients were of
similar magnitude. The linear coefficients indicate the in-
crease in yield that can be expected at low fertilizer use
rates in Venezuela; the quadratic coefficient defines the
diminishing returns’ nature of the production functions,
These three models were used to determine rates at which
maximum yields occur, maximum possible yield increases,
optimum application rates, expected net returns, and
value:cost ratios. These results are presented in Table 6,
which also includes an estimation of present (1986) fer-
tilizer use rates, under the assumptions of each one of the
models.

As Table 5 shows, maximum yields are obtained at fer-
tilizer rates ranging from 145 to 203 kg/ha, which gener-
ate yield increases of 512 to 576 kg of maize
equivalents/ha, or between 3.07 and 4.15 kg/kg of nutrient
used. Economic optimum application rates were estimat-
ed using 1986 prices for fertilizers (Bs 1,426/ton, and for
maize (Bs 3,000). Application rates that corresponded to
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Figure 4. Crop Response to Fertilizer Use.

Table 5. Economic Evaluation of Crop Response Models, Subsidics
Present, 1986

Maximum Maximum Economic

Yield Yield Optimum Yield Net VC Actual

Model Rate Increase Rate  Increase Returns Ratio Use®

------------- kg/ha)-- - - - - ----.. (Bstha) tkg'ha)
2a 145 570 137 569 1,512 8.8 241
2b 203 576 186 572 1461 6.5 324
2c 168 512 1556 508 1,306 6.9 259

a. 1986 estimated as per 'l‘ablci-‘l. 7

Fertilizer price = Bs 1,426/ton.
Crop price = Bs 3,000/ton.

the economic optimum were estimated to range from 137
to 186 kg/ha. At the estimated rates, the yield increases
ranged from 508 to 572 kg/ha; the net returns due to fer-
tilizer use ranged from Bs 1,305 to Bs 1,512, with
value:cost ratios of 6.9 and 8.8. This means that, during
the 1986 period, the optimum fertilizer application rate
was estimated to have been between 137 and 186 kg/ha.
However, commercial and progressive farmers using ad-
vanced technological packages (i.e., mechanization, irri-
gation, improved varieties, etc.) can surely benefit from
higher fertilizer rates.

The last column of Table 5 presents the estimated 1986
rate of fertilizer nutrient used in Venezuela under the as-
sumptions of each model. It is evident that the estimat-
ed fertilizer use rates, which ranged from 241 to 324 kg/ha,
are higher than the estimated agronomic maximum and
the economic optimum rates. Results of the analysis of
these production functions strongly suggest that, given
the level of agricultural production technology of the
country, farmers are using fertilizer in excessive amounts,
i.e, beyond the economic optimum rates.

To determine the impact that a subsidy removal pro-
gram would have on fertilizer use, crop production, and
farmers’ returns, Table 6 was developed using aa estimat-

ed fertilizer price equal to three times the 1986 price:
Bs 4,278/ton. Crop prices are assumed to remain const
This table shows that, if subsidies are removed, farn
will decrease their fertilizer use and have lower net rett
and lower value:cost ratios. However, it is estimated t
crop yields (in maize equivalents) obtained by farmers
incrcase about 10% from the 1986 level. Because
large fertilizer price increase (300%) will place a heavy |
den on farmer resources, it should be accompanied by
increase in crop prices, which did not change during
1984-86 period in spite of the high inflation rate of
country.

Table 6. Economic Evaluation of Crop Response
Models, Subsidies Removed

Economic
Optimum Yield Crop Net V
Model Rate Increases Yield Returns Re
(kglha)  (kg/ha) (kglha) (Bsha)
2a 120 556 2,291 1,155 2.
2b 152 540 2,253 970 2.
2c 130 489 2,224 911 2.

Fertilizer price = Bs 1,426 x 3 = 4,278,
Crop price = Bs 3,000.

The fertilizer applicaticn rates estimated by the th
models should not be interpreted as being fertilizer recc
mendations to farmers. Rather, they provide evidence t!
at the national level an inefficient use of fertilizer is
curring because of its >xtremely low price.

Model of Fertilizer Demand

Several independent variables and linear transforn
tions were considered in developing the fertilizer dema
model. The model selected to represent fertilizer dema
in Venezuela can be expressed as follows:

(3) FD, = 510,801
+ .646 (FD,-y) - 160.9 (RPF,) + .117 (KCA,)
{(4.00%*) (-3.78%%) (1.5)
R-Square = 94."

This model includes as explanatory variables ihe lagg
value of the dependent variable, the real fertilizer pri
and the area planted with key crops. The lagged varial
was included because of the fact that farmers, after usi
fertilizers for the first time, realize the benefits that ¢
be derived from them and continue their use. Also, far:
ers need more than 1 year to adjust to the changing e«
nomic environment.



The RFP, variable accounts for changes in fertilizer use
due to changing fertilizer pricing policies. The value of
its regression coefficient represents the average variation
in demand for fertilizers in the country due to unit
changes in fertilizer prices. The regression coefficient for
the variable KCA, represents the average change in fer-
tilizer use due to changes in the area planted with the
six key crops selected.

To enable policymakers to evaluate the effect of govern-
ment fertilizer pricing policy on fertilizer demand and
crop production and productivity, it is necessary to have
an estimate of the fertilizer demand elasticity. In view
of the time series data available, it was decided to esti-
mate a short-term and a long-term price elasticity for fer-
tilizers. This was accomplished by using the following
logarithmic regression model:

(4) InFD, = 4.40 + .84 (Inl"D,-;) - .381 (InRPF,)
(15.6*%*) (-3.2%¥)
R-Square = 97.3%

This model estimates the short-term demand elastici-
ty of fertilizer to be equal to -38 (inelastic); the long-term
elasticity is estimated to be -2.38, from [-38/(1-84)] (elas-
tic). These elasticity values are in line with expectations
and with previous fertilizer elasticily estimates prepared
by IFDC for Venezuela and other countries.

The inelasticity of fertilizer demiand in the short term
is due to (1) the lack of substitute products for fertiliz-
ers, {2) fertilizers representing a small percentage of the
total production cost {around 20%), and (3) the fact that
fertilizers do not have alternative uses.

In the long term, the fertilizer demand elasticity is
greater because (1) farmers need time, usually at least 1
year, to adjust production plans to new fertilizer pricing
policies and (2) in the long term, agricultural land can be
incorporated or taken out of production.

From detailed analysis of the Venezuelan fertilizer de-
mand situation during the 1980-86 period, it is evident
that, following the termination of subsidies at the begin-
ning of 1981, fertilizer demand decreased during the year
and remained at that level, approximately 155,000 tons
of nutrients, during 1982 and 1983 (Table A-4). When fer-
tilizer subsidies were established again at the beginning
of 1984, fertilizer demand increased dramatically, and sub-
sequent increases were registered during 1985, 1986, and
1987 (preliminary data). However, not all of the increase
in fertilizer demand can be attributed to the fertilizer sub-
sidy alone in that prices were also increased for the key
agricultural crops and for agricultural credit. The data
suggest that Venezuelan farmers adjust faster to increas-
ing fertilizer prices than to decreasing fertilizer prices.

Prices in Latin American Countries

Table 7 presents crop and fertilizer prices for several
countries in Latin America. It can be seen that fertilizer

and crop prices in Venezuela are the lowest. With respect
to fertilizers, Venezuelan prices are less than 10% of prices
in neighboring countries, i, Colombia, a fact that has
promoted smuggling. Venezuelan crop prices are more in
line with regional prices, but they are also the lowest. The
large difference between prices in Veriezuela and those in
neighboring countries, especially Colombia, has made
smuggling of produce an attractive alternative. Further-
more, in the past few years, crop price increases have not
kept up with inflation in Venezuela, and as a result, the
financial condition of farmers has deteriorated.

Table 7. Crop and Fertilizer Prices in Various Countries in Latin
America, June 1988

Country Maize Rice Urea DAP

------------------------ (US $/ton) wemmm

Argentina 99 143 231 330
Brazil 93 135 190 350
Chile 129 132 218 300
Colombia 195 180 209 315
Costa

Rica 182 339 228 305
Salvador 198 246 211 232
Mexico 108 105 102 225
Venezuela 85 85 19 20

Bs 35 to US $1.05.

As shown in Table 4 and in Figure 5, the fertilizer:crop
price ratio in Venezuela was equal to only 1.46 during
1986. Figure 5 shows the dramatic decrease in this ratio
after the fertilizer subsidy was activated during 1984 and
crop prices were increased.

0

T T T T T L T
1960 1964 1968 1972 1976 1980 1984
Year

Figure 5. Fertilizer;:Crop Price Ratios, Venezuela, 1960-86.



Analysis of Results

The regression models developed in this study identi-
fy factors affecting crop production, crop productivity,
and fertilizer demand in Venezuela. They also provide a
measure of the impact that various crop and fertilizer
pricing policies may have in the agricultural sector of the
country. As such, results presented here provide guide-
lines for future agricultural policy formulation.

The models of cropped area developed (1a and 1b) rev-
eal the importance of fertilizer and crop prices in agricul-
tural production. Model estimates indicate that during
the years included in this study and on the average, a unit
change in the fertilizer:crop price ratio has caused an aver
age change of 25,000 to 29,000 ha in the cropped area.
Unit changes in this variable can be accomplished
through fertilizer price decreases or through price in-
creases for the key crops selected. The lagged variable in
the model is an indication of the lack of flexibility of cap-
ital resources in the agricultural production process. The
absence of the agricultural credit variable in these models
implies that, as the level of available credit to farmers has
decreased, its importance in promoting agricultural de-
velopment has also decreased.

The results obtained for the crop productivity models
(2a through 2c¢) show an important fact, that is, the low
response to presently high fertilizer use rates, which
places Venezuelan agriculture beyond the economic opti-
mum level and also beyond the maximum agronomic
yield. This implies that, given the present stage of agricul-
tural technology development in Venezuela, higher crop
yields could be obtained on a national level by decreas-
ing fertilizer use rates. It has been suspected for some
time that farmers in the country were using excessive
amounts of fertilizers. Results obtained with the crop
productivity models confirm this,

The results of the crop productivity models indicate
that farmers were making a rational use of fertilizer dur-
ing the 1978-80 years before the subsidies were suspend-
ed. During the 1981-84 period, fertilizer subsidies were
suspended, crop prices remained basically unchanged
from previous years (in current terms), fertilizer use
decreased about 30%, and crops yields decreased only
slightly. In an effort to promote agricultural development,
fertilizer subsidies were established again during 1984
and were accompanied by substantial increases in crop
prices. These actions were followed by increases in fertiliz-
er use (+100% over 2 years), in cropped areas (+30%), and
in the production of the six key crops. However, iu spite
of the large increase in fertilizer use, crop yields did not
increase; they actually show a slight decrease from the
presubsidy period level. It is suspected that the highly
favorable fertilizer:crop price ratios and the simultaneous
decrease in agricultural credit available has induced farm-
ers to invest their limited capital resources in inexpensive
fertilizers, ignoring investments in capital-intensive ven-
tures such as farm equipment, irrigation, and develop-

ment of adequate infrastructure. Therefore, without the
proper use of other capital-intensive agricultural inputs,
the agrono.nic efficiency of fertilizers is low.

The fertilizer demand model indicates that fertilizer use
in Venezuela is largely determined by its price, the areas
planted with key crops, and its use during the previous
vear. An increase/decrease in real fertilizer prices of one
unit causes an average decrease/increase in fertilizer de-
mand of 160.9 tons, and an increase/decrease of 1 ha in
the area of the key crops causes an increase/decrease of
.117 tons. The coefficient for the lagged variable {.646)
indicates that farmers, as expected, cannot alter produc-
tion plans immediately following a change in fertilizer
policy.

The determination of short-term and long-term price
elasticities for fertilizers allows the estimation of the im-
pact of alternative price policies on fertilizer demand. The
short-term elasticity was estimated to be equal to -38,
and the long-term elasticity was estimated at -2.38. The
short-term elasticity indicated that a 107" increase in the
real price of fertilizer would ceuse demand to fall about
3.8%, or the equivalent of 19,300 tons of nutrients, at the
consumption level of 1986. A 10% increase in real fertilizer
prices would represent savings in subsidy in the amount
of at least Bs 14.0 million in real currency, or Bs 99.1 mil-
lion in current currency. These savings are made up of
two estimated components: (1) price increases for all fer-
tilizers sold in the country and (2) a decrease in the
amount of subsidy needed, due to a demand contraction.
The long-term effect of a sustained 10% increase in price
changes will be of a higher magnitude, as indicated by
the long-term elasticity estimate. From data available, it
is estimated that, over a 2- or 3-year period, farmers in
Venezuela fully adjust their agricultural production plans
to fertilizer price changes.

In the evaluation of the possible impact of alternative
fertilizer subsidy policies, it is important to consider both
the effect of price changes on fertilizer demand and their
effect on crop production and productivity. The regres-
sion models developed here provide the necessary tools
for such estimations. Using data for 1986 as base, model
{(1b) estimates that a 10% increase in fertilizer prices
would cause a reduction in areas with key crops of about
4,265 -a, which, with an average yield of maize eyuiva-
lents to 2,092 tons/ha, would cause a reduction in crop
production of 8,920 tons. The estimated price elasticity
model (4) indicated that a 10% increase in fertilizer price
would cause the short-term demand to decrease by 19,30C
tons, which together with results from model (1b) indi-
cates that the demand for nutrients per hectare during
1986 would have been 308 instead of the actual 324. When
these values are used with the crop productivity model
{2b), it is clear that a reduction in the rates of fertilizer
use on a national level would increase crop yields by about
50 kg/ha. An increase in crop yield of 50 kg/ha represents



an increase in total production of key crops of about
78,000 tons. Therefore, to the previouslv estimated sav-
ings in subsidy funds due to a fertilizer price increuse of
10%, an added benefit is the expected increase in agricul-
tural preduction and productivity.

The models develuped can be used for making projec-
tions and extrapolations up to a certain point. The crop
productivity models indicated that optimum production
occurred at rates ranging from: 137 to 186 kg of
nutrient/ha. This rate is considerably lower than the rate
presently used in Venezuela or that estimated after a 10%
increase in fertilizer prices. Therefore, it is estimated that
fertilizer price increases beyond the 10% level, which was
used as an exarnple here, could be beneficial to the
Venezuelan agricultural sector.

From t:e results of the models developed here, it is evi-
dent that Venezuela, in terms of its economy and its farm-

ers, can benefit from a reduction in the fertilizer subsidy
program. Tb avoid drastic changes in the agricultural sec-
tor of the country, the subsidy reduction program should
be implemented in a stepwise manner, accompanied by
a continzuous monitoring and assessment of farm-level fer-
tilizers and crop prices, fertilizer use rates, and the avail-
ability of agricultural credit. The expansion in crop
production achieved in the sector during the past few
years is clearly evident; however, higher benefits to the
country can be achieved by a more reasonable fertilizer
subsidy program.

It is important to note that the estimations presented
here are subject to ¢ ceteris paribus condition, especial-
ly with reference to agricultural credit and to the prices
for the six key crops. Changes in these two policy instru-
ments can accentuate or undermine the intended effect
of a fertilizer subsidy reduction program.

Recommendations

I+ is evident from the results presented here that some
modifications to the present fertilizer subsidy program
in Venezuela are r eeded. However, as the results present-
ed here have shown, fertilizer subsidy policy cannot. be
isolated from other Government policies that have a
direct impact on the agricultural sector. The recommen-
dations presented below refer to the subsidy program and
to other factors affecting agricultural development in
Venezuela.

1. In view of the presented facts, the fertilizer subsidy
program should be reduced as quickiy as possible. Fer-
tilizer prices should be increased by at least 50% as
soon as possible. Presently, farmers are paying only
about one-tenth of the cost of fertilizers; therefore, a
50% increase will still leave a heavy subsidy burden.
Further price increases are warranted, but they should
be carefully timed to avoid major disruptions in the
agriculiural sector. Increases in fertilizer prices will
force farmers to use them more efficiently and will dis-
courage smuggling to neighboring countries.

2. Agricultural credit available to farmers should be in-
creased to as close to the 1978-80 levels as possible if

it is to play an important role in further development
of the agricultural sector. This will enable farmers to
make necessary investments in technology that will
allow them to make better use of fertilizers.

3. Crop prices for the key crops should be increased to
match the inflation rate so that they remain attrac-
tive to farmers. Crop prices should increase to reflect
farmers' production costs and inflation. An increase
in crop prices will stimulate crop production and at
the same time make smuggling less attractive.

4. A campaign should be underiaken by the fertilizer in-
dustry, fertilizer dealers, and agricultural research and
extension organizations to better educate farmers
about the more efficient use of fertilizer.

5. The Government of Venezuela should continue its ef-
forts to develop adequate infrastructure aimed at
bringing new areas into crop production (i.e., irrigation
projects) and to make institutional and infrastructur-
al changes to facilitate crop marketing.

6. There should be a joint effort by the Ministry of Agri-
culture and the fertilizer industry to gather fertilizer
use data at the farm level so that a detailed analysis of
fertilizer use and farmers’ practices can be undertaken.
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Table A-1. Cropped Areas for Rice, Maize, Sorghum, Cotton, Coffee,
and Sugarcane, Venezuela, 1960-86

Year Rice Maize  Sorghum Cotton  Coffee  Sugarcane
(ha)
1960 A1L882 398,200 0 54,940 330,200 40,000
1961 HRABO D8R720 0 H0318 330,200 40,000
1962 68,998 483,256 0 46870 340,000 41,201
1963 73,699 426,718 0 41,940 340,000 15,630
1964 90,721 443,040 ORH 48,093 340,000 45,596
1965 105,102 461,784 1720 54,931 310,000 52,266
1966 110,101 166,893 45652 43,732 303,000 51,363
1967 114318 616,075 6,824 49,807 303,000 51,833
1968 115206 626,337 9,265 406,374 288,628 00,283
1969 118596 641,063 5366 B670 284990 53,936
1970 130,254 558,120 2,004 43,291 286,824 63,119
1971 112,626 587,702 24440 50765 28K,120 68,305
1972 65,336 165,062 5,039 56,320 276,629 73,610
1973 113,034 438 91K 6,121 AHK03 272161 69,601
1974 117309 462,383 28,391 64668 272497 TH977
19756 113,548 506,151 43,906 T8362 275,438 77,151
1976 9287H  ABB,6T1 72,209 01,409 26K.183 79,662
1977 169616 432,093 156,110 47,180 258,168 84,059
1978 166,148 413,522 185,460 16,570 265,804 74,532
1979 196,712 408,860 241183 38466 256,390 68.673
1980 208,583 366,298 264881 36,261 207,804 T7.140
1981 243,279 311,661 229,231 200102 261,174 73,726
1982 227436 304,995 222178 11284 259,114 80,890
1983 164,107 310,208 196,760 22804 254,522 79,799
1984 151,062 312811 2URH8H 27639 256,16] 78,799
1985 180,769 166,966 249,501 45,753 269,346 87.279
1986 124,142 650,095 AR0760 48808 256,628 104,560

Sources: MAC “Anuario Estadistico.” several issues,

BCV “Series Fstadisticas,” several issues.

Table A-2. Rice, Maize, Sorghum, Cotton, Coffee, and Sugareane
Yiclds, Yenezuela, 1960-86

Year Riee Maize  Sorghum  Cotton  Coffee  Sugarcane
{tons/ha)
1960 1.716 1.104 NA 0.539 0.179 H3.344
1961 1380 1.079 NA 0.723 0.173 80.000
1962 1495 L1118 NA 0.687 0.159 68,082
1963 1.779 1.008 NA 0.701 0.178 66,427
1964 1.827 1.072 2,229 0.742 165 (G9.090
1965 1.902 1128 2,131 0.755 0.160 70911
1966 1.771 1194 2.320 0.807 0.201 77.271
1967 1.951 1024 2311 0.7:1 0.204 79.248
1968 2,123 1.055 2.356 0.424 0.205 76.579
1969 2.056 1.046 1.026 0.8:44 0.213 79.210
1970 1.737 1.272 2.211 0.924 0.211 79.649
1971 1.359 1.214 0.956 0.917 0.203 78.303
1972 2.52] 1.08Y9 1415 0.928 0.146 77.930
1973 2.671 1.035 1A1S 1.021 0.242 75.296
1974 2.528 1.198 1.199 1.076 0.168 77.082
1975 3.196 1.291 1.600 1117 0.235 71109
1976 2,980 1.089 1.718 1.15H8 (. 186 72412
1977 2.924 1.561 1794 1.23:1 0.223 63.723
1978 3.019 1430 1.832 1.226 0.222 61,783
1979 J.119 1498 1.641 1.268 0.210 69.450
1980 3.145 1.568 1.331 1.32] 0.226 64.642
1981 2.800 1451 1.h12 1.248 0.243 61.4162
1982 2.676 1.643 1.698 1.249 0.226 61.411
1983 2,734 1.573 1.850 1.557 0.231 60.350
1984 2,700 1.749 1.980 1.506 0.247 63.019
1985 2610 1.860 1.929 1.698 0.248 65.000
1986 2.690 1.804 1.985 1.710 0.258 70,400

Sources: MAC “Anuario Estudistico.” several issues.
BCV “Series Estadisticas,” several issucs.
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Table A-3. Official Crop Prices for Rice, Maize, Sorghum, Cotton,
Coffee, and Sugarcane, Venezuela, 1960-86

Cotton

Yeur Rice Maize  Sorghum Coffee  Sugarcane
(Bs/ton)
1960 600 310 290 1,200 2,920 42
1961 590 370 320 1,180 2,940 38
1962 610 280 300 1,230 3,130 36
1963 600 320 300 1,180 2,830 36
1964 610 390 350 1,180 3,700 38
1965 600 380 340 1,200 3,360 38
1966 BlaV] 350 120 1,220 3,040 37
1967 utl) 376 330 1,260 3,070 38
1968 600 390 350 1,260 3,460 37
1964 G610 380 340 1,290 3,190 38
1970 620 380 340 1,290 3.700 37
1971 630 380 340 1,260 3,730 38
1972 660 390 530 1,300 3,030 38
1973 680 420 440 1,330 4,660 41
19714 800 590 570 1.870 5,090 41
1975 &H0 690 670 2,140 6,410 418
1976 800 830 800 2,110 6,390 H4
1977 810 R60 810 2,180 11,500 63
1978 800 H90 800 2,890 13,420 64
1979 1,100 1100 800 2,850 13,460 91
1980 1,340 1,320 1,030 3,090 16,450 100
1981 1,510 1.h80 1,240 S0 17,490 138
1982 1.610 1,780 1,400 1,630 17,620 151
98" 1,610 1,780 1,400 1,650 17,510 151
1984 2,600 3.000 2,200 4,650 18,700 218
1985 4,200 3.000 2,200 4,600 18,700 218
1986 41,200 3,000 2,200 4,600 18,700 218
Sources: MAC “Anuario Fstadistico” several issues.
BCV "Series Estadisticas.” several issues.
Table A-f. N, P,Os, and KO Use in Venezuela, 1960-86
Year N P,0; K.O Total
- T J— -
1960 3.740 3.552 4,025 11,317
1961 4,650 3,706 4,401 12,657
1962 1,078 3,084 3,591 10,753
1963 4,239 3,014 3,634 10,787
1964 10,080 4,892 6,521 21,493
1965 13,955 7,189 8,183 29,327
1966 15,427 8.140 10,221 33,788
1967 18,540 10,798 13.695 43,033
1968 22,641 11,194 14,450 48,285
1969 22,146 10,450 14,684 47,280
197¢ 27,833 15,082 19,090 62,006
1971 35,073 18,426 15,394 68,893
1972 36,126 21,517 18,179 75,822
1973 40,811 23,543 20,996 85,350
1974 50,192 39,813 31,677 121,682
1975 62,715 40,591 31,716 135,022
1976 74,332 46,779 39,896 161,007
1977 87,318 57.377 46,813 191,508
1978 90,642 65,646 50,633 206,821
1979 96,191 71,526 53,737 221,454
1980 108,056 72,165 49,634 229,855
1981 72,185 47,982 32,301 152,468
1982 70,620 46,821 37,365 154,806
1983 73,356 16,624 34,759 164,739
1984 124,100 83,900 63,100 271,100
1985 180,534 126,096 94,953 401,583
1986 226,164 162,821 118,511 507,496
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Table A-5. Fertilizer Retail Prices Paid by Farmers in Venczuela

Fertilizer Froduet

Before

Af te;_

Straight Materials

Urea

Ammonium sulfate
Triple superphosphate
Diammonium phosphate
Potassium chloride
Potassium sulfate

Granular NPK Compounds
12.24-12 CP

12-24-12 SP

12:12-17/2 SP

12-12-17 CP

13-26-6 CP

15:15-15 CP

15-15-15 SP

16-16-8 CP

16-16-8 S

438
270
359
606
126

550

542

496
489
508
485

1.390

322181 10/29/82
----------- (Bs/mt)
1,570 1,298
1.160 1,100
1,450 1.232
1,660 1411
1,270 1,079
1,410 1,370
1.650 1.399
1.730 1470
1,720 1,462
1,410 1,197
1,680 1.343
1,550 1.318
1.650 1,399

1182

a. Subsidized prices prior to removal on March 22, 1981,

b. Unsubsidized prices.

¢ Unsubsidized prices with some percentage discount from PALMAVEN,
A 15 discount for most products except for urea (170, ummonium sul-
fate (541), potassium sulfate (3¢0), and powder NPK compounds (387¢-10%),
d. Subsidized prices after reinstatement of a 500 subsidy ton previously
discounted prices) on March 22, 1984

Source: PALMAVEN/PEQUIVEN,

649
550
616
706
540
685

700
735

672

599 7

672
654
700
591
663
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Table A-6. Fertilizer Nutrient Demand and Prices, Cropped Are

Agricultural Credit, and Agricultural Price Index,
Venezuela, 1960-86

Year

1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
198H
1986

a. Excludes pastures.

Sources:

Total Average  Total® Agrict
Nutrient  Nutrient Crop Agricultural Pri
Demand Price Aren Credit Inc

{ton) (Bs/ton)  (10° ha) (10* Bs)
11,317 958.7 1,458 143.1 8
12,657 936.8 1,368 180.4 9!
10,753 966.9 1,448 227.0 8¢
10,787 949.1 1,422 2]12.8 9.

21,493 908.6 1,486 263.0 9"

29,327 9R82.0 1,559 266.6 9’

33,788 1,014.1 1,637 292.0 9¢

13,033 1,005.1 1,737 300.7 9¢

48,285 968.9 1,776 292.2 10(

47,370 954.0 1,819 312.3 10¢

62,005 967.0 1,776 349.6 10¢

68,893 1,011.2 1,799 440.5 10¢

70822 1,046.1 1,653 H12.3 11(C

85,350 1.030.1 1,674 693.6 124

121,582 1.040.8 1,708 1,116.8 14¢€

135,022 1,070.2 1,738 1,686.2 17(C

161,007 1.061.4 1,711 1,642,1 18¢

191,508 1.072.2 1.815 22413 22¢

206,821 1,089.9 1,772 2.623.8 23¢

221,454 1,106.4 1,738 2,787.3 27

231.390 1.077.5 1,765 3.217.5 331

152,468 30708 1,669 3.122,0 384

154,806 30877 1.637 2,576.8 401

1547139 3,058.0 [.048 1,742.7 431

270,403 14804 1,547 1,986.6 S51E

401,583 1.469.4 1.804 2,362.0 60C

507,496 1,425.9 2,103 2,984.9 7017

Cropped arca for 1960-77 from BCV "La Economia Venez
en los Ultimos 35 Anos,” 1978, For years 1978-83 from
“Series Estadisticas.” Agricultural credit for 19€0-72 from
“Anuario Estadistico 1976 IFor years 1972-83 from BCV
ies Estadisticas” Data for credit include loans made by

DAGRO and ICAP They also include FCA loans that ai
considered long term and used mostly for development
frastructure. Price index for years 1960-77 from BCV *La E
mia Venezolana en Los Ultmos 35 Anos,” 1978, and for
1978-83 from BCV “Series Fstadisticas” Data for crop
agricultural crediv, and agricultural price index for 1984-86
BCV "Anuario de Cuentes Nacionales,” 1985-86 issues,

Basic data used in estimation of nutrient use and price pe
of nutrient were obtained from 1V "Estadisticas Basicas,”
74 for years 1960-7-1. For years 1975 and 1976 from MAC"
ario Lstadistico. 19767 For 1977 data were obtained di
from VIENFERCA's office. For 1978 and 1979 data were obt
from VENFLERCA's “Anuario Istadistica” for 1979-86 date
supplied by PALMAVEN PEQUIVEN,
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