


Table 2. Consumption of fertilizer in kilos of nutrients per hectare of arable
land and permanent crops

WORLD
N
P20
K20
N+P205 +K20
ARGENTINA
ARGENTINA

K,0
N+P205 + xzo
U.S.A.
N

P,0

K,9
N*fPZOS + K20
FRANCE

S

-
Py0¢

K,0

N+P20S +K20

1974576 1979
29.6  39.2
17.9 2.3
14.8  16.4
€2.2  77.0

Lo 1.7
o 17
.].- .3.

2.0 3.7

12.9  18.8
1.7  14.2

5.4 8.2
30.0 4.2
47.7  54.3
4.7  25.8
2.9 29.7
97.3  109.9
89.8 112.8
91.4 104.8
74.2 - 94.4
255.4

312.0

20.9
13.8

7.2
41:9

52.7
22.9

26.7
102.4

117.8
89.9

91.1

T 298.4

NETHERLANDS
NETHERIANDS
PO
K0,
N+P,0¢ +X,
USSR
SR
P,0g

K,0

N+P20S +K20

0

CHINA
N

. PZOS

K,0

N+P,0

205 *K0

" INDIA

N
P50
X,0

N+P,0 +K,0

MEXIOD

N
P,0
K,0

NeP,0, +K

5

0

2 2

* DATA SOURCE: 1982 FAD FERTILIZER YEARBOOK (VOLUME 32)

10

1974-76
§22.2
104.4
129.8
756.4

30.5
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Table 3. The 1981-82 production, imports and consumption of fertilizer
nitrogen (N) and phosphorus (P205)
Production Imports Consumption
—————————————— Tons of Nutrients = = = = = = « = = = = = = =
entina

Nitrogen 25,124 26,049 51,173

P, O 89 42,500 42,500
Canada

Nitrogen 1,750,000 126,000 965,000

P,Og 676,000 139,000 635,000
UsA

Nitrogen 10,513,000 2,296,000 10,050,553

PO 7,085,000 . 175,000 4,370,975

Data Source: 1982 FAO Fertilizer Yearbook
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and distribution of large volumes of nitrogenous and
phosphorus fertilizers over a three to four year period.
During this period, a large anhydrous ammonia and urea
complex, employing natural gas as raw material for ammonia
synthesis as well as an energy source, would be built to
make Argentina self-sufficient in nitrogenous fertilizers.

The Borlaug report, published by INTA in 1973, served
as background information for enactment in 1973 of the Ley
de Fertilizantes. There was a change of government, however,

a few days after the law was enacted and before the rules
and regulations could be drafted. As a result, it laid
unused and forgotten for eleven years, until found in early
1984 when and rules and regulations for its implementation
were written by the Secretario de Agricultura y Ganaderié,
Dr. Lucio Reca, and his staff.

The concepts, background information and virtually all
of the recommendations included in the 1973 report are as
valid today as when they were written 11 years ago.
Unfortunately, the consumption of N, which stood at 41,000
tons in 1970-71, had only increased to 51,000 tons in
1981-82. Similarly, phosphate use, which was 38,000 tons of
?205 in 1970—71, only reached 42,500 tons of P205 by
1981-82. Naturally one wonders what would the status of
Argentine agricultural production be today had the plan been
implemented a decade ago. There is no point in dwelling on
what might have been; instead, the present administration
must now focus on developing sound new economic and

agricultural policies to increase production and exXports.
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GOVERNMENT POLICY CHANGES AIMED AT INCREASING CROP
PRODUCTION

In early 1984 the Secretaria de Agricultura y Ganaderia
launched an ambitious new program to increase agricultural
production and exports by:

a) Abolishing the 25 percent import duty on
nitrogen-based fertilizers,

b) Reducing the V.A.T. on all fertilizers from 18
percent to 5 percent,

c) Decreasing the retention tax on wheat from 25 to
18 percent (FOB), and

d) Importing 60,000 t of urea and purchasing an

: additional 20,000 t from Petro-Sur, all of which
is being distributed to farmers on a credit basis
by the Junta Nacional de Granos. Payment will be
made at harvest on the basis of a ratio of 2.5 kg
of wheat grain for each kg of urea which on a
nutrient basis is about 5.4 kg wheat/l kg of N.
The importation of urea and diammonium phosphate
(DAP), combined with the direct distribution of
the remaining urea’production by Petro-Sur, will
raise nitrogen consumption to a record level.
Sixty percent of the urea had already been
delivered to farmers by June 25, 1984, Preliminary
plans are already under way for greatly expanding
urea imports during 1985, The accomplishments of
this program are already great and are being
carried out with enthusiasm by the entire
organization.

13



AVAILABILITY AND PROBABLE PRICE OF NITROGENOUS FERTILIZER
OVER THE NEXT FOUR YEARS

Nitrogenous fertilizer production complexes involve
large capital investments. Moreover, nitrogenous fertilizer
prices are cyclical and have varied greatly over time.
Prices have risen sharply on the international market when
demand has overtaken production capacity or when there have
been feedstock shortages and/or drastic increaées in the
price of the basic feed stocks, such as petroleum or gas.
Figure 1 shows the dramatic increase in the price of
ammonia, urea, DAP, triple superphosphate (TSP) and
potassium chloride (KCL) following the embargo of petroleum
exports in 1973 and 1974 by OPEC countries. The prices of
- these products, however, have fallen dramatically in recent
years as global production capacity has again been expanded
beyond the short-term demand. In the case of ammonia
production, which is now in oversupply, inadequate demand
has resulted in the closing down of many old, small and
inefficient 200-250 ton per day ammonia plants.

- Prices, according to FAO, are likely to remain low
until 1987-88, barring a worsening war situation in the Near
East. Table 4 indicates that 17 million tons of N,
équivalent-to the production of 78 new 1000 t/day ammonia
plants, were projected to be added to world supply in the
1983-85 period. Although no comprehensive data are currently
available to indicate the progress of these projects, it is
known that many are being delayed by shortage of financing,
worsened by overproduction and the falling prices for
ammonia and urea.

The biggest expansions in ammonia production capacity
are in the USSR, which is installing fourteen 1400 t/day
ammonia plants (5,180,000 t/year of N), and in India, which
is expanding its capacity by 2,428,000 t/year of nitrogen by
the construction of nine 1000 t/day ammonia plants. In

14
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the Americas, Canada is expanding its capacity by 730,600
t/year of N through construction of two 1400 t/day ammonia
plants. Several eastern European countries are expanding
production substantially as are a number of countries in the
Near East. It is noteworthy that the four largest nitrogen
producers and consumers—--the USA, France, Italy and
Japan-—-are not expanding ammonia production because of the
high price of gas in these countries. In the USA as the
prices of ammonia and urea have fallen on the international
market, many of the small plants have been closed down
because of high costs and inefficiency. Increasing
guantities of both ammonia and urea are being imported
principally from Mexico and Canada. This trend of larger
imports by the USA is likely to continue for the foreseeable
future.

THE FAVORABLE EFFECTS OF AN ABUNDANT WORLD SUPPLY OF AMMONIA
ON THE LAUNCHEING OF ARGENTINA'S NITROGEN FERTILIZER
IMPORTATION PROGRAM

Argentina is fortunate to be launching its new
fertilizer importation and promotional program when there is
an oversupply and a depressed price for nitrogenous
fertilizers on the international market (Table 5, Figure 1).
Tt is suggested that Argentina try to establish contracts
for urea at reasonable prices with the USSR or a number of
exporting eastern European countries, including some which
are also importers of Argentine grain. Those assigned the
responsibility for the purchase of these products should,
therefore, follow the market price trends carefully and try
to arrange contracts at periods of the year when the prices
reach the anticipated lowest or near lowest limits and where
delivery to Argentine ports and distribution to farmers is

assured before planting season.




During the next three years, every effort should be
made to expand the use of fertilizer as rapidly as possible
on wheat since it is on this crop where most of the research
data and on~farm production experience has been developed
over the past five or six years. Nonetheless, on-farm
research programs on nitrogenous and phosphorus fertilizers
must be vigorously initiated in 1984 on maize, sorghum,
sunflower, forages and soybeans as indicated earlier in this
report. ‘

THE ESTABLISHMENT OF AN ARGENTINE NITROGENOUS FERTILIZER
INDUSTRY

Argentina has large reserves of natural gas, some of
which are being flared at present. Gas is the cheapest and
best raw material for use in synthesis and as energy source
in ammonia production. Ammonia, a gas at ambient
‘temperature, is the first product formed in all modern
nitrogenous fertilizer manufacturing. Although anhydrous
ammonia (82% N) is the cheapest form of nitrogenous
fertilizer, it presents problems in shipping, storage and
application. For this reason, most of the world's ammonia
production is converted to solid fertilizers such as urea,
ammonium sulfate, ammonium nitrate, and DAP. However, this
conversion increases the cost of the solid fertilizer and
also adds to shipping costs since all solid forms contain,

by weight, more than 50 percent of inert material.
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Table 5. World Supply, Demand and Net Balance, 1982/83 to 1987/88

Year ) -Supply Demand Balance

1982/83 62.37 61.38 0.99
1983/84 67.52 63.74 - 3.78
1984/85 ’ . 70.74  66.99 3.75
1985/86 73.17 69.35 3.82
1986/87 ‘ 74.77 71.78 2.99

1987/88 75.64 74.20 1.49

Source: Unido/World Bank Work Group on Fertilizers. "Actual and Future
Perspectives on World Fertilizer Situation, 1981/82 to 1987/88."
FAO, June 1983.

-

¢
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The need for nitrogenous fertilizer to increase crop
production and exports, together with Argentina's
advantageous position of having an abundant supply of gas,
clearly indicates that it should aim at becoming
self-sufficient in nitrogenous fertilizer production as soon
as possible, certainly within the next four years. In
establishing the industry, the most efficient and modern
production technology currently available should be
employed. The installation of small, inefficient high-cost,
second-hand ammonia plants should be avoided, except in the
case of a remote area, such as Salta-Tucuman region, where
small local demand and with high transportation costs from
the Rosario, Bahla Blanca or Buenos Aires area may justify
such a plant.

During the past three weeks, while travelling and
discussing fertilizer needs and production problems with
government officials and agricultural groups, it has become
apparent that there is great interest in establishing small
fertilizer plants in three different areas. It is obvious
that establishing a small fertilizer factory in a provincial
town or city has great appeal to both political and civic
leaders--but the temptation also involves building
inefficiency and obsolencence into the national industry.
Even with good fertilizer production management, the small
fertilizer plants will require heavy subsidies and will
perpetuate the present situation of expensive N production
in the Argentine fertilizer industry.

Preliminary studies and discussions over the past three
weeks lead us to suggest that Argentina consider
establishing a large, modern and efficient fertilizer
complex in the Bahia Blanca area as soon as possible. There

are several reasons for choosing this location, among them:

a) Access to an assured supply of natural gas,

20



This

b) Access to a deep water port,

c) The best location to supply fertilizer to the
Pampa Himeda region, which will be the major
consuming area, and

4a) Access to a pool of skilled engineers,
electricians and entrepeneurs who provide special
services and skills to refineries and the
‘petro-chemical industry at Bahia Blanca.

fertilizer complex should consist of:
a) A 1000 t/day anhydrous ammonia plant, and

b) A unit to convert all or part of the ammonia to
urea and part to DAP, depending on results of the
detailed economic feasibility study. This study
should also consider using some of the anhydrous
ammonia for direct soil injection, thus providing
the farmer with the cheapest source of N. This,
however, would require special pressurized storage
tanks for transport from the production plant to
secondary centers of distribution (as well as for
storage there), and subsequent re-distribution to
farms. At the farm level, it would require
injectors and tanks for mounting on tractor-drawn
tillage frames. It would appear that all this
equipment, except perhaps the large refrigerated
pressurized storage tanks for anhydrous ammonia,
could be manufactured by the many machine shops
which abound in the Pampa Himeda region. If this
approach were used, it could provide considerable
local employment opportunities to develop these
field application services.

21



COST OF ESTARBLISHINC A 1000 TON PER DAY ANHYDROUS AMMONIA
PLANT AND UREZA CONVERTLR COMPLEX

A 1000 t/day anhydrous ammonia plant and its converters
for urea and/or DAP production require high capital
investments. Costs have increased moderately in recent years
and as of 1984 (July) show the corresponding cost to be
either US$ 253 million or US$ 303.6 million depending on
whether one uses a 10 or 20 percent installation cost
schedule (Table 6). If we assume that a 1000 t/day ammonia
plant produces 270,000 t of nitrogen per year (at optimal
operating efficiency rates) and that 1 kg of N increases
grain production by at least 10 kg/ha (a conservative
estimate), then a 1000 t/day ammonia plant could mean an
increase of 3.25 million tons of grain per year with a value
of US$486 million per year, assuming a US$150 price per ton
of grain.

GAS PRICE AND ITS RELATION TO PRODUCTION COSTS OF
NITROGENOUS FERTILIZER

The reaction required to combine the hydrogen
"stripped" from gas with the nitrogen in the air to form
ammonia is energy demanding, since it must be carried out
under both high temperature and high pressure. Table 7 shows
the energy cost expressed in U.S. dollars per ton of NH3
(valued at US$250.00 per ton) and per ton of N for three
levels of gas prices. The percentage of the cost of gas for
synthesis and energy to produce the ammonia is from 52.3,
34.9, and 17.4 percent for gas priced at US$3.00/1000 F3
(cubic feet), US$2.00/1000 F> and US$1.00/1000 F°,
respectively. At high prices, gas becomes a sizeable portion
of production costs and indicates why the small inefficient
plants are being closed down at the present time in the USA
wgere gas prices usually range from US$3.00 to $4.00/1000
F~.
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Table 6. Estimated 1984 costs of developing a nitrogenous fertilizer

production complex in Argentina

"PRODUCTION UNITS, STORAGE AND

001Y)

. - INSTALLATION US$ MILLIONS

- A - PRODUCTION UNITS:

»”

+"" 1. Cost 1000 T/day Ammonia Plant (with storage)

-

2. Cost 1300 T/day Urea Plant with capacity to convert
75% of Ammonia production to Urea (with storage)*

Total Cost Ammonia and Urea Plants ------====-cr-cemcccocmcccannnx

B - INSTALLATION COSTS:,,
1. Estimated at 10% of:
Ammonia and Urea Plant
Costs $253 million at 10% - $23.3 millions

*

2. Estimated at 20%* of:
Ammonia and Urea Plant
Costs $253 million at 20% - $50.6 millions

C - TOTAL INSTALLED COSTS OF AMMONIA
" AND UREA COR-PLEX:

B-1 §$ 253 million + 10%

B - 2 $253 million + 20%

*  Assumes 25% of Ammonia will be utilized by
direct soil injection

** Installation costs are estimated to vary from 10 to 20%

depending upon the proportion of the ancillary
equipment that can be fabricated locally.
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Table 7. Energy cost (US $/ton N) at varying price levels for gas

GAS PRICE
US$3.00/1000 F>  US$2.00/1000 F> US$1.00/1000 F>
ENERGY COSTS
N2/ 158.7 106.3 " 53.2
NH39/ 130.1 87.2 43.6
PERCENT COST  52.3 34.9 17.4

a/ 53.2 F3 of gas produces 1 kg N

b/ 3 ton NH, = US$250 .
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PHOSPHORUS FERTILIZERS

The soils of much of the southern and central part of
the Province of Buenos Aires are deficient in both
phosphorous and nitrogen. If either nutrient is applied
alone at the rate of 40 kg/ha, grain yield responses are
modest at best, often only 100 to 300 kg/ha. However, when
40 kg of both N and PZOS are applied, there is.an
interactive effect that increases grain yield by 800-1500
kg/ha, depending upon moisture availability.

At the present time, there are no known economically
exploitable phosphate deposits in Argentina. The deposit in
Neuquen is of low grade ore. Several other small deposits
" are known to exist but with present knowledge their
exploitation is economically unfeasible. The search for
other deposits should be expanded aggressively.

Meanwhile Argentina must continue to depend upon
imports of DAP (18-46-0) and/or TSP to satisfy its phosphate
requirements. However, when the feasibility study is made
for the anhydrous ammonia-urea complex, serious
consideration should be given to the importation of
phosphoric acid for reaction with part of the ammonia to
broduce DAP.

DETATLED ECONOMIC FEASIBILITY STUDY

A detailed feasibility study should be made as soon as
possible by an outside, independent consulting firm, such as
Kellogg Engipeering of Houston, Texas. This study should
cover all aspects of plant location and the technology
needed for efficient fertilizer production. The team should
also include an individual with competence in fertilizer use
as it relates to agronomic and crop production. For example,
this type of expertise would help

25



to deternmine what proportions of the ammonia should be used
directly, what part converted to urea and to DAP. Without
such a feasibility study, financing from international
sources would not be attainable.

THE IKTEGRATION OF ANIMAL AND CROP RESEARCH AND PRODUCTION

Until the last decade, land use patterns in Argentina
were largely influenced by the size of the land holdings.
The smaller holdings--the chacras--were too small for
efficient cattle production and, consequently, were largely
devoted to cereal crop prodqction. It is on these holdings
that nutrient deficiencies were most evident, where
responses to fertilizer were greatest and also where
fertilizer was first used commercially.

On the other hand, the large land holdings--estancias--
have been largely devoted to pastures and animal production,
primarily cattle. The production of cereal crops has played
only a minor role in the economy of the large land holdings,
as these crops have been used primarily to re-establish
pastures. The pastures in most estancias have been grown
under long rotations of 10 to 15 years, involving grasses
and legumes -- alfalfa or clovers -- the later largely
éisappearing from the pastures within the first 3 to 5
years. Most estancieros believe that they have maintained
soil fertility though their pastures and cattle. In fact,
soil fertility under these production systems has also been
depleted, but at a slower and less conspicuous rate than in
the case of the continuous cereal cropping systems employed
on the chacras.

During the past 10 years, agriculture in the Pampa
Humeda has been very dynamic and great changes have
occurred. The use of the early-maturing, semidwarf,
fertilizer-responsive wheat varieties. such as Marcos Juarez

INTA, Diamante INTA, etc., made it possible in the Pampa
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HOmeda to grow two crops, wheat and soybeans, on the same
land each year. The introduction of soybeans as a double
crop in a wheat~soybean rotation has had a huge impact over
the last five years on both farm income and on the gross
national product. About 80 percent of soybeans are double
crdpped with wheat. This rapid increase in soybean
production culminated in a record 1984 harvest of more than
6 million tons. Moreover, the growing popularity of the
wheat-soybean double cropping rotation has led to an
increase in the use of fertilizer on the wheat crop.

A similar situation exists in other crops. Over the
past ten years, impressive progress has been made in
increasing the genetic yield potential in maize, sorghum and
sunflower and these improvements have been reflected in
yields on farmers fields. Improved weed control and more
timely tillage practices have also contributed to the yield
increases in these crops. However, similar improvements in
the technology of beef production has not occurred. This has
led to a gradual displacement of cattle to the drier areas
while continuous agriculture has become the norm in much of
the Pampa Humeda. Many estancieros have, within the past
three years, found it economically advantageous to plow up
some of their pasture land for crop production, which has
resulted in a reduction in the size of their herds.

This shift in land use has currently provoked concern
in the Government that it may soon result in a shortage of
meat and spiralling beef prices. It would appear that a
shortage of beef need not materialize if a dynamic reseaxch
and prcduction program is initiated promptly to increase
forage production. With the exception of the excellent
research done on forages in the Balcarce area more than a
deccade ago, other areas of the Pampa HUmeda have not had
such research programs. This situation has resulted in a
shortage of feed during the June to September period when

pastures are poor because of low temperatures. The shortage
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during the winter season had determined, in large part, the
size of the herd that can be carried successfully on
estancias. Argentina already has good genotypes of all the
major races of cattle as well as good animal health programs
now in place. Therefore, it appears to the writers that if
INTA launched an expanded and dynamic research program on
forage production during the winter season, it could quite
likely result in a substantial increase in per hectare beef

production.

The expanded research and production program should

include:
1) Testing of. improved grass and legume species and
varieties (cultivars) for:
a) summer pastures
b) winter pastures--when forage is in short
supply;
2) Evaluation of the best summer and winter pasture

cultivars on farms, employing different management

practices:

a) with and without fertilizer,

b) dates, rates and methods of sowing,

c) promotion of the production and storage of more
forage from summer production for use during
the forage-short winter season by:

i) baled hay
ii) grass ensilage,
iii) maize ensilage,

d) studies to determine the best rotations
involving forages, cereal grains and soybeans,

e) development of a program to multiply and
distribute seed of the best forage cultivars.

If such a research and production program is
aggressively impleémented, beef production per hectare could
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be increased sufficiently to offset the shift of unimproved,
low-yield pastures to cereal and soybean production. The net
effect of these many possible improvements in cropping
patterns with different cereal and oilseed crops and
improved pastures and forages has the potential to increase
production of both crops and meat assuming, of course,
serious price distortions are averted. Moreover, increases
in feed grain and soybean meal production will permit an
increase in production of poultry and swine for domestic
consumption, while continuing to increase foreign exchange
earnings through the expansion of exports of grains,
soybeans and meat.

THE ROLE OF RESEARCH AND EDUCATION IN ARGENTINA AGRICULTURAL
PRODUCTION IN THE NEXT FIFTEEN YEARS

Argentina has a large underexploited agricultural
production potential. If stimulatory governmental .
agricultural economic policies are pursued, if proper
investments are made in the agricultural sector (e.g., more
efficient fertilizer factories, increased availability of
agricultural chemicals, improved transport, storage, and
port facilities}, and if dynamic interdisciplinary
agricultural research and production programs in crop and
animal sciences are implemented in both the public and
private sectors, grain production could increase by 25
percent to 50 million tons by 1994, and to 60 million tons
by the turn of the century. Moreover, these grain production
levels can be reached by Argentina without jeopardizing
expansions in meat (including beef) production needed to
satisfy growing domestic demand, while at the same time
maintaining, or even increasing, its export position in beef

and possibly becomming a major pork and poultry exporter.

In order to accelerate and improve the efficiency of
national agricultural research programs, provisions must be

made for expanding and improving agricultural training in
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Argentina at the Master's and Doctorate degree levels in
both plant and animal sciences. During the next six to eight
years, it will also be necessary to continue to provide
funds for scholarships/fellowships that can permit
outstanding young scientists to study for advanced degrees
in foreign universities. Plans, however, should be made as
soon as possible to establish two graduate school faculties
in Argentina, where advanced studies can be pursued under
well-trained, well-qualified, enthusiastic professors. At
present, it would be unwise to raid the present research
organization (e.g. INTA), which is already understaffed, and
remove its best researchers to establish graduate school
faculties. Therefore, it will not be possible to launch the
new faculties until a considerable number of scientists have
returned from foreign study.

When the graduate faculties are established, every
effort should be made to isolate these faculties physically
from the repetitive and disruptive influence of student
strikes that often occur at the undergraduate level of study
throughout Latin America. There is perhaps a valuable lesson
to be learned from the experience of the Colegio de
Postgraduados de Chapingo (Mexico) which has made
outstanding progress in developing a first-rate staff of
érofessors who provide excellent training at both the Master
of Science and Doctorate levels in a wide range of
disciplines. This graduate school faculty was established in
1959 on the campus of the undergraduate Escuela Nacional del
Agricultura de Chapingo. Unfortunately, its courses of study
have been disrupted on numérous occasions by undergraduate
student strikes which have closed down the entire
installation. 1In 1984--after 25 years of disruptive
strikes--the Colegio de Postgraduados is finally moving to a
new physical facility on a new campus where it will be

isolated from the undergraduate school.
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DEVELOPMENT OI' A COMPREHENSIVE PLAN FOR DEVELOPMENT OF AN
ARGENTINE FERTILIZER PRODUCTION COMPLEX

It is strongly recommended that an economic feasibility
study be undertaken immediately. As soon as this study is
completed, a detailed plan should be developed by the
Government justifying the need for increased capital
investment in the fertilizer production complex from the
points of view of: '

a) Increasing crop yields and production,

b) Increasing agricultural exports and generating
foreign exchange earnings, and

c) Stimulating overall economic development.

Such a plan should seek the best fertilizer production
technology available, which utilizes Argentina's abundant
gas supply. The plan should be clearly but concisely written
so that it will serve effectively to support a request for
financing by either an international public or private
sector funding organization.

The importance of agricultural production in the
overall economy of the country and the existence of
considerable unexploited agricultural production potential
which can be brought on stream with the availability of
efficiently produced nitrogenous and phosphorus fertilizers,
should give credence to the economic feasibility of the
project and, in turn, appeal to potential investors and
financiers. The feasibility of the project will be further
strengthened by the fact that it will use natural gas which
is available in Argentina in abundance.





