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THE FHOSFHATE FERTILIZER SECTOR _IN COLOMBIA
SUFPPLY ALTERNATIVES AND FOLICY OFTIONS

I INTRODUCTION

The population of Latinamerica has been increasing at
an average rate of 2 3//year during the past decade As
papulation i1ncreases and countries slrive to feed 1ts
population added pressure 1s placed on available resources,
including crop land To meet the ever i1ncreasing need for
food, countries can resort to increase productivity and/or
to erpand crop lands where available Increases i1n  produc-
tivity can be achieved through the use of agro-chemicals and
improved seeds, eaxpansion of 1rrigated systems and the
adoption of improved cultuw al practices Increases 1n toteal
food production can also be achieved through the i1ncotpora-—
tion of new or marginal  lands i1nto the production process
New or marginal lands are gonerally of lower fortilaty and
located farther away from consumption centers than lands
presently used The route that policy makers 1n a given
country select to meet 1ts own food needs depends on  many
factors, amang them are the availability of new or marginal

lands and the availability of agro-chemicals

In Latinamerica there are large areas of marginal low
fertility lands, with agricultural potential However, lacl
of appropriate 1nfrastructure and high transportation costs
to densely populated uwrban centers preclude their fast
incorporation into the agricultural production process
Therefore, to meet the ever 1increasing demand Ffor Ffood,
increases 1n productivity along with a systematic incorpora-

tion of new or marginal lands 1s necessary



According to Sanchez and Cochran!, there are approxima-—
tely 1 5 billion hectareas 1n tropical America (between 23
South and 23 North), of which 1 2 billion or 82/ of the
total e<hibit phosphorus deficiencies Sanchez and Salinas®
indicate that 822 mllion hectareas i1n bLatinamerica are
classified under Oxiscls and Ultisols, soils which are
characterized by their acidity and low fertility, but which
can be i1ncorporated i1nto the agricultural production process
once the fertility limitations have been removed through the

use of amendments and fertilizers

Recent developments i1n the world economy have left most
Latinamerican countries i1n a precarious balance of payment
situation and 1n want of foreign e<change To avoid Ffurther
drain 1n scerce foreign exchange, Latinamerican countries
are now trying to substitutc imports through the development
of their domestic natural reserves In Latinamer:ica, with
the e ception of Brazil, all counlries depend up to some
degree on phosphate imports to supply their maritet needs™
This 1% s0, even though a large number of countries have
phosphate rocl reserves, which could be used to supply the
need for phosphates The development of phosphate rock
reserves 15 specially attractive since 1ts represent savings

in foreitgn exchange thraugh ihe reduction and/or elimination

s ———— i e e e

t Sanchez, P A and Cochrame T T 1980 In Prioraties {for
Alleviating Soil-related Constraints for Food Production in  the
Tropics P A Sanchez and L £ Tergas, ed:itaors p 107-140,
IRRI, Los Banos, Philippines

2 Sanchez, P A and J £ Salinas 1983 te dpe, Estra a
para su Manejo con Bajos Ipsumos en America Tropigal® Sociedad
Colombiana de la Ciencia del Suelo Bogota, Colombia

3 IFDC 1986 Latanamerica Fertjylizer Situatien IFDC Muscle
Shoals, Alabama, USA




of phosphate imports, and the potential i1ncreases in food
production due to an 1ncrease use of readily available

fertilizers

The Government of Colombia, country which 1s the
subject of this gstudy, has shawn considerable 1nterest 1n
the development of i1ts phosphate roclk reserves During the
past few years 1t has devoted a considerable amount of
resources to the study of the phosphate rocl reserves
Studies carried out 1nclude geological surveys, and the
feasibility studies for the development of phosphate ferti-

lizer production complesesg

EBaclqt ound

The International Fertilizer Development Center (IFDC),
1n cooperation with the Centro Internacional para Agricul-
tura Tropical (CIAT), and with basic funding <rom the
International Development Research Centre (IDRC) of Canada,
started the so-called IFDC/CIAT Fhosphorus Froject in

1977 The overall objective of this project 15 _to aid in

the development of a Ffertirilaizer strategy for the acaid

infertile so1ls aof Latinamerica using, where possible,

phosphate souwrces indigenous to the region Research being

conducted 15 aimed at i1dentifying the agronomic efficiency
and potential agricultural uses of Latinamerican phosphate
rocks and of fertilizer products which could be manufactured
from these ores 0Over the past years a series of laboratory,
greenhouse and fields experiments have been conducted 1n

pursue of project obJlective s

During early stages of this project fertilizer mate-
rials produced at IFDC s pilot plant have been tested at

various agricultural research centers i1n Eolivia, Colombia,



Costa Rica, Ecuador, Mexico, Peru, and Venezuela The
agronomic response has been studied and measured on  a
variety of Crops and under different agro—climAatic
conditions* Research conducted has allowed to malke a
classification of many af Latinamerican phosphate rockts

according to their agronomic potential, as determined by

their solubility and crop response®

Great progress has been made 1n  the understanding of
phosphate roct used as fertilizer in particular, and 1n
phosphorus fertilization a1n general Research results
obtained through worl in this project have had aimplaications
and provided guidelines, npot only for phosphorus research
and phosphate fertili~atiomn management 1n Latinamerica, but

also for other tropical regions of lhe world

Objectives

During the past few years tht oughout the development of
the IFDC/CIAT fFhosphorus Froaect and due to the nature of
information available and gaps 1n phosphorus fertilization
} nowledge, special emphasis has been given to the agronomic
aspects of different phosphate rocks and of products that
could be manufactwed from them The overall objective of
this report covers a different research aspect, which s
that of the identification and analysis of specific

. See for example Leon L A and L L Hammond 19B4 Efectividad
Aqronomica de las Rocas Fosforicas del Tropico Latinoamericano In
La Roca Fosforica Fertilizante de Bajo Costo Grupo Latipoameri-
cano de Investigadores en Roca Fosforica (GLIRF) Cochabamba,
Bolivia, and Leon, L A and k E Fanster 1979 Hanagement aof
Phosphorus 1n _the Andean Countries of Tropical Latinp America In
Phosphorus 1n Agraculture ISMA No 754, Septeaber 1979

o Lleon, L A, W E Fenster and L |  Hammond {9Bé "Agronomic
Poten*ial of Eleven Phosphate Rocks from Bra.il, Colomhia, Feru and
Venezuela §58A Journal Vol 50, May-June 1986 No 3 p 798-802




government fertilizer policies and of market, agronomic and
deposits characteristics which w:ill be conducive to the

efficient use of i1ndigenous phosphate rocts

Colombia has been selected as a case study because 1t
1s the country 1n which the current IFDC/CIAT Fhaosphorus
Project has the largest amount of agronemic response and
other needed data, and because of the 1nterest of the
pertinent government authorities in the development of
domestic phosphate resources However, as the project
progresses, studies similar are erpected to be condurted an
other Andean countries Government a1nstitutes i1n  Ecuador,
Bolivia and Peru have erpressed interest in this laind of

wory

To accomplish this rather general overall objective,
the following aspects of the Colombian agricultural and

fertili~er sectors have been described and/or analyzed

Agricultural Sector

Fertilizer Use and Fhosphate Demand Frojections
Fertilizer Supply

Description of Domestic Fhosphate Reserves
Agronomic and Economic Evaluation of Fhosphate
Sources

Fotential Use of Fhosphate Roclk and of FAFPR
Fhosphate Supply Alternatives

Frices and Froduction Costs

Fertilizer Folaicy

3 L) e

oW~

Due to the nature of this report, the descriptions and
analysis 1ncluded 1n some of the sections are related to
the major crop nutrients, namely N, F=0s and KzD However ,
where applicable and pos<ible emphasis 1s given to phosphate

fertilizers



I1 AGRICULTURAL SECTOR

Colombia 15, and traditionally has been, an
agricultural country As a fact, agriculture has been for
many years, and 1s presently, the leading econaomic activity
which during the 1982-84 period employed and average of 307
of the wor¥ force, and contributed to about 22/ of the GNP?
As can be estimated from table 1, agricultural products have
accounted for 66/ to 6B/ of the country edports during the
1982-84 period At the same time, agricultural imports of
finished products and raw materials have accounted for 9/ to

10/ of all country i1mports during that same period

One 1mportant fact presented 1n table 1, 15 that
Colombia has had an agricultural amport-e port surplus
balance during the period mentioned, whereas the country as
a whole exhibits a deficit saituwalion However, as shown 1n

this table, the total defici1t shows a decreasing trend

Agricultural Production

Colombia 15 well endowed with widely contrasting
agroclimatic regions, which allow for the production of
tropical croaps as well temperate climate ctops This
si1tuwation has enable the country to be self sufficienltl for
the supply of most agricultural preoducts Table & presents
the estimated area, production and yield, for the most

important crops of the country

As table 2 shows, 1t 15 estimated that Colombia
presently (1985) has about 4 1 million hectareas devoted to
crop production This figure does not include land 1n
pastures and graze lands, which alone, and depending on the

data source used can, by far, exceed the total crop 1land



area Of the 4 1 million has , about 25/ or 1 1 million has
are devoted to coffee, the most 1mportant crop of the

country

Coffee 1s followed in area by maize, rice, bananas and
sugar cane, in that order As far as crop production, the
production of bananas occupy the first place, followed by
potatoes, and rice In terms of crop production wvalue,

coffee 15 by far the most important crop

With respect to crop vields, alseo shown 1n table 2, two
of them deserve special attention rice and maize Rice
because 1t has a very high vield (4 6 ton/ha), one of the
highest 1n the world, and maize because 1t has a very low
vield (1 4 tons/ha) The reasons for this are 1n part sociral
and economic, and 1n part agronomic A large percentage of
maize 15 planied 1n low fertilaity, steep lands by small
farmers, while rice 15 usually cropped 1in well 1rrigated,

fartilized and highly mechanized +flat lands

Agracultural E ports

Colombian agricultural e ports have in recent times
being dominated by coffese Traditionally, Colombia has been
the second largest coffee exporter 1n the world, while
Brazil! has bcen the largest one As cAan be estimated from
table !, coffee has accounted for 73/ to 75/ of the total
agricultural exports of the country during the 1982-84
period Table 1 shows that the value of the coffee e ports

during this period has ranged from US 1 5 baillaion to US

¥1 7 ballion Due to 1ncreases 1n 1nternational coffee
1 Statistics presented and discussed here have been obtazined and/or
estimated fron data 1n Ministerio de fAqricultura 1986 Anuario
Estadistice del Sector igropecuario OFSA Division de

Informacion Proyecto FNUD/FAGO/Col0B3/012 Bogota, Colonbia



prices during 1985 and 19846, the share of the total erspoaorts
and the total coffee export value are expected to 1ncrease

significantly during those two years

Bananas and fresh cut flowers are presently the second
and third most important export crops of the country The
erport value of these two crops amounted to US #3327 4
million during 1984 Production and exports of bananas have
played an important role x:n the agricultural sector of the
country, while the fresh cut +Fflowers i1ndustry 1s a

relatively new development of still i1ncreasing impertance

Raw sugar, cotton and tobacco are also important evport
crops Raw sugar value has decreased lately due to decreases
1n 1nternational prices, while the reverse 15 true for
cotton exports which have recently increased 1n total amount
and value Exports of these +two crops amounted to US 198 1

million during 1984

Agriculiuwral Imports

Agricultural amports 1i1n Colombia are dominated by
wheat, cooking o1l and o1l sFreds As can be seen from table
1, imports of wheat amounted to US £119 2 mllion, while
imports of cooking o011 and o1l seeds amounted to US £87
million duraing 1984 With respect to wheat, 1mports are
expected to slightly increase from present levels since the
country does not have enpough lands suitable for mechanized
wheat production In the past Colombia has been able to
produce only about 10 to 12/ of their wheat npeeds The
si1tuation wilh respect to cooking o1l and o1l seeds 1s
ditferent, i1n the sense thet recent developments i1n the o1l
palm 1ndustry have allawed the country to reduce 1ts total

o1l amport bi1ll FPFresent estimates indicated that sometime



during the early 19920 s the country will become self

sufficient 1n o1l production

Table 1 also shows that other important agracultural
imports 1nto the country are barley, fresh fruits (peaches,
apples and pears), maize and sorghum Imports of mar1ze and
sorghum show great 1imter-annual variation, and during
certain years 1in the past they have not been necessary
Imports of barley and fresh fruits are more consistent and
uniform, since the country does not have large enough

edstensions of suilable lands for their production
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II1 FEERTILIZER USE AND PHOSPHATE DEMAND PROTECT1ONS

This section of the report deals with fertilizer use
aspects 1n Colombia and with the development of demand
projections for the 1987-2000 period It refers specifically
to hastoraical fertilizer consumption, to fertilizer use by
crop, fertilizer use by product, use of phosphate rock for
direct application, and to the development of P=20s
fertilizer demand projections and of fertilizer demand
projections by product Due to the nature of this study,
emphasis 1s given to the main phosphate using crops and to

the different phosphate sources

Histor1cal Fertilizer Consumption

The Minmistry of Agriculture! reports that chemical
fertilizers have been used 1n Colombia since 1975 when the
Ciya Agraria i1mported S0 tons for experimental trials Use
of fertilizer on Ffarms did nol really started until 1948
when products 1mported by Caja Agraria {(urea and NPK s) were
used on potatoes and cereal crops 1n the Andes highlands
During the 1948-19462 period, all fertilazers used in the
country were 1mported mostly by Cajla Agraria Domestic
production started 1n 12463 with the opening of ABOCUOL and
FERTICOL plants ABOCOL produced Urea (20,000 tons/yr) and
NFK s (120,000 tons/year), while FERTICOL produced Ammonium
Mitrate (37,000 tons/yr of 26/ N product) and Urea (13,000
tons/yr)

Untrl 1962 most fertilizers i1n the country were used on

potatoes and cereal crops 1n high altitude areas (+2000

! Ministerio de Agricultura 1978 La Productividad Agraria _ en

Colonbta ler Seminario Narional sobre Froductividad Agraria Tomo
] Neiva, Huila, Colombia
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masl) After ABOCOL and FERTICOL started fertilizer produc-—
tion and marteting, the use of fertilizer extended to other
regions and crops i1n the country, specially for coffee,
rice, cotton, bananas, sugar cane and tobacco During the
late 1960 s and afterwards, use of fertilizers was common 1in

all agricultural regions and crops 1n the country

As shown 1n table 3, during 1970, total nutrient use
amounted to 82,000 tons of N, 48,400 tons of Pz0s and 30,4600
tons of F=0 Figqure 1 shows that during the 1970 to 1985=
period reported here; the use of N, Fz0s and V20 erhibited
and upward but erratic trend Use of N reached and all time
high 1n 1984 egual to 185,900 tons, while the highest
consumption of FPz0s was equal to 89,600 tons during 1983
The highest consumption of Ko0 occurred during 1985 and 1t
was equal to 91,800 tons A semi—log function estimated
average annual growth rates equal to 4 3/, 3 &/ and 6 8/ for

N, FPz0e and Kz=0, respectively for the 1970-835 period

The wse of N has accounied, generally, for about S50/ of
the total nutrients used during the reported period Tradi-
tionally Fz20s has been the second most used nutrient, while
K=0 has been 1n third place However, during recent vyears
use of Ka0 and of P=0s has been 1in approrimately the same

amounts

Fertilicer Use by Crop

Table 4 presents the types of fertilizer products
commonly used on different crops 1n the country, while Table
3 presents an estimate of the total amount of N, Fz0e and
l =0 used by each crop during 1984 Table 4 presents the

et . . . e . .

2 Data for 1985 are preliminary
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total crop areas, estimated rates of Ny, Pz20s and Kz=0 used

per hectarea and the corresponding crop yields for 19835

Table 4 shows that, i1n general, crops can be classified
according to the fertilizer products they use, as follaows
(1) crops Fertilized mainly with NPV s, and (2) crops
fertilized mainly with straight products Crops fertilized
mainly with NFK s usually belong to small farmers (less than
20 has) with 1land devoted mostly to potatoes and coffee
These farmers are located in the Andesn mountains and are
inlensive users of agricultural 1nputs Crops fertilized
with straight products, are usually produced 1n medium tpo
large commercial farms (morc than 20 has ), located i1n the
inter-Andean valleys, the Atlantic coast and 1n the eastern
plAains Among these crops, rice, sugar cane, sorghum, maize
and cotton, are the most i1mportant Figure 2 shows the most
important fertilizer user areas of the country, and the

differ ent crops to which they are applied

On Table S, an estimate 1s presented of the total
amount of N, F=20s and K=0 used by each crop during 1984
This Table show that potatoes are the most i1mportant F.0QOe
users an  the country, and that they used 39,800 tons of
Fz0g, or 44 2/ of the total Fotatoons are followed by
coffee, which used 10,000 tons, equivalent to 11 1/ of the
total The top 4 crops users of Fz0s, potatoes, coffee,
sugar cane and rice, accounted faor 47,900 tons of FPa0s or
70 8/ of the total used 1n the country during 1984

Table & presents the crop areas and yields for 1984, as
well as the N, P;Da and Kz0 use rates per hectarea With
respect to Fz0s, 1t can be seen that potatoes are by far,
the most 1ntensive user, with ™33 kg/ha i1n 1984 They are
followed by barley (51 lg/ha), fruat trees (37 lg/ha), sugar

cane and cotton (27 lg/ha each)
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The following paragraphs describe fertilizer use on
crops which will feel the largest impact, should a large
development of phosphate rock reserves occur These crops
include potatoes, coffee, sugar cane and rice, or those
crops which accounted for about 70/ of the total Pz0=s used
in the country during i984 Also, a description of
fertilization on pastures 18 i1ncluded because they are an

intreasingly i1mportant user of FPa0s

Potatoes are usually fertiliced with NFK products with
a relatively high Fz0s content 11 e 13-26-6, 10-30-10,
10-20-10 and basic slag Additional N 18 usually provided
with applications of Urea Fotato farmers are usually small
{less than 20 has) and are located 1n the Andean mountains
at altitudes ranging from 2000 masl to 3500 masl These
$armers have traditionally been intensive users of agricul-
tural i1nputs, specially fertilizers As shown 1n Table 6
during 1985 1t was estimated that they used an average of
111 kg/ha of N, 249 Fg/ha of Fz20e and 95 kg/ha of K=0, on
139,100 has to obtain an average yield of 13 7 tons/ha The
relative low yield, 1s apparently due to poor quality seeds
and not to the i1nappropriate use of fertilizers or other

agricul tural inputs

Products used in the fertilization of coffee (a perma—
nent crop) depend on the age of the crop During early
stages 15-15-15 and 14-14-14 are used, while 17-6-18/2 |is
used on established crops and throughout the productive life
of the trees Since most coffee plantations are already
established, 17-6-18/2 15 the most used preoduct on coffee
During 1985 a total of 126,800 tons of this product were used
This figure increased to 142,200 tons during 19853, and 1t 1s
expected to 1ncrease even more during 1986 and possible
1987, due to the crop diversification efforts of FEDECAFE
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Like the potato farmers, coffee farmers are also small (less
than 20 has) and are located 1n the Andean mountains at
altitude ranging from 1200 to 1800 masl During 1985 i1t was
estimated that coffee used an average of 41 lg of N/ha, 9 |g
of P20w/ha and 32 tg of Kz0/ha, on an estimated 1,100,000
has and farmers obtained an average yield of 660 lg/ha The
use of Ffertilizers on coffee, 15 to a large extent
1nfluenced hy the Federacion MWNacional de Cafeteros
(FEDECAFE) , a cooperative type 1institute which subsidized
fertilizers to 1ts members FEDECAFE buys fertilizor direct-
ly from national and i1nternational companies, and sells 1t

to 1ts members at a discounted price

Sugar Cene 1s grown by two distinctive groups of
farmers as follows (1) the small farmers which grow 1t on
the Andean hill sides and use at for panela praoduction, and
(2) the sugar mill plantations which are bhighly technical
and grow 1t on large farms 1n the 1nter—-Andcan valleys
{(Cauca, Risaralda and Zulia wvalleys) and use for sugar

production

In the h1ll sides sugar cane is usually fert.laized with
NFF products , while Lhe sugar mill plantations fertilize 1t
with straight materials such as urea, DAF, KCl1 and TSF At
the plantations, wrea 15 usually applied several times
throughout the li1fe of the crop (12 to 18 months), while the
P20s and | 20 sources are blended and applied at the begin-
nihg of the cycle During 1985, sugar cane 1n the country
was fertilized with and average of 83 3 kg of N/ha, 31 8 g
of Fz0m/ha and 2L 4 g of VF=0/ha A total of 23,400 has and
186,200 has with sugar cane for sugar and panela production
were planted 1n 1985, which gave average yields of 12,608 tg
of sugar/ha and 4,428 Lg of panela‘ha, respectively It

should be noted that most of the fertili.er used on sugas
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cane 15 applied to the plantations crop

hice in Colombia 1s grown entirely by commercial medium
to large farmers, highly technical They are located i1n the
inter—Andean valleys an i1n the eastern plains The ferti1l-
1zer products they use the most are urea, DAF, and KC1,
followed by AS, 15-15-15 S8ince the eastern plains soi1ls are
low an P, rice farmers there also use 10U~-F0-10, basic slag

and phosphate rock

Rice farmers usually apply the sources of Fz0s and of
t20 a few days before planting, and then after plant emer-—
gence they male the first application of the N source,
usually urea, which 15 reapplied 3 to 4 times during the
cycle of the crop During 1984, rice farmers used an average
of 30 O Lg of N/ha, 6 3 lg of F=z0n/ha and & 2 tg of VFz20/ha,
on an eslimated T44,100 has and obtained an average yield of
44658 Lg/ha

FPastures are grown mostly by commercial beef and milhk
producers Froduction of these commodities 1s characterized
by their e«lensive nature 1 e low 1nput use Most of the
fertilized pastures ip the country belong to milk production
enterprises Fastures are grown throughout the country, but
an area which has been gaining importance in recent years 1s

that of the eastern plains

Pastures are usually grown associated with legumes
which reduces N fertilizer needs For pastures establishment
farmers usually apply FR, basic slag and KCl, broadcasted
and 1ncorporated with basic slag being the preferred
fertiliz-er product Little, 1f any, fertilizers are used
afler pastures establishment FAQ estimated that there are
about F0 0 million has on permanent and annual pastures an

Colambia (1980-82 average)
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Fertilizer Use by Product

Table 7 shows the total amount of each fertilizer
product used durang 1981 through 1985 This table i1s divided
into four parts, according to the names given to the fertil-
1zer products i1n the country, names which ares (1) Straight
products, (2) High P praducts, (3) Coffee products, and (4)
Other products The straight product group 1i1ncludes all
single nutrient fertilizers available i1n the country plus
DAP Most of these products are used on commercial crops ain
medium to large farms The high P products are those with a
1-3~1, 1-2-1 or simrlar nutrient ratio These products are
mainly used on potatoes and other crops i1in the Andean high
lands, and 1n the 1low P soi1ls of the oriental plains The
coffee products are used almopst exclusively by the coffee
plantations 1n the Andes To the “Other' products group
belong fertilizers used on a wide variety of crops in

different agro-climatic regions of the country

From table 7, 1t can be seen that total fertilizer use
in the country 1increased from 674,700 tons 11n 1981 to
836,900 tons 1n 1985 0f the total tonnage used NFK g
accounted for 50/ to 53 4/ of the total during i981 to 1983,
for 48 7/ duraing 1984 and for S0 4/ during 1985 Fresently,
commercial farmers (specially rice, sugar cane, sorghum,
cotton and o1l palm farmers) are slowly shifting away +From
NFK s toward the use of more straight products Farmers
have realized that by using straight products they can
follow fertilizer recommendations, for rates and timing of
application, more closely and often at a lower cost than by
using NFK s Thlsctable also shows the i1ncrease 1n DAP and
phosphate rock used during recent years The use of DAP has
increased from 6,000 tons an 1981 up to 20,000 tons 1n 1985,
while the use of FR for direct application has 1i1ncreased
from 46,400 tons i1n 1981 to 16,100 1n 198BS
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Table B presents the estimated amount and percentage of
N, P20s and K=0 provided by straight products and NP+ s
during 1981-1984 It can be seen that most of the N (appro<-—
imately 465/) has been supplied by straight products (mostly
urea), while Pa0s and Kz0 have been mostly supplied by
NPK s Data presented here i1ndicates that 1n recent vyears
there has been a decrease i1n the percentage of N, P20s and
of Kz0 supplied by NPK s For N the percentage supplied by
straight materials has decreased from 39 9/ during 1981 down
to 34 4/ during 1985 For Pz20s this percentage has decreased
from 82 5/ i1n 1981 to 79 1/ 1n 1983, while for K=0 1t has
decreased from 72 3/ 1n 1981 to 61 3/ i1n 1985 The straight
products whach have talen up the slack are Urea, AS, DAP,
KCl, FR and TSP This trend 18 expected to continue i1nto the

future, as farmer become more educated and cost conscious

Tables 9 and 10 presant the estimated amounts and
percentages of P=z0s provided by different fertilizer prod-
ucts during 1981-1984 It can be seen that the total amount
of P20s provided by straight products has i1ncreased from
12,700 tons {or 17 5/ of the total) in 1981 to 17,300 tons
(or 20 9/ of the total) during 1984 Of all products,
10-30-10, 13-26-06 and 15-15-15 are the most 1i1mportant
suppliers of Pz20s These three grades supply from S50/ to &0/
of the total used in the country

From table 10, 1t can be seen that during the 1981
through 1985 period, only about 10/ of the Fz20s was
supplied by fertilizer products containing phosphates only
The other 90/ was supplied by NFK grades (about BO/) and DAF
(about 10/) Farmers 1in Colombia do not have a large
reliable supply of a phosphate only fertilizer Many farmers
groups, speclally rice and pasture farmers, have expressed

their desired for a reliable supply of such a fertilaizer,
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which will permit them to make a more efficient use on their

crops

Use of Fhosphate Rock for Direct Application

The use of phosphate rock for direct application has
been gaining i1mportance i1n the country during recent vyears
Presently phosphate rocks from the Huila, Sardinata and Iza
mines, are being used for direct application, with the Huila
rocl being the most popular Table i1 shows the amounts of
Huila phosphate rock used by region during the 1981-86
period Figure 3 shaws the areas of the country where most
of this rock 15 used As table 11 i1ndicates, since 1982 the
Cundinamarca-Meta (the eastern plains) region i1s the largest
rock user As a fact, the consumption in this area has
increased from 563 tons during 1981 to 7,610 during 1986
Other i1mportant consuming areas 1n the country are the
Valle-Risaralda-0Ouindio region and the Cauca-~Narino region
Consumption of phosphate rack has i1ncreased steadily i1n all

areas of the country where 1t 1s used

The Sardinata phosphate rocl, of which an estimated
2000 tons (32/ Fz0s) were used during 1985, was mostly
applied to crops 1n the eastern plains During 19864, the Iza
phosphate rock was being used 1n small quantities i1n the

Cundinamarca and oriental plains regions

These domestic phosphate rocks are being used primarily
on the acid, low fertility level soi1ls of the oriental
plains and the hilly areas of the Andes Crops 1n  which
these rocks are being used includes rice, pastures, sugar
cane and potatoes Many farmers use Huila phosphate roclk for

ites liming effect more than as a P source
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Phosphate Demand Projections

There are many methods available to make fertilizer
demand projections The selection of a method to be used 1in
making demand projections depends, to a large extent, on the
objective of the projections and on the degree of precision
requared Considering the objectives of this study, demand
projections were made on a subjective basis and for
phosphates and phosphate fertilizer products only For this,
P20s demand growth rates were selected for different time
lapses within the 1987 ¢to 2000 period, considering the

following factors

1 Colombia traditionally has been, and presently 1s, a
country which produces enough food and +fiber to meet
1ts population demand Colombia export large quantities
of coffee, flowers and sugar, while on the other hand
import cereals (wheat, barley, oats) and cooking o011
However the agricultural BOF of the country has been

favorable 1n recent years

2 It is assumed that the agricultural sector growth will
teep up with the population growth, as i1t has in the
past Drastic changes i1n the basic structure af the
agracultural sector are not anticipated The agricul-
tural sector of the country grew at an estimated rate
of 1 8/ 1n 1983 and 2 ¥/ during 1984

3 The population of the country 18 growing at a rate of
between 1 B/ to 2 2/ during recent years It 1s expect-~
ed that the agricultural sector wi1ll grow at a rate

high enough to Feep up with population growth

4 It 1s expected that the level of living of the popula-
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tion will increase throughout the vyears, as 1t has 1n
the past This represents and 1improvement 1n the
nutrition and diet of the population, which will demand
better qualaity products and consume more vegetables,
poultry and beef, 1 e agricultural products which

demand a more i1ntensive fertilizer use

S As crop area expand to meet food and fiber needs,
marginal land will be brought i1nto agricultural produc-
tion These land require a more 1ntensive use of
fertilizer, as compared with lands presently under

cultavation

6 A review of several studies containing fertilizer
demand projections, made by different national and
international 1nstitutes Frojections made 1n these
studies serve as guidelines {or determining demand
projection here The rates of growth used to male the
projections and the initial and intermediate values are

shown on table 12

As can be seen from table 12, growth rates to make
projections have been used by many i1n Colombia The growth
rates selected for each study have been selected according
to conditions present and the outlook, at the time the

projections were made

Table 12 1i1ndicates that there are variations in the
growth rates selected to make the projections, but these
variations are rather small As an 1i1ndication, the lowest
avaerage growth rate for the 1985-2000 period was that used by
the World BRank, which was equal to 3 7//year, while the
largest was that used by Hansa-l.uftbild, which was equal to

& 0/ On the other hand there are very large differences in
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the amounts of projected use of P?0s Projected consumption
for year 2000 ranges from 145,700tons/year +from the World
Banlk to 272,700 by Hansa~-Luftbild This large variation 1s
due 1n great part to the base year used to make the

projections, rather than the growth rates selected

On the basis of the above mentioned assumptions and
premises, for this study the following growth rates were
selected to malke the projectionsy 5 5/ Ffor the 1985-90
period, 4 O/ for the 1991-1995 period and 3 5/ for the 1996
to 2000 period This rates are very similar to the rates
used by the World Bank, with the rates used 1n this study
being slightly higher Utilizing these growth rates, and
starting with a base consumption of 835,000 tons of F=0s
during 1985, the following prolections were made 111,100
tons during 1990, 135,100 tons during 1995 and 156,600
during 2000 Preojections obtained with this growth rates are
presented on table 12 Faigure 2 shows these projections and
those made by the World Bank and Hansa-Lufbidt, which were

the lowest and the highest of the projections analyzed

Demand Frojections by Product

Demand projections for phosphate fertilizers were made
to evaluate the present production capacity of domestic
manufacturers and the country needs, and to have basis for
conclusions and recommendations with respect to the pogsible

uses of domestic phosphate rocl 1n agricultural production
Table 13 presents the projected consumption of NPk s for
19846 and 1987, and the 1985 actual (but preliminary) data

These projection were made with the following assumptions

1 Total consumption of F=20s 18 espected to be equal to
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91,100 tons during 19846 and to 96,100 during 1987 This
1s equivalent to a S 5/ aincrease per vyear, over the
86,300 tons used during 1985

2 The production an use of basic slag will be equal to

40,000 tons/year, with an average Pz0m content of 11/

3 The demand for phosphate rock for direct application
will increase at a slaghtly higher pace than the
averall demand for Fz0s This demand 15 e«pected to
increase at a &//year until 1990, at a S//year from
1991 to 1995 and at 4 S//year for 1996 to 2000

4 The use on NPK products will continue to increase, as
1t has 1n the past However, 1t 1s expected that
production and use of 17-046-18/2, the coffee grade,

will i1ncrease faster than that of other grades

5 It 15 assumed that straight materials will provide 22/
and 23/ of the total Pz20e used during 1986 and 1987,

respectivel y

As shown on table 13, the total NFF demand 31n the
country 1s expected to reach 472,000 tons during 1986 and
500,000 during 1987 Projections were made only for these
two years considering than the present domestic granular NFK
production capacity 15 estimated to be equal to 500,000
tons/year It 1s projectaed that after 1987 the country s
capacity to produce granular NPK products will not be enough

to satisfy demand

Table 14 presents the demand projections for phosphate
rock for direct application for 1986-19%20, 1995 and 2000

Demand for phosphate roclk 1s e<pected to increase at a
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slightly higher rate than for Pz0s because since 1t 18 a
relatively new product in the market, and as farmers become
familiar with 1ts benefits will use more Also, as the
agricultural frontier of the country expands in the eastern
plains direction, more phosphate roct will be needed and

used tn those acid low fertility soils

As table 14 shows, the demand for phosphate rocl 16
expected to 1ncrease from 146,400 tons 1n 1985 to 28,800 tons
in 1993 and to 35,100 tons 1n 2000 0Obwviously, thig trend
projections assume that the price of phosphate roclk relative

to other phosphate fertilizers will be maintained
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IV FERTILIZER SUPFLY

The fertilizer needs of a country can be met through
domestic production and/or imports Furthermore, domestic
production can tare place using native resources or i1mported
raw materials Colombia possesses N and Fz0s resources, but

not known Kz0 reserves

Table 15 presents the major manufacturing facilities of
the country Of these, MONOMEROS 1s the largest one, with a
production capacity?® of 350,000 tons/yr of granular NFV
products and 350,000 tons/yr of AS, followed by ABOCOL with a
production capacity of 150,000 tons/yr of granular NPK
products The FERTICOL plant has a production capacity of
10,000 tons/yr of wurea and of 25,000 tons/yr of ammonium
nitrate (Nitron 26-0-0) Fresently Paz del Rio has a
production capacity of 40,000 tons/yr basic slag with an
average content of 11/ of Pz(0s In the past, basic slag has
been a favorite fertilizer product among ftarmers However ,
starting 1n 1985 due to changes 1n the steel mal 1ng process,
the quality of basic slag has decreased considerably (from
16/ FP=20s to 11/) 1t now has a high content of Fex0s (50/),

which males 1ts use in some agricultural areas questionable

The MONOMEROS fertilazer production facilities were
built 1n the early 1970 s 1n conjunction with a caprolactam
manufacturing plant The facailities started production 11n
late 1972 and early 1973 The fertilizer facilaities utilize
by-product AS solution Ffrom the caprolactam plant The
principal fertllleer facility 15 a nitric-phosphate NFEK
granulation plant, 1n which mitric acid 1s used to dissolve

1 Production capacity may vary according to the mix of NPK grades
manufactured
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phosphate rock and the calcium mtrate 1is removed by
reacting a2t with ammonium sulfate In addition to the
granular NPK products, MONOMEROS produces, since mid 1982,

about 50,000 tons/yr of crystallized ammonium sulfate

ABOCOL, though 1ts wholly owned AMOCAR, produces
ammonia and nmitric acad Some of the ammonia (15/ or about
16,000 tons/yr) and most of the nitric acid are used 1n
ABOCOL s NFK granulation plant Excess ammonia 15 sold to
MONDMERDS (S50/), other domestic users and e-sported mostly to

Europe

The FERTICOL uwrea plant utilizes a once-through (no
recycle) process It has a rated capacity of 15,000 tons/yr,
however, the plant 1s currently operated at about 10,000
tons/yr Off—-gas from the urea plant 1s used to produced

ammonium nitrate

As shown 1in table 15, three companies, FOSFOROYACA,
FOSFACOL and FOSFONORTE, have phosphate rock mining and
grinding facilities Of these mines, FOSFACOL 1s actually
operating and producing about 1,500 tons/month, while
FOSFONORTE 1s producing about BOO tons/month The Facila-
ties at FOSFOBOYACA are presently being renovated

FOSFACOL produrtion 15 used for direct application,
while most of FOSFONORTE (75/) production 1s used by
MONOMEROS and ABOCOL for the manufacture of granular NPK
products FOSFOEBOYACA 1s expected to start producing
phosphate roclk for direct application i1n mid-1987

In addition to the major fertilizer companias above
mentioned, there are several minor fertilizer producers,

which purchase their raw materials from the large companies
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These minor compamies produce blended, pelletized and/or

liquid fertalizers

Table 16 shows the estimated quantities of N, P20s and
Kz0 supplied by domestic producers (using domestic raw
materials resources) and through 1mports, during 1983
through 1985, while tables 17, 18 and 19 present the
estimated quantities of i1mported N, Pz0n and K=z0 as raw
materials and finished products from 1970 to 1986 The P
related information presented 1s analyzed 1n the following

gection of this report

From table 14 1t can be estimated that about 75/ of the
N used during 1983 through 1985 was imported (mostly as
urea) The 25/ of the N provided from domestic resources
came from ABOCOL NFK products, from MONOMEROS AS and NFK
products, and from the urea and AN produced at FERTICOL For
the F20e, approrvimately 88/ was i1mported, mostly in the form
of raw materials for the manufacture of NFL products at
MONOMERDS and AROCOL, while about 12/ came from domestaic
reserves All of the Kz0 used :n the country is amported,
er1ther as raw material (about 956/) or as a finmished product
(44/) 1n the forms of KC1 and SOF

FPhosphate Supply Situation

Table 1B shows the amount of phosphate raw materials
and finished products imparted 1nto the country during the
1970 to 1985 period Many different P=0o containing products
have been imported Imports of phosphate rock, phosphorac
acid and MAF have been used e<clusively for the manufacture
of granular NFK products, while 1mports of DAFP and TSP are

used 1n the manufacture of NFK s and for direct application
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Imports of NPK s made during the early 1970 s were used for
direct applicat:ion

This table shows that the highest annual i1mports of
P20s occurred during 1973 and 1974, the years of the energy
and fertilizer crisis Imports decreased considerably on the
two following vyears, and regained a normal" level after
1977 FPresently, i1mports of P20s are at a level of around
70,000 to BO,000 tons/year, with an estimated CIF value of
Us £27 to 30 mllion, at 1983 prices

The consumption of Pz20s 1n Colombia, as shown i1n table
20, has increased steadily since 1270 It has 1increased
from 48,400 tons i1n 1970 to 86,300 tons 1n 19835, or at an
average growth rate of 3 9//yr This consumption has been
satisfied through domestic production and through i1mports of
fimished products and of raw materials Of the domestaic
sources, basic slag has been the largest and most reliable
It has supplied from a low of 6,000 tons of Pz0Os in 1983 up
to hagh of 11,300 tons of F20w 1n 1976 SSP was produced
utilizing Huila phosphate rock until 19746, year 1n which the
plant closed Fhosphate rocl has been 1n the martet olace
intermittently since 1970, and starting i1n 1980 1ts use has
been increasing steadily to reach $,200 tons of F=z0s 1in
1984

Consumption of Fz0s from phosphate rocl 15 erpected to
reach 4,400 tons during 1986 Of this amount, 1t is egtimat-
ed that about 3,800 tons of PaDs lor 17,300 tons of phosphate
rock) will be used for direct application, the remainder for
the manufacture of NPK products at MONDMEROS and ABOCOL Oon
the basis of granular NFE production during the last S5 years
by MONOMEROS and AROCOL, 1t 1s estimated that through NPK

products these two manufacturers can supply 75,000 tons of



P20s/yr* Of course this figures can vary depending on the
mixture of grades produced by these factories This +Ffigure
1s expected to decline slightly in the immediate future, due
to the up surge 1in demand for the coffee grade fertilizer
17-6-18/2

Table 20 shows that the P20s supply +Ffrom domestaic
sources has remained relatively constant during the 1970-83
period (ranged from 8,B00 to 13,700 tons), while 1ts wuse
(demand) has been increasing steadily This has created a
situation 1n which the amount of i1mported F:0m has i1ncreased
from ¥9,500 tons in 1970 to 74,100 tons in 1983 F=20us
imports have been made 1n the form of raw materials and
finished products Imports of straight products for direct
application (TSF and DAP), have increased 1n recent years
and during 1985 they were equal to 23,800 tons of product
equivalent to 10,900 tons of Pz0s

The P=0s supplied by basic slag has decreased during
the past & vyears, and 1t was equal to only 6,000 tons of
F20es 1n 1985 Due to changes i1n the steel maling process,
1t 1s expected that i1n future years production of Pals will

remain at a volume of not more than 4,400 tans/yr

In summary, and not considering the production of
native phosphate rock for the time being, 1t 15 estimated
that the country has an established maxaimum production
capacity of some 79,400 tons of FzOs/yr {(granular NFF s plus
basic slag) This capatity 15 not enough to meet present

domestic needs, which already 1in 1985 amounted to 86,300

— i iy By e e i

b Average Fa0s content of granular NPK s produced by MONOMEROS and
ABOCOL during past 5 years has decreased +froa 20 44 1n 1981 to
15 5/ 1n 1985 It 15 expected that the future average F20s content
of NPK & will be of about 154, which at a rated capacity of 500,000
tons/yr yields 73,000 tons/yr of Pz0g
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tons of Fz0e During the past few years, to satisfy this
need some phosphate rock was mined and used for direct
application, and imports of DAFP and TSF were made, with the
1mported matarials playing a more 1aportant role An
alternative to these 1i1mported products 18 the use of
domestic phosphate rocl for direct application or to
manufacture a more soluble phosphate product The selection
as to what fertilizer should be producted using domestic
reserves rest on the agronomic requirements of crops, the
types of soils 1n the country, the fertilaity levels of the
agricultural areas and the availability and quality of
phosphate roclk Subgequent sections of this report deal with

these subjects

The Future Supply of Fhosphate Fertilizers

As can be seen from table 195, there are presently s:
suppliers of P=20=s 1n the country, as follows MONOMERQOE,
ABOCOL, Paz del Rio, FOSFONORTE, FOSFOBOYACA, and FOSFACOL
0f these, 5 are already 1n production, while FOSFOEBOYACA 1s

supposed to come on the stream shortly

Fresently, MONOMEROS and AROCOL do not have any major
plans for erspansion of their granulation facilities or for
the establishment of any new plants® The same i1s true for
Paz del Rio, the basic slag producer, and for FOSFACOL and
FOSFONDRTE FOSFOEBOYACA 158 1in a reorgamzation stage, and

expected to start production during mid-12987

During recent years, considerable attention was given
to the possible development of a large (100,000 tons of
F20s/yr) granulation comple<, utilizing phosphate roct from

2 However, ABOCOL 15 considering de-bhottlenecking 1ts  plant
to i1ncrease production by some 50,000 tons/year of NPK s
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the Fesca deposait After many studies, this project has come
to a halt due to the uncertain qualaity and quantity of
domestic reserves, which makes a project of this nature

unfeasible

In view of the above stated facts, 1t 15 safe to assume
that no new developments will come to 1mpact the phosphate

fertilizer sector, at least i1n the very short to short term

Table 21 presents the estimated projected supply for
F20s for the 1986-2000 period This table 1ncludes a
breakdown for domestic and 1mported phosphate It can be
seen that with the present 1nstalled production capacity, up
to 21,600 tons of F=0s/yr can be supplied from domestic
deposits Imports of Fo0s raw materials for the manufacture

of granular NF¥ products are estimated to be equal to 73,400

tons of FzO0n/yr It 1s anticipated that the amount of
imported raw materials for granular NPL production will
remain at that 1level, and not be replaced by domestic

production for two reasons 1) the transportation cost from
the mines to the NFK manufacturers plants, and 2) quality
prublems wilh domestic phosphale rocks which males  Lhem

unsuitable for use in granular NFK production

In summary, the total i1nstalled preoduction capacaity +or
phosphate fertilizers 1n the country 18 estimated to be
equal to 94,000 tons of Fzls/yr, and 1t 1s assumed to remain

at that level for the foreseeable future
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FOR PHOSFHATE FERTILIZERS

A comparison of the supply and demand projections for
F20s for the 1986-2000 period 1s presented on table 22 This
table shows that during 1984 an estimated deficit equivalent
to 12,400 tons of F=0m wi1ill erist This deficit will have to
be met through i1mports of DAF and TSP for direct applica-
tion The deficit i1n supply of phosphate fertilizers 1n the
country 15 estimated to 11ncrease throughout {1he years as
demand i1ncreases, as shown 1n figuwe 4, and to reach 65,100
tons of Pz0s during 2000 Table 22 shows that presont
installed capacity for phosphate fertilicers will 1ncrease
up to 94,000 tons of F=20s It 15 projected to remain at that
level since there are not firm plans for e<spansion of

present plants or for development of new ones

0Of the total projected demand of 91,000 tans during
1986, 1t 15 estimated that 10,800 tons or 11 9/ w1il be
supplied through the use of domeslic reserves The remainder
will be imported as raw materials for the manufacture of
granular NFk products, and as TSF and DAP Ffor direct
application For the remainder vyears o©of the projected
period, supply from domestic sources 15 expected to i1ncrease
to 21,600 tons, while 1mports of FPz0s are expected to
increase fram BO,200 tons 1n 1986 to 137,500 tons 1n 2000

A comparison of the data presented on this table with
that of table 14 i1ndicates that the country has a projected
surplus capacaity ;or production of phosphate rock for direct
application This estimated surplus amounts to 9,700 tons of
P20m during 1990 and to 6,900 tons in 2000 Therefore, for

the country to be able to use this rock protessing



facilities at capacity scale, the phosphate rock would have
to be transformed i1nto a more soluble fertilizer Otherwise,

imports will be even larger than here shown
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VI DESCRIPTION OF FHOSFHATE DEFPOSITS

The Colombian government has been interested 1n  the
development of domestic phosphate reserves since the early
1740 s Extensive surveys for sedimentary deposits were
conducted during the 1960 s at that time These surveys were
conducive to the 1dentification of deposits 1n Sardinata
(Norte de Santander), and 1in Pesca (Boyaca) Subsequently,

additiocnal phosphate rock deposits were found

All of the phosphate deposits 1n Colombia are of
sedimentary nature, and cccupy and area of about 400 km 1n a
NE to SW direction along the Cordilleras Central and Orien-
tal All known deposits, as listed aon table 27, belonhg to
one of the following geologic formations La Luna, Monserra-
te and Guadalupe Superior These three formations, and the
location of the most i1mportant deposits, are i1llustrated on

Figure 61

Presently, there are 18 Lnown deposits of phosphate
rocks with varying degrees of phosphate content and size of
reserves In general all these deposits have low to medium
grades of Fz0m FPhosphates rotis which have a higher than
23/ P20w content belong to calcareous deposits whaich have
bheen weathered With the exception of Sardinata which can be
mined open pit, all deposits require underground mining

methods

As of md-1984, of all deposits, only Sardinata 1in

Norte de Santander and Tesalia 1n Huila were being exploit-—

g e e ——  —— —

b Mojica, P and ¥ 0 laambrano 1983 os Fos os
Colonmbia in Los Depositos Fosfaticos de Latinoamerica eds v
Ricald: and 5 Escalera Asociacion de Ciencias para el Desarrollo
Internacional Grupo Latinoamericano de Investigaciones de Roca
Fosforica Ed Gepciencias Bolivia p B8%9-128
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ed Works are in progress at the Fesca grinding plant an
Royaca to restart production using phosphate rochk from de
Iza deposit, while the Media Luna deposit i1n Huila 1n under
study for possible utilaization Presently there are no plans
for development of other sites, the reasons for this being
their 1naccessibility and/or the ainferior quality of
the reserves, the 1low volumes of recoverable material,
and/or the laclk of adequate mining and geological studies of
the reserves The following paragraphs present a description
of deposits being exploited or with potential of being
exploited 1in the near future Compared with presently
exploited deposits located 1n  throughout the world (USBA,

USSR, Morocco, and others), Colombian deposits are small

Sardinata This deposit 1 located 1n the Norte de
Santander Department, approximately 35 Im NW of Cucuta This
area corresponds to the upper part of La Luna formation
Access to mine site 15 by paved road and 1t takes
approrimately 45 minutes from Cucuta Total reserves are
estimated to be 14 4 million tons of rock with a Fz0s
content ranging from 15/ to 37/ The material with low P=z0g
content 1s calcareous and hard, while the material with the
highest FPz0s content has been weathered, i1s close to the
surface and i1s soft These high Fz0s materi1al 1s the one
presently mined by open pit Fhosphate rock veins are
usually under soi1l layers of up to 10 m 1n thiclkness Once
veins have been cleared of so0i1l, the phosphate roclt ore 1s
easily removed and trucked to the beneficiation plant
Phosphate rocl lavers with low Pz0s content are left i1n the
field The presence of this calcareous material makes
exploitation difficult and i1nefficient It 15 estimated that
there are reserves of about 2 mllion tons of high F=0s

(>32/) content material, which can be mined open pit



At the mine site there 1s a beneficiration plant, where
the phosphate rock ore 15 washed and scrubbed to remove
organic matter and silicate, consequently i1ncreasing the PzOg
content The beneficiation process 1ncreases the F=ls
content fraom abaut 32/ +to about 35-37/ Thais beneficiat:ion
1% done to malke the material suitable for use as a raw
materi1al at the MONOMEROS granulation plant Fhosphate rochk
used in ABOCOL granulation plant does not need to go through
this beneficration process At the mine site, there 1s also
a ball mll and a dryer which are used to prepare phosphate
rock for use by MONOMERDS and ABOGCOL

The capacity of the beneficiation plant i1s of about 40
tons/day (12,000 tons/yr) During 1985, a total of 8,500
tons were produced, of which 2,000 tons were used for direct
application while the remainder was used by MONOMEROS and
ABRDCOL for the manufacture of granular NFt s

Jesalia, La Juanita This mine 1s located i1n the Huwula

Department, approraimately 2 Im north of Tesalia town Thas
mine belong to the lower part of the Monserrate formation

Access to mine 1s by paved road until 28 km before mine
site, then a good dirt road serves the mine Total reserves
are estimated at & million tons of phosphate rochk waith a
P=20=s content varying from 20/ +to 31/ However the
economically exploitable reserves are estimated ¢to be
between 1 5 to 2 ¢ mllion tons This mine 1s presently

exploirted through conventional underground mining methods

Phosphate roc! for direct application has been produced
at this mine for several vyears Facilities at the mine
consist of hammer mll, ball mll, dryer, conveyors,
hoppers, screens and bagging facilaities In 19846 a total of

14,B22 +tons were mined, ground and sold for direct
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application Current plans call faor a production of 16,000
to 17,000 tons during 1987

Pesca and Iza Deposits These deposits are located in

the Boyaca Department, in the neighborhood of Fesca and JIza
towns This area corresponds to the middle section of the
Guadalupe Superior formation Access to these mines 15 by
paved rpad to Sogamoso, then by paved road to JIza and by a
good dirt road to Pesca (last 8 Fkm) Total reserves at Jza
are estimated at 36 0 million tons while total reserves at
Pesca are estimated at 30 &6 million tons of phosphate rock

The P=z=0es content at these two deposits varies from 17/ to
25/ However, at present phosphate roct prices, the amount
of economically recoverable reserves are estimated to be
equal to only 6 5 millaion tons for Pesca and 13 0 million
tons at Iza Due to the quantity, gquality and location of
these reserves, they offer the best potential +or an

economic development of a phosphate i1ndustry 1n the country

The Pesca mine has been erploited 1n the past through
conventional underground mining methods Fhosphate rocl for
direct applaication has been produced from the Fesca mine
during the past few years During 1984-B5 the mine was not
exploited and there was & change 1n management at the
grinding plant Fresently plant equipment located about
midway between these Fesca and Iza, with a capacity of 20
tons/hour, and consisting of a ball mill, conveyors, screens
dryer, hoppers and bagging facilities are being
revamped It 1s ervpected that the plant will start
production 1n late 1986 or early 1987 wutilizang Iza
phosphate rocl exclusively Current plans are to produce
about 20,000 tons during 1987 There are no current plans

for utilization of phosphate roclk from Fesca
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Media Luna This deposit 15 located 1n the Huila
department, about 10 km west of Aipe town Lite the Tesalia
mine, this deposit belong to the Monserrate formation
Access to the mine 1s by paved road to Aipe and then by a
good dirt road teo the mine vaicainity A road to the mine
entrance 1s not developed yet Very little is known about
the guantity of reserves at this si1te Table 22 shows that

total reserves are estimated to be 22 mllion tons of
material with a 18/ to 31/ However, the recoverable

reserves are suspected to be much less

A few analyzed samples of material Ffrom this mine
1indicated that 1ts quality 15 stmilar to that of Tesal:ia

Therefore 1ts agronomic behavior should also be similar
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VII AGRONOMIC AND ECONOMIC EVALUATION OF P SOURCES

This section of the report presents 1n a summarized
form, research results obtained by the 'IFDC/CIAT Phosphorus
Froject" related to the agronomic and economic evaluation of
P sources The P sources included 1in the evaluation pres—
ented here are ground phosphate rock for direct applica-—-
tion, sulfuric acid-based partially acidulated phosphate
rock (FAPR), mixtures of ground phosphate rock with TSP, and

soluble F sources (TSF)

Ground phosphate roclt 1s the easiest fertilizer product
to malte from phosphate rock, 1t consist simply 1n the fine
grinding of the roc! PAFR 1s a phosphate rocl treated with
only a fraction of the acid (usually 30 to 50/) required to
completely convert the i1nsoluble phosphate to water soluble
mohocalcium phosphate or to male S5F or TSP Acidulation of
the phosphate roct can be done with sulfuric, hydrochloric,
phosphoric, or mitric acid In this report, however, acidu-
lation refers only to the use of sulfuric acaid, which 1s the

most generalized form of doing 1t

The Ffollowing paragraphs of this section present
research results obtained by the project, which help 1i1den-
tify areas, and crop fertilizer management practices where
different P sources can be used effectively Research
results presented refer to (1) the agronomic evaluation of
phosphate rock, {(2) the agronom:ic evaluation of FAFR, and
(3) the economic evaluation of different P sources Research
results presented were obtained from annual reports and
technical publications that have been prepared as part of
the project activaities For simplicity, and in view of the

massive amecunt of data and research results available, 1t
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was decided to select representative individual experiments
and experiments pooled together to help i1llustrate concepts

being discussed and research findings obtained

Research conducted by the project related to the use of
phosphate roc¥ as a P source, bhas indicated that crops
respond similarly to phosphate rocls from Huila and Pesca
The Iza and the Media Luna rocks which are very similar to
the Pesca and Huila rock, respectively, but have not been
field tested due to 1ts unpavailability, are estimated to
behave similarly The phosphate rock from Sardinata, whaich
has a higher P20s content, but 1less carbonates replacing
phosphates 1n the apatite c¢rystal structure, 1s less
reactive, therefore 1ts agronomic efficiency 1s inferior to
the other rocks Therefore, recommendations made for the use
of phosphate rocks for direct application refer to ground

rockt from Huila, Fesca Iza and Media Luna

With respect to PAFR from different sources, results
presented include the field testing of products manufactured
with the Huila and Fesca roct, which have similar proper-
ties The Iza and the Sardinata phosphate rocks acidulated
to obtain the same amount of F soluble should possess
s1milar agronomic properties Also 1ncluded are results of
mixtures of phosphate roct with DAFP and TSF, which simulate
PAFR products These mixtures were prepared to have the same

amount of F in soluble form as a PAFR product

Agronomic Evaluation of Ground Fhosphate Rock

One of the main overall objectives of the IFDC/CIAT
Phosphorus Project has been the i1dentification of soi1l,
crops, agro—climatic conditions and fertilizer management

practices under which indigenous phosphate rocls can be used
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effectively as fertilizers Research conducted by the
project indicates that the use of ground phosphate roclt for
direct application i1s advisable only under specific condi-
tions It has been found that the following factors play an
important role i1n determining the agronomic effectiveness of

phosphate rocks

(1) the chemical reactaivity of the rockh,

(2) the particle size of the rock,

(3) the so1l properties and claimate of the region,
(4) the timing and method aof application,

{3) the crop and the farming system used,

(6) the residual effect of the rock, and

(7) the use of the rot} as a sorl amendment

The following paragraphe refer to research results

obtained related to each one of the above mentioned factors

Chemical Reactivity of the Rocl The reactivity of phosphate

rocks can be evaluated by the amount of the *total F they
have soluble 1n neutral ammonium citrate, citric acad (2/),
formic acid (2/), or acid ammonium citrate {(pH=3) The
relationship between the roclk reactivity and crop response
has been reported by Leon et al?! in an article which classi-
fies 11 Latinamerican phosphate rocks This article classi-—
fies phosphate rocks into four groups according to their
agronomic effectiveness relative to that of TSP Panicum
maximum was used as a test crop on an Orisol from the
Colombian eastern plains The 1t Latinamerican phosphate
rocts were classified as Highly Effectaive (BS to 1003,
Medium Effectiveness (70 to 84), Low Effectiveness (40 +to
69) and Very Low Effectiveness (<39) The pumber i1n paren-
thesis i1ndicate the relative agronomic effect:iveness for

gach grouping

———— ey W e e b

: ibid leon, L A and L L Hamoond 1984
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According to this classification, Colombian phosphate
rocls were classified 1nto the Medium Effectiveness (Huila
and Pesca) and Low Effectiveness (Sardinata) groups The Iza
roclk was not 1ncluded 1n that classification since 1t was
not available at the time the experiment was conducted, but
according to ats chemical composition 1t should be
classified similarly to the Pesca and Huila rocks Figure 1
presents the crop response obtained with several Latin-—-
american phosphate rocks of different reactivity and with
TSP

FParticle Size of the Rocl E«periments conducted by the

IFDC/CIAT FPhosphorus Froject have shown that phosphate
rocks are most effective when surface contact between the
roct particles and the so1l are ma 1mized to promote
dissolution of the rock= E: perimental research results
confirm that finely ground (<100 mesh} or miniy granulated
(-50+150 mesh) rocl 1s more effective than coarser
(granular) sizes Figwe 2 presents the results of an
experiment carried out in the Colombian eastern plains with

three si1zes of Huila phosphate roci

Properties of the Soil and Climate of the Region The

chemical and physical properties of the phosphate roclk are
1mportant factors 1n determining 1ts agronomic
effectiveness However, good characteristics of the rock
alone do not guarantee a proper crop response Through
research conducted by this project® and by others®, 1t has
been determined that the properties of the soil play a major
role an the determination of the agronomic performance of
phosphate roclts 0It has been found that, of all sol
characterastics, the pH, the amount of available P or

2 Ibad Leon, L A and L L Hammond 19B4
s Ibid Leon, L A and L L Hammond 1984
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exchangeable calcium, and the P fixation capacity, play a
major role 1i1n the effectiveness of phosphate rocls The
estimated quantitative relationship between crop response

and these characteristics appears on figures 3 and 4

In the case of Huila and Pesca phosphate rocks, 1t has
been determined that they perform well 1n soils with a
pH of around or less than 4 5, and with a P fixation
capacity of of less than 43/, as measured by the Fassbender
and IGUE method (19&67) Also, these rocis have performed

well 1n so1ls with a F content of less than 5 ppm (Bray 1)

Results from experiment stat_on and farmers fields with
Huila phosphate rocl, on the Andepts and Oxic Inceptisols of
Cundinamarca, Boyaca, Cauca and Narifio, have shown the rocts
to be less effective than when applied to 0O«isols of the
eastern plains (Meta) and Ultisols of Santander de Guilichao
(Cauca) which are more acidic, lower 1n calcium and exshibat
a lower P sorption capacity A representative example of
experamental results obtained with potatoes, rice, cowpeas,
maize and beans using this rectk on these soi1ls are presented
on table 23 HResults 1n this table and on following tables

are presented in terms of the Relative Agronomic Efficiency”®

(RAE) of using TS8P as reference This table also 1i1ncludes
the crop vields of the control plots, which are useful to
measure yield i1ncreases due to fertilizer use and to have an

1dea of the so01l1 natural fertilaity

—— . —————— T e i e

4 Hughes, J € and R J Gilkes 19B6 "The Ef¥ 0
Progerties on_ the Extent of Fertilizer Dissolution 1n Soils
fiustralian Jdournal of S5e1l Research Vol 24, pp 209-217

bt RAE 1s defined as _(Yield of Tested Product-Co
{Yield ot Standard Product-Control)
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Experimental results presented on table 23 1indicate
that the agronomic performance of the phosphate rocks (Huila
and Fesca) e«hibits wide fluctuations This table shows that
phosphate rocks are more effective on the acaid, low
fertility Ox1sols and Ultisols than on the Andepts and

Inceptisols In the O<«sols and Ultiseols, phosphate rocls
can be about 90/ as effective as TSF, while on the Andepts

and Inceptisols their effectiveness can be as low as 5 to
10/

The Andepts so01ls 1n Nari o appear to contradict this
statement, however , phosphate rach have per{ormed
consistently well 1n these soils which have a high P
content This soi1ls have been heavily Ffertailiced with
compound fertilizers for many years and are fertile soi1ls,

as opposed to the Andepts of Cundinamarca and Boyaca

Throughout the many e periments that have been
conducted i1n pursue of the objectives of this proiect, a1t
has been noted that climate (temperature and rainfall)
wnfluence crop response to phosphate rocth application In
the lowland and mid-altitude tropics (O to 1000 and 1000 to
2000 masl, respectively) with temperatures of more than 24°C
and between 18-24=C respectively, crops responded to phos-—
phate roct applications, provided that the soi1l chemical
conditions were adequate for rock dissolution In these two
regions where the agronomic effectiveness of the phosphate
rocl was high, the rclimate was classified as sub-humid
(1000-2000 mm/yr) The high temperature of the so1l and the
adequate amount Di humidity favor roct dissolution

In the high and very high-altitude tropics (2000-3000
and 3000-4000 masl, respectively), mean annual temperatures

range from 12 to 1B°C and from 6 to 12°C, respectively In
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these two regions, where potato, wheat and barley are grown,
mean annual rainfall i1s between S00 and 1000 mm Recent
experiments performed by IFDC and ICA 1n these two regions
with potatoes show that a better response to phosphate rocl
was obtained in the high altitude region than i1n the very

high altitude Apparently the very cold temperature of the
s01]1 does not favor the dissolution of the rock

Time and Method _of_ _Application Research conducted at

experimental stations and 1n farmers fields has shown that
higher crop yields can be obtained applying TSP 1n situy at
planting time When phosphate rock 1s used as P source,
slaghtly higher vyields can be obtained applying the roci
broadcasted, i1ncorporated, and preferably 30 days before
planting time To 1l1lustrate this, table 24 presents the
results of three edperiments (beans, potatoes and maize)
where the application method and the timing of application
were tested This table shows that, as erpected, the highest
vields were obtained with TSP applied i1n_situ at planting
time The phosphate rocl was slightly more effective when a1t
was applaied broadcasted, i1ncorporated and 30 days before

planting

Application of phosphate rock broadcasted and 1ncor-
porated, 30 days before planting 18 not practical for steep
lands subject to erosion In these areas, where minimum
tillage 1s widely used, the phosphate rocl can be applied to
a reduced volume of sopi1l Also, the application of fertai-
lizers 30 days before planting promotes the development of
weeds This two limitations on using phosphate rocl should
be carefully evaldated before speci1fic recommendations are

made

Type of Crop and Farming System Used Research results
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indicate that even under appropriate soil conditions,
phosphate roct 1s more effectively used by crops such as
pastures, forage legumes, cowpeas, peanuts and rice, than by
crops such as maize, beans and potatoes The reasons for
this are partly related to the climatac conditions
(temperature, rainfall and length of life cycle) where crops
are grown and partly due to the plant ability to uptake F

$rom the so011l

Table 24 presents research results of erperiments
conducted with rice, cowpeas, cassava, pastures, maize and
potatoes, i1n different agroclimatic regions of Colombia As
this table shows, the RAE of the phosphate rock ranges from
120/ for rice 1n Carimagua to 13/ for maize in Fescador,

Cauca and 7/ for potatoes i1n Tausa, Cundinamarca

Residual Effect of the Fhosphate Roci Another factor to be

considered in the agronomic evaluation of F sources 15 thear
residual effect Research conducted by the prolect using
Brachiaria decumbens has i1ndicated that phosphate rocks of
medium reactaivity, 1like Huwila, 1ncrease their agronomic
efficiency with time, and their residual effect equals that
of TSF by the third crop In the case of rocis with slightly
lower reactivity, like Fesca, their agronomic efficiency
increases during the first three crops and reach a RAE of
B2/ by then

E4Aperiments carried out to measure residual effect of
TSP and Huila phosphate rock, on crop rotations 1l:ite
beans/maize/wheat and potatoes/wheat/wheat bhave 1ndicated

that there are not dirfferences 1n residual effect from these

——— i ——— e 2

8 IFDC/CIAT Phosphate Propject 1986 "Annual Report 1985 Cali,

Colombia (mimeon)
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sources® What research results clearly indicate 1s that ain
places where the agronomic effectiveness of the phosphate
roct 1s equal to that of T8F, this effectiveness remains
constant through time, 1 & as TSP crops yields decrease 1in
subsequent crops, so do phosphate roch yields Also 1n soi1ls
where the phosphate rock 18 not as effective ag TGP during
the first crop, the resxdual effect of the phosphate rock

remains a fraction of that of TSP through time®

Use of Fhosphate Rocks as Soi1l Amendment

Phosphate rocl 1s presently used by farmers as soil
amendment on low P and acid soils To measure the
effectiveness of phosphate rock as sail amendment ,
experiments were carried out by the project to compare Huila
phosphate roct (1 ton/ha}), dolomitic lime (1 ton/ha) and a
mixture of lime and phosphate roct (S ton/ha of each) on
beans in Fescador, Cauca

The results of these experiments appear on table 26
These results 1ndicate that Huila phosphate roclk used alone
or i1n combination with dolomitic lime produces higher vyield
increases thanmn dolomitic lime alone These results were
consistent for the two c¢rops seasohs in which the
experiments were carried out In one of the e:periments the
mi¥ture of phosphate roclt and lime gave the highest yield
increases, while the Huila phosphate rock alone gave the

highest yield in the other two

Agqronomic Evaluation of FAFR

<]
The low or poor performarce of phosphate rocks 1n  some

so1ls and with some crops can be attributed to 1ts low

bl jbid Leony; L A and L Lt Haomond 1984
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solubility, hence, 1ts P 1s not available for crops uptale
A common way to i1ncrease 1ts solubilaity 1s to acidulate the
roclk totally to make &SP or TSP or partially to make FPAFR
By increasing the solubility of the rock, 1ts agronomic
efficiency i1ncreases, which results 1n higher crop yields
Results presented here for PAPR correspond to phosphate roci
acidulated at a 50/ 1level Results obtained with project
experiments have aindicated that physical dry mistures of
phosphate rocl with TSP or DAF, simulating PAFR products,
give the same agronomic results as a PAFR product There-

fore, results presented here also apply to those mistures

Through research conducted in this project, 1t has been
found that the best fertilizer management practices for the
use of PAFR are the same as those for TS5F This means that
the best timing and method of application for TSF are also
the best for FAFR

Table 27 presents experimental results obtained with
PAFR and 1ts RAE when compared with TSF These results show
that PAFR can be, 1n some cases, as effectaive as TSP, but
that 1ts RAE most often ranges between 85/ and 95/ Thirs
holds true for a wide variety of soi1ls, agro-climatic
conditions and crops In the acid, low fertility Ori1sols and
Ultisols of the Eastern Flains, PAFR applied to pastures,
rice and sorghum performed as well as TS8P In the Andepts
so1ls of Narino, FPAPR can give higher potato and maize/beans
vields than TSP 0On the other hand, i1n the Cundinamarca and
Royaca potato areas, yields obtained with FAFPR are about 85/
of those obtained with TSP

Economic Evaluation of F Sources

The economic evaluation refers to the estimation of net
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returns (or benefits) which accrue to the farmer fram the
use of fertilizers Net benefits due to fertilizer use are
defined as the difference between the i1ncreased production
value minus the cost of the fertilizer used To estimate the
value of the increased production value, crop prices re-—
ceived by the farmer are used, while to estimate the cost of
the fertilizer, prices paird by farmers are used?” Since FAFR
1s a product not available in the market, 1ts evaluation was
done assuming that 1ts price was equal to that of TSP on a P
umit basis Therefore the economic performance of FAFR as
compared to that of TSF, 18 directly related to the RAE of
these two products as presented on table 26 It 15 worth
noting that of the soluble F sources presently available to
farmers in Colombira, TS5F has the lowest value The highest
prices, on a P unit basis, are for the NFF products Should
in the future PAFR be available to farmers at prices higher-—
/lower than those used {for the evaluation here, the REE wi1ll

be lower/higher 1n relation to TSF

Since the amount of net returns due to fertilizer use
changes as crop and Jertilizer prices change, Value/Cost
Ratios (VCR), which measure the relationship between the
increased value of production and fertilizer cost, are
calculated VER s are less subject to variation due to price
changes, and do not change 1n si1tuations where crap and
fertilizer praices change at the same pace VCR s provide an
itndication of how safe to i1nvest resowces on fertilizer 1s
To 1nduce farmers to use fertilizers a VCR of at least 2 1s
needed A VCR lower than 2 indicates that the use of

fertilizer 15 too risly to be acceptable

—— e e o ———— g

k4 Prices used were: for TSP and PAPR s $200/kg of P, for HPR and PFPR
$125/kg of P, for Rice $42/kg, +or Cassava $33/kg, for Maize
$32/kg, for Potatoes $20/kg and for Beans $120/kg
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The Relative Economic Effectivensss (REE) measures the

economic effectiveness of FAFPR and phosphate rock in
relation to that of TSF The REE 1s simply the ratio of net
returns obtained with FPAFR and phosphate roclt and the net
returns obtained with TSP for the economic evaluation
presented here, the estimation of all these economic
parameters was made at the applaication rate which ma 1mized

pet returns for each product tested

Table 28 presents selected e-sample: of the economic
evaluation of ersperimental results obtained This table
includes several crops, whiach were crepped 1n different
agro—-climalic zones and 1n dhfterent so1l types As can be
seen from this table, the estimated REE of FAFR ranges +rom
Bu/ to 113/ The REE for PAFR 15 higher i1n the eastern
plains soi1ls (Oraisols) and 1n the Narifo soirls (Andepts)
Lower REE s for FAFR are observed 1n the soils of Caldono,
Cauca (Irceptisols) and 1n the soi1ls of the Cundinamarca-

—Bovaca region (Andepts)

Fhosphate roct used Ffor direct application had the
lowest REE of the products tested The KEE for phosphate
rochk was higher in the eastern plains soils (Oxisolsas) and 1n
the Narife area (Andepts) The lowest REE for phosphate roct
were observed i1n the Cundinamarca—-EBoyaca soi1ls (Andepts) and
in the so01ls of Fescador, Cauca (Andepts) In some of these
spils there was not a large enough crop response to
applicatirons of phosphate roct, so as teo justify 1ts

applaication

Results here prescnted indicate that FAFR and phosphate
roci produce a higher REE the sane type of soils (D 1sols of
the eastern plains and Narino Andepts) In places where FAFR

applications were not very effective, applications of



phosphate rock were not effective at all

Table 29 presents the results of the economic evalua-
tion of the phosphate rock uwsed as so1l amendment :n three
e«periments conducted during two consecutive crop seasons
The effectiveness of a phosphate roct as a soi1l amendment 1s
determined by the amount of free caleium carbonates 1t  has
Therefore, results discussed here applied only Lo the Hula
phosphate roct, which bhas the largest percentage of among

the Colombian rocls

Table 29 shows that in all three ervperiments, caither
the Huila phosphate rock used by i1tself or mi<ed with lime,
produced higher yields and had « higher REE than lame used
alone According to the VCR oblained with tiese experiments
it can be sated that the use of phosphate rocl as s01l
amendment 1s a good ainvestment for farmers Cbviously, 1i1he
higher yields increases obtainmed with the Huila phosphate
roclk are due to the F content of the roct and to 1ts limang
effect However, these finding are prelaminary, and more
research 1n this area 1s needed to better 1dentify the solis
where the rochk can be used effectively s an amendment, the
proper mi roct-lime and to determine yield increases due to

the phosphate content and to the liming effect of the rocl
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VII1 POTENTIAL USE OF PHOSFHATL ROCY AND OF PAFR
IN COLOMETAN AGRICULTURE

This section of the report presents a summarized
description of the soils 1n Colombia, their F fert:ilaty
status, and an estimation of the potential use of phosphate
rock and of FAFR 1n different regirons and crops of the
country It i1ncludes the estimated degree of RAE from Lheir
use i1n dafferent crops and homogeneous agroecological sones,
and 1denti1fies some economically 1mportant +ood crops ain
which these products could be used Also 1ncluded are maps
which show the appro i1mate location of regions where

phosphate roct and FAFR could be used effectively

Colombia 1s a country with an estimated tolal land area
of 114,175,000 has As can be seen from table 30, only 10 9
million has are adequale for dry land annuwal crop production
and 3 5% mllion has can be cultivated with aad of
1rrigation Thus, the combined 1irrigated and dry land
agricultural area of the country amounts to 14 4 million
has or only 12 7/ of the total land area of the country Of
the remainder area 19 2 million has , or 16 8/ of the total,
are adequate Ffor e tensive and gemr-i1ntensive livestoct
production, while &7 1 millicn has or 58 7/ of the total,

are considered to be without agricultural possibilities

Colombian spals have been classified according to the
US soi1l classification system? The country precents a
wide variety of soils but, as shown on table 31, 1t as
doeminated by Inceptisols, Entisols, 0O 1snle and Ultisols As
a fact, 1t 13 e£t1mated that @21 &/ aof the socils 1n  the

t Cortez, L A et al 1982 Mapa de Suglos de Colonbya Miristerio

de Hacienda y Credito Publaco Institute Geografico Rgustin
Codazzi1 Bogota Colombia
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country belong to these so01l orders Of these four so11l
orders, Inceptiseols and Entisols are predominant 1n the
presently cultivated areas of the country The 0 1sols and
Ultisols are most common i1n the eastern plains region, an
area which 1s gaiming 1mportance through time, since 1t
offers the best and largest potential for commercial
agricul tural production & pansion The eastern plains area
1s relatively clo-e to amportant market areas, 1t has
climatic conditions which +favor agriculture and 18 formed

mostly by flat lands easily mechanmizable

The natural fertility of Colombian soils 18 very
variable from one region to ancther In general, the F
content of Colombian soils 15 considered to be low, and the
use of phosphate fertilizers 1n commercial production 18
recommended< Table T2 presents the summary results of about
160,000 s01l1 samples analyzed by ICA beotween 1965 ta 19/8=
With respect to the P statu of the soils, table 72 precents
the percentage distribution of so1l samples by natural
regirons and levels of P availability As can be see on this
table, of the 10 regions listed, i1n six  of them more than
S0/ of the so1l samples were considered to be low in P
The Atlantaic Coast and the Buajira regions wer e the only two
where more than S50/ of the samples were classified as having

high F availability

Table 33 presents the percentage distribution of so1l

samples, for amportanl food crops and by sliate, according to

—— i — o -

z Exceptions to this octur 1n the high fertility areas of the Cauca
Valley, the Cundinamarca Highlands, the Atlantic Coast and the
Iuli1a Valley

3 Marin, 6 , J MNavas, and J Henao i982 La Fertiladad de _los

Suelos Colombiancs y las MNecesidades de Fertilizantes Instituto
Colonbiano Agropecuarin Tibaitata, Colombia




specific crop requirements and the F availability status
This table also 1ncludes the estimated (preliminary) area
planted with these crops during 1986 As this table shows,
for many of these crops and i1n many departments the low F
soills are dominant {(more than Su/), and 1n some cases, the
low F so1ls accounted for more than 70/ of the samples It
appears that most of the soils were potato, cassava, beans
and malze are grown have a low F availability Therefore,
for sustained economical agricultural production of these

trops i1n these areas, the use of P fertilizers 1s needed

Table 34 presents the estimated RAE +or phosphate roc!
and Ffor FAFR +Ffor different crops and on homogeneous
agroecological regions of Colombia These Lable includes all
those areas with agricultural potential Ffor Ffood crops,
1ndustrial crops and pastures, dry land and i1rrigated The

homogeneous agroecolpgical zones were determined considering

the following Ffactors (1) Climate alvitude, temperature
and rainfall, (2) GBGeomorphology slope and relief, (3
Parental Material sedimentary, i1gneous and metamorphbic, and

(4) So1l degree of evolution, effective depth, drainage,
erosion and fertilaity The homogeneous T egLONS are
1dentified with letter codes, descriptions of which can be

found 1n the original publication®

The RAE For phosphate roct and for FAFR has been
estimated for crops currcntly grown i1n those regions, or
crops which are rvrecommended for those regions Due to the
nature of thi. study, aindustrial crops such as coffee,
tobacco, sugar cane for sugar production and cotton were not

considered

— e ot —— —— —

4 Cortez L , A 1985 lonificacaion Agroeceolongica de Colombra”
Minicsterio de Hacienda vy Credito Publico Instituto Beogratica
RAgustin Codazz: Bogota, Coloasbia
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As can be seen from the RAL e.timates presented on
table F4, a wide variation can be erspected from the
performance of phosphate rock and PAPR 1n different crops
and agroecological regions For erample in region Cg, Co and
Cr for pasiures, the RAE of phosphate rock 1s estimated to
be 95/, while 1n regions such as Fa with potatoes and Fh
with beans or maize, the estimated RAE for phosphate rock
does not ersceed 20/ (Obviously, 1n regions with a high RAE
for phosphate rock, 1t 1s advantageous for {farmers to use

1t; while 1n tegions with a low RAE 1t 15 not recommended

With respect to the performance of PAFR, 1t can be
noted that 1ts RAE 1s higher than for phosphate roct, and
that for some crops and 1n  some agroecological regions 1t
tan be equal to 100/ Even Lhough some experimental results
obtained by the project indicate that FAPR can have a higher
than 100/ RAE, for large areas, such as thopse on table J4,
1t 1 1mprobable that FAFR performs better tham TSF and or a
soluble F  source The RAE for FAFR 15 estimated to be
between B85 and 106/ n the selectoed homogeneous
agr oecological regions of Colombia This aindicated the
suirtability for use of PAFR throughout the couniry Figure 7
shows the appro«imate general areas of the country where
phosphate roclk 1s estimated to have o RAE of betieen B3 to
100/ for pastures, and between 85 to 20/ for rice Figuwe B
presents similar information for FAFR, with estimated FRAE s
of pastures 93 to 100/, rice 90 to 9%/, sorghum and maize
85 to YU/, potatoec B3I to 100/, and sugar cane for panela

production 90 to 95/

From this analysis 1t can be safely concluded that FAFPR
could be effectively used as « F source 1n ihe country 1n a
wide variety of crops and in the major agricultinr al regions

On the other hand, phosphatce rock could be uced as a F
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source only 1n selectcd areas and 1n a fow crops where 1ts
effectiveness has been proved Fhosphate roct from Huila can
also be used as a -01l1 amendment on vasl country areas with

acid, low fertility soils

As far as determining the potential use of domestaic
phosphate roct for supplying the F need. of the crops 1n the
country, and defining potential «s possible as opposed to
actual, 1t can be stated that through the use of ground
phosphate rocl {for direct application and of FAFR most of
the P needs of the country could be met However, since
these two products have in general a lower RAE and REE than
TSP, their praices should be lower than that of TSF on a F
basis, to entice farmers to use them Frices can be made to
be low enough so thal the REE from TSP, phosphate rocl and
FAFR become eqgual

Fotential 1s sometimes <l.0 defined or equated with
crop needs. and/or wilh fertilizer recommendations Table
IS5 presents an estimation of the F potential use by
several crops and 1n different areas of the counlry The
potential F use was estimated multiplying the recommended
amounts by crop, region and soxl P fertility status by the
areas with cach crop The areas with low and medium F
cantent were estimated wuti1lizing the percentages presented
1in table 32 Crops 1ncluded an  this tuble account +for

approdimately T35/ of the F use 1n the counlry (1985)

As table 35 shows, the cstimated total potential F  use
of these crop. amounts to 20,721 tons or 70,731 tons of Fz0g
using area dalta from 1986 It 1s estimaled that most of this
F needed could be provided by FAFR s nroduced with domestac
reserves Also, phosphate roct for direct application could

be used to provide the P nerds 1n the low F status so1ls  of
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Meta (for rice, maize and cassaval), Narinp {(for potatoes)
and in all low P status soi1ls cropped with sugar cane for
panela Not i1ncluding pastures and olher c¢rops where 1t 1s
estimated that phosphate roc! can be used (1 e o011 palm,
sorghum) , phosphate rock could be used to supply B,420 tons
of P or 19,281 tons of P=0s This 1s equavalent to about
87,600 tons of a phosphate rock with an average Fz0s content
of 22/

Additionally, as was shown 1n the previous section of
this report, phosphate rock can be used effectively as so1l
amendment 1n acid soils In this respect, agronomic response
and economic benefits obtained from the use of phosphate
roct and or phosphate roct m: ed with lime esceeded those
obtained with the wuse of lime alone There are several
million has 1in the country with acid soirls where phosphate

rocl can be effectively used as so1l amendment



X1 FPHOSFHATE SUPFLY ALTERNATIVES

There are many possible fertilizer phosphate supply
alternatives available to countries which posses domestic
phosphate reserves The choice among possible alternatives
depends ultimately on the production costs and on the
agronomic sultability of the fertilizer products manufac-—
tured to soals/crops of the region under analysis In this
section of the report, consideration 135 given to the supply
of the phosphate needs of the country, utilizing 1indigenous
materials to manufacture a standard soluble F fertilizer
(1 e TSP, DAF, NPK s), partially acidulated phosphate roct
(FAFR) and ground phosphate rock

As has been shown under the agronomic evaluation
section, PAFR can perform similarly to TSP or a soluble P
fertilizer under a wide variety of soi1l and cropping condi-
tions However, the production of FAFR can be accomplished
at a lower production cost tham the production of a soluble
P source, primarily due to the savings i1n the amount of

sulfuric acid needed?

Sround phosphate rocl refers to the simply mining and
grinding of the ore material In some cases, where possible,
the roct may be beneficiated Production of phosphate roch
for direct application is the most rudimentary way of supply
phosphates to crops It 1s easy, requires little technology

and can be economical at very low production rates

In selecting between the different phosphate supply

alternatives that a country may have, there are four factors

1 More details on this subject can be found i1nt Schultz, & J 19864
Sulfuric Acid Based Partially Acidulated Phosphate Rock Its
Production, Cost and Use IFBC Muscle Shoals, Alabama, USA
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which should be carefully considered These factors are

1 Market Size

2 Quantaity, Quality and Location of Fhosphate
Deposits

3 Avallability of Inputs Needed for Fertilizer
Production

4 Agronomic Response of Crops to Different Fhosphate
Sources

In addition to the above listed factors, consideration
has to be given to the effaect and :impact that fertilizer
government policies may have on different supply alterna-
tives In view of this, and considering the general objecti-
ves aof this report, government policy i1ssues related to the
fertilizer sector 1n general and to the development of the
1ndigenous phosphate reserves in particular, are analyzed 1n

detai1l 1n a subsequent section of this report

The selection as to which phosphate J{ertilizer or
fertilizers should a country produce, should be made on the
basis of the above mentyoned factors The following
paragraphs discuss each one of these factors and relate them

to the exasting situation 1n Colombia

(1) Marlet Size The phosphate marlet size 1s prabably the

first factor which should be considered when analyzing the
different supply alternatives a country may have Thais
1ncludes a careful analysis of the potential domestac
market, as well as the potential export mariet Economes of
scale play a very important role i1n determining the type of

fertilaizer plant which can be justified for development

A recent report by FAO s Comission on Fertilizers =

——— e e . e g e

2 FAQ Coamission pn Fertilizers 1985 Jnvestments and Productien
Costs for Ferti}lizers Fert 85/4 FAD Rome Italy




states that an analysis of newiy buwilt and of planned
phosphate fertilizer plants, 1indicates that most of these
plants will be located at a mine site and will have an
average Fz0e production capacity of 165,000 to 296,000
tons/yr Due to economes of scale and technical conside-
rations, plants of this size range can expect to have lower
production costs than smaller sized plants According to the
'IFDC Fertilizer Manual = small &SP can be economical to
serve small local market needs where suitable materials are
avairlable At the same time this manual i1ndicates that For
large scale production TSP plants are preferred to §8SF

plants

A section of this report entitled 'Frojected Supply-
/Demand Ralance for Phosphate Fertilizers' i1ndicated that by
the year 2000, the total Fz20s demand 1n the country was
estimated to be equal to 159,100 tons, af which 94,000 tons
could be produced with currently i1nstalled capacaity and with
the planned utilaization of Lhe grinding plant at Fesca town
FProjected Pz0s deficits were estimated to be equal to 18,800
tons 1n 1990, 43%,200 tons in 19953 and 65,100 tons in the
year 2000 Therefore, to meet the phosphates requirements of
the country until the year 2000, a fertilizer plant or
plants waith a total estimated production capacity of 60,000
to 70,000 tons of Pz0s/yr will be encugh This 1s equivalent
to the development of an 1i1ndustry capable of processing

300,000 to 400,000 tons of phaosphate rocl annually

There has been 1ncreasing i1nterest among government

cfficials and private companies to develop domestic
3 IFDC 1979  Fertilizer Manual An IFDC-UNIDO publication IFDC

Muscle Shoals, Alabama USA
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phosphate resources to meet the ever i1ncreasing phosphate
needs of the country In view of this 1interest, a feasi-
bility study, completed 1n 1984°, was done to study the
possibility of developing a fertilizer complex utilizing
phosphate roci 1n the vicinity of Pesca town This aincluded
phosphate roclk from the FPesca and l1za deposits Results of
feasibility the study i1ndicated that to produce phosphorac
acid hased fertilizers at a competitive price, a plant with
a capacarty of 100,000 tons of PzOn/year and an estimated
capital i1nvestment of an estimated U5 $190 million was
needed This plant size 1s considered to be the minimum size
for a plant of this natuwre, a smaller plant size would

increase production costs considerably

To justity a fertilizer plant this size, the feas1-
bilaty study assumed that MONOMERDOS and AROCOL will stop
fertilizer production, and that the short- and medium—term
phosphate needs of the country wi1ill be fully satisfied by
the new fertilizer comple: An 1mprobable happening, con-—
sidering that MONOMERDOS and ABOCOL are well established

fertilizer companies which expect to remain i1n the business

It 15 ocbvious that at present and projected domestic
P20s consumption levels, and considering the existing
phosphate supply of the country, an additional +ertilizer
comples to produce 100,000 tons of Fz20s/year, 15 not

Justirfied

The possibility of e:porting phosphate fertilizers from

the country, 1 of little importance, given the fact that

. lellars-Hilliams Inc 1984 Estudig de Complementarip de
Factibilidad para _un Proyecto_ _de Fertilizantes en Boyaca,
Colombia Frepared by 1lellars-Hilliams, Inc +for I1BRD, UNDP and
ECOMINAS Bogota, Colombia
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MONOMEROS and ABROCOL, which have port facilities, have high
production costs such that their products are not price
competitive at present world marlet prices Their production
cost are high partly because they depend almost exclusively
on imported raw materials for the manufacture of ferti-

lizers However, i1n the past, MONOMEROS bas made sporadic
and small evports of NPh s to Venezuela Should a large
fertilizer plant be developed in Colombia to satisfy domes-—
tic phosphate needs, and should 1international Ffertilaizer
prices recover from their present low, exports from Colombia
tould become a viable alternative for MONOMEROS and ABOCOL,
worth considering 11n & long—term basis or when present
marhket conditions change The erport potential for a newly
proposed complex using domestic phosphate rocl 1s minimal
considering the location of the deposits and their distance

to export ports

Therefore, considering the domestic marlet size, 1t can
be stated that by the year 2000 there will be a need 1n the
country for a phosphate plant with a production capacaity of
60,000 to 70,000 tons of FzUws/year A phosphoric acad based
plant designed for this capacity would be relatively small
and would have high production costs However, to supply
phosphates in the form of phosphate rock (which 1s already
done) and of PAFR seems to be the best alternative to the

country

(20 Quantaty, Quality and Location of Domestic  Reserves

After a careful analysis has been made of the phosphate
market, an assessment of the domestic phosphate resources 15
required It has to be tept 1n mind that the mere
avairlability of phosphate rocl and size of the phosphate
martet, does not ensure the development of the phosphate

industry Consideration has to be aqiven to the qualaty,



&2

guantity and accessibility of the phosphate roc!

Table 23 presented a summary of the phosphate reserves
of the country, as of 1986 This table will undergo changes
as more 1s known about these deposits, and as new ones are
discovered O0OFf the 19 deposits there listed, only 4 have
been studied and researched, to different degrees, so as to
have reliable information These 4 deposits are Fnown as
Fesca, Iza, Huila and Sardinata Therefore the discussion
presented here will be limited to these 4 deposits Tabhle T4
presents the chemical analysis of representative samples
from these 4 deposits This table shows that the Sardinata
rock has the highest average Fz0s content equal to 26/,
followed by Huila and Fesca with 22/, and finally Iza with
20/ 0Of these rocls, Sardinata i1s the only one that can be
economically beneficiated, to increase 1ts FPz0w content to
about 32/ With respect to COz content, an i1mportant factor
when consider 1ng chemical processing of the rock, the Huila
roct has the highest content, equal to B 2/, The Fesca and
Sardinata rock have considerably less CO=, equal toc 1 &/ and

8/ respectively, while samples from Iza i1ndicate a variable
C0Z content (1 5 to B 5/), depending on the depth of the

sample

In view of the volume, guality and location of the
deposits, Pe ca 15 the one which has been mostly studied and
researched It 1s considered that this deposit 1s the most
promising with regards to the development of a relatively
large fertili.er compler A feasibility study conducted 1n
19849 ipdicated that the production of T&F, DAF and NPK s
was technically feasible using this reock However, the size

of the estimated recoverable reserves, of only 6 & million

Pl i ke o v S e

B Ibid Zellars-Williams Inc 1984
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tons of phosphate rock with an average Pz0s content of 20/
to 22/, were not enough to Justify the i1nvestment needed

This deposit has the advantage of being located very close
to a large potential phosphate martet area Even though this
deposit 1s not large enough to support a large Ffertilizer
compler, 1t has enough phosphate rock of suitable quality to
support a small to medium scale development to produce
phosphate rock for direct application and/or FAFR As
mentioned earlier, production of this two products 1s a

viable alternative 1n smaller sil:zed plants

The Iza depnsit which 1s located adyacent to Pesca, has
besen considered for development together with the Fesca
deposit However, the feasibility study conducted® concluded
that the Iza roct could not be used i1n the same plant with
the Fesca rocl This was due to the differences in chemical
and metallurgical properties that e¢i1st between the two
rocls Thas deposit 15 being e«4plorted now 1n a small scale
for production of phosphate roct for direct appligation As
in the case of the Pesca deposit, 1t alsoc has the potential
to sustain a PAFR plant The proximity of the Iza and Fesca
deposits to a large phosphate consuming area (the potato
area of Cundinamarca and Bovaca) and the e 1stence of the
Fesca grinding plant give these +two deposits a clear

advantage for rapid development

The Huirla phosphate rock deposit has been uwused during
the pasi several years for production of phosphate roci for
direct application It 1s presently the most popular of the
rocks tused by the farmers i1n the country, and Lhe one that
has receitved most the agronomy researchers attention This
deposit has not been cons:idered for a major fertilizer plant

& Ibid 1Iellars-Williams, Inc
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due to the low volume of 1ts reserves, which at a level of
1 5 mllion tons of roct, with an average Fz0s content of
20/ are too ssmall Obviously this mine, offers a good
opportunity for contimpuing production of phosphate roct and
a good potential for production of FAFR For the production
of FAPR, this mine has the advantage of being located very
close to a sulfuric acid plant, and also clese to an
1mportant potential FAFR user agricultural area the raice

area of Huila and Tolima

The Sardinata phosphate roclt deposit has also been
erploited 1n the past for production of rocl For use by
MONOMEROS and ABOCOL, which use 1t 1n  the manufacture of
NFK s This production has been limited to a few thousand
tons per vyear, partly due to production constraints, and
partly due to the high cost and usually lach of
transportation from the mine to the fertilizer plants In
recent years some of this roc) has been wused for direct
application This reck has the advantage of its high Fz0s
cantent, but major disadvantages are 1ts distance to
potential mar lets and 1ts low reactivity The recoverable
reserves of this mine, estimated at 2 mllion tons, male
possible the development of a phosphate rocl and/or FAFR
plant there and the conlinued supply, 11 a small scale, of
raw materials to MONOMEROS and ARBOCOL The wvolume o+
reserves 1s not enough to support the development of a large
fertilizer tomplev ECOMINAS i1s interested in developing a
bicalciunm phosphate {(for animal feed) plant at this mine
With respect to the possible production of FAFR, the
sulfuric acid facilities of the country are located far from
the mine, therefore the cost of branging sulfuric acid to
this mine will be higher than {for other mines Due to Lihe
higher F.0w content ot the roct, a higher transportation

coct could be affordable Also, of all domestic deposits,



this one presents the lowest mining costs

Summarizing, considering the quantaty, guality and
location of the domestic reserves, 1t can be safely stated
that there 1s not enough roct at any one place, of suitable
gual:ity, so as to support the development of a large
fertilizer complex On the other hand, all four deposits
considered have enough phosphate rock, of suitable guality
and at accessible locations, so as to permit the development

of a phosphate roclt and/or FAFPR i1ndustries

(3 Availability of Inputs Needed for Fertilizer Fro-—

ducticn Due to the role that sulfur and sulfuric acid play
in the manufacture of fertilizers 1n general and phosphate
fertilizers i1n particular, 1t 1s 1mportant to analyze their
supply (avairlability) and demand (use) situltion ain  the

country

There are presently two sources of domestic sulfur
production 1n the country, one 1s from the Furace mine 1in
the Cauca department and the other one 1s sulfur derived as
a by-product of thoe o1l i1ndustry 1i1n Barrancabermeza, San-—
tander In addition to the Furace mne, there are small
sulfur deposits 1n the Narimo, Tolima and Cundinamarca
departments®! However, very little 1s ‘{tnown about these

deposits, none of which 15 being exploited presently

The Furace deposit 1s located S0 Im east of Popayan, 1n
the nei1ghborhood of Purace town, and has the largest esti-
mated reserves of the country equal to about 2,000,000 tons
During 1984-85, tolLal sulfur production from the Furace mine

L Paris @ , Gabriel 1979 1 e ab 10 Suelos
Ecuatoriales, Volume X, No 2, p 225-231
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was equal to 35,000 tons, equivalent to 100/ plant capacity
Furace 1s 1n the study and planning stages for the evpansion
of their plant Depernding on studies of the recoverable
reserves, Furace plans to double production capacity
ECOFETROL 1n EBarrancabermeja, the other source of sulfur 1in

the country, produces 15,000 tons/yr, from by product of the
o1l 1ndustry

The total sulfur needs of the country during 1986 are
estimated at 75,000 tons/yr, of which 50,000 tons/yr are
produced locally (Purace and ECOFETROL) and 25,000 tons/year
are 1mported, mostly by MONOMEROS Should Purace e<pands 1ts
plant to de planned level, imports of sulfur wi1ll not be

necessary

Table 37 presents & list of sulfuric acaid producers,
their location, rated capacity and total production during
19B4-1985 This table shows that only one plant, that of
Cuimica Basica (@B) i1n Caloto, Cauca, 1s operating at full
capacity This table also shows that the country has a total
sulfuric acid production capacity 182,400 tons/yr and a
demand for 121,200 tons, or only 67/ of the installed capa-

caty

Table 38 presents the 1984-1985 use of sulfuric acad by
region It can be seen that MONOMEROS 1n Barranguilla a1s
the largest user 1n the country +followed by ECOFETROL and
B MONOMEROS produces 100/ of what 1t needs for 1t
caprolactam production, while ECOFETROL produces 95/ of itos
needs 0B, FBF and FAS produce sulfuric acid for sale to
other i1ndustraies Hhe FOF, FAS and BGR plants male sulfuraic
acid using sulfur from the Purace minc MONOMERDS usces about
21,500 tons/yr of imported sulfur and about 8,000 tons/yr of

Furace materaial The ECOreThOL. plant uses exclusively
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by-product sulfur from the o1l i1ndustry

With respect to the possibility of available sulfurac
acid 1n pro imty of the phosphate rock mines, the FAS
factory, build 1n 1975, 15 about 40 km Ffrom the Huila

(Tesali1a) mine This plant was originally built with the
intention of using the sulfuric acid production to acidulate
Huila phosphate rock, to produce eirther FAFR or SSF There
18 presently the possibility of using the acid production
from FAS to acidulate Huila phosphate rock The BB plant, at
Caloto, Cauca, i1s Jlocated 1in the proximity of the Furace
mine and about 200 km from the Tesalia FR mine Thas
factory operates at full capacity and presently does not
have surplus sulfuric acid to use 1in the acidulation of
rocl However , BB 1s considering erspanding the plant 1n the
near futwe to produce 10,000 tons/yr more, some of which
could be used to acidulate roct The POF plant located ain
Bogota, and presently operating at about 350/ capacity, 18
the closest sulfuric acid source to the Pesca, Iza and
Sardinata mines Acid from this plant 1s a possibility for

acidulation of rock from any one of these mines

Therefore, the country apparently has enough sulfur
reserves, and with the planned plant expansion capacity 1t
should have enough finished material to become self suffi-
cient With respect to sulfuric acid, the country now has
excess production capacity, which 1f used will be enough to
securely supply acid to an eventual small- to medium-scale

development 1n the phosphate i1ndustry

{4) Agronpomic Response of Crops to Different Phosphate

Sources Frevious sections of this report have shown that
PAPR (or mixtures of TSF and phosphate rocl simulating FAFR)

can be used offectively as fertilizers on a wide variety of



6B

crops and agroclimatic regions of the country It has also
been shown that the use of phosphate roct as fertilizer 1s
limited to a +ew crops and agroclimatic regions, and that
Huila phosphate rock can be used as so1l amendment 1n large

areas

In view of these findings, 1t was stated that phosphate
rock and FAFR could provide most of the P needs of the
country The advantage of these two products over standard F
soluble sources 15 their lower investment cost and lower

production cost

Therefore, among the alternatives evailable to supply
the country F 1 eeds using domestic reserves, 1t 16 avident
that the production of phosphate roci for direct application
and of PAFR offer the best potential This conclusion 1S
reached after giving consideration to the four factors

analyzed 1n Lhis section of the report
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X PRICES AND FRODUCTION COSTS

This section of the report discusses fertilizer prices
in the country and presents a preliminary estimation of
production costs Ffor FAPR, 1ncluding cost estimates for
mixtures of PAFR and TSF which saimulate PAFR products,
1ncluding the transportation costs to main P using areas
Alsp included 1s an estimation of Ffertilaizer price
elasticities which have 1mplications for policy aspects
However, aspects related teo fertilizer policy are discussed

in the following section of the report

Fertilizer Fraices

Table 3% shows the average plant gate prices for major
fertilizer products 1n the country, for the 1977-1987
period The P contaiming products shown on this table
account for about 73/ of the P used To convert these prices
to prices paid by farmers, an 8B/ dealers marg:in plus the
transportation cost to the farm have to be added As can be
seen in this table, prices show yearly 1ncreases, with
decreases occurtring only occasionally These price
vari1ations reflect changes i1n i1nternational prices, and the
ever present devaluation of the peso and i1nflation Large
price increases can be observed during 1980 to 1981, and

during the 1983 to 1985 period

Table 40 presents an estimation of the nutrient plant
gate prices for N, F=z20s and k=0 for the 1977-1985 peraiod
These estimates are weighted averages of all fertilizer
products sold in the country As can be seen on this table,
and on figure &, these prices show a steady 1ncreasing
trend k=20 1s the nutrient with the lowest unmit price, while

N and Pz0s alternate the highest During 1985, last year for
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which there were data available for this estimation, Pz0e
had the highest price which was equal to $B4 &/1g During
the last two years, 1t :1s estimated that F=0s had again the
highest price, considering the decline in praices for Urea

and the modest increases KC1 prices

Prices and Transportation Costs

Fertilizer prices paid by farmers 1n different regions
pf the country vary widely due to differences i1n transpor-
tation costs Obvaously farmers close to fertilirzer facto-
ries are faced with lower prices Also, farmers buying from
Caja Agraria are faced with the same prices throughout the
country It 1s estimated that present transportation costs
represent from 15/ +to 25/ of the total cost of NFh s and
straights For phosphate roci, since 1t 1s a product wath a
lowser base price, transportation costs account Ffor 30/ to

35/ of the selling prace

Table 41 presents the estimated prices for the main P
fertilirer products 1n the country at the plant gate
(Barranquilla/Cartagena), :n Bogota (Cundinamarca/EBoyaci),
Fasto (Narifio) and Villavicencio (eastern plains) Bogota
and Fasto represent the two most 1mportant P using areas of
the country, while Villavicencio represents the area with
a large potential for increases i1n the use of phosphate rocl

for direct application and of FAFR

This table also presents the estimated praires for
fertilizer products and an estimation of the P=0s price from
each product The price of the P20=s was estimated
discouniing the value of N and K=0 , using the prices of
Urea and KCl, also shown on the table F prices for DAF and

TSF are the highest in the Villavicencio area, followed by
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Bogota and Pasto For NPK s P praices are the highest at
Fasto, followed by Bogota and Villavicencio The lower F
prices for i1mported materials 1n Pasto, 1s due to the fact
that these products can be, and sometimes are i1mported
through the Buenaventura port, decreasing transportation

costs

As table 41 shows, F=0s 15 presently more e«pensive
than N and that V20 Among the F sources considered, Huila
phosphate rock has the lowest price (#71 to $/6/kg) while
15-15-15 has the highest price (#1923 to $220/1g)

Table 42 presents the transportation cost from the main
(present and potential) F cupplying areas of the country to
the three major P using areas, and an estimation of the
potential transportation savings from the Tesalia {(Huila
phosphate roci) and the FPesca/lza plant sites to the
consumption centers As this table shows, considerable
savings 1n  transportation can be obtained by supplying P
fertilizers from Iza/Fesca and Sardinata to the
Cundinamarca/Boyaca area and to the eastern plains, and by
supplying from Tesalia to the Nariso and eastern Flains
areas, i1nstead of bringing imported materials or NF¥F s +rom
the Barranquilla/Cartagena plants Sardinata enjoys a small
advantage 1n relation to the Atlantic Coast but has higher
transportation costs, on a product basis, to marlet areas

than products from other mines

To supply the Bogota area, products that could be
manufactured at Iza/Fesca, enioy an advantage of about
$3400/ton over products from Tesalia, while Tesalia enjoys
an advantage of about #1800/ton 1n the supply of products to
the Narino area With respect to the eastern plains area,

Iza/Pesca enjoys an advantage of $#1400/ton over Tesalia
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Moreover, should the new road to the eastern plains be
developed 11n the near future, as now promsed, this

advantage will increase

PAFR Flant Size and Froduction Costs

An attempt 15 made here to estimate the possible
production cost of a PAFR product manufactured with ore
material from either one of four mines considered, and
located at ei1ther one of three possible saites Tesalia,
Fesca and Sardinata Table 43 presents the results of these
estimations The quantities of phosphate rocl and of HzS0a
necessary to malke one ton of FAPR are IFDC estimates For
each product made, approvimately S50/ of 1ts F=»0s 18 1n water
soluble form The phosphate rock mining and the H=850s costs
were eslimated with information provided by producers The
conversion cost was assumed to be equal at all plant sites,
and equal to B0/ of that variable and fi«ed conversion cost
estimated by IFDC?* This was done considering domestic costs
for uti1lities, construction and operation of a granulation

plant of the same size (20,000 tons/yr of Fz0w)

A FPAFR granulaticn plant with a capacity of 20,000 tons
of F=z0s/year was selected considering the short- to
medium—term potential use of this product As table 21
showed, 1t 18 estimated that during 1990 the country will
need to import 91,200 tons of F20s, while 1t wi1ll have a
domestic production capacity of 21,600 tons 0Of the 21,600
tons to be produced, table 14 i1ndicated that 4,600 tons will
be used for direct application, the remainder or 17,000 tons
will have to be acidulated and granulated to meet marlet
acceptance 0f the 91,200 tons to be imported, 72,400 tons

' ibad Schultz, J J 1986 Table 18, p 20
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are e4spected to be used by MONODMEROS and ABDCOL for the
manufacture of granular NPk s, while the rest will be TSP

and DAF for direct application

It 1s belaieved that PAPR products con replace aimports
of DAFP at least partially As was shown 1n the agronomic

evaluation section, FAFR products can be as good as DAF and
TSF on some soills and for some crops In soi1ls and crops
where the soluble fertilizers are better agronomically, the
right price incentives will encourage farmers to shift

Therefore, a plant to produce 20,000 tons of Fz0s/year 1s
estimated to be enough 1n the short— to medium—term In the
longer term, as the FPAFR market develops and as farmers get
to Fnow this PAFPR, another plant of about the same size

could be developed

Table 43 presents the estimated production costs for
FPAFR at four mine si1tes This table shows that the lowest
product cost estimated 15 for acidulation of Pesca phosphate
rock at Pesca ($17,256/ion), while the highest 1s for Huila
roct at Tesalia ($18,070) MWith respect to the F=0s content
of the resulling PAFR product, Sardinata rock yields the
highest content (21/), while Iza and Huirla have the lowest
(16 3/ and 16 7/ respectively As table 44 shows, the lowest
FP=0s production cost 15 obtained with the Sardinata roci
(¥86/Vg), +ollowed by Fesca (¥96/¢g), Huila (¥FluB/kg? and
finally Iza (§110/1g)

Table 44 also shows the estimated product cost and FalOs
cost at the plant gate, and the estimated selling praices at
Villavicencio, Fasto and Bogota, which represent the most
important potential PAFR martet areas These selling prices
were estimated adding 8/ dealers profit and the transporta-

tion cost to ithe estimated production cost 0On a Fz0s basas,
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the Pesca FAFPR has the lowest price 1n the Bogota and
Villavicencio areas (#1246 and #1009/l g, respectavely), while
the Sardinata PAFR e:hibits the lowest price 1n Fasto
($145/l g}y It should be considered that 1f a joint company
between the roct and the acid producers 1s formed, the acad
should be priced lower, since all profits will be made with
the final product only Theretore, the production costs

should be somewhat lower than here presented

From the above findings a1t can be stated that all four
mines considered have somewhat similar production costs
However, plants located at Tesalia and/or Fesca (using Iza
and Fesca roc!) bhave advantage over Sardinata, since they
have better grinding, drying and bagging facilaities already
in operation Sardinata would require a higher capital
investment Further more, there 1s a lact of transportation
at the mine site, so probably, a premium price should be
paad to obtain transportat:ion as needed and not as

available

As mentioned at the beoinning of this distussion on
production costs, estimates presented here are preliminary
and a feasibility study 15 necessary to determine the best
site or si1tes for PAFR( s) plant(s) An engineering study
should aleo consider locating the PAFR plant(s}) adjyacent to
the H:50, plants, to minimize the problems of transporting
acid For this evaluation the H=:50,. plants located i1n Neava,
Huila (the FAS plant), Caloto, Cauca (the Guimica Basica
plant) and Begota (the POP plant) should be considered

Market Competitiveness of FAFR Products

Table 435 presents the estimated prices of Fz0s from

different sources at Villavicentio, Fasto and Bogota As
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this table shows the estimated prices for FPoule from FAOFR
products are higher than the price from DAF, but lower than
the price from NFF s The only ervception to this is the
price of PAFR from Pesca at Bogota ($109/kg) whach as
slightly lower than the price of DAF ($112/1g) Fz20s prices
from the lowest priced PAPR s are 10/ to 320/ higher than
DAP 5 1n the VWwllavaicencio area, 72/ to 53/ higher in  the
Fasto area, and from 3/ lower to 28/ higher in the Bogota
area From this table 1t can be estimated that Fz0s prices
from NPF s 1n the Villavicencio area are 21/ to 27/ higher
than the price of Fesca FAFR, 12/ to 52/ higher than the
price of Sardinata PAFR 1n the Fasto Area and 38/ to 77/
higher than the price of Pesca FAFR 1n the Bogota area

Finding bhere presented i1ndicate that PAFR products can
be a competitive source of F 1n the market place Since DAF
15 lower priced and of higher concentration, 1t will be a
preferred fertilazer by farmers Howgver , potato farmers,
the most important F using group 1n the country, have had
bad evperience with the use of DAF on their crop (burning of
seedlings), hence they do not use 1t 1n favor of NFh s
Their aversion to the wse ©of DAF has precluded the
development of a bull blending 1ndustry 1n the potato

regions of the country

It 25 well tnown that present ainternational fertilizer

prices, including all P sowces, are at their lowest level
in many years These prices are e pected to remain so for a
short term, after that they will start i1ncreasing again As

prices recuperate, DAF (and T5F) will loose some of 1ts
price advantage, and the FAFR products manufactured with
domestic rocit will become more competitive Should
international phosphate prices (DAF and T8F) 1ncrease by
about 20/, or reach their 1980-8B1 1level, their estimated
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F20s prices will be about equal to the PAFR price estimates
presented here Therefore, 1t appears than 1n the medium- to
long~term, FAFR w11l be able to effectively compete with
imported DAF and TSP Also, since NPt s are manufactured
with mostly imported materials, FAFR s advantage in relation

to them shouwld also increase

Estimated Costs of Fhosphate Rocl and TEP/DAF Mi/tures

Table 446 presents the estimated cost to farmers of
malking a TSF or DAF plus Huila phosphate rock misture Such
miLture has been agronomically tested by the project and 21t
has been noted to perform comparable to a FAFR product The
mir¥ture contains the same percentage (50/) of P=20=s water
soluble a« the PAFR products tested by the project QObvious—
1y, this table shows that the mxtures of Huila phosphate
rock and TSF or DAF have lower costs at the three selected
locations than TSF or DAF, and higher costs than the Hula
roct alone Then, 1t can be stated that 1n places where thas
mixture 1s as effective as TSF or DAF, 1ts use will save

money to farmers

The miyture tested 1s a physical blend of products with
similar grandlometry (both powder), made right before
application to the soil Therefore, farmers with access to
cheap labor or with surplus labor at planting time may

benefit from this practice

The 1dea of maling a commercial ptoduct of this mixture
does not seem to be attractive, since the TSP and/or DAF (or
MAF) should be finely ground before miving with the roct,
thus adding to the cost of the product Costs will 1ncrsase
even more 1f this mi1 ture 1s granulated Compaction 1s not

recommended for products which contain phosphate roct and/or
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TSP2 However, a detailed engineering feasibility study for
production of these mirtures should be condutcted to evaluate
alternative products which could be produced at different

mine sites

Fertalizer Demand Elasticaties

Fertilizer demand elasticities provide impartant
guidelines related to the effect on fertilizer use, and
hence on crop production, that government actions may have
Table 47 presents the estimated fertilizer demand
elasticities for nutrient prices, crop area and farm i1ncome
Nutrient prices are the weighted average prices of N, F=z04
and k=0, crop area 15 the area planted with crops and farm
income 1s an estimate of the money earned by farmers per
hectare during a given year Estimates were obtained through
the use of multiple regression analysis Consistency of

estimates was chected with the ridge regression procedure

As this table shows the nutrient price elasticities are
the smallest calculated, and among them, the elasticity For
P20s 15 the smallest, and equal to - 192 This figure means
that a 1/ increase {(decrease) in the weighted average price
of P20 will cause a decrease (i1ncrease) of 19/ 1n the

fuantity of Fz0a used

From the estimated elasticities for N, Fz0s and Kz=0, 1t
can be i1nferred that colombian farmers 1nh general malke their
fertilization decisions more 1n function of the crop area to
be planted and on the e»pected 1ncome, than on fertilaicer
prices per se From this, 1t can be ec«pected that government
actions (pplicies) directed to 1nfluence crop praices and

P —

= Lupin,  § and N D Le 19B3 Alternatave Approach_for Branular
Fertilizer COMPACTION® IFDC T-25 MHuscle Shoals, Alabama
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crop areas will have more 1mpact on fertilizer demand than

fertilizer price actions

Since not enough data erists to estimate demand
elasticities Ffor phosphate roclk and/ar FAFR products,
estimates for Fz=Ds can be talen as a proxy for estimation of
effect of government policies on the use of phosphate rock
and FAFR products



79

XI FERTILIZER FOLICY

Given the strategic and important role that fertilicers
play 1n the development of the agricultural sector of a
country, governments usually elect to 1i1ntervene in the
performance of the fertilizer sector through legislation
Fertilizer legislation takes the form of policies and/or
regulations, whose ultimate objlective 1s to attempt +to
achieve pre-established c<crop production levels through a
reliable fertilaizcer supply at adequate prices There are
many ways in which governments can affect the development
and functioning of the Fertilizer sector Considering that
fertrlaizers are an input in the crop production process,
government policies can be established to affect the ferti-
li.er sector directly, through fertilizer policy as such, or
indirectly through agricultural development policies This

15 1llustrated on Figure 9

Fertilizer policies can be defined as those government
actions whose 1mplementation has a direct impact on the
fertilizer sector To this group belong policies related to
fertilizer production, fertilizer prices, fertilizer imports
and e«ports, fertilizer marteting, fertilizer regulat:ions,
fertilizer research and e«<tension, fertirlazer credit, and
fertilizer raw materials and domestic reserves Fertilizer
price policy i1ncludes taxes and subsidies, while fertilaizer
marteting policy 1i1ncludes all government actions which
somehow affect any of the fertilizer marketing components
1 e transportation, trading, storage, recommendations to

farmers etc

Agracul tural development policies which andarectly
affect the fertilizer sector are all those governments

actions which have an impact on the fertilizer sector
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through policies directed at the agricultural sector To

this group belong policies related +to crop prices,
production 1nput prices {other than fertilizers),
agricul tural devel opment projects (1.e irragation,

drainage, conservation, reclamation), agricultural credit,
land tenure and agrarian reform, agricultural imports and

exports, foreign evchange restrictions

In Colombia, which 1s basically an agricultural
country, the government has played an 1mportant role in the
development of the agricultural and Ffertilizer sectors
Through government policy, wvirtually all aspecis which
aftfect the development of these two sectors have been
influenced Given the nature of this report, a description
an analysis of those policies which have and have had the
greatest i1mpact on the development and performance of the
fertilizer sector 15 made Special emphasis 1s given to
fertilizer policies which are 1n effect or that could bhe
talen to promote the development and use of the reserves of

phosphate rocl

During recent times, the Ceoclombian government has
concentrated most of 1ts fertilizer policy efforts in  the
following areas fertilazer prices, and fertilizers and raw
materials 1mports Alseo, 1n the strict sense of the word,
there are fertilizer subsaidies i1n the country but they are
not an officially eslablished gqovernment policy There are
several government institutions responsible {or the design
and implementation of fertilizer policies A list of these
institutions and their specific area of 1nfluence 15

presented on table 48

Frire Molacy

Fertili~ver price policy 1s probably the most widely
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wsed and usually effective 1rstrument with which governments
can 1nfluence the fertilaicet sectot It consi1sts 1m the
ecstablichment of ma 1mun or cei1ling prices for fertilicer s

The objective of a fertilazer price policy 1s usually the
establishment of a fair price to farmers and manufacturers

and/ot 1mpor ters

Given the nature of the fertilizer aindustry and the
fertilizer martet si1ze 1n most developing countries, the
fertilizer sector 1s usually characterized by a monopoly
(one supplier) or an oligopoly {(few suppliers) Economic
theory 1ndicates that uwundet mcnopoly and/or oligopoly
conditions, free market forces tend to establish a praice
higher than under «a purely competitive regime This causes a
relative reduction 1n guantity demanded (because of the
higher pracel) and an e cess of profiats to manufacturer s
Ther etore, through an effective prtice poiicy, governments
Can reduce effectively praices to farmers, thereby 1ncreasing
demand for ferti1li &rs and agricultural production and/or
productivity, and quarantee fertilizer menufacturers with

enough 1ncentive to remain 1n the business

In Cosombia, where the Ffertilaizer sector 1 ocomirated
by two companies 1 e MONOMEROS and ABOCOL, the government
has had a well defined fertilaicer price policy +or many
years As shown 1n table 48, the Minmistry of Agriculture
{MAG)Y 15 present]ly in charge of fertilicer prace policy The
praices of straight and NFt pt oducts pr oduced domes.ically or
imported did not have anv praice controls unti1l 1946/ Duraing
that year due Lo the i1fpori-nce that ferti1li1zers were having
in the development of the agricultural cector, accompanied
by a temporary chor tage of foreign =2 change, the government
decrded to tegin contrclling +e ti1lr-er frices Init atltly
this artivity wes - uaricd oot by thre Siperinte denci1a de

Frecice , which d d so until 1977
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Starting 1n 19/&4, the fertilaizer price control function
was transferred to the MAG, which i1mplemented 1t until 1979
During 1979, the mechanism of fertilizer price tontrol was
changed to a system lnown as Libertad Vigilada , or a
system where fertilizer prices are free to vary, but are
closely overseen This system is presently sn effect and it
consists 1n  the setting of ma 1mun plant gate prices to
wholesalers of domestically produced NFFs and Basic S8lag To
these marimun plant gate prices, the costs of transportation
and a marieting mart-up (usually B to 12Z/) are added to
obtain the final fertilizer price that farmers pay There 1s
not a government established marsimun price to farmeres Also,
there are not maximun prices set for imported fertilizers
or for domestically produced straight fertilizers (ercept
for BS) Fertilizer price regulations are enforced by the

*Superintendencia de Industria y Comercio

To determine masimun prices at which domestic
manufacturers (MONOMECROS, ABOCOL and Faz del RIO) cin sell
to wholesalers, the manufacturers request to the MAG the
approval of certain price They submit a formal request with
documents (1 e ai1mport bills, costs of raw materials, etc )
and technaical studies (1 e production costs) to
substantiate the case Manufacturers are regquired to do thas
for i1ndividual NFL products The MAG reviews these documents
and at the same time conducts 1ts own study, giving Lpecial
atention to the costs of raw materials needed {for the
manufacture of each product Within 90 days following the
request and submition of documents to the MAG by a producer,
the Ministry has to male a desicion and either establish a
new fertilizer price should the request be deemed jJustified,
or leave the old price unchanged As a general rule, the MAG
usually allows manufacturers of NFiks a profit of B/ above

all production coste
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Considering price fluctuations i1in i1nternational marlkets
for raw materials and the domestic devaluation rate, the MAG
and the manufacturers have agreed to revase pr:ces
quarterly Once the price of a given NFK product has been
modified, the prices of other NFK s with similar nutrient
content and ratios are also changed, so that at the end all
of them have comparable prices This 15 done even 1n cases
where the same (or similar) product comes from a different

manufacturer

Fresently, the government does not have an established
price policy for i1mported fertilizers or for domestically
produced straight materials, except for ES Fertiliczer
producte excluded from MAG praice regulations i1ncludes FR
from Huula and Iza, urea and calcium—ammonium nitrate from
FERTICOL, and ammonium sulfate from MONOMCROS The phasphate
rocls, calcium—ammonium nmitrate and urea prices are not
controlled because of their relative low production wvolume
and because of the competition they Fface from other
products, specially imports The MAG 1s 1n the process of
trying to start regulating the price of ammonium sulfate,
which has been produced 1n large scale (50,000 tons/yr) by
MONOMERDS duwring the past 3-4 years

Imports and E ports Policy

Fertilizer import policies are established with the
purpose of guaranteeing a reliable supply of fertilaizers to
farmers and/or +to protect domestic manufactwers {$rom
foreign competitors To guarantee a reliahle fertilizer
supply, governmen{; in a number of developing countries set
up Ffertilizer import companiles To protect domestic
manufacturers +from foreign competitors, governments can

impose taxes, tariffs or quotas on imported materials The
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amount of taxes, tari1ffs or quotas depends on the degree of
protection that the government deemed necessary Having a
fertilizer import control, domestic manufacturers can be
protected against dumping practices which occur from time

to time 1n the international fertilizer business

The Colombian government has iptervened i1in the 1mparts
of ferti1lizers throughout the years moslly imposing tares
and by controlling the amounts of 1mports Table 48 shows
the different government 1nstitutions 1pvolved an the
establishment of import policies for Jertilazer raw
materials and finished products Teble 49 gchow the taxes
presently 1n effect (since mid-1986) charged for imports of
different fertilizer materials For fertilizer raw materials
which i1nclude phosphate roci, sulfur, phosphoric acid and
ammponia, there is pregsently a 2/ ta4? and the i1mporter 1s
required to obtain & license or aimport permit from the
Minmistry of Agriculture (MAG) For straight N, Fz0s, and F=0
fertilizer products there 18 also a 2/ tar, except for Urea,
for which the tar 15 1/ As seen on table 48, licenses from
MAG are required for 1mports of ammonium nitrate, ammonium
sulfate, calcium nmitrate, basic slag, di—calcium phosphate,
and potasium—-magnesium sulphate Before licenses for i1mports
of these materials 15 given, the MAG ensures that domest:ic
production of these productes 18 1nsufficient to meet
expected demand For all other straigth materials the MAG

license 1s not required

The tay for aimports of NFi products 1s 10/, and a MAB
license 15 required The higher tax 1mposed on NFF s 15 1n
fact a protect:onofnr domestic NFK manufacturers (MONOMEROS
and ARBOCOL) As 1n the case with the straigth materials,

! Taxes are charged on the basis of CIF values
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licenses are not 1ssued 1f there 1s enough product available

from domestic producers

As 1t 15 the case wirth many government policies, the
fertilizer import ta« policy 1s revised frequently This 1s
done attempting to male the ta policy reflect changing
internal conditions, specially those related to foreign
enthange availability and to the supply capacity of local

maunfaclurers

In addition to the taxes charged on fertilizer raw
materi1als and finished products above mentioned, there 15 a
S5/ tax called [RO-EXFO and a 2/ tar called FEEDECAFE,
assessed to all 1mports into the country This ta MONEY
goes 1nto a speciral fund created to promote e porls Also
1 2/ Consular fees charge (on the basis of the FOR price) 1s
assesesed on  all a1mports When 1mports originate 1n a
country member of the ANDEAN pact, the Pro-e po ta 18
reduced to 2/ 1In practice Lthas only applies to urea From
Venezuelan plants and sold e clusively to MONOMEROS The
Ministerio de Hacienda charges a US $10/mt port taraff +lat

rate one all fertilizer products and raw materials imported

Summarizing, aimports of straight +Jertilaizers are
sublject to a O 1/ tav, 1mports of raw materials to 2/ ta ,
and 1mports of NFt products to a 10/ tax Additionally, all
imports are subject to a 7/ PRO-EXFO and FEDECAFE tas Thas
vields and effective tar rate of 2/ for raw materials, 7 1/
for straight products and a 17/ for NFI products, of the CIF
value Additionally, a 1 2/ consular fees ta<« on the FOB

value and US$¥10/ton port tarif+ are charged on all i1mports

Once fertili.er aimports arrive, they can enter the

country through the docls of Empresa Colombiana de Fuertos
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(COLFUERTOS), located 1n Barranqualla, Cartagena, Ganta
Marta and Buenaventura, or through MONOMERDS and ABOCOL
private docts Occasionally Urea has been 1mported from
Vene-uela, via Cucuta 1n tructs The cost of i1mports made
through the COi FUERTOS docles are estimated to be from £6 to
£146/mt hagher than i1mports made through the private MONOME-
ROS and ARCCOL docls This 15 due to the higher COLFPUERTOS

operational costs

Fertilicer manutacturers i1n Celombia have, during the
past few years, made sporadic e ports of NFt products,
mainly to neighboring Veneruelx The government policy 1s
to promote e.ports of all products produced i1n the country,
including fertilizers, after domestic demand has been
satisfied E/sports of fertilizers and their volume are
controlled through ICA e ports licensina Ersports of ferta-
lizer 5 have nol prospered due to the high production costs

of domestic producers

To promote fertili.er erports, the government has two
er port 1ncentive programs which manufacturers can use Dne
consists of & program 1n  which the government i1ssues docu-
ments lnown as Certificados de Abono Tributario , which are
bonds equal to 5/ of the CIF e potrt value These bonds can
be used for payment of i1ncome ta es The other program 1s a
system whereby the Fondo Froe po finances e ports at a low
rate of interesl, presently equal to 1&/ per annum for a
period of 180 days, and repayable in pesos This +Fainancing
e 1sts even though e parters are paid at the t me of ship-
ment by their customers This program results in the form
of a loan at some 14/ per annum below the current commercial

interest rate of U/ per annum
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fertilizer Subsaidies

Fertilizer subsidies, as an integral part of a nation s
agricul tur al development policy, refer to the +inancial
assistance given to farmers 1n buying fertilizers, or to
individuals and arganizations i1mporting, manutacturing
selling and/or distrabuting fertilizers The general
objective of a fertilizer subsidy 1s to provide farmers with
relat:vely cheaper fertilizer and thereby encourage use of
fertilizer neede to achieve a greater agricul tural

production and/or productivity

The government does not have a defined policy aon
fertili-er subsidies However certain actions carried out by
the government (and others) can be i1nterpreted a5 subsidies
The most 1mportant such government action 1s the loss
incuwred by Caja Agraria, year after year, due to 1its
fertilizer marleting In {fact, latest data avallable
indicates that during 1987, Cajla Agraria lost ¥229 S
million, on the sale of 246,300 tons of fertilizer This 1s
eguivalent to an average subsidy of #1040/ton= Oof all
fertilizer distributors ain the country, Caja fAgraria
traditionally has been the largest, and accounts for
approvimately 25/ to 0/ of all sales Caja Agraria losses
in the Afertilizer business are due mostly to the large
inventory carry oOver e penses, to the operation of stores in
remote areas where 1t i1s not profitable to do so, and to 1i1ts
overall i1nefficirent operation Cajla Agraria sells its
fertilizers to farmers at prices which are competitive with

those from others

o o e B —

2 Mimisterio de Agricultura 1986 Politacas _de Jnsumas Bogota,

Colombia {mimeo)
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The Federacion Nacional de Cultivadores de Cafe
(FEDECAFE) , a cooperative type organization, sells
fertilizer to i1ts members at discount (subsidized) prices
FEDECAFE subsidizes fertilizer to i1ts members, but 1t limits
the amount 1t sells to each farmer accoprding to farm size
During the 1979 to 1984 period, and considering the low
international market coffee prices and large coffee stocl 1n
the country, FEDECAFE reduced the amount of fertilizer sold
to each farmer and actively campaign to discourage its use,
with the aim of reducing production However, starting 1in
m1d—-1985, and considering the high i1ntermnational coffee
praices this trend was reversed lLatest available data
1ndicates that during 1983 FEDECAFE sold to 1ts members
about 150,000 tons of fertilizer, with discounts equivalent

to subsidy of $500 millions or about #7,300/ton™

Marketing Folicy

The fertilizer marteting sector 1n Colombia, which
comprises all those actions talen to deliver fertalaizers
from the plant gate to the farmer fields, 1s influenced by
government actions In the Colombian fertilizer marleting
secrtor participate government entaities (Caja Agrarial,
private companies (ABOCOL and others), mixed companies
(MONOMEROS) , and farmers cooperatives (FEDECAFE, FEDEARROZ
and others) These 1nslitutions compete with each other an

the mar!et place

The government, through the Institito Colombianc de
Normas Tecnicas (INCONTEC) and the Instituto Colombiano
Agropecuario (ICA), has issued a set of regulations for
fertilizers, so1l ammendments and 1noculants of which the

latest revision 15 the Resolucion 3601 of December 26, 1984

3 Ibid Ministerio de Agricultura 1986 Polaticas de lnsumos®
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The main objective of these regulations 1% to bring order to
the mariet place This 18 achieved by requiring trading
licenses, product licenses, labels, bags, quality control
etc The main objective of the regulations 1s to protect
fertilizer users ICA 1s 1n charge of monitoring and
enforcing regulations and has been given the authority to
revoke licenses and 1mpose penalties and fines to

infractors

Contrary to what 1s common N many developing
countries, where governments participate actively in
fertilizer marteting, the government i1n Colombia does not
have an established fertilizer martveting peolicy as such
Howevet through the operation of Caja Agraraia, the
government 1n a subtle way, 1nfluences the fertilizer
mar heting sector Cajra Agraria 1s a government 11nstitute,
which main function 1s to provide credit to small and medium
farmers It also has about 400 agricultural inputs stores
throughout the nation, where fertilazers are sold It 1s
the largest fertilizer distributor of the country, and has
stores even in very remote areas where 1t 15 not profitable
to do so By sellang fertilizers through Caja Agraraia the
government 15 effectively affecting the fertilizer marketing
sector 1n mainly three ways 11} 1t 1s maling fertilizer
avallable to farmers (mostly small) i1n very remote areas, at
a loss, therefore giving an effective subsidy, 2} by being
the largest fertilizer distributor and having an adequate
supply in all agraicultural reqions of the country,
competitors always consider Caja Agraria prices when setting
their own 3 It has enough financial rescurces to make
rts own fertilizer 11mports, a fact that 1s carefully
considered by domestic suppliers (MONOMEROS and ABOCOL) when

selling to Caja Agraria
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Other than the i1nfluence that Caja Agraria has i1n the
fertilizer sector and the ICA regulations, other aspects of
the fertilizer marleling sector are not the subject of
government policies That 1s the case for storage,
transportation, advertisement and technical assi1stance,
which are largely i1n private sector hands and free of

government i1nterventiaon

Froduction Folaicy

The nature of the fertilizer i1ndustry calls for large
industrial compleves, which require high i1nvestments usually
in foreigh currency In most developing countries few
private companies are willing to male large i1nvestments 1in
the fertalizer 1ndustry, a strategic economic sector usually
carefully and thoroughly regul ated by governments
Investments 1n the fertilizer business are considered to be
very risly, to a large e tent due to government

intervention

The government s fertilizer production polaicy is
concentrated in two areas (1) ownership, and (2
explotation of native resocurces As far as factory
ownership, the GOC 15 part owner of MONOMEROS (47/), the

other owners being the Venezuelan (47/) and the Dutch (&/)
governments MONOMERDS was establish by IFI in the early
1970 s The IFI function 1s to male 1nitial 1nvestments to
develop i1ndustrial companies, which after being properly
formed and profitable are to be sold to the public In the
MONOMEROS case IFI has retailned the company ownership

FERTICOL, a small company which produces Urea and CAN
1s wholly owned by Caja Agraria, a government 1nstitute

Caja Agraria mar lets through 1ts 400 stores the entirety of
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FERTICOL production ABOCOL, the other major fertilizer

producer of the country 1s privately owned

The phosphate rock producers i1n Colombia, FOSFACOL,
FOSFOMORTE and Abonos de Royaca, are all privately owned It

has been the governmet s policy to let private companies
develop the phosphate rock deposits of the country

As far as the government s policy for the exploitation
of phosphate roct, ECOMINAS which 15 a non-profit government
institution, has the jurusdiction over all mineral resouces
of the country ECDMINAS has the authority to lease out or
grant permits +or the erploatation of phosphate roct
deposits, or 1t can elect +to form jJoant companies with
private i1ndividuals Fresently ECOMINAS does not charge fees
or royalties to the three phosphate rocl companies 1in
operation FOSFACOL 1s 1n private hands, while FOSFONGRTE
15 partly owned by the Norte de Santander department, and
FOSFOBOYACA 1s partly owned by ECOMINAS

Research and E: tension Folicy

Fertilizer research and extension activities have
traditionally been carried out and financed by the
government Fertilizer research, 1ncluding phosphate
fertilizer research, has been the responsability of ICA s
'Programa Nacional de Suelos which carries out actaivities
related to fertilizer use, fert:ilizer recommendations to
tarmers, soil fertility, so0i1l chemistry, s011 physics and
so1l microbiology ICA has 22 research centers and
experimental stations located in all representat:ve

agroecological regions of the country

As table 50 shows, 1n addition to ICA there are many

national and two ainternational institutions whaich also
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engage 1n fertilizer and so1l fertility research The
majyority of the national institutes are commodity specific,
with only ICA, CVC and the State Agricultural Secretariats
having responsabilities with more than one crop The
international centers have regional domain (more than one
country) CIAT 13 a commodity oriented center and has i1n the
past work¥ed on fertilizers with rice, pastures, beans and
cassava IFDC has worled 1n Coloabia with a wide variety of
crops located 1in different agroecological regions, mainly
with phosphate fertilizers This report 1s prepared as part
of the IFDC activities 1in Colombia Additionally, a number
of state universities conduct research, on a limited and
sporadic basis, related to the agroncmic properiies and to

the engineering processing of domestic phosphate rocls

With the exception of the international i1nstitutions
listed on table 50, all national institutes perform
technical assistance activities ICA, through 1ts Division
de Desarrollo HRural', operates offices 1n all aimportant
agricultural areas of the country where technical assistance
1s provided to all linds of farmers The commoudity oriented
institutions provide technical assistance to 1ts members
CVC 18 a regional orgamization which provides technical
ass1stance to farmers i1in the Cauca valley and watershed
area In addition to the institutions listed on this table,
the fertilizer manufacturers (MONOMEROS, ABOCOL an FOSFACOL)
provide technical assistance service to farmers throughout

the country

ICA and CVC are financed by the government, while the
other national institutes are financed by 1ts members CIAT

and IFDC are financed by international donor agencies

With respect to phosphate rock and PAFR research, ICA,

IFDC and CIAT are the only institutions which are conducting
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research on a planned and systemataic basis The “"IFDC/CIAT
Phosphorus Froject 1s i1n charge of these activities, and 1t
interacts very closely with ICA for conduction and execution
of actaivities The CVC and the commodaity specific research
organizations are not presently conducting reserach 1n this

area



XI1 FPOTENTIAL ECONOMIC IMPACT OF THE USE OF DOMESTIC
FPHOSPHATE RESERVES

As has been shown 1n this report, domestic phosphate
reserves can be effectively used as fertilizers in the
country Domestic reserves can be simply ground for direct
application or acidulated to make a FPAFR product Thas
section of the report discusses the potential economic
benefits that the use of domestic phosphate reserves may

have on the fertilizer sector and the national economy

The development of the phosphate reserves will have
repercussions at the national and at the farm level At the
national level 1t will save foreing exchange by replacing
imports, 1t wi1ll generate employment at the mines and plant
sites and 1t will 1ncrease fertilaizer self-reliance At the
farm level 1t wi1ll i1mprove phosphate fertilizer availability
and 1t will reduce prices, or praice increases i1in fertili-
zers Each one of this 1tems 1s discussed 1n the +ollowing

paragraphs

Foreign Exchange Savinags

Acs table 20 showed, during 1985 a total of 86,300 tons
of P20 were used i1n the country Of these total only 14 1/
or 12,200 tons were produced using domestic resources, of
which 4,000 tons were provided by basic slag and 6,200 tons
were provided by phosphate rock for direct application and
for manufacture of NFK s If the Fz0s from phosphate rock 1s
priced at US#1465 S/ton (or Florida rock at CIF US3L3I/ton)
the foreign evchange savings due to the use of domestac
phosphate rock for direct application during 1985 were equal
to US#$#1 02 millaion

Table S1 presents the estimated savings i1n foreign
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exchange that can be obtained through the use of domestic
phosphate reserves during 1990, 1995 and 2000 Estimations
presented on this table were made assuminig that NFK
manufacturers will, ain the future, continue importing F raw
materials at the same level that they are doing 1t now, and
w1ll use only the equavalent of 2,600 tons of Fa0s from
domestic mines (Bardinata rock) It 1s also assumed that the
production of basic slag will remain constant and that all
imports of DAFP and TSF for direct application will be
replaced by FAFR and phospbhate roch This last assumption
may be only partially correct, since 1t 1s i1mprobable that
these two products replace completely the 1mports of the
spluble P sources, for direct application specially at  the
present low i1nternational prices However, as 1nternational
prices recover from present lows, this assumption will

become more and more realistaic

The foreign e<change savings are estimated to be equal
to US#$11 7 million durang 1990 and to i1ncrease up to US$27 3
million during 2000 Should international F prices 1ntrease
in the Ffuture, as expected, this savings should also

1ncrease accordingly

Employment Generation

By substituting i1mports for locally manufactured
products employment i1s being generated The production of
PAPR and of ground phosphate rocl for direct application
will generate employment It 1s estimated? that a FAFR plant
with a capacity of 20,000 tons of Pz=0s/yr will generate 48
full time jobs If the H=S0. 15 to be produced at the same
facility this Ffigure i1ncreases to 74 A ground phosphate
rock plant, with the same capacity, generates 29 full taime

——— T A = —

3 Ibid Schultz, 4 J 1986 p 30
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Jobs In addition to this 8 full time jobs will be needed

for the mining of the rock

Fertilizer Self-Reliance

As mentioned earlier, Colombia now produces only 14 1/
of its FPz20s needs, the remainder being i1mported In today s
world, countries are always trying to becomec self—
-sufficient in the needs of their societies Dependance on
imports of strategic goods, such as fert:ilizers, are to
avoided 1 possible As was experienced by fertilizer
importing countries, during the 1974 o1l crisis, dependance
on amports can be very costly An i1ncreased level of self-
-sufficiency i1n fertilizers helps 1solate the the country
from drastic and unforeseen changes i1n i1nternational marl ets

and from their detrimental effect on developing economies

Fertilizer Availability

It has been demonstrated in many countries that as the
fertilizer supply 1ncreases and becomes stable through
domestic reliable production, fertilaizer demand also
increases This increase 1n demand has a positive i1mpact on

crop production and on crop yields

In the fertilizer use section of this report, 1t was
stated that during 1985, 23 B/ of the Fz0s used was provided
by straight fertilizer products, 1 e TSP, DAF, basic slag
and phosphate rock DAP, TSP and basic slag are usually an
short supply and scarce 1n many areas of the caountry The
supply of basic slag 1s determined by the steel i1ndustry and
lamted to only 4,400 tons of Pz0s/yr, whereas the major
supplaers of DAFP and TSP (MONOMEROS and ABOCOL) prefer to
sell their NFh products first, thereby they plan the i1mports
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of DAP and TSP accordingly

The phosphate rock industry which 1s in the developing
stages, 1ts maling efforts to make i1ts product available 1n
all regions of the country where 1t 1s needed However,
occasional shortages also occur Therefore, the further
development of the grouwnd phosphate rock i1ndustry and the
development of the PAFR i1ndustry will help to alleviate
shortages that occasionally occur In the Ffertilizer use
section of this report 1t was mentioned that during recent
vyears the consumption of I =0 had been approximately equal to
that of FP=20s, whereas a few vyear ago the consumption of
phosphates was higher One of the reasons given for this to
happen has been the i1nadequate supply of phosphate

fertilizers

Some farmer groups i1n the country, specially rice and
pastures farmers, have 1ndicated the need +For a better
supply of phosphate fertilizers HRice farmers prefer to use
TSP over DAP They feel that by applying DAFP they are
loosing some or all of the N in it since 11t 15 applied
before planting FPastures in commercially oriented
enterprises are usually grown 1in association waith legumes,
therefore the needs for N fertilization are minimized Rice
and pastures farmers are avid users of basic slag and of
phosphate rock They are estimated to be a good potential
user of PAFR, considering that thais product wi1ll also
praovide calcium and sulfur to their crops, which are located
in many areas with defficiencies of these two elements
Furthermore, rice farmers i1n sulfur defficient areas may be
able to substxtut; the use of ammonium sulfate by that of

urea, si1nce the sulfur can now be provided by the FAFR

With respect to phosphate rock and FAPR use on
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potatoes, the main phosphate using crop ain the country, the
situation 1s slightly different since potate Ffarmers are
avid users of NPK products (10-30-10 and 13-26~04) As was
shown 1n the fertilizer demand projection section, the
demand for NFh s 1is expected to reach 300,000 tons during
1987, or equal to the country s 1installed production
capacity After 1987, the additional growth 1n demand for
NFi. s w1ll have to be met through the use of straight
products either for direct application or for preparation of
bull blends On the other hand, should a PAFR plant be
developed 1n the vecinity of the potatoe growing area
(Fesca/lza mines), 1ts probably lower cost to the farmer and
1ts availability may i1induce farmers to shift to PAPR, which
can then be mired with urea and KC1 to matle the needed

qgrades

With respect to coffee, another 1mportant phosphate
user 1n the country, the production of PAPR and of rock for
direct application will probably not have much impact on the
fertilization practices, since coffee 1s a crop which shows
very liattle response to F applications Also, coffee farmers
presently use 17-6-18/2, supply of which 1s guaranteed by
NPK producers, and subsidized by FEDECAFE

Fertilizer Cost to Farmers

Farmers use fertilaizers because they can derive
economic benefits from them Therefore, other things being
equal, farmers will prefer a cheap fertilazer over an
expensive one In Colombia NPK fertilizer prices are fixed
at the plant gate, while prices of straight products are
open to free competaition At the retail level, prices are
monitored by the government to detect irregularities and to

tale action i1n case of need
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The availability of a new fertilizer product i1n the
marlet, lile PAPR, or an increased supply of phosphate roci
wi1ll exert forces to lower phosphate fertilaizer prices
and/or to put a chect on price increases It 1s 1n the best
interest of fertilizer producers, wholesalers and retailers

to sell thear products to farmers The high finmancing and

storage costs makes high turn around rates highly desirable

The section on fertilizer prices and production costs
showed that PAFR can have a lower selling price than other
phosphate fertilizers 1n some areas of the country
Therefore in farms where equivalent response can be obtained
from the use of PAFPR or another phosphate source, farmers
will save money, and i1ncrease their net returns by wusing
PAFR It was also shown that farmers can save money by

samply mixing TSP or DAP with phosphate rock

If PAPR prices turn out to be as estimated on Table 45,
then 1n regions such as Ipiales, Narifo and El Cairbe, Meta,
the use of FAFR will represent a lower fertilizer i1nvestment

by farmers and, therefore, higher npet returns

Economic Renefits to Farmers

Table 52 presents an 1llustration of potential benefits
that farmers can derive from the use of alternative P
sources In this table the use of 13-26-4 15 compared with
the use of urea, KCl and three different phosphate sources
Huila PAPR, a mixture of TSP and Huila PAFR and TSF alone
For this 1llustration, the Narifo potato area was selected
since agronomic results there indicate that the same crop
yields can be obtained from these three phosphate sources
Froducts compared here are miryed to obtained the same amount

of nutrients contained in one ton of 13-26-4, the
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recommended application rate for that area The m1 ture of
Huila PAFR and KCl1 c¢an be done before planting, at a bulk
blending facility, while the other two mi:;tures should be
made right before application, at he farm =ite due to the
urea-TSF blending 1ncompatibility One problem, and probably
a present constraint to the use of this mi-sture i1s the lachk
of product availability, specially TSP which 15 not widely

used i1in the country

As this table shows, the application of one ton of
13-246-&6 costs the farmer $61,000, while a ton of Huila PAFPR,
FCl and urea costs #53,910, a ton of TS5F+Huila phospbhate
rock, kCl and urea costs 40,000 and a ton of TSF, urea and
KCl costs 44,680 Since to provide the same amount of
nutrients different volumes of these mi<tures are reqguired,
an adiustment of %1 75/lg cost of application over 13-26-6

18 discounted

Table 52 presents the savings that farmers can obtain
per hectare of crop by using these mixtures instead of
13-26—-6 The largest savings, equal to $20,550, are obtained
with the TSFP+Huila phosphate rock, urea and VFCl1 mixture,
followed by the TSP, wrea and FCl1 mixture ($16,411) and the
Huila PAFPR, uwrea and KCl1 mixtures (¥5,455) Considering
that presently 18,000 has of potatoes, are planted per vyear
in Nariio, and assuming that agronomic results so far
obtained can be ey trapolated to 90/ of that area or 16,200
has, the aggregate savings that farmers can obtain range
from $332,9 mllion/yr with the TSP and Huila phosphate
roch, urea + KC1 mxture, to $88 2 million/yr with the Huila
PAPR, urea k£l mixture

Additionally Table 52 presents the estimated foreign

exchange savings to the country that could be obtained
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should any of these mi4tures be used 1n this relatively
small area The largest foreign erchange savings would be
obtained by using the miytures with Huila FPAFR, saving which
would be equal to US#%1 4 mllion Savangs 1n foreign
exchange by using the TSP+HFR mixtures would be equal to
Us$£710,000, while no savings would be obtained with the TSF,

KCl and urea mixtures, since the TS5F i1s i1mported

An 1nconvenience that these mixtures made at the farm
have, 15 that usually there 15 a shortage of labor at
planting time Therefore, the miyvture with PAFR, which can
be made at a bull blending Ffacility enioys a practical

advantage

In summary, in this area of the country farmers could
benefit by changing their fertilizer practices The advent
of FAFR 1n the mariket would put pressure on the price of
13~-26—-&6 In the short—-to medium term, farmers can reap more
benefits by using TSF 1n this fertilaization practices
However, 1t 1s ervpected that 1n the medium to long-term, as
international fertilizer prices a1ncrease more benefits may
be obtained from the use of Huila PAFR

It 15 believed that samilar savings can be obtained by
farmers 1n other regions and with different crops throughout
the country, 1 e some rice farmers i1n the Eastern Plains,
some Maize/Beans farmers in Narifio Areas and crops where
thege savings are posssible should be carefully aidentified,
through confirmation trials before specific recommendations

are given to farmers
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X1II GOVERNMENT FOLICIES TO PROMOTE USE OF
DOMESTIC_ FHOSFHATE ROCK RESOURCES

This section of the report i1dentifies and discusses
government policies, which 1f properly i1mplemented, will
promote the use of phosphate roct resources Fertilizer
policies i1ncluded here correspond to those described i1n the
fertilizer policy section, and which are represented under
direct fertilizer policies of Figure Policies i1ncluded
here refer to fertilizer prices, taxes, subsidies,

marteting, production and research/ertension

Fertilizer Frices

Present fertilizer price policy in Colombia 15
concentrated 1n the fixing of plant gate prices for NFK s
There 15 no government i1ntervention for setting of
fertilizer prices for 1mported finished products or for the
prices of phosphate rocl It 18 recommended that this
practice of not i1ntervining 1n phosphate rock prices be
continued and should a PAPR plant starts productions, the
non—-intervention policy be extended to FPAFR products It
has been well documented worldwide, that government
intervention 1in fertilizer pricing 15 the main reason
discouraging investments 1n fertalizer production It as
believed thal phosphate rock for direct application and PAFR
will have enough competition from i1mported materials and
from domestically produced NPK s, so as to make government
intervention unnecessary Such 1s presently the case for
ammonium sulfate and for calcium—ammonium nitrate which are
domestically produced These products face the competition

of urea i1mports

Since production costs estimates,; 1ndicated that the
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price for a PAPR products will be in general, higher than
DAF and TSF but lower than NFV s, 1t 15 believed that
sufficient market competition will exist for phosphate rock
and FAFR, so that they will be fairly' praced It wall be

1in the best interest of producers to sell what they can to

farmers

Fertilizer Taxes

Presentiy the Colombian government imposses a 7 1/ tavr
an straight fertilizers (DAF, TSF, KCl, etc ), a 9/ tac on
fertilizer raw materials and a 17/ tay on NFK s, on the CIF
value of these products Addaitionally, a 1 2/ ronsular fee
on the FOB price and a change of US#i0/ton of part taraf+f
are charged on all imports The higher tax on NFk preoducts,
15 a protection to domestic NPt manufacturers Additional -
ly, betore NFK products are i1mported 1nto the country a
license 1s reguired These two measures effectively hLeep

imported NFK s out of the country

Considering that NFK producers are receiving protection
from exports, to accelerate the development of the phosphate
roct industry and to male an i1nvestment i1n a FAFR plant more
attractive, 1t 1s recommended that imported phosphate
fertilizers to be used as fimished products, be tared at the
same level as NFK s These will represent an increase from
7 1/ ta¢ an straight phosphate fertilizers (TSF and DAF) to
17/ These i1ncrease 1n tares will effectively i1ncrease the
price of DAF and TSF for direct application, by approsi-
mately 10/

As for as tares for 1mports of phosphate raw, 1t as
recommended to have them at the present level Otherwise,

the prices of NFK products will i1ncrease to a level which
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may be too burdensome to many farmers When a1mplementing
this polacy recommendation, measures will have to be tahken
to avoid divertaing MAP, DAP and TSP from raw materials to

direct application

1t 15 estimated that a 10/ 1i1ncrease 1n DAP and TSP
taxes will 1ncrease fertilizer prices by about 10/ At
present volumes of use of 20,000 tons of DAF and 4,500 tons
of TSP, and at present plant gate prices of DAFP #55,000/ton
and TSF #45,000/ton this will represent an extra cash ocutlay
by farmers of about %130 million Of this amount, the
qgovernment will be collecting 1n tares the equivalent of
US#15 S/ton of TSP and US$19 O/ton of DAFP  (with a DAF CIF
price of US$190/ton) or a total of about US$450,000/year

Fertilizer Subsidies

The Colombian government presently does not have a
formal fertilizer subsidy policy However, 1ts fertilaizer
business operations through the Caja Agraria, which result
1in a net loss of money, constitute a subsidy Also, FEDE-
CAFE, a private growers association subsidizes fertilizers
to 1ts members, however, phosphate fertilization 18 not a

concern to coffee growers

It 1s recommended that phosphate fertalizers
manufactured with domestic raw materials be sold through
Caja Agraraia In this way, they will also benefit from Cajsa
Agraria fertilizer subsidies With respect to FEDECAFE,
since phosphate fertilization 15 not a prioraty for them,
they will continue their present practices, and developments
1n the domestic phosphate i1ndustry will not affect thear

practices
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Fertilizer subsidies are widely used by governments to

promote fertilizer usel, and hence to i1ncrease crop
production Subsidies should be short term measures
designed to attain specific objectives In the long term,

fertilizer subsidies usually bhecome expensive and they have
to be terminated drastically In Colombia the phosphate
rock for direct application industry has developed to 1ts
present level without any subsidies Furthermore, thas
industry 1s expected to continue 1ts development without
outsade help The cost estimates presented {for PAFR
indicate that this product can compete, with domestically
manufactured NFK s even at the presently low 1nternational
market prices for phosphate raw materials As 1nternational
prices increase 1in the short- to medium-term, the price

advantage of PAFR will i1ncrease further

Should the possibility of establashing a subsidy Ffor
phosphate fertilizers manufactured from domestic reserves,
the phosphate demand elasticities presented in this report
sould be considered The low price demand elasticity
estimated (- 19) indicates that a blanket subsidy directed
to lower phosphate fertilizer prices will have little i1mpact
1n 1ncreasing phosphate demand Rather, should a subsidy be
established, 1t should be specifically directed to phosphate
roct for direct application and to FAFPR products
manufactured with domestic reserves To subsidize the use
of rocks for the manufacture of NFK s 1s not considered to
be a very effective measuwre, in view of the small size of
the rocl reserves 1n Sardinata, and of the long distances

which =eparate the other mines from the fertilizer plants

= Harris 6 {Edrtor) 1984
Countries IFDC SP-3  Muscle Shoals, Alabama, USA
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14+ a subsidy 1s ever established by the government, 1ts
amount will have to tale i1nto consideration the prices of
competing products Cost estimates presented i1ndicate that
PAFR can be competitive with NPK s, but 1t 15 at a dis-
advantage again 1mported DAF and TSF Should 1mports of
these two products be taxed, as recommended, the competitive-
ness of PAFR wi1ll 1ncrease, and 1f an additional subsidy 1s
given to FAFR, substantial increases 1in 1ts use can be
achieved Also a permant monitoring of international
phosphate prices should be done, and set subsidies

accordingly

Marteting Polacy

In Colombia, the government participates :n different
activities related to fertilizer marketing, which 1i1nclude
distrabution, regulations and licensang For the
distribution of fertilizers 1t carries out 11ts duties
thr ough Cala Agaria, while regulations and licensing

activities are conducted through ICA

It 1s recommnended that the distribution of phosphate
roci for direct application through Caja Agraria be
continued and if possible 1ncreased This activaities should
be carried out only through those Caja Agraria stores
located 1n areas when the effectiveness of phosphate rock
has been demonstrated, or where grounds exi1st to suspect 1ts
effectiveness (see Figure ) With respect to FAFR, a
similar action by Caja Agraria should be taken to guarantee

availability of product

The sale of PAFR and of phosphate rocls different from
Hunila will require modifications to present phosphate rocl

regulations Fresent requlations teep out of mar et
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phosphate rock which have a F.05 content of less thanm 20/

This regulation should be modified according to the
reactiveness of the phosphate roch It has been shown that
a Fesca rock with 18/, will give better agronomic results
thanp a Sardinata roct with 32/, due to i1ts differences 1n

reactivity

Fresently, there are not regulations related to FAFR

Thies wi1ll have to be developed by ICONTEC jointly with 1ICA
on the basis of agronomic results obtained so far by the
IFDC/C1AT Phosphorus Project After tequlations for sale
of phosphate rock and of FAFR have been established, ICA
should 1ssue product licenses to those companies and

1individuals which meet requirements

Production_Folicy

The participation and anference of the government 1n
the production of fertilizers 1n limited to the partial

owrership of orne of 1ts NF} plants and to the administration

of domestic resources Also, ECOMINAS 15 a shareholder of
ARDNOS DE BOYACA Witn respect to government policies
recommendations related to production of phasphate

fertilizers using domestic reserves, 1t 1s recommended that
ECOMINAS continue serving as a catal:istic and form joint or
mi1<ed companies with private i1nvestors Royalties presently
charged by ECOMINAS to mine operetors are nominal, and they
should be tept, 1¥ only tc have some degree of cont: ol and

1nformation aboout current operations

ECOMINAS should tale the imiti1ative for preparation of
feasibility studies needed before plants are established
For preparation of feasibility studies, technical assistance

should be sought from IFDC s Faertilizer Technology
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Division , which possesses « un:gue advantaoge 1n this fi1eld
in general, and i1n the processing ot colombiran roclks 1n

particul ar

As fer ac ourmer ehip of compamies, 1t 12 desirable trat
FCOMINAS  joains  praivate investors, at least during the
1mitial staces of plant coper atipns Capirtal investmerts

funds may be available through IF1
Stould minges be allocateo to praivate 1nvestors for
development lona term contracts wouid be needed for

1nvestor s securaity

Research and Evtension Folicy

The bull of agraiculturas research and e tension 1n
Colombia 15 carried out by ICA Regional and commodity
or ented :rnstitutions conduct aaricultur al and e tensaon  on
a crop or r2glon spesific basis With respect to phosphate
fettilizer resea ch, ICA 18 the leading research 1nstituticn
1in the country It tas been conductinag phosphate roct

t eseEat ch s1nce 15&68

Reseat ¢ or use of phosphate roct and oy FAFR has been
conducted during the past 10 years by tne IFDC/CIAT
Fhosphorus Froject , with the close collaboration of ICA
It 1s reccmnended that ICA with the continued c¢lose
tollabo atron cnd assitarce fruvs Fe IFDL CIAT Fhusrhor 13
Ft oaec Fowtpw ales anty 1te present wort plar s tre

follcw:no specific actinvities

i Development of specific recommendstions for the use of
ptoesprate 1 ocl and cf FA™R by Ffarme:rs 1m differ ent
Aqt 0L cologicat ~ores of tie country



109

2 Incorporate phosphate rock and FAFR recommendations
into ICA fertilizer publications on this subject

o

Detailed 1identification of areas and crops where
phosphate rocl and FAFR can be used effectively by
tarmers

4 Determine and measure effect of calcium (or liming
effect) fron phosphate rocl and of calcium and sul fur
from FAFR on crop production

9 Conduct long term studies to measure and monitor the
effect of phosphate roct and PAFR on Colombian socals

6 Conduction of verification and demonstration trazls on
different crops and agroecological regions of the
country

7 Train technical assistance personnel so that they can
assist farmers on  the uwse of these +two products
adequately

8 Incorporate 1into e 1sting ICA e tension cErvice
activities phos,hate roct and FAFR recommendations to
farmers

The conduction and 1mp.ementation of these activities
will help fertilizer farmers to undersztand the benefits of
these two, relatively new to them, fertilizer products 1n
the market, therefore promoting their use Since 1CA
operates with an already tight budget, funding will be

needed to carry oul these addiiional activities
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X1V CONLLUSTONS AND RECOMMENDATIONS

As this report has shown, Colombra now depends on
1mports of phosphates to satisfy 85/ of 1ts demand fhe
planned development for the phosphate i1ndustry wiil have
little 1mpact on this situation As a fact, 1mports of F-0Os

are projected to continue i1ndefinitely

Agronomlc studies conduc ted by the IFDC/CIAT
Fhosphorus Project have i1ndicated that phosphate rock  for
direct application and FAFR manufactured from domsstic
reserves can play an important role 1n supplying the country
needs Even mote, vest ogoneral areas and crops had been
1dentifled where these two sources can be effectively used

by farmers in ¢rop production

A prelimnary estimation of productien costs +or FAFR
indicate that 1t can be a cheaper souwrce of phosphates than
NFt s, but more espensive than imported DAF and TSF
However, 1t 1s e«pected that 1n the medium- to long-term, as
1nter national pho phate praces recover from their present

slump, FAFR will become a mare attractive alternative

Throughout the past few years and i1n light of the ever
increasing phosphate 1mports, the colombian government has
shown and i1ncreasing i1nterest i1n the development of domestic
resources An effort has been made here to analyze domestic
deposaits in view of their possible alternative uses as
fertilizers In doing this, four factors were taken 1nto
account (1) phosphate marlet size, (2) quantity, guality
and location of deposits, (3) i1nput availlability, and (4)
agronomic response After due consideration was given to
these factors, 1t was concluded that production of phosphate

rock for direct application and production of PAFR offer the
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best potential to the country The country does not have

large enough phosphate reservess to sustain the development

of a large phosphate fertilizer comple« Moreover,
considering the present fertilizer supply and demand
structure, a large phosphate fertilizer comple 15 not
warranted

Considering the present supply and demand structure of
the country, 1t 1s recommended that a detailed fesibility
study for a PAFR plant with a capacity of 220,000 tons of
Fz0a/year be conducted This study should evaluate the
utilization of phosphate rock from several deposits, at
plants located at differant mine sites or close to sulfuraic

acid manufacturing facilaities

The use of phosphate rocl for direct application 1s
reaching a marlet saturation point In the near future,
increases 10 use of phosphate roclt will be mostly dependant
1N 1NCcreases 1N crop areas, and 1nto low fertaility lands
Therefore, to use the presently 1nstalled roci grinding
facilities, some of this rocl has to be acidulated {(and

granul ated) to enjoy martet acceptance

It was found that the country now has enough sulfuraic
atid capacity to meet the needs of an eventual development
of a FAFR plant of the above mentioned capacity However ,
should the sulfur production capacity remain at 1ts present

level, an i1ncrease 1n imports of sulfur will be necessary

It was estimated that the country could save up to US #
27 3 million during the year 2000 1n foreign exchange, due
to the use of 1ts domestic phosphate reserves Also, 1t was
estimated that at present phaosphate fertilizer prices and

FAFR estimates, farmers can increase their net returns by
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shifting from their current practice of using NF¥ products,

to a bulk blended mixture of urea, FAFR and KCl

The development of the domestic phosphate fertilizer
industry will generate employment at plant sites and mines,
1ncrease fertilizer celf sufficiency, 1ncrease fertilizer
availability at the farm level, and i1ncrease the competence

to i1mported phosphate fertilizers

The general objective of this report 1s the adentifi-
cation of government policies which would promote the
development of domestaic reserves Fresently, the colombian
government has fertilizer policies related to prices,
finished products and raw materials i1mports, marteting and
research/estension These policies were described and
analyzed, and the following specific policy actions were
identified as those which, 1f 1mplemented, will promote the

uwse of domestic phosphate reserves

1 Fertilizer Fricing It 1s recommended that the
government do npot 1ntervene 1n price setting for
phosphate roct for direct application, phosphate roci
to be used as raw material or for FPAFR products,
produced with domestic reserves

2 Fertilizer Tazes It 15 recommended that a tar on
imports of phosphate fertili.er for direct application,
1 e DAF and TS5F, be impossed This tax which should be
equal to the tar now i1mpossed on i1mports NFt 5, should
raise DAF and TSF prices by about 10/ Also, 1t 1s
recommended that taxes for 1mports of phosphate raw
materials remain at the present low level

3 Fertilizer Subsidies It 1s recommended that pbhosphate
fertilizers, produced from damestac resources be
mari eted through Caja Agraria, so that they can enjoy
the subsidies offered to other fertilicers Direct
government fertilizer subsidies are not recommended It
1s believed that 1f the domestic phosphate fertilizer
i1ndustry 1s going to develop, 1t should do so on solid
grounds, and not become a burden to other sectors of
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the economy

In view of the low demand elasticity for phosphate
fertilizers 1n Colombia, should the government decide
to grant subsidies, they should be a short-term measure
and gaiven directly to producers so as to lower their
production costs, and hence make product available +to
farmers at a lower price

Fertilizer Marteting Fhosphate roct for direct
application and PAFR should be made available to
farmers through Caja Agraria stores i1n those areas of

the country where thear effectiveness has been
established

Fresent phosphate rock marleting regulations should be
modified to allow more products 1n the mari et

Regulation related to the marketing of FAFR should be
devel oped

Licenses should be 1ssued to phosphate rock and FAFR
producing companies which meet government requirements

Froduction Folicy ECOMINAS should continue playing the
role of catalist between the government and praivate
investors Royalties charge +to producing companies
should be kept at the:ir present low level

Mines should be assigned to able 1nvestors on a long
term basis, so as to guarantee returns on i1nvestment
ECOMINAS, with IFDC assistance, should tale the
imytiative in the devel opment of englneering
feasibility studies for PAFR products

Research _and E-/tension Several recommendations are
made to ICA i1n this respect The fellowing activities
should be 11ncorporated 1i1nto ICA s woart plans and
carried out with close collaboration from the

'IFDE/CIAT Fhosphaorus Froject

a Development of specific recommendations Ffor the
use of phosphate rock and of FAFR by farmers 1in
different agroecological zones of the country

b Incorporate phosphate roct and FAFPR
recommendations into ICA fertilizer publications
on this subject

c Detailed r1dentification of areas and crops where
these two products can be used effectively by
farmers

d Determine and measure effect of calcium (or liming

effect) from phosphate roct and of calcium and
sulfur from FAFR on crop production
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e Conduct long term studies +to measure and monitor
the effect of phosphate rocl and FPAFR on Colombian
so1ls

G Conduction of verification and demostration triass

on different crops and agroecological regions

f Train technical assistance personnel so that they
can assist Jfarmers on the use of thess two
products adequately

h Incorpoeorate 1nto e#xisting ICA ertension service
activities phos, hate rock and FAFR recommendations
to farmers

It 15 believed that implementation of these policaies
will accelerate the development of domestic reserves
Otherwise, the phosphate i1ndustry will continue developing
at the slow pace 1t has 1n the past In the short term,
policy actions here recommended will male products from
domestic sources more competitive 1n the market place
However, i1n the medium- to long-term, as 1international
phosphate prices increase, the domestic industry will become
more competitive and some of the policy actions recommended

here will not be necessary

This study places 1nto perspective the potential uses
of the Colombian phosphate reserves The bulk of the
agronomic research activities of the IFDC/CIAT FPhosphorus
Froject" have becn directed towards understanding the
properties of different phosphate rocls 1n the Andean
countries For this report, Colombia was selected as a case
study due to the amount of data available and the desire of
local authorities for this undertaken This report
1mplicitly 1dentifiries the primary and secondary data, and
metheodological analysis needed for a study of this nature
An evaluation of data available from other andean countries

15 needed before a study of this nature 15 carried out
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Table No | Value of Total and of Agricultural Exports and Imports

1982-84
Items 1982 1983 1984
--------------- 000 US $------w-wmvoee-
Total Exports 3095 O 3080 9 3483 1
Total Imports 4903 B 4478 0 4492 4
Balance {1810 B) (1397 1) (1009 3)
Agricultural Exports
Coffee 1561 5 1506 2 1764 5
Bananas i5t 1 147 1 197 9
Flovers 111 § 120 & 129 5
Raw Sugar 54 7 58 9 28 &
Cotton 26 3 231 4B |
Tobacco 21 & 22 9 21 4
Others _182 & 183 0 173 6
Total 2109 5 2051 B 2363 b
Agricultural Imports
Wheat 92 7 113 4 119 2
O1ls and D1l Seeds 113 & 73 4 87 3
Barley 22 4 i7 1 19 3
Maize 14 9 95 1 4
Sorghum 73 23 3 b &
Fresh Fruits 11 1 11 5 790
Bthers 229 & 230 5 181 14
Total 491 4 478 7 422 2
Source 19846 Anuario Estadistico del Sector Agropecuarioc OPSA
Bogota

' fll prices are FOB
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Table No 2 Estimated Area, Production and Yield for Selected

Crops 1985
Crop firea Production Yield
000 ha 000 tons kg/ha

Coffee 1,100 © 677 9 616
Potatoes 139 1 1,900 4 13,462
Sugar Cane

Hills 198 1 1,429 3 4,400%

Plantatien 113 5 887 B 12,600%
Rice 386 4 1,798 2 4,654
Cotton 196 0 332 6 1,733
Haize 540 4 762 b 1,411
Vegetables 123 0 1,550 2 12,603
Sorghunm 192 3 499 4 2,597
Cocoa 95 & 42 & 447
Fruit Trees 37 7 662 b 17,671
Barley 305 b0 4 1,780
Kheat 44 3 76 1§ 1,710
Beans 131 8 99 S 755
Bananas/Plantain 383 8 3,214 1 8,374
Tobacco 18 3 17 5 936
Other Crops 337 1
Total 4,06B L&+
* Kgs of sugar

**  Does not include land in pastures and/or graze lands



Table No 3 Estimated Consuoption of N, P205 and K20
in Colombia 1970-1983

. —————— A A S Y e W R Y G RS R R A S TS e A A A e e -

Year N P205 K20 Total
-------------- 000 tons--------=-=----
1970 B2 0 48 4 30 b 161 0
1971 91 0 54 7 42 3 198 0
1972 131 7 99 0 40 S 231 2
1973 124 0 63 8 50 2 238 0
1974 118 2 60 & 44 9 225 7
1975 106 2 57 B 39 8 203 6
19746 129 & 64 7 50 5 244 8
1977 144 0 76 3 72 1 292 4
1978 130 3 B0 O 78 0 288 3
1879 142 & Bif 7 79 7 04 0
1980 151 2 81 0 80 3 312 5
1981 134 5 74 1 72 B 283 5
1982 153 0 85 4 75 0 313 4
1983 167 9 86 ¢ 77 2 332 0
1984 185 9 89 & 1 0 366 b
1985 184 7 86 3 91 B Ib2 8

- e A iy e e e A A L S R L S A e L . e g e i -

Source ICA Of1cina de Insumos, MONOMERDS, ABOCOL
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Table No 4 Fertilizer Products Used on Different Crops 1986

A e e e A - ——— - -

Spall Farmers
Potato

Coffee

Mai1ze {Ladera)
Sugar Cane (Ladera)

Medium to Large Farmers
Rice

Sugar LCane {Commercial)
Cotton

Tobacco

Banana

Mai1ze (Commercial)
Sorghun

0:1 Pain

Pastures

- e e P TN SR S O G e vk e A A0 e e v v P e R A e e

- e . S - e e A e

§13-26-4, 10-30~10, 10-20-10, 15-15-15, B Slag, Urea
17-6-18/2, 15-15-15, 14-14-14/2, 14-14-14

10-30-10, 15-15-15, 14-14-14, 13-2b6-6

10-30-10, 15-15-15, 13-26-%,

Urea, DAP, KCl, AS, 15-15-15, 10-30-10, PR, B Slag
Urea, DAP, KC1, 15-15-13, TSP

Urea, A5, KCl, 15-15-10

AN, 14-14-14/2

Urea, DAP, KC1

Urea, AN, 15-15-15, 14-14-14, 10-30-10, 13-26-6
Urea, 15-15-15, A8, DAP, KCl

Urea, DAP, KCl, PR

Urea, AN, B Slag, P Rock



Table No 5 Estimated Consumption of N, P205 and K20 by Crop 1985

Ry A R A A R e wm N SR S e SR R A S P M e e AR R R R e G SR R M S R e A e e S -

Crops Nitrogen P205 K20
000 ot b4 000 at 1 000 ot %

Potato 15 5 B4 34 & 40 1 I3 2 14 4
Coffee 44 7 24 2 10 0 i1 6 35 0 IB 4
Sugar Cane 23 3 12 & 89 10 3 71 77
Rice 31 8 17 2 & 7 78 b b 72
Cotton 10 4 5 6 53 6 1 35 38
Haize 4 9 27 3 1 3 6 26 28
Vegetables 37 20 3 2 37 29 32
Sorghun S 2 28 1 4 1 6 1 2 13
Cocoa 38 21 14 1 6 i6é6 17
Fruit Trees 20 11 1 2 1 4 1 4 15
Barley 18 io 15 17 0 9 10
Beans 05 03 10 12 07 ¢ 8
¥heat 05 03 08 09 04 02
Banana 10 8 o 8 0 b 07 98B 10 7
Tobacco 05 03 05 0 & 05 05
Others 25 3 13 7 61 71 4 4 4 8
Total 184 7 100 0 Bs 3 100 © 91 8 100 0

e Ak S T e gt S S S ot AME A Ak S A R e G e e R A R W R e e A R Ak R e R R e e ) AR A S b =

Source ABDCOL
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Table No & Crop Areas, Estimated N, P205 and K20 Use Rates
by Crop and Yields 1985

A . —— S S g W S R S e S L S RS TR G A A R R e S S R e A e

Crop Area N P20%5 K20 Yield
000 ha -rc----we- Fgrha-==v-e=-m- mt/ha
Potatoes 132 1 111 4 248 7 94 9 13 7
Coffee 1100 © 40 &6 91 31 B 06
Sugar Cane B3 3 31 8 25 4
Hills 186 2 § 4
Plantations 93 4 12 &
Rice 3Bs 4 82 3 17 3 17 ¢ 47
Cotton 196 0 53 1 27 0 17 9 17
Maize 540 6 91 57 4 B 14
Vegetables 123 0 30 1 26 0 23 & 12 &
Sorghun 192 3 27 0 73 & 2 26
Cocoa 25 4 ¢ 8 14 7 16 B 0 4
Fruit Trees 37 7 53 1 31 8 37 1 17 7
Barley 305 59 0 49 2 29 5 20
Wheat 44 5 11 2 16 0 90 i7
Beans 131 8 3B 76 53 08
Banana (exports) 23 1 487 5 26 0 824 2 44 5
Tabacco 18 3 Bt 2 B46 2 g6 2 10
Source Ministerio de Agricultura Direccion de Agricultura

Yield of panela and sugar, respectively



Table No 7 Fertilizer Use by Product 19B1-1985

- S Ak - -

Products 1981 1982 1983 1964 1985
--------------------- 000 mt-----m---oommoo-
Straights
irea i42 0 161 4 185 3 226 0 221 9
Ammonium Sulfate 20 0 25 0 28 7 Ib 2 41 9
Aomonium Nitrate 22 5 25 0 26 0 ig 8 21 7
Di-ammoni1um Phosphate 60 20 0 17 7 20 & 19 4
Triple Super Phosphate 31 10 23 30 4 4§
Basic Slag 52 3 55 0 42 4 50 B 90 1
Potassium Chloride 3% 2 40 © 43 1 o8 3 54 &
Potassium Sulfate 00 10 i 7 I 6 31
Phosphate Rock __b 4 _10 4 _12 2 _13 4 16 4
Total Straights 291 7 338 8 359 & 430 7 435 5
High P Products
10-30-10 52 5 35 ¢ 68 0 47 7 41 2
13-26-06 68 2 69 2 73 0 79 0 YO
10~20-20 22 5 13 2 93 23 7 17 0
10-20-10 02 4 b 28 00 5S4
0B-30-12 00 57 29 12 09
12-18-06 57 00 00 00 00
Copffee Products
17-06-18/2 17 0 105 1 107 0 122 0 138 9
14-14-14/2 96 3 4 27 39 S 4
Other Products
14-14~14 02 B 9 11 4 13 & 13 9
15-15-15 88 3 107 9 104 2 i01 O 117 3
25-15-00 __ 00 .32 _190 4 _16 9 _17.5
Total NPK s 360 2 377 2 391 7 411 ¢ 424 3
Brand Total 651 ¢ 716 0 751 1 841 7 859 8

e T e e i S S S e L e Sk e e o e T T . TR W -

Source IEA Oficina de Insumos, MONOMEROS, ABOCOL
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Table No B feount and Percentage of N, P205 and K20 Provided by Straight Products and NPK s 1981 1985

meteme mmmemess mes - ses mmaes me == R a--- - Nutrient
Product 1981 1982 1983 1984 1985
000 mt % 6o ot 2 P0at I 000 ot 1 000 ot )
[ Straights 74 5 56 0 BY & 8s 1012 3 1202 s 12009 85§
HPK s 60 1 40 63 4 44 db 7 397 85 8 354 &3 8 Hs

P205 Straights 1490 189 207 243 16 7 215 219 %5 20 6 38
KPK s 60 1 Bl 1 647 757 68 3 783 67 7 759 63 7 76 2

K20 Straights 23 3 323 243 3217 267 344 38 40 4 328 A
NPK s 83 671 303 673 505 65 4 54 2 5% & 390 84 3

- Smmet = w = waa - w mm w eamwsate e aee —— =-- -




Table No 9 Total P20S Supplied by Different Products 1981-1985

- G S e e S L A B e Br e e b T S A AL ey e T e e S L A e e A

Product 1981 1982 1983 1984 1985
--------------------- 000 at~c-----—mrmem e
Straights
Di-ammonium Phosphate 28 9 2 81 935 89
Triple Super Phosphate 14 035 11 1 4 20
Basic Slag B 4 B 8 b B B! 6 0
Phosphate Rock 1 4 2 3 2 7 29 3 6
Total Straights i 0 20 7 18 7 21 9 20 6
High P Products
10-30-10 15 8 16 5 20 4 14 3 12 4
13-26-06 17 7 i8 0 19 0 20 3 17 4
10-20-20 4 5 28 1 9 § 7 34
10-20-10 0 09 (V) 00 ii
086-30-12 090 17 09 0 4 03
12-18-086 10 00 0 00 00
Coffee Products
17-06-18/2 70 & 3 6 4 73 83
14-14-14/2 08 09 04 08 08
0ther Products
14-44-14 0 i2 1 & 1 9 19
15-15-15 13 2 16 2 15 & 15 2 i7 &
25-15-00 ¢ 0 ¢ 5 16 25 2 b
Total NPK s 60 1 64 7 68 3 87 7 b3 7

Grand Yotal 74 1 8BS 4 86 9 8% & 86 3

[ —————— R MR e ik
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Table No 10 Percentage P205 Supplied by Different Products 19B1-19B3

. Ty B S i ke A i Ay e e e e e B R S S A S S S e S S A e S R S R S e e A e ma E

Product 1981 1982 1983 1984 1985
------------------- 000 mt-—---wm—emmm—m——
Straights
D:-anman:um Phosphate 37 10 B 94 10 6 10 3
Triple Super Phosphate 19 09 12 15 23
Basic Slag 113 10 3 78 21 70
Phosphate Rock 19 27 31 33 42
Total Straights 18 ¢ 24 3 21 24 3 23 8
High P Products
10-30-10 21 2 19 3 23 5 it 0 14 3
13-26-06 23 9 211 21 8 22 % 20 i
10-20-2¢ 51 33 21 53 39
$0-20-10 01 {1 06 1] 13
0B8-30-12 00 20 190 04 03
12-18-06 1 4 00C 00 00 00
Coffee Froducts
17-06-18/2 g5 74 74 B 2 g7
14-14-14/2 11 06 04 0 09
Other Products
14-14-14 0 1§ i8 21 23
15-15-13 17 ¢ 19 9 I8 0 16 9 20 4
25-15-00 (LY 06 i_8 2 8 30
Total NPK s 81 i 75 7 78 5 75 § 76 2

Brand Total 100 O 100 0 100 ¢ 106 0 100 0

- e vy wrn ke S ER EL de m E  S T We M A T  E e R R ey F R e e e R S
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Table No 11 Use of Huila Phosphate Rock by Region 1981-198é%

. R Y M e B e R T e A m e T S S R ey g A NS e e A R e A e G R W S R e e S e A e

Region 1981 1982 1983 1984 1985 1984
------------------------ mt-———--——--.--------a----—

Valle/Risaralda/
Quindio 2576 2545 2781 1620 2492 2922
Cauca/Narino 1542 2606 2298 2562 2151 2278
Huila/Tolima 1697 1053 1342 1204 625 704
Meta/Cundinamarca 963 3103 4109 5246 7627 7610
Antioquia 0 1088 87t 959 9B3 1193
Dthers __28 ___%0 __80 __B0 __7% __1iS
Total 6406 10435 i14B1 11671 13554 14822
Total Pa0s 1409 22%6 2526 2548 2982 3261

i — A A% P A g AR Wk AR N A S R S e e W e g e AR e B e -

Source FOSFACOL

Preliminary



Table No 12 Phosphate Demand Projections 1986-2000

e G e i . T B M SR e SRR R A e b o o Ak e e A L M e W W EE W e v e T T R e e e v

- s oy o T Y T T M gy e S SR M S S e e e NS L D A S A L e b

----------------- Growth rates (/) -»----==-=wewcao-.
1986-19%0 7 4 b3 8 8 20 39 S0
1991-19935 29 54 33 4 7 39 40
1996-2000 19 4 2 212 39 20 30
------------------ 000 mt of P2Dg---~~~--=----mmmne
1985 149 5 125 0 92 0 114 7 85 0 B6 3
1990 206 7 1706 5 133 0 143 3 1111 112 8
1995 236 & 225 0 135 ¢ 177 3 131 9 137 2
2000 238 7 272 7 170 © 212 1 145 7 159 1

i - T A RS EE B Ak Bk e e S e e e e e M ek e e o e e e e e e e M T = =

Sources * IFDC 1980 Market Survey of Phpsphate Fertilizers
2 Hansa-Luftbald 1980 Phosphate Market Survey

3 lellars-Williams 1984 Estudio de Factibilidad

Complementario para un projecto de Fertilaizantes
Fostfatados en Boyaca, Colombia

% Mejia, Millan and Perry 19B4 Estudig sobre Transporte

y Distribucion de Fertilizantes en Colombia

® World Bank Communication to Ecominas April 1171985



Table No 13 Phosphate Fertilizer Product Demand Projections 1984-87

T e S L M e S S et e = TR M A T W S A M A T e A e e W e S T G W e e e A e -

Products tons of P.lg tons pf Frpduct
1985 1984 1987 1985 1986 1987
------------------ 000 tons~~----—----e--eeaoooo

Straight Products

DAP B 9 97 11 4 19 4 21 1 24 8

TSP 20 21 23 4 4 4 b 590

Basic Slag & 0 4 4 4 4 50 1 50 | 50 1

P Rock 3 b X 8 4 0 Ié6 & 17 3 18 2
Total Straights 20 & 20 0 22 1

High P Products

10-30-50 iz 4 14 0 14 2 41 2 46 7 47 3

13-26-6 17 & 14 7 17 8 b6 8 68 1 68 5

10-20-20 3 4 I b 37 17 0 i8 0 i8 5

10-20-10 [ 13 14 S 4 65 70

Coffee Products

17-6-18/72 8 3 10 2 11 4 138 9 170 0 199 ¢

i4-14-14/2 8 10 i 0 5 4 71 71

fther Products

14-14-14 19 20 21 i3 ¢ 14 3 I3 0

19-15-13 17 & ig 3 ig 8 117 3 122 0 125 3

25-15-0 2 b 2.9 3 2 17 & 12 3 21 3
Total NFK s 63 7 71 © 74 0 424 3 472 0 300 0

Grand Total Bé 3 21 ¢ 96

- e g )y T D D S S SR ek b e e i ek e e T T Y T SR R R RS M S S e ek e e e ey = —— =

4 Actual
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Table No 14 Estimated Demand Projections for
Phosphate Rock for Direct
Application (1986-2000)

- e A A e L S -

Year Product Pals
-------- 000 tonsg~------
19835 16 4 3 &
1984 17 3 8
1987 18 2 40
1988 19 7 4 3
1989 20 9 4 &
1990 22 1 4 9
1995 28 2 6 2



t-15

Table No 15 Major Fertilizer Mapufacturing Facilities 1984

- O e A P R P v A R A S e e e Y S A A A e S A S S AL R e e kW - B Sy —

Company Plant Location Product Rated
Capacity?

ABBCOL Mamonal, Bolivar Granular NPK s 150,0002
MONOMERGS B/quilla, Atlantico Granular NPK s 350,000

AS 20,000 (B44)
FERTICOL B/bermeja, Santander Urea 15,000 (100%)

AN 29,000 (90%)
Paz del Rio Belencito, Boyaca Basic Slag 90,000 (44/)

AS 3,000 (100/)
FUSFOBDYACA Pesca, Boyaca Phosphate Rock 50,000 (04)
FOSFACOL Tesali1a, Huila Phosphate Rock 18,000 (904)
FDSFONDRTE Sardinata, N Santander Phosphate Rock 10,000 (100/)

e A T e A S WA e e T e R R TP e e W e e e e e e A

! 300 days at 100%

Production capacity for ABOCOL can also be expressed as

10-30-10 400 at/day
17-06~18/2 400 mt/day
14-14-14 450 mt/day
10~20-20 500 mt/day
® Production capacity for MONOMEROS can also be expressed as
13-26-08 1,200 mt/day
17-06-58/2 200 nt/day
15-15-15 1,100 mt/day
14-14-14/2 1,000 mt/day

utilization during 1985

Sources Fertilizer Producer companies

Nuambers i1n parenthesis represent the estimated percentage of plant
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Table No 16 Estisated Buantities of N, PzBs and K20 Supplied fros Different Sources  198% 1985

1983 1984 1985°
Source N Pals K20 N P304 K20 N Pa0s K20
- - 000 tons -==- -+ ==cesrome mem cie meeae
Doaestic
ABOCOL and MONONEROS 37 3 ] 0 352 0 0 5 0 0
FERTICOL 91 0 0 10 6 0 0 10 2 0 0
Paz del fio 0 b8 0 0 81 0 0 60 0
FOSFACOL 0 27 0 0 29 0 0 316 0
FOSFONORTE _0 13 0 S I 0 0 24 0
Total b4 10 ] 458 124 ¢ 7 1212 0
Imports
Raw Haterials 262 4B 534 661 541 3b 632 5§75
Finished Products 972 Ul 23 102 109 313 101 10§ 343

Total 1234 761 B09 1345 770 914 1380 M1 %18

Estipated Consueption (698 86 % B0 9 1803 B9b6 94 1847 BHY 918

———— S - ———— ww Sooamssmsoss e —_— - —_—— e ma Aeeeeee - - — -

*  Prelimnary



Table No 17 Estimated Imported BQuantities of N Raw Mater:ials
and Finished Products 1970-B5+

e T . R SR R . e e e R e W YR N AR M L S S . S A

Year AA® Urea AS AN HAP DAP NPK Total Total
Product N
----------------------------- 000 tong ~=--------eccmmecm e
1970 0 25 0 26 3 0 28 8 0 0 79 3 19 8
1971 0 18 9 28 5 0 15 8 0 15 0 e 2 i8 |
1972 50 0 71 0 18 2 0 33 2 0 27 2 199 & 53 1
1973 60 3 144 2 31 2 2 iB B 24 3 148 B 447 8 110 ¢4
1974 I6 5 123 &6 14 & 1 4 0 1 3 191 7 369 | 90 8
1975 29 8 0 37 0 0 0 43 3 76 B 12 0
1976 17 9 23 3 23 0 0 22 6 0 0 B8 8 21 B
1977 22 8 83 2 B 7 0 i B 28 0 136 3 58 0
1978 33 7 185 ¢ 80 0 20 6 40 4 0 2B7 7 123 7
1979 27 & 175 0 0 0 26 0 30 7 0 259 3 1t 3
1980 6 0 174 0 69 0 30 4 301 0 247 4 94 9
1981 24 | 141 1 16 8 0 30 6 34 3 0 246 9 97 4
1982 995 167 0 60 0 27 8 44 0 0 250 3 93 3
1983 £ 9 190 ¢ 0 247 80 b 45 4 0 348 & 114 4
1984 14 0 225 0 0 0 &3 7 31 2 0 393 9 130 4
1985° 230 0 0 0 0 138 0
- The N content for each i1mported product was as follows 82% for AA, 464,
for Urea, 214 for AS, 20/ for AN, 104 for MAP, 184 for DAP and 12V for
NPK

& From 1972 to 1976 1oports were in the form of Aqua Ammonia {20/ N) In
1977 1 031 tons of N as Aqua Asmomra and 14,477 tons of N as Anhydrous
Ammonia were 1mported For the remainder years only Anhydrous Ammonia
was 1mported

* Preliminary

Source ICA Dficina de Insumos
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Table No 1B Imports of Phosphate Raw Materials and Finished Products?

1970-85

Year PR PA TSP MAP  DAP  NPKs  Teotal Total CIF

Product Pz0s Value
---------------------- 000 tons —=--m-m-=s—css—mme—eeee-=e Q% US §

1970 12 2 0 365 280 0 0 76 7 34 7

1971 16 3 411 287 158 0 150 116 9 51 2

1972 35 ¢ 200 200 332 0 27 2 136 3 53 0

1973 37 5 413 543 3B 8 243 148 8B 345 2 115 9

1974 156 9 533 233 0 13 1917 426 5 124 9

1975 28 B 24 0 0 0 43 3 96 3 30 4

1976 10 9 14 8 59 226 0 0 542 25 4

1977 54 8 178 150 188 28 ¢ 108 B 44 6

1978 64 7 230 211 2046 40 4 0 169 8 71 7

1979 42 B 197 164 260 307 0 135 & 58 0

1980 3% 1 229 165 304 301 0 153 0 64 8 23 4

1981 35 7 19 1 11 6 306 343 ¢ 1313 56 ¢ 21 b

1982 47 & 73 118 278 440 0 138 3 57 6 20 4

1983 52 b 56 75 BO & 46 4 0 1927 81 7 30 5

1984 41 9 33 88 637 512 0 168 3 72 1 27 4

ig85¢* 0 77 4 29 4

1 The following P20s contents and prices were used 1n estimations PR 32/

and US $53/ton, FA 544 and US ¥26B/ton, TSF 467 and US $155/ton, DAP 44/
and US $197/ton, MAP 46X and US $197/mt and NPl s 18/

. Prelininary

Source ICA Oficina de Insumos
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Table No 19 Estimated Imported Quantities of Kal
Raw Materials and Fimished Products

1970-84=~

Year HOP SOP PSH NPK Total Total
Product K20

----------------- 000 tops ------meee--o-o-

1970 74 B 15 8 3 0 91 1 52 9
1971 72 7 20 9 253 132 ¢ 110 7 96 2
1972 26 5 29 5 16 5 27 2 9 7 37 5
1973 83 i 40 2 14 7 148 8 286 B 90 3
1974 6 2 37 3 13 8 191 7 242 0 48 4
1975 0 17 6 18 8 43 3 79 7 18 1
1976 21 0 0 0 0 21 € 12 &
1977 97 3 J0 & 0 0 127 7 73 &
1978 106 * 21 5 12 5 0 140 3 77 3
1979 94 1 72 30 0 104 3 60 7
1980 141 4 59 10 5 0 157 4 89 9
1981 99 B8 50 0 0 104 8 62 4
1982 %6 8 22 28 0 10§ 8 59 8
1983 123 7 20 39 0 i29 & 76 1
1984 i35 & b & 8 é 0 150 8 86 7
1985* 144 & b 1 20 ¢ 159 7 21 8

e e e o S B S S e Al e e A L e A S Y e S M S

* The t 20 content for each 1mported product was as
follows  &0% for MOP, S0% for SOP, 22% for PSH
and 124 for NPis

* Preliminary

Source ICA Oficina de Insumos
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Table No 20 Estinated Total Use, Dosestic Production, Balance, and Total Isports of P205 1in
Coloabia 1970-1985

Mrrrsare eSS ESL Same SeS LAomSLki w W me mee == 0 2 me meos - e———— - o —— -—

Domestyc Production Inports
Year Domestic - - - - - om0 oo e e Balance = mem mmees -
Use BS 8SP PR TOTAL 1 KPK* Straight
------- ==== 000 tong---- ------- --- i --= =000 tons - - -
1970 4B 4 17 04 08B B9 184 395 393§ 00
1971 b4 7 BS 02 1o §7 150 550 550 00
1912 390 b1 01 14 16 129 -514 514 00
1973 6390 93 01 43 371 A1 83 83 00
1974 606 93 00 16 10 9 186 497 437 00
1975 578 B8 00 09 v7 168 -481 48 1 0
1976 b4 7 i3 ot 05 19 184 -528 528 00
1917 163 §2 00 04 96 126 667 654 13
1978 800 B8 06 oo BB 1o -1m2 &9 §2
19719 Bl 7 70 00 00 90 o 127 681 3b
1980  B1 0 %0 eo 09 59 122 -N1i 68 5 24
1981 1 B4 00 14 38 132 -043 601 {2
1982 B854 BB 00 23 11 30 -3 &7 $7
1983 86 % 68 09 27 85 10 775 83 92
1984 _89 & B 00 §5 124 7 =770 bb1t 109
195 B&3 b0 00 b2 122 41 LI b3 2 109

- - - me mm-- m—— —_—emm - —— - - - e m—

' leports of raw materials to manufacture the granular NPK products
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Table No 21 Projected Supply of Fz0, 19B86-2000

e e i o R A A A S e e R AR AR me e e e Y M s S M e e A A A e e A =

Domestic ___________ Imports
Year BS FR? PR2 Total NPKS Total
-------------------- 000 tong=w---c-mmcmuc——un e
1986 4 4 3e 24 10 2 48 4 78 &
19990 4 4 14 & 26 21 b 72 4 94 0
1995 4 4 14 & 2% 21 6 72 4 94 0
2000 4 4 14 6 26 21 4 72 4 94 0
1 Phosphate rock for direct application, produced from
the Huila, 1za and Sardinata mines
z Phosphate rock for the manufacture of granular NFhs,
produced from the Sardinata mine
3 Inports of raw materials for manufacture of granpular

NPKs
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Table No 22 Projected Supply/Demand Balance of Phosphate Fertilizers
(P20s) 1986-2000

- A v e W e AR A T A A R AR e e Am e e A e e e e A T A A e A e M A e A Gw e . e m

Year Projected Projected Supply _____ Domes*ic lmports
Demand NFKs B 5 F R Tontal Balance Supply
----------------------------- 000 tons---===-re-mocom oo
1986 21 0 700 4 4 3 B 78 & -12 & 10 8 80 2
1990 112 8 750 4 4 14 & 924 0 -18 8 21 6 91 2
1995 137 2 75 0 4 4 14 & 94 0 -43 2 21 b6 115 &
2000 159 1 730 4 4 14 4 94 0 =65 1 21 b 137 5
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Table Bo 23 Summary of P Reserves in Colombia 1986
Location Mine Name Thickness Fals Total
Departament Mumicipro Reserves’ _
n % 104 ton
Huila Palermo Llano VYerde 6-2 ¢ 15-23 350
Palermo La Buagua 5-1 & 19-28 12 0
fiipe Media Luna 6-1 2 18-31 25 ¢
Teruel La Juanita 9-2 2 i5-24 15 0 (2 5=
Tesal1a Tesalia B-1 2 20-31 60
Yaguara Monserrate 7-2 4 13-31 15 0
Baraya Pinos/Andes 6-2 0 11-26 300
N Santander Sardinata Sardinata 9-3 5 15-37 14 4 (9 OO*
Sardinata Lourdes 5-1 5 10-30 10 ¢
Mercedes Tibu-0ru 1 0-5 4 B-19 12 0
Gramalote 5-3 8 10-27 77
Santander Azufrada fizufrada 7-2 0 10-29 32 7
Boyaca Sogamosa P Negra -1 & 11-27 39 0
Sngamose  Siscuenc: 7-1 ¢ 15-20 200
Sogamoso &l Pilar B-1 4 17-26 15 0
Iza Iza 6-2 4 10-23 36 0 (13 0)
Cuitiva Curtiva B-23
Pesca Conejera 1 0-4 2 17-2% 30 6 (6 3)
Tolima Panda Tolima i 6-27 f6-23 10 0
Source Communication 4from INGEGMINAS and ECOMINAS
' Total Reserves are the sum of gproven, probable, possible and
inferred reserves They are expressed i1n ot of Phosphate Rock
2 Number in parenthesis refer to recuperable reserves under present
econhomic conditions
3 It 1s estinated that only about 1 5 to 2 0 mallion tons of ore

materi1al have a Pz0s content >2BY
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Table No 24 Relative Effectiveness of Huila (HPR) and Pesca (PPR)
Phosphate Rocks on Different Crops and Soi) Types

R S T S e e . i e S e e W S LSS e AN WS NN SR RS A SR AR MRk e vy S R Y T T W M

P Source Location Soxl Type Crop/Rate? Yield RAE
kg/ha A

TSP Tausa, Cund Andept Potatoes 24033 100
HPR 150 kg/ha 2700 7
Control 10464

T5P Iprales, Narinp Andept Potatoes? 24628 100
HPR 180 kg/ha 227214 76
Control 15003

TSP Iprales Narino Andept Haiz/Beans® 7315 100
HPR 60 kg/ha 7135 92
Control 4863

5P C/magua, Heta Gx1s0l R F Rice 4819 100
HPR 40 kg/ha 4795 99
Control 1172

18P V/cencao, Meta  DOxisol Irr Rice 5510 100
HPR 25 kg/ha 4929 91
PPR 4994 37
Control 4314

TSP C/magua, HMeta ODxisol B Decumbens 32400 100
HPR 44 kg/ha 317350 26
PPR 35950 120
Control 14400

TSF f/chao, Cauca Ultisol Mai1ze 4491 100
HPR B7 kg/ha 3370 40
fontrol 2617

TSP Fescador, Cauca Inceptisel Maize B72 100
HPR S50 ¥g/ha 11! 13
Control 0

TSP Pescador, Cauca Inceptisol Beans 1089 100
HPR 140 kg/ha 308 27
Control 45

TSP Caldono, Caura Inceptisol Cassavas 23232 100
HPR 82 kg/ha 12631 iB
Control 10300

- AR S R S S R AN S e AN SRR e A e A e e R A e L A AL A A S s A

! Application rates are i1n kgs of P/ha

2 Average of 3 Experiments

3 Average of 9 Experiments Yield expressed 1n maize equivalents
. Average of J Experiments
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Table No 23 Effect of Method and Timing of Application of Huila
Phosphate Rock (HPR) and TSP
P Source Location Application Crop/ Yield RAE
Method Rate

kg/ha 4
T5¢ Tausa, Cund Placed Potatoes 24033 100
HPR Broadcasted 150 kg/ha 2700 7
HPR Placed 2600 7
Control 1066
TSP Pescador, Cauca Placed Beans 1203 100
TSP Broadcasted 100 kg/ha 1141 95
HPR Placed 364 28
HPR Broadcasted 508 39
Control 4B
T5P Pescador, Cauca Placed Hai1ze 872 160
TSP Broadcasted 50 kg/ha 710 81
HPR Placed 87 10
HFR Broadcasted 111 13
Control 0
TSP Pescador, Cauca At Planting Beans 1101l 100
TS8P 10 days BP §00 kg/ha BS6 78
HPR At Flanting 487 44
HPR 30 days BP 502 44
Control 0
T5P T/rres, Narino FPlaced Potatoes 46013 100
HPR Broadcasted 150 kg/ha 41951 54
HPR Placed 41193 47
Control 36837

- = o T T W e SR ey T WS S A e e e NN R AA M A T v A R S e Gy e T R e AA ED e de A W e Sw TS R SR e v W R e AN e
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Table No 26 Agronomic Effectiveness of Huila Phosphate Rock
Used as So1] Amendment on Beans, Pescador, Cauca

e - e A e e - ——

Amnendaent _._First Crop __ ___Second Erop _
Yield RAE Yield RAE
kg/ha ¥ kg/ha 4

HPR 344 100 230 100

Line 10} 27 157 68

Lime+HPR 314 91 184 8o

Control 10 0

HPR 31 100 341 100

Lime BS 3 99

Lime+HFR 203 55 300 78

Contro} 78 151

HPR 583 100 808 100

Lime 561 94 774 95

Lime+HPR 707 129 915 115

Control 159 109

e T e i e e e T e
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Table No 27 Relative Agronomic Effectiveness of FAHPR and PAPPR as
Compared to TSP Soils and Crop Types

B R A il e e e e e el e e e L TR S S ——

P Source Location Soi1l Type Crop/hate? Yield RAE
kg/ha 4

TSP M/vita, Boyaca Andept Potatoes 24300 100

FAHPR 150 kg/ha 2046490 80

Control 3610

TSP Ipiales, Narine Andept Potatoest 24628 100

PAHPR 150 kg/ha 23914 113

Control 15003

TSP Iprales, Narino Andept Maize/Beans® 7715 100

PAHPR 4G kg/ha 7435 105

Eontrol 4863

5P Pescadeor, Cauca Inceptisol Beans 1248 100

PAHPR 100 Lg/ha 115} B8

Control 454

TEP Pescador, LCauca Inceptisol Mai1ze 1580 100

PARFR 150 kg/ha 1448 92

Contral 0

TSF V/cencio, Meta Oxisol Irr Rice 4793 100

PAKPR 25 kg/ha 4743 92

Control 4178

T5P El Caibe, Meta Oxisol Sorghun 2331 100

PAHPR 100 kg/ha 2336 105

PAPPR 2340 109

Control 2228

TSF Caldono, Cauca Inceptisol Cassavas® 23232 100

PAHPR B2 kg/ha 20876 B2

Control 10300

! Average of 5 Experiments

z Average of 9 Experiments Yield expressed 1n maize equivalent

s Average of 3 Experinments
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Table No 28 Economic Evaluation of Different P Sources

P Source Location So1l Type Lrop Application Yield VLR REE
Rate

----- kg/ha-=----
TSP Tausa, C/marca Andept Potato 150 24033 15 3 100
HPR 0 0
Control 1066
TSP Ipiales, Narino Andept Potato? 180 244628 53 100
PRHPR 180 25914 61 114
KPR 180 22321 63 79
Control 15003
5P Wotavita, Boyaca Andept Potato 150 24300 125 100
PAHFR 150 204640 10 0 79
Control 2610
TSP Fescador, Cauca Inceptisol Beans? 104 B41 4 4 100
PAHPR g2 738 4 4 86
HPR 39 142 23 5
Control 71
TSP Pescador, Cauca Inceptisol Haize 150 1965 21 100
PAPR 100 1428 23 78
HPR 0 0
Control 0
T8F Caldona, Cauca Inceptisol Cassava 82 23272 27 & 100
PAHFR 82 20876 22 & 81
HPR 82 12631 B0 16
Control 10300
TSP V/tencio, Meta Dxisol Irr Rice® 29 4819 4 6 100
PRAHPR 39 4819 IS 9
HPR 32 4458 s 77
PPR 24 44650 & & BO
€ontrol 4178
TSP C/magua, Meta Oxi1s0l RF Rice 40 44346 16 1 100
HPR 49 4458 26 & 101
Control 1172
b Average of 5 Experiments

2 Average of 4 Experiments
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Table No 29 Economic Analysis of Phosphate Rock Used as
Beans, Pescador, Cauca

e e n A e EE A W g N e T e e e S e e EN R T Em e S TV R e S e S P T s

Soil Amendment

e kAt S o S e S A W U M A mS o P RA A e M LA AR S S e e e W e A e

Phosphate Raock
Lime

Mixture
Control

Phosphate Rock
Lime

Mixture
Control

Phosphate Rock
Lime

Mixture
Control

205
78

583
51.3
707
159

VCR?
Crop
230 41
157 21
184 33
0
341 28
qc -
300 24
151
BOB B &
774 20 9
215 15 5
109

100
41
91

100
61
100

101
127

T T T e e Ty

rock $12,000/ton, lipe

s Prices used

were

phosphate

$5,000/ton, and beans

at 1=30/

$120/kg

Serond crop

discounted



t-30

Table No 30 Land Classification in Colombia

- v T A A AR e R e A M e e e e e e A e S e A S e e A S

Type of Land Area
103 has 4
figricultural Lands
Irrzgated Agriculture 3,499 31
Dry Land Agritulture
Flat Lands-fnnual Crops 2,693 24
Hills-Annual Crops 190 2
Permanent Crops 7,981 70
Sub-Total 14,383 12 7

Livestock Lands

Extensive and Semi-Intensive
Livestock Production Annual and

Permanent Crops 8,343 73
Extensive Use Livestock Production 4,942 4 3
Very Extensive Livestock Froduction 5,964 5 2

Sub-Total 19,251 16 B

Forestry Lands

With fAgratultural Possabilitaes 11,208 58
Without Agricultural Paossibilities 67,093 58 7
Sub-Total 78,%01 68 5

Other Lands

Urban Areas, Marshes, Rivers, etc 2,259 20
Total 114,175 100 0
Source Cortez L A et al 1985 lonificacion Agroectologlca

de Colombia Ministerio de Hacienda y Credito Publico
Instituto Geografico Agustin Codazzi Sub-direccion
Agricola PRogota Colombia



Table No 31 Distraibution of Major Celombian Soils
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Soi1l Order Area
10¢ has 7

Entisols 23 5 21 0
Inceptisols 15 9 14 2
Entisols/Inceptisols 18 & 16 &
Ox1so0ls 12 8 10 7
Oxi1sols/Inceptisols 18 6 16 &
Oxisols/Ultisols 6 2 9 5
Ox:isols/Entisals 55 4 9
ffltisols/Inceptisols 39 31

Total 104 6 g1 b

Total Country Area 114 2 10¢ 0
Source Estimated fronm Mapa de Suelos de Coleonbia

1982 Instatuto Geogratico Agustin Codazza

t-31
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Table No 32 Percentage Distribution of So3l Sanples by
Hatural Regions and Levels of F Availabilaty

i —— " . S S S e S i e AL S P e AR S e e A e

P_Availabilaty

Law Medium High
------------- /--.---_......__..
Andean Region 68 14 18
Bogota Savanna 45 23 30
Upper Magdalena Valley 46 17 37
Lower Magdalena Valley 59 16 23
Cauca Valley 52 21 27
Pacitit Coast 80 11 9
Attantic Coast 27 13 &0
Buainira 25 15 60
Orinogquia 69 15 ié
Amazonia 77 11 12
Source Marin, 6 , J Navas and J Henao 1982 ‘“La fer-

ti1lidad de los Suelos Colonhianns y las Wecesy-
dades de Fertilizantes Instituto Colombi1ano
Agropecuario Tibaitata, Colombia
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Table No 33 Percentage Distribut:on of Soil Samples by Crop,
Department and Level of P Availabilaty

A . . . - —— S . 08 S e - ———

Crop Department Area*  _____ P Avaylabilaty
Low Medium High
10% hag ==-em—memeceua- Jmmrmmm e

Rice Meta 67 § 63 22 13
Tolima 75 3 38 26 36

Huila 31 8 36 15 49

Maize fAintioguia 105 2 70 18 44
Cundinamarca 70 B 1) 14 27

Boyaca 42 ¢ 44 18 38

Narino I9 ¢ 66 17 17

Beans Antioguia KOS 83 13 q
Bovaca 42 O 47 ié 37

Cauca 22 g1 9 10

Valle del Cauca 5 2 99 23 22

Huila I0 0 36 29 15

Potatoes Boyaca 3% 0 74 7 19
Cundinamarca 33 0 b6 i0 24

Narino 18 ¢ 59 19 22

Antioquia 15 B 84 11 3

Cassava Cauca 2B 96 3 i
Meta 4 5 83 7 10

N de Santander 76 95 i8 27

Valle del Cauca 30 70 i4 16

Sugar Cane Boyaca 18 1 74 15 i
{Panela} Cundinamarca 40 5 43 26 3
Antioquia 37 7 84 9 7

Narino 200 70 i2 18

Santander 25 4 346 24 20

Pastures Antioguia 77 14 9
Boyaca 61 15 24
Cundinamarca 49 25 24

Meta 715 B 17

Valle del Cauca 69 ié 15

L A e e A A e Sy R L A i o R R A G Mk A o e A S ER e o oy oy e W AR AR A v e e W A e i

Source Ibid Marin, 6 , 3 Navas and J Henao 1982

1 Estimated 1986 cropped area Preliminary
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Table No 34 Estimated FAE of Phosphate Rock and of Partially
Acidulated Fhosphate Rock an Difterent Crops and
Homogeneous Agroecological Regions of Colombia

Region 1d fArea Crop RAE

T h o ey S . . AR A W TR S R M s WY M e iy B N A N s R e G M A WS M G S e -

0-1000 masl, Temperature®24°C. Rainfall S00 to 2000 mm/yr

Cg 114,500 Pastures 95 1090
Cy 3,171,925 Rice 55 B3
Maize/Sorghun 25 B3
Co 3,139,350 Pastures 95 100
Cassava 83 93
Peanuts 85 935
Sorghum 2% 9
Cq 453,875 Rice 85 93
Cr 681,600 Pastures 95 00
Cs 5,038,400 Fastures 8BS 95

0-1000 masl, Temperatured?24°C, Rainfall 2000 to BOQGO mm/vr

Kd 1,433,750 Rice b5 0
Cassava 465 83
Maize/Sorghum 45 83
Ke 238,500 Pasture 85 00
Cassava B85 g5
Maize 45 B85
K$ 1,089,500 Pastures B3 5
Rice B85 g3
Maize 99 B85
Kk 915,175 Pastures 85 100
Kr 1,742,625 Pastures B5 100

Mai1:ze 45 B85

- Ak S e R AR S e e ey ke B A AR S b et ek e o T R e A Sk ke e v = T R T M e R M AR S e A e A



Table No 34 (Cont )Estimated RAE of Phosphate Rock and of Partial-
ly Acidulated Phosphate Rock in Different Crops and
Honogeneous Agroecological Regions of Coloambia

Region 1d Area Crop RAE

e e e . - — - e e S SR S S MBS A8 e W M mm e = =

1000-2000 masl, Tenperature 18-24°C, Rainfall 500 to 1000 ne/fyr

Ma? 76,325

1000-2000 mas)l, Temperature 18-24°C, Rainfall 1600 to 4000 mm/yr

Ke 409,150 Beans 23 BS
Cassava 65 20
Sugar Cane 635 9¢
Mt 1,129,175 Sugar Cane b3 90
Pastures 73 95

2000-3000 nasl, Temperature 12-1B°C, Raintall 500 to 1000 pn/yr

Fa 221,750 Potatoes 20 85
Wheat 20 B85
Mai1ze/Beans BO 100
Fc 132,150 Pastures &3 20
Fg 38,625 Pastures 75 95
Potatoes 20 95
Fh 188,750 Potatoes 15 90
Beans 5 20
Maize 95 90
Fx 699,125 Pastures 55 S0
3000-4000 masl, Temperature 6-1B°C, Rainfall 500 tp 2000 mm/yr
Pa 45,500 Potatoes 75 85

Total Area 20,959,750

- T W T ¥m e e g e e el A AL AL e M AS S AN S SR NS SN SN W LR A RN e G MR EP M T R W e e e e ke

1 This region i1ncludes soils with high fertility and where fer-
tilization with phosphate rock or PAFR 15 not recommended
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Table Nn 35 Potential P Use by Selected Crops
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Crop Department hecommendation Areas
Potential
Low Medium Low Medium
lg of F/ha 103 has tons of P
Rice Meta IR 22 43 o= 14 ¢ 1777
Tolima 18 9 28 & 19 & 491
Huirla i8 9 11 4 4 8 248
Hayze Antioguia 44 22 72 6 16 8 3608
Cundinamarca 22 1i 41 8 79 1029
Boyaca 22 it 18 5 7 64 491
harino 44 22 26 3 6 8 13207
Meta 33 22 7 &* 21 297
Beans Antioguia 33 22 25 8 40 39
Boyaca 33 22 19 7 & 7 798
Cauca = 22 1 8 z 64
Valle del Cauca 22 il 29 12 77
Huila 22 11 16 B g7 465
Potatoes Boyaca 130 110 28 B 27 4054
Cundinanarca 130 110 35 0 S 3 3137
Antioquia 130 87 16 6 34 1674
Narino 10 B7 13 3~ 17 1877
Cassava Cauca 44 22 27 i 121
Meta 45 22 37" 3 169
N de Santander 44 22 4 2 1 4 2186
Valle del Cauca 33 22 Z2 1 4 78
§ Cane Boyaca 34 22 13 3~ 27 645
Cundinamarca 44 22 17 4+ 10 5 297
Antioquia bb 33 317 3 4 22049
Narino bb 33 14 O* 24 1003
Santander 44 22 14 2+ 61 159
Total kgs of P 30721
Total kgs of Po0. 70351

.y W TP SR T S T Wm P M W P AR TR TE W W M R TR YR YR W WS WE S T AR TR W TR W P e e M e o —— —

Areas and crops where ground phosphate rock for direct application can
be used
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Table No 36 Cheaical Characteristics of Major Coloambian Phosphate Rocks

Nine Naog P20, Cal FeaDy AloD; Mg0 €O, Foo5i02 Naal koD S0

T T LI - me = - -

Pesca 2 @& 10 14 15 13 21 &3 W B 43
122 P L 4 1z 135 - - -
Huila 2 & b 17 17 B3 21 236 16 0% 95

Sardinata 2 33 19 5¢ 22 8 26 N% 10 15 -

— - —— mE m Em———— — - —————— =, e amE m wa e mwmae - - —— = -

Source IFOC Files and Comsunication from ECOMINAS
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Table No 37 Sulfuric Acid Manufacturing Facilaties 1985-84

A A B 8 e by T T D ek e g e T A T S M A W S e e e R W e ER A e e e n A

Company Location Rated Production
Capacity 1985-B4
ton/yr ton/yr
MONDMERDS Barranquilla 84,400 47,400
PRP Bogota 28,800 13,800
FAS Neiva, 12,000 9,000
ECOPETROL Hucaramanga 25,240 21,600
Ruimica Basica Ealoto, Cauca 30,000 30,000
Total 182,400 121,B00

o e FR W EE e v M R W ER M de e e e e T T A S R e AR A e de o e = e S A W e

Source Fersonnal Communication from Quimica Basica



Table No 3B Use of Sulfuric Acid by Region 1985-1986

B e e e e e e e b el L ket S

Region Supplaer Use

ton/yr

Atlantic Coast MONDMERGS and others 36,400
Antioqula MONOMEROS, FOP, BB 18,000
Eogota PGP and FAS 13,200
Barrancabermpe)a ECOFPETROL and MOGNOMEROS 22,800
Valle RE 26,400
Neiva FAS 4,800
Total 121,800

Source Personnal communication from Buimica Basica

t-39
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Year Urea DapP KC1 10-30-190 13-26-4 15-15-15 17-4-18
1977 7400 5400 7800 8500 67600

1978 10700 7800 7800 8600 6790

1979 11300 11500 7800 B500 7900 1500 10100
1980 153090 16800 9100 148060 14800 1123v 12500
1981 18600 19500 16800 19400 17100 15200 15900
1982 21000 21500 17600 20000 18200 15760 16100
1983 19500 21500 18500 20900 19500 17300 18000
1984 27609 33700 23200 27000 2GB00 22400 18100
1985 36300 43500 24560 36000 I7600 30960 29200
1986 34000  4BuG0 28000 46500 44600 38900 39200
1787 30000 55000 28000 48200 46300 40400 40700

A o e b o e e e S ey e e R e

Source ABOCOL files
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Table No 40 Average Nutrient Prices 1n
Colombra 1977-1985

- i S A G S L S e o b e

Year N Pzﬂa K20
---------- $/kg---—------~
1977 16 1 18 7 10 2
1978 23 1 15 9 946
1979 24 5 ig 4 10 9
1980 33 6 33 9 i9 B
1981 40 & 37 9 7z
1982 45 7 373 29 5
1983 42 B 43 1 39 1
1984 59 8 86 3 36 2
1985 7% § B4 6 46 2

- e AR SR e e e L e R M S S
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Table No 41 Estimated Fertilizer and F20s Prices at the Plant Gate and
at Major Consumption Centers March 1987

Product Plant Gate Villavicencio Pasto Bogota
Product P20ns Froduct Pz0s Product FPz0s Product P20s

A T R e e T SN R R R L ke S ey e e e S A AR R AR R AR e et A R e e Y T W M M W L AN R R A AR A MR A A e g

$/ton  $/kg $/ton  $/kg $/ton $/kg $/ton  §/kg
DAP 95000 24 LB90O 114 55400 110 47400 112
TSP 45000 98 28100 126 54400 119 56600 123
10-30-10* 48200 123 61600 153 43100 162 60100 150
13-26-06 446300 135 39500 168 61000 179 58000 165
15-13-13* 40400 137 33100 197 54600 220 51600 193

Huila P R 10300 47 16700 76 17200 78 15700 "

Urea 30000 65 41900 91 38400 83 40400 88

KCl 28000 47 32700 b6 36200 60 38200 b4

Source MOMDMERDS, ABOCOL, FOSFACOL and ECDMINAS Fersonal communica-
tions

b The N and Kz0 value has been substracted using the price of Urea

and KC1 at the different locations



Table No

A Coast
f# Coast
A Coast

Tesalia
Tesalia
Tesal:i1a

Pesca
Pesca
Fesca

Sardinata
Sardinata

42 Estimated Fertilizer Transportation Costs

to Main P Using Markets March 1987
To Cost Advantage Advantage
over A C over Tesalia
--------------- $/ton--=-=-=--=-----

Bogota 8,000

Pasto 11,000

V/cencao 9,500

Bogota 4,400 3,600

Pasto 5,900 5,100

V/cencio 5,400 4,100

Bogota 1,000 7,000 3,400
Pasto 8,000 3,000 (2,100
V/cencio 4,000 5,500 1,400
Bogota 4,500 3,500 (t1om
Pasto 11,000 0 {5,100}
V/cencio 7,300 2,000 {2,100)

Sardinata

e A e L e W T ks e e B N A A W e e e e e SN S N R W W A W e
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Table No 43 Estimated Production Costs for FAPR Products

Rock _Buantity? _..Costs2 _ Sub- Conversion Tetal Z20g
Roctk H2504 Rock H=2S04 Total Cost® Cost
~~kg/ton--~  mo=-seesooo--- $/topemmmm s /

Huila 758 210 1516 9250 6764 11304 tBu7v 16 7

Pesca Blé 144 1632 4320 5952 11304 17256 18 0

1za B17 167 1634 5020 bb644 11304 17548 16 3

Sardinata 810 181 405 6335 6740 11704 16044 21 0

s Quantities of rock and H.504 (93/) to make one ton of FAFR ete IFDC

estimates

2 Estimated using the following costs cf mining and tranportation of

unground rock to plant site
Huila, Pesca and Iza §2,000/ton
Sardinata $300/ton
H260, (93/) costs are equal to at Ruila $25,000/ton
at Pesca/lza $30,000/ton
at bSardinata $35,000/ton

3 Conversion tosts were estimated from Schultz, J J 1986 G&ulfurac
Ac1d Based Partially Acidul ated Phosphate Ro

ck

Its Production Cost

and Use

IFDC 7-31

Muscle Shoals, Alabama

USh

, table 1B
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Table No 44 Cost of PAFPR Products at Different P Market Areas

R e G AR e S A PSS e T e M A A W S M NN R NN N AN e T AR A W MM e M e g S e e e G Rt G e e e G S B9 A R R e e e

PAPR __Plant Gate Villavicencio _____ Pasto __ —___Bogota __
Product Product P20s Product P20s Product P20s Product PaDg
sston s/bg $/ton $/kg  siton  $/kg  S/ton sikg
Huila 18070 108 24916 149 25415 152 23915 143
Pesca 17256 %6 22636 126 264636 148 19636 109
Iza 17948 110 23383 143 27383 1468 20383 125

Sardinata 18044 86 26988 129 30488 145 23988 114

- S e W T W e S B e S e M A e R R R e e Ak G S e e S AL A S L S -
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Table No 45 Estimated P20s Prices from Different Fertilizer
Sources at Selected Locations

Product Villavicenclio Pasto Bogota
Frice / Frice 4 Price 4
$/kg $/kg $/kg

DAP 114 100 ilo 100 112 100

TSP 126 i1l 119 108 123 110

10-30-10 153 134 162 147 150 134

13-26-08 148 147 179 1463 1635 147

15-15-15 197 173 220 200 193 172

Huila PAPR 149 131 152 138 143 128

Pesca PAPR 126 111 148 135 109 97

Iza PAPR 143 125 168 153 129 112

Sardinata FAPR 129 113 145 132 114 102

Huila Rock 76 &7 78 71 71 63

G . L B e gy o W L S WL S S8 L e TR R A R e M e e e TR S8 A e e e e W e e
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Table No 46 Estimated Costs of Inputs to Make a Phosphate Rock/TSP

Mixture
Product Villavicencio Pasto Bogota
Product FPz0s Product Pz0a Product Fz20s
$/ton $/kg $/ton $/kg $/ton $/kg
Huila Rock 16700 74 17200 78 15700 71
TSP SB100 126 94600 119 56600 123
Hixture 30072 101 29280 98 28911 87
DAP 48900 114 65400 119 67400 112

Mixture 33560 95 32769 94 32399 92

- e S A S R SR A L A R e s A e A e e e e e T NN W e W R R am RN M SR S A S e e e S e
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Table No 47 Estimated Fertilizer Nutrient Price Elasticities

P e T e T e e e e

Nutrient Elasticity

Price Crop Area? Farm Income
Nitrogen - 3&° 1 31" 69
P20g - 1§ i 07%" 17
K20 - 41*" 1 3B** 1 b1%-

- S e W S T = T WR W P W= e am e e e e e S e e e A SR A e

. Significant P < 10
* Significant P ¢ 05
**  Sigmificant P { 0}

For estimation of elasticities for N and Pz0s 1ncludes
area cropped with potatoes, rice and sugar cane For Ka0
includes the above plus the coffee area



Table No 48 Governemt Institutions Involved in Fertilizer

Policy and Areas of Influence

e e - — e - -

INCOMEX

Ministerio de Agricultura

1Ca

INCONTEC
ECOMINAS
Ministerio de Minas

Instituto de Fomento
Industraal

Ministerio de Hacienda

L pep——— PRI e L

Source Compunications from ECOMINAS,

Agricultura

e e T

Iaports and Exports of Raw Materials
Isports and Exports of Fertilizers

Iinports of Fertilizers
Fertilizer Prices
Imports ot Raw materials
Extension

Quality Control

Trading Licenses

Iaports of Fertilizers
Imports of Raw materials
Technical Assistance
Buality Control Regulations
Mineral Reserves

Natural Bas

Fertilizer Production

Fertilizer Taxes
Port Tari144

ICA and Ministerio de



Table No 49 Present {(since mid-1984) Taxes for Fertilizer Raw
Haterials and Finished Products Imports

L T I I e L

Fertilizer Raw Materials
Sulfur, Phosphate Rock,
Phosphoric Acid and Ammona 1 License

Nitrogen Fertilizers

Sodyum Mitrate 1 Free
Ammonium Nitrate 1 License
Apmonium Sulfo-nitrate 1 Free
Aomonium Sulfate i License
Calcium Mitrate i License
Calcium-Magnesium Nitrate 1 Free
Calcium Cranamide 1 Free
Urea i Free
Phosphate Fertilizers
Basic Slag 1 License
Calcium Phosphates (Thermo Phosphates) 1 Free
Super Phosphates (S5P and TSP) 1 Free
Di-calcium Phosphate 1 License
Fotash Fertilizers
Natural Potassium Salts i Free
Potassium Chlorade | Free
Fotassium Sulfate 1 Free
Fotassium-Magnes:ium Sulphate 1 License
Dther Fertilizers
Sodium Fotassium Kitrate i Free
MAF and DAF 1 Free
NPKs 10 ¢ License
NPs _ 10 0 License
Ni s 10 0 License
Dther Multinutrient Fertlizers 10 0 License
Fertili.er sold i1n tablets or 1n
bags of not more than 10 FKg- 15 0 Licence

Source Arancel de Aduanas LEGIS Chapters 25 and 31 June
30, 1985 (Envio B9), and 'El Tiempo , April 28/8Bb,
p 2D
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Table Mo 350 Institutions Engaged in Fertilizer Research, Soil
Fertilaty Research and Technical Assistance

State Secretariats

International

IFDC
CIAT

National
1CA pll crops, all areas
cvC Regional Crops, Cauca Valley
FEDEARRDZ Rice
CENICARA Sugar Cane for sugar production
CENICAFE Coffee
COLTABACD Tobacco
FEDETABACO Tobacco
FEDECACAD Coctoa
FEDEREALGODON Cotton
FENALCE Cereal crops (except rice)
UNIBAN Bananas
INDUPALMA 011 Palm
16AC So1l fFertility Maps

All crops, satewide

Phosphate Fert:ilizers
Rice, Pastures, Beans, Cassava
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Table No 35! Potential Foreign exchange S5avings fropm Use of Domestac
Phosphate Reserves

e R A g g e A A A S R R W AR AR M A e e R S e e e e e e R e AR PR M M e e g e e A

Year Projected Supply Balance CIF
Demand NP * Basic Slag Value
------------------ 000 topg-=rr===----------=-- 000 us
1990 112 B 72 4 4 4 36 0 11 7
1995 137 2 72 4 4 4 60 4 19 §
2000 159 1 72 & 4 4 82 3 27 3
b Imports of Pa0s needed for manufacture of NFh s

2 2,600 tons valued at US$1465 S5/ton (Florida rock at CIF
US¢53/ton), the remainder valued at US$337/ton (TSP at CIF
Us$155/ton)
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Table No 52 Estimated Aggregate Economic Benefits to Potatoes Farmers
in Narino

e e e T e U S T T - TR o SR B TR mm e e R T e A e T TR A R e e BF R M R T e e B R M A o e

Fertilizer Fertilizer Quantaty Cost Savings
Products Cost Nutrient Product Savings! 1in F Ex?2
$/ton = —eeee--- hge~==-==-~ $/ton 000 USSH
13-26-6 61,000 1,000 0
Huila PAPR 39,520 260 1,557
Urea 10,790 130 283
KL1 3,600 40 10v
Total 53,910 450 1,940 5,445 1,400
TSP 15,470 130 2B3
Huila FR 10,140 130 591
Urea 10,790 130 283
KC1 3,600 1] 100
Total 46,000 450 1,257 20,550 710
TSP 30,940 260 545
Urea 10,140 130 283
KCl 3,600 60 100
44,480 450 948 16,411 0

Includes extra charges for increase i1n application costs
2 Yotal on an estimated 14,200 hectareas
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Eﬁ% Areas using Phosphate Rock

Figure 3 Location of major phosphate rock consuming areas 1986
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Figure 4 Projected demand and supply for P205 1986-2000
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Figure 5 Location of major phosphate rock formations and deposits
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Figure 7 Potential areas crops and RAL for phosphate rock
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