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Section I 

SUMMARY AND RECOMMENDATIONS
 

Paraguayan agricultural leaders are committed to a 
program of reducing imports and expanding exports. 
Expanded production of particular crops is fundamental to 
the program and lime and fertilizer use clearly Must be an 
integral part of expanded production. Si:ll amout,1s of' 
fertilizer have been usedCi on several crops for many years. 
The National Wheat Program, initiated in 1968 to implc-
ment tile policy of reducing imports, shifted emphasis on 
fertilizer use to .his crop and caused fertilizer use to 
accelerate, 

Along with the expanded use came other changes and 
problems. The 13NF began handling fertilizer and now 
markets about 90, of all fertilizers used. All fertilizer must 
be imported. Importation in bags and in small quantities 
has resulted in high costs. 

Wheat is a crucial crop. It is the only one that can be 
grown oil enough fertilized iectares to significantly increase 
the use of fertilizers. Only a significant increase in fertilizer 
use will justify adoption of new techniques in handling so 
that costs can be reduced. Only a redciction ill cost will 
permit fertilizer to be used profitably on wheat and on 
other crops too. Tile wheat program has been only 
moderately successful. Producers who plant 100 ha or nore 
of wheat can obtain 100',% loans at low interest rates for 
land clearing and machinery. There has been a substanti:ll 
increase in helctarage but yields have v'aried frcom nothing to 
very good. Fertilizer use has not consistently produced a 
profit. Most soils are extremely acid but limestone has not 
been used to correct this acidity. Wheat stands and response 
to fertilizer undoubtedly are affected by the low soil phI. 

Present use of fertilizer is estimated at about a thousand 
mt each of N, P2 05 , and K20. Projected use for 1980 is 
16,000 mt of N, 12,800 tnt of 1,0s. and 13,400 tnt of 
K20. No lime is used presently but over 150,000 tnt is 
projected for application in 1980. For lime and fertilizer 
use to increase to this magnitude, probletus in procurement, 
handiing, and use must be solved successfully. In order to 
determine some of these problems atd to suggest solutiotts, 
a five-nielnber teamn, representing the TVA's Natio'ual 
Fertilizer Development Ceniter, made an in-counitry study in 
September-October 1970. 

Recc mrnendations ensuing front this study are given 
h!ere along with a partial explanation of tile problem or 
situation that led to the recommendation. Readers are 
urged, however, to examine tite entire report. Only in this 

way can an u'derstanding be obtained of the information 
available to tl'e TVA teani, the team's impression of the 
country, and the reasoning that was used in arriving at a 
specific recommendation. 

Limestone suitible for agricultural use fortunately is 
located in each of the tlhree mlain agricultural zones in 
eastern Paraguay. Some of tie stone is quarried and 
calcined for use in mortar but none is crushed and ground 
for agricultural limestone. Before prospective producers can 
evaluate their equipment needs and investment costs, they 
must know how finely to grind the stone. There are no 
government specifications. We recommend that initial 
specifications for particle fineness of agricultural limestone 
be as follows: 100% through 8-nesh and 50% through 
60-mesh screens. 

Fineness of grinding is only one of the factors that 
determines the value of limestone Is a neutralizing agent. 
Purity is another factor. We recommend that tile GOP 
establish quality standards for agricultural limestone based 
oti both fineness of grinding and purity. 

Agricultural limestone is urgently needed in Paraguay. 
Presently, only calcined lime is available-at a high price as 
lumps in steel drums. However, there is already an interest 
in producing agricultural limestone from some of the 
quarries located between Coronel Oviedo and Caaguazu in 
central Paraguay. These quarries are virtually at the 
crossroads for all the agriculture in eastern Paraguay. That 
is, Coronel Oviedo is located at the junction of the main 
road (dirt) to the northern agriculttnral zone and the asphalt 
ligiways to agricultural areas to the east, south, and west. 
Although transportation costs are high to sone of the 
remote areas (lime trucked to Pedro Juan Caballero would 
cost S24/tnt), these quarries would be tile Most economical 
for supplying agricultural limestone to all the country until 
quarries could be developed in other areas. We recommend 
development of the central Paraguayan agricultural lime 
industry as quickly as possible. 

Only one quarry, temporarily abandond due to 
flooding of the Rio lebicuary. was located in the southern 
agricultural zone. The quarry also is located quite near 
some of tite new and very large wlheat farmts but it could 
not be sampled adequately. We recommend that the GOP 
investigate the size and quality of limestone deposits at 
Villa Florida and any other locations in the southern zone. 
Private interests should be encouraged and assisted to 
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develop an agricultural lime industry in southern Paraguay 
if the deposits are large enough. 

In northern Paraguay the main limestone deposits are 
located ou the Paraguay Rivm. Three qaiirries ate piriducing 
calcined lime which is shipped down the river to) Astircoitl. 
No roads connect these quarries to the ititig aie:is hut 
agricultural lite could he tr:m.ported down river to 
COnlCepCiOl ald Sali Pedro and then trucked to tilefariiiing 
areas. The two private quarries (at Ilapucuini aid itacua) 
contain only calcitic limestone hut the (()' quarry at 
Vallenli colitaills both calcitic and dolotitic stone. Ilow-
ever, it is possible that one of tileprivate quarries will have 
several tlousand tons each year of stone already crnshied to 
less than 1.5 cn in diamieter. In contrast to tilemmmoth 
deposits along the river, another deposit has been reported 
across the country at Pedro Juan Caballero. No additional 
information is availk:ble beLt tIre location i;advant:1eots to 
many farmers. We recommend that private interests develop 
an agricuIltural limestone indtustry for northern Paraguay 
with quarries located at Itapoctimi and Pedro j tan 
Caballero-if the deposit at this latter location proves 
feasiDle for development. Tile GOP should b' prepared to 
produce lime at Vallem i if tle I tapuctoi venture does not 
materialize. 

Many countries manufacture their own fertilizers, 
usually from indigenous materials. Ilowever, if' fertilizer 
needs are high enugh, costs call be redu,ced by ,iaIIifIaC-
turing fertilizer from either imported raw materials or 
imported irntermiediates. Paraguay has no known depoxsits of 
minerals needed for the inanuFacture of' fertilizers. There-
fore, tilecost of producing )ltospihate fbrtilizer was 
determined on the basis of' imported raw materials. Phos-
plhate in tileftiim otfSIP caii be irtiported at about half tile 
cost of manufacturing it as OSP. Uiless both phosphate 
rock and elemental sulfur are discovered in commercial 
deposits inlParaguay, we do not recommend that phosphate 
fertilizer be manuLfactured within tilecountry. 

Before 1968 Paraguay had never imported more tItan 
1.500 nit of' feritilizer ill a year. Such small purchases 

hlardly cualify as major Imports and the country could not 

ifTford to have special facilities for handling fertilizers, 

Therefore, tie fertilizer arrived in bags. Bagged fertilizers 

are ex:pensive in Paraguay. A kg of nitrogen costs the farmer 
about 71(, (over 22 cents per pounrid). Bulk fertilizers 
would cost only a little more than1 half this much. We 
recommend that Paraguay import fertilizers in bulk form 
just as soon as facilities can be made available to handle 
them. 

[:ertilieis for ittipOtult1i CM! be pulcha:sed 'rum 
various producers tlrogueliout the world. When purchased 
with U.S. loan funds, however. U.S. laws require that 50'; 
of' the fertilizer be traisporled oil U.S. flauships. ('iirer 
rates for these ships are nuch higher than those I'r 
110i1 -U.S. flagships. Althiough sales of U.S. fertilizers are 

8 

needed, tie followirug recommendation is Iii ade From t1 
view of what is best for Paraguay. We recommend that 
much fertilizer as possible be purchased with private fund 
AID funds should be used when competitive bidding resil 
in delivered costs that are lower, even though transpo 
tation inU.S. flagships is provided, or as a last resort fi 
funds. 

Thelre re s1evelal lternative ioutes fI imporiling ferti 
iZer ito1 aragt. The LCR dCpCLs upon lates clh:Iie 
by the diftereiit carriers and the destination of Ih 
fertilizer. PIesently. Astmicion is tiledestination of nearl 
all fertilizer: farillers 'roil tile moust seiiallover couintrv 
trucks to this city fir fertilizer. Rarely do tie',' pu rcl t as 
enongh to completely fill the truck and so real traispo 
tation costs are excessively high. On the other hand. i 
warehouses were to be dispersed trouighotiut the countr\ 
fertilizer could be delivered frout tile ocean pIots directl 
to these warehouses using very large carriers loaded I 
capacity. When this system was exaniited, it wasl"ii id tha 
tileICR to sone Iocalios iinvolved iiiporration flirtil 
Paraniagua, Brazil, orliet locations werewhile betetfited 1'
 
shipment hrough oiios Aires. 'ranospor ting btik fertilize
 
from the two ocean ports to six selected distrilti(
i 

centers--two ill each agticultural zoiie-by [(CR involve
 
four distinctly different Culrulion carrier/import routes. Al
 
three counlion carriers (truck, ,ail, and inland hoat) wer
 
utilized for one location or another. As a result of usim
 
LC R tilefertilizer delivered to ('0roriel IOviedo by trirci
 
frii Paranagua is uIv a few cents per lilt
of plaint itltlrieri 
mine than the cost of tire same material delivered It. 
Pamgtiari from Buenos Aires via boat to Asuncion and the 
truck the rest of the way. We recommend that fertilizer b 
wa rehoused throughouLt tilecountry rather than at 
Asuncion and that the fertilizer be imported via the LCR 
for each of the distributionl centers. 

NMany techniiical pnnibletnis will be emotiuli ied as td.
 
country moves into a 
progtainl of' handlinrg fertilizers itt
 
bulk. lEquipment to handle bulk fertilizers will be needed at
 
tile ports at Asuncion ard Fncaroacion. Similarly. sonte
 
modifications ill ships and barges would be desirable t) 
better adapt them to transporting bulk fertilizers. It wa, 
beyond the scope of the present report to specify tileexact 
items, size, and cost of, such equipinent and nmditlcatiolr,. 
We recommend that a detailed study be macIc 01' the 
facilities and equipment needed to handle fertilizers in bull, 
from the ocean ports to the warehouses in Paraguay. 

Gelerally, importing mixed fertilizeis costs mnore thl::. 
strailt materi:ils because of the additional op'eml iot. 
ulquired to bring all the necessary ingredients'oeIetlleu it, 
onle location and then cotbime tlheiInto a preselecten 
grade. Iv loc:tirrg a btilk-bleidig plait rear the ts,' r1e0.> 
plant llltr~ellls cain be purchased ally place in)rite world al 
tIe lowest cost aid theni blended togelher to Illeexact 
N 2 C)O5 :K-,() ratio reconiunnerucied rin a soil test. VL 



recommend blending in Paraguay of the bulk fertilizer 
imported into the country. 

A single bulk-blending plant is beset with the same 
difficulties as a single warehouse. Economy of distribution 
Mnust be considered simultancously w tith of sCaleccnomny 
and size of the market. Since wheat is the crucial crop, 
fertilizer needs of wheat can be used to measure tile 
narket. Market areas are long. narrow rectangles centered 
on the few main highways. Ilaul distances for blended 
fertilizers are high and so are the costs. This suggests that 
additional bulk-blending plants should be built just as fast 
as increases infertilizer use will perlit. We recommend that 
six bulk-blending plants be constructed in eastern Paraguay 
during the nm!xt decade. 

Many kindsoof blenders can be used and the degree of 
sophistication or mechanizatiot can vary widely for bulk-
blending plants. lowever, tile anloutnt and kind of eu ip-
ment makes up only a minor share of the cost of blending 
bulk fertilizer. The major factor is the amount of material 
that must be in storage-and especially the amouitnt of 
unblended raw materials. 'hese materials must be protected 
from the weather arrd tIis kind of storage is expensive, 
Unfortunately, Paraguay is a landlocked country located at 
a very great distance tolrri producers of fertilizers. Ii order 
to ensure that fertilizers are available when needed by 
farmers, large am ouints probably will have to be stored for a 
considerable length of time. This requires an excessive 
atnount of storage capacity and also increases working 
capital to very large suris. These, their, become major itens 
contributing to the cost of blending fertilizers. We recom-
mend that a careful study be made of the scheduling of 
fertilizer shipments because they affect the amount of 
storage capacity and working capital needed by a bulk-
blending plant. 

The present fertilizer marketing system consists of both 
a private and a public sector. Many firis t:ve entered the 
private sector in past years but only a few suvived. The 
market was too small. Finally, BNF, an entity of' the GOP, 
became a distributor for tire GOP agricultural development 
programs. If fertilizer use cart be increased successfully 
through the National Wheat Prograi, operating bulk-
blending plants and marketing their products becomes a 
full-time occupation. Some of the fertilizer that isblended 
cart be applied directly to fields using field applicators 
designed to broadcast bulk riat,.rials. (These sane appli-
cators cart be used to apply agricuiltural limestone.) 
Probably wheat farmners with large liectarages will spread 
bulk fertilizers. Most other farriers will want baged 
fertilizers and so each blending plant also needs a bagging 
machine. Wheat is fertilized mnostly in the fall but most 
other crops are fertilized in the spring. Thus, blending 
plants nust produce for two use seasons and marketing
Iecomes a fuiLill-tinn e occupation requiring specialized 
knowledge. We recommen d that private industry operate 

tie bulk-blending plants and market the fertilizer in 
Paraguay. 

At least three types of credit are needed if Paraguay is to 
expedite agricultural development through judicious use of 
lime and fertilizer. We recommend that BNF, with or 
without the assistance of AID/Paraguay, provide monies for 
physical facilities needed to expand the lime and fertilizer 
industry, provide credit for private companies to import 
bulk fertilizers, and provide production credit to farmers. 

Expanded fertilizer and lime use will cause expansions in 
all aspects of the fertilizer industry and in many peripheral 
areas. More fertilizer salesmen will be neetded, extension 
agents will be" contacted more frequently with questions 
about lime and fertilizers, credit fiel dmen will need to 
know more about how these materials should be used, men 
must be trained to operate and work in bulk-blending 
plants, and researchers at the FAV and the MinAg 
experiment stations must become familiar with new 
methods of handling and applying fertilizers in bulk. Above 
all, many farmers rn ust be taught how to use fertilizers 
economically and effectively. We recommend that a series 
of short courses be planned and conducted for the various 
groups that will become involved in the production, 
marketing, and use of lime and fertilizer. 

Benefit/cost ratios based on the current price of crops 
and the response of crops to fertilization slhow that bagged 
fertilizers are too expensive to produce a profit except in a 
few special situations. Only after tire cost of fertilizer has 
dropped due to bulk handling will fertilizer use generally 
become profitable. However, crop prices Must continue at 
about the current level or the cost of fertilizer must be 
subsidized for this to happen. We recommend that GOP 
support the price of crops (especially wheat) rather than 
subsidize the cost of fertilizer. 

Farmers who acquire large, contiguous holdings for 
wheat production inust make large investments inclearing 
and preparing the land, in agricumltural machinery, and in 
storage facilities Long-term loans at low interest rates are 
available for this purpose. Money can also be borrowed for 
the purchase of' fertilizer aind seed but the interest rate is 
10';and the loan period is only 8 or 9 months. When sorie 
of the land does not produce a crop because of ,oil acidity 
and low fertility, an extra burden is placed on the 
remaining liectarage to pay off the loans and produce a 
profit. We recommend that the original capital investment 
loan for farmers be broadened to include the initial 
application of lime needed to correct the extreme acidity of 
many soils and to include a corrective application of 
phosphate and potash fertilizer. 

The GOP already has liberated some of the custorns and 
duties on agricultural products that mist be imported. 
Others have been reduced but sonle have been overlooked. 
Truckers point out, also, that regardless of the size of the 
fee, they frequently spend many hours waiting to clear 
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customns and inspections hit carl expedite clearance by 

paying extra fees. We recommend that GOP review its 
customs and duties oii fertilizers arid again eliminate and 
reduce as many as possible; further, efforts should be made 
to expedite the orderly movement of fertilizer into tire 
country. 

As tie price o! fertilizer d o so that use call be 
extendL'd prohitahI to0 ri[ore rrer', an1d 1r'ore crops, a 
broad range o' tc,'hritlreC t be used to itlforii tCmltnlialtsIt 

customers about fertilizers. Fertilizerl Couipanrics alrieady are 
using demonstrations and soil test recommerrdatiors for 
this p)uarlpoSe. We recommend that all comparnie- perform 
educational services arid that goverment officials coop-
crate in supplying needed information to company officials. 
Muchfapplied resca rch is needed with fertilizers in 

Paraguay. Since most of tie fertilizer will be used oilwheat 
for the lnext several years, it is onlthis crop tht the research 
should be coriducted first. Illtwo or three rlrrre years, 
erotgh research will Iave beerin ciitpe teLI ol wIeat aid 
perhaps ariother crop or t\U as Well that deLrIoristratioris 
can be st:arted. Irlider ]10 circtIistaUcH+s should ir atterript 
be llade to rise derll ostatiorrs as a replacement for 
research. Their pmrpose is to demonstrate provenr facts, not 
to collect new ones. We recommend that fertilizer demon-
strations be postponed urritil the extension staff has gained 
more knowledge and 'xperience vith fertilizers arid 
research personnel Ia, completed more applied research. 

Large variatiuns intlinestorne cu:ility are possible. These 
depend uponr how finel, the niaterial is ground arrd the 
clieritical corlipositioi of 'lie limestone. Witlhout national 
standards, eaci producer illu.,testablish his own starrdards 
anid could, oh cOirse, Co:larrg the standards airy time lie 
desired. We recommend the passage of laws that specify the 
rmin imun standards for chemical composition (calciulirn 
carbonate equivalent) and fineness of grinding for agri-
cultural limestone, that define limestore quality or neu-
tralizing power in terms of both ciem ical composition arid 
fineness of grinding, arid that specify penalties for 
m islabelling of limestone as to quality. 

The preceding recominerinlatiur presumies that there will 
be Sonie type Lif legullatrry atithuity that can collect 
lirIrestorre sarrples analyze illari Iretllai laboratory. We 
recommend that the read of the laboratory services arid the 
chief inspector be sent to the United States to study 
tech niques and procedures, 

Furiier, we recommend that the laboratories aid 
inspection services for agricultural limestone be under the 
control of and operated by the MinAg. 

Anytime that two or rore ingredients must he mixed, as 
iutilebulk blendiig ol lerrilizers, there exists :chance for 
errors. When a larmer fails to oblain tile growilh or yield lie 
expects hor ;a fertilized crop, he freqrelll\ blantes the 
fertilizer rather than poor imartgetnert. NlartV of these 
problerris can avoided others can bebe arid answeraed 
satisfactorily when official sarrmples are crllected and
 
analyzed. We recommend tire passage of laws that define 
commercial fertilizers and establish tire stanrrdiarcds of ciuality 
that shall be enforced Ipor all hranIdlers. 

As with limestome sarples, the collectiol eclrutiques and 
equipment and the :ralytical procedures used iMst be 
caref'ily prescribed. We recommend that a team visit the 
United States and other countries in Latin America to 
study tile procedures used and to recommend those that 
vili best serve Paragtray. 

It would be expedient for the lirirestorie regulatory
services ard the fertilizer regulatory services to be a single 
agerrcy Or leastat for both to report to the sarmie atrillorit'. 
We recommend that the laboratories and inspection services 
for fertilizer be under the control el and operated by the 
MinAg. 

Althughr no igricous rocks rich in apatite were observed 
during this brief investigatiori, it cannot be said that they 
Will riut be found. ('aref'ul investigation by detailed geo
logical rlrapping, iraglietic surveys, radioactivity surveys. 
heavy rrineral surveys, and geocheriical soil itapping ot 
alkalic igrneoius rock comilplexes may reveal cormmrercial 
corncerntrationis A plhocsplorus anrdi other valilable rrlinrer:ls. 
We recommend that tire work begun at Sapucai be 
continued iii a more detailed rranner. The Acahay-Li 
Colmena area should be investigated before returning again 
to tie Sapcrcai area. 

'Flue pre c e is jo i each to o o ie 11w 
rrtaor agricnu al zro es is of r ajor iiutprrrta or threce 
cnntiriec de'ehopriert olf agriculture. Present krowlecl, + 

of these deposits is very inadequate. Sorme are io0t evcr 
listed (m1geological rIrapS 0f the area ill Which they arc 
located. We recommend that the extent and rature of tire 
limestone deposits in each of the three agricultural zones be 
fully explored. 
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Section II 

INTRODUCTION 

At the request of the All) Mission to Paraguay, a 
two-man team from TVA's National Fertilizer l)evelopmeent 
Center spent 10 days (January 18-29, 1970) in Paraguay. 
This team was composed of Donald L. McCune and Join T. 
Shields of the Iniernational Fertilizer Development Staff. 
They advised AID/Paraguay oi the scope of work for a 
detailed fertilizer study and lielped prepare a draft of a 
request or a U.S.S1.5 million loan to be vised in importing 
fertilizers. The followup team was in Paraguay September 
20-Oclober 30, 1970, it. order to evaluate fertilizer and 
associated soil fertility problems. 

BACKGROUND 


Many reports concerning Paraguay start with a statement 
that this is one of two countries in South America that has 
no direct access to an ocean port. The small size (406,752 
km2 or comparable to California) is next emphasized. A 
population pressure on land near the country's capital of 
Asuncion, a chaotic political and military history prior to 
the present government of President Stroessner, and a lack 
of exportable mineral resources are among the additional 
factors used to explain why Paraguay is classed with the 
developing rather than the developed countries. These facts 
cannot be denied, yet most could be the effect of as well as 
the cause of delayed developiient. Arnold, in his strivings 
to arrive at an agricultural policy statement country,for tile 
delved deeply into the coiuntry's social and economic 
history. One statement stands out: 

...most of the people throughout the 430 
years since the settlement of Asuncion have 
never received positive rewards for their efforts 
to produce beyond subsistence.( 18) 

Incontrast, the past decade has been noted as one of 
remarkable change in tileattitude of the Paraguayan 
business conmunity. New leaders have emerged in the 
major enterprises and econouiiic associations Of the country. 
They are dedicated to private sector development and are 
cooperating vith tilegoveiii went in f'ormulating appro-
priate policy and legislation. The resiults are apparent in 
recent expansions in infrastructure, new private invest-
ments, increasing participation in international affairs, 
surging tourism, and the incursion of foreign businessmen 
(48). It is against this background, then, that AID is 

assisting the GOP to constantly review its agricultural 
development programs. 

Paraguay had a population of 2,303,5G0 by 1969 with 
an annual growth rate estimated at 3.1%. The rural 
population is expanding at a rate of 3.7% annually and now 
Makes up 63.51;; of the total. Traditionally, 60% of tile 
population has lived in or within 150 km of Asuncion but 
this also is changing. The populatioln in the north and east 
of tilecountry has been growing at a rate of 71; annually 
(17,51). 

Usually a net exporter, illrecent years Paraguay has 
become a ihct importer. Exports in1968 were valued at S47 
million. Crops and fruits comprised 38% of the total and 
meat and forest products made up the balance. Vegetable 
oils (palii, castor bean, and tung) and tobacco are tile 
leading export crops; others are essence oils, cotton, yerba 
mate (tile drink similar tea), fruit, and sugar.national to 
Over 10% of the 1968 imports were food products. Wheat 
and wheat products required nearly $6 million of the S7.9 
million expended in this category. Milk products accounted 
for another $0.5 million (17, 51). GOP is concerned with 
these trends and is attempting to reverse them. A National 
Wheat Program has been initiated to increase domestic 
production and reduce imports. A National Tobacco 
Program seeks to expand exports of this crop. In both 
cases, use of fertilizer is an alternative to expanding 
hectarage. 

The small aniount of chemical fertili.er currently used in 
Paraguay must be imported. The cost is high and use is not 
expanding very rapidly. Only high-valued crops can be 
fertilized profitably. Iligi-valued land, such as that near 
Asuncion and paved roads, might also be fertilized but 
profitability is less certain. Tile emphasis to be given to 
fertilizer use in agricultural development has been ques
tioned because other enterpries possibly would produce 
higher or faster rates of return on GOP investments of 
money and energy. Failure to obtain harvestable stands of 
wheat On sonic newly cleared soils has created additional 
questions about basic soil fertility needs and tie types of 
research needed to define these needs. Additionally. reports 
of apatite as an accessory mineral in intrusive rocks near the 
center of the agricultural area and huge deposits of 
limestoie far removed from the agricultural areas provided 
some possibility for domestic mineral resources of use in an 
improved soil fertility program. 
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Paraguay, then, has some potential for expanding its use 
of fertilizers. Lack of experience with fertilizers created 
local uncertain ties about proper techniques for evalhating
fertility problems, ferlilizer use, and economical methods 
of acquiring needed plant nutrients. Thus, AID requested
TVA's National Fertilizer lDevelopnent Center to make an 
in-depth study. 

OBJECTIVES 

Tire specific objectives of the study were to: 
A. 	Determine the stattis of fertilizer use by crop and

region. Develop a reqitiretirent and schedules for 
implementation of fertilizer experimental trials by 
the National Extension Service. 

B. Recommend types of fertilizer that will suit the 
requirements from an agronomic and economic view-
point and determine how these materials should be 
obtained, keeping in mind there are no basic rnaterials 
or blending facilities in the country. 

C. Advise on marketing and distribution systems that 
will provide needed fertilizer materials for farmers at 
reasonable prices. This will include advice on incert-
tive programs, fertilizer education, credit,'and other 
services that encourage widespread use. 

D. 	Estimate the rate of expansion of fertilizer use 
through 1980. 

E. Indicate lie types of fertilizer industry that can be 
justified at vatious levels, including personnel and 
capital requirements. 

Tire scope of' the sturdy was outlined in more detail: 
1.To give guidance oi tIre types, ratios, and the amount 

of' fertilizer by region an d by major crops that cart 
e c o n o m ically b e u se d iii P a ra gu ay th ro ug h 19 80 . 

2. To suggest tIre roles off tire public sector, tire private 
sector, and cooperatives iinproviding credit and in tIre 
importation, blending a.id/or iixirig, storage, distri-
button, and iarkoti g of f..tilizers arid hii,, 
materials. 

3. To work with org,mizations active in retailing of 
fertilizers and liming materials to help assure that tile 

most effective methods, techniques, and approaches 
are being adopted and used in their education and 
sales programs. 

4. 	To advise on types of equipment that would he 
needed at vatioUs levels of use to furnish, blend, 
distribute, market, and apply fertilizers. 

5. To help set up specifications and standards (quality 
control) for fertilizer and liting materials and to 
suggest tilebest method of assurirg that these 
standards are met. 

6. To examine, throligh ground reconnaissance and by
testing, known apatite deposi ts located near Sapucai. 
Paraguay" 

To accomplish tlrcse objectives, a multidisciplined team 
collectively spent more than six nian-montlis in the coulltry 
gaining firsthand Yuowledre of conditions :nd attitudes. 
Each member of' the teatn was responsible for coilecing
and interpreting information in his sphere of competence. 

James R. Lehr, chemist, was responsible for selecting 
mineral samples during the field reconnaissance elpossible
phosphate rock and limestone deposits. 11ialso supervised 
analysis of the samples in the TVA laboratry f'acilities.
 

Owen \V. Livingston, chemical 
engineer, was responsible 
for evaluating plaits and facilities for the importation ard
 
handling offfertilizers.
 

Darrell A. Ruissel, agricultural economist and leam
 
leader, was responsible for evaluating tIhe 
 cost factors ill
 
obtaining and using fertilizers.
 

Donuvan L. \augh, regional director for North Carolira
 
State University's International Soil Fertility Evaluatikn
 
and Improvement Project, served 
 as agronomist. le \%a.,

responsible for evaluating 
 the agricultural productioi 
potential ard for estimating tre line ard fertilizer reqrirc. 
ments f thedorl ing-range iseof tIe pogra ii 

e n c e VM a de e o f t p, r o gra m.
 
Lawrence V. 1lade, geologist U.S. Geological Str'c\ 

(Brazil), was attached to the team for over three weeks Ik
was rsponsi*le for mapping and describing geological 
features observed during fieldthe reconnaissance t01 
phosphate and limestone. 

Tire entire team collaborated in the preparation of* till; 
final report. 
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Section III 

PARAGUAYAN AGRICULTURE
 

GEOGRAPHY, CLIMATE, AND SOILS 

Paraguay has a land area of about 40.7 million ha. The 
Paraguay River, which runs from north to south, divides the 
Country into two major regions with 60'' of'the land l'alling 
into the western region and 40%';. in (ie eastern region 
(figure 1). 

Western Paraguay, known as the Chaco region, is a great 
plain built up by the depositioil of' alluvial material from 
the Andes Mounitaijis to tIhe n.rth 'vest. The area ranges 
from lowvland and swamps along tile Paragalay River to a 
very arid and somewhat inhospitable plain to tile vest. 
Rather large temperature and rainfall fluctualions occur 
across the region giving rise to xerlthytic forest vegetation 
in tile eastern ChIaco and brush desert or spiny fo0reCA in tile 
drier western Clhaco. While generally deficient iii rainfall, 
especially in the wvestern part. occasional heavy rains cause 
flash floods. The importance of the area agriculturally is 
limited primarily to extensive livestock produiction the 
water deficit is such that discovery amid developnleal of 
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Figure 1. Departments in western and eastern Paraguay 

good water sources would be a prerequisite to more 
intensive agricullture. 

East of the Paraguay River is the relatively heavily 
populated area known as Oriental Paraguay. Elevations 
range from 50 to about ,00 in, and the land is gently 
rolling except along the eastern section. Ilere a rougher 
relief results from severol systems of low mountain ranges. 
The natural vegetation along the Parana River on the 
eastern border of the counlr' ishumid rain Iorest, whereas 
most of the remainder of eastern Paraguay ishuIjid forest. 
lastern Paraguay offers considerable agricultural potential, 
as shown in table I , with 901,; of the jand being suitable for 
some kind of agricultomal use. In production o' tile 
imlmporlall crops, eastern Paragu'ay for Ofaccounts O',0:: the 
sugarcane, 95! of the cotton. and 97,,;; or moIre of' the corl, 
nIandioca, rice, tobacco, and wheat. 

The nonstable balance between tl.e cold masses of 'air 
f1rom the south and the very hot tropical air from time north 
brings about sharp variations in both temperature and 
rainfall although the net effect is not as hostile in eastern 
Paraguay as it is in the Chaco. The lowest period of' rain fall 
occurs f'romn May to September; this is also the period of 
coolest temlperatnres. Fvaporalion rates are quite high 
throughout the country but rainfall varies from very low in 
the vest to high in the east. As a result, the annual excess 

I. 	 Soils of Eastern Paraguay by Region and Class (18) 
Soil classa 

Region I II III IV V Total Percent 
1,000 ha 

Central 400 580 1,060 260 0 2,300 14 
Itapua 920 150 420 160 0 1,650 10Misiones-

Neem bucu 80 - 2,485 0 0 2,565 16 
Alto Parana 2,790 1,385 780 430 0 5,385 34 

Pedro -
Concepcion 590 1,030 1,590 430 410 4,050 26 
Total 4,780 	 3,145 6,335 1,280 410 15,950 100 
Percent 30 20 40 8 2 100 

aSoil classes: 
Class I--Suitahle for intensive use. 
Class It--Suitable for imodcrac agricutl(ure a.indlivestock use.
Class Ill-S itable fbr extensive use, mainly livestock farming.
 
Class IV-Limited to forest use.
 
Class \"-Not ideitified.
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of water ranges fromn 324 m in the ast to a deficit of 533 
mmr in the west, Figures 2 and 3 show the rain fall and 
temperature patterns. 

The soils of tie Claco region have been studied very 
little but the information available indicates that rany arcea
affected by salts. Native fertility probably is bettcr than inl 
the eastern section of Paragulay. 

The sois of easter Paraguay can be divided into two 
major groups: soils of the uplands and soils of the lovlands. 
The upland soils include the lat isols and reddish-brown 
laterites developed over basaltic rock and te red and 
yellow podzolics developed i isiones sandstone. Twoarg ay 
other small groups ofImlamj soils are those derived from 
calcareous and from grant :;c pareni material. The soils of' 
thle lowlands include the recent alluIvial miaterials and the 
hydromlorphic soils (hutmnic gleys and planosols). A general 
soils miap for eastern Paraguay isgiven in figure 4. 

The fertility status of tihe soils of eastern Paraguay, as 
determined by tests for available phosphorus and potas
sium, is given in appendix table A-1. The predominance of 
soils low in phosphorus is noteworthy. The soil test results 
show that almost 90% of the samples analyzed were 

Knowledge of nutrient 
levels and soil capabilities 
is a key to better farming. 
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deficient in available phosphorus (35). Marked response to 
applications of phosphorus fertilizer confirms this often
reported deficiency. PoLassium fertility is more variable, 
tending to be higher in lateritic soils wilh a high clay 
COnlellt tlin ill sandy loallni redI and yellow podZolics. 
Nevertheless. 50,' of' the soil samples were deoficien in ,o. 
available potassium (35). Response data for pot:ssiiul have ... n 

not been obtained as frequently as for phosphorus. Differ
ecnral trendsences in soil management readily alter these 

ill soil fertilitv aiid imake ai correlation hetwetn Soil 
classification and soil fertility nire liable is a guide to 
fe r ti liza t i oii.r 

Tile number of soil stunIples :ialyzedIto dale l each = 
departnemt is not large enough to perrmit lertilizer requile
inn ts to be considered on a departmeiital hasis. lHowever, 
eastern Paraguay can be divided into three agricultural 
zones. These are based oi accessibility b hikliwaiv rlatherr 

.......
than on a geological, climatic, or itler natural basis. When "Y1. 

soil test data are pooled according to these zones, two 
distinct fertility patterm s are apparent (table 2). li the 
northern zone two-thirds of the soils requiring fertilizer 
need both phospIorns :i1d potassium and only 30.', 
requires only phosphorus. (Soil tests do ot indic:'te the Figure 4. General soils map of eastern Paraguay 

ritrogeri status.) li the central and soIthern zones, the 
division between these two classes is nearly equal. As table level of alumintum) and would probably require 2 nt/la or 
2 shows, the percentage of soils needing only phosphorus llore of lime on most allnual crops. Onl the other hand, 
increases from north to soulth. soils with p11 5.1 or higher may require only I nit/ha of 

Soil test data for soil acidity are given in table A-2 and limestone on some annual crops and perhaps iione for some 
summarized by zones in table 3. Soil pil is the only index crops. More detailed information will be required to make 
available to evaluate soil acidity. Soils below p11 5.0 specific liming recommendations. Stratifying the samples 
probably will have betweei 1.0 and 2.0 iieq AI 3/100 g into agricultural zones does not produce significant p1l 
soil (analysis of' a linlited tunirbcr of samples indicates this trends. There is a slight increase in the percentage of soils 

above p11 6.5 from south to north (table 3) but all three 
zones have nearly identical percentages of soils needing lime 

Table 2. Soil Fertility Pattern pi K 5-5 
for Eastern Paraguay (from table A- I) 

Agricultural __Percentage of soils deficient ina 
zone Both P& K Ponly K only More than half of tli agricultural soils need liming. 

Northern 63 27 3 
Central 42 43 2 
Southern 40 52 3 
Weighted mean 47 42 3 
a Percentages do not total to 100 hecause a few soils contain . .
 

imedium to high anionits o' availatle Pand K. , - .,,
 

Table 3. Soil Acidity Pattern ., . 7. 
for Eastern Paraguay (from table A-2) " , A. 

": 

Agricultural Percentage of soils in each pH range V . . 
zone 5.0 5.1-5.5 5.6-6.4 >6.5 

Northern 32 24 27 17 e-7 

Central 27 27 34 12 
Southern 25 28 3b 11 
Weighted mean 28 26 33 13 
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CROP DISTRIBUTION, 
YIELDS, AND EXPORT VALUE 

Tl-' traditional or subsistence crops of corn, mandioca, 
beans, .ind wheat or rice occupy many thousands of 
hectares in Paraguay. Other major crops, produced both for 
domestic consumption and export, are cot tol, tobacco, an(l 
sugarcane. During the past three years there has been a 
marked increase in the production of wheat, the pincipal 
deficit crop. Because of the strong increase ill production of 
soybeans, Paraguay will approach self-sufficiency ii, this 
crop in 1970. 

The extent of the cultivated are:i and yield per hectare 
of principal crops in Paraguay is given in table 4. The only 
crops showing a trend to increase in liectarage are wheat, 
soybeans, and, to a lesser extent, tobacco. Soybean and 
wheat areas estimated for 1970 were 20,000 lia and 40.000 

Table 4. Cultivated Area and Yield of Principal 

Crops in Paraguay, 1965-1969(51) 


1965 1967 1969
 
Crop Area Yield Area Yield Area Yield 

1,000 ha mt/ha 1,000 ha mt/ha 1,000 ha mt/ha 
Alfalfa 5.0 3.60 5.2 3.60 4.8 3.80 
Beans 35.6 0.75 37.0 0.70 30.9 0.65 
Corn 161.5 1.30 173.0 1.30 127.5 1.20 
Cotton 56.7 0.74 38.2 0.70 60.0 0.68 
Mandioca 108.0 14.00 97.3 15.00 103.3 15.00 
Onions 3.0 4.70 3.4 5.00 2.0 8.50 
Peanuts 22.6 0.85 24.4 0.85 21.6 0.75 
Peas 3.7 0.60 4.2 0.60 4.3 0.60 
Potatoes 2.1 4.00 2.0 5.00 1.3 7.80 
Rice 8.0 2.70 7.2 2.50 13.2 2.30 
Soybeans 11.2 1.60 12.8 1.40 12.2 1.80 
Sugarcane 26.8 37.00 26.0 38.00 23.5 35.00 
Sweet potatoes 10.5 9.50 9.1 9.87 8.8 10.70 
Tobacco 19.6 1.25 10.8 1.25 20.0 1.20 
Wheat 10.8 0.65 8.3 1.10 31.6 0.95 

Total 485.1 - 458.9 - 465.0 -

ha respectively. Yields per hectare are apparently increasing 
for ws'heal and soNbeans, largely due to tile better wheat 
varictics and initiation (if' fertilization. I1e, hectare yield 
increases in1on ions, potatoes, and sweet potatoes souggest 
thai these ci op, may also be receiving some fertilizer, 
althog;! only on a fairly small pa.i of the total area. 

(iop area by department is shown in table A-3 for 
wheat, sug:rcalle, coin, cotton, rice, tobacco, and vege. 
tables. The distribution of these crops within 1te three 
agricultural zones ill eastern lParaguay is given it) tlble 
\Wheat is divided evenly a1ng all three regions but the 
other crops are grown nriniarily in the central and southern 
zones. 

Crop areas for coffee, citrus, yerba mate, tung, and other 
tree crops are not included in the MinAg Manual of 
Statistics. Income from exports of coffee and tung oil 
amounted to S2,475,000 in 1969, and these exports will 
probably increase. Income from exports of fruit and yerba 
mate has fallen off the past four years and was valted at 
S861,000 in 1969. A summary of tie value of export 
crops between 1966 and 1969 is given in table 6. 

FARM SIZE AND DISTRIBUTION 

Cattle ranches in Paraguay are generally in units of' 1.00
 
ha or more but crop farms tend to be small, subsistence
 
units. Nearly half of the farm operators are on units of'les,
 
than 5 ha (table 7). These small farms (mhnifildia) are
 
concentrated around Asuncion in the Departments ol 
Central, Cordillera, Guaira, and Paraguari (table 8). Th, 
poptilation density in these foui department,, excluding 
Asuncion, exceeds 47/kin : outside this area the densit\ 
averages less than 6/kin2 (51). Despite tile app:rell: 
population pressure on lad ill the minifundia area, neal'\ 
800.0001 ha (53.25w of the total area) is in holdings of I.(Y, 
ha oi larger (18). 1Ilus. pressure for land is very artifici:i 
and appears to ielate directly to infrastructure. Most farm 
in the mini fundia are located within 10 km of a highway 0! 
main road. 

Table 5. Distribution of Principal Crops in Eastern Paraguay in 1969 (from table A-3) 
Agricultural 

zone Wheat Cotton Tobacco Corn Rice Sugarcane Vegetables 

Northern 10,620 3,600 3,550 
ha 

14,600 480 1,270 i 90 
Central 
Southern 

11,770 
9,210 

32,900 
23,500 

12,020 
4,430 

69,250 
43,650 

3,260 
6,505 

17,720 
4,460 

2,185 
925 

Total 31,600 60,000 20,000 127,500 10,245 23,450 3,300 

%of total ha 
Northern 33.6 6.0 17.8 11 A 4 7 5.4 5.8 
Central 37.2 54.8 60.1 54.3 31.8 75.6 66.2 
Southern 29.2 39.2 22.1 34.3 63.5 19.0 28.0 
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Slash and burn still isa common method for clearing anew farm. 

Table 6. Value of Crop Exports 1966-1969 (29) Table 8. Number and Size Classification 
Year of Farms by Departments, 1960 (3) 

Crop 1966 1967 1968 1069 Farm size 
S1,000 Less than 

Tobacco 2,475 3,370 4,523 5,626 Department 0.5 ha 0.5-3 ha 3-10 ha 10 or more ha 
Cotton 1,988 2,290 1,395 3,205 Capital 610 316 116 3 
Tung oil 2,578 2,930 2,236 2,422 Concepcion 43h. 1,317 5,094 151 
Essence of petit-grain 1,201 1,337 1,526 1,592 San Pedro 617 2,505 6,112 230 
Coffee 1,961 1,456 1,896 953 Cordillera 2,450 6,288 13,939 1,360 
Tartago (reed) 629 412 870 868 Guaira 3,030 3,152 7,278 442 
Yerba mate 1,647 633 616 585 Caaguazu 1,404 2,007 7,890 361 
Fruits 609 386 466 276 Caazapa 1,150 2,783 7,410 301 
Corn 47 283 99 1 Itapua 1,727 2,386 10,912 1,653 
Sugarcane 5 1 25 17 Misiones 156 1,442 3,671 422 

Paraguari 2,025 6,290 16,542 782 
Alto Parana 97 504 744 27 

Table 7. Number and Size of Farm Central 2,332 6,252 8,728 675 
and Ranch Units, Crop Year 1960-1961 (3) Neeinbucu 1,269 1,479 3,920 308 

Area under Ammbay 32 74 1,527 444 
cultivation Number of Percent Cumulative Presidente Hayes 308 583 501 

ha farms total percent Boqueron 317 95 485 728 
Without Olimpo 69 75 56 

arable land 2,807 1.7 1.7 Total 18,026 27,548 94,925 7,892 
0.1-0.4 4,480 2.8 4.5 
0.5-0.9 8,8F7 5.5 10.0 
1.0-1.9 24,364 15.2 25.2 Outside tileminif'nndia area there also ismuch land 
2.0-2.9 24,694 15.4 40.6 available for cultivation. Tile government has title to about 
3.0-3.9 21,974 13.7 54.3 600,000 ha in eastern Para:guay and albout half of this is 
4.0-4.9 17,996 11.2 65.5 suitable for cultivation. Agrarian reform Ilws perutit I0M of' 
5.0-9.9 40,843 25.3 90.8 tileland ill private holdings of' 10.000 ha ol mole to be 
10-19.9 11,766 7.3 98.1 exprpiated 'l cbl()ni/atiui. Not collitimlC the (haco, 
20-A9.9 2,489 1.5 99.6 tlhere proha hly is enough arable land to provide each fIrii 
50-99.9 328 0.3 99.9 (and ranch) unit with at least 55 ha (18). This Certainly 
100 or more 174 0.1 100.0 should be adcequate to support farmring at a high level of 

Total 160,775 technology. 
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Tile very large increase in wleat production between 
1967 and 1969 (table 4) illustrates the ability ol at least 
some Paraguayan farmers to move into comimercial produc-
tion when adequlte incen tives are oVided. As a part 0f 
the GOP eltorts to reduce wheat inpOtts, special inCentives 
were established to encourage producers to cultivate more 
than 100 ha of wheat. These incentives were prinuiailv loans 
to pturchase land and equipment oil a huge scale. As a 
result, wheat lhectarage nearly quadrupled illtwo years. 

Mechanized larming., hovever, is still limited to less than 
51 of the total land cultivated Only0G: of tilefarmers 
presently have 10 ha or more in their farm unit (table 7). 

SOIL FERTILITY PRACTICES 

AND USE OF LIME AND FERTILIZER 


Given tbe small size of the land holdings being farned 
by the iajority of Paraguayan farmers, it is 11ot surprising 
that fertilizer contlsuptionl has been historically low. Most 
of these small-scale farners operate on a subsistence basis 
and meet their needs with a lmininlunl cash input into their 
land. Ilowever. it is interesting to note that a relatively large 
number of fa rmioers illParaguay have employed soil fertfilty 
antendmients to niaintain production. Most of tie small
scale farmers have relied on organic fertilizers, such as 
animal manures, but some have also used inoraanic fertil
izers (table 9). Thus, inorganic fertilizers, while obviously 

Table 9. Number of Farmers Reporting 
Fertilizer Use by Size of Land Holding, 1956 (4) 

Number of farmers 
Number of farmers using fertilizer 

Farm size reporting Organic Inorganic 

Total ha 149,614 14,492 2,575 

Less than 0.5 1,593 195 22 

0.5-0.9 4,829 429 61 

1.0-1.9 17,549 1,458 234 

2-2.9 17,793 1,619 287 
3-3.9 15,253 1,467 256 
4-4.9 11,697 1,262 210 
5-7.4 24,404 2,636 439 
7.5-9.9 10,545 1,144 190 

10-19.9 25,192 2,321 
 492 

20-49.9 12,982 1,131 245 

50-99.9 2,837 343 62 
100-199.9 1.568 175 29 
200-499.9 1,234 132 25 
500-1,000 589 62 7 
1,000-2,500 687 58 9 
2,500-5,000 328 23 2 
5,000-10,000 259 11 2 
10,000-20,000 130 11 1 
20,000 or more 145 15 2 

used inl very small amounts. are not necessarily an untried 
input for small fariners as is th,. case ill developingn11alv 
COuLntries. 

The consumption ofnclieiiical fertilizers in Paragualy is 
most directly related to activities ol, the farmers with 
relitively large land holdings. As shown illtable 10. there 
was a very rapid increase illimports for the 'eairs QO8 and 
1969; this coincides vith the initiation of' lt wheal
soybean program. While there may have beii sonie carry
over of the 1W6)I'rtilizer inlo the 1970 programn, there 
nevertheless was a sharp increase over the previous year. 
The nuiber of farmers involved iinthis increase in fertilizer 
Consumption was relatively small, perhaps on tileorde ofl
 
100 or so. Most of this fertilizer was reportedly applied
according to reconliiendatioiis established by the wheal 
program. 

The illlpOrtatioll of fertilizer nutrients Cor the years
1960 to 1966 are given illtable II. The balance ol, 
nutrients during this period shows that phosphorus was the 
lowest of the three. However, illthe period 1967 to 196)
the wheat program's recoiiiienldation swung to fertilizer 
formulas in which phosphorus predominated. The predoii
11:1nt fertilizer grades iniported during the three-year rapid 
growth period were 46-0.0, 18-46-0, 0-46-0, and 0-0-60. 

Table 10. Importation of Chemical Fertilizers (51)Fertilizer 

Year volume Value 
mt USS G1,000 

1962 835 52,524 6,618 
1963 1,114 87,480 11,022 
1964 1,311 115,209 14,516
 
1965 1,343 108,846 13,715
 
1966 775 63,354 7,983
 
1967 985 80,540 10,148
 
1968 3,509 307,360 38,737
 
1969 7,353 538,452 67,845
 
*tpto Scpeitemr.
 

Table 11. Importation of Fertilizer 
Nutrients, 1960-1966 (13) 

Plant nutrient 
Year N P 20 K05O 

mt 
1960 16.9 10.0 29.1 
1961 61.1 16.3 31.4 
1962 126.0 59.4 80.4 
1963 148.3 98.3 142.6 
1964 206.3 148.3 239.7 
1965 106.8 80.0 112.8 
1966 104.3 83.2 111.7 
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The soil testine laboratorv at the FAV has been , .. 
operating fr 5 years uider fhe genieral phihosphy and ., . ,... '
 

nethtodolIgy of the LS1I: wvith itternatimial headqualte " 1-.
 
in Raleigh. North . The local soil plr ". .
C m lin,,'m testiti ut 9,, 

has experienced difficulties in workimg at it,, inotenil ."
 
because two soils technicians were av;y tkim advaiced - "i,.
 
training in the United States. Also, the piograi has not had -Is.r
A 

the technical assistance of a regional directol in the area as, 10.. 

has been the case of mrost other Latin Ancirican countries V_
 

cooperating With the ISI F. Coirelatioi iLeseatcl alnd pio- L..
 

grant dev:ilopuient With regrd to f'etilizer 1111
rectitien-

datiions have otly recently beeCi initiated. largel, as : resulth.
 

of tilepresetit tertilizer study. Ltborabtory equipletnt 1l3s •
 

been recently improved vith the ilstallati ol, fie\%
 
equipment and apparatus mforripid analyses, a cottliblutiou"
 
of the ISIE. An accelerated plait for program developnti 11t
 
has beeni prepared. itcl uditing a researcl progra tt which is Al
outlined insection VI of tlik report. Increased alfalfa production could reduce dairy imports.
 

Employees at the soil testing laboratory make specific 
fertilizer recommendations for various crops base(] oil 

analytical tests. Foroital fertilizer guides have itot vet been 
developed in terms of rates ot ap)lication, dUe to the limtestone 'ivailable t tile farmer has made it all but 
uitcertainty as to levels of fertilizer response to expect and impossible to follow a litte recoimeitdatiot anyway. 
yield goals which are possible with the varieties untder Quality contrOl ili agricultural limestone is also lacking. 
cultivatiot. I lowever when the soil tests are low for both Pending further conclusive research regarding aI appro
phosphorus aitd potassiutim, the ,urreitt recottnueitdations priate soil test to predict lime requirentents, a lime 

employ ratios in which phosphate predomitates (1-2-1 and reconmeridation is being initiated which is based ott the 
2-3-2) for wheat,corn, alld rice. It the case of soybeans and a1tout of exchlaIgeable aluinut in soil. For eachtile 1.0 
cotton, the ratios are 1-4- and 2-3.3,. respectively. Recom- meq Al1 3 / 100 g soil, the little recommendation is I.5 mt/ha 
niendations for tobacco. suogarcane, and vegetables employ of littestone. 
higher polash ratios, usually 1-2-3. 3-2-4, atd 2-2-3, 
respectively. A typical set of reconttmecdations is tiven ill 
table 12. The low rales recoimended refilct lhehigh price CROP RESPONSE TO LIME AND FERTILIZER 
of fertilizer ini Paraguay. Fo()r fiels where soil tests are 
medium or Itigh itt Fihospiorits anid/or potassitl, recottt- Although most of the soils of eastern Paraguay are 
mendations of these tItltietits are cut itl Ithf t deleted generally quite acid. experiments with lime have been 
altogether, depeiditg tt local ctditiotis. 	 generally lacking. Some lime has been applied oil two 

Lime recomntendations are a relatively new part of the experititental stations in preliminary trials (Caaicupe and 
soil testing program. The lack tofait ecoitottically priced 	 Sait Lorenzo FAV) but resptise data have not beet 

reported to date. The experimtental statiots at tileFAV and 
('aacupe are, however, located ott soils with a littat lalp11 of 

Table 12. Typical Fertilizer 5.5 or above thius. tests wilh litiestoie iitill not be 
Recommendations for 1970 (34) expected to give yield respotses in wheat. The sub-

Recommended rate of application experimental station. CRI.A, at Salt Juatt Hautistacurrently 
Crop N P, Os KO has an experiment in progress with alfalfa which indicates 

kg/ha that a positive response to lime will be Obtained. Soils at 
Wheat 30-40 60 20-30 ttis stalilnl laVe a p1l of about 5.2 attd abotl 0.5 ILe(l 
Soybeans 1015 40 40 ,\14 3/100) 1! soil. The soils Oit the exwt ittcital statiot at 
Corn 30 45 30 ('apitan Mitatdn, are slightly ttole acid and soils ill the 
Sugarcane 60 30 80 ledlO Juati Caballero atd I'llteritPresidenlte Stroessiter area 
Cotton 20-30 40 40 are very acid inspots. Experitents inthese areas have giveit 
Tobacco 30-40 40 60 sotme rathe: abliorittal fertilizer responses; solic wleat 
Vegetables 30-40 30-40 40-60 plantings in hothi areas eveti failed to gerninate because of 
Rice 30 45 30 tileacidity. 
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Tall wheats are not suitablc for heavy rates of nitrogen. 

Fertilizer experiments have been carried ott by the were so low at thc other two cxperiments (Arroys y 
MinAg wi tl whea t, sug: cane, corn, and tobacco (we r tihe Esteros and FAV Experiment St ation at San Lorenzo) that 
past decade. Very jecw of thle experiments have enough ph osphtorns pgrobatbly wats not able to provide a respontseanalytical (lta available on the soils, sedl in the experi- large cnonuzh to [e tneasnred. lDetaild soil analyses of nan'm
nernts lot a rational inltl~retation of 'yield responses. Eight of" these tests atre not available SO thatt precise ev'alation
experiments w~ere cartried ont inl I 97. hitt of1 these only and correlattions cannot be madte. The live expcriment,

Ion)tr gavt\e anliy signif'icant resp~onse Ito plloslohors. Two of" shiowimig liosphorns response in thle 
 I197 arid I96,8- tril'.thle other expcerimnents were conducted on sites that w\ere are stninntarii.ed in table 13. The response to lertilitci ii,proba bly n~ot deli cienit in p (('aa:cnpethiomrts these experiments shows atpalttern atlmlost idlenticatl Ito that
Experinuemita Staltion anod Friesland) and the other two obtained with similar experimuents onl compatrable soil,,
experinlents were Iocatedl om sites tha+t probab~ly were acidl thtrou uhtout thle wo~rld: (I) no response to nitrogenI in theLenoughm to limit vield responlse (('apitan Mirand~ta alnd Pedro absence of phlosplhrts, (2) nlo res )totlSe to NIK in thleJu~an Cablglero). Thirten treattlen ts were replicatl five abh-'mce of'tphosp)horus, (3)1lt1 resp'onSe to potassiuml at ti,
times in these exp~erimenlts. In I968 thle same cxpcerimental yieWt level (tpotassimnl resp)omise ini soils classed ais medlit indesign wa:s emloy(ed aIt anotlher eiuzlt locations: only tine available K tisnllly is lIot o'bsetmv.et at yields ]bhe,lo .I )t
exp~eriment shitowed pliosplo rtns response (San lenaciol. A kn/h). anod I-4) physic:dl (bht not miecessarily' comlnumicLa)
brief analysis 01 te other exp-eriments snegests thatl two responseto, l' Os up to 1201-kg/ha.
sites \\'eie a:l'in prohbbly too :icid (('apqitan Nlirandla and Several fa:cl(tos conltrihblted to the ottomle of th''Pedro Jiami Cabaldlero) and three more likely w\ere colt- experimnntal results. F;irst, thle vatrieties elFlhlw.ed dorinLe
dncted on soils wvell suppq'lied with p3lo(sphorns (('aacupe the I 9 o7 and~tI196 exp'erimnts wvere tatll growing V\lliett2.>:
Experiment Statito. Frieshand, and Corntel Oviedo). Yields wvhichm lodged collsiderably at higher fertiliz:ation tales. 
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Table 13. Summary of Fertilizer Experiments with 

Wheat for Fields Showing ,lResponse to Phosphorus; 


Mi-iistry of Agriculture Experiments 1967-1969 

Fertilizer Feitilize 
treatment _Yl(l treatureirt Y i:(_t 

(N-P,O _-I.O) 1967 1968 IN -P, 0Z - ,O 1969 
kq/ha 

20-0-0 913 1,690 20 30-0 1,829 
40-0-0 897 1,373 '10-0-0 1,942 
60-0-0 968 1,383 68-90-0 2,045 
20-40-0 1,505 2,357 20-30-20 1,886 
40-80-0 1,535 2,430 40-60-20 2,011 
60-120-0 1,599 2,520 60-90-20 1,962 
20-0-20 1,016 1,533 60-90-40 1,960 
40-0-40 914 1,553 0-0-0 1,487 
60-0-60 952 1,540 
20-40-20 1,382 2,313 

40-80-40 1,426 2,483 

60-120-60 1,597 2,490 

0.0-0 972 1,527 


These varieties were not necessarily tire most suitablc 
var!ctics; variety trials conducted illthe saMire areas usually 
showed that other vaiieties yielded more than those 
employed for the fertility experinrents. Finally, tite use ofa 
standardized design, with urifoli application rates, did trot 
permit a proper evaluation of tire interactiors betweeli 
nutrients nor of the orptimum a)ppliction level of the 
individlI'l nutrients. 

Five experiments wele conducted by tile Miir.\ illI(t1), 
Results are included irr lable 13 to point out several 
features of, irmportance inl wheat fertilizaltion. 

First, these experirientrs gave iiglh vields withoui ferti-
lizer (0-0-0 treatientt) indicating that fertility ievels were 
higher tha no0110lly expected uI'Orfamer fields. A good 
response was obtained at low allp)lic:rtion rates birl the yield 
increase fell off rapidly at highei rates. Since life varieties 
used for three of' tile experirnients were tall and lodging 
occurred, this COtild accorI)t fol'rson11C o the p)or resp)urse 
at the high rate. I-urther, it is likely that tie upper limit o1' 
yield capacity was beirrg approachud hy the tall varieties. 
The best yield (2,678 kg/h) was Obt:aind With Iriet' 214 
at tie CaacUp1e ExperiierIralf Sttiol arid tileyield response 
due to Fertilizer WaS 935 kg/ira. The exerirrrCIIr at S:r .luau 
Bauitista, 'REA. rretted tire bi.si 'ililizer resnoirse 
(1,219 kg/la) While twO exirlinCrls caiveU rily iral 
respo ses to fertiliuer applicaliorr. 

The expetirierts carried ourt hy tlre Min,,\g were well 
done, is imasred by the cuetl' iciernts oi variation which 
were quite low. Several observatioins can be sumIll.arized 
from the experintents. First, siil samples were taken from 

most experiments bul tIe samples wer. not stored III a 
pernmnt research file Ilu itiitite checking. MNmlav of the 
results firom the original analysis are no lonee available. 
This serioush' limits present interpret:irlol ar1d coricl:alior 
with soil hests. Second sites of exolrinici.s werc rot 
chiouil (I tilehasis of soil :amalsis so :s to vive a 
repre'senltalive iJIIL!e 0f SOil terlilitv c'iditioi., arid tire 
ICrilit/e response. which llilt he e\pecC.d. Mllv of illi, 
soil. Ol tile expX.ieitenal SiallOIIS rave' ber ICrtilii/d for a 
iiriIber Or ye'ars aid tlre lertili/er leSI lrSe Off these soil: i., 
very dilerent front mirost rliter fields. lPot:ssiUlll response 
data mre pirtickirly misleading, since virtuallytnone of' tile 
experirrielits weie carried out ol low potassiumr soils. Yet. 
f6r',. the soil ill ztue. 14' theof samples the northr.ru iir 


central zone, aind3"4.; iin!ie southern zone were del'icient
 
in potassiulm (lable 2). Filially, tie expel itiltal designs dr
 
not peruit a clear picture of tile specific liltlrieills 
respounsible for tie yield incrcases; calculation of, tile irost 
ecotloric:rl ratios of folrmulas of felrlilizer is difficult. Ill 
Order to make better use of" tile.o d expIerilIerItal 

capability of' tire various technicians of tile MinAg. a 
number of specific suggestions are given in section VI. The 
ferlilizer and lime trials carried out by the FA progral 
are extensive enough to cover a fairly complete rairge of soil 
fertility conditions. These results were riot availabhle for this 
report but tie inforriration gained front filetrials Call be 
iutcOrr)Orted ino) tihe soil testhlg ilogauis to improve 
considerably the calibration of soil test recomlcdations. 

GOP PROGRAMS AND POLICIES 

In I()68 the National Council of Eororiric Coordination 
drew ill) a 5-year plan for social anld e,:rrirmic development 
in Paraguay. Guidelines were establisIted for the medium
ternr policies and some of' the long-term goals of the country 
were exmnrired. in irrrporltat part of tile overill plainning 
revolved arotund a strategy of' "growing toward the ut

increase ill 
A coriplelieltirry crrTounent Of" tire lhn irrvolvd a 
sirult:imeois substitution for irrporta iori of prodtcts of1 
agricultural origin. Further goals inIcluded Citrphasis on tire 
prodiction of" raw material of' agricultural origin and of 
greater aId mrore efficient utilization of!natural resources, 
itnc-orpl'r:tirig new lands into tire prdurctive process, and 

side," essentially atit prodiction for exportatioi. 

carryig forward : imore rational arid intensive Ise of soils 
already Nuinder ciultivation. 

Prodricts ,elected fo irrmiediate errphasis included 
wheal, ill.:, p arld oniolns for tie importuilseeds, toes. 
::lbstituliorll Prog1ram. The policies established by tire 
National Wheat Curncil carried erurirgl strerrgtlr t0 Make alr 
imrpact of' considerable significaice. Probably one of tire 
biggest factors perruritiLg thc rapid eXp-ansiln inl wheat 
pritducriOi to dIte has beer the inrput of lew sources of 
external financing arid irncentive prrrgrarrs which proVided 
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Bringing new land into cultivation frequently requires destroying
innumerable termite Mounds and correcting their aftermath toxicity. 

broad-range credit to farmers cultivating nore ti an 100 ha the external market. Goals of the prograin (21000 lit by
of wheat. This credit resulted itt a substantial increase in 1973) already have been exceeded but quality changes ni:t 
mechanized vheat farming, with in additional betlefit being be more difficult to bring about. Cotton production Nvwa;
gained by double-cropping with soybeans (tables 4 and 5). projected by the planning council at a level of 71,300 i 
Wheat production in the country has inproved tile level of by 1973, a large increase considering the 40,000.r,i 
self-sufficiency frotl roughly 10,(' to 407 from 1Q67 to production achieved in 1969. Furitherinore, the hiunian ai: 
1970 and soybeatn production has approached essentially a fillanCial resources available to conduct the program illav iK 
self-sufficiency level. limited die to competition with other high priorii

Wheti coim pared to the strides tmade with wheat and progpains, particularly wheat. 
soybeans, the progress inade %vitI the ittmport substitiilion Price estalblisIhmntent is recognized iti Pa raguay a ;w
of potatoes antd onions is sottewhat dwarfed. Nevertheless, importatnt stabilizer ill the drive to aChieve a dnmtallll 
self-suffieiency has beell obtailed ill onions :ntd some production. The GOP has set tlhe price of' wheat 
tentative platns for export to Brazil are heing contetplated. G1O.7/kg for the 1070 pro-duction. subject to cert:,::

The national plant to imtprove export participation has qtuality standards. This Irice wCas Csiablished at a otil v,7
been reasonably successful vith tobacco, largely sa resuilt iito the harvest period of the currelt crop. rI'it l. ;
of efforts made b' the National Tobacco Program. lFLpha- being I)rogratllilled itt advance as a stillhitls to pro(hict..
sis as been put into ilprovilig vari,"ies- and cultural Price establishment oil other crops illaV be added at si':: 
practices, includilg the promotion of ,chuiques desigied times is ire iecessary mmeet goals of ille O(POto the hal: 
to improve quality ot" tobacco so as to better compete in currently all other coittitodities operate nitl a 1'ree ittark'. 
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Section IV 

RESOURCES AND FACILITIES RELATIVE TO PRODUCTION, 
MARKETING, AND USE OF LIME AND FERTILIZER 

EVALUATION OF PHOSPHATE should find further use in tile 

RESOURCES FOR AGRICULTURAL USE n1ow under way by Paraguayan agencies.
 

AND LIMESTONE geological mapping programs 

This phase of the study describes the present status of Phosphtte Occurrences
 
indigenous mineral resources for agricultural use. A major
 
limestone reserve in nortCrent Paragu,ay near Vallemi and a The region of major interest was tile
complex of igneous
suspected phosphate occurrence near Sapucai in east-central alkalic intrn sives that Eckel (31) identified in south-central 
Paraguay were the initial considerations. When other parts on his geologicalParaguay map. Although interrelated, the 
of the TVA study began to show the extreme importance intrusive structures form three regional groups. Tie main 
of limest me to fertilizer use and crop production, the grouping is concentrated in a '700-kmn2 region immediately 
mineral resources study was broadened to include all south of Sapucai. A lesser grotping of small intrusive plugs
known limestone deposits. occurs to the east near Villarrica. The third intrusive zone is 

Information used in the ollowing descriptions of an elongated complex that lies oti an east-w,,st axis roughly
mineral resources was obtained from Iur sources: (1) between Acalay and La Colmena. It is well recognized that 
short-term field reconnaissance of deposit sites, (2) regional apatite has a characteristic association with alkaline intru
geological :urveys and Inaps prepared by Paraguayan sives, particularly if carbonatites or pyroxenites occur in 
agencies and the USGS, (3) consultations with the scientific the intrusive zone (28).
staff associated with the Direccion de Recursos Minerales Saptwai Complex.-Morinigo and Penayo's survey of the 
and the Iusti tuto de Ciencias, Universidad Nacional de major intrusives located about 4 km south of Sapucai
Asuncion, and (4) laboratot cliarac tenization studies of clearly established their alkaline nature from characteristic 
selected prospect samples carried ott at the National rock types and mineral suites (54). Apatite was identified in 
Fertilizer Development Center c-fTVA. The assistance and petrographic thin-section examinations of rocks from the 
free exchange of in formation by government agencies and major intrusive associated dikes, and basalt flows inzone. 
private enterprise contributed stbstantia'ly to this survey, the surrounding region and also in soil profiles derived by

No comnple;.e geological survey of Paraguay exists to weathering. According to Peniayo (47), all samples showed 
guide field exploration or to support the claims that it lacks only accessory aniloints of apatite (<5% by wt).
mineral resources. Aside from Eckel's preliminary mapping The geological features of the major intrusive complex

of Paraguay's geological features (31), the only expioration are identified with topographical features in the Sapucai

guides curreritly available were fmr topographic quadrangle region in figure 5. The accompanying photograph gives an
 
maps (NI-I to M-4), three quadrangle tiaps showing surface elevation view of tilecomplex from ;,vantage point on the
 
geology but withou t topographcal contros (M-5 to Nl-7), Cordillera de Los Altos north of Sapucai.
 
and two photo reconnaissance charts (M-8 and M-9). All In spite of adverse field conditions due to local flooding,
 
maps pertained only to the central of eastern few access
region trails, and heavy vegetative cover, art extensive 
Paragu ay. These maps are listed in table 14. Reproductions field survey of the region was started. The survey was 
as a suppleienIt to this report are available to qtualifiecd discontinued when it became known that a cormprehensive
individuals upon reqtuest to TVA. field suIvey covering tihe Sapucai intrusive complex had 

The objectives of this strey, therefore, were to describe been conducted by Arribas during August-October 1969 
regional settings and geological features of prospected sites, under a United Nations grant (19). ,'.bout 170 rock samples
condtct a sampling program to furnish mineralogical were collected in the survey arid arC tmdergoitig detailed 
descriptions, and to estimate their potential value to the laboratory examinations in Brazil and Spain. A final report 
agricultural program. Tile mineralogical data reported here has not been prepared. 
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Intrusive complex near Sapucai 

Reserve samples 'roln many of these sampling stations Table 14. Paraguayan Maps and Charts Used inwere retained in collections at the Universidad Nacional de Surveying and Describing Mineral Sites

AsunCion. Portions of these were made available for use, 
 Reference No. Description
together with a record of sample stations and a preliminary Quadrangle Topographical Mapsgeological map. A composite diagram of their field map M-1 Hoja 5569-1, Serie H741. San Jose. Carta Naciunal,wit locations of samples discussedin figure A-I in the appendix. in this report is show Paraguay, Primera Edicion-I.G.M. 1:50,000; 15' x

15'. Instituto Geografico Militar Paraguay and
Field inspection, as well as an examination tlmeof Servicio Geodesico Interamericano.

comprehensive Airibas collection, did not reveal rocks of M-2 Hoja 5569-11, Serie H741. Coronel Martinez. Cartathe carbonatile or pyroxciite types; neither did inspection Nacional, Paraguay, Primera Edicion-I.G.M.
with a ind lens reveal visible concentrations of apatite. 1:50,000; 15' x 15'. Instituto Geographica MilitarApatite, if present. must be fine-grained and present in no Paraguay and Servicio Geodesico Interamericano. 
more than accessory ainoun ts, judging from recognizable M-3 Hoja 5569-111, Serie H741. La Colmena. Cartacomponents of the imlineial matrix. Nacional, Paraguay, Primera Edicion-I.G.M.The TVA laboratory study of sain;les from the Arribas 1:50,000; 15' x 15'. Instituto Geographica Militarcollection and other sources was resricled, therefore, to Paraguay and Servicio Geodesico Interamericano.chemical analyses of POs content to confirm the M4 Hoja 5569-1V, Serie H741. Sapucai. Cartaseemingly low concentrations of apatite in the various rock Nacional, Paraguay, Primera Edicion-I.G.1,1.types. These analytical results are in table 15 and they 1:50,000; 15' x 15'. Instituto Geographica Militarconfirm that apatite concentrations inall rock types are too Paraguay and Servicio Geodesico Interaericano.
low to have any economic significance. This finding Surface Geological Mapsprecluded the need for additional petrographic charac- M-5 No. 11, Cuadricula 40. 1966. Ira. 1:200,000; 1 xterization of apatite compositions or rock types at this 10 Departamento dE Geologia, Direccion dE
imne; investigations of this nature will be included inthe Recursos Minerales, M.O.P. y C., Republica dh. 

final Arribas report. Paraguay. 
The low concentrations and fine-grained nature of the M-6 No. 13, Cuadricula 41. 1966. Coronel Oviedo.
apatite in ]lost rocks very likely preclude any placer 
 1:200,000; f x 10.Departamento de Geologia,concentrates of economic importance in contiguous alluvial Direccion de Recursos Minerales, M.O.P. y C.,

deposits or soil profiles. Soil samples from two areas (P-7S Republica del Paraguay. 
and P-S), for example, contained about 2.500 ppnt total M-7 Esquema Geologico dcl Area de Sapucai. 1:50,000.
P.Os, indicating little, if' any, enrichment in relation 1o Antonio Arribas 138).
parent rock material ir; tile intulediate area. Photo Reconnaissance ChartsThere is no evidence at the present time, therefore, that M-8 Sheet 5669, Series H041. 1966 Villarrica. Editior,favorable carbonatite formations or economical concen 1-AMS, Paraguay Photomaps. 1:100,000. Armytrations of apatite exist in the Sapuicai complex of Map Service, Corps ut Engineers, U.S. Army,intrusives. Tile cmirrent status 1' Ceoloihcal mappig in this Washington, D.C.
 
region, however, ofters iw.) calistic basis for abandoning a M-9 Sheet 5670, Series H041. 1966 Coronel Oviedo.further search. It isquite possible that the area may conlain Edition 1-AMS, Paraguay Photomaps. 1:100,000.
undetected apatite zones. Occurrences cal e:isils' le missed Army Map Service, Corps of Engineers, U.S. Army,
in "broad-brush" geological reconnaissance coILucted Washington, D.C. 
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Table 15. Phosphate Content of Sapucai 
Intrusive Rock Samples 

Sample a Sample a 

Rock type No. PObb No. Ph 
% % 

Leucite, basalt, sodalite, 10 0.70 82 0.56 
analcimite, leucitite, 12 .15 84 .39 
limburgite 25 .37 89 .38 

27 .52 119 .71 
33 .41 125 .29 
38 .66 127 .43 
48 .06 165 .45 
71 .75 167 .58 
81 .63 

Essexite.shonkinite 1 .86 156 .26 
67 .51 158 .10 
68 .48 
69 .20 new samples 
70 .48 P-7c .51 

152 .61 P-TS .27 
153 .14 p.8d .07 
155 .58 P-8S .25Phonolite-tinuate 3 .42route. 

3 
4 .06 157 .78 

66 .69 162 .53 
86 .09 

Diabase, Lamprophyre, 18-19 .71 72 .62 
micrasienite 24 .70 79 .46 

46 .51 121 .79 
Triassic sandstonc 29 .07 

Theralite-tesehenite 73 .39 77 .65 
76 .38 78 .51 

aArribas collection; samplte stations sh°Wnosin figure A-1. 
bpproximaite apatite content =% 1,0. x 2.44.CCorresponds to Penayo sample station No. 3; "S"designates soil 

sample. 
dCorresponds to Arribas sample No. 158; "S" designates soil 

san pl. 

along easy access routes because such occurrences in alkalic 
intrusives frequently have very siiall surface delineations. 
Only a detailed geological mapping of topographical fea-
tures by systematic cross-country traverses 'ill resolve the 
matter of' phosphate resources in the Sapucai region. 

I'Hirrica Intrr.tsirc Comtplex Representalive int rusive 
plugs in the Villarrica group were inspected to deterine 
rock types and to examine fresh samplcs for evidence of 
apatite. In a few instances where the rock was too 
fine-graitied to ntake an appraisal, sainples were collected 
for clienical determinalions of P 05 content. 

Tie few intrusive fornlations examined showed no 
visible indication of apatite. Samples collected at tire 
intrusive plug located about 12 km south of Coronel 
Oviedo and about 1.2 km cast of the higzhway had 1),0 
contents no highel than 0.8o5". Similarly. s:rntples of an 
intrusive plug located about 700 ni northwest of 
Mbocayaty (near Villarrica). which lckel (28) describes as 
mostly shonkirfite with sorte neplieline syenite. had P2 (s 
values no higher than 0.45'1. Some, but not all, of tire 
dome features visible in the area are located on the regional 
geology riap (NI-6) and have been saripled previously (0 1), 
but r1o apatite occurrences were reported. 

Further field tiapping and sampling will be necessary 
before tire region can be disinissed as a potential source of 
pl ospha te ; however, present indications are not 
encouraging. 

.4caav-La Cohnena Region-TIe area abou: 20 kni east 
of Acalhay i(l south of La Colrnenia contains a large, 
tiiapped complex that probably is intrusive and that is 
only crudely defined on Eckel's 1959 survey niap (31). 
Efforts to survey this complex were cancelled due to 
extensive regional flooding and closure of the only access

No tiiap records or eyewitness accounts of geological
st:uctures, rock types, or mineral cotmpositions 'ere 
available. This complex, like Sapucai, merits equal consid. 
eration as a potential source of phosphate and should be 
examined at the earliest opportunity-at least to confirrn 
tie suspected intrusive nature. 

Limpio Region--Reports of a suspected phosphate 
occurrence southwest of Limpio (about 12 kin north of 
Asutncioni) led to a brief reconnaissance of the area which
contained quarry exposures of an intrusive olivine basalt
that shoved extensive weathering. This particular foriia.
 
tiot apparently has not been described (10), nor does it
 
appear on the geological imap of the region (M-5).
 

Positive chemical tests for phosphate were obtained oi;
 
both weathered and unweatliered rock in a field test using

an inprovised reagent iixture of nitric acid inri ano
nium riolybdate. Apatite could not be identified with 
 a 

hand lens in rIte fine-grained basalt. Sarrples of weathered
 
and unweathered riaterial were collected for laboratory
 
analysis. Two composite saiples of fresh unweathered
 
black basalt taken 3-4 
 n below the surface from different 
locations along the quarry face had POs contents of 
0.889l and 0.87%, corresponding to apatite concentrations 
of just over 21-. Two samples from the weathered sub. 
surface zone had sligli ly' lower P2 05 contents of 0.5 
and 0.767.:. Saiples of highly-weathered, disitteuratc2 
surface rock contained on lv 0.-5':; and 0.3'; P,05. \whi.i, 
is art indication of a gradual depletion of' phosph:1.' 
associ aIed wi th the weathering process (supergenc 
erichment). 

The rock does not contain concentrations of phosphate 
high enoug for economical developrient for fertilizer use: 
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neither would it appear to have any value itn cruslied holn 
for direct applicationl as a phosphate supplement. The P2 (O 
in igIleous apatite con positions is vttuallh' uniavailahle to 
crops iin most soils. iccr, dless l' its t sic. l rtleinote, 
the 18.io of ];:2O il eite wo. apilltic-, such ; thi, 

precludes a coisidemitioti of its u a a ll lltillta;Ie feed 
supplement. 

Selileurar, I'llos/)Iatw 'IhC fIlm" of >e ihietltaty 

plosphaltic linmestonies (descrihedIcl,,.Ov ill the sctCitiOil 
linestone occurielices) of' "riassic or LOweIePCiiiai aee il 
tile Caaguatl.I area indicates a possible occnuietce of 

sedimentary apatiteS. The (oiltic texttlte, the disliitct 
depositional layers ol' a siliceous, phosphatic, ,i tfOssil-

iferots character, and tite associatiom o elhert (,op: silica 
as interstitial cement and interca:ttions imply depositiot 
under marine co-,ditiOns. If s., the phosphate cotitetit of 

tile linestone can be expnected toi varv. depending ot 
localized conditions of, depositiot atld tile atnouti of 

soIlIbe phos)hate available t react with the precipi',tated 
carbonate. While the prescntly identtified occUIriences coil-
tain too little phosphate to he of ally ecoioit tic inpotltalce, 
they poinit ,o the possible eciulretice of plsphate
enriched limestones in other areas of this stratigraphic untit. 

Phosphatic limnestones generally are regarded as pruitblnm 

ores for nuatifacturitig fertilizers. Nevelteless, they are 

especially Weli silited for direct applicatiOti without clenmi

cal processing hCaLse thirk apatite cotmpontent las a, 
characteristically high citrate solubility and av:ilability to 
plants. Thus, tile discOVery of littestone reserves with 
subuarginal phosphate contents would still find ready 

application ill all agrictultttral prlgraitll as a combition 
liminlg agent and phosphate Stleptnltent" 

Limestone Occurrences 

Farly recognition hy the TVA teatm of tile need for alt 
agricultural liming progranI prOmlpted an extension of the 

mineral survey to establish the types and atounts of 
lihestone reserves. The search wis cotncetltrated mnainly ill 
the region east of Rio Paragtuay, where an estimated 
700.000 int of agricultural limestone vWillhe tequired 
during the next I) years. 

The present evaluation ol' limestone reserves for agri
culture is based oin (I) a review of avatilahle scientific, WOl.. 
and private reports ott limestone depusits (2) field inspec
tion of' quarry sites atid suIspected deposits to collect/ 
samples aid codiriIct itiervlewS; mid (3) geological descrip-
tions, miaps. and field sketches of lituesti(e exposutIes. The 
following sectiot describes ntinetal and cheltical como-
sitiotis of representative samples .ill.cted at each deposit 
amid assesses grade and reserves. 

Limestlone characteratits were tmade it the laboa
tories of the National Fertilizer )evelopient ('enter of 

TVA. X-ray diffraction methods were used to establish the 

structinal typies of caLrho-itate umeiais. [le no.'timlellhC 

ninieal groups were isolated h\ chemical methods and 
identified by peltogoaphic e ilttiI ltlOn. (lIet.tiCal at hal'ses 
of itiporlaitt CMtISlittlellts \,'ete i ined tu c:.. le a 
model ditihntioli( o(f miner: Coll tupOletls totl e:ich fitue

stolle. [itonestOte Coiipt)sitioll- ate expresed Ill tihe unlt of 
calculaled uitelal conttpsi tious: basic chletitical and 
liftiitcal dltla plear ill ajICiiLldix iahlcs -4 and A.-5 and 
shiosw close agleeiicilt. 

No,,l;'n, Parat,'oa.r Ilkposits At least thil e estalislied 
tlllarry sites occur Oil tlc western perinteter of 1 Well

defined carboniate structure in tortlteril Paraguay and 
teighiloring Brazil (9, 3 1 having a diatteter of ibout 125 

kliil. These out OUICIopS tileOUrie, itt alol1g Rio 
Paraguay, as shown in figute 6. 

a1.Itpuctti. Two situall prospect quaries il an outcrop 

abou t i 1 l oi'ttlte rivet hal expose a weathered 
hittitnts calcitic stone (Site No. I ). The maJor quary is 

situated a few kilotteters to tile west of tile Rio Paraguay 
(Site No. 2). Its precise location and geographical setting is 

well described (9). ('iurently, hImp limestone is quarried 
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Figure 6. Geographical location of major 

carbonate structure in northern Paraguay 
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S (t'~(tlableSilica C('llltl, appeal to he suihtntan Iil]ihelmI 0). 
,t,+ : SpC':iflCi'.-+lJItlililt, I'U!1)1:1. 4tilrlatc use...A, ,comqposite. of 

f .'lctuit'llllhiw\ ( :illhpl. t l+ r ceC()cliecled. :ilo 
AI(s ali n . 1 th itili Il u .,this tuterr:i~l to ht., Cleat 

Calcite. a11.well a the >ttLt (1 tih ( ', ]t.CL IL',diII siIhItplu 
1S'.N ot ill ctotls 1 iciCuIt l ill t,tec l'hihtl III a ylivof l. 

11:111l sl c,.1i1eIts. 
Thlis qtuilritepid ,uits l h1i'Uh-2ladIC t >r't.'IVCo" dClk
 

oI kc 
IIlIh C II,,'lI J 1)tL' Mildthe. 
i t tll r i tihtil te [Ise.It\ S-;tilIhlht' ,,velitlrtlell. 

IIliII COtlh J\'Mdud 

fhtC-sitt! nl:iteCiil tHIt is eject.d l'ft itldhn,ttiitl tse cou ld7A.' t'. It.C.,.H...l ,lt~desirable hi1ufl-lii(Iai iCultutlt StIMe. 
""-5+7 ,-...: ......- 5 , '' -+ . ,"'' h.Itactia. The olv 3LAIVC LIIIJ ,vI)C Ctr,1to,, ;JrI,'I, WhlI 

"+ '- ""°'" +" " + " ' u tcrop '41",tlt 100 111hl n the s'h Tl- h lmestone is'a-,dirll olin,.t.
Ie-gr:ii ed type sitil to Site I ,ca,,hcitfic 


- ,. - .. filled with ri coisistrscl.:a c:dcitt. ()vttl tlc' of a l'tiahlc, 

.4' "..-- s".white, mtteti:l i;,ed pth ti1u 3 In"~+ clay-like va , t) ahlhotI 

Current mining methods limit production. ':--" 

manually. hauled hy iail topush cart :I tiverside kiln. and
 
processed into 11 illit rimeI.
 

Both sites were sampled. The samples frot, Site I -> ' " 
represent at compo,,ite of uiiine-grade dark, fne-grained
 
limestone (No. 10) and aI composite of' weathered zones ~ z ~ 1 / ~ ~ \
penetrated by the allinvial ove huiden (No. II ).,,Material . > " . ' 
V . 
fion this tcluiiiN prohahlv would he satisfactory for
 
a 'lictlltlrirl
stoile o Irltllil iuse hlltappears too siliceous
 
for blast-fulti ace grades (table..I ).
 

The samples collected at tie in:;jor quarry (l'igre 7)

fioni mined stockpiles along 
 the quary face have cotpo. Figut re 7. Itapuclimi quarry showing Sample stations 
sitiolls indicat ing a 1iuitoitily ligh-gride calcitic stone at approximately 50-n intervals along expusure. 

Table 16.Mineral Composition ofItapuCurmi Limestone 

Sample Nos. 
Site1 Site 2:Min iarry

Mineral phases 10 11 12 13 14 1615 CC 

Wt 0 ' 
Calcite 93.9 87.1 89.6 98.4 98.5 98.295.7 99.0
Dolomite 0.9 0.9 9.1 0.50.9 1.8 0.9 0.5 
Quartz 2.5 6.6 0.9 0.2 0.2 0 .6

a0.7 0.1 
Micas + illite 1.6 3.8 0.3 < 0.1 0.7 0.10 
Goethite-limonite b 0.1 0.2 < 0.1 0.2 0.1 
Fluorite, CaF 2 0.7 0." 
Carbonaceous solids 0.5 0.6 
Moisture (1050 C) 0.1 0.3 0.1 0.1 <0.1 <0.1 <0.1 <0.1 
Organics + H,0 + 0 (0.3)c 0 0 0 00 0 

Total 99.5 9931 99.8 100.1 99.3 99.8 99.9 99.1 
!"'heanaittitAl VALtLefor SiO, (0.2'") a.,ppears to ieto) low b.,itfat,or oftim., t e SO, cOntntt should he 1.ai, itual I.t. een 1.5'IbReunainier include,,;linionite lost in extratction process to recover tile ji eral grotlp.Iiriicalrbonate iin 

cAcco lted tor by carlotrlaceoii 'olids lled ahove.
i 
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Table 17. Mineral Composition of I tacua Limestone 

Sample Nos. 
Mineral phases 17 18 19 

Wt % 
Calcite 94.6 99.3 88.7 
Quartz 2.8 0.5 2.7 
Opal (gel) + chalcedony 2.7 
Mica group 1.2 0.1 2.7 
Illitic clay 2.7 
Moisture (1050 C) < 0.1 < 0.1 0.8 
Organics + H, 0+ 1.1 0 (0.5) a 

Total 99.7 99.9 100.3 
aLxcluded from siinataliol since it represents d thydration toss 

from silica Lel micas. and clay traction. 

Sato pies were collected to represent a cotuposite of 
quarried stone (No. 17), a coniposte of fracture fillings 
(No. 18), and a composite of' die cltalky, we:tthered 
overbutrden (No. 19). Mineral compositions are shown it) 
table 17. 

The linuestoite appears to he a slightly lower grade than 
ItaptcuCtIti stotle, or lwei grade than was reporled for 
earlier prospect sanllples (22). Silica Content appears to 
exceed slecification limits for blast-iurtnace use. Fracture 
fillings are essentially pure calcite atnd tot the source of 
silica contantinatit. Ati ttnsutspected finding was the rather 
high grade of tHite soft. cIalky overburden. This terial, 
which has a wide su rface exposure ort tile broad plateatl 
eastward frot the quarry face, appears to he quite 
Sttisfict ory for agricultural ise Witht 0tt1Y a ttiiiIt 
requiretient for fuirther crushing and sizing. 

c. Valleini. Three quarries are located at thte plant site oLthe ruppdesiL,tile Krutpp.desigtted and goverlntnnt.operated cetient plant, 
Which is situated otlvl a.few kilotieters eastwald frottt the 
Rio Paraguay (figure 8). TWOq uarries sip pbly calcitic 
linuestone suitable for cetvent itanufactttre: the third 
qtany exposes a dolonitic linlestone that is used only as a 
source of cotistritctiIot aggregate. A tn:ssive ot crop of. 
brown-batded dolotnite closely reseunbles the "bacotn 
stoie" described by Eckel (31) frotn a locatitn to the east 
of Valletti. Tite stone a:ppeared to be unilortn attd 
high-grade over runcht of the exposed Ottcrop except for ai 
expanding wedge of' green-tinted littestone at the quarry 
base on tile western edge of" the pit. Nutiterous vertical and 
I'irizotutt, fractures filled with a white carhonatet mineral 
occur tlurottgliout tile handed dlotile.,\tn overburdeu c:11_ 
o.1 ;tlhtvi:l soils appc.,,ed to averlge I-1.5 il-l.'Abott 1i i 
thickness. 

Samples Were collected to represetn1t cotutposites 0I 
quarried stone at three itntervals alunit tile Lce (Nos. 7. 8. 
9), as well as a cotomposite of' firaclitre fillings (saIule) WS), 
and a cornposite taken exclusively from tile green liimestone 
base (sainple G13). Mineral analyses are given itt table 18. 

The limestone, ut "bacon stone," cotrprises a nixture of 
dolonlite and calcite. It is somewhat lower in gr:de than 
Itapucntti or ltacna lituestones :nd mote siliceous. Fracture 
fillings usually consist of either dolonlile (I calcite but 
occasionally thev are siliceous. The greenish-colored lime
stole that wedges into the quarry base front tile west has a 
distinctly different mineral cotnposition. It is ntainlv 
calcitic. with illilic clay (and itica) inparting the green 
cobra ti.ut. 

This lituestone is well suited tot agricultItural use. Quarry 
oper-ations are tteclianized and on-site facilities exist for 
crushintg and sizing at a capacity rale ol 30 nt/hour. 

L'astei-,l I'tayit,rt(iv [)pt)SjiS a. (I iedo-C.agahazuCroltel O 
Region. Reports of a liiestone occturretce itt this area 
pronipted a1 field search. No description of deposits appears 
in the reg onal geological survey (I I ) and tile area is 
napped as upper Triassic s:tndstones (M-0). 

Litnestone outcrops were observed at several locations 
just north of' lighway 7 near kilottteter A167 (highway 

Table 18. Mineral Composition of Vallemi Limestone 

Sample Nos. 
Mineral phases 7 8 9 WS GB 

Wt % 
Dolomite 64.4 65.8 60.3 54.4 7.8 
Calcite 21.4 22.3 28.0 25.9 82.1 
Quartz 6.7 7.2 7.2 17.1 8.0 
Mica mineral group 2.9 1.2 1.2 0.9 2 .0 a 
Moisture-(1050 r) <0.1 <0.1 <0.1 <0.1 <0.1 
Organics + H J 3.4j nil 0.1 1.0 0.1 

Total 9 5.8b 9 6 .5b 96.8b 99.3 100.0 
nConsists mainly of a green illitic clay.

bReiitinder includes the colloidl liionit., p1igitent in "bacon 
stone" andt calciunm sulfate that wgre lost during the extraction 
process to recover the non carbon:ate mineral group. 
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Figure 8. General layout of VIllenmi limestone
 
qutlarries shoving samuplc stations along
 

face of the dlolomi te exposure
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marker indicating distatce to Asuocion ) ibout 33 kill east 
of Coronel Oviedo. Outcrops occur to the south of lhe 
high\viy but none were located on an east-west traverse 

along lighway 7 to defi.' the eXtentl W !Ihe depo',sit. TIhe 
dep)osit stipports tiaTee NMll:1 linle kiln operaliotls to tile 
north of llighway 7 and oni ust sui of thc highw:ay, 

()uarry activilie,, are icsricted I1 ile uppermlosi of three 
stralirapllic ulits. This is a tli (1-1.5 lii). leally lion-
zolital strAltLt of- pink oolitic calcite. The lilnestone tlds 
to be siliceous o',iil to he preseunce of disselulllated quartz 
graiits, occluded elougalte pods of c,.hety silica, :111d the 
oCCIIrICilCe il SOlllO cdtitis of lheauvy silica cellelltioll at 
the base ot the lillit. 

vie ineral colillpositioils .i' sillplpes collected frotit 
uIdistuirbed o tciops dd quarry stockpiles at tile 'our 

quarry sites in;dicate a latlhel Illiforill composition for this 

lipperlost uinit (ltahle 11)). 

Samp!es 20 and 21 were collected at the quarry site 
south of Ili hway 7 near kilometer A167' No. 20 is a 
composite of quarried kiln 'ced: No. 21 illustrates the reject 
grade of' highly siliceous liliestoile tl1a is SOIieitiles 
associated W,th the piiik oolitic stone. Samples 22, 23, and 
24 represent compOsites from uldistUrbed oultcrops :1nd 
from quarried stockpiles located oil the property of .1. 
Segales. Sample 25 is a composite of the outcrops oil the 
property of' l)esideri, (;odoy Mid salIple 26 is :u coiiul1osite 
taken f'rom lhon the face of the qaLrrf-y upcrated by 
Marcelo ('asalas. 

Samples f'rol tlhis stratigalhic uit have very siuiilar 
textures aIld show Iigly ulilitoill llieral distributions 
with respect to carbonale Illnerals, detrital quartz, and 
accessory ninerals notably felspars). \hile soewat 
lower in grade than lilestlnes available iin northernl 
Paratguaty, lillestoile il tile CoroIle! Ovied,.K( 1lKuzu area 
siOL hl be satisf'actorV for use as an agricultural liming 
agent. 

The two principal cottmmercial quriiies aie operated by 
SOFIN, SRL of Astincion, and by Marcelo ('asails. 1iot 
opelators sell limited qitlanltilies of calcilled stltle to llteet a 

modest, but !rowine.ilarket fot agricultura lhille li tile 
('.lalu', area. ('as:iSIas emiplIoys addiiOilidl prep:ratioll 
stel)s ill which the bllrlled little is crushed id sceellned 

tlhroulh1a (00-iiicsli screeo. Ills pla1l c111oists of ilnipro. 
vised. SiilI-scae Cqliplllellt With 8 piodoctioli capacil oI, 
aboutI 121 it/liouir: the pinoduct is bag ed in 50-kg utlits I'm 
s',lc. There are no crushiil facilities ill tIle alca at present to 
prepare ii 'agriculturalgrde of Croslued r:uv liliestone. 

"FwO additiol stratigraphic utlits of limestone were 

identiIiditeiLtatively at lower elevutions (uirh"itI a field 
recoll.isaIcC glided by stereoscopic aerial plotographs. 
A northerlv traverse fl)ul Iliglway 7 at kilolleter A 108 for 
a dislailce of' 1.5 kill located utIlcrops Of these units. A 
110rtlwesterly penetralion by vehicle along a logging Ir il 

for abollt 7 kill frOln highway kilometer A170 faliled to 
locate additiotnal oultrons, !laitlly because tile acccss route 
followed ridge elevatiolis thlough d(ollse gIolInd cover. 

Two operators had ohserved evidence for the second 
stratigraphic unit as exposed ledges 8.(l1 outcrops in creek 
beds below their quarries hut till limestone had beell 
quarried from it aild its quality had ot been determined. 

This second limestone ulilit was reloc:lted further turth 
at about tile smie elevatiol as al extended outcrop iti J 
hillside oi (Tirilo Benitez's farm. The tllird unit was e\posed 
in creek beds to the north at tile base of' tile hill' tile creek 
bed elevation appeared t" he 10-20 Ill below the second 
limestoie.utit. 

These two lower strmtigraphic units are also oulitic type. 

but they are not like the uttiforily textured, f'iie-graiied. 
pink oolitic uppermost stratum. They comprise distiiict 
depositional layers ra igiitg frotn siliceous, phosph,:iic. 
fossiliferouis, or iron-stailed types to sandy layers of oolill. 

Table 19. Mineral Composition of Coronel Oviedo-Caag uazu Limestone, Upper Stratum 

Sample Nos. 
Mineral phases 20 21 22 23 24 25 26 

Wt % 
Calcite 82.2 39.3 85.5 81.4 82.5 86.6 86.4 
Dolomite 0.5 0.9 0.5 nil 2.6 3.2 0.9 
Quartz (detrital) 11.9 2.8 9.8 13.0 10.5 6.4 7.8 
Opal gel-chalcedony 50.9 0.4 
Feldspars (detri tal) 0.9 1.4 0.9 0.8 0.5 1.2 
Goethite-timonite 1.7 3 .3 a 1.4 1.0 1 .5 a 1.0 1 
Clays (kaolinitic) 2.6 1.4 2.4 2.3 2.0 12 
Moisture (105"C) < 0.1 0.2 <0.1 <0.1 < 0.1 <0.1 < 0.1 
Organics + H 0 + 0 (2.0)b 0 0 0 0 0.7 

Total 99.9 99.4 100.0 99.9 1L 0.2 99.7 100.0 
1t.iinonite pseudoniorphs after pyrite associated with goethite. 

bOrganic;s present but solnie watcr from silica get included here so that total acco tlntd ftor is probably no better Ihati )V'. 
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calcite. Intercalations of chert and Hin Oxides ill thin wavy 

bands lso are present. 
101Qualitative field tests for plosplortis were positive or 

the middle mtid lower stratiraiphic units but negative fol 

file uppellst ullit. Local eirichlinell of phosphate also 

was deleccd oil old firactures and ,vchered surfaces. 

presunlably due to precipi itti (ol o! secolld:tiv apatile. 

Carbonate apatite (lfranclflile) was ideititied by inftaled 

spectloscopy ini coiceitt, es prpatitd by ctloviing the 

calcile with 2'"; acetic ,cid. Accoidin, tIo ,ct,,ioaphic 
is thinl ctvptorvstallineobservations, the fraicolite occurs 

hulls on many calcite nol ites. 

The discovery of vedilientary oolitic linestotes that 

coitailt phosplhate, tossiliferos ,.ones. atd itntercalated as 

Well as iiterstitial cherty silica (opaI-cialcedotty) strongly 

suggests (lepOsitioti ili a t1taritte etmiitent. TIe possi-
bilitv exists, therefore, that moe hiphl oI~hsphatic Zones 

occur in the regiot due to local variations in themay 

conditions under which cleittnical depositiott occurred. 


Tile samples taken of the depositional layers in onutcrops 

of the middle stratigiaplhic unit ott Benitez's farm are 

identified itt figure 1). Individual samples consisted of 

otte-poutnd composites of' freshly exposed clhunks, Sample 

32 was a coniposite of tile saute stratigraph)lic unit collected 

at another outcrop) lace about0I l l to the east. The 

mineral compositions of satmples froitm this litItestone unit 

are shown itl table 20. The miuneral cotmpositions shown itl 
this tabulation offer further evidence that this fortm is 

a distinct stratigraphic iit ini relation to the pink iihc:;tme 

unit found at higlter elevations. It comtains much more 

silica atnd feldspars, but much less calcite and virtually ito 

clays. It is further distiitgt islted by its phosphatic nature, 

the presence of fossiliferous fortts, and the abundatice of 

chemically precipitated silica as att interstitial cement. Also, 

o; . __ 

27 Gray-wliie oolitic 

28-.. Pink oolitic 
. 

2A- , 
.29 

30 

31 + Green-gray nolitic (cherty) 

- -.. 

". ,
Fc
Figure 9. Sample composites from 

middle stratigraphic ulnit 

the accessory minerals group itt sample 27 is not present itt 

any samples froml tile up)petnosI unit (samples 20-26). 

A composite sanmple (No. 33) of the bottom stratul was 

collected at several points of exposure in the creek bed. Its 

grade and mineral composition resemble the middle unit 

but not the Lipper unit. 
On the basis of only these few prospect Samples, the 

tniddle ttd lower phosphatic uttis would appear to be of 

nmarginal grade for use as agricultural liming material. 

Ilowever, suibsequenut to tile TVA survey. phosphaltic 

litmestote was discovered by a cottmpany geologist (SOlIN, 

SRL) at atl Lttdisclosed site fartlher to the iortt. This 

limestone (sample 40) is superior itt grade and phosphate 

Table 20. Mineral Composition of Coronel Oviedo-Caaguazu Limestone, Middle Stratum 

Mineral phases 

Calcite 

Dolomite 1.4 

Quartz (detrital) 

Opal gel-chalcedony 

Feldspars (detrital) 

Goethite-limonite 

Accessory mineral Grp. 


Carbonate apatite 

Moisture (105" C) 

Organics + H2 0 + 


Total 

Sample Nos. 

27 28 28A 29 30 31 32 

Wt % 

41.3 47.2 60.5 45.4 53.7 45.0 77.0 

nil 2.3 0.9 nil 0.5 0.5 

28.5 10.4 11.1 8.0 36.0 5.4 8.8 

14.3 31.2 18.5 42.8 2.3 43.2 8.8 

11.4 7.8 3.7 1.6 2.3 4.3 3.3 

2.6 3.7 1.1 4.6 1.1 1.1 

2 .9 a 

0.5 0.2 0.3 

0.2 0.3 0.2 0.3 0.5 0.2 0.1 

(0.2) b (0.1) 0 0 0.4 (0.1) 0 

100.0 99.5 100.0 100.1 100.3 99:9 99.9 

aAssorted detrital and heav mineral types-main y spinel, tourmaline, and opaq(uie oxides. 
blRe presents 1120 fron silic'a gel; omitted frorn total. 
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Table 21. Mineral Composition of Miscellaneous Limestones 
Sample Locations and Nos. 

Coronel Oviedo-Caaguazu 
Lowest stratum 

Mineral phases 33 
Calcite 46.9 
Dolomite 0.9 
Quartz (detrital) 39.0 
Opal gel-chalcedony 5.2 
Feldspars (detrital) 5.2 
Goethite-limonite 1.0 
Clays (kaolinitic) 

Accessory mineral Grp. 1.6 a 
Carbonate apatite 0.5 
Moisture (1050 C) 0.2 
Organic + HO + 

0 
Total 100.5 

Colonia Prospect sample (J.S.) 
Independencia Caaguazu area 

34 40 
30.6 93.0 

4.1 0.4 
39.1 1.6 

2.8 
6.5 0.3 
1.3 0.6 

18.3 0.3 

1.0 
0.9 0.2 
0 0 

100.8 100.2
]Spiinel and ablood-red, isotropic, high-index mineral; not the same assortment as in No. 27. 

content to any we examined from tile Caaguazu area and 
should make an excellent lining acent (table 21). -

The full extent and quality of this limestone deposit is 
poorly defined at present but holds promise for developing 
into a major reserve in the center of agricultural activity, 
Reported occurrences 10 km and 20 ki north of Caaguazu 
(45) and 50 kil north near San Joaquin (3 1),as well as 20 
km south near Colonia Independencia (I I), tend to dleht, 
an elongate sedimentary linieslone structure along this 
north-south axis. 

No actual limestone outcrops were fo.und ill the area 
described near Colonia Independencia (I I ) but anI ba-
doned quarty and kiln attest to a prior limestone occur-
rence. Samples collected from around the kiln ind 
quarry-pit refuse--although calcitic-did not resemble 
closely the "mnargus" or black limestone of high organic 
matter content described for this area (II). Its chemical 
cottiposition (sample 34) is also atypical. Rock refuse from 
a freshly cored. 7-mt well about 1 ktn west of tile 
abandoned quarry indicated penetration through a 
sequetice of seditentary sandstones only. 

Further geological tapping probably should be concen 
trated iin tile region of the elongated prospect area to the 
north of Highway 7. This area, in additioti to its liiestotie 
potential, iltay contain (ccurlelices off I;larille sediments 
havintg ecottoimic values of apa)titic phosph11ate. While the 
phosphate levels are likely to be submarginal for use as a
fertilizer raw tmaterial, tile phiosphtate coltetit Will add to 
the vale of tile agricultural limestone. The apatitic foritis 
of' phosphate usually:associated with calcareous rocks have 
characteristically high values for citrate-soluble 1)205 , 

which make thent suitable for direct application, 

b. Villa Florida. The reported occurrence of dolomitic 
limestone near Villa Florida (12) was investigated because 
of the need for a limestone source in the southern 
agricultural sector. A quarry site-temporarily abandoned 
due to local flooding-was located about 5 km west ol'Villa 
Florida on the northern bank of the Rio Tebicuary. The 
description of the quarry, according to the landowner, was 
a circular pit measuring about 15 in inl diameter and 7 ni in 
depth, indicating a maximum output of about 570 mt 
before flooding closed down production. 

Samples were collected from stockpiles at the kiln: the 
landowner confirmed t. 2se as typical stone front this 
quarry. They consisted mainly of white, coarsely crystalline 
titarble. Some stotie of lower qiuality also w.Is preseit: lhi, 
material htad a finer grain texture and comprised tmixtures 
of carbonates. nlicaceouIs minerals, and an olive-green 
mineral. The mineral cmtpositions of representative rock 
tipes are shown itt table 22. Samples 2 and 3 represent 
composites of tile coarsely crystalline white imarble, which 
constituted the bulk of the stockpiled material: it is 
distitictly dolomitic and very high grade. Satmple 5 also was 
coarsely crystalline, but contained abundant interstitial 
itticaceous mititterals. 

Samples I, 4, and 6 represent the lower-grade materia.il 
Which atitited tO about I(W,' of tile stockpiled stiome. 
Sample '4 represents a reei-colOdre', tedliun-gilti liiw
stone cosisting of an i.iinmate mixitire of carboiatv ,
lmicaceous minerals. and accessory amotntis of pink and 
opaque mineral grains. Sample I represents a low-gralC. 
green, fine-grained lilliteStoie Collmprisitug carblllateS etltbed
ded in a greei tinieral iatrix. Sample 6 consisted of 
coarsely crystallie carbonates with a wealleted oi itaii
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lucenIt milky a .ppearatce:some rock i tpll)s cotai.tlled 
distinct zones of1 utaltered clear carhboates and this 
translucent, milky nmatetial. 

The itliitgialhoIc:l datai clealy estaiits.' the deposit as a 
lletamorphic dl otnitc The'. associmted minerals-

muscovite. hlack biotite. verimictilites. diopisi(le, biti it. 
antd SiO, "''veill ariti'/cim :Ictel slic of, a1Iletat-ate 

morphic mineral sLitC. The types of ci tthlates ilso reflect 
zotnal variations dtrittg meltialorlplic iietaltiotl. In sample 

1, for exatmple, depletion of ;I,,magncsiai aN1 01 .,,idLtLaVOCtL 
crystalliatiol of a calcitic v:riely t1' camoiatC. il sa1mple 
6, hwever, the tmtode of forimationi (of" calcite dilfers froli 
both sample I and the itiorc coilsely ci vstalllit types 
(aitmples 2-5). Here, calcite nd brucite occur ill ittimm:e 
association as pseudotnmorphs if'te coarse doloimite giaitis 
the restlt lof' alteration in sit due to local teniperature-

pressure conditions. The reaction mechmism, which has 
been identified in priir 
represented Zas: 

T ml 
Ca.4g(O3 )2 -.K-P-

decomp. 
Nlg()+ II. -- - ....... 

laboratory studies, cati be 

NIgO -- (':O( 3 (I) 
(1) 

- - l~l ), 

Nuntetous occurrences of qutartzite aid graitkic expo-
sures ini tlme immediate region further ideitify at metal-
morphic structure. Considering the high quality of' the 
dolomite and the southerly locationi Of time deposit, the arca 
merits fuitlier imapping at the earlie:st opporutity . Cosil-
eration shoutld also he givtn to reclaiinmg tie iLoducti'Ve 

utrry by diking :and driniiiig. I)evelopmleuit ol this Villa 
Florida delosit would itistire a balaiteed distribttion fr.n 
strategically located deposits inl iorth, cential, and southern 
Para.uav. 

Limtcxiot Rcsci''s- At Iuipuctimi. tile tain quirlia and 
test sites ate estinalted to cover ill area of 421.(0(0 m12 amid 
t' have :a dcpth of 17 1n (t). This depo(sit, then. contains 

about I I milliom ltilt of linestotne. The ectloui. se..ttllng 
anlld visihle (ttcriops to tile Smithl1 avor a1tWc 'X:.,iSIV,: 

depCosit thai indicatd h\ t i m e t .\.ilc p 
Istim lte, (f tihe reselves at lit:icta :ile IMI t h iII tile 

Keller leporl (22). These estillmles \\el,. mtdc :iailatle to 
the TVA team ill only general terms. i.e., tima the limestone 
oulcropped along tile Rio Pa:iAgutV 1t tnCWio kilometers. 
Aerial recotm:issamce coitthtied thal bluffs, prestuited to 
hC lititcstotte, exteNtiden tptivel for at least 20 kin. 

Re-erves it the \:illetIi sitewete calculatCd ott the hasis 
of the eposed (Uarry I e n depth. TheseacIlnT ilsslued 

dimensions are approxumately 1501 m x 150 mi for the 
qutry falce tlld 35 Itl for tile depth. A conservative 

estimlat' Of tlme leposit is 200.000 It of litItestone. 
A reliable estimate is available for only one sector of the 

Corotmel Oviedo-Caaguaztz deposit. It cotsiders only tile 

upperitost straltmit ott the pioplerty controlled by SOFIN. 
SRL. Assutiimig reasonable valtie, for aveitage thickness aitd 
lateral extent of tile strattliti, reserves total :hout 0.6 
milliun it. )1 this total, aiout 12''; (731.00 tnt) is 

considered miteable at reasoitable cosis because of tile 
problemtl remtoving alluvial overbuirden. The reserves of 
this Otte dep osit Ire jIust ahoul eqitivalelt to the projected 
needs for tie eitire nation for the next decade. 'he 

reserves in contiguots qiarries, as well as in the nevly 
discovered strata bellealh the presenttly miled stratutn, 

cantit b evaluated :it this ttime. Obviously. the Ctrlial 

Paraguay deposit has a very large total reserve and probahly 
a very lfarge mitteable reserve too. 

lie prmspect sites a1tVillhrica ill east-cetitral Iaraguay 

Table 22. Mineral Composition of Villa Florida Limestone 
Sample Nos. 

Mineral phases 1 2 3 4 .5 6 
Wt % 

Dolornite 85.0 79.1 40.5 46,3 51.6 

Magnesian calcite 33.9 
Calcite 12.5 17.7 33.6 34.3 32.9 
Quartz (SiO,) 19.2 1.5 0.4 1.3 0.9 0.3 
Diopside, CaMg(SiO 3 )2 44.8 
Chlorites-vermiculite 

(acid Mg-silicates) 1.6 22.5 17.1 
Brucite, Mg(OH),2 13.7 
Accessory minerals 

(black biotite, ruby 
spinel, etc.) 1.3 

Moisture (1050 C) 0.7 0.1 0.1 0.6 0.1 0.7 
+ 1.2 0.1 (0.1)a (2.8)a 11 )a 0.1)aOrganics + HO 

Total 99.8 99.0 98.8 99.8 98.7 99.2 
alExclutdld romittotal since the valtues reprselit I120 derived I'otin the ch rite-vrmicult te or brutcite iiinetal phases. 
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dolomitic (Vallcnii and Villa Flhrida), someire phosphatic 
(lower stratum at Coronel Oviedo-Caagnazu), and the 
remainder are calcitic. l)cvelopmnit of the deposits for 
agricultural use only now is under consideration. Only at 
Vallemi is there equipnent that could be LIsCd to crush the 
rock to the fineness needed for agriculure. 

,..c,,u oTRANSPORTATION SYSTEM 

The transportation system of Paraguay is made up of the 
three principal modes--rail, river, and road (figure 10). Rail 
transportation contributes very littleto the movement of 
goods. Each system, however, has certain inherent disadvan-

A.... tages and export-in prt goods generally move via a 
san....... C.g.... ,.... 
combination of two or more systems. At present, the key 

....., to transportation for is the port at Buenos Aires, 
FI.1d,a Argentina, and the Parana River. Other routes may soon 

s,,,Hau~b. ,,become more usefil, such as the ocean port at Pa rallag,, 
EnrwBrazil, 

Figure 10. Transportation system 

and at Villa Florida in sonuthern Paraguay, Jts Well as a 
reported deposit at Pedro Juan Caballero in northern 
Paraguay, need more mapping before the total reserves of 
the country can be estimated. Preliminary examination of a 
single sam ple from Pedro Jnan Caballero shows it to be a 
carbonate rock of igneous or netatnorphic nature. 

Nevertheless, tonnages of limestone already known to 
exist-as a result of our survey and available reports (9, 22, 
31)-are ample for the agricultural and industrial needs of 
Paraguay for many, many years. Some of the deposits are 

in combination with trucks to Paraguay. 

Highways 

Two main highways (asphalt) presently serve a large
proportion of the people in Paraguay. lowever, these 
highways represent only about 11% of the total road 
system. The remaining roads have a crushed-stone base 
(all-weatIer) or they are dirt roads which are closed during 
inclement weather. 

Rou te I (asphalt, 370 kin) from Asuncion to 
Encarnacion connects the country's two largest cities. Much 
of the farmland and cattle-raising area in the southern part 
of the coun try is serviced by this road. At Fncarnacion, 
IHighway I crosses the Parana River by ferry to connect 

Table 23. Typical Truck Freight Rates (12, 13, 53) 

From To 
Asuncion Encarnacion 
Asuncion Puerto Presidente Stroessner 
Asuncion Filadelfia 
Asuncion Caaguazu 
Asuncion Coronel Oviedo 
Asuncion Pilar 
Asuncion Pedro Juan Caballero 
Asuncion Villa Florida 
Asuncion Santa Rosa 
Paranaguab Asuncion 
Paranagua Pedro Juan Caballero 
Buenos Aires Asuncion 
Sao Paulo Asuncion 
;'Only about I t% of tie road surfaces in Paraguay 

Distance Rate Total cost 
km Type highwaya a//it/km S/mt/km a/mt S/rt 
370 Asphalt 3.25 .0258 1,202 9.55 
327 Asphalt 3.25 .0258 1,062 8.44 
458 Dirt 3.30 .0262 1,511 12.00 
173 Asphalt 3.10 .0246 536 4.26 
132 Asphalt 3.00 .0238 396 3.14 
356 Dirt & asphalt 5.00 .0397 1,780 14.15 
545 Dirt & asphalt 5.00 .0397 2,720 21.60 
161 Asphalt 3.25 .0258 524 4.15 
348 Asphalt 3.25 .0258 1,131 8.99 

1,100 Asnhalt 1.82 .0145 2,003 15.90 
1,400 Asphalt &dirt 2.54 .0202 3,560 28.20 
1,370 Asphalt 2.88 .0229 3,969 31.50 
1,442 Asphalt 2.57 .0204 3,710 29.40 

are asphalt.
bParaguyan tax of NCr240itruck equivalent to $5.09/iut (I0-mitruck) previously charged to Brazilian trucks no longer included. 
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Trucks such as the one on the left move goods from farm to market. Freight rates
 
are reduced by hauling larger tonnages and by development of backhauls.
 

with the lPos:adas-Buenol s Aires highway. A ,o]hei asphalt 
road (Iligiway 2 and 7) connects Asuncion to Puerto 
Presidente Stroessier, a distance of 327 kiml. This road 
continues onit . the port ;t P:ranaga, Miadzi, aitd provides 
anialternate route to an ocean port. Hirns along this road 
tend to be SInAi!. lieaIs are served byOthIer of tihe coMntry 
roads subject to weatier comlitiolls. Filadelfia in the ('haco 
and Pdro .lun ('ablAlejo in the tortheast are served by dirt 
tO:Mds ,ich ane closed drlriig heavy rainffall. ()ther cities 
can be icclied ill the najor popilation aras by a 
coiibil:ltioii of dirt and asphalt toads. The highway 
faIcilitates the tralnspotl of' good., ilthe area trialwalized by 
Asnttcion, litcartacioit. ad Puito Piesidente Stroessier. 
Most fariii 'rs take their goods to sonic ceit'til point inthe 
colonties wl ere they nay he collected by trucks. Ulti-
mately, tIest goods mve to mikets r walrehouses i. tile 
larger cities. 

Most truck opetators haigain lot trantspoltation services 
and rates vary cotsideCrably,. Also. truck conmpaniies will 
negotiate up to a 25,,; discOmitt, depetdiilg oIn v0lnnte. 
Table 23 shovs typical freight chargCs, althlutgh iidividiial 
operators n:ty accept lowe tees (12, 13. 53). A siinle-axlu 
truck inl Paagttaiy has a capacity of It0 il, wlhilc an 
additional 10 lilt iiuav he hauiled with a dt:tl axle. Some 
tractor-trailers are now being used with a 30-mt capacity. 
Numerous pickup trucks aie available, especially ill the aiea 
of Asuncion. The average 
significan t routes for freight 
road). These rates :are based 
wih flll loads. As indicated 

From To 
Buenos Aires Asunrion 
Buenos Aires Encarnacion 

hreight rate for the most 
is 3.25 ,,/mt/ktt (asphalt 

priimarily on a I10-1nt truck 
previously, rates May be 

redtced by increases ill tonnage and backhatls. As in other 
Latin American countries, several one-way tolls avCraging 
about 50; aire Load limits are not posted butencountered. 
weigh scales limit the load Ol asphalt to 25 n1t. On unpaved 
surfaces bridges of Unkntowvn capacity are the limiting 
factor. 

Rivers atnd Ports 

The Paranta River is atmajor route froint the ocean port at 
l3ienos Aires, Argentina, to the river port of Asutncion. 
Ships of' about I.)00-int capacity and belonging to the 
(OP's FMNI handle most of fhe freiglt for Paraguay. The 
distance from Asuncion to Fuenos Aires via rivet is 1,136 
kitt. Very few ports and roads exist along the Paraguay 
River south of Asttncion: thtns :Lage il,.portiot of iltiport 
md export tiaterials must move thirouigh Asttntcion. Low 
watej passes and fltcttating rivet levels create navigatiotn 
prblens and limit the size of" ships to about al I00-1nt 
naxintiiiIt. DIiriing low water oi the Palagi uay River, which 
occlls for 3-5 Ilttotlths of tile year. ships :re severely limited 
Iu tile quantity they can hatttland fticigt rates ae increased 
accordingly. Despite tie lndic:ps o1' the river, largea 
peiceintage of ilipt+It and export goods is ItIoved via the 
Paraguay anld Palrata Rivers. 

'he Palii Rivti also '111S tile southeri aild eastern 
bountdary of Paraguay aiid coltiibtLites to the econoirty of 
the cotllitry. This river suffers 110111 )rollenls siilal to 
tlose of the Palagtay River. Boats of' tip to 500-tt 
capacity ontly cn travl,.] tile l'aiaillst below licaltmciou 

Table 24.Typical Freight Rates Via Water (16, 27) 
Distance 

Via river kin 
Paraguay-Parana 1,136 
Parana 796 

Encarnacion Puerto Presidente Stroessner Parana 340 
:IOilt. Ioats witih alhoit 500-i1it Capacity can travel the Paraim River above ('tluenicia. 

Capacity Rate Total cost 
nit Glit/km S/mt/k G/it S/mt 

1,000 1.90 0.015 2,144 17.02 
,goo->jO a 2.28 0.018 1,806 14.33 

500 2.28 0,018 771 6.12 
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Flota Mercante del Estaclo's ships Fertilizer moves in bags by boat 
are small but modern. -or in shallow-draft barge. 

the river widens and flows over rclatively shallow rapids. fertilizer (bagged) has been received by barge. The shal.
 
B]oats can, howevei, travel tile distance (350 kn) fromn the lower draft of 
a barge should permit greater tonnages pet

intersecting point 
 of' the Paraguay and Parana Rivers load and fewer difficullies with low water. Only a, few
 
-istward to Encarmacion. The most favorable time for barges are used 
 at the present time. These barges are no
 
passage is the nine nmontlis from October through June-- better equipped to handle 
 bulk fertilizers than the F'MI
 
htiglh water time. Boats can also travel past Lucarnaciol to ships. A fertilizer such as bulk urea would require :
 
Puerto Presidente Stroessner (350 kil). Currently, iost loisture-proof hatch to minimize moisture absorption. No 
Catgto tt) the P3raMa River is ill one direction ottly: facilities are available at the port for hantdling btulk 
agriLcuLtural :rod lutber prtoducts bound dowttstream for fertilizer, atn no bulk storage is provided. Ilowever. the 
the Buenos Aires port. A proplosed dan be)ow incarntacion additiotn of a clam-shell type bucket antd i hopper for truck 
wotuld relieve niv of, tile nfavigatiott problems of" the loading could be easily provided. A portion of the sto iauc 
IPrana. IlnrOVCd river navigatiol )n tile ,ana cotul space for hagged tnlteiial could be converted t0 bul! 
bolster the agrictillurl econoty in southern Paraguay. storage easily. The port at Lttcalritaciont has poor acces, 
Better ports and access roads along tle Parana roads ald is toprilmhly eqtuipped handle Itllatlly agricultmnal 
cotld be developCd :an1d Justil'ied if" inore dependable water lroducts such as yerbal nat1e, titg oil, and liutnher proticti,.

trattsportatioti and larger oI:,ts could he Used. 
 Much of the river tialTic around incarnacion consists iW 

It)rforIltion gLt'erCd albout shipping rates on tie passenger vessels raler than vessels eqtuipped for freight.
ParagiuaV and PIaranat Rivers is given in lable 24. At present, The activities of the Asuncion orlIare closely tied with 
all fertilizer comes to Asuncion ill bags. No facilities :re tile inlteriatiotnal port at Buentos Aires, Argenlinl. Blenos 
available :board ship or A the port of)'Asuncion to Imldle Aires port has all tile facilitics necesSIv for lnmtdlilu' 
bulk fertilizer. Overhead cranues :re a:vailable at tile port for bNgged and bulk fertlilizers. LJntfortiimately. Asuincion porl 
uloa.Lding such items as lu:ntber. sheet and cottin- at this titne takesteel, catnot ndvmntage of'ccoronieo s associaied! 
cited height. IteH'ms arC tlloadeld by ntelans 01' hoks 01 witil ra ltipotloItge olto ges: anid l apild.hldling ,
cAtIIlpS. Material cn be Ilaed oito tiucks omrail oad cars. tlelm. Iltplovelells Call be milladc ill tile 1titlc which v.K' 
FIclgc o ships Lve two holds which arc coveted with partially offsC tite dtLsIdt;a;ge Otfsmnll;er-tomtiage Ship,. 
trpatlin dtinll trallsil. This seal does not prevent the ()thiel lits, hich calil hlidle goods in IMar etlaV 3W Ilt, 
passage of' moist air. so that a fertiflizer it bulk cmld absolb ilcean pots it l)aramgimiand Sintos, Brazil. Bulk Ieltili/0 
water Vapl-or f'o lmi ile ail dl-1ing sllllieitt atlollh f h prtec, lie at potl 1t cam tllloaded S:iltos with l;Icililics bill, 
tiot lltfrOll i or slly\ would he iovided. Recentlv sotle gear Illust be used at Plalulagta. Niaterial miust be titiccl,. 
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to Paragtay through Brazil. Both ports provide a iethod 
for gotring bulk fertilizer into Paraguay. Roads serving 
Paraguay through Brazil are initpovitg, and i1'larger tricks 
call be used in the future (gre:rter Ihmn IO-nit capacity) with 
backlhatling, these ports call bc expected to pl:rv ln even, 
ireier role ill tie levelnopmentt of1Palltrav. 

Railroad 

A railroad ill Paraguay operates between Asuncion arid 
Lircarnacion (370 kin) attd front San Salvador to (ielieral 
Itligintio Niarir igo (63 kin). At Fticaritaciort the railroad 
coinects by car ferry actoss the Parilta River with : 
railroad it Argeittitra at Posadas. Therei'ote. a rotlte b) rail 
exists fromt Astutcioln to uItiios Aires, Algettitia, bit it is 
severely hraipered by tire river crossihtV. This provides all 
international routle throtgh Blienos Aires bill several factors 
contribute to tIle dif'ficullv tOft'icieti oi)rait in of tire 
railroad. iNhich of rite rolling stock is obsolete and the track 
is itt poor condition. No Iottottni-dunttpinrg cals Ire avrilable 
to facilit:ite rapid-h.nttdling techniques. A large capital 
inVestrnent Would be relired to iertovate the rail systemlt. 
Inprovenrents iin tire higiway' sy'sten have taket freiglht 
anrld passenger traflic \vhich iigit otherwise mrtove by rail. 
Sufficient freight tonnage arrd passengers probably c+.innrot 
be generated ill Paraguay to support aiodert rail systeir. 
Essentially itl. raw materials are inoved inl sufficient 

qunitities itt Paragu.y to iurstil'y a large calpital expenrditure 
to inrprove tile rail system. 

The typical freight rate 'roit Bienos Aires, Argentina, to 
Asunrcion ( 1554 kit) is S10.6-1/int or 1,341 Q/inm. This is 

Containerized shipment may be the answer to 

shipping bulk urea to tropical countries. 


T 


equivalent to SO.O06t'/nt/kn or 0.87 (,4/nrt/km. front 
Pacii-cna (ferry point near E'Lncarn:icion) to Asuncion (370 
kin), the rate is S2.99/int (.,77 (4init) or SO.0081 /ntt/kni 
(1.02 0/int/kinl. Nortally. tihe one-way, liei between 
Asuiiciotn arid ltincarnacion is two dLys and six days 
bet ween Astllicioll and Buenos Aires. Laci car can c .v 30 

jilt with a1capacity per train of I) cars. Materials itrved by 
trairn conrsist iilainly of0"cOIln.anld soybeauts. L.ow tr ihl rates 
for rlte rail svstent indicate that the operatiotl plrobably is 
lrot sell-supporiling. The chainces ire great ltitt tire situtition 
will worsent it rlie fliture. Threref'ore, the rise of the rail 
systet for fite nttoveniit of' fertilizer inl Paragiay p)robably 
\Vill nit becomrre sigitificart. it' tire freight rates dorild be 
tUsed with depenrdable Iraitsporlatioll, tire railroad wOruld be 
art aliractive node of, Iransportation. lowever, if' capital 
eXpendiluleS Were Made to imnprove the systein, rates would 
undoubtedly iicrease. 

TAXES AND DUTIES 

Paraguay 

Taxes anrd duties oil imported fertilizers contribute 
mte:surably to their total cost. Three types of calculations 
are needed in determihninrg the total cistoms charges. Tlrese 
are: (1) variable charges expressed as a percentage of tire 

CIF value, (2) fixed charges per it, .ad (3) fixed chairges 
per shipnment. CIF values are inflated 20% hef'ore cistonlis 
are calculated. Several cilarges applicable to igiicultiri 
inports, which amuntotlrted to aboult 771,' of tire CIF value, 

Rolling stock is obsolete, but nodernization of 
the rail systen may not be economically feasible. 

i 
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are no longer required for lei l ize., insecticide,S, and fu in Table 25. Paraguayan Taxes and Duties on Fertilizerequnipmet. These lihberated items mre shown in table 25 Cost andaong with charges that are still applicahle. Type of charge basis for costA close apprioximaion fur customs charges on i'nported Variable charges %of ClF valuesa 
fertilizer is: 1.Decree No. 18784, dated 19613 1.00 

2. Law No. 862 0.50'Fotal cusloins per nlt ,:tIFtae + 3. Customs & fiscal inspection 0.51
I0, ('IF value + S8. 1 + S5.00 4. Ministry of Agriculture

total lols inspector's per diem 0.17 
5. Photostatic copies of 

consular invoices, etc. 0.28Brazil 6.Custom broker's tee +paperwork 2.00 

Fertilizers for Paraguay can move by ocean shipmtent 7. Law No. 1003, (dated 1964,5%of amount liberated 3.87through two ports in :irazil -Sanito: and Paratagna. Charges Total 8.33
through these ports :are given in table 26 for bagged and 
bulk fertilizer. Bulk fertili,er can be moved through the Fixed charges $mt 
port of Paraiagta ojil if' the cvesel is equipped forbulk 1. Stamps &fees, Ministry of Finance 4.00utloading; no l'acilitis for hulk uni;iding are available al 2. Unloading 1.19the port site. Costs at the port ol Para'i, gwuare higher Ihan 3. Delivery to storage 2.94
those at Santos probably because of a lower tonnage
throughlpl. The chlarge at Satuts was $5,42/mui and at Other charges S/shipment
Paranagua tie charge was SI 2 .)8/mtt (or hagged fertilizer. 1.Stamps, etc. 5.00Bulk hadling ediced tie cost per l). Liberated charges %of Cl Fvaluesa 

1.Exchange charge (bank expense) 32.0 
2.Other (additional) 15.0Argentina 3. Complimentary taxes 24.0 
4.Consular taxes

The port at Buenos Ailes is ilow the tmost important 
5.4

5.Commercial reposition 1.0 
port for handling laraguayan goods. Costs per ton (S5.85) 77.4Total were close to that f'or San tos. Buenos Aires is equipped to a1 value lax No. 292)Cjl for purposed (Decree = (:03 price'
halie bulk sliipments. insurance ' frcighl) x 1.2. 

Table 26. Handling Charges for Fertilizers, Atlantic Coast Ports, 1970 (50) 
Santos, Brazil 

Bagged Bulk 
Buenos Aires, Argentina
Bagged Bulk 

Paranagua, Brazil 
Bagged Bulk 

Unloading vessel 
Port charges 
Direct rail loading 
Transportation 
Warehouse- 15 days 
Other expenses 
Paperwork 

16.00 

2.54 
3.32 

.19 

.08 

NCr/mt 
-

7.52 
-

2.54 
-

.18 

.08 

mSn/mt 
1,050 

-8.80 
-

112 
840 

45 

462 

455 

112 
-

45 

NCr/mt 
28.00 a 

-

8.00 
2.00 

.25 

14.10 
8.80 

_ 

8.00 
2.00 
.24 

Other services 
CDA 

.19 
.89 

.18 
.89 

_ 

.04 
_ 

.03 

Document copies
Agent commission 

Total port expenses 
Total port expenses $b 

aFstimated 

.03 
2.34 

25.58 
5.42 

.03 
2.34 

13.76 
2.91 

2,047 
5.85 

-

1,074 
3.07 

14.19 
61.28 
12.98 

14.19 
47.36 
10.03 

'lExchange rate: N('r l.72 1.0t):nSn 351) S1.00 
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The Banco Nacional 

provides credit in.
 
the agriculturil


field... 	 _. "il •" 

DISTRIBUTION AND MARKETING SYSTEMS 	 fro1 luito's Aires 10noil;ie S17.00l/it but call be 
higher when tile river flow is lmv. 'o the CIF value must le 

The use of agricultural lime has just :pproached the added customs and other port charges. The importer's 
iiiiiovator stage: a fewv faruis are trying it. A few quarry markup varies from '0, to 40,' and the salesman's 
owners, presently calcining the lock I'M use in the commission is an additional 5',;-15(/;, (23). Transportation 
construCtioin inidustrIy, are co1iisiderillg production of charges f'rom the warehouse ill Asmiciou usually :ire liie 
crushed rock 1,0r agricultural use. Olie has Each of comipanies sellingCompally by the pllrchaser. tile Ceitilizers
acquired a tractoi-tiailer (I -l capacity to haul agri- inPa.autlav has local representatives (farmers) iinits uiaiu 

cultiral litte ill bulk but does not yet have a crusher sales ,eas. 
installed. The cotnip;auly has started to develop a distributiot 	 AGRICULTURAL CREDIT 
plait hill has not yet developed anly tarketiig plans oz 
orga izaliton. 	 Agriculturmal credit in Pimguay ha., sofered in, severe 

Fertili/er use, while infiiiitCsiiital hy nM;tV staitdardS, is setbacks in tie past 25 sears. The first to rualiZed ciedit for 
mu111chmllore advalCed thait limiie use. The distribution agricultlure was offered by the ]itaco Agricola del Paraglay 
systell is n1ot coiiplicated. All fertilizer is imported iin in Itt43: by1 1945 the bank had failed. Its successor, the 
50-kg jute bags with oy'etiylene liiiers. These are trais- Blanco (el 1:iaguay, failed it 19o1. Presently, the BNF 
shipped from oceait treighters in the harbor al Iuenos Aiies piovidcs credit inithe aericultural field. Like its piede
to IEMI- ships or to a barge. At Asuncio the fertilizer is cessors, it has difficulty it collecting on its loans but it has 
loaded onto trucks f'mtransfer to a warelhouse. Most of the managed to survive for Inine veais. BNF credit is available 
fertilizer is stored ill Asunciitt; inlliiy a feW iinstatnces isit oiily to tatillieis who own their land. Loats latrger thai 
trucked directly to a warehouse ii soiie other city. ,50,000 i])ust be approved by a loan coituiittee ill 
Purchasers are expected to conic to Asunciotfor their Asuncioi. Smtall ]oalls can be approved by the utanager of a 
fertilizer. Farmers who fertilize a large lectarage LIurchtase branch batk providing the field loan officer has siihiitted a 
fertilizer by the truckload. Small faritiers sometimes unite favolablv report oii the pruspective bortowei. Recently the 
to purchase their fertilizer at the same ltle. More 're- bulk of the available ciedit has goie fOr theliprototion of a 
quently, each farmer buys a bag or two of fertilizer in single crop and cietlitors have been a few relatively large 
Astucioii atnd then locates a trucker who will haul the couiiieicial famiers. 
fertilizer to (lie purchaser's village or holie fu a negotiated The small farime and the faiiiie without a land title still 
fee. Occasionally. the local farner represetting the fertilizer do not have access to ftrutalized ctedit except for the 
company will purchase several bags of fertilizer and stoic Nationtal \Wheat rogi:unil. They must rel' ot the local dealer 
them in his home !'orresale to his neighbors, or supplier Im agricultulral input itets as weli as tools. 

From aiiiarketiigiewpoiitt. two of the local clmnlipanies cluthiit., food. and even slldin' limi . Thle cro:) is 
currently active in selling fertilizer represent Geriini i pledged 1i1 repaviiieitt ol the "loa.'" Inclest on these 
interests and the third makes its ltrchases front the world loans is approxiiiatelv 5';/niintli, compared to the 10"; 
market. ('IF vahle fbr fertilizers at the portll n,\sutciou ale annually clharged by BNF. This sem tC1rpeluates stub

port's inland location. Ceighthigh because of tile 	 F charges sislence agriculture ( 12, 18, 23, 48). 
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LIME AND FERTILIZER COMPANIES 

LieCopnisincrea+sirog 


Lime Companies(15-15-15. 

Presenily, there is rt production of agricultural lime-
stone oil aiuorgan i/ed basis Limestoie is calcined Cor use as 
mortar inlthe constrtctilon industry. A few tons seem to 
Iave bker used hy en ru'IL,il,, becuise':u+2r, soil lest 
reports showed flue soil to he acid. Theie are plans to 
p~roduce agriculturahl lii'tetoIe. 

Fertilizer Companies 

BNF is the lhrgest fertilizer inporter illParaguay. Three 
private companies also import fertilizers. They are ('of1r0a
S.A., Iloechst del Paraguty S.A.. and Shel Paraguay, Ltd. 
Esso has ceased to handle fertilizers but two new companies
have been hirrMed to handle them. The new eompanies are 
Industria uirmica Parigituava S.A. (Inquipa) and 
Nilroquimica Paraguav. All companies are heador:artered 

i r hsncaon. 
'tfarnmahas been+ iporting eitilizersforover decitdeardl now has an annuaml volurrme ofd2.000-5,000 litt. All 

fertilizer is odtaiiied it (;errriaiix' frurili corirpiiies such as
Ruhristickstotfl ard Kali ('henische. Iinir-ipal imports (all
bagged in jute with polyethylene liners) :liere:, calciuri 
arlmilorlittril
ritrate. IriitItlitiii sulftie, rluerria phosphiate,
uritate and stllfate of' polasi, '.
 
Cl'arrnil represents Olitl when 


-I 7-\1, arid 15-15-15. 
biddirig toi supply I'ertilizer 

rrder All) loans. The Coirplrr \ail'uoseh ,s most ol its 
fertilizers at Asurncion rid lias additional storage at 
Encarnacion. Local distributors occasionallv store sirall 
airtorilits (if fertilizer at (oriel ()viedour arid Poerfo 
Presiderte Stroessner. Most of" ('olruras sales are for 
hlirtitrltuiral aid veget:bl cnop ;,rice. cof'ee. ard stmuar-cane. Two 'agronrori ists provide leclirric:il irforilatiori :id 
put out fertilizer deriusitratiri.s Credit is provided upon

lire recoruuiieridaiiuri )"the extension agetnt (36). 


Iloeclist began impolting fertilizers int1o .ariiatiy il 

1958. Annual volueite now is 1.200-1 .400 itt. all bagged 

and fror Germay. Pirincipal irtiprirts 
 are 12-12-17-2Mg, 

15-15-15, 13-13-20. 
Md tureal.(race fertilizers are handled 

oi All) bids. All 'ertilizer is w:irelhuuised it Asunciiri 1ut 

(ie company hlas Itarny farner agents whor 
 resell to sm:ller 

farrmers. 
 These agents receive alchormmission il" o0f1ur]
their sales. Fertilizer sales mostly are I'm tmiratoes, lXtper1s. 
arid some citrus. Rates otf'apllic:rtioo are b l nn FAV soil 
test recolririreidalijii allidflllliers fllohw these faiirhl Well. 
Almost all farmiiers bu\' ,'tilizer ont(lloii y credit ro 
interest is chtrged fr o the first six miit his.Fertilizer 
deinrotistrautioniis are Used bv fire conr1ipart aigrCinrrist t 

prtomote irncreased rise (56). 
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Shell has been active ill (lie I'Vrtilizer lusiiess in 
Paraguay for abt iotlr V'eds olyV. Voluile hIs betI 

tt t:uulv-bu Mied
iI~C~~( ab)Out 100f ilt amnual. fertilizersMixed Imlzl 
12-12-17-2Mg, rid 14-14-1-4) tie the leading 

materials, ltollowed b\ Iuritiie f potlash. rli:iiiiriioiIIIItni
plsphate, :iud iiiruto0iiunr sulfiC. lertihizer is rio ortUd 
f'olu whitretV.r it car he urhasIed')tll IrOtSl eeOlinii:lly. such 
as I ll)1aid, the Uliiteld St;t:.. ald sOlrcr cOIitries. FOr All)
tenders. Shell repiesenlt., Inteiatioiil Ore uol "eitili/ers 
Corpouratiot. \lost sles Iref,)rstiu:trcalie :uid soire 
fertilizer is watehioused in ilie silalc:ie aveais. Ill Imil'y 
cases, tilesugar millers provide file credit fo()r fertilizerpturchases but Shell )roVides cl:dit \'hle] uecessary. Oilier 
sales are for potatoes, uitrtoes wheatt, Sobinells. Vecetables, coffee, arid rice. l)erirorstrltioiis are used 'to 
prmote use on new crOpeS trlrdincrea;sed use. Shell aliSo 
pays fOr soil tests made by FAV (46. 

Ilquirp wa'Is toorgalized produce inidustrial celeicials 
stuch ts chuiririne ard caustic soda. The conp:ay is 
considering liroduction of" uormal sitierl)lhiospliate. SulItric 
acid would he obtained itItuenos Aires and shiplpe+:d by rail 

to Astuiciun. Ihosphate rock would be purchased iii tire 
United States. Ma:miil'ictruiir facilities h:ave rot beeconstructed ald a i:k.iketiri' or"aiizliorn IiIs rot been 
Le\vehlopd (0). 

Nitrorltinica is plarriig : blk-blerdiig facility ill 
ASLIciori, on a 50-50 baitis with Adela iv\'.sIreit Cormparny 
S.A. The f+acility would be sirnilar to those operated by
Nitroquinica iinChile, Brazil. aid Other Latin Arlerica.i 
ctuiltries. Rav iraterials \Will be iutchised ill tie U iled 
States arid trucked to Astiiciori frot tIre port at Paariamgua. 
Brazil. Ltmber ard agr iciltural )rodutcts wouldt Iriake ri)
backhatil. Plans are to bag :Al product during the first year

mrid sell through 
 BNI, thus avoiding credit probleims. The 
pli:t is expected tolibe oil-strealm by Ieceniber 1970 (44.
 
52).
 

Since 108 BNF lms her, tie mrist ipil+r-tant impriter
 
of' fertilizer. Starting il : irodest way illI]Q04. the bank has
COIsistilyv inc.reased its vo(litte of" impourts to 11te point
 
that 90; of tie fertili/er now passes through its warehouses
 
iii Asincior. Ostensibly. 
 ,NF purchases its ferlilizer frum 
local privite enterprise onl ilow-hid basis. III :acituality these 
local businesses, except fIur the comlpalies listed above. dre 
broker:; whio imrport fertilizers orl\when i:rr'dRled atbid. ll 
r:ae instances at fertilizer comlrpany can consoilidate its 
purtchases with tolse lIade fm BNF ard g:in solte belefit 
illpirchs e p ice I'mithe ligel order. INF. hec:rse it is a1 
goveirririatle olg:iizitihi, helps plal a1glicirltirral develop
lietl plog al ..It alsollrovides, filect'edi needed ot irliari 
oflthese rograills. ('crrseqtieiil. ilist couirlielcial 1liriie, 

ake most(of' their purchases filtr i the baink. M arkup for 
teitilizer. tocover c',. of stolle arid adiiriiri.lis 

abut 15'/' (23). 



Section V
 

POTENTIAL USE FOR LIME AND FERTILIZER
 

BASIS FOR FERTILIZER PROJECTIONS 

Projectioti )" tertili/er use in a rapidlv cianging :igrarimau 

society is subject to :i wide variety of ilereIt eirors. At 

the outset, area ciullivaliOi t' Cxsh iil\'
tile UtideIt 1r1)) 
change cotnsideiably in a ielatively short tittle it niark,etig 
chiarJc(CistiCs challag. loi.g-rijg ),.dictioti S aMe.iffectcd 
hy extriI~al as well as ilet u:il (IuCleIiids. clhaiiTces in 
g,)vCrnlllltl plicy. aIuil cl;IIigcS In lCIetilitCot ItIi)S 

irvolveul ill tile piruulhtioi. Thie ,coluni,' idViitl,icYCs ()f 

lrduuciug lin crop u\ver atuuthe cl;,ie at wle cotunitry 

level as well :is the f:itme level il esfotiC, to Suipply il 

deitinllr. lIeictitis arIIe iirel difficiilt il tile ;iltelnatijvs 
ivailable I'mlu explui ;itlti arc ot a I iiu -laIll't e [:ittlre. ()l 
tile othl hand. is tie altritativC Use of' laud atd cloi)s 
beCOme.S IIW'C lineiteCI, thle ,_dietitin )oS,ibilitieS illt)Ve. 

A laiIly simnple set of guidciluhis has heen employed in 

projecling fertilizr nieds for IPmagtua'. 'I hiesc aic outlined 
brieflv lbelow. 

CROP PI\1IORITIES AND POTENTIALS 

Crops hi hive been selec ted 1)' l (the fOr ,I luipasis 
in either iipul suhstititiuis or expoit expansion tic 
calculated at a net growth expaiision ini hecetaiagc as well as 
yields per hctare. Iiojcteul ilca (iectare ) gruwii is h:ised 
on the kind of ftrintig ( cthtlaitied ()r not), the availahility 
(if soils fr' the kind expt oation coisideil, and the 
kinds o f icentive )ti]icY' hi'C:.',d to thle faltlilel to acLuuite 
and manage additiottal lanids. Increase ii the area (T 
fertilized ]:1itd is expected to he lapid aillutg the lloic 

progiessive rower the (c,:icase tilized land ishut ill 'ii .te 
assumnied to be slow, bec;aiuse the intruhiuctiotl of, new 
Iocilltlog' (Ifitili/el t) tie Siiall, suhsistelce,ho iaditioual 
laidhloldeis will he diflicultil. 

Crops in which tlue couture is alriady self-stifficiettt and 
fotel .flin which little potential is to it f Co ti\ iti u iiiate 

projected on r te to pllilil itro l.a glowl similar thownu 
Toital ari i tilr )Idtioitui of1thesecrops is lichuld co)Ni:lt 
and tile leuliiicl sl)ow glowiil is clieVed by gladudll' 
incrCasing lCiilized iCa and deciLCasil tie tnotifelliz/ed 
area. llistolicallk, tliie are usually etoutigh "iitiilvati" 
fartters \\,]to, givet a good helefit/cost ratio, will tly iew 
tic hology. Once tlcse: !iii ters begin ciplo'itig tiew 

technology tei costs of inputs incres.. Uswof ferliliet 
fild lile is very un1iporlait ill these cases hecause yield
 

increases are closely eled lo) these ilPUtiS and unit costs
 
cannot be nitiimi,'ed unless plouductioln is imploved.
 

SOIL FlIT"iILITY PATIERNS 

I ing-teim pi mic sd oil n frtilizertcctiio, bs:t emel fer:l 

rcOiuitl li :itioli. hu viriotus ciops. Gecial recottllllen-


M IdyL:itiIWs cuSli ,,il l .iv .iniis(ais ilhIl.ld in tattle 
2), livsicial :ltd t10th ch:iractCi istiCs 01 soils ('iure
 
). aunl Ilii tile of
ilturitr, :)1)ut resp)ounse various 

crls to l tlilielis. l'auigiav hls developed gen+rcil 
I'etilizer rtti t ict),itit'luv ir SOHiC cro )s hut (ile 
tleS ar tather lo.'w due l lie) ight cost of fertili'ei (20). 

Tfhe TV\ teil tevisud ift of tlicrats l)ward in 
anticipiodit ' f ()l\c; price.s tr Iertilizet. 

Ivo types of leclnliiiuditions \vC i:i.de: Clrective
 
aid atIiIltal. ('tllective tecollllleuidatiolls aic iltos Coll
siduled t ecessav to reml a soil or cliop prouluctiot. Mai)'
 
mil as s,,5'i iil tihe' 2 and 3' atlSit low ih av:ilable
 
land()sl liu)tiis:1d puttassitilt and si high inaclidits or soluble
 
alliltilt il t hat little it io respuulse caii he o laitie. flotit 
feltili/,.is at the usual ties I' ipplictioit. C(orclive 
tilCt.iteit is if lili adul tit' thMake theseflttili,'r ICltIii 

soils plroductive. 'Vlci viewed in lis coitext. colrective
 
Iteitlincti, ate just as essential as clcaring all area I tlices or
 
iraking a sol for flti.ic cultiv:tioin. ,,\fter the l,.tility is 

builltf upllbevoit!, J ccItatin level, called tile citica level. 
ltiavely low 'ates of Icitilizcr canl he used to oblaih', 
saict'ry crop yields and to Itamiiuntll tcrtility' above tle 
ciiIIcal level. Corectlive ticainiclits te.ulUir. utusil 

alltoUtits ofill tiandfctiliz/e. 
('otecliv' ticaitteIIt s Ire ctlSidltedtJ a1sa ole-lIIIe 

iteatlniut ill this repoit. lt )hospliois leach eveldus iot or 
te icilily in the soil. A corrective tIrc:;1eilltt. thein, is a 

p'rtuiiattliit ct ioti0I lpr()Vided sillsC(iuti.,tI liiatiienis at 
last il tihl ilte ;iittintlh t th ll crcop cino al. As 

Ill 2Ale_'. ;loi tif d lilt-' soil Saiples ailalied 
,'' dclcitl if: ;alubl' plittsplimius. I)ividing tile 
cunitit o ot.ie li strlify plitphiotusilltt) lh does 
dliciClt soils. ('tisCqitliutly)'. ill thle Ci tilieip)IjeCtioiis 
that flollow, piitliitiisrcultiitleuili tot chaig \%'tlh do 
/one. 

Potassiui also, cill hbebuill t1) ill ilthe s)il bitlnot to as 
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New technology is expensivc unless it decreases the cost of production. 

high a level ats phosphorus. Leaching occurs ol the PROJECTED FERTILIZER NEEDS BY CROP 
coarser-textured soils and soil acidity also etiltances potas
sium losses. Thts, a meditum level Of available p1tLssiut55I is Wheat and Soybeans 
tile goal desired toin corrective fertilization. 'able 2shows 
that there is a differentce in potassium fertility with \Vheat and soybeans frequently follow each other in the 
agricultural zone. In the notrthern zone 0(",' of the samples field. They lre considered as a double-crop system of 
were deficient in potassium but in the central and southern farming rather tIhan as a rotation because both crops are 
zones the pecentage drops to)43%-4-4%. This dif'rence is produced inl the same year. They are considered together inl 
reflected in pro~lectionls by the higher rate of' potassium the fertilizer projections with all the fertilizer for both 
application used for crops ill the lorthllen zole. Potassiumit crops being applied prior to wheat planting. Not more than 
rates for southern soils are less than 'or central-zone soils half (te f'ertilized Wheat areal should be double-cropped 
because soil textures are finer itl tile so1th. (Southernt soils with soybeans to aid itt establishing- a long-range soil 
are h drtnorphic or developed frt balt as cotttlaed to colservatioll progratn. The anticipated inclease inl area. 
devehoputent front saLtstone ill the centrAl tea.) total Wheat produclittl is given itl table 27. ThesiClds, and L 

Nitrogen cannot be stored ill tlte soil e.-cept itt orgalic inc ease it fertilized area for the next 5 years will be at a 
fort anId this It11t1t is no1included ill ail corective slower r ,te tltant the big increases made between 1960) and 
treatments. l1970. This will permit more control of the program and att 

Annual treatments arte those applied itCLeCdentlyV of a inmproventcttt in mtanagement of all parts ofthe techlolog 
corrective treaitment. These applicatimis variy with the kinds package which isso ciitical t i(le wheat proeltmm. 
of crops grown, yield golals, mostrell re.m.teeil tet projecled I'm lerfilized 
other factors thAt affecl fertilize r;at's. Nit)eLl is avers 1.40( kg/hia il ]()71 and increase to I .(00f0 l-e/h' il It7o. 
promnittent cItIpo)netIt of an anllnual applicatiolt except for I ligher yields car be obtaitLed sWith the new dtaf 'arleties 
legumintow; and sugar c ops. Nitrogen t'reqttently isapplied but averagC yields are not likely to exceed this level due to 
more thl t once dlurilg a1Crop seas bill this distitictiotn is inherent losses ill htavcstittg ca used b\ the spying ratus. 
not essential for lettii/er pr jctions. Average yields oft ntonfertilized wheat will decline oit soils 
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5ileculd Itocontitous Cropping if] the :Ibselce of' fern- Since tile fertilizer ptojectiots fol whieat include sov
lizcr although new fields Will ny"oa,highel polteitial for tile bean ferlilitation, a separate table Iot sovheau liectarage 
first few years. The pioiccied Iiecitaraee of Iotriilized amd yields was not devuhll ed. No ertilizer priojecthii,s were 
wheat vill declitie vct\ '4Mv:isthese re,.prseit tradith(ital imde folsolttitillll, mttoter ctop which iav Iterllliate with 
growers oitsmall most wom i.% N :is ile stItoer cro) illSOni;C cases;.ioiib will 
have some difficltv inlttl n terlil/er ciedit. alfroblettt wilil volhitteer .lrovthi of sorlhit in In the tlext 

o,. [ropcitit-. at.V;llS latite';IS report 

:\S those peetSl is1aSCIatCId \1ilh the whalt Ipr)-.ill wle;it Clop. however. so that1 this Collilltlolltlli~ion Lanot 
Cati cotiillli, a Itlttiihel o)* llis It)c r.techtioltitic,,l prolett exi-t that tite veiy pop liki 
Will make the Iolttsed Mie t' UIdo tla c l ch;illeilte :itld Fle pIttojeclCd teds lot vheat mid soltvetitls ti idi
will miak, self-sfllficiciic vei diliicilt Ih :1td it 28. ,iuhlC-citippiti is forcfute 197 caited tbl Siti.c pwected 
perthaps not tile]).t theield leVel itldic:ated. hCtelit/CoSt altetiate yeat s, tie lertilizer loltUtila isset high etloglth to 
ratio iti wlheit the lo.est of" tile tueet of crlops, as is to correct or(soyhetis) is atl;1w] crops the needs both Well 
to be fertilized. Nevertheless, the riatio is lhilh enotglh f'0ora1 la+i;taill soil fertility, ill accordMce with tilhe needs Of ith0 
sound economic pittpograii boih for (lie tfdirtteir tile soil. 
county. From tile I'arnier\' pOilt ot' view, lnd Used for 
wheat ptoditctio hts essetitially no :itertate use diuitig tile Tobacco 
winter period anld the sau.e nlClItal izCd C(fniitillti C:in be 
tised for both wlieit miid soybeans. The technique of The expansion of' tobacco production sl ild include 
fertilizer applicattio hy bulk spreading itt advance of wheat quality improvetnerit as well as increases ill both area and 
planting could imttprove tile overall efTiciency of' getting yield (table 2)). Aln increase in value of tobacco depends oil 
both crops it falster aiid with less dilfficilty (see sectioni V1 impioved quality ture thtan on higher yields. Present yields 
'or further discussiOti of' fertilizer use techn.ology in whieat ). :re reasOtMily good because a colisiderable portilno tie 
Finally, donble-:roplpiiiU itself' is all dLvtilltage ill cases tobacco is tnihlled nit newly clear.d folest Soil,. )ualiiy is 
where Iairly high levels of1capital are involved in Corrective poor tinder theSe cotldititis hecalnse the level of ilitrocell ill 
applicatiotis of lite :ittd ihosplate. This coiectikm these soils is too high. The National Tobacco IProgram 
increalses tile cost (and ,a'lne) of" tile laild but, since itis a plIais to correct this prbOlent hv gradnatlly shiftimi proditc
fixed cost. itis pr1ofitable i spread it out over as nttty iolt to soils that have beetl cultivated follotiger periods. 
crops if) as short a little as possible. IHowever, tie tobacco growin otlsoils Of low iiirooel 

If tileGOP policy in wheat pIrocLItitl continues to ctMtcit Will trOduce better ln:lity o1ly' if fertilized with 
provide the incentives whtich permit expanision, the increase relatively high arnotnts of' phosphorus and potassium. Pro
ill wheat-soybeati area should be at liuttable. Probleis of jections for fertilizer needs itt tobacco are given intable 30. 
rust and wheat disea.se titLst he hIuoght under better 
cotrol.o,oruse, thtonglh a cotiu prograil Cottoningiitu of valietal 
testing. If"variety itIll'rovenlIt aid nltliplic:tiot 
cocuoniter diffienlty, tile goals ill area will hiave to be held The expansion of cotton production will be gradual 
back accordingly. because ithas restricted export possibilities. The total area 

Table 27. Projected Area, Yield, and Production of Vheat, 1971-1980 
Area Yield Production 

Year Total Fertilized Nonfertilized Fertilized Nonfertilized Fertilized Nonfertilized Total 
ha kg/ha mt 

1971 44,000 25,000 19,000 1,400 700 35,000 13,300 48,300 
1972 50,500 32,500 18,000 1,450 700 47,125 12,600 59,725 
1973 57,000 40,000 17,000 1,500 700 60,000 11,900 71,900 
1974 66,000 50,000 16,000 1,500 700 75,000 11,200 86,200 
1975 77,500 62,500 15,000 1,500 600 93,750 9,000 102,750 
1976 89,000 75,000 14,000 1,600 600 120,000 8,400 128,400 
1977 103,000 90,000 13,000 1,600 600 144,000 7,800 151,800 
1978 117,000 105,000 12,000 1,600 600 168,000 7,200 175,200 a 

1979 121,000 110,000 11,000 1,600 600 174,000 6,600 180,600 a 

1980 125,000 115,000 10,000 1,600 500 184,000 5,000 1 8 9 ,0 0 0 a 
"Indic,'ates,
sell'-s
'f4ciency.
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Table 28. Proiected Corrective and Annual Nutrient Needs for Wheat-Soybean Production, 1971-1980 

Year Type of fertilizationa Area to he fertilized 
Rate of aoliCation 

(N-P 2Of- K 0) N 
Total nutrients 

P2O K- O 
ha kg/ha nt 

1971 Corrective 25,000 
Northern zone 8,400 0-120-80 0 1,008 672 
Central zone 
Southern zone 

9,300 
7,300 

0-120-60 
0-120-40 

0 
0 

1,116 
876 

558 
292 

Annual 
Total 

25,000 60-45-45 1,500 
1,500 

1,125 
4,125 

1,125 
2.647 

1972 Corrective 7,500 
Northern zone 2,500 0-120-80 0 300 200 
Central zone 2,800 0-120-60 0 336 168 
Southern zone 2,200 0-120-40 0 264 88 

Annual 32,500 60-45-45 1,950 1,462 1,462 
Total 1,950 2,362 1,918 

1973 Corrective 7,500 
Northern zone 2,500 0-120-80 0 300 200 
Central zone 2,800 0-120-60 0 336 168 
Southern zone 2,200 0-120-40 0 264 88 

Annual 
Total 

40,000 60-45-45 2,400 
2,400 

1,800 
2,700 

1,800 
2,256 

1974 Corrective 10,000 
Northern zone 3,400 0-120-80 0 408 272 
Central zone 3,700 0-120-60 0 444 222 
Southern zone 

Annual 
2,900 

50,000 
0-12010 
60-45-45 

0 
3,000 

348 
2,250 

116 
2,250 

total 3,000 3,450 2,860 
1975 Corrective 12,500 

Northern zone 4,200 0-120-80 0 504 336 
Central zone 4,600 0-120-60 0 552 276 
Southern zone 

Annual 
3,700 

62,500 
0-120-40 
60-45-45 

0 
3,750 

444 
2,812 

148 
2,812 

Total 3,750 4,312 3,572 
1976 Corrective 12,500 

Northern zone 4,200 0-120-80 0 504 336 
Central zone 4,600 0-120-60 0 552 276 
Southern zonL 3,700 0-120-40 0 444 148 

Annual 
Total 

75,000 70-50-50 5,250 
5,250 

3,750 
5,250 

3,750 
4,510 

iw77 Corrective 15,000 
Northern zone 5,000 0-120-80 0 600 400 
Central zone 
Southern zone 

5,600 
4,400 

0-120-60 
0-120-40 

0 
0 

672 
528 

336 
176 

Annual 
Total 

90,000 70-50-50 6,300 
6,300 

4,500 
6,300 

4,500 
5,412 

1978 Corrective 
Northern zone 

15,000 
5,000 0. 20-80 0 600 400 

Central zone 5,600 0-120-60 0 672 336 
Southern zone 4,400 0-120-40 0 528 176 

Annual 
Total 

105,000 70-50-50 7,350 
7,350 

5,250 
7,050 

5,250 
6,160 

1979 Corrective 5,000 
Northern zone 1,700 0- 120-80 0 204 136 
Central zone 1,800 0-120-60 0 216 108 
Southern zone 1,500 0-120-40 0 180 60 

Annual 
Total 

110,000 70-50-50 7,700 
7,700 

5,500 
6,100 

5,500 
5,804 

1980 Corrective 5,000 
Northern zone 1,700 0-120-80 0 204 136 
Central zone 1,800 0-120-60 0 216 108 
Southern zone 1,500 0-120-40 0 180 60 

Annual 115,000 70-50-50 8,050 5,750 5,750 
Total 8,050 6,350 6,054 

'Annual fertilizmr is applied i--wlncrop year. Wheat and oybn ar are douhlLt-ropped in alternate years. 



Table 29. Projected Area, Yield, and lrodUction of Tobacco, 1971-19S ) 
Area Yield Production 

Year Total Fertilized Nonfe tilized Fertilized Nonfertilized Fertilized Nonfettilized Total 
ha It/ha IIt 

1971 20,000 1,500 18,500 1.4 1.2 2,100 22,200 24,300 
1972 20,500 2,000 18,500 1.5 1.2 3,000 22,200 25,200 
1973 21,000 2,500 18,500 1.5 1.2 3,750 22,200 25,950 
1974 21,500 3,000 18,500 1.6 1.2 4,800 22,200 27,000 
1975 22,000 4,000 18,000 1.6 1.2 6,400 21,600 28,000 
1976 22,500 5,000 17,500 1.6 1.2 8,000 21,000 29,000 
1977 
1978 

23,000 
23,500 

6,000 
7,500 

17,000 
16,000 

1.6 
1.6 

1.2 
1.2 

9,600 
12,000 

20,400 
19,200 

30,000 
31,200 

1979 24,000 9,000 15,000 1.6 1.2 14,400 18,000 32,400 
1980 24,500 10,500 14,000 1.6 1.2 16,800 16,800 33,600 

Iable 30. Projlected Nutrient Needs for Tobacco, 1971-1980 
Rate of 

Area to be application Total nutrients 
Year Aqricultural zone fertilized (N-P, O; -K,0) N P,0 K, 0 

ha kg/ha mt 
1971 Northern 270 50.80-120 14 22 32 

Central 900 50-80-100 45 72 90 
Southern 330 50-80-80 16 26 26 

Total 1,500 75 120 148 

1972 Northern 360 50-80-120 18 29 43 
Central 1,200 50-80-100 60 96 120 
Southern 440 50-80-80 22 35 35 

Total 2,000 100 160 198 

1973 Northern 450 50-80-120 22 36 54 
Central 1,500 50.80-100 75 120 150 
Southern 550 50-80-80 28 44 44 

Total 2,500 125 200 248 
1974 Northern 540 50-80-120 27 '13 65 

Central 1,800 50,30-100 90 14. 180 
Southern 660 50-80-80 33 53 53 

Total 3,000 150 240 298 
1975 Northern 720 50-80-120 36 58 86 

Central 2,400 50-80-100 120 192 240 
Southern 880 60-80-80 44 70 70 

Total 4,000 200 320 396 
1976 Northern 900 50-80-120 45 72 108 

Central 3,000 50-80-100 150 240 300 
Southern 1,100 50-80.80 55 88 88 

Total 5,000 250 400 496 

1977 Northern 1,080 50-80-120 54 86 130 
Central 3,600 50-80-100 180 288 360 
Southern 1,320 50-80-80 66 106 106 

Total 0,000 300 480 596 

1978 Norther n 1,350 50-80-120 68 108 162 
Central 4,500 50-80-100 225 360 450 
Southern 1,650 50-80-80 82 132 132 

Total 7,500 375 600 744 

1979 Northern 1,620 50-80-120 81 130 194 
Central 5,400 50-80-100 270 432 540 
Southern 1,980 50-80.80 99 158 158 

Total 9,000 450 720 892 

1980 Northern 1,800 50.80-120 90 144 216 
Central 6,000 50.80-100 300 480 600 
Southern 2,200 50.80-80 110 17 7, 176 

Total 10,000 500 6PO 992 



Table 31. Projected Area, Yield, and Production of Cotton, 1971-1980 
Area 

Year Total Fertilized Nonfertilized Fertilized 
ha 

1971 60,000 1,000 59,000 2,000 
1972 60,000 2,000 58,000 2,000 
1973 60,000 3,000 57,000 2,100 
1974 60,000 4,000 56,000 2,200 
1975 60,000 5,000 55,000 2,300 
1976 60,000 6,000 54,000 2,400 
1977 60,000 7,000 53,000 2,500 
1978 60,000 8,000 52,000 2,600 
1979 60,000 9,000 51,000 2,700 
1980 60,000 10,000 50,000 2,700 

is projected to be constant (table 31) and increases in 

production brought about gradually through a shift to use
 
of fertilizer on the more progressive farms. An improve-

men t in competitive position of the Paraguayan cotton 

producers can only be obtained by reducing unit costs. 

Proper use of fertilizer should do this because substantial 

yield improvement is possible. Fertilizer need projections 

for cotton will be modest (table 32). 


Corn 

Corn yields are not very high in Paraguay. Neither is the
 
price. AltlL)gll yield can be increased by using fertilizer,
 
few of th,- traditional farmers are expected to do so. The
 
benefit/cosi ratio just isn't high enough. Nevertheless, some 

fertilizer use has been projected, along with an increase in 

production Comlparable to the increase in population. There
 
always will be a few innovators who are able to make a
 
profit from fertilizing corn. Some will feed the corn to
 
livestock and othets will find some other suitable market. 
Some wheat farmers probably will plant corn in a few fields 
prepared for wheat but, for one reason or another, not 
planted. Rather than to lose production for an entire year, 
corn can he planted later. Table 33 shows that less than 
20% of the total hectarage is projected for fertilization 
within the next decade. Total fertilizer requirements for 
corn are not high (table 34). 

Rice 

Expansion in rice production is projected as a combina
tion of increased hectarage and increased yields (table 35 
Some of the additional production will he exported and the 
remainder will be used domestically by tlie expanding 
population. Flooded rice is less responsive to phosplrus 
fertilization than crops on upland soils. Consequently, table 
36 shows a relatively low need for this plant nutrient. 

48 

Yield Production 
Nonfertilized Fertilized Nonfertilized Total 

kg/ha mt 
650 2,000 38,350 40,350 
650 4,000 37,700 41,700 
650 6,100 37,050 43,150 
650 8,800 36,400 45,200 
650 11,500 35,750 47,250 
650 14,400 ,15,100 49,500 
650 17,500 34,450 51,950 
650 20,800 33,800 54,600 
650 24,300 33,150 57,450 
650 27,000 32,500 59,500 

Sugarcane 

No change in total area under production is projected 
for sugarcane (table 37); rather a graddual shift to ofuse 
fertilizer will be made in order to improve sugarcane 
production on soils that are extremely infertile due to 
many years of continuous cropping. Sugarcane responses to 
fertilizer should lower unit costs considerably and improve 
the efficiency of productmon for the innovator farmers. 
Only a relatively modest trend is projected for total 
fertilizer use in sugarcane, however (table 38). 

Corn and other crops will justify fertilizer use only 
if the benefit/rost ratio issufficiently high. 

RO
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Table 32. Projected Corrective and Annual Nutrient Needs for Cotton, 1971.1980 

Year Type of fertilization Area to be fertilized 
Rate of application 

(N-P20-KO) NPr0 
Total nutrients 

K,0 

1971 Corrective 
Northern zone 

ha 
1,000 

60 

kg/ha 

0-120-80 0 

mt 

7 5 
Central zone 
Southern zone 

Annual 
Total 

550 
390 

1,000 

0-120-CO 
0-120-40 
80-40-55 

0 
0 

80 
80 

66 
47 
40 

160 

33 
16 
55 

109 

1972 Corrective 
Northern zone 
Central zone 
Southern zone 

Annual 
Total 

1,000 
60 

550 
390 

2,000 

0-120-80 
0-120-60 
0-120-40 
80-40-55 

0 
0 
0 

160 
160 

7 
66 
47 
80 

200 

5 
33 
16 

110 
164 

1973 Corrective 
Northern zone 
Central zone 

1,000 
60 

550 
0-120-80 
0-120-60 

0 
0 

7 
66 

5 
33 

Southern zone 
Annual 

Total 

390 
3,000 

0-120-40 
80-40-55 

0 
240 
240 

47 
120 
240 

16 
165 
219 

1974 Corrective 
Northern zone 
Central zone 
Southern zone 

Annual 
Total 

1,000 
60 

550 
390 

4,000 -

0-120-80 
0-120-60 
0-120-40 
80-40-55 

0 
0 
0 

320 
320 

7 
66 
47 

160 
280 

5 
33 
16 

220 
274 

1975 Corrective 
Northern zone 

1,000 
60 0-120-80 0 7 5 

Central zone 550 0-120-60 0 66 33 
Southern zone 

Annual 
390 

5,000 
0-120-40 
80-40-55 

0 
400 

47 
200 

16 
275 

Total 400 320 329 
1976 Corrective 

Northern zone 
Central zone 
Southern zone 

Annual 
Total 

1,000 
60 

550 
390 

6,000 

0-120-80 
0-120-60 
0-120-40 

100-45-65 

0 
0 
0 

600 
600 

7 
66 
47 

270 
390 

5 
33 
16 

390 
444 

1977 Corrective 
Northern zone 

1,000 
60 0-120-80 0 7 5 

Central zone 
Southern zone 

Annual 
Total 

550 
390 

7,000 

0-120-60 
0-120-40 

100-45-65 

0 
0 

700 
700 

66 
47 

315 
435 

33 
16 

455 
509 

1978 Corrective 
Northern zone 

1,000 
60 0-120-80 0 7 5 

Central zone 550 0-120-60 0 66 33 
Southern 

Annual 
zone 390 

8,000 
0-120-40 

100-45-65 
0 

800 
47 

360 
16 

520 
Total 800 480 574 

1979 Corrective 
Northern zone 
Central zone 

1,000 
60 

550 
0-120-80 
0-120-60 

0 
0 

7 
66 

5 
33 

Southern zone 
Annual 

390 
9,000 

0-120-40 
100-45-65 

0 
900 

47 
405 

16 
585 

Total 900 525 639 
1980 Corrective 

Northern zone 
1,000 

60 0-120-80 0 7 5 
Central zone 
Southern zn-! 

Annual 
Total 

550 
390 

10,000 

0-120-60 
0-120-40 

100-45-65 

0 
0 

1,000 
1,000 

66 
47 

450 
570 

33 
16 

650 
704 



Table 33. Projected Area, Yield, and Production of Corn, 1971-1980 
Area Yield Production 

Year Total Fertilized Noniertilized Fertilized NonfertiIized Fertilized Nonfertilized Total 
ha rot/ha mt 

1971 150,000 2,000 148,000 3.5 1.2 7,000 177,600 184,600 
1972 150,000 4,000 146,000 3.5 1.2 13,500 175,200 188,700 
1973 150,000 6,000 144,000 3.5 1.2 19,500 172,800 192,300 
1974 150,000 8,000 142,000 3.6 1.2 28,800 170,400 '09,200 
1975 150,000 10,000 140,000 3.7 1.2 37,000 168,000 205,000 
1976 150,000 13,000 137,000 3.8 1.2 49,400 164,400 214,800 
1977 150,000 16,000 134,000 3.9 1.2 62,400 160,800 223,2.00 
1978 150,000 19,000 131,000 4.0 1.2 72,000 157,200 229,200 
1979 150,000 23,000 127,000 4.1 1.2 94,300 152,400 246,700 
1980 150,000 28,000 122,000 4.2 1.2 117,kJ0 146,400 264,000 

Vegetables Summary 

Fertilization ef vegetables is usually a very profitable A summary of projected fertilizer needs is presented in 
practice for growers near good markets. Fertilizer use in table 42. Total needs for N, P12 Os, and K20 by crop 
onions, potatoes. and tomatoes has accounted for a indicate that wheat-so'beans. corn. vegetables, and cotton 
significant portion (f fertilizers sold by fertilizer dealers in will be the most important users of fertilizer. Total 
Paraguay. fertilizer noutrient projections for 1975 ate 6,901. 7.26 

The trend to continue expansion of fertilized area in and 6,577 it of N, P205, and K2 0 respectively'. By 1980 
these crops will continhe strong as long as market out lets use should increase 2321/', 176;, and 20;. to 16,040; 
continue. Onions, previously an imported crop, could have 12,842; and 13,380 mt of N, P, 0,and K2 0, respectively. 
a small export poitential. Some export possibilities might be l)uring the 1970-1975 period, corrective applications of 
available for tonatoes. Potato production could be phosphorus result in a need for proportionalcy more of 
improved considerably within tle current consumption this nutrient than either nitrogen or potassium. After 1975 
pattern of Paraguay. The total effect of area expansion amid fewer soils require corrective lthosphorts. Nitrogen ai(h 
fertilizer needs is ditflicult to predict but charces are good potassiumn needs then sourpass phosphorus beL,,,c tile 
that vegetable growers will be one of the bigger users of annual maintenance requirements for these two nutrients 
fertilizers in tile tiext decade (table 39). are higher. 

Tree Crops 

Coffee and fruits are very responsive to fertilizer 
applications. ('offee productiotn could be significantly Fruits such as bananas are very responsive to fertilizcm 
increased in Paraguay if frost damage cani be controlled 
through overhead irrigation. 1Totm! growth in fertilizer use 
for these kiids of tree crops are projected iM table 40., 

'About half of tlhe hcctarage of fertilized tree crops will be 'V
 
in the northern zone (coffee) and the remainder divided 
between the two other zonies. 

Forages 

As the dairy itldustry develops arotlnd the population 
centers, the need to fertilize rather smtall areas of land for 
intensive proIuictiotl of forages will increase. A small 
amount of fertilizer is projected for this kind of use (table 
41). Most of this fertilizer will Ile used in the central zoite. 

":-.."'91.. '+" 

11110 -1 50 



Table 34. Projected Corrective and Annual Nutrient Needs for Corn Production, 1971-1980 
Rate of application Total nutrients 

Year 

1971 

Type of fertilization 

Corrective 
Northern zone 

Area to be fertilized 
ha 

2,000 
220 

(N-P2 O-K O) 
kg/ha 

0-120-80 

N 

0 

P20 5 
mt 

26 

KO 

18 
Central zone 
Southern zone 

1,100 
680 

0-120-60 
0-120-40 

0 
0 

132 
82 

66 
27 

Annual 
Total-

2,000 80-40-55 160 
160 

80 
320 

110 
221 

1972 Corrective 
Northern zone 

2,000 
220 0-120-80 0 26 18 

Central zone 
Southern zone 

1,100 
680 

0-120-60 
0-120-40 

0 
0 

132 
82 

66 
27 

Annual 
Total 

4,000 80-40-55 320 
320 

160 
400 

220 
331 

1973 Corrective 
Northern zone 

2,000 
220 0-120-80 0 26 18 

Central zone 
Southern zone 

Annual 

1,100 
680 

6,000 

0-120-60 
0-120-40 
80-40-55 

0 
0 

480 

132 
82 

240 

66 
27 

330 
Total 480 480 441 

1974 Corrective 
Northern zone 
Central zone 
Southern zone 

2,000 
220 

1,100 
680 

0-120-80 
0-120-60 
0-120-40 

0 
0 
0 

26 
132 
82 

18 
66 
27 

Annual 
Total 

8,000 80-40-55 640 
640 

320 
560 

440 
551 

1975 Corrective 
Northern zone 

2,000 
220 0-120-80 0 26 18 

Central zone 
Southern zone 

1,100 
680 

0-120-60 
0-120-40 

0 
0 

132 
82 

66 
27 

Annual 
Total 

10,000 80-40-55 800 
800 

400 
640 

550 
661 

1976 Corrective 
Northern zone 

3,000 
330 0-120-80 0 40 26 

Central zone 
Southern zone 

Annual 
Total 

1,650 
1,020 

13,000 

0-120-60 
0-120-40 

100-45-65 

0 
0 

1,300 
1,300 

198 
122 
585 
945 

99 
41 

845 
1,011 

1977 Corrective 
Northern zone 

3,000 
330 0-120-80 0 40 26 

Central zone 
Southern zone 

Annual 
Total 

1,650 
1,020 

16,000 

0-120-60 
0-120-40 

100-45-65 

0 
0 

1,600 
1,600 

198 
122 
720 

1,080 

99 
41 

1,040 
1,206 

1978 Corrective 
Northern zone 

3,000 
330 0-120-80 0 40 26 

Central zone 
Southern zone 

Annual 
Total 

1,650 
1,020 

19,000 

0-120-60 
0-120-40 

100-45-65 

0 
0 

1,900 
1,900 

198 
122 
855 

1,215 

99 
41 

1,235 
1,401 

1979 Corrective 
Northern zone 

4,000 
440 0-120-80 0 53 35 

Central zone 
Southern zone 

Annual 
Total 

2,200 
1,360 

23,000 

0-120-60 
0-120-40 

100-45-65 

0 
0 

2,300 
2,300 

264 
163 

1,035 
1,515 

132 
54 

1,495 
1,716 

1980 Corrective 
Northern zone 

5,000 
550 0-120-80 0 66 44 

Central zone 
Southern zone 

Annual 
Total 

2,750 
1,700 

28,000 

0-120-60 
0-120-40 

100-45-65 

0 
0 

2,800 
2,800 

330 
204 

1,260 
1,860 

165 
68 

1,820 
2,097 



Table 35. Projected Area, Yield, and Production of Rice, 1971-1980 
Areaa Yield Production 

Year Total Fertilized Nontertilized Fertilized Nonfertilized Fertilized Nonfertilized Total 
ha kg/ha mt 

!J/1 10,000 1,000 9,000 4,500 2,400 4,500 21,600 2E,100 

1972 11,000 2,000 9,000 4,500 2,400 9,000 21,600 30,600 

1973 12,000 3,000 9,000 4,500 2,400 13,500 21,600 35,100 

1974 13,000 4,000 9,000 4,800 2,400 19,200 21,600 40,800 

1975 14,000 5,000 9,000 4,800 2,400 24,000 21,600 45,600 

1976 15,000 6,000 9,000 5,000 2,400 30,000 21,600 51,600 

1977 16,000 7,000 9,000 5,000 2,400 35,000 21,600 56,600 

1978 17,000 8,000 9,000 5,000 2,400 35,000 21,600 61,600 

1979 18,000 9,000 9,000 5,000 2,400 45,000 21,600 66,600 

1980 19,000 10,000 9,000 5,000 2,400 50,000 21,600 71,600 
aSome fields are double Cropped with rice, so :10t:1tied aIre is less than the rice area. 

Table 36. Projected Nutrient Needs for Rice, 1971-1980 
Rate of 

Year 

1971 

Agricultural zone 

Northern 
Central 
Southern 

Area to be 
fertilized 

ha 
50 

320 
630 

application 
(N-P2 05 -K,0) 

kg/ha 
60-40-60 
60-40-40 
60-40-20 

N 

3 
19 
38 

Total nutrients 
P 0 

mt 
2 

13 
25 

K, 0 

3 
13 
13 

Total 1,000 60 40 29 

1972 Northern 
Central 
Southern 

Total 

100 
640 

1,260 
2,000 

60-40-60 
60-40-60 
60-40-20 

6 
38 
76 

120 

4 
26 
50 
80 

6 
26 
25 
57 

1973 Northern 
Central 

150 
960 

60-40-60 
60-40-40 

9 
58 

6 
38 

9 
38 

Southern 
Total 

1,890 
3,000 

60-40-20 113 
180 

76 
120 

38 
85 

1974 Northern 
Central 
Southern 

Total 

200 
1,280 
2,520 
4,000 

60-40-60 
60-40-40 
60-40-20 

12 
77 

151 
240 

8 
51 

101 
160 

12 
51 
50 

113 

1975 Northern 
Central 
Southern 

Total 

250 
1,600 
3,150 
5,000 

60-40-60 
60-40-40 
60-40-20 

15 
96 

189 
300 

10 
64 

126 
200 

15 
64 
63 

142 

1976 Northern 
Central 

300 
1,920 

60-40-60 
60-40-60 

18 
115 

12 
77 

18 
77 

Southern 3,780 60-40-20 227 151 76 
Total 6,000 360 240 171 

1977 Northern 
Central 
Southern 

Total 

350 
2,240 
4,410 
7,000 

60-40-60 
60-40-40 
60-40-20 

21 
134 
265 
420 

14 
90 

176 
280 

21 
90 
88 

199 

1978 Northern 
Central 
Southern 

Total 

400 
2,560 
5,040 
8,000 

60-40-60 
60-40-40 
60-40-20 

24 
154 
302 
480 

16 
102 
202 
320 

24 
102 
101 
227 

1979 Northern 
Central 
Southern 

Total 

450 
2,880 
5,670 
9,000 

60-40-60 
60-40-40 
60-40-20 

27 
173 
340 
540 

18 
115 
227 
360 

27 
11 ", 
113 
255 

1980 Northern 
Central 

500 
3,200 

60-40-60 
60-40-40 

30 
192 

20 
138 

30 
128 

Southern 
Total 

6,300 
10,000 

60-40-20 378 
600 

252 
400 

126 
284 



Table 37. Projected Area, Yield, and Production of Sugarcane, 1971-1980 
Area Yield Production 

Year Total Fertilized Nonfertilized Fertilized Nonfertilized Fertilized Nonfertilized Total 

ha mt/ha 1,000 mt 

1971 24,000 500 23,500 80 35 40 822 862 
1972 24,000 1.000 23,000 80 35 80 805 885 
1973 24,000 1,500 22,500 80 35 120 788 908 
1974 24,000 2,000 22,000 80 35 160 770 930 
1975 24,000 3,000 21,000 80 35 240 735 975 
1976 24,000 3,500 20,500 85 35 298 718 1,016 
1977 24,000 4,000 20,000 85 35 340 700 1,040 
1978 24,000 4,500 19,500 85 35 382 682 1,064 
1979 24,000 5,000 19,000 90 35 450 556 1,115 
1980 24,000 5,500 18,500 90 35 495 648 1,143 

PROJECTED FERTILIZER NEEDS growth due to mechanization, expansion of this distri-
BY AGRICULTURAL ZONE bution trend is reasonable. Currently, wheat-soybean areas 

are fairly evenly divided among the northern, central, and 

In order to project ftiture w!eeds of fertilizer oil xsouthern:r ca sections of eastern Paraguay. 
basis, some procedure must bc designed to estimatc ;ones 

of increase or different crops. Tile generaldecrease of tile 
guidelines employed in the pr jcctions of tables 27-41 are 
of two types: uniform growth and expansion in direct 
proportion to current disttibution among departments, and 
disproportionate expansion of selected crops within depart-
ments. Wheat-soybeans are the crops in which the biggest 
area expansion will occur and it is assumed that future 
growth will continue in the areas of greatest potential for 
mechanization. Since tilecurrent distribution of wheat-
soybean hectarage among departments already reflects the 

Irrigation is used to protect coffee from frost. 

IPA, 

The hectarage expansion in tobacco and rice also is 
projected on a direct proportion model. Corn, cotton, and 
sugarcane are not projected for expansion but rather as a 
substitution of some fertilized hectarage for nonfertilized 
hectarage. The direct proportion growth rate therefore 
applies to these. 

Projection for fertilizer use in tree crops is relatively 
small but some localization of expansion ntay occur. The 
northern agricultural zone is projected to absorb half the 
fertilizer, mostly for coffee, with the other half divided 
evenly between the central and southern agricultural zones. 
All of the forage fertilization is projected for the central 
agricultural zone. this being the area where tie most intense 
production of forage for dairy herd maintenance will be 
required. 

PROJECTED FERTILIZER NEEDS BY TYPES 

There are two mkjor factors inParaguay that restrict the 

tvpe of fertilizer that can be used. These are tire high 
relative humidity during Much of the year and the extreme 
acidity of the soil. Where paddy rice is grown, there is a 
third restriction. 

The high relative humidity causes hygroscopic fertilizers, 
chiefly ritrotierots nratcrials, to cakc ieadil.v. (akire isrnot 
a ploterll wreri such trraterials are contained irr rrroistulc

proof bags. \When these materials are hrandled inbulk. they 
must be coated with a conditioner. At present, there is 
some question whether urea can be conditioned adequately 
to withstand prolonged exposure to high humidity. 

. ..
 



Table 38. Prolected Corrective and Annual Nutrient Needs for Sugarcane Production, 1971-1980 

Year 

1971 

Type of fertilization 

Corrective 
Northern zone 
Central zone 
Southern zone 

Annual 
Total 

Area to be fertilized 
ha 
500 

25 
380 

95 
500 

Rate of application 
(N-P O -KIO) 

kg/ha 

0-120-80 
0-120-60 
0-120-40 

100-50-65 

N 

0 
0 
0 

50 
50 

Total nutrients 
P, O, 

mt 

3 
46 
11 
25 
85 

KO 

2 
23 

4 
32 
61 

1972 Corrective 
Northern zone 
Central zone 
Suuthern zone 

Annual 
Total 

500 
25 

380 
95 

1,000 

0-120-80 
0-120-60 
0-120-40 

100-50-65 

0 
0 
0 

100 
100 

3 
46 
11 
50 

110 

2 
23 

4 
65 
94 

1973 Corrective 
Northern zone 
Central zone 
Southern zone 

Annual 
Total 

500 
25 

380 
95 

1,500 

0-120-80 
0-120-60 
0-120-40 

100-50-65 

0 
0 
0 

150 
150 

3 
46 
11 
75 

135 

2 
23 

4 
98 

127 

1974 Corrective 
Northern zone 
Central zone 
Southern zone 

Annual 
Total 

500 
25 

380 
95 

2,000 

0-120-80 
0-120-60 
0-120-40 

100-50-65 

0 
0 
0 

200 
200 

3 
46 
11 

100 
160 

2 
23 

4 
130 
159 

1975 Corrective 
Northern zone 
Central zone 
Southern zone 

Annual 
Total 

1,000 
50 

760 
190 

3,000 

0-120-80 
0-120-60 
0-120-40 

100-50-65 

0 
0 
0 

300 
300 

6 
92 
22 

150 
270 

4 
46 
8 

195 
253 

1976 Corrective 
Northern zone 

500 
25 0-120-80 0 3 2 

Central zone 
Southern zone 

Annual 
Total 

380 
95 

3,500 

0-120-60 
0-120-40 

120-55-80 

0 
0 

420 
420 

46 
11 

192 
252 

23 
4 

280 
309 

1977 Corrective 
Northern zone 
Central zone 
Southern zone 

Annual 
Total 

500 
25 

380 
95 

4,000 

0-120-80 
0-120-60 
0-120-40 

120-55-80 

0 
0 
0 

480 
480 

3 
46 
11 

220 
280 

2 
23 

4 
320 
349 

1978 Corrective 
Northern zone 

500 
25 0-120-80 0 3 2 

Central zone 
Southern zone 

Annual 
Total 

380 
95 

4,500 

0-120-60 
0-120-40 

120-55-80 

0 
0 

540 
540 

46 
11 

248 
308 

23 
4 

360 
389 

1979 Corrective 
Northern zone 
Central zone 
Southern zone 

Annual 
Total 

500 
25 

380 
95 

5,000 

0-120-80 
0-120-60 
0-120-40 

120-55-80 

0 
0 
0 

600 
600 

3 
46 
11 

275 
335 

2 
23 

4 
400 
429 

1980 Corrective 
Northern zone 

500 
25 0-120-80 0 3 2 

Central zone 
Southern zcne 

Annual 
Total 

380 
95 

5,500 

0-120-60 
0-120-40 

120-55-80 

0 
0 

660 
660 

46 
11 

302 
362 

23 
4 

440 
469 



Table 39. Projected Area to be Fertilized and Fertilizer Requirements for Vegetables, 19 7 0-1 9 8 1
a
 

Rate of applicatlon Total nutrients
 
Year Fertilized area (N-P O-K O) N 
 P, O K O 

ha kg/ha rTnt 
1971 3,000 80-80-80 240 240 240 
1972 4,000 80-80-80 320 320 320 
1973 5,000 100-100-100 500 500 500 
1974 6,000 100-100-100 600 600 600 
1975 7,000 120-120-120 840 840 840 
1976 8,500 120-120-120 1,020 1,020 1,020 

.1977 10,000 120-120-120 1,200 1,200 1,200 
1978 '11,500 120-120-120 1,380 1,380 1,380 
1979 13,000 120-120-120 1,560 1,560 1,560 
1980 15,000 120-120-120 1,800 1,800 1,800 
aIcltudes onions, tomatoes, potatoes, sweet potatoes, sqU ash, cabbhage, let itlce, carrots, peppers, parsley, :riit garlic. 

Acid soils broaden the spectrunm of phosphate fertilizers 
that caln be used satisfactorily but restrict the physical size 
of particles and method olt application. Phosphates with a 
relatively low content l"water-soluble plospltotts, sIch as 
the nittic phosphates and the carbonate-stubstituted apatites 
(francolites), are satislactory oi acid soils. For effective 
results, these materials tust be nongranilar atd shlould be 
applied broadcast. Most phosphlates ott the world market, 
however, contain high atounts of' water-soltble plhos-
phorus. For maxitntmum agron oatic effectiveness on acid 
soils, these fertilizets should be applied in granular fIrm. 
Nongra nlar forms shotuld be applied ttt hatds itn the soil 
(32). Acid soils have little, if any, effect on ttitrogenous 
fertilizers. Only when soils are neutral to alkaline is there a 
sign'ificant loss of titr(ogen trottt surlace applicatiot of 
amnlonia-type nitrogen fertilizers. 

Table 40. Projected Area to be Fertilized 
and Fertilizer Requirements for Tree Cropsa 

Rate of application Total nutrients 
Year Fertilized area (N-P ,0j -K. 0) N P,0. K,0 

ha kg/ha mt 
1971 1,000 100-100-100 100 100 100 
1972 1,250 100-100-100 125 125 125 
1973 1,500 100-100-100 150 150 150 
1974 1,725 100-100-100 175 175 175 
1975 2,000 120-120-120 240 240 240 
1976 2,250 120-120-120 270 270 270 
1977 2,500 120-120-120 300 300 300 
1978 2,750 120-120-120 330 330 330 
1979 3,000 120-120-120 360 360 360 
1980 3,500 120-120-120 420 420 420 
'1Printarily coffee and citrus. 

Iotassiunt leaches more readily from acid soils than from 
neutral to alkaline soils. The form of potassium applied in 
fertilizers cannot be changed and so- liming of acid soils is 
helpul.I lowever, leaciing conditions prevail for only a 
small part of the year in eastern Paraguay. 

For paddy rice, the aiutionium form of nitrogen is more 
efficient than the nitrate form when the fertilizer is 
iotorporated into the soil. Both itrea" and ammonium 
sulfite, then, are superior to atflfl11iItttI nitrate. If the 
nitrogen is topdressed ott growing plants, however, nitrogen 
sources are not as critical and ammonium nitrate is as 
effective as other forms of nitrogen (32). 

Table 41. Projected Area to be Fertilized 
and Fertilizer Requirements for Foragesa 

Rate of application b 7Total nutrients 
Year Fertilized rea (N-P20.-K2 O) N P2 0. KO 

ha kg/ha mt 
1971 100 20-50-50 2 5 5 
1972 200 30-130-60 6 12 12 
1973 400 40-80-80 16 32 32 
1974 800 50-100-100 40 80 80 
1975 1,200 60-120-120 72 144 144 
1976 1,600 60-120-120 96 192 192 
1977 2,000 60-100-140 120 200 280 
1978 2,500 60-100-140 150 250 350 
1979 3,000 60-80-160 180 240 480 
1980 3,500 60-80-160 210 280 560 
'( on.ider, ,tl llt. mid rass tora ts tor ta rvl operations. 
t101 loveI 0 Ioirgn as,ui cunpltiIss'\\.ill ho gi'en to alfattla. 
Crop ietttoval otl phospltori is lnlsiderallle less thall polassitlnlalnd the shilt to talilletttane e fertilizer torttUolas higher ill
 
PtI)OSsill l will Oetitr for fictls ret:liting in aliatll'a for tong periods.
 

55 



Table 42. Summary of Projected Fertilizer Needs by Crop, 1971-1980 

Year Nutrient Wheat-soybeans Corn Vegetables Cotton Rice Sugarcane Tobacco Tree crops Forages Total 
mt 

1971 N 1,500 160 240 80 60 50 75 100 2 2,267 

P10 4,125 320 240 160 40 85 120 100 5 5,195 
221 240 109 29 61 148 100 5 3,560K20 2,647 

1972 	 N 1,950 320 320 160 120 100 100 125 6 3,201 

P.05 2,362 400 320 200 80 110 160 	 125 12 3,769 

K2O 1,918 331 320 164 57 94 198 	 125 12 3,219
 

150 16 4,241
1973 	 N 2,400 480 500 240 180 150 125 


P205 2,700 480 500 240 120 135 200 150 32 4,557 

K20 2,256 441 500 219 85 127 242 150 32 4,058 

N 3,000 640 600 320 240 200 150 	 175 40 5,365
1974 

P1s 3,450 560 600 280 160 160 240 	 175 80 5,705 

600 274 113 159 298 175 80 5,110
K20 2,860 551 


400 300 300 200 240 72 6,9021975 	 N 3,750 800 840 
P205 4!,312 140 840 320 200 270 320 240 144 7,286 

K20 3,572 661 840 329 142 253 396 240 144 6,577 

1976 	 N 5,260 1,300 1,020 600 360 420 250 270 96 9,566 

P205 5,250 945 1,020 390 240 252 400 270 192 8,959 

K20 4,510 1,011 1,020 444 171 309 496 270 192 8,423 

N 6,300 1,600 1,200 700 420 480 300 	 300 120 11,4201977 
6,300 1,080 1,200 435 280 280 480 300 200 10,555P2 05 

K20 5,412 1,206 1,200 509 199 349 596 	 300 280 10,051 

1978 N 	 7,350 1,900 1,380 800 480 540 375 330 150 13,305 
/,050 1,215 1,380 480 320 308 600 330 250 11,933P2 05 

K20 6,160 1,401 1,380 574 227 389 744 	 330 350 11,555 

1979 N 	 7,700 2,300 1,560 900 540 600 450 360 180 14,590 

6,100 1,515 1,560 525 360 335 720 360 240 11,715P205 

K2O 5,804 1,716 1,560 639 255 429 892 	 360 480 12,135 

1980 N 	 8,050 2,800 1,800 1,000 600 660 500 420 210 16,040 

6,350 1,860 1,800 570 400 362 800 420 280 12,842P2 05 

K,O 6,054 2,097 1,800 704 284 469 992 	 420 560 13,380 

SUMMARY OF PROJECTED FERTILIZER NEEDS Many of the soils currently in crop production should be 

limed and a high proportion of the new lands to be brought 

The hectarage projected for fertilization is given for each into production also will require limestone (tables 27-41). 

crop in each year in table 43. By 1980 ovei 200,000 ha are Paraguay is fortunate in having ample quantities of lime

projected to receive fertilizer. Nearly half the area is in the stone located within the three agricultural zones of the 

central zone and a third is in the southern zone. Needs for country. Development of this resource is absolutely essen

each of the three major nutrients in 1975 and 1980 are tial if the fertilizer program is to be successful. 
Projecting tilelime requirements for 'araguay is somcsummarized in tables 44 and 45. 

what difficult because there isonly a limited amount o1' soil 

acidity and lime requirement information available locally. 

PROJECTED NEEDS Gonzalez compared the acidity characteristics of soils of 

AND TYPES OF LIMESTONE Paraguay with those of North Carolina and fountd them to 
be very similar (33). The lime requirement for very acid 

Use of lime is a crucial part of the crop improvement soils was found to be approximated by inultildying the 

and fertilizer use program which is planned for Paraguay. exchangeable aluminun content by two. The soils of 
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Table 43. Sumnary of Crop Area to be Fertilized 
Year Agricultural zone Wheat Corn Vegetables Tobacco Cotton Rice 

Ila 
Suqarcane Tree crops Forages Total 

1971 Northern 
Central 
Southern 

Total 

8,400 
9,300 
7,300 

25,000 

220 
1,100 

680 

2,000 

180 
1,980 

840 
3,000 

270 
900 
330 

1,500 

60 
550 
390 

1,000 

50 
320 
G30 

1,000 

25 
380 

95 
500 

500 
250 
250 

1,000 

0 
100 

0 

100 

9,705 
14,880 
10,515 

35,100 

1972 Northern 
Central 
Southern 

Total 

10,920 
12,090 
9,490 

32,500 

440 
2,200 
1,360 
4,000 

240 
2,640 
1,120 
4,000 

360 
1,200 

440 
2,000 

120 
1,100 

780 
2,000 

100 
640 

1,260 
2,000 

50 
760 
190 

1,000 

625 
312 
313 

1,250 

0 
200 

0 
200 

12,855 
21,142 
14,953 
48,950 

1973 Northern 
Central 
Southern 

Total 

13,440 
14,880 
11,680 
40,000 

600 
3,300 
2,040 
6,000 

300 
3,300 
1,400 
5,000 

450 
1,500 

550 
2,500 

180 
1,650 
1,170 
3,000 

150 
960 

1,890 
3,000 

75 
1,140 

285 
1,500 

750 
375 
375 

1,500 

0 
400 

0 
400 

16,005 
27,505 
19,390 
62,900 

1974 Northern 
Central 
Southern 

Total 

16,800 
18,600 

14,600 
50,000 

880 
4,400 
2,720 
8,000 

360 
3,960 
1,680 
6,000 

540 
1,800 

660 
3,000 

240 
2,200 
1,560 
4,000 

200 
1,280 

2,520 
4,000 

100 
1,520 

380 
2,000 

875 
437 
438 

1,750 

0 
800 

0 
800 

19,995 
34,997 
24,558 
79,550 

1975 Northern 
Central 
Southern 

Total 

21,000 
23,250 
18,250 
62,500 

1,100 
5,500 
3,400 

10,000 

420 
4,620 
1,960 
7,000 

720 
2,400 

880 
4,000 

300 
2,750 
1,950 
5,000 

250 
1,600 
3,150 
5,000 

150 
2,280 

570 
3,000 

1,000 
500 
500 

2,000 

0 
1,200 

0 
1,200 

24,940 
44,100 
30,660 
99,700 

1976 Northern 

Central 
Southern 

Total 

25,200 
27,900 
21,900 
75,000 

1,430 
7,150 
4,420 

13,000 

510 
5,610 
2,380 
8,500 

900 
3,000 
1,100 
5,000 

360 
3,300 
2,340 
6,000 

300 
1,920 
3,780 
6,000 

175 
2,660 

665 
3,500 

1,125 
562 
563 

2,250 

0 
1,00 

0 
1,600 

30,000 
53,702 
37,148 

120,850 

1977 Northern 
Central 
Southern 

Total 

30,240 
33,480 
26,280 

90,000 

1,760 
8,800 
5,440 

16,000 

600 
6,600 
2,800 

10,000 

1,080 
3,600 
1,320 

6,000 

420 
3,850 
2,730 

7,000 

350 
2,240 
4,410 

7,000 

200 
3,040 

760 

4,000 

1,250 
625 
625 

2,500 

0 
2,000 

0 

2,000 

35,900 
64,235 
44,365 

144,500 

1978 Northern 
Central 
Southern 

Total 

35,280 
39,060 
30,660 

105,000 

22,090 
10,450 
6,460 

19,000 

690 
7,590 
3,220 

11,500 

1,350 
4,500 
1,650 
7,500 

480 
4,400 
3,120 
8,000 

400 
2,560 
5,040 
8,000 

225 
3,420 

855 
4,500 

1,375 
687 
688 

2,750 

0 
2,500 

0 
2,500 

41,890 
75,167 
51,693 

168,750 

1979 Northern 
Central 
Southern 

Total 

36,960 
40,920 
32,120 

110,000 

2,530 
12,650 
7,820 

23,000 

780 
8,580 
3,640 

13,000 

1,620 
5,400 
1,980 
9,000 

540 
4,950 
3,510 
9,000 

450 
2,880 
5,670 
9,000 

250 
3,800 

950 
5,000 

1,500 
750 
750 

3,000 

0 
3,000 

0 
3,000 

44,630 
82,930 
56,440 

184,000 

1980 Northern 
Central 
Southern 

Total 

38,640 
42,789 
33,58v 

115,,.Jb 

3,080 
15,400 
9,520 

28,000 

900 
9,900 
4,200 

15,000 

1,890 
6,300 

2,310 
10,500 

600 

5,500 

3,900 
10,000 

500 
3,200 
6,300 

10,000 

275 
4,180 
1,045 
5,500 

1,750 
875 
875 

3,500 

0 
3,500 

0 
3,500 

47,635 
91,635 

61,730 
201,000 

eastern Paraguav which have pll 5.0 or lower prohi,,bly an adequate amount of calcinmn even though less lime is 

contain an average of* 1.5 meq Al+ 3/100 g soil: theiefor . required to neutralize the aluminum (33). Soils with p1l 

an initial application of 3 nt/ha of limestone can be 5.1-5.5 probably correspond to this group. Ab'"'e phl 5.5 

projected for these soils. On the other hand, soils which no imitial lime application is projected. Lime requirement 

have only 0.1-0.2 meq AIt 3/100 g soil may require a studies have been initiated recently to refine this 

minimum application of 1.0 mt/ha of limestone to provide inforination (35). 

57 



Table 44. Summary of Ntutrient Projections, 1975 

Crop Type of fertilization 
Northern zonc 

N P,, KO N 
Central zone 

PO. KO 
Southern zone 

N PO KO N 
Total 
P2 0; (10 

Wheat-soybeans Corrective 
Annual 
Subtotal 

0 
1,260 
1,260 

504 
945 

1,449 

336 
945 

1,281 

0 
1,395 
1,395 

552 
1,046 
1,598 

mt 
276 0 

1,046 1,095 
1,322 1,095 

444 
821 

1,265 

148 0 
821 3,750 
969 3,750 

1,500 
2,812 
4,312 

760 
2,812 
3,572 

Other crops
Cotton 

Corn 

Sugarcane 

Tobacco 
Rice 
Vegetables 
Tree crops 
Forages 

Total 

Corrective 
Annual 
Corrective 
Alnuial 
Correciive 
Annual 
Annual 
Annual 
Annual 
Annual 
Annual 

Subtotal 

0 
24 
0 

88 
0 

15 
36 
15 
50 

120 
-

348 
1,608 

7 
12 
26 
44 
6 
8 

58 
10 
50 

120 
-

341 
1,790 

5 
16 
18 
60 
4 
9 

86 
15 
50 

120 
-

383 
1,664 

0 
220 

0 
440 

0 
228 
120 
96 

554 
60 
72 

1,790 
3,185 

66 
110 
132 
220 
92 

114 
192 
64 

554 
60 

144 

1,748 
3,346 

33 
151 

66 
302 
46 

148 
240 

64 
554 

60 
144 

1,808 
3,130 

0 
156 

0 
272 

0 
57 
44 

189 
236 

60 
-

1,014 
2,109 

47 
78 
82 

136 
22 
28 
70 

126 
236 

60 
-

885 
2,150 

16 
108 

27 
188 

8 
38 
70 
63 

236 
60 
-

814 
1,783 

0 
400 

0 
800 

0 
360 
200 
300 
840 
240 

72 

3,152 
6,902 

120 
200 
240 
400 
120 
150 
320 
200 
840 
240 
144 

2,974 
7,286 

54 
275 
111 
550 
58 

195 
396 
142 
840 
240 
144 

3,005 
6,577 

Table 45. Summary of Nutrient Projections, 1980 

Crop Type of fertilization 
Northern zone 

N P2 0s KO N 
Central zone 

P205 KO 
Southern zone 

N P,005 (,O0 N 
Total 
P0. KO 

Wheat-soybeans Corrective 
Annual 

Subtotal 

0 
2,705 
2,705 

204 
1,932 
2,136 

136 
1,932 
2,068 

0 
2,995 
2,995 

216 
2,139 
2,355 

108 
2,139 
2,247 

mt 
0 

2,350 
2,350 

180 
1,679 
1,859 

60 
1,679 
1,739 

0 
8,050 
8,050 

600 
5,750 
6,350 

304 
5,750 
6,054 

Other crops
Cotton 

Corn 

Sugarcane 

Tobacco 
Rice 
Vegetables 
Tree crops 
Forages 

Total 

Corrective 
Annual 
Corrective 
Annual 
Corrective 
Annual 
Annual 
Annual 
Annual 
Annual 
Annual 

Subtotal 

0 
60 
0 

308 
0 

33 
90 
30 

108 
210 

-

839 
3,544 

7 
27 
66 

139 
3 

15 
144 

20 
108 
210 

-

739 
2,875 

5 
39 
44 

200 
2 

22 
216 

30 
108 
210 

-

876 
2,944 

0 
550 

0 
1,540 

0 
502 
300 
192 

1,188 
105 
210 

4,587 
7,582 

66 33 
248 358 
330 165 
693 1,001 
46 23 

230 334 
480 600 
128 128 

1,188 1,188 
105 105 
280 560 

3,794 4,495 
6,149 6,742 

0 
390 

0 
952 

0 
125 
110 
378 
504 
105 

-

2,564 
4,914 

47 
175 
204 
428 

11 
57 

176 
252 
504 
105 

-

1,959 
3,818 

16 
253 

68 
619 

4 
84 
176 
126 
504 
105 

-

1,955 
3,694 

0 
1,000 

0 
2,800 

0 
660 
500 
600 

1,800 
420 
210 

7,990 
16,040 

120 
450 
600 

1,260 
60 

302 
800 
400 

1,800 
420 
280 

6,492 
12,842 

54 
650 
277 

1,820 
29 

44t0 
992 
284 

1,800 
420 
560 

7,326 
13,380 

Initial lite requirements for the country are projected 
for each of' the three agricultural zones on the basis of the 
soil test summary in table 3. File weighted nivan lite 
requirement for the northern, cenlral, and southern zones is 
1.20. I.08, and 1.03 tnt/lia, respectively. These weighted 

means ap~ply to all newly fertilized lectarage, as given in 
tables 27-41. 

l-ollowing the initial application, tnlain tenatlce appli
cations are necessary. Again, there is not much information 
available locally regarding the rate of lime necessary to 
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maintain a satisfactory rooting environmlient. Ilowevet, 
liming studies on soils of' North Carolina indicate that f on 
I to 3 mt/ha of limestone is requited ,very 3 or 4 vears, 
depending on soil chialacteristics and rates of nilroen 
fertiliz'er employed (03). 

The mtioonl of ,ciditv which arises fron] nitrogen v ries 
with the type of fertilicl used. bot tusually it is considered 

thlat 5.3.5 k o'C(A'0 is reu(lired to I1eInic:III lletlttli/e.

the acidity p)oduced by 1.0 kg of' ap lied nitrogen. If aI 
factor of 1.5 is used to Lo froil cheliiicil neutralization to 
effective neutralit.tion i tihe soil (42). m annl mainle-
nance of about 8 k-, of Iitte is needed for eaich I k N/ha. 
Table A-6 sUnltnarizes the ainoitu of linestone which 
would be requited to tieuitralice lie rage of nitrogen 

applications projected for to felilized.the various crop, 10 
laitntenance little p ojections in tabhle A-7 are hased on 

application of limiestone every 3 :rs. A distiinction was 
tuiaidc between wheat mtid otlhtr clop'; whenl ItIaikilng tlhe 

maintenuance linestone projections. Since wheat ntostly wil 
be grown oil sattdv, low cation-excchu capacity soils, a 

mainteHItllCe litiHeStoli rerliirettlet of 1.5 nit/ha every 3 

years was proijected. This rate coincide. rlather closely witit 

the acidity proIthiced (Idueo ilitrogel fertilizer (Itable A-0). 
'lte rellhtiiiitg clops %ill predmliitatelyk be grown oi soils 

with a higher clay ctllellt d tile sivelage rate of"nitrogen 
fertilization also will be higher. Therefore, it was asssumned 

that an average of 2.5 it/lia every .3 years would be a 
reasonable Illsiitenstitce appliction ,ltto t use ('or tile 

plojections oil these crops. 
It should be enphasized t this poilit thit, as in lhe Csisc 

of tile rattes ofIfertilizers, tile projection rates are not 

rectllllttetdcd ,ites to be used 8"s getelal f'Ollttlas. Specific 

recotmttletdstiolt rittes 'or crops an1d soils tutIst be insade Oll 

the batsis of soil tests anrtd tle mitost currett resetrch 
information available at tihe titie. The projection rates 

mlerely provide :t iteans of prediclin the total iteeds which 
will be retulired itt dil'fterenl parits of the couttrv over tile 

projection period. 
For the proJectios ill itble A-7, cslculations were isade 

is follows. For the ver 1971 , ill iectmage to be fertilized 
wa; scliedulet iito tire litte progran with art "initial" 

appl icition of little. In subsequent years, ottly new laud 
added to fle fertilizer prograi walS scheduled to receive 1it 
initial application of lime. In 1974. 3 years after the start of' 
the linle progran, mttaintenance applications were started. 

Bvl IQ77, some soils were ready for their second mainte
nince a,plication of linie, some were read' for their first 
maintenance appiication, and, of comse. soite vere 
receiving ati initial application. lit It980; these same soils 
were scheduled to receive a third, : econd, and a first 
ilaintiemlaice applic:ttion respectively. 

Lite projeclions. hv y'cu and v ,:tiicullur.lzone, are 
sumntarized in table -Io. IB\ I')SJ. ,imal lime needs will be 
over 1,50.000 itt of- ,griclturafl lime. lvcrv third year, of 
which I080 isane xaMitple, the reLtireiiteitt bolges doe to 
tie catchup pioganu that slrted ill 197 . Not nally, 
one-third of tile soils should be linted eaclh y,_1r. 

The projections in tables 46 and A-7 are based ott 
limtestonte of 100, neutralizing ef'fecti'/et[ess. That is, the 

limestone is considered to be pure c:lcite groutnd fiely 
enough ito react completely itt 3 years or less. 11' limestone 
of poorer or better ouality is used, the pmojections most be 
adjllstecd u1por downt accordimnuly. 

No distinctioli has beeti mtade in the projections for 
calcitic versus dolomitiic limestone. Btoth types of' stone are 

:tvatihtble ill Prtguity ult ilfortatioll .ilply is lot avail

:htbl to iecOitletild h(ow toMuch of' etcI tu1tterial should be 

used it aty particular location. Undoubtedly, itty soils 
ire low itt both caIlciuit ,ttnd ilttgniesitiili. For Such soils, 

dolomitie would he preferred providing it:; cost did not 
exceed tlhat of, c:lcite phis illtagesilill fertilizer. For inally 

soils, tie prOblenil is ility PCr 'e a d lhe type of 
litttestotte used io correct tlhe ,icidity is itot important. 

Table 46. Sumnnary of Projected Limestone 
Needs, 1971-1980 (from table A-7) 

Agricultural zone 

Year Northern Central Southern Total 
mt 

1971 11,646 16,070 10,830 38,546 
1972 3,780 6,763 4,571 15,114 

1973 3,780 6,872 4,57U 15,222 
1974 20,650 35,991 24,311 80,952 
1975 11,289 22,696 15,190 49,175 
1976 11,427 23,488 15,584 50,499 
1977 29,558 54,286 36,422 120,266 
1978 20,706 42,778 28,058 91,542 
1979 17,093 40,856 26,361 84,310 
1980 35,794 73,063 48,099 156,956 
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Section VI 

RECOMMENDATIONS FOR MEETING LIME 
AND FERTILIZER NEEDS 

INTRODUCTION 

So far this report has been concerned with the mar-
shalling of the data and background informnation needed for 
the study objectives given in section I1. Small aMtoun ts of 
fertilizer have been used for several years but in the last two 
years use has increased greatly. Another important feature 
is that Paraguayan agricultural leaders are committed to a 
program of redtucing imports and increasing exports. 
Expanded production of particular crops is fundamental to 
the program, and lime and fertilizer use clearly must be an 
integral part of expanded production. 

Wheat is a crucial crop. Presently 30,000-40,000 ha is 
planted but only about half the area is fertilized. At least a 
fivefold expansion in fertilized hectarage would be 
required to reach self-sufficiency. About 40,000 it of 
fertilizer and nearly 65,000 mt of agricultural lime would 
be needed annually for this much wheat. To increase lime 
and fertilizer use to this magnitude creates many problems 
in pI)ocu relent, handling, and use. These problems must be 
solved successfully if there is to be any chance of materially 
decreasing the price of fertilizer, initiating an agricultural 
limestone industly, or making any very significant strides in 
agricultural development. No other crop has the poten tial 

Wheat is a crucial crop in expanding the use of fertilizer. 
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for using as much lime and fertilizet and producing as Inch 
profit as wheat. 

If thewhcat progra Itails, then fertilizer use can exp:Mid 
only on those clops alheady prodnced il sultlietic\' or 
surplus. Production it excess of" atalll needs usually
ieduces th- price of" the product and decreases, tile 
profitability of fertili/ation. While the excess could be 
exported otil the world market, this meais comlpetition with 
similar prodtckts pioduced in Cotuntries with seaports and 
lower marketing costs. 

Success ill a wlheit prograinl would lead to advances ill 
other areas of' agricultual produictioti. IFxpatLded use of 
fertilizer permits ec(1tionves inl purchase. atd itliovalions in 
hd(limg which decrease price to tie fiiter. Hacl dectease 
in price permits fertilizer use to be extended to litore and 
more crops. In most cases, use of fertilizer reduces the unit 
cost of productioti so that farmers gain mue net profit. 

Wheat has additional characteristics that are of real 
advMitage in developing a fertilizer program. It is a 
fall-planted crop whereas most other crops are spring-
Planted. Thus, there are two seasons of the year wheit
fertilizer can be used. This isadvantageous because it makes 
fertilizer tmoic nearly a year-round business. Storage and 
handling facilities cail be used more efficiently and cout-
panics can afford 'o traini salesmen ltlore thoroughly
because they are itcre likely to be permanent employees, 
In the past, most fe: tilizer has beeti used in the spring on 
crops other tlan wheat. As the wheat program develops, 
percentage use of fertilizer will shift strougly to fall ntid
then slowly revert to ilmost equal use in tlhe spring and fall. 
Table 47 shows that fertilizer needs I'or the coutltrv are 
almoSt utally divided betweeI fall aud spring or wheal 
versus all other crops. (There may be some exceptions to 
these generalized observatiotns. For example, some wheat 
will be topdressed with nitrogen in tihe spring, particularly
in the higher riinfall areas. Furtlierutiore, it isassunued that 
tree crops may be fertilized in tile fall. Ilowever, the 
exceptions to tle rule contterbalance each other alild
 
ltherefore, for convenience, wheat iscategorically described
 

as a fall-f'ertilized crop and all others as spriug-fertilized.) 

Atnong the agricultural zones, the ratio between fall 
 and 
spring shifts slightly and also clhanges with time. Fall 
fertilizer needs are almost equally divided among the three 
agricultlural spring needs arezones bumtt concentrated ill tile 
central and soLht eri zones. 

The importance of tile package approach to crop
production cannot be stressed too strotigly. No one part of 
the package- quality seed, use of' fertilizer, timely planting 
and harvesting, adequate credit, etc. is consideled as mole 
important than anv )tilet part. Ill Paraguay use of 
agrict!',ral limestonc must also be considered In integral 
part ol the package. For example, wheat ill 1Q70 rangedfl'tlllto xcelenttilerd n s;.lldst~ory Ih I) b rrelfronm excellent to porly tillered thin stands to barrt 
spots. Somtie of Illt poior wheat could be attributed to 

impropet planting, disease and inseci, and low quality 
seed. II InII IV castS. Iowevel, tle whCLatI appear erd Io be
defhcient ill phosphorus. despite applications of phosphate 
fertilizet. Appaienll . posphoitis applied to acid Soils was 
fixed by soil miinials so quickly and so tiehlYi that plaints
clldt absorb thte (juanlilies neces;lauy to tiller ;IId ro\.' 
piopelly. Ill sonie cases, the soil was too acid even fot' the 
seed to getminate. These situations were nlt confined to 
all\ one agricultual zone. No aouitnt of' iil\'esitnent it 
seed, fertilizer, or irrigation equipment will overcome the 
basic difficitlly of soils lhm't are too acid. Only use of 
limestone will corlect this problent . Thls, igricultural
litmestote is considered essential to wheal pr duction, 
wheat productiotn is considered essential to agricul tural 
development, ati agricultural development is considered 
essential to tile ecotluoty of the country. 

It the discussions that follow, several :lternatives are 
considere, : obtainihg litime and fertilizer for Paraguay.
The pritlcil, criterion here lias beei cost to tie farmer. 
Productioit of agricultural limestone is rather strai.hlt
foiward because of time litme deposits ill vaious areas of te
coiiltry. l)istribution is not as simple because there are no 
known dolomite deposits iii tile central agricultural zoie. 
The fertilizer situation is even more complicated. The 
alternatives considered vere inianitfactitre of phosphate
within Paraguay, pirchase of' bagged or bulk fertilizer ott 
tie world market, and importatiotn by various routes. 

AGRICULTURAL LIMESTONE PRODUCTION 

Paraguay has a long history of' producing crops without 
using agricultural lite evet, though limestone ontcrops in 
most of the agricultural areas. If crop production is to be 
accelerated through use of fertilizer atud olier ,o(d
husbandry practices use of' lime becomes esseitial. ('il
cined limestone, CaO. already is made fr tlhe constrtction
 

Table47.PrtecltedFertilizerNeeds n 
Fertilizerneeds 

Agriculturalzone Crop 1975 1980 
mt
 

Northern Wheat 
 8,585 16,990 
All others 2,403 5,685 

Central Wheat 9,344 18,736 
All others 12,080 30,511 

Sou thern Wheat 7,222 14,667 
Alt others 6,462 16,074 

Total Wheat 25,151 50,393 
All others 20,945 52,270 

Total 46,096 102,663allamt nutrient needs (table 44) convecrte.d into fertilizer rleCdS uNIItu 
uttt ti),litt diaimimoiium phosphmt, IS-4-ii.,Ife t21-0-0), 


ant murite ofltOStiSh (0-0-60);is Ite inutrient sources.
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ii-custry. It could be used for specialty agniculture and very 
small fields. Wide-scale use, however, creates pioblenis thiat 
do not have economical sokitions. That is, exposure of 
calcined lime to the :itinosphle Jestlts iII absoi ploti of 
water to forl hydrated line, (',1(01l)2. SitnulIanco(nsly. the 
material becoumes luinpy sO that it cmot be applied 
uifoi nly vithout recinslii. INlydrail caii.he prevented 
by hagging tie lime in waitciproof bal4.,;. One kiln opciattl. 
Marcelo (a;:mnas, i l tie (hronel Ovietlo-(aaiia/u aleUm. 
follows .tlis piactice crusling burnId lile. sievi,.o it 
througl, a 10[i.l-.nsh screen, and pack:Uging ii 50-k'g bags. 
Productioni rate is abolut I 111/lionr. (alcili oxiLe is 
satisfactory folr tile 1an who needs only a hag or two of 
lime. (Ca) is alost twice as elective as grouid limestone, 
CaCO 3 , and thus is applied at about lhalf ile,' rate per 
ietare as ground limestone.) For large Fields, bagged 
limestone is too expensive. A nore econmlical altelrnative 
involves grinding lime rock and handling it ini buif'. (Ground 
raw limestone, CaiCO 3 , does not react with water and 

become lumpy. lowever, grinding lime lock requires an 
investmnt ill ilaclilery thai is iot niecessary for the 
production of calciled lime. (rnd liinesitOie also should 
tueet various specifhatins hel' re it is sold fm use as a 
liming material. These specifications should not be so rigid 
that cost of'prodictiiOiI peveits l)r'flitalile use of lijte. 

Production Specifications 

The quality of limestone is determined by two 
characteristics-finetness of grinding and chemical composi-
tion. The two are not independent of one another because 
dolomitic limestone dissolves in the soil at about half the 
rate as calcitic limestone when particle sizes are the same. 

There is no universal agreement oni the particle fineiness 
needed for agricultural lime. Generally, a range of sizes is 
suggested in order that some of the lime will dissolve 
immediately to neutralize soil acidity and some will dissolve 
as much as 2-4 years later. The ASrNl uses two screens, 
8-mesh and 60-mesh, to evaluate limestone quality (5). 
(Nesh number indicates the number of sieve wires per lineal 
inch or per 2.54 cit; thus, ati 8-mesh screen has 8 
wires/inch and the apertures are 0.0937 inches or 2.25 min 
square.) Material to(t coarse to pass the 8-mesh sieve has so 

little neutralizing value in the soil that it is considered of no 
value. Material 60 mesh and finem in size dissolves almost 

completely during the first year after application. The 
society recognizes five classes of lime on tile basis of the 

percentage of material that does or does not pass throut,.h 
tie two screens. Barber (20) has summarized the effect of 

particle sizes on crop yields for a large number of crops and 
soils in the United States. Ills sutntitary is shown in table 

48. Codas (24) based his evaluation of Paraguayan lime-
stone oi Illinois information, as given iii table 49. 

Table 48. Effect of Particle Size of 
Limestone on Relative Crop Yields (20) 

Particle size Relative yield 
mesh no. average range 

4-10 33 0-50 
10-20 54 11-96 
20-10 84 34-100 

40-1"0 or 40-100 99 61-100 
804 or 1001- 100 78-100 

Table 49. Comparative Value of Various Lime 
Fractidns 1,*4, nd 8 Years after Application (24) 

Number of years 
after application 

Size of fraction 1 4 8 
mesh no. relative value 

< 60 100 100 100 
30-60 50 100 100 

9-30 20 45 75 

> 9 5 15 25 

('rushiig machinery normally will produce a range uf 
particle sizes even though the linestone is crushed to pass 
Oly-a single screen of fairly coarse itesh. Barber. snuna
rizling data on 244 limestone samples fIrot various U.S. 

quarries, obtainedl the results shown in table 50 (20). 
We recommend that initial specifications for particle 

fineness of agricultrual limestone be as follows: 100% 
through 8-mesh and 50% through 60-mesh screens. Labora
tory, greenhouse, and field studies with Paragavan litte
stones used iiitder Para(u1tvanl conditions, whel available, 
should be used to reline this recojmucidation . 

Chemical compositiotn is cqtlai it) inipotlamice to fintettess 
of grinding iii affecting tile liiiiing value of agricultural lute. 
According to l3eachier cI a!., dolojite reacts in the soil 
only about hall" as last as calcite 1211. Ih data are showi 
in table 51 . It is not tnecessary, however, to grind dolomite 
to a tiner size than calcite. Most quarries yield a iixed 

stine rather than a pure dolomite. Thus, Vallenti stotne 
COnlsisls of 60', -65,;, dolonmite aiid 20,(-30',: calcite (table 
18). The Villa Florida deposit ofdolot itealso contains up 
to 30"; calcite (table 22). Thus, grinding to the size 
recoinlmended above still is satisfactory. The filie calcite 
portion will react quickly to intralize acidity. The 
dolomite and coarser calcite will forn the slower-acting 
reseve. 

l)o lnte does have : ureatler effect th:m calcite. per unit
gof'weihmt. The hct limil.' utalerial. as mientioned earlier, is 
calciied litie.,,\ ttipatist o1 various liming materials is 

giveil table 52. 

Limestone deposits rarely are pure calcite or dolomite or 
even iiixtures of the two. Olthe mitnerals with no liming 

value, such as quartz, illite, feldspar, mica, etc., invalriably 

are present itt tite deposit (tables 16-22). So also are 
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Table 50. Average Particle Size Distribution of
 

Commercial L imestones Ground to Different Fineness (20)
 
Percentage passing Percentage distribution among size fractions 

60 mesh 4-10 mesh 10-20 mesh 

15 40 35 
20 20 25 

35 15 25 

45 5 23 
55 2 14 

75 0 8 

Table 51. Effect of Particle Size on Relativetile 


Effectiveness of Calcite and Dolomite 21) 

Size fraction Calcite Dolomite 

mesh no. relative value 

20-60 19 11 

60-100 50 25 

100-200 85 39 
< 200 99 60 

Table 52. Neutralizing Value of 
Various Limring Materials 

Relative 

Liming material Chemical formula neutralizing value 

Calcined lime CaO 179 
Hydrated lime Ca(OH) 2 136 

Dolomite CaMg(CO:01 2  109 

Calcite CaCO 3 I00 
Calcium silicate CaSi0 3 86 

weathering products from the overburden and even some of 

the sand and silt overburden itself that have moved down 

into fractures (sample I, table 16). The limestone deposits 

in east-central Paraguay are described as thinly bedded 

limestone separated by layers of clay. Lenticular ooliti,; 

nodules of silica are contained within the limestone. Some 

of this clay and silica will unavoidably be included in 

agricultural limestone. Liming value will be reduced 

accordingly. All limestone quarries in Paraguay have an 

overburden of varying thickness. Good quarry management 
requires that the overburden be removed before rock is 
quarried but removal of the overburden adds to the cost of 
quarrying. Failure to remove all the overburden, either 

deliberately or through poor management, rapidly reduces 
tile quality of the lirte. This reduction in quality cannot be 
d'.'ected except d-by chemical tests. Codas (24) found that~wear 
the neutralizing value of four s:m ples of liimestone in 

Paraguay ranged from 88% to 97%;;,conpared to pure 

calcite. When the average purity of the four samples was 

combined with the average range of particle sizes, the 

Paraguayan lime had an effective neutralization power only 
54% of that of finely ground, pure calcite. 

20-40 mesh 40-90 mesh 90+ mesh 

7 8 10 
21 14 20 

18 17 25 
17 20 35 
16 20 48 

10 20 62 

We recommend that the GOP establish quality standards 
for agricultural limestone based on both fineness of 

grinding and purity. Quarry operators cal use the standards 

to establish prices according to the quality of material they 

are able to produce. Farmers will use the standards to 

deterutine the actual quantity of limestone to apply when 

following soil test recorninendations. 

Production Equipment and Costs 

In order to produce agricultural lime in the quantity and 

quality needed, investmerts must be made in crushers, 
screens, and other equipment. The mininum equipment 

needed for each crushing operation consists of a primary 

crusher, a secondary crusher, screen, conveyor, power unit, 

and weighing scale. Optiortal eCquipmlL I, ,onlsilof a 

tractor and loader. 
The primary crusler, such as a jaw cruslter, is used to 

reduce large blocks (up to 75 x 100 cm) of stone to 

material about 3 cm in diameter. This iaterial is fed into 

the secondary crusher where it is ground into agricultural 

lime. Tiree types of grinders can be used as the seconday 

crusher: ball inill, cage mill, and hammer mlli .Ball mills 

have a low power requirement and need the least mainte

nance. Both ball and cage mills, however, clog up when the 

limestone is moist- as often will be the case in Paraguay. 

Ilamier mills are not affected by moisture. Maintenance 

on hammer roills consists mostly of periodically rebuilding 

worn hammers. 
A double-deck vibrating screen, preferably of stainless 

steel, is used to separate oversize material from final 
product. Stainless steel screens do not blind or clog as 
readily as ordinary steel when the limestone is damp;
stainless steel also lasts about three tines longer than 

ordinary steel. The top screht shtould remove niaterial 

t111tileIIore COStI\ and fragile holttoni sc'eel. 'Fie 

but ton screen is 8- oi I 0-niesh niat iA coarser timi this is 

recycled to the grinder. The grinder is adjusted so that 50(', 

of the particles will be 60-niesh or finer. 

The conveyor noves pl)odiit from tile grinide r to a 

stockpile or possibly to a hopper that discharges hy gravity 
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'file jaw crusher can be Used as a primary 


crusher to reduce large blocks of stone, 

into a boat or truck. The conveyor also is used to move 

product iom tile trucks boats. Thus, itsi,)ckpile into or 
should be portable. None of tilequarries are hoc:ited so that 
they can use electrical power;there fore, a diesel or gasoline 

power unit is necessary to run the jaw crusher, grinder, and 
conveyor. 

A tract or and !oader issugested as optional equipment. 
It is used to load Inestone blocks into the jaw crusher, 
Alternatively, the jaw crusher can be t'cd by hand labor but 
blocks would have to be smaller. The tractor and loader 
also cal be used to till tile conveyor hopper with limestone 
[rom the stockpile when a truck is being loaded. U.S. 
sottces of equipment are given in table 53. 

Production ot' up to 15.0100 mr/year for each agricultural 
zone just about satisfied proiected neeCds tlhrough I970 
(table 46). Equipment that will produce 50 nit/day for 300 
days/year. then, is abot the size that is needed. For some 
of thlie norteqrn Paraguay quarries, larger iipment cotld 
be justified. For the small quarries in central and southern 
Paraguay, 111Ci' One SO( of small equipment would bethan 
inore practical than a Single plant with high capacity 

eAltLpeLn SI.00/itut for the nuw himestone and providing 

for a 10' returii onl a plant investment if' S02,400, the cost 

of prodcingliimestone in Paraguay is estimated to be 

S5.34/int (table 54 ).To tis production cst must be Added 

administrative costs, sales and marketing expenses, and any 

-'* o.p, 

,P t 

-4
 

1=2 

1 7r~ 

A secondary rksher such as a hammer
 

mill follows the primary crusher. 

transportation costs that are not passed on directly to the 

purchaser. 

Distribution and Marketing 

Very little limestone will be used in the immediate 
vicinity of a quarry. Some type of distribution system is 
necessary whereby large quani tities of' line can be trans
ported in bulk for fairly long distances. As an example, the 
northern quarries are not at all near a major agricultural 
area. All product iust be transported to a use area. 
Fortunately, the quarries are located on or very near the 
Paraguay River so that water transportation to ports serving 
agricultural areas is practical. Tile distribution problems 
peculiar to each of the three agricultural zones and the 
t'uarries that can most economically serve them are 

discussed below. The central zone is discussed first because 
quarries in this area are most likely to be the first to 
produce agricultural lime onacommercial scale. 

CentralAgricultural Zone-The agriculttire in this area is 
scattered aloug te 327-ki International Ilighway from 
Asuncion to Puerto Piesidente Stroessner. It also extends 

south from Coronel Oviedo to Villarrica, Caazapa, and 

Boqueron. T[ie lime quarries are located between Coronel 

Oviedo and Caazapa or almost exactly half way between 

Asuncion and Puerto Presidente Stroessner. 
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Primitive transportation methods mean slow mining operations. 

Tihe principal problem is the multiple ownership of' tile 
limestone deposits. This generally is an area of small farms 
and the limestone extends under many of these. Currently, 
several farmers are quarrying and calcining limestone. It is 
unlikely that each of these could raise the capital needed to 
establish a crushing operation nor is it even desirable to 
have so many crushing units operating so close togetheir. A 
possible solution is for these farmiers to form a cooperative. 
The cooperative, then, would establish and operate a 
centrally located crusher. P'resumalv, tihe cooperative 
would contract with each member to deliver so oultlch Stolle 
per month or year. Nonmembers might of mighlt not be 
eligible to sell Stone to the crusher bo certainly should be 
permitted to purchase agricullural lime. 

Ali alternative is for some entrepreneur to establish a 

crushing operation and to obtain the stone by purchase or 

lease of mineral rights. Fs-,entially, this iswhat ishappening 
in tile area. At [he timc of tife TVA survey, SOFIN, SRL 
already had mining righ ts to several million tons of 
limestone. Mineable Stone is estimated to be sufficient to 
last for nearly 50 years at the contemplated 15,000 mt/year 
mining rate. As table 46 shows, however, annual needs in 
the central area will be 3-4 times larger than 15,000 
mt/year by 1980. Whether it would be more economical to 
install equipment with a higher capacity or to establish a 
second crusher at another location cannot e evaluated 
now. A mllore detailed mallp of the site and location of' 
uineable deposits if] tile area is needed. 

The central quarries most likely will be the first in lhe 
country to produce agricultural limmiestomme. They may also 
be the only soorce of lime for the entire country for two or 

more years, l)istribution thus becomes a rather formidable 
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Table 53. Equipment Sources for 

Production of Agricultural Limestone 


Pennsylvania Crusher Corp. 

Subsi-Jiary of Both Industries, Inc. 


Box lOOJ 

Broomall, Pennsylvania 1900B 


Jeffrey Manufacturing Company 

956 N. Fourth Street 


Columbus, Ohio 43216 


Williams Patent Crusher & Pulverizer Co. 

807 Montgomery Street 


St. Louis, Missouri 63102 


Iowa Mfg. Co. 

916 16th N.E. 


Cedar Rapids, Iowa 42400 


Portec, Inc. 

Pioneer Division 


3200 Como Avenue, S.E. 

Minneapolis, Minnesota 55400 


American Pulverizer & Crusher Co. 

1249 Macklind Avenue 


St. Louis, Missouri 63100 


Universal Road Machinery Co. 

Emerick & Shufeldt Streets 

Kingston, New York 12401 


Lima Plant Construction 
Equipment Division 

Main & Willis Streets 

Lima, Ohio 45800 


Smith Engineering Works Division 

of Barber-Green Co. 

516 E. Capitol Drive
51wake, Witonsi 

Milwaukee, Wisconsin 53200 

problem. Lime need is divided nore or less equally among 

zones although the central zone is 
the three agricultural 

projected to use about 40% of the lime (table 46). Lime use 
is tied intimately to fertilizer use and thus to the National 
Wheat Program. Most of the large wheat producers are 
innovators with modern equipment. Many would he able to 
send trucks to the crusher for a load of' lime, especially if 

the lime were a backhaul for the truck. For these trucks, 10 

tnt usually constitutes a load. Producers with a thousand or 

more hectares needing an initial application of 3 nt/ha 

would need to make 300 or more trips to satisfy their 
needs. Producers in the Misiones and Pedro Juan Caballero 

Table 54. Estimated Capital, Variable, and Fixed
 
Costs for Agricultural Limestone Production
 

Capacit '), 
15,000 mt/yr or 
50 mt/day for 300 days/yr 

Capital ]hIn'Lstincilt 
Planta S 92,400 
Working capitalb 23,775
 
Total $116,175
 

Variable Costs S/nt 
Limestone 1.00 
Diesel fuel .10 

.11Product loss 
Total variable cost 1.21 

FielCosts 
Operating laborc 1.03 
Maintenance, 5%of plant investment .30 
Analyses, 10% of operating labor .10 
Overhead, 100% of operating labor 1.03 

.12Insurance, 2%of plant investment 
Depreciation, (10 years)d .62 
Return on investment, 10% of plant investment .62 
Interest on working capital, 8%e .06 
Interest or. plant investment, 8 %e .25 

Total fixed cost 4.13 
Total cost of production 5.34 
:iPlant costs: Jaw crusher S10.000 

Ilailner mill 10,000 
Double-deck screens 7,000 
Conveyor 9,000 
Portable generator 22,000 
Truck scales 8,000 

Subtotal 66,000 
Delivery & installation, 40% of 

equipment cost 26,400 
Total S92,400 

bEquivalent to the cost of raw materials for one month plus the 
value of production for three months. 

CLabor: I supervisor P S250/month S 250 
3operators P S75/month 225 
4 laborers ( S60/nonth = 240 

Cost/month 715 
Fringe benefit, 80% 572 

Total cost/month 1,287 
15,444Annual cost 

Cost/nit limestone 1.03 
d~rhe depreciation on crushing equipment is based on 10 years, 

rather than the 15 years used for most plants, because of the 
exposed condition. 

areas are not likely to be able to haul enougl iine to treat 
all their fields. 

The crusher operator should consider-as SOFIN, SRL 
already is-- the purchase and operation of 30-nit delivery 
trucks. Assuming that the average trip to the Pedro Juan 

Caballero area requires tlre days, two days to 

Encarnacion, and one day to either Asuncion or Puerto 

Presidente Stroessner, three trucks would haul an average of 

55 mit/day. About a third of the projected lime needs for 
1971 and all for 1972 and 1973 could be fuet by tl'is 
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scliedule (300 days/year). By Q73 qtii ies fin other areas 
should be in operation mid tie three trucks could he used 
to h,1ul lite in tile ceutial /t wheat,zll, only. l:clh:lils of 

soyeains. or arty oilier ,'tritioditV sholild he 1tra1,ic1d as 

freqtlIieitly as possible, 


Assuillinig thait Cost Oi pdircMtttioi is $5.3/-l111i aid 0hit 

20', is added li aithirirtii ive aind ,i.s o\peiises, the .st 

oftl littlethe crusther Is Sr .- (/r111. Tlranlpotarioin
at site 

costs ate estitated ilS,(._25/llikiirii t a,,thlialt roads alild 
S0.041)/nitiktnllitdlirt rids. 'lireseC ateCsate ised (t1 tire 
averig rate tot I0-rtl rtucks with backitil (taile 23). loi 
30-in tiucks tire rate would be at least 2'; lower but tie 
lack of" backhltil would itiease the irie :aaill. Thus, lies 
are esitated to be :iboutl the saie isgiveri illtable 23. 
Wheat farirers in tlie Sai Jatan Baitisli area would have to 

pay tbut S13/nit Ir lirttle dIivCiCd to tie fairt sire 
whereas fartllres iii tie l'rerto Pre.ideute Stroessiire area 
would have io pay rrotrdlll 1/int. 3eciIse t tire Lirt 
roads, littne delivled to Pedro .1ira1 Caallero would cost 
nearly S24/itnt. (Ilvevcr, .ee below ire discussion oil tile 
nrorthern agriculttual otel0. ) 

i'21e uildouhtedlIv will be Soiie iieCd I'or irragtiesitrili itt 
tire CeCWll area. l)olotInite usually is coun,,idered the least 
expensive our.e of this planitt iUtierii but tice has been 
fotund iuthe central rea. I)olomnitic stone call be supplied 
frotri Valleiti or V:ll .hlrida wh iii iesiUlill is needed. 
Tie si/e of the Villa I:hlrida deposit is rot kiloiwr but this 
would be tire che:itper soulce. Ilowever, the corst of 
i'agntesiumrr front dolomite should be coripared to tire cost 

of trragnesitirr iriporled as fertilizer before a purchase 
decision is trade. 

We reconmmend development of the cenitral Paraguayan 
agricultural lime industry as quickly is possible. SOI:IN, 
SRL has controlling interest inlsorie (I'the deposits aind has 
itnitiated pla1ns p1roducing agtricuIhtnrrlforli little. The (OP 

should give tis ctoirpanry as iiucih litp as ptssibie, stcht as 
assisting innestablishing tire size aid location of miineable 
liriestoIte aild assisting itt 11rtaiicintg tire c-utshing nttacrirrery. 
The colilpant sthould coirdut a thtttirh itmarket analysis 
before trdering the criushing miachinery, hlwever. 

Sotein lgrictultnrdZone - Productiot of wheat itt the 
Misiones area is the nmajor devehltiterI scIedled fur the 
sou.thern zone. Ill additiort, there me mntany other agri-
cultural locales arid etIps thitat teed littne alld fertilizer. The 
Villa Florida liirestoite deposit is located ilear tire nortiern 
boundary if the area o only 50 kilt fromtr the heart of' the 
wheat land. 

The principal problmt is the kick of' inifortllatio 
crerning tire liiestone deposit. Thre il knwn quarry 

is located on the banks olf tie Rio Tehicuar'. Either the 

high watertable or fltocd overflow had filled ite quairry with 
water at tire ittle o' tie TV\ survey. Neithei tile extentittof-2). 

tire deposit tier tire quality of' the stone ctuld he 
deteritined. As table 22 sh ws. sairpniles froirt a kiln 

stockpile adacetnt to the quairy are iigll.v variable inl 
Conirositiotn itILgi,' :1 igh (oltlii plus1ton o-l 85' 

12.5'; cli.te to a lo o0 le(1s thai 35'," illnagesiat calcite.
 
The reltive lopolttlln fl0\-.'rade to i -glade lock
h10 


could ift he deteruiiied. 
This killail,others that uirht he developed nearby. isor 

VeI itt poi Imii to 'aoriciltilal plogres" it soutlitir 
Plagulay. 'I r:nspollrt:ltoll CllligCs a1te S6/tt1iedl.d 11111os 


tot1.:iritets Iivihig Sliln i ol the qliair' it they cii purcliase 
lime here rarhel t01:r1 at Cootel (viedo. ll amYf':ict, 


loc:atin wcst Of ('a:alc)e Cal betill otIllh sulplied froill 

tire Villa Ilohida qiallty aia cost e(uiAl or lower iliti orln 
tileqlalrries ealsl olrel (viedo.ol'i 


Only a teillative (list ililtiOll systet can ie proposed at
 
ti present inlc becaltse so niuJli intorillation is lit
 

available. Table -16 shows that ilc reeds inthe sotleit
 
/one increase frot about I 1,000 iltitt 1971 to 1,00(( it
 
1980. It'solic of the reeds in tie westei potlollitof rite
ll 
central /lie ate incltded iii tileVilla Florida iarketitg 
area, the tirstcrtshing uinit should it:ive a ri)dIreItiOl 
capacity if :thout 20tt00) itt/year t 70 int/da'. Ill ahoiut 
l)76 a setrild unit of tle sairme si/e shiuld he coistruceted. 
One 30-it delivery truck should be adequate fur each 
crusiihg unit Tils truck should average neatly rwoItips 
per day because intsl of tile lie needs to he taIled tinly 
alout 50 kin. Furre.iro, imlaty of the farircis would be 
able to 11:tl their own lirire ftittre citslher because of tire 
relativly shltri haul. Liei cost to mrost wheal I:tlliters, 
then, is about $7.65/nt (S0.40 :OB inine tp+lls S 1.25 
trarrsporitiot). 

We recommtiend that the GOP investigate the size and 
quality of the limestone deposits at Villa Florida andi any 
other locations in the sou thern zone. Private interests 
shotild be encouraged and assisted to develop an agri
cultural lime industry in southern Paraguay if the deposits 
,are large enough. 

Nlorthern ,gicultural /one-This zone is characterized 
by tire extreme scattering and isolation of tire farnihtg 
areas. Few roaLs exist anrd nonte have all-weather surfaces. 
Nevertheless, there were over 10,000 iaplanted to wheat in 
1969: ruch of le harvest was marketed illAsunciont. 
Except for art unsurveyed deposit reported to be neatr Pedro 
Juan Caballero, lite deposits aire isolated itt the extreme 
northwest corner of the zone. No roads of' arty type 
conniect the quarries with the agricriltural areas. The 
quarries were developed solely to provide lime for tire 
rellient industry inAstnrcion- usirg tIreand cctitutctiotr 

Rio Paraguay as the tratnsptrtation attery. 
el)eveopment of :air anritilural litniesroric inditsiiv hot

iorthein Paraguay'will not collie easily yet tore ittust i)c 
forned. Most of the soils are acid; over 50' of the soil 
samtples f'rom the Department of Airailbal rested b)Clow 
p1l 5.0 (table Fairrs iit alforc to puirciase brie 

froit tie Coronel Oviedo qu arries the highand pay 
transportation charges th:t are necessary. 
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Currently the deposit at V;illimi, which is fle only otie 
known to have ally dohloiiit., is operated hv ile G(OP. 
Deposits at liactia and lilapiciutni 'ieillprivate htands. 
These two qtrlries are t1ldet ct.+tide illtll :, :Isoilice (f 

calcitic liniestonte Im [it, tel milks ttctilittuciio Aihes. 
,\rgentina. Sltt' ton tlt It:itiiin tIitt' is itst likoln 
1t tie clhotic;l s t ct lo.Ats-. If1 ; u1ti let sii ll',It 'th 

quiarr.', i. Stpti~ulv. would be uieclimi/,.d to ptoditee litle 
agLtt, I.c-..lii dititer. This ,uuil he baeed 

1
d lrtiMIdowii the iPareuuig :oty RietS to the tilles,. On ' 

niore barges night be used to ttii-,port ':ii:it'ut:l line to 
aplprpOl ti:e tSH. iotl.i'tuui iitc':ite slloltl t'slitltpi ol 

.)btit75'; of' the iiatevial heiitg s:itisl'olil sild and 
,in, 2. Kit! ttldltsi/dt 1This popottlit is Ibased onl 
the expetlel,.' of1.ttllr's in lie United States producitig 

lime aigleg'utcu l inftwAv cdustucilio, ( 5).1 lhu uiider-
sied material can he discarded omit c:ti be toiuuitd ilit() 
agricultual 1hue. Ovet 1((,0(() it ofl'tmiciiuur:l lime could 
he piodiiced auitunlv v'ia this process. lhresututmily, pr>duit'-
tiol costs for liutue would be lower it this qiUay t11;1tt 
ally) tiel ,qtlly. Only; a inhilal chluie would tic Ilu',dtr, 


lo t~ t~lt titdeusied aw tcrial bcaue it aNbhyproduct of 
aguren;ute prtlihciiitn. No n utarHlV ztuishe ,,iittd be it'cesarv iidm piower ptit. Nt iny cidieslit wod.'hets e."hWesUry NMI 11O,.'Ce Co.'&,'): Nh:JtM Thtt1s. I)I~itIIM11 ,.O~~ld hC 

investmeit costs also would h' v'el.Pliductiit costs 

should be no m ic thmiS4ill hiul adtuintisirtive and sales 
expenruses would be at least equal (ithose loulitne produced 
in the morle accessible qualti.'s. Milie Costs fo0r lifiie should 

Li/mt. 
than S2.0()/mt :1iid to Sati lPedto lt abitit Fr.ot. 
be about liti caii hLii ted to ('oncepcion ol less 

Ftoiti 
('onlcepcionm to Pedroht .lua ('aballeo, tiucking charges are 
about 5).75/It. 'Thus, farmers neat this town would p:iy 
about $17.0(/it. This is less lhmi tlltrce'lotit Its the cost Of, 

aerial truicked inl frit ('oloiniel Oviedoi. Faiis il (it 

dearMueitr1s Of' ('I~l)iucepll aiid Sai ledrmi Wiitild p' 
about the sallte price fol ]ite;Is ill iti lilelsIl thst lter palts 
ol celltrll alid sinlih'eill Paraglay. 

If' the Itapiuitili quiarry is not devellfed for agglegale 

production, lhen the GOP shiuld piodu.ce agricultur:il littie 
at its luarry at Valleuui. The quar already is Mechu:inized 
and can crush 30(nit/hour. The dolomite il this qu:irry 

presently is used for constructioru aggregate but cotld be" 
more profitably used 'or agrictultural limestone productioi. 
Production Costs would be similIr to tho0se derived intable 
54, i.e.,about S6.40/mt. although there might be some 

reduction because of' the presetit unechuami/.ation. 'rauspor-

tatioin costs to Concepcion and Sal Pedro would be about 
W,0/int higher thll 'or m1:atetial pltt'duced at It;apuctuni. 
Thus, deliveeLd cost for little produced at Vahletmi would lie 
abiut 52.30/int taln Itapuicutil tlitmwrshuiphigher for liiiie but t 
would be liimue ovtlh slightl' more thandimoluitic and 
calcitic littie. Regardless of' whihter ]iiie is produced at 
Vallemi or Itapucurni, the ports at Concepciin arid Saii 
Pedro should be irlpruived so that bulk lime could be 
unloaded from barges. 

Notlhin is knoi n :bout te littestone deposit :it Pedro 
.lunu Caba'blliero. Biecatise :a large part of tiletotil cost o1 
]title is fl tratispoltttioi, d,,evelopment of' tiledeposit 
WOUld he ldistinctly adv;iil:teeous to far1mes il the areai. 
The area that could be setviced hy this quarry depends onil 
sliudhtlv iiniii whether rite Itactia or the Valienui tiarry 
b cotnies the ailicultiiral lintestolte pltoducel. If it is 
Itapiuuuii. teic lie equii-c1st pOillt tot the two market 

ne:is is 5 ki west of the junction of Iliiglw:\' 3 ard 
lighiway 5. At te inmctio, litaptucunfi lite would cost 
S1.88/nt and Pedro Jualn ('aballero little would cost 
M$ I.48/m t. Farmers livin soith of this jtnctioi could 
purchase l'rmii uitil little receivedeither poducer through
 
Sai Pedro pr[empted the iiarket. If' fite Vallemi deposit is
 
tihe Soulce tltA is developed, tlieii the e(lui-cost ptoint shifts
 

28 km west of the Ottetioti. No estimate ias been made of 
the (lUmtitv of lime requited lv each of" the three 
deptitleilts in the northern agtictultuial zone. if' it even
tually apptears feasible to develop a liutest ie intdustry at 
Pedro Jrat Caballero, as well as on liil the Paia uav River, 
the si.e of each irlitket should be estittuated carefully 
btefre crushiug and griliding eqtipment is ordeied. 

recommend that private interests develop an agri

cu1ltural limestone industry for northe, m Paraguay with 

quarries located at Ital)i.curmi and Pedro Juan Caballero-if 

the deposit at this latter location proves feasible for 
development. The GOP should be prepared to prodtce lime 

at Vallemi if the Itapucui i venture does not materialize. 
The develOlnelt of' tilernotieri :agricultttrl: zone for tile 
productit of crops is veiy depeidetf ipoll a e:isOtnahle 

coSt for auicultural liimestone. Ifluarries illdigCtlotiS to the 

:iea cantnot produce tilelime, theit GOP should cousider 

suhbsidiziti2 pit of' tiletralsportationl fol lime ploC,.,:t 

ducedI :,ttit. ( ; O (viedo, pmnri,.s. 

Atpplicaii.o 

Very little comnent will be made about the actial 
application of limestone to fields. For very small fields and 

farns without mechanizatioun, it is assumed that rmost of 
the limte wvill be broadcast by hand. Farmers with very large 
at fully mecianized uuperafions can afford to pu rchiase 

applicatolrs tlmt can be used for both lime aitl fettilizer . 

ltet,'eeI the e.treuies W."!l;M\' fl)ieS \\'It() have fields 

large etnuutlm t, 'hlu:uhll'd uuechi nutuiIl 1Ut \\h'iuc:'tnu1t 
Itstit' ,u'rslu . , t .i.ti ll 'qulpc it. i 'nettVt 

mte''ltiihuiit'ui is pitssil'ie. ,,lg,. hut' aunh f'etlihit'r 
dealers or private entrpWreteUis night ilve.st i allpplication 

,qtiulIment. A1l1iM):tts then woul eithit'r be leased to 

fIariiers or t's' could be used to custon alpply litte alid 
fertilizel. 
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Conservation of Resources 

Paraguay is not noted for ample supplies of mittieral 
resources but rather for the Opposite. Possibly, lack of 
detailed mappitig of the geology t'the counltry has led to 
the assunption that mineral lesoulrces alre lacking: possibly 
tilecotItry actuadl is deficient. everthelCss. tle tniteral 
resources known to exist, such islinestte, should be 
mataged wisely. The GOP could well establish tujidelintes 
for private investols to follow. Included would be cotisel-
vative tItanagentent of the litmestone deposits. 

II tie United States a pititary[use for litlestotue is as 
aggregtte For stabiliitng highways. tndersize material is 
ground into agricultural liestotne. This dual use grcatly 
increases the qtt:lttity Of stotte thlt tust le IIZlndIed. More 
cottplete itelChatti/:ttitt is possible attd tuse of l rger 
equipmett reduces the iit cost )f productitmi. Iuar~ettv 
.iSO tteedsaercgate for ligh\t"wv cottstrt,2tiott but coitsrva-
tion of resotces detuands, that the ltinesiottC le reserved 
for those uses where it dahlte serve,Wvill 


Limestone is needed bothI for agricultutal purposes ;tiid 

for use it tottat. Ilere anain it is possible to cotserve 
mineral resources. Sotltle of the limestone itt the ('orottel 
OViedO deposits cOtItitIs SNill ant is of"phIosphIa te. ThIte 
phosphate is of to valte ill tileilttriar but of ittodeIate 
valie whent applied to phtosliol rus-deficien t soils. This 
piosphatic litItestone, ithereftoe, shlld be reserved for 
agzricul tural lilnestiute. 

At tihe ltacit a qitrry, oMerburdet is beiitg disc:rded IS 
clayey material of' ito value. Actually, itis a rather high 
grade dhil k quite suit:ible fIo linting puutfposes. Grinding 
costs xvould be nlitiutal. Tints, itIstead 0If beiig discarded, 
tilematerial s uld he stockpiled util it ca be processed 
aInd sold for agrictiltural litte. Silili ny, dolIttuite used for 
road aggregate at the GOP tamry At Valleitti sltotld be 
reserved fr a f'uttutre tteed as lgricuilttral little. 

FEASIBILITY OF DOMESTIC 
PRODUCTION OF FERTILIZER 

The production of ()SP involves one of [ie simplest 
fertilizer processes aid it could have potential inldevelopitig 
countries if raw tniaterials were available. I lowever, 
Paraguay has no kntownt resitolrces of piospiate rock for 
comtercial exploitationIatd to kntown deposits Of sulfur 
for sulfuric acid production. It is techtically teasible to 
operate ainOSP plant wili imported tock anIII suitlluric acid. 
An estimate xwas tade t0 dc terrnitcleh ecottitiC fei-
hiliv (istich aIl Opetatioti itt Asunciot. The plant was si/ed 
to produce 14,000 I.0s/year because phosphate needstill 


Sooiw\'ill be this high soon after 0I980 (tale 21) ). - 1) , 0C 
Table 55 sltows that domestic prOtductuittof 2(s is 

ttore tlant twice as expensive as imtiportationu. The IttOllestic 
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cost is based outitportin* both tIe phosphate tock anld til 
sulfuric acid (table A-8f. Should a hlpoit of tuck phos 
pitate he discovCred in Palagtlla ud this it)ckchaired itltl 
the plant a S5.50/itn (equal to t1tC 11ire1 cost of toct 
plIOsplatc :11 th,.e sitL. c ost o1' ()SI' could h(Mile.' the 
reduced to S222.5,1t P(, (hulk). 'lhits still is ,O,'m 
above the cost Oft tinitp ed phosphate.Tilt. lisc,\ve'uv ol 
photsphate deposits of citttunctcil grade witlm Patlauntm 
would ftot necessarily lead to lower costs lot tertiliet. 

An alternative routc to reducing tilecost of (OSI'is 1( 
lower the cost of sutlfuti. The cost estittuate in t:ihle 55 wa, 
based of] sitlfturic acid imported I'trou tlletos Aires 

letnetntal sulfur puichuased ti the wor!d 1tt:urket atd 
cotiverted into sulfutic acid at a platit ih Asutnicion is :tt 
:lternative. As shown itt table 56, tile cost of phosphate still 
vtuld he 50'; titore than imported POs . A 5W; reduction 
in tile world price of elemnental sulfur lowers phosphlte 
production costs less than $14/mt P()s. It is not likely 
tha1t world sulfuir prices will fall this low for ally susthliuted 
period tf tittle. hIle oilter possibility is to liscover stultfutr itt 
I:raguiay attd use it (at current world prices) to it0tu
facture OSP. Again. as table 56 shows, cost Of tileP,0, 

S60/1tt th1tan1still is aboutt higher imported P2 O5. Unless 
both phosphate rock and elemental sulIfur are discovered in 
commercial deposits in Paraguay, we do not recondeu 
that phosphate fertilizer be manufactured within the 

Table 55. Estimated Cost of
 
Phosphate (from tables A-8 and A-0)
 

Costa
 
Type & source Analysis S/st S/rt
 
of phosphate IN-P.05 -K material P
2 0 )  2 0. 
Ordinary superphosphate
 
produced in Paraguay 0-20-0 68.92 344.60
 

Triple superphosphate 
imported into Paraguay 0-46-0 74.86 162.74 
ulltk hasis. 

Table 56. Effect of Sulfur Cost oil Phosphate 
Prodction Cost (from tables A-8 and A-9 

- an, additional calcu lations) 

Phosphate 
Cost of sulfur Production cost production costa 

FOB mine Delivered 93% acid OSP PO 
S/mt 

- - 8 8 .50b 68.92 344.60 
38.OOC 79.25 39.77 49.46 247.30 
19. 00" 58.35 32.91 46.71 233.5b 
38.00 e 40.00 26.90 44.31 221.55 

diulik basis.
 
tSitiuc ;iciu impoirted frtt Ihentos Aires.
(u rr e n t w orld p r i 
(One-ha' of'itcurrent world price. 
l'iEstintted vthit ' i digCnoitS sttll'tl. 

btutrrt' acid ice e.: 



country. This statement is in accord with other TVA cost 
estintates that show that countries with a demand of' less 

than I00 nit/day of'.O5 table 2) shows that Paraguay 
has a demand of 38.9 urt/day il 19SO should iniport 
finished fertilier naterials (37. 49, 40). 

'mhoi domestic production of' nitrogen fertilizer should 

not be attemLpted since aNI ateials such as natural gas,,, 
naphth:,. coal, or byproudtct Iyd~rgeu are not available in 
Paraguay. It some of these raw materials ate found ill tile 

I'luture and the fertilizer detand continues to increase as 
e~qpccted, ufther ecottoutilc feasibility studies shoulld be 

muade at that timte. Paraguay has no knowtn reserves of' 
potash. The nitrogen. phosphalte, and potassium fertilizers 
for Paraguay must continue to be imported. 

FERTILIZER IMPORTATION IN BAGS 

OR IN BULK BY VARIOUS ROUTES 


landling fertilizer, ilt bags, rather thain in bulk, adds 
measurably to their cost. Also, consistently imptorting by a 
single route sometimes results itt higher costs through 
f:iilure to take advattage of' competitiou for business. Still 
another factor adding to tlte Itter's cost of' fertilizer is 

warehousing virtually all fertilizers ill Asutucion. True 
trattsportation costs ill Paraguay are ahmost imipossible to 
determine. It is faitrly obvious. however, that transportinig a 
oun of' fertilizer trout Asunitciott to ('olotel Oviedo or to atty 

other locality ,one bag at a titme is more costly than 
transporting tile entire on at one time. Although this 

examtple is extretlie, it does illustrate thle effect of' celt
tralized warehousing. Dispersed warehousing is advaita
geous to the farmer. All these factors were considered int a 
single analysis to determine the costs of' ittiported feiti
liers. The cost of using U.S. f'lagships, as cotntrasted to 
foreigit flagships, was estimttaed at [lie saute titie. 

The cost of' five gratillar fertilizer utateiials urea, AS, 
TSP, DIAP, amid KCI delivered to various poilits itt Palaguliy 
was deternmined. The fertilizer was assunmed to be from the 

Glf ('oast, U.S.A. F0OB prices were chtosent to refi1Le 
quotations expected to prevail in the Luture. At present, 
prices are somuewhat lower due to a depressed mta rke t 
situation but they arie nuot expected to remuaitn at tltis low 
level. 1-O1 prices per nuetric tout of' bulk matemrial were: 
Urea, S47; TSP. 532 K('I, S27 I)AP. S50: illd AS, 

cost of SI 8/mtt was added for bagged 'ertilizer. Shippling ill 
both U.S: atd 'oreign flagships was used to delerntine C'1I 
Costs for each of' tIe rites itnto Pllaragt:uv. Delivered costs 
(('IF costs, lgirt Costs, tratst'ot tatiom. anud hiauudhitum costs I-'' 
were thei detrminted to six selected market points. 

Sevent import routes were cousidered. Fertilizer was 
riuted through the oceatn poits ut' either liientos Aires, 

Argentina, or Parauaguta, Brazil. Foul routtes stetuitted fromtn 
Butetos Aires: via liver to Asuncion and then truck to tle 

six distriltion points (route I ), via truck to Asuncion and 
oii to the six points (route 2). via rail to [-ncarinacion with 

continuation to tile rail depot nearest each of the six points 
plus truck foin the rail depot when necessariy (omte 3). 
and via river to [ticataciou and then truick (ouite 4). 
Fertilizer enterng tile porti at Paranagia was shipped by 

truck through Puerto lPresidente StiocsSitl,.r (totlic 5), by 
truck throui ledro .lu'an Caballero (routle 0i), o r . rail to 

Pedro .luan Caballero and truck for tihe remaiiitng distance 
(route 7).

The six distribution points aie shown on figme I I. They 

are Coronel Oviedo. ParIguari, San luau Iautista, Sall 
Pedro. Pedro Juan Caballe2ro, and IFucauacion. 0)nly 

Fcariucion is located on a river (tile Plaram). Boli 
E-ncarnacion and Paraguari are located oit the railroad. 

Regardless of tie route used or tile fertilizer considered, 
bulk importation is less exi-?tsive than bagged. These 
savings originate trout eliuination of bags and bagging 

costs- usually about SIS/nit of' fertilizer decreased trait 

portatiOt attd handling costs, tid lower clustomrs fees and 
port charges. Savings generally range from about S-10 to 

over SI 20/tnt of' plant tutrient (table 57). If' these 
differences prevail throughotut the next decade, the country
could save iiver SI8 tuillion just by changing to bulk 

htandling. Somie. blt mfot all, of these savings would be 
needed to instsall bulk handling Facilities at tile Asuncion 
and Ettcartacion ports and at tile various distributtion 
centers. (/A liscussion or landling fertilizers it bulk follows 
later.) We recommend that Faraguay import fertilizers in 
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Figure 11. Agricultural zones and 
fertilizer distribution centers 
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iBag!ed fertilizers are more Ceresive than hulk. 

bulk form just as soonl as facilities can be made available to 

handle the m., 


U.S. laws require th:t 50'i co"the ertilizer imported 
trnder tie a utspices of A l!). trsrrg itir..r uJ.S . i]:rrUr f nds or 

gra'rts, rnrust travel ir 1.5. flac',r<.,,,ipswhen+ these airc 

a+'.,ilahle. Shippi tngr ate s lkt ss ip*: n t h,
t ir e.e L r. irh e r an fkr 

sh ips fly ing a rein r lat . ,\la.rey tire fees :,rrgaitIfo oel ,eh d tire 
en try bas:++e salesport of arc,. d. or ( li:Vs.t e . M ar k rp. 

con rrIJs ir t ire chaie > ai' IC e tr ' io rr, al i sev er al i .r :r ,.e V, hs: n 11'2" 
,,':rd t re n . tire r- tr +re o r c rosof re t ni,'elhn -,, ic h~e eichn cts', 
ha ve a a+ ,k. , , i in t + We,csc: rdir r, e lf .t ;r s. sb' .': :ir 5> 

rec o ni ',- jt 1hat , mrru r tili, ,"is, +,! e ortrrc f +.i'<
r hit,. iO. 

iv ate dt d s e d w+. 

e a1 ,ws'.r ed'c 
w it h pr mm';; All) fu n~ sh+,t hid u s:e h e nl 
co m'pe titive tbicldin, lts in deliv,.ere df th i tare low er,re s+u .Tirsti, 
evert though tr anlsp ortation i U. S. ffl.n+hip+isp'o vikte3* (r 
as a last r e's Crrids.ort lor 

Tire route us-ed to is rtiiiport fertili/ers :.i itir,,rt 

F aLctor to be considered in reduciug tie c€:r ,iftire icr tfli,cr.
 
Lizch of tire 50t.(63 !
+ollowioc rtrles it:,hho c','ro,,K 

cost ~f irtpo:tirre a sint ,lerr:terkia ure:r, A S., iK(i. and!,I SI, 
I):\FP and trantspotrting it toithe 'six d.istribritirir center,, 

+
u ]iio tt c run y L CRPap pls 
t:rrs por-rta tiirr F' letue 

trrr tr ti re rtt T ire ti, h, r+il 
rini n os, Aire s Itohrrc ',rrrn ,rciorn (irm por t 

to tte 3,).('orrrpvrred , I tie nex t hirle -e o, rtun ,..tihe 
:
: rreivlt' :- rant i t ;i r nit. rrrt l l rrrt inl r ; e g e s o as' £ is S f' t " at e rnr
 
l ;
iiirl roe~r " rif twi ce.<. as.,S.aild t, over tLi,t,t it ro ,.er: 


.
t
i t ; i: tnrt u'clv. tir e.trar I :5 li ie orIc.r nrl 'r 0 ii;!ti
. d i rro+lt r f] 
c t i : /,.+'rrIhref] I : n+ r li . 5..oone lirrie''.;to.I2).':>.+i; c- ',
 

no.be)" ci~lir red.] t nrtrt cl iart ri nd,: ' ir'+]
. rr s i trat ees+' +i f 'i r r i dt. 
i rlcica'.e. " ire preset.irt c rrrrr 1e rt oor W .5e,.'ee.irive 'ilb 'dL \:ririale .,s 

r id ;'etr aps,,K: +: e ntirely'. Threref re. s.o, .',.I.: 

l e ri.'il ' r~lrrp"r " ." for trt ; r"' ].+l i~:..vat, !t 



It mnust be noted. howevoi, that rail trlansportatioIt of 

bagged fertilizers is feasible. Route 3 is the L.CR for hagged 

fertilizers regardless of destination. Freighi s:ivinps (11 a 

I .000-mt shiptilent into Iar:i\:y shMld he at least 6,()00 
collip:mled to shipmlent by 

A- 0 -A-I1(1). 
The [ ]lughist-c roinext ost 

L('R tOr bulk fertiliZers. li 
(LCl-b:ig) and I ('l-hulk arc 

boIat to ..\sllu.cioII (otle, 

1 Il bc co sidrCC ;, the 

tble .:, both 3i-(3. iolle 
piitiled in bold rp,. A quick 

gl.ttce show,s th tile tpe tlbulk ietilizer does not affect 

the import route but the destinitio does. (This statemeit 

is valid only ,1neCi all lertilizers depal the t iiited States 

Table 57. Estilnated Cost of IPlant Nutrients, 
Bagged Versus Bull, (from tables A-10 to A-h6) 

Plant Source Cost a 

nutrient material Bagged 3lk Dif ference 
S/lot 

N Urea 272.00 215.42 56.58 
N AS 384.97 262.16 122.81 
P, 0j TSP 230.86 174.78 56.08 
K,0 KCI 167.80 124.82 42.98 

:'Men 1',ti t'crtili/ci illiporild Iv tile L R to ,i\ ditIlbtilioll CCIels, 

railt hoiul t hjc 1111.1Ci1011tiLIC1S .\iICx e\tL-j)ICt. 

Fable 58. Estimated Cast of Plant Nutrients, 
U.S. 	 Flagship \ersus [oreign Flag 

(front tables A- 10 to A- 16) 
Plant Source Costa 

rlutrient material +U.S. _flag___ForeIgn flag Difference 
Sillt 

N Urea 260.47 215.A2 45.05 
N AS 358.73 262.16 96.5 / 

P, 0 TSP 218.87 16 7.48 51.39 
120 KCI 158.62 124,82 34.80 

'Mean I'm bulk tertiticr impo led h\ th, 1.(1 to i\ dirilItloll 
centers, rail 1'r011I clo, .\licS to E'AnU i.l~ oii Cxcc'lctl. 

flol polts in the s:tue genleral area -_st Coast. (ulf Coast. 

01 West Coast.) [or tile six destination. tour diferent 

tonles should be used. The only (list]ibutioll Cente to 

which tratnsport tp tile ParIta :Ind Parati_:is Rivers (route I 

0l tile plesent systeli ) qualifies a, the I CR-bull iS 

I:ira unri. lertilizer I .ih:Iicd tol S:itl u:II lautista :ild 

:l c: it:ll iso sl ild , roi teilot Le Buetlo>: Atiesbe hr 

:1t1d u1p tile il'ran:l Ri\el hut it, l.c lllt:nlciw , not 

AsuInjoll. Th,+ quantity 01fertili/er that %%ill he ued i e 

sonthern awricultural /ole w\:rlllts iist:iikition tatbltk

iaidlinig fticilitie :t tIlelipmt ill l:icrn:iciol. 

I-Or the Other tletC distribItiOn centers, l.CR-bnlk 

depenids upoit tile port at Il:'raiagta rather than at Ilelltos 
Aires. Trncking the fertilizer trolh Paral:igllA is tile cheapest 
transport mnode to Coionel Uviedo and Satl led.o. Rail is 

cheaper than truck when, Pedro Juan Caballero is [lie 

destination. 
',e recommenld that fertilizer be warelioused thirugIOIt 

the country rather than at Asuncion and that the fertilizer 
he imported via tile LCR for each of the distribution 

centers. 
Fertilizer does not have the same delivered ,'ost at each 

of" the distribution celltels. The cost at Smili I'edro is about 

0", greater thalat at lIcariacion . It is possible to equalize 

tile delivered Cost throughout tie country and this is dotne 
ill nluily countries for lnlaly cotmltodities. With a disparity 
of only 20"(, we do not believe that equalization of 

fertilizer prices is necessary. 

Many technical pol.lenlis will be enconltered as tile 
colltly moves into a progrll of lnldlinlg lrtilizers in 

hulk. I.quipment to hattdle such fertilizers at tile Asuncion 
atid Fncarnacion ports has beetI suggested but it was 

bevold the scope of this report to specify the exact itettis, 
size, and cost of such equipuett..Sinuilarly. sotte nlodili

cations itt ships attd baLges probably would be desitmable to 
better adapt thetil to ti:illspoltitir" bul k fertilizers. \a inll, it 

as Urea (4 5 -0-0)aTable 59. Estimated Cost of Nitrogen Imported 

Distribution center 
Pedro Juan San Coronel San Jualn 

Route & tescription 

Via Buenos Aires-Asuncion 
1 Boat 
2 Truck 

Via Buenos Aires-Encarnacion 
3 Rail 

4 Boat 

Via Parianagua-Puertc Presirente Stroes:ner 

5 TI uck 

Via Paranagua-Pedro Juan Caballero 

6 Truck 
-7 Rail 
lilasediion bulk Imllt'rial trausported ill tocigntll 

Caballero Pedro Oviedo Paraguari Bau tista Encarnacion 
S/m t 

255.56 240.29 214.53 211.18 218.80 228.78 
279.53 264.27 228.51 235.16 242.78 252.76 

219.38 204.73 182.51 178.76 183.11 173.24 

260.27 245.64 224.71 218.80 211.18 201.20 

246.93 232.31 211.40 217.09 224.71 234.69 

229.76 251 .64 265.31 274.70 278.84 288.82 
225.22 247.11 260.78 269.87 274.31 284.29 

lphl!s (l:utel .. ,\-1I0 to A- 161. 
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Table 60. Estimated Cost of Nitrogen Imported as Ammo0im Sl.lalle.(2.1.0-0
 

Route & description 

Via Buenos Aires-Asuncio60 

1 Boat 

2 Truck 

Via Buenos Aires-Encarnacion
 
3 Rail 

4 Boat 

Via Paranagua-Puerto Pi esidente Stroessner 
5 Truck 

Via Paranagua-Pedro Juan Caballero 
6 Truck 
7 Rail 

)See toutnote tle"ab 59. 

Distribution center 
Pedro Juan
Caballero 

San 
Pecho 

CoronetOviedo Parauari Sa) JuanBautista Encarnacion 

S/mr 

348.19 
399.62 

315.48 
366.90 

260.29 
311.71 

253.10 
304.52 

269.43 
320.86 

290.81 

342.24 

270.67 
358.29 

239.29 
326.95 

191.67 
282.10 

183.62 
269.43 

192.95 
253.10 

171.81 
231.71 

329.67 298.33 253.52 265.71 282.05 303.43 

292.86 
283.1,S 

339.76 
330.10 

369.05 
359.38 

388.52 
378.86 

398.05 
388.38 

419,43 
409.76 

Table 61. Estimated Cost of Phosphate Imported as Triple Superphosphate (0.46.0)a 

Route & description 

Via Buenos Aires-Asuncion
 
1 Boat 
2 Truck 


Via Buenos Aires-Encarnacion
 
3 Pail 

4 Boat 


Via Paranagua-Puerto Presidente Stroessner
 
5 Truck 


Via Paranagua-Pedro Juan Caballero
 
6 Truck 

7 Rail 


,l,:Se " I lIc 59.t otnon' " 

Pedro Juan 
Caballero 

214.04 


237.52 


178.67 


218.65 


205.61 


188.83 


184.39 


was not possible in this ,udy to investigate these kinds of 
details. 

We recommend that a detailed study be made of tile 
facilities and equipment needed to handle fertilizers inbUlk 
from the ocean ports to the warehouses inParagtuay. 

DISTRIBUTION AND MARKETING 
OF IMPORTED FERT!LIZERS 


It maj;been shownm that lettit/ers impo)rted in ball, awe 
less expensive thain feltilizers imlported ill bgs. Siniilarly, 
costs wre decreased when fetilizers :irc imnportcd via time
LCR to distribUtim)r, c-cierS diSpersed thlirhM1lmotm the 
COntit. ()Ie a;ai).io'tlrtlCi P)ossibly shlitnld have been 

lade; this would have coimpared the ofcost mixed 

Distribution center 
San 

Pedro 
Coronel 
Oviedo Paraguari 

San Juan 
Bautista Ericarnacion 

S/mt 

199.11 173.91 170.63 178,09 187.85 
222.59 197.39 194.11 201.57 211.33 

164.35 142.61 
 138.93 143.20 
 133.54
 
204.35 183.87 
 178.09 170.63 
 160.87
 

191.30 170.85 176.41 
 183.87 193.63
 

210.24 223.61 
 232.50 236.85 246.61
 
205.80 219.i7 
 228.07 232.41 
 242.i17
 

fertilizers wilh straight materials. The price ol* a mixed 
fertilizer is based on the a11oun.1t of each pInt nouliet 
present- plus many additional factors- bt i ltot lnoted in 
Iis way.Only the filtisummation isquoted. This makcs i. 
impossible to compare tlie l)ricC of two dilfe renl rn210d,, d 
mixed lertilizers nless the grades 
 have lie s:oo. 
N:l)2OS'K2 ratio. For this reaison, all compimis hm-above
have been based on straight materials nrea. AS. TSP , am:J 
K(1. Genicallv. it cm be a~slmed th1:t mixed lell1.1;if..e , 
ll )tor expensive lhauw stnlalo hl oat .mllJ', e o:,.' I,.
additional operatlmls relttired to biig tllt u . . . 
ingledients togetier illone hocatioii md nix hc ut t
frmily to a preselected grade. 

In Imn.sitations ftlxed fertilizers ae wtil ti1we 
additimwil ost. Thrc .1me,,ml(e dolt agtrnontli ,' . 
wheit nilrtogen and phosphors are presil illtile st1.' 
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0-0-60)a
 Table 62. Estimated Cost of Potash Imported as Muriate of Potash 

Route & description 

Via Bunos Aires-Asircion 
1 Bo3t 

2 Truck 

\,[I Duenos Aires-Encarnacion 
3 Rail 
4 Boat 

Via Paranagua-Puerto Presidente Stroessner 
5 Truck 

Via Paranagua-Pedho Juan Caballero 
6 Truck 
7 Rail 

;'Seet,ftootro "a" tablt. 59. 

Distribution center 

Pedro Juan San Coronel San Juan 

Caballero Pedro Oviedo Paraguari Bautista Encarnacion 
S/nit 

154.92 143.47 124.15 121.63 127.35 134.83 

172.92 161.47 142.15 139.63 145.35 152.83 

127.78 116.80 100.13 97.32 100.58 93.18 

158.45 147.48 121.78 127.35 121.63 114.15 

148.47 137.50 121.82 126.08 131.80 139.28 

135.58 152.00 162.25 169.07 172.40 179.88 

132.18 148.60 158.85 165.67 169.00 176.48 

as Dianinonium Phosphate (18-46-0)a 
Table 63. Estimated Cost of Nitrogen and Phosphate Imported 

Route & description 

Via Buenos Aires-Asti cion 

1 Boat 
2 Truck 

Via Buenos Aires-Encarnacion 
3 Rail 


4 Boat 

Via Paranagua-Puerto Presidente Stroessner 

5 Truck 

Via Paranagua-Pedro Juan Caballero 

6 Truck 
7 Rail 

ISete footnote "3" tahl 59. 

Pedro Juan 


Caballero 


118.31 
129.10 

102.03 


120.43 

114.43 

106.70 
104.67 

granule. Whent only a very small amount of fertilizer is 

needed. it is simpler and more economical to purchase one 

bag of mixed fertilizer rather than one bag each of the three 

straight materials required to prepare a mixture. Similarly, 

educational programs for farmers are easier to conduct 

when all that is necessary is to recommend three bags of 
fertilizer (mixed) per hiectare rather than I-1/2 bags of tirea, 
2/3 bag of TSP, and 5/6 bag of KCl. 

A fertilizer program based on mixtures, however, 

requires a large number of diflererti ratios or grades in order 

for each field to be fertilized according to its fertility 
characteristics and the crop to be grown. Thus, inaddition 

to the higher initial cost of mixed fertilizers, there must be 

added the higher cost of maimiaining an inventory of' many 
different mixtures and of' otdring smaller quattities of the 

several mixtures. 

Distribution center 
San Coronel San Juan 

Pedro Oviedo Paraguari Bautista Encarnacion 

S/mt 

111.44 99.85 98.34 101.77 106.26 

122.23 110.64 109.13 112.56 117.05 

83.75 81.27
95.44 85.44 85.71 


113.85 104.43 101.77 98.34 93.85 

107.85 98.44 101.00 104.43 108.92 

116.55 122.70 126.79 128.79 133.28 

114.52 120.67 124.76 126.76 131.25 

One way to solve the dilemnia of the high cost of 

bagged, mixed fertilizers versus the difficulty of applying 

the proper amount of each of several straight materials is to 

purchase straight materials in bulk and blend them inas 

many different ratios as are needed. The blended material 

can be sold to the cutloner inbulk if he is able to handle it 
in that form or it can be iagged for those who so prefer. 
Fertilizer bagged in the country of use rather than the 

Paoraginnacos aid liowerlabor costs. 
l'ar:iguav already has reached the poilt that hulk 

is feasible. This was the cotclusion of' tileblending 
6 7 113) and of AdelaBNE-Arihu 1). L.ittle study in 100

Investueni Company in l170 (44). An immediate ald 

complete clatge to bulk materials is not possible but the 
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change should be expedi.ed and made as Soon as possible.
The ports at Encarnacion and Asuncion need to install 
facilities for handling bulk fertilizers before it is feasible to
import bulk materials through Buenos Aires. For materials 
that can be received through Paraa'a,n ro delay is 
necessary. Nitroquimica Paraguay is piauing to obtain bulk 
material from Parariagta for itsbleiding plant iii Asuncion. 

We recommend blending in Paraguay of the bulk 
fertilizer imported into tile country, 

Number, Location, and 
Size of Bulk-Blending Plants 

Blending plants in tire United States normally service
only farmers within a radius of 15-20 miles (24-32 kin) of 
the plant. It Paraguay, settle'ment of lard still is sparse and
tends to occur in long, narrow bands along roads. Tile Plan 
Triangulo investigation showed that almost all land cleaed 
for cultivation is located within 10 ki of an existing road
(12). Thus, bulk-blending plants in Paraguay must serve 
rectangular areas. The average length of haul in a rectan-
gular service area is greater than in a circular area of tile 
same hectarage. This average length of haul incre-ses 
exponentially as tile length of tlie rectangle increases in 
proportion to its width. Therefore, rectangles should be 
kept as short and as wide is possible but not to tileextent 
that economy of distribution reduces tileecononiy of 
production that is attained by keeping plant size large. Most 
solutions that consider econoNmy of di-;tributioi simulta-
neouisly with econourv of size show thi1it several mediii-
sized plants :ire more ecoiomical than a single very large
plant. 

Another factor that proniotes more, rather than fewer,blending plants is the cOmparative cost of transporting raw 
materials and finished products. Raw materials for blending
will be handled in bulk, using trucks up to 30 rut il 
capacity for highway transit. Tile blended product, both in 
bulk aiid in bags, will be handled in IO-nrt or smaller trucks. 
Although present rate schedules do not use load size as a
rate-determining faclor, interviews with trucking firms 

showed 
 they were willing to negotiate lower fees for large

volume. Thus, costs 
 can be minimized by hauling raw 

material as far as possible and blended product 
as little as
possible. 

The nuniber, size, and location of bulk-blending plants

needed to minirize 
 tie cost of fertilizer delivered to

farmers' fields could be determined very precisely it'
factors. 

such as fairm location, rate of fertilizer use, cost of

fertilizer, trarisrortation, arid imarkup 
 oi other charges, 

were known. Lacking these data, Ilalternative nmethod of" 

determining 
 the size and location1 of plants was used. That 
is, fertilizer needs for various areas of the country for 10175 
and 1980 were estiiated. An assuiption was made that 
fertilizer intended for use ol wheat would be applied it' 

bulk and that intended fIr all other crops would be bagged.
A I-nit rotary mixer can blend 20 nit/hour or 200 fit in a
I0-hour day. Assuming furlher that 60 day,; are available 
each fall for applying fertilizer to wheat. a plaiint can 
produce 12,000 it of bulk-blended fert lizer for bulk 
application. (During tile remailder of the year. the plant
could produce up to 54,000 it of' bagged blends.) Larger
mixers ale ;Vailable and could be used but liocation of the 
plant and the market lst be considered before deciding 

oil plant size.By 1975 estimated fertilizer require.,-nts for wheat are 
25,151 nit (table 47). This estimate is based on using 
am onium sulflte, diailinioninnl phosphate, and mtriateof potash as tilenutrient sources. As shown in table 43.
however, wheat liectarage is about equally divided among
the three agricultural zones ineastern Paraguay. Fertilizer
nutrient requirements for wheat-soybeans in each of these 
areas in 1975 are 8,585. 9,344, and 7,222 rut (table 47).
These requirements could be satisfied by a I-mnt mixer in
each zone; area fertilizer requirement,; for otheli crops do 
not exceed the annual capacity of a plant of this size. 

Before speciling the location of plants for 1975,
projected fertilizer requirements in 1980 for wheat and 
other crops were also considered (table 47). As expected.
fertilizer blends needed for wheat-soybeans exceeded the 
production limits imposed by a I-nit mixer. By 1980, each
of the three zones will require either two bulk-blending
plants or a larger mixer in the original planrt. Again, analysis
of length of haul and size of the market shows that two 
medium-sized plants per zone would be more otoniomical 
than one very large plant. Thus, the location of the first 
three plants must be selected to allow for aii additional 
plant in each area by 1980.
 

Fertilizer demand 
 is greatest in the central zone and a
plant for thi area should be co,structed as assoon 
possible. We suggest 1972 as the target (late and suggest

Cororel Oviedo as the location. A plant located here is at
 
tilevery center of eastern PaLagttay and can ship product
north to San Pedro, south to Villarrica, east to Puerto
 
Presidente Stroessner, aid west 
 to San [ renzo. As srown
 
in table 64, the production capacity for fertilizer blends for
 
wheat-soybeans 
 will be reached in about 1975. A second
 
plant will be needed in the area 
 for the 1970 season. We 
suggest that this plant be located at Paraguari. By 198 
even this plant will be operating at capacity and a third 
plat should be considered for the area. San Lorez/o would 
be a possible location but a re-evaluation offlertilize 
demand in the area at that time could show that the lhird 
p1laiii should be lOcated at Puerto Presidenic Stroessier. 

For the southern area we suggest paits at Sari Juiai 
Bautista and F'ucarnuacioni. The plant at San Juan Bautis a 
should be constructed first. We suggest that this plamt be
placed in operation by 1973. Nitroquimica Paraguay
presently is establishing Iblending plant ii AsUmucion aid 
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Table 64. Location and Estimated Production Volume of Blending Plants 
Date 

Plant location needed 

Northern zone 
Pedro Juan Caballero 1974 

San Pedro 1976 

Central zone 
Coronel Oviedo 1972 

Paraguari 1976 

Southern zone 
San Juan Bautista 1973 

Encarnacion 1977 

expects to be in operation in 1971. We suggest that trial 
shipments of blended fertilizers be made to the Misione 
area in 1971 and 1972 to establish farmer acceptance of 
bulk application. (Whether the company moves its plant to 
this or sonie other area or establishes additional plants is 
not germane to this report.) According to our estimates, 
demands should exceed produc tion limitations by 1977 and 
a new plant will be needed. We suggest that this second 
plant be located at Encarnacion in order to redtIce the 
hauling distance for farmers to the south and east of San 
Juan Bautista. 

In the northern zone, only dirt roads exist and settle-
ments are widely scattered. Nevertheless, fertilizer ishauled 
from AsunLciunl to the various colonies and even to Pedro 
Juan Caballero for use on wheat and coffee. A bulk-
blending plant at Coronel Oviedo is in a better position 
than warehouses in Asutcion to supply this northern area. 
However, the Coronel Oviedo plant cannot long supply 
both areas. Thus we suggest that a plant be constructed at 
Pedro Juan Caballero in 1974 and another at San Pedro in 
1976. 

We recommend that six bulk-blending plants be con-
structeCd in eastern Paraguay during the next decade. The 
size of the plants will be large by U.S. standards but size is 
controlled by the amnotnt of fertilizer that must be blended 
for fIarmers in the area serviced by the plant. The location 

Volume 
Crop 1975 1980 

mt 

Wheat/soybean 8,585 8,238 
Other 2,403 2,543 
Total 10,988 10,781 

Wheat/soybean - 8,752 
Other 3,142 
Total - 11,894 

Wheat/soybean 9,344 7,832 
Other 12,080 15,426 
Total 21,424 23,258 

Wheat/soybean - 10,904 
Other 15,085 
Total - 25,989 

Wheat/soybean 7,222 7,923 
Other 6,462 5,907 
Total 13,684 13,830 

Wheat/soybean - 6,744 
Other 10,167 
Total 16,911 

of the plants, except for the first two or three, can only be 
predicted at this time. As the need for another plant 
develops, its best location will be fairly obvious. 

Cost and Operation of
 
Bulk-Blending Plants
 

A bulk-blending fertilizer process consists of physically 
mixing dry solid materials to produce products of different 
N, P105, and KO contents. Formulations are readily 
changed to meet the t :iand. Bulk blending works best 
with materials that are l lll granulated, closely sized, and 
sufliciently dry and st ing so that they do not cake or 
deteriorate during storage and handling. 'he particle size of 
the materials used in blending should be 6- to 16-mesh, 
with only innor fractions above or below these specifi
cations. Specifications of some materials used in bulk 
blending are given in table 65. No chemical reaction 
between the materials should occur duriIg or after mixing. 

When a bulk-hlending plant for a particular area is being 
considered, one of the most important factors is the 
availability and cost of raw materials. As seen in table 57, 
shipmen. of the lower grade anunonium sulfate (21% N) 
over the long distance to Paraguay puts this material in a 
poor competitive position with urea (45% N) on a cost per 
unit nitrogen basis. However, in a developing country, such 
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Table 65. Typical Specifications for Sonic Materials Used in Bull. Bl L2J 
Apparent Tyler screen range 
specific Grade -6 -8 -10 Particle 

Material gravity (N.P, CKO) 46 48 -110 416 -16 shape 

Urea prills, unconditioned 1.32 46-0-0 

Urea prills, conditioned 1.32 45-0-0 

Ammonium sulfate, flakes 1.64 21-0-0 
Ammonium sulfate, crystals 1.75 21-0-0 
Diammonium phosphate, granular 1.63 18-46-0 
Triple superphosphate, granular 2.12 0-46-0 
Potassium chloride 
Flotation product, granular 
Flotation product, coarse 
Solution rounded crystals 
Compacted flakes 

Filler 
Crushed limestone 

as Paraguay, fewer problems 

1.97 0-0-60 
- 0-0-60 

1.93 0-0-62 
1.96 0-0-60 

2.53 0-0-0 

are expected in handling this 
material compared with urea. First operation in the country 
should begin with materials that are easiest to handle. 
Therefore, ainmonium sulrate lrobably should be used 
until experience in handling and storing urea iii bulk can be 
obtained. Small test shipments of bulk urea could be urade 
to gain experience and confidence ini handling and storing 
this material. Tests are currently under way in various parts 
of tihe world to define problems that may develop with 
bulk shipments of urea. No serhtus difficulties with bulk 
shipment of the othter materials used in bulk blending ire 
expected. 

A bulk-blending pl ant consists basically of a raw 
material handling and storage system, metering or 
measuring devices for raw materials, a mixer, and a product 
handling system. Most plants have facilities for bagging a 
po tion of tire pro'tct. Some companies offer package bulk 
blending plants in tire United States of various designs; 
however, many plants have been designed for specific 
locations and built for special applications. Consequently, 
the plants in use vary considerably iii design and operation 
(I). 

Storage buildings for raw materials are of two general 
types, ground storage and vertical storage. GrounId storage 
is used mo;t frequently and materials are stored iii 
conmpartmented bins that are accessible by several methods. 
Conveyors of a belt, screw, or bucket type can be used to 
fill tire bins; tire methiod chosen will depend upon the 
transport system for getting raw materials to tile plant, 
Materials iii modern plants are generally delivered to tIre 
weighing system by a scoop truck or front-end loader. Ii 
vertical storage, raw materials are stored in above-ground 

Wt % 
0 1 17 78 4 Extremely 

well rounded 
0 0 1 94 5 Extremely 

well rounded 
0 6 46 41 7 Irregula 
0 2 38 51 9 Rounded 
0 5 83 12 0 Well rounded 

<1 29 56 14 <1 Well rounded 

2 36 52 10 0 Blocky 
0 0 19 51 30 Blocky 
0 5 29 58 8 Well rounded 
0 14 65 20 1 Irregular 

0 9 60 26 5 Irregular 

compartuien led bins that are filled by elevators. Materials 
then flow by gravity to the weighing and inixing system. 
Weighing or metering of raw materials can be accomplished 
in several ways. A weigh belt, weigh hipper, or any other 
convenient weighing device can be used. The front-entd 
loader can be weighed on platform scales. If calibrated 
accurately, a volumetric metering system would be 
satisfactory. 

One of the most popular mixers used in bulk blending is 
the iotary type. The mixer is similar to that used oni a 
concrete-mixing truck. TIe capacity ranges front I to 5 mt. 
Generally, a I-it mixer is capable of producinig 20 in t/hrotr 
of blended materi:l . The output, of course, depends on the 
time requirement for metering, mixing, and discharging. In 
efficient planits, this type cycle is about three minutes; the 
Mixing time is usually about one minute. A modified screw 
conveyor can also be used as a mixer; slots are cut in the 
flights to increase retention time and improve mixing. 
Another mixer in use has anil internal ribbon-type agitator 
for tumbling of the material and has a capacity of 1-4 nit. 
One of the simplest and most econonical mixing types is 
based on gravity flow to accomplishl tie mixing. Material is 
conveyed to the top of the vertical mixer (abot1 10 iiI high) 
after weighing. The material is released ard falls do-. nward 
thlough a torturous path a!Tu riixing is accoimplislhed. These 
mixers can be coristructed of wood for about SI .0() il tihe 
United States. TVA designed it mixer of this type aid 
specifications may be obtained by writing to TVA. This 
type ofrmixer is readily adaptable tIm use iii developing 
counitries. 

Blended product from tlne mixer flows to a receiver such 
as a truck or to the bagging system. No unbagged piodrict 
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StOUlage is recomennl ded. T(o obtain niaxilurn ef'ficientv 

and econonty frolm a hulk-hihtid Opel.loln. raw Iatelials 

sloull be pechased in bulk and 'Alljiduct tarketed ill 

bulk. IIowevei, ill sotte aias it iNnt ,iNl to market all 
tileprod cti, i ill-k"hetlotc. , bim' L stl()1ll' 

recollIlelIdCd. leetniLed stl .,'C:paity 101 rJ 
lrlatellI ,IN u stu :.vavta1t11)(01 ilahilit,' .ollddepeids i J 
access t0 d livries. n tlil aid t,p.",fmateials oceded, 

and, of course, pl8t Itulptl . In sil ilc:ls wlle1e ltieidit is 
a large portiln of tile ,:tl laigcer sloii-ge is leconmillndcd. 

If stolaie is availabl,., eco110<tlics In votllne pulchlases can 
be realized. IhIo'vei, stoi ,,e letplilCs 8t relatively ligh 

capital ilivestlllelll and isasigltilcanlt portion of tile cost ol 

a billk-hleildi1n lacility. 

Al 	estimate of' illvestllelit costs foI two types anlldsizes 
of bulk-blending plants is given il table 'o,l1(11lt alephat 
capable o I poducillg 12.t00 [lit ofl"blended fertilizer Ill 
days for use oil wheat-soybeills, This deterlilnes the 
tltiitiult Nsi/e (If the p~l~lts. Rated C:city Ill bltli planhts 

is 60,0+00 int/yeml which is grecally ill exces'i of, n,..eds. 

Annual I)l ILuctioll will he 20,000t-20,000 lilt (table 64). 

TIle plailt containing the rotary blenlder, located at Coronel 
Oviedo in+ produce Ithis exanlpie. nltnst .t(t)mt of hag.cud 

fertilizer: therefore, it is eq(lippedl with all :Utomatic 

Table 	66. Estimated Plant Investment for Two 

Types and Sizes of Blending Plants 

tSI/c hnt stlorau ;ls tm19XO projction Ii, ('oronel (Ivic,,. 

Rotary blender a Tower blender -

Equipment (24,000 mt/yr) (12,000 lut/yr) 

S 
Portable conveyor 1,000 1,000 
Pay loader 6,000 6,000 
Platformn scales 1,500 1,500 
Scalping screen 
Elevators (2)10 

100 

6,000 
100 

Holding opper 200 c 200C 

Blender 2,000 500 

Product hopper 20 0 c 200' 

Bagging machiled 4,000 1,500 
Forklift 6,000 -

Subtotal 27,000 17,000 

Delivery & installation, 
40".of U.S. cost 10,800 6,800 

Equipment cost 37,800 23,800 

Bulk storage, S1O/rnt 80,000 80,000 

Bag storage, SlO/mt 80,000 15,000 

Total plantt iltvestrlttt 197,800 118,800 
¢ ile r 

Si/e Mid stordee t)ilt t oln 19S1O prOlC'lhlAlN I'* 'edro 1lln 

L'IlX hThe. 

ltty altolilalic for lol[rtit Iellter ilal and s.niamtlliliale for 
lower htl.ndil plint, 

ba gging mlachine and foikliflt. The towet ( ravity low) 

blender islocated alt oedl iall (':lhallelo il this exaniiple. 

Less than 3.((iltnit of 'igned fertilizer will b !iecdcd aind 

So,a selliliittlllatic bI'g llg Illaihinte i,used. 

Ill Ctll8risotn to blendlllg plants ill tilellied States, 

ivCstmilent costs This is (Il l to the:re high. almost solel 
storage clacit,, included in lt, d sign. Thi, plallt ilust 
producc 7.800 and 8,20( it of blend+ in .jst 60 days for 

whCat-sOyvlbeains. The odds that imiports call be scheduled to 

arrive exactly when needed are not suTficicnt to rely upotl 
lantufacturers' and il-tiansit storage. Blending plants in 

Paraguay should have adequate storage to enslre that 
custo1ers always cal obtain fertilizers when needed. 
Bagged storage is not as critical as raw material stoiage and 
So the design includes stora,ge cp.lacity for only one-half () 
ptodtictiot. It is assumed that the longer sales season for 
bagged fertilizer will result ill half the nlterial being sold 
For otl-tle-farm storage. It an elnergenlcy, storage fol 

bagged fertilizer can be leased :n a nearby building or even
C 

in	some other town. Thiis isriot possible for raw materials. 
The cost of blending fettiliz rs ill the two plants is given 

in 	 table 07. File a..alysis is subdivided to show the cost of 

bletnding for fertilizer sold in htlk and of blending and 

bagging for that sold in bags. These are the costs that Muist 

he added to the cost of tileraw materials (imported 

fertilizers) wheln filling a customer's order. "Ile plant at 

Coronel Oviedo operates at a lower cost per ton of fertilizei 
blended !han the one at Pedro Juan Caballero. This is 
bccalusC' f lie higher volumte and nlot because of the type 

of mixer used. Lower throughput at either plant, as will 
happet during the first years of operation. w,'ill increase the 

cost of processing each ton btit the increase will not be so 
very great. Lower througliput also requires less working 

capital and less labor costs. Plant matag.ers should estirtate 

their 	 th lligIplIt and productiOli costs each year in order to 

make adequate clulrges for tile fertilizer sold. Adtinis

trative and muarketing costs are not inclided itl the above 

ploductioll costs. 

We recommend that a careful study be made of the 
schedtling of fertilizer shilmients because they affect the 

amouLt of storage capacity and working capital needed by 

a bulk-blending plant. Storage capacity is one of the most 
costly parts of a blending plant's plhysical facilities. \Vorking 

capital reiquirentents are also cOttrlOllecl by the quantity and 

value (Al mIaterial that ituist be stored. If int)orts can be 

scheduled nlore irequeltly with lt.penaltyt'or smaller 
tolllages and Complete assurance that delivery will be by 
the date needed, bulk storage requirenleltts call be reduced. 

Te cost of olperating tihe bulk blending plaiut would also be 
redlced atld would itot have tIopay as mc forfarierS ilt 
fertitizer. 

0
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Marketing of Blended Fertilizers 

The present systelt consists of both I private and I 
public sector eng:iged ill tie inportation. distributio, ;and 
iarketing of' fertilizcrs. Within tihe private sector there have 

beet tnierons entrants bit few compalnies remain active. 

Table 67. Estimarted Capital, Variable, and 
Fixed Costs for Bulk and iagged [lends 

Rotary blender Tower blender 

Bulk Bagged Bulk Bagged 

mt 
Estimated production 8,000 16,000 9,000 3,000 

Capitalirestmett S 
Planta 197,800 118,800 

Working capitalb 36000 393.0q0 

Total 557,800 511,800 


Variable (Cstsc S/mt 
Powerd 0.10 0.20 0.10 0.15 
Product loss .20 .40 .50 1.00 
Total .30 .60 .60 1.15 

fP.('l costs 
Operating labor e .31 .31 .57 .40 
Maintenance, 5%of 
plant investment .41 .41 .50 .50 

Analysis, 10% of 
operating labor .03 .03 .06 .04 

Supplies, 20%of 
maintenance .08 .08 .10 .10 

Bags - 4.20 - 4.20 
Overhead, 100% of 
operating labor .31 .31 .57 .40 

Insurance, 2%of plant investment .16 .16 .20 .20 
Depreciation (15 yr) .55 .55 .66 .66 
Return un plant 

investment, 10% .82 .82 .99 .99 
Interest on working 
capital, 8 %f .60 .60 1.31 1.31 

Interest on plant 
investment, 8 /f .33 .33 .40 .40 
Total 3.60 7.80 5.36 9.20 

Total cost of production 3.90 8.40 5.96 10.35 
al-rou table 66. 
bEquivaltt to one-lialf the aiuutal cost of raw material. 
CExcludes cost of the raw iiateriAt. 
dpower costs have been estimated but generator unit,: haVC not been 

included as apart ol the plant equlpmieit. It isassiired that power 
will be available at ncarly all proposCd 1)i.n luca1tiotis el'ore tire 
plants are built. 

C Rota yitelihic..i Tower bledicr 
Labor ._ ti k lik lia..,.d ulk--- Ilu-,---

I superviso, S25tt/month 1 0,0 2.o(o 2.50)0i 5)0
3laborers, S60/nionth 360 7201 360t I 8i 
Friruge ie nefits. 80t.:; IO1 2.176 2.288 52.4Total -5,-I-8- 4,596 5-f ,tl +1._04/t 0.31 .31 t.57 1 .4) 

loure to :,rortization, avcrage aruat rate is4';. 
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BNIF is too formidablc a ctirOpetitor. As :i aient of tile 
governmient, the b:nk is able to reserve for itself those 
custoners who cooperate in gowertiiett progrltll. Thus. it 
has :1 oinimof sales mnd promlotion exleolses. Neither 
does the hatik tieed toomake ai )ilit i do s a1J tVate 
cilpally: illargiti, need oilIv cover ollt-o-I-pockel costsl. III 
deletise of BNF, it should he poitted oit that pivatc 
industry appeals to have been loath to cotllitliit itself to as
rapid an expansion of leltilizer use as gwelimnetit plo l*rars 
required. BNF has c:,pahly fulflilled this additiont:tl dertlltid. 

We suggest, however, Italt sale of tertilizers ill Paraguay
 
be handled itt the private sect . BNF: should dispose of its
 
stocks of fertilizer presently ill storage aid ottOrder :s
 
expeditiously as possible say itt otie to two yeats. Ill tile 

Iteantlinue, p1ivate industry should be prepa:Iring to a1bsOrb 
tlte vol tt i h1irsitness tlatt will be released by tile baik. 
This suggestion is no innded to nmlealunh N[: will be 
comipletely divorced fromi fertilizers atud its role ill :gri

cultorial developtnent. tINF's involvettent iin tie fer tilizer
 
progratt is discussed iul a Liter section otl agricultural credil.
 

We ii Hot suggest miy patrticular role for cooperatives it
 
fertilizer distriittion and tnaketing. The inmpeins for a
 

successful fertilizer progr:itn itust originate frout a conubi
nation of governinetit interest and privite initi:tive, as
 
exhibited by the present Natiotal Wheat Progratti. A large,
 
drama tic )rograni is required to ittcrease the volute of
 
fertilizer use to th point tttt more ioder handling
 
tetlizhsca be aot t ate is ert has
 

methods can be adoofted. Only after this effort has 
delinstrated success ard caused the price of fertilizers to 
decline catt fertilizer use be extended generally atd plrticun
larly to the smaller farmers. At this latter time, thlt, 
coolerative associatiost of flie siall ladholders can be 
fornied to consolidate Piurhlases, delivery. aiid credit for 
fertilizers. 

Several alternatives :re possible ini deeloping : roar
keting system for blended fertilizers. There are tuanty 
advantages f'or alsingle purclasiing autlirity- and am equtal
n0tnber if disadvaniages. Sueh ant agency, possibly a 

consorlin m of the private cuMpaniCs, Would be able to 
purCltse fertilizer iin large quantities oin tile world market 
at the tlsli reasolna le lirice. It is possible, also, for this
gate the bolk-bleiditg plats. The iriale
 

COMIuiatieS would constitute the sales orgalization. They 
would purchase both bagged and bulk blends frotn the 
nearest bulk-blendiing hilani td resell to their cutstomers. 
This type of orgauizalioiu, however. destroys :ay affiliation 

that tire present conipanies have with large, iitertalional 
fertilize cotncerns. 

A review of table (04 show s thlt the volum e of fertilizer 

to be handled at each bulk-blending lant is larger thait aiy 
cmn y pilesently is huiadling iii Parauntta.. The presell
cOnUies, then, could expand their business, if" they 

desired, by handling fertilizer ii bulk. ( 'vc ordering mixed 
Ifertilizers iii bulk and siiltply bagging them inl Paraguay 



would reduce the price of the fertilizer to such an extent 

that imiported bagged fertilizer would be piced otl of the 
Paiket.) E:achI cOInp:ut could import fertilizer from its 
parent co ipatliy or ll\'other source tlh:ii it desired. lIaw-ed 
fertilizers coitaililLi iillb.i t rients or otlii specril Ingle-

dijeits cu lt JIlso be ptn clased it LIeCicul hui cuUld 1 e 
bleillied ne:iti, as e;ils in tihe biilk-hilcdinii platit. This 
type A iiaike leases the initiative with the piivate 
,on1p:itIs+ ifoue or iluore does not lollhmSv tlilt lld 

establish bulk-blnding ph'uts. (;I ,Woul be fOrcedl Ito 

rmenain the ntiapur prOCLrer an1 dibmrser of Iertilizer. BNI:. 

or a Ilew%ageCV organlied to hdltae f'ertilizers, would theni 

become the piuchisiiig agency, operator oIf the bulk-

bleilding plants, aid probably the soie sIales ageucy 
,\ssuuing tilttprivalt, industy does mtove into hulk 

fertilizers, each coinixuty should tdetertiie its market 
objectives aML aialyze the iiarket potential withiu its 
prospective sales area(s).Alth0ugh the hieadqu:irtCrs office 

Might Well reiMii ill Asuiicion , regioual aiid local sAles 
offices should be established iulaccord with the iuarketing 
plan. The bulk blendiug plant should be located so as to 
service the sales area as econotically is possible yet provide 
rooml1 for onle or iiiore addi tioiial lIhats Isfertilizer use 
increases. Possibly warehiouses for bagged blends should be 
located with the local sales offices. If vaehousing for a 
substaitial quantity of bagged niaterial is establisheld at a1 
location olther than the hlendiig plant, the ainoilt of' 
storace at the bletdin plant should be leduced. Flue cost of 
storage, regltdlless of IOcat io , areadV has beein inlcluded ill 
the cost of production. Cost of tratisportation to a 
secoidary warehouse, however, must be added to the cost 
of the tet tili/er. Narkup) On) bulk aiid hd~ied blendIIs to 
cover adtiiiiistrative miiid sales expenises probably about 
I 5,;) would lie deteriuiied by eaclrcoipiy. Comipetition 

woli coievlnyopeaing Ila iiig a thave
Eachct>ll~nyo er' tig 'ablentlipg 11h11t alln expect to 

have two fertilizer seasons. The discussiot above intiitated 

that blended fertilieis used o)i wheat will be ipplied inl 

bulk aiid those .;I Theseused other ciops will be bagged. 

generalizatitns are too hioid. The produicti. marketing, 
alld use bheiidedofL fertilizers for fall application to wheat 

atnd spring applicatiot to other crops is covered illmore 
delail in the following section. 

1,"/-.Ipplied 13/Cds WIeat ,LId:l few vegetables are 
about the only crops plainted iinthe fall :athough coffee, 
citrus, and other perennial crops frequetitly are flertiliv-Ad in 
the fall. Inirder to estim~ate plant site aiild locatioti, bulk 

ssued h,tile1ic1tiIiiaruhlil olweat10 fciLI 1 i C lotion multiiitiiiii fa0 e10,1titst th !0 prfcticeW sC~i histprthahle limilinp, factoi. WVe suggest the practice bill 

caution that it is a iew plactice for P 
ItligaUI! Mid Mist be 

tested atid accepted by riitrs. Farmers will coiitiniie to 

purchase and use iigged fertilizeis until they are civinced 
that bulk appli atioin is a cheaper, faster, aid More 

satisl'actiry miethod of apllictiot than drilled fertilizer, 

Thus, bulk application canol be planned for I00C)':; 
:Icceptauce by any particulair veal. 

Ihe siii,-ested disiritltioinriarketiirg systeim 'oi wlieat 
Iariners is l:ised nI l'i;tiier- WIld equiplicit. ICl tilizel 
wtOuLl b,- piirchlised onl the mcs0 ald AtVIcCbasis mil tc',t 

fmoji the ,oll'Oi liN' agrolliliisi. The ialtiel would selid his 

rtick(st to tie phlt ou the day(v) that lie %,+aied to appl. 
the fertilizei. (BleiIded leitiii,,eis Ireqtently ,re hivgro

scotpic aIid ClnL tt stand boIg expoStile to i_,httllidity 
without caking. Thic practice is t, applI tlieli thetsiittl 


saMie day they arc htIILdeCL.) At the 1a111t1 oI field, the 

fertilizer vould be traisferred to a tractor-pulled bulk 
distributor tat holds 3-5 nit. These spLeaders aipply 
fertilizer to ,ibout 5 hia/hotu or 50 hia/day. :or a 60-day 
application season, one spreader theoretically could handle 
3,000 ha. The same spreader cau+ be used to apply 
agricultural limestome. Cost of a spreader with flotation 

Iltres is apploxiulately S4.000 ill the United States. 
A farmer's fertilizer cost, tieII, is the price at the plant 

plus truckitg and applicatioi costs. 13\ moving plants closer 
and closer to farmiers, trucking costs are reduced. By 
htaudling aud atplyiug in bulk. the cost of application also 

is reduced. Bulk spreaders usually cause fewer delays inl 
application than (rill-type applicatours. Since the fertilizer is 

1p1)lied before the wheat is plan ted, fewer delay's are 
experieiced diring the actual planting opetations. For 
farmers with large lurtarages, Speed or tiumeliness of 
planting is an importaaet fiactor. 

Spirig-,,pplied Blends-Most of the fertilizer produced 
for spring :ipplication proIzlbly will be bagged. This 
fertilizer can be blended and bagged at any titie of the 
year. It can lme stored at the blending plant or trucked to 
warehouses anuywhere in the total area serviced by the 
blending plant. Bags cotaining blended fertili;'ers should 

air-tight seals to prevent moisture from entering and 

causing caking. Blended fertilizers are used inlthe sa1e way 

as the chemic;Aly mixed fertilizers currently imported into 

Paraguiay. 

III some areas, field sizes of spring-planted crops are large 
enoulgh that bulk applicationi is feasible. III a few iinstances, 
farm sizes will be large enoiuigh for farmers to oiwn their 
ovn bulk spreaders, just as was recomiended for wheat 
farmers. InI iiiost other cases, farms are too small to warrant 
ownership of' a bulk spreader. II these areas, the local office 
of' the fertilizer company should purciase one or more 

spreaders. These can lange iinsize from I tit ill) to 4 or 5 
lilt. 'he comrpany either rents an applicator to aIfarmer or 

custom applies fertilizer iii accord with a fatmer's purclase 

and specifications. ULsual rates iii the United States for 

customr applicaition are $2.50/ha (30). 
We recomnmend that private industry operate the bulk

blending plants and market the fertilizer in Paraguay. 

81 



ECONOMIC RETURNS FROM 

LIME AND FERTILIZER 


The value of the increase in crop yield must exceed the 
cost of lime and fertilizer if these are to be used by farmers, 
that is, 

Value of increase in yield of crop (G/11a) > 
1.00Cost of lime and fertilizer (,/lia) 

When the benefit/cost ratio exceeds 1.00 only slightly, 
farmers usually will not use the lime or fertilizer. The risk is 
still too high. A crop failure one year out of five would 
require a ratio of 1.25 just to break even. There are no 
precise rules for determining the magnitude of the benefit/ 
cost ratio needed to motivate farmers to adopt a new 
practice. Generally, it is thought the ratio should be at least 
3.00 in developed countries where farmers are inore 
accustonied to trying something new. In developing coun-
tries, where farming practices may not have changed for a 
century or more, the benefit/cost ratio must be much 
higher-possibly 6.00-10.00-and must be easily observed 
before farmers will try something new. 

Two variables enter into benefit/cost ratios: commodity 
value and input (lime and/or fertilizer) cost. Both can be 
controlled by government actions. Lime and fertilizer can 
be furnished at a subsidized cost or a favorable (or 

unfavorable) market price can be set for the commodity. In 
many situations, free market conditions prevail and lime 
and fertilizer use must stand on their Own economic merits. 

Prices of' farm commodities in Paraguay fluctuate to a 
certain extent and are usually at the lowest point during the 
main harvest season. Annual means for most conimodities 
do not vary greatly. Comsequently, mean prices for the 
period 1962-1969 were used in determining benefit/cospro 9216 eeueliidtrtnn
ratios (table 68). There is no assurance, oi course, that 
these prices will prevail during the next decade, they seem, 
however, to be (lie best available estimate of prices. 

One of the paradoxes in Paraguay is the low volume of 
fertilizer use because of the high price and the high price 
because of the low volume. Breaking this paradox is a major 
goal of this study. By concentrating on crops that respond 
economically at present price relationships, volume of use 
can be increased and cost can be decreased. With each 
decrease in cost, use can be extended to more and more 
crops: those that have lesser monetary value as well as those 
that give a lesser physical response. 

To provide prices for calculating benefit/cost ratios, we 
have determined an approximate "current" cost of fertil. 
izer, a reduced cost caused only by a change in import 
route, and a minimum cost based on bulk blending. That is, 
for 1971 we estimated the cost of plani nutrients purchased 
in 50-kg bags and shipped from the U.S. Gulf Coast in U.S. 
flagships to Buenos Aires, thlc, via FME to Asuncion and 

Commodity 1962 
Table 68. Average Price of Farm Commodities (29, 51) 
1963 1964 1965 1966 1967 1968 1969 Mean 

Alfalfa 4.0 4.4 4.9 
(0/kg 

4.6 4.8 5.0 5.0 4.0 4.2 
Bananas - - - - - - - - 1.9 
Beans 11.2 12.9 13.7 11.0 11.8 10.8 10.0 12.0 11.7 
Coffee - - - - - - - - 47.0 
Corn 4.5 6.0 5.4 4.5 6.4 4.7 4.0 5.0 5.1 
Cotton 16.4 16.9 17.0 16.5 14.4 14.2 16.0 14.0 15.7 
Lemons - - - - - - - - 13.0 
Mandioca 2.6 2.8 2.6 2.5 2.8 2.9 2.0 2.7 2.6 
Onions 16.2 15.1 10.8 12.5 3.5 13.5 11.0 12.0 13.1 
Oranges - - - - - - - - 2.8 
Peanuts 11.8 13.4 14.4 14.0 13.8 12.1 12.0 12.0 12.9 
Peas 11.1 13.2 13.2 14.0 13.7 13.8 13.3 12.0 13.0 
Petit-grain oil 556 417 414 405 410 411 447 360 427.5 
Pineapple - - - - - - - - 13.2 
Potatoes 14.3 18.3 14.8 11 5 13.1 15.2 11.0 12.0 13.8 
Rice 9.3 12.6 12.2 11.0 11.2 9.3 10.0 9.0 10.6 
Soyueans 9.6 9.6 9.7 8.0 10.4 8.2 8.0 7.5 8.9 
Sugarcane 0.6 0.6 0.7 0.7 0.6 0.6 0.7 0.6 0.6 
Sweet potatoes 3.0 3.0 2.9 3.2 3.1 3.2 3.0 3.0 3.0 
Tobacco 30.1 25.3 26.5 24.5 21.3 23.6 22.0 16.0 24.3 
Tung 6.8 7.7 4.8 4.5 2.4 1.6 2.0 3.0 4.1 
Wheat 7.2 8.3 8.6 9.0 7.8 6.8 10.0 10.0 8.5 
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fhtally by truck to Coroiel (viedo. For 1972 we again used 

bagged fertilizer purchased ou tile U.S. (,ulf ('oast bl 

shipped at tramp charter rates to P:1nranagua, Birazil, and 

then trocked to Coronel Oviedo. By at least 1975. fertilizer 

will be shipped iu bulk through Parau:guia to : bulk-

blending plant at Coroucl )viedo. Cost esliiales tor the 

three sittuatious were obined front tahies A- I aud A-I4. 

Bleniding costs for tile bulk-hlending situation were 

obtained from table 07. For all three situations, costs were 

increased 15',; to cover marketing expenses. Results: are 

given in table 09. 
The iiagnitude of' crop response ,o fertilizer also enters 

into the calculation of economic returns. Research to date 

has been reported in section Ill and, for the crops studied, 

the response has been of the same order of nagnitude as 

found in otlh,, countries of the world. Research plots, 

however. are more carefully tended limt farnlers' fields and 

harvest losses are held to a rminiitmn. Since farmers, not 

researchers, IIust make the decision of whetlher to fertilize, 

we have chosen to make benefit/cost calculations undler 

conditions as nearly resembling field conditions as possible. 

To ttis end, table 70 contains the yield response expected 

from the use of fertilizer and the artioult of fertilizer that 

must be used to produce this response, 
1-or five ot the six crops considered, bagged fertilizers 

could be prol'itable but only if current (1971) costs were 

reduced about 2(0'; -as is possible by shipping the fertilizer 

via tranip steamer to Paranagua. Nevertheless, farriers not 

:ccustomet to using f'ertilizers probably woI(iId not start 
using them because benefit/cost ratios still are too low. Not 

until bulk blends are available do tire benefit/cost ratios 

become high enough for noriusers to adopt the new practice 
of fertilizing. Corn is an exception. Its value is so low that 
even bulk blends :re too costly for high returns; however, a 
few innovators probably can make a profit from fertilizitig 
this crop. Fertilization of wheat, without a double-crop of 

soybeans, is not profitable at present price relationships. 
Reducing bagged prices 20".,is helpful hut the soybeanis still 

are necessary for fertilization to le very profitable, Ilow-

ever, when bulk blends become available, wheat productioir 
shtould be a fairly profitable ventmure. Nevertheless, GOP 
iiust be careful, ill controlling the price of the wheat, not 
to reduce the price below the current 10.7 (/kg. 

Table 69. Estimated Cost to Farmers of Plant 
Nutrients at Coronel Oviedo for 19 7 1, 19 72 , and 1975 a 

Year N P 05 K20 
/kg 

1971 71.5 40.6 29.8 

1972 54.3 32.9 23.9 
1975 (bulk) 39.4 26.0 18.6 
;'Sec text for explanation of cost situations. 

AGRICULTURAL CREDIT 

At least three types of credit are neded if Paraguay is to 

expedite gruural developntent throtgh judicious use of 

lime and fertili'er. For the priVate scto to fiiction iu the 

greatly expandledd role that is outlined here, it Inst expaud 

its physical assets. Needed will he Ime crushing equipmnent, 

bulk-bleudilg planits, regioual Illd local warehouses and 

sales offices, ad equipuCult for servicing customers. Mouies 

for these physical assets should be provided bv 13NF 

tlhrotugh medium- au(1 lug-tertn loans at attractive rates of 

interest. AID/Paraguay should consider the merit of a loan 

to IHNF to support this aspect of the lime and fertilizer 

program. 
When prime responsibility for fertilizer importation is 

shifted furon BNF to the private sector, new methods of 

financing the imports will be needed. We have suggested 

above that private coutpantes prepare to handle all imports 

within the next two years. BNF, with All) assistance, could 

establish a revolving ftnmid for private industry to use f'or 

these imports. The establishlment of bulk-blendirtg plants 
will not Affect the cortinuing need for such a fItnd. 

The third type of' credit that BNI would provide in tIle 

lime and fertilizer program would he prO)tluction IoanIs to 
farmers-but loans should not be made in kind. If a part of 

the loan is to be used for iertilizer, the aniount should be 

determined by the farmer and his credit agent. A soil test 
report should be used as a basis for the kind aid ariutirit of 

fertilizer (or of line) rieeoleedl. Tie fertilizer salesman and 
the extension agent cart also be involved to tile extent the 
credit agent believes necessary lor assurance that the farmer 

knows how to use fertilizer properly. The function of banks 
is to provide credit, not fertilizers, and the function of 
fertilizer companies is to provide fertilizer, not credit. It' 
fertilizer companies are not relieved of this function, an 
additioinl charge must be placed on tertilizers. 

We recommend that BNF, with or without the assistance 
of AID/Paraguay, provide monies for physical facilities 
needed to expand the lime and fertilizer industry, provide 
credit for private companies to import bulk fertilizers, and 
provide production credit to farmers. 

PROMOTION AND EDUCATION PROGRAMS 

Fertilizer companies in Paraguay already have agr(oio

mists on their technical staff ard are using dennstrations 
to promtote increased let lizet use. The corm panties also use 
the FAV soil testing labora y todetermine the specific 
fertilizer nee ds of their customers' fields. When the indtnstry 

converts front impor ted mixtures to btilk blends, the soil 

testing laboratory will become an even more imptortant tool 
in a company's pronttion and education program. Bulk 
bleludilig pro)vides nll (pportUnlity to supply plant nutrients 
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Table 70. Benefit/Cost Ratios for Various Cropsa 

Yield Fertilizer rate Yield Fertilizer Benefit/cost 
Crop Year response (N-P2 04 -K2 0) value cost ratio 

kg/ha Q/ha 
Wheat- soybeans 

Wheat 1971 700 60-45-45 7,490 7,458 
Soybeans 1971 800 - 7,120 - 1.96 
Wheat 1972 750 60-45-45 8,025 5,809 
Soybeans 1972 800 - 7,120 - 2.61 
Wheat 1975 900 60-45-45 9,630 4,371 
Soybeans 1975 900 - 8,010 - 4.04 
Wheat 1980 1,100 70-50-50 11,770 4,988 
Soybeans 1980 1,000 - 8,900 - 4.14 

Tobacco 1971 1,000 50-80-100 24,300 9,803 2.48 
1972 1,000 50-80-100 24,300 7,737 3.14 
1975 1,000 50-80-100 24,300 5,910 4.11 
1980 1,000 50-80-100 24,300 5,910 4.11 

Cotton 1971 1,350 80-40-55 21,195 8,983 2.36 
1972 1,350 80-40-55 21,195 6,974 3.04 
1975 1,650 80-40-55 25,905 5,215 4.97 
1980 2,050 100-45-65 32,185 6,319 5.09 

Corn 1971 2,300 80-40-55 11,730 8,983 1.31 
1972 2,300 80-40-55 11,730 6,974 1.68 

1975 2,500 80-40-55 12,750 5,215 2.44 
1980 3,000 100-45-65 15,300 6,319 2.42 

Rice 1971 2,100 60-40-40 22,260 7,106 3.13 
1972 2,100 60-40-40 22,260 5,490 4.06 
1975 2,400 60-40-40 25,440 4,148 6.13 
1980 2,600 60-40-40 27,560 4,148 6.64 

Sugarcane 1971 45,000 100-50-65 27,000 11,117 2.43 
1972 45,000 100-50-65 27,000 8,629 3.13 
1975 45,000 100-50-65 27,000 6,449 4.19 
1980 45,000 120-55-80 27,000 7,646 3.53 

alased on estimated fertilizer costs at Coronet Oviedo. 
brhegovernment-controlled price of 110.7 0/kg was used rather than the 8-year average price. 

in the exact quantities specified 1y the soil test results extension agents. For a viable lime and fertilizer use 
rather than tire approximate quantities that result from the progranl, these efforts should be expanded. 
use of bagged mixtures. We recommend that a series of short courses be planned 

Expanded fertilizer use Will cMse expansions in all and conducted for the various groups that will become 
aspects of the fertilizer industry and in many peripheral involved inl the production, marketing, and ue of lime and 
areas. More fertilizer salesmen will be needed, extension fertilizer. We suggest that AlD/Paraguay. in cooperation 
agents will be contacted more frequently with questions with the local fertilizer industry, BNF, atd NI inAg, arrange 
about fertilizers, credit fieldmen will need to know more to send a team of' three to five men to the Unite. States to 
about how fertilizers shoUld be used, men must be trained study leltilizer produciion , marketing, and use itt genera! 
to operate and 'ork in bulk-blending plants. and and bulk blending in airticilar. This Visit should bc 
researchers at FAV anid the MinAg experiment stations scLeduled for April and May of I171 in ordCl to visil 
must become familiar with the new methods of handling bulk-blending plants while they are operating. (Mani 
and applying fertilizer in bulk. Above all, many farllers bulk-blending plants in the United States operate only 
must be taught how to use fertilizer economically arid during the spring panting season, hence the visit must be 
effectively. The NlinAg already has conducted sorIle farmer timed for this period.) This team--or a similar team- should 
short courses and is planning short courses for agricultural also attend in All) short course in fertilizer prodtction, 
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marketing. and use that is coniducted by TVA's National 4' ". , .-
Fertilizer l)evelopment (enter and itcludes study at North 
Caiolina Stale Universitv. This course is intended to train ' f-.. '" ' " ". 
participants to returln to llicil cotilry to conlluct short .' """ % -

courses for their coworkci mid others.
 

\Vitli the comtitry. shotll eiuises should be clitlulicild • j . "
 
to provide extcsirm workcrs and imdusitri:dl :i-iollults .... - ' , ""
 
,'ith the latest itt oriti;itioti onIlime :11d fertilizer iceds. TIll OAs 
discussions sll coisidetl valious lops adlisoils of '"" .. , oluld the 

the country research results with hue mnd fi nlew.t
tii. 

varieties and their rcsponse to fertilizers, technique of" . .-. . %*@ 1@.O
 
commItuicat1mg With an1d aim toics. At ,
IariimCIs. HiM' ther -, 
the request of All), VA's National Fertilize, )evelopment -- .,.I 
Center has prepared a haiidbook th:at Can be used in "' ;....... -

designing mnd Colliuctill" Short courses (14). ThelmNational 
Ferti!izer l)evcloptment working through AlD, ......Center, can ... . . . .•
 

pro~vide personniel to hLt'' inl (esjii snort courses and ... 

also can provide teachers Cor thlose ar-eas of' instruct ion 'l~l2. 

where local people do not have suf'licietit technical knowl- ---- " .-

edge to acet as inst ritetors. . 

Additional comiumeiis ol iraiming of' perso mel are given 
in the sectiotl Oil QualiV St andards for Lime and Long-term loans for irrigation and other equipment should 
Fertilizers. be broadened to include corrective lime and fertilizer. 

INCENTIVE PROGRAMS There are additional measures that can be used to 
promote agricultural devclopnment and GOP has adopted 

Incentive progranis to Ipromote fertilizer use must always some of these. We refer to twvo broad categories of actions. 
be considered when time cost of fertilizer is high. There are In the National Wheat Program, farmers who agree to plait 
two broad approaches to incentives: maimtain the price of 100 ha or more are able to obtaill 100 , loals I'oland 
fertilizer at low levels or support crop prices at high purchase aid clearinig, agriCltilural machinery (inIcluding 
levels--with low and high beitng relative terms. Many irrig:ation systems), and fertilizers. The fertili/.el loal is a 
countries seek to keep prices of staple foods at low levels so short-ternll 1,la of18-t) niotths with an1annual ilterest rate 
that low-income urban dwellers can make some purchases. of litme is neither included for consid-I05';; nor excluded 
Fertilization of these crops is rarely profitable, regardless of eration as a part of the fertilizer loan. Many of' the fields 
tIme subsidy givetn to fertilizer, and much of" tilefertilizer cleated for wheat produtctioti or reclaimed ruOil aband) eLCd 
ultimately is used ol crops with high benlefit/cost ratios, agriculture. have failed to respotid to treatuteit. The 

other countries, prices of" staple crops are supported at investmetit in these fields- as cost of land, kitid clearinlg. 
levels high entough to encoturage fertilizer use atid to felcing, atld i:nagetmelit time- resLlts ill a high total 
increase indigetious production of the crop. This procedure iivestmet pet Ltmit area. When part of the lad fails to 
enlcourages increased iseof fertilizer which. ini turn, tenids produce, an extra burdeti is placed Otl the remaining 
to reduce fertilizer costs. As the 'certilizer costs are reduced, liectarage to repay the eitire loan. Although it may be 
the support price of the crop also can be reduced until tile argued that there is adequate hectlrage elsewhere that 
price is allNproxitualely that of the world market. We could be selected to fill ouit a Iliagemelt trnit, the 
recoinmmend that GOP support the price of crops (especially argu timemit is with ut t uerit. The rload system is too p)or and 
wheat) rather than subsidize the cost of fertilizer. For imost spaise to permit rea dy tatisl'er Of eqtiptimetlit an+d ttachin

cry for1 attV con1siderable distati1ce.cro p s tha t a re ex p ot led , b en efit/co st ra tio s w ill b e sa tis- r ni t atte origical aWVe recommend that the origin~al capital invest uetit loan
factory whenbulk-bleIded fel'rtilizer is available. For wheat. for farmers be broadened to iclude the initial application 
which in ust be imuported. wold prices are too low for a of lime needed to correct tie extreme acidity of many soils 
satisfactory fertilizer benefit/cost ratio in lParaguay. GOP' aid to include a corrective application of phosphate and 
has been supporting the price at slightly abo'.e the world potash fertilizer. Subsequet appl icatiotmis of lime, at 
market-the curreit support price is 10.7 (/kg--and this approximately 3-year intervals, anid aittal applications of 
price is just adequate to encourage fertilizer use. nitrogem and other fertilizer itt tt s wOl1d t10 lualify' lOl 
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the long-t.-rm capital investment loan but would be handled 
as are current fertilizer loans. The cost of this type of 
incentive would be negligible but would improve loan 
repayments and provide additional assurance of GOP's 
long-term interest in wheat productiot. 

A second area in which GOP already has taken sonue 
action but again has not gone as far as possible concerns 
customs and duties on agricultural inputs. Many of these 
already have been liberated and reduced to reasonable levels 
but a few seem to have been overlooked. Fees for Brazilian 
trucks hauling fertilizer into Paraguay seem unreasonably 
high. Each of these trucks must pay a fee of S50 when 
entering Paraguay, as well as posting a large bond to 
guarantee departure of the truck. Many of these trucks haul 
only 10 nit and this fee is equivalent to $5/mt of fertilizer; 
consequently, it makes up a sizable portion of the total cost 
of fertilizer. Elimination of all or most of this fee would be 
most helpful. (This fee was brought to the attention of the 
Minister of' Agriculture before the TVA tean departed 
Paraguay. We understand that this fee is no longer charged.) 
Truckers also comtient that they frequently spend titlay 
hours waiting to clear custorns and inspections- although 
clearance cart le expedited by paying extra fees. These 
extra fees or lost-time waits add to the total cost of 
fertilizers. 

We recommend that GOP reveiw its customs and duties 
on fertilizers and again eliminate and reduce as many as 
possible; further, efforts should be made to expedite the 
orderly movement of fertilizer into the country, 

OTHER SERVICES 

A broad range of services can be offered by a fertilizer 
company germinely interested in establishing a reputable 
name. Foremost among these services should be an ade-
quate supply of the kinds of' fertilizers that farmers need, 
available at the time they need them. To anticipate 
changing needs, the manager of fertilizer sales and the 
company agronomist must keep informed of new research 
results, new fertilizers, and marketing changes. Much of this 

information can be passed on to farmer customers as a part 

of the company's technical or educational program. 

Fertilizer salesmen and the company agronomist also 
should be as nearly familiar with customers' fields as are the 

farmers themselves. New varieties, the need for herbicide 
and insecticide treatrents, changes in fertilizer ratios and 
rates, and new farming techniques should be brought to 

their customers' attention in various ways. Some of these 
ways are demonstrations, personal confcree.,s, group 

- s a 
eetitgs, and the mass media. These intangible services arc 

a valuable part of a company's service program and a 

country's educational program. 

We recommend that all companies perform educational 
services and that government officials cooperate in sup
plying needed information to company officials. 

We mentioned earlier that fertilizer comp:aues could 
acquire hulk spreaders either for rent tn custouters or for 

cuSlolll applications. Many comipacies illthe UIniled States 
,are goin several steps farther :::id ate orLat/ing agri

cullurai service centers. At otte location a fatiier isable to 
p:.rchase all the inputs that fteneeds for his fanting 

operations--and also to arrange for a loan froni his bank. 
These service centers stock fertilizer seeds, agricultural 
chemicals, petroleum products, tires and batteries, feeds. 
livestock supplies, hand tools, and itany other items. 
Application equipment for fertilizers and agricultural 
chemicals calt be rented or custoi application cart be hired. 
A leleplione call results irt delivery of' needed supplies or 
equipinett directly to tile We do not rccottnlcnd thatfrall. 
similar service centers be established throughout Paraguay 
but enterprising fertilizer comparies may waint to do more 
than just sell f'ertilizer. 

FERTILIZER AND LIME USE-TECHNOLOGY 
AT THE FARM LEVEL 

The farnter, perhaps more than anyone else, is well 
aware of the fact that proper use of fertilizer requires 
careful integration of a number of managrenent factors. Not 
only must lie be sure lie is purchasing the most suitable 
forms of fertilizer and litite for the particular soil fertility 
conditions of his fields, but lie also must coordinate this 
purchase with his planting schedule, the particular place
ment and timing of application for tie crop being grown, 
and the mechanism of application itself (whether by hand 
or with mechanical equinient). All of these f:rctors are 

again brought up for consideration if tile farrer switches 
from one kird of handling to another- such as frott hagged 
to bulk materials. The following section describes itt some 
detail the most importaint management considerat ion 
involved in ar orderly development of fertilizer anld little 
use at the farm level. These considerations will, in turn, 

affect the development of fertilizer and litttesupply and 
distribution systems. 

The soils of tie important agricultural areas of Plaraguay 

are predominantly acid; most will require lime in the 
rranagenuent practice. A more complete treatment of, limtig 
considerations isgiven in section V. From the standpoint of 
fertilizer placement, soils reduce the feasibility of' broad
casting the fertilizer uniformly over tihe soil surft'ce. 

Plosphoris fixation is more pronotr;oed when phosphorus 

is applied broadcast than when it is applied inhands or 
placed inthe zone where the first plant roots develop. 
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Placing fertilizer within the immediate rooting zone 
requires that the fertilizer be applied during tileplanting 
opieration. Several disadvantages are noted immediately 
with regard to simutltaneoun application of seed and 
fertilizer. The first of these is that. obl,,uisly, it complicates 
thc planting oper:ltion. loquirilig that tile terlilize be oil 
haud the exact moment plating is to be done and, more 
irnpo,'tanitly, .,equiring meclianical equipment. Wide-row 
crops can be planted and fertilized by hand with at 
reasonable degree of placement trecisioti, bilt Cose-plaiited 
crops such as cereals cannot be readik fertilized this way. 
Even where mechanical planting equipumen t is available, 
sinmultaneous application of seed and fertilizer requires 
good operators and eqlipment that outs With relali;,ely fev 
malfuntctions, a situation which ofteti does not plrevail. Ill 
fact, some Paraguayan wheat growers who used tlechlitical 

planting and who applied fertilizer and seed sinrtltaneously 
indicated that tile,had to employ three iien to kee l) oiie 
planting unit running properly Even then tie fields had 
patches which did tiot receive unitorri fertilization of seed. 

A second problem of plantiig with sinuhiltaneous fertil
izer placement is that only relatively low rates of fertilizer 

can be applied illsome crops, otherwise, fertilizer dattage 

to gerimmation ; likely to occur. This probleti is especially 

co111oi illsoybeans. Me,,t row-crop plainters have side 

openiers whih kee) the fertilizer two inches below and two 

inches to tile seed. These plecise placetient units
side of tile 

increase the cost of"the equipment, however. 


These aid other probletms vith precision fertilizer 

placement with respect to the seed 
have led many large 

growers to consider broadcast fertilization as a scparate step 

during the land preparation process, deqite "ie tendecy 

for phtosphorts fixation. A complete evaliuatiot offphs-

nhoruts fixation is tiot available it this little for Paraguayatt 


soils. Nevertheless, special research has been initiated to get 

this informtation. Pheliminar,, restIts ;ndicate fixation will 

not be serious ott the miajority of the wheat soils. Actual 

fixation of phosphorus il tilemost acid soils represents 

about OP,"(, of that applied: on the soils with interiediate 
acidity, fixation replesents aboit 30'.';-10 of that applied. 
These levels of fixation are similar to those illother soils of 
similar characteristics and are not srverC emoC'0h to preclude 
the use of broadcast phosphoruis itt close.see,.d crops. 

Double-Crop Fertilization 

Time biggest user of fertilizer dirring the period 
1971-1980 will be w/heat and soybeains. These crops are 
often double.cropped onitime saute field, the wheal during 
the cold winter peri')d and tIme soybei,: immtediately after 
tIme wheat is removed. In mnanty parts of the wvorld where 
soybeans are grown illrotationi with a reasonaily high value 
crop, all the fertilizer for both crops is applied to the first 
crop. This practice saves ttle inl getting time soybeais 

planted and elimtinates any danger of fertilizer bur on tile 
soybean seed. At the same ltme, the amount of fertilizer 
carryovei illphospliorus and potasium coni ibuies favol
ably to tilefertilizei requirement of the soybeans. Lick of 
nitrogen carryover is ItOrnially not inlportant sin.e s '
beaus are a leguinlous crop. 

The feltilizer needs calclated tor wheat ;itd soybeans 
have been made on the basis that all the fertilizer for both 
crops should be applied 1) ,adc'ast during the preparationi of 
tileseedbed for wheat (table 28). Ft ljttime plroduction 
poimit of view this Will give slightly higher wheat yields and 
comqiparable soybeans yields. Another advanitage is that all 
fertilizer can be handled illbulk and spread with a bulk 
spreader at a time when labor resources ale less critical. 
Planting will be simplified since no fertilizer need be 
handled diing the actual planting ofeither crop. 

FIELD RESEARCH 
AND EXTENSION DEMONSTRATIONS 

A rather large percentage of the field experiments in 
fertilizer use have been catried out on the scvrra! experi
mental stations and substations illParag ay: FAV, 
Caacupe. San Juan Bautista (CREA), and Capitan Miranda. 
These experimental stations will continue to play a very 
important role in the research conducted by FAV amid 
MinAg. lowever, tilefertility of the soils otl these 
stations has beet nod i fied considerably by; tile 
Lonservatiot-fertilizer practices employed over the years. 
.,s a result, the types of experititetits carried out ott the 
stationis illtie next decade should be careftilly adapted to 
die soil fertility cotiditions etuconlittered. For example, the 
very high level of phosphorus and potassiutim illsome of the 
soils should be considered when applying these nutricilts ill 
flure varietail wor'; amid fertilizer experiments. A series of 
labrratory and pot ted-plant studies has beeti designed to 
supply the basic data itecessary to carefully plait each 
subseqtient soil fertility field experiment onil ya\ea-to-year 
basis. A standard expetiiental design, such as has beeI 
imposed ott all tests inithe past, will no longer be suitable. 

Experiments ott farmers' fields will take ott ai increased 
imuportatce. It will be necessary to move off the experi
mental stations illorder to locale suitable soils for little 
studies, phosphorus fixation and residual studies, anid soil 
test correlation studies with a full ratnge of soil fertilily 
levels of uhospliorti.S and potassiutlt. The recett series of 
field trials coLudileted illtileFA( prograii in Piraiu:v wis 
a step in the riglt ditectioti. since tlhe%, will supply a 
consider:ible anount of soil test correlation informaioit. 
I lowever, llaxilltllill cannitot be obtained timlessinformtiationi 
tile levels of phosphorus and potassiumt are adjusted to the 
specific soil fertility condition of each experimuetntal plot. 
This requires a soil analysis prior to site selection and 
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experimtueltta design p]',ntI np. Itt the event tile IA) 
progianl is not in :I position to hrandle fouiu t five difleretit 
kitid' (I' experimentis duling olk y'eal. t ,iltibl.e .lterntive 

wovuld be i Select aiCotlilll soil leltilit\' Collid titi., iV,
10W\\it] both jhtIOlqhOIuP; 'e LdJ)MtMrl, lll, :111d intll IIl Il tile 

experinIeI.nts kill site:, kiwii to0 he tllicil huol11 these 
nut lclt , 

tltCilIIet Hitiltl 0', XIticlilnCne t:tl d ll 110111d 1l1WJ'V be 
itade w'ith letcei+eIi' tIle soil feutilit, le'"'el prevuiliug at 
tile expelilllclliI site. I lie ptobleiii that Ictills whtl tile 
soil test level IS Hot Ctlonsdee caIl be SeCl \\ iII ntatssihli. 
Alimnost lolne 0f1 the fitiizer exper illeits conducted lv 
MIMt,\I! wei' l,+It.Ce il soiS low ill p)OtISsiulil. The Lick (t 
pots.iilll lespolise was noted anld ICrtili'e lIt luiiiis low il 
potIssil itn have I'coiie the tite tol 1 te cr10P e;.IS. Yet, 
the soil test SinlltliIlriCs show l:ther Cx tenisive I)t;ssihlt 
deficicie'. ie ilId eCpclilllllls orithe text . :) sesili 
should pilpisely seek to eStaiblish soimie exierientis on 
how ptiassium ils to, gmiin initkrntatioin regarding the 
reconmnded levels t' f'eritili/atiit for this rlthier cotllllioll 
contditionl. 

The kind of expelimelttal design 'Iself'shhould he cliajucd 
for trials condutted hv NIhihAg. A rec ,i:i i cided set of, 
treaitlelits IlitL ci)Celldesignslis oiitliIled 8Iid is , vilabie itl 
Spatnish 139). Thi, ptihlictiotil is :i\iklh to all technicians 
workini with stdis and fertili/zeis inllt8r21i\ 

Ploper use o utile and Ietiliiel i rlns d Veiy inpolrtailt 
pIrt 0! .t Sotlnd soil Iel\'IV:Itiim rlolaill. Soils of Pamtpiay 
ale imllitiil t! raillt:ill c:m Ile leav' at tilties, le:ading to soil 
erosiont piitlleliis which lhalve eel lecogLi/ed by Ituter,.ous 
workers (15). '['lie collserCvioitm plactices st~blislIed ii tie 
experiiIIeiIt:Il st:ttilis Me itmilessi\e ald V,.i e'fH'ctiVe, 
Rehl~tivels' few ar'Miiers livc dlehmued IC' iJCe' which are is 
w,\ell detfiied ats thtiuse oii the e.xl;eiill,+ltall statiols bhtt atcest oe 'ti as viositiwhleCeimiltmoir l "I~ips'ere " b 

etiOni\'e 
 I Ftii; Psedo .lu'a (':iblll ,). ilie ertiliei 

pjectitmus fou wheait 8l1 soyeit,,,l s weic iii:ide with the 
view to (l iiuC -crmmppiiL tlisc one veal a1id to Crop iolyv 
whea t iiittie I year. 'fle poteilial eOt+ ioll pliohl s mi( 

rtolig laud nl:iKe it tll idviasts le to douh -clop eely yea 
unless a Sp,.ci;il pItteiC t nu-liollg¢ could be workel out. 
A no-tillkge plractice coiuld havce an itliplt:itit Iti mmiitilhe 
ecotuiitcs l dlluhc-ci-oppilig it tle rither ctluplex nil ii-
:ie eTI lt scheiiiC cdi I lehldIled. I',1-Cintiillv. imitillai,' 
whl:;t-s mvbeani plodcitimtl \o,ould i\m c ni\tlkl ell ,iitcli 
tiottal land1L] pic 'miario l ,Inning , nd tt i lt-, 

1liowvetI, sOvlul l 
be1used pl,ict initheuiipiwed elie bt inI 
insect control iltust 1e (blhe clitlnic;ih . A s iUlite is, 
required bul the nto-till',I e aspect offetS thus expIlse. 'IThe 
platiing ¢lticieicv (t tihe soy)bein crop woulld be iniproved 
cuini' deralily, especiall it' the plai to bulk spread all 
fertilizer prioi to the wheat crnp were f"ollowed. The 

Wheat lldlveSl, i iito-tillaic aiu Cl wvould 

relalively stnd\ texture tf titost wheat stils ini Paraguay 

Iavols tile tto-tillage pratctice Since :Ictuil plitliu canl be 
dtoe over :I widei range of mitltstlle coiditions. The ef,.ct 
of ito-tillace second-crtoppihgi wold pi ','ille a ,'Ctr sub
stliiliil hvlltif to the soil collselvltitll ;qiio-lt1 tllmid ItMhl,.'Lc
Soil l,+'lilil)v s, v dule ito cloii;h n. 

Muh' applied tse:iclh s needeid witlh Ieltil/iiS in 
Ilzirglia,. Sin e lost 0 t tie le t ilil,', Will 1-CImed oill w\h tIt 
t lie next seveliI Vears. it is oil Ili> clop llt tile r ,esealch 
should be eol1diiLted 1iSt. This hMS 1Iinihiler f' Al', :1ttge+,S. 
":IIV 0' fil,theweat IldIlCers Me ileliel i aeolO' 'slidSand 
Calli help with the lesearch. The dellioltrlatiols that 
irditilril' woudii he needed to showlesearch results to 

l"LniIr.s Will lot e lleedCd Ior these wheAt IrtlierS: 
lhe'v alolt" with extelsioi aguiots 'vill lcdrn directly trout 
tile r.esttch plots. In 2 to 3 years, eiiiigh research will 
have been coitpleted oil wheat and perliuls amothelr crop 
or two :is well ialt ileIllonstr'atihin c:11 he stiried. This 
titte sch,'dulc fits well with the sholt ctiinse schedule 
discussed earlier Md with thegeneral availhilityof'hlended 
Irtizlir. 

We recommend that fertilizer denonstrations be post
poned until the extension staff has gained more knowledge 
,1)L0 and experience with fertilizers and research personnel 
have completed more applied research. 

BASIC SOIL FERTILITY RESEARCH THROUGH 
LABORATORY AND POTTLD-PLANT STUDIES 

'Fle Studies outlined below are urgently needed iti order
 
to provide b1sic itilornitiion relating to soil fertility :ntd use
 
of I'ertilizer and hitie. These studies are of shlrt-terni
 
dttion, low iti cost, :1nd within the research capability of' 

lthe soils techniciats at FAV. By putting priiority into these
 
ptJcis. a priope ,n.linlotiui for soil mnlysis could he
 

developed ill a shot time. The soil atal'sis base thus
 
loried would Ptlovide anl excellent and nmch improved
 
backstop for the crop progratns ol partecular interest it,
 
Paraguay. The soils labomttory is adellutately eutli)ed f'r
 
routine soil tests: however, additiolnil supplies nduleM[itip
 -

nelt are teeded to stpport the 8pplied research. These ire
 

listed in table A-20. 
iThesoils to lie included in :ill on Ihese studies were
 

iOhiiiCdItroi key poiits visited by the TVA stndv teait.
 
Tie represenit V irv hilg dl gieces ot'l soil :teidiitV ind soil
''hey 

The "uticin !he soils is viveli ill tale 71.fetilit . "ofIthlc.IVeled 
Ill ldditon to serviie for the se'eni experlinlllis iutliied 

below, each suil wkill be used ,s a control sample ill the 
aboratotf,,. The basic hil'itltUltkmii 'alinted fitt1n the studies 

+)'iiyed dsigi 
expeitinenital slations for 1971 as well 

cai also be cttt io field expelillietils Iol all the 
as for selected 

1,l';irliners, sites. 
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Table 71. Summary of Soils Used for Basic Research Series 
Soil Origin Comments 
101 Experiment station, 

Misiones site for 1971 experiments 
102 Lichi farm, Misiones zinc-deficient corn plots 
103 German Colony, 

Capitan Miranda field abandoned due to acidity 
104 Exoeriment station, 

Capitan Miranda site for 1971 experiments 
105 Wheat field, 

Pedro Juan Caballero acid spots - no wheat growth 
106 Wheat field, 

Pedro Juan Caballero poor wheat development 
107 Wheat field, Puerto 

Presidente Stroessner poor wluat spots 
108 Experiment station, 

Caacupe site for 1971 experiments 
109 Experiment station, 

San Lorenzo site for 1971 experiments 
110 Wheat field, Curuguaty poor wheat development 

Brief Description of the Research Projects 

Study No. 1 

Short-term Study of Aluminium Tolerance of Five 
Inportant Wheat Varieties 

Objective: A disturbing numiber of' wheat fields in 
Paraguay indicates that germination and growth of' wheat 
are adversely affected by soil acidity. In most cases the 
effect is probabl) due to the presence of' exchangeable Al, 
the acid coniponeit of highly weathered mineral soils 
which is cxic to plants. Aluminium tolerance varies from 
crop to crop .aiid. more importantly, f'ron variety to 
variety. Thlie ,. ed'atC 0hiecti'es ,t' this study are to 
evaluate and rate five of the lutst important wheat varieties 
currently being grown im Paraguay with respect to their 
tolerance to Al. An addition:'! prt of the study will be to 
':orrelate tile ,,bselved emowilt habit with Al analysis of' the 
soils and to establish ', tentative critical level of' Al in soil 
above which that variety should not be reconmmended for 
planting. 

Expcrintciail Variables: 10 soils of varying acidity and 
Al analyses 

5 wheat varieties - No. 214, 6, 9, I1, and 353/52 
3 replications 
Tie experiment will include :50 treatments and will be 

carried out in a potted-plant study. 

Study No. 2 

Short- term Study of Alurrnlimum Tolerar' cc of Five 
Soybean Varieties 

The objectives, experimental variables, and treatrnients 
for this study are identical to those for the wheat study. 

Five iniportant soybean varieties will be tested for Al 
tolerance. The sovbeans will i';e pl:inted in pots employed in 
the wheat study. The growiii period will be that time 
required to demonstrate significant differences between 
varieties and soils. 

Study No. 3 
Lime Requirement and ('orrelation of Lime Require

menit with Soil Analysis 
Objective: The traditional procedure for determining 

lime requirement of soils has been to incubate acid soils to 
which varying rates of lime have been add.-d so that a 
buffer curve can be measured. This curve indicates how 
miuch finie Would be required to raise the p11 of the soils to 
a given point, usually pl 6(.0-0.5. IlIowever, soils of the 
tropics often do not neced to be limed that heavily: in fact, 
liniing beyond a pHi of 5.5 has been observed to depress 
yields in neighboring countries where Ii ing studies have 
been conducted. Therefore. there is a conflict of opinion 
amoig researchers regarding the lime requirement of' soils. 
The more recent and popular view is that liime applications 
should be only large enough to reduce the toxic level of 
exchangeable Al to the point that the crops of interest to 
the area can be grown successfully (41). 

The objectives of this study 'ire several. First, anl 
incubation study will be carrier, out for eacl soil to 
determine the buffer curve. The bu ff'er curve will be related 
to different soil parameters, such as exchangeable Al, p1, 
cation exchange capacity, clay, content, and organic matter. 

l'he second part of' the study will be a potted-plant 
investigation in which the lime requirement will be deter. 
mined by plant response. Plant response to lime will be 
correlated with soil test data. If'a good correlation can be 
otftained with a single soil test, such as exchangeable Al, or 
with several analyses, such as Al, organic matter, and clay 
content, then it should be possible to predict byv means of 
soil tests how much lime should be applied. 

lK.vper'inetal Variables.: 10 soils varying in acidity 
4 rates of lime (no lime, lime to p 15.5, lime to p11 6.0, 

and lime to pi-I 6.5) 
2 fertilizer treatments: with and without micronutrients 

(Zn Mn, Cu, Fe) 
2 replications 

Study No. 4 

Phospihorus Fixation and Residual Phosphorus Asso
ciated with Fertilization Rate, Time of Application. and 
Soil Analysis for Pand Al 

Objective: Evaluate the amount of applied P which is 

fixed in the soil and thiit amount which remains available as 
residual P as affected by rate of P application. length of 
tiie foliowing application, and kind of P extractant 
employed to leastrre residual P. 
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Experimental Variables: 10 soils with varving P: K levels 
5 lengths of incubation: 1/4, 2 3. 8. and 16 months 
5 rates of Papplica tion: 10, 20,40, 80, 160ppm P 
3 soil P extractants: North C:,roli a, Bray F-1, Olsen 
2 replications 
Total of 1,500 obscivatiots 

Study No. 5 

Potassium Fixation and Residual Effect Associated with 
Fertilization Rates and Soil Analysis 

Essentially this study will be carried out simultaneously 
with the P study, since the source of fertilizer employed for 
the five levels of P is K1121P0. This gives application rates 
of approximately 12.5, 25, 50, I00, and 200 ppm K. 

Study No. 6 

Phosphorus Correlation Study to Relate Soil Phosphorus 
Availability to Plants with Several Nlodcn Soil Tests 

Objective: Tile procedure used for extracting P is the 
most critical in soil teiting. The soil test must correlate well 
with plant respcuse before a reliable prediction can be 
made for p~hosphate fertilizer needs. The objective of this 
study is to make stich a correlation between plant response 
to fertilizer Patid several modert soil tests for P. 

Experimental Variables: 30 soils- 10 of the original acid 
soils with native level I, 10 soils from same origin but with 
higher levels of P atd p-l about 6 (soils employed ii 
previous potted-plat t studies), 10 soils froin sites unrelated 
to the original group of acid soils 

2 fertilizer treatmernits: without 1), with 50 ppm P, (or 
higher for infertile soils showing high fixation-Study No. 

4) 
3 replications 

Study No. 7 

Potassium Correlation Study to Relate Soil K Avail-
ability to Plants with Several Modern Soil Tests 

I. general, this study will be similar to Study No. 6 and 
will follow the techniques of the ISFE (57). Hlowever. otly 
two levels of K will be etnploys d: 0 and 50 ppm K. 

QUALITY STANDARDS FOR LIME AND FERTILIZERS 

Limestone 

Two factors determite the linling value of crushed rock: 
chemical composition and fineness of giinding. As reported 
in other sections of this report, the northerni quarries can 
provide both calcitic and dolomitic limestone. )olomitic 
limestone has a greater neutralizing effect, per unit weight, 
than calcitic limestone: in addition. matty of the soils need 
the magnesium that is all essential compotnent of dolomite. 
Thus, northern quarries can produce both kinds of lime but 

tile farmr has no way of knowing which he receives. lie 
must rely on the reputation of the producer and any 
intermediate handlers not to make errors. The central 
deposits present a different problem regardi in! quality. I lere 
there are three strata of limestone, two of which contain 
some phosphorus in aCCeSSor'y am1o1.11tS. PIresumably the 
phosphatic himestone is worth nmore thall the nollphtos
phatic linletolle. It' so. farmuers should be able to determille 
that they have, indeed, received the exact material they 
pu rclased. 

Still another chemical problem is likely to arise with the 
central deposits and possibly with the northern ,nd 
southern deposits as well. This problem deals with the 
actual purity of the limestone. In central Paraguay, the 

limestone onutcrops on hillsides but in the southern and 
northern areas the rock is mined from pits. In all cases, the
overburden of soil and sand is stripped off before the rock 
is mined atd crushed. If some of this overburdeti were to 
find its way into the crusher, it could not be detected 
Without a chemical analysis. This type of adulteration is 
deliberate. Ott the other hand, there are also many lenses of 
silica and clay in some of the limestone strata. It is virtually 
impossible to remove these from the lime before crushing. 
Diminuttion of the calcium carbonate content by incltsion 
of this material may be a practical necessity but the price of' 
the limestone should be reduced to reflect its acttal purity. 
Without the necessary laws and regulatory authority and 
without a laboratory to determine the chemical compo
sition of various limestones, farmners and legitimate pro
ducers will have no protection against accidental or 
deliberate diminutiotn of the chemical quality of limestone. 

Front a quality standpoint, finetness of grinding is as
important as chemical composition. Without offficial specifi
cations ol fineness of griiding, adteale theoretically could 
deliver an order for one ton of limestoie as a single
boulder. At the opposite extreme, one of the prospectivc 
lime producers was advised that lie must order crushing and 
sieving equipment that would enable him to crush all 
material until it passed through a 10-mesh sci eet. Furtler,
 
tile material was to be passed over a IO-esh screen and
 
the two fractions collected separately. No reaso was given 
for this second screen and no suggestions were made 
concerning the relative value of the two dif'cretitlx, sized 
fractions. Since it is cheaper to p)roduce coarse limitestone,
producers should iot be required to crush tile material to 
untecessary fineness. Again, without regulatory .authority
and ile necessary analytical apparatus, there is no wray of 
knowing whether producers are crushig the rock to tile 
reconmended our of'ficial degrees of' fineness. 

Both chemical composition and fiieness of grinding 
determine the neutralizing power of' an agricultural lime
stolie. That is. materials of, very Iicli purity but rather 
coarsely ground may have the same neutralizinig power as 
limestone of' lower purity but much Iiter grinding. Insofar 
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as use oi1allacid soil is concerned, the two nuaterials are of' 
equal value. Thus, :tquality scale that combines both 
chenical composition :id size di:tribution of the particles 
is needed. 

We recommend the passage of laws that specify the 
mininmum standards for chemical composition (calcium 
carbonate equivalent) and fineness of grinding for agri-
culttiral iIestone, that deline limestone quality o"nen-
tral iz ig power in terms of both ciemical composition and 
fineness of grinding, aInd that specify penalties for nis-
labelling of limestone as to quality, 

Regulatory activities nornially are carried Ottlt by a group 
of field inspectors who collect sainliles and by alt official 
l:tboratory which perfornis the physical and chemical
an'al 11ses.e equiptent uscd in collecting sanples and the 

techniques for taking representative samples should be 
prescribed carefully and field inspectors should be trained 
thorotighly for their jobs. Lihoratory procedures arid 
personnel are equally important. 

We recommend that the head of the laboratory services 
and the chief inspector be sent to the United States to 
study techniques and procedures. This study tour should 
start just Is Soon as possible and should be for about 3 
ritonths. Possible study locations are llouisiana State 
Univelsity, Baton Rouge: Ptrdtie tiumversity, Lafayette, 
Indiana :and Missouri Slate litiverSity ,('ohunutbia. 

In the United States, regulatory activities atie a function 
of tile state government. li sone states, time laboratoies are 
associ:aled with tile etnhploy'esagricultural university and tile 
frequently have joint appoirintiletits between tite state 
departIneri of' agriculture and the university. In other 
states, fite laboratories are located :t the state capitol ard 
have rio formal association with the university. Since tile 
function of these laboratories alid inspection services is 
strictly regulatory, we believe they should be utder te 
complete control of a goverrutient agenicy, 

\Ve recommend that the laboratories and inspection 
services for agricultural limestone be Under the control of 
and operated by the NlinAg. 

There is ;adegree of urcency in establishing thre liiestone 
regulatory services. Sorte of the quarries expect to be in 
production by Jurne 11)71. Operators need to know what 

specifications will be imposed tIpor thei product so that 
they an purcliase the necessary equipm ent. Unnfortunately, 
no research has been reported on tire rate of solution of 
various size fractions of' calcitic and dolomitic limestone in 
various Paraguayan soils. Codas has made some studies of 
limestone quality and has initiated studies to determine rite 
littie requieirnerit of soils (24, 25). Until tire results of' these 
and additional studies are completed, Paraguay probably 
slould use the sta,,i;rds that have been set ip inother 
couintries with similar soils or even those used inthe United 
States. 

Fertilizer 

Fertilizer production is not planned for Paraguay and it 
nright seem unecessary to establish inspection and regu
litory selvices. lowever, we have recomnneuded that 
tertilizers be handled iii bulk just a:; soon as possible and 
have given iajor emphasis to bulk blending. Aiy lime two 
or illole imrediciis must be mixed, there exists a chance 
for errs. Whenever some of tile igredilents are more 
valuable than others, there is the fu,rther possibility tht 
someone will deliberately reduce the input of tire high-v:tlue 
ingredients. On the other hand, when a fainter fails to 
obtain the growth or yield lie expects fromtr a crop, lie 
frequently blantes one of' his purchased inptils rather than 
poor mantgertent. Many of these problems can be avoided 

and others cart be answered satisfactorily when official 
samples are coliected and analyzed. 

We recommend the passage of laws that define commer
cial fertilizers and establish the standards of qtrality that 
shall be enforced upon all handlers. Tile Association of 
Anerican Fertilizer Control Officials annually publishes its 
latest draft of a,uniformu state fertilizer bill. Tle bill is based 
on more than one hundred years of inspecting samples of 
commercial fertilizer in the United States. Each term and 
provision in the bill has been carefully studied before 
inclusion. Copies of the bill can be obtained from: 
Secretary, Association American Fertilizer Control 
Officials, Department l3iochtelnisrry. Purdue University, 
Lafayette, Indiana 47906. 

As with limestone samples, the collection techniques and 
equipntent and analytical procedures must be carefully 
prescribed. There is no universal agreement ott the best 
procedures to use butt Paraguay undoubtedly will purclase 
fertilizers on the vorld market. Fewer difficulties would be 
experienced if' tile were very similar or identicalprocedures 
tio some of those alre:idy ini use rather tham entirely 
different. Tle uniforln fertilizer bill does not specify the 
procedures that are used to collect and analyze fertilizer 
samples. Offficial analytical procedures intite United States 
are developed by tire Association of Aercican Fertilizer 
Control Officials and are available inpublished form (38). 

We recommend that visit tilea team United States and 
other countries in Latin America to study tileprocedures 
used and to recommend those that will best serve Paraguay. 

Although we hrave treated limestone regulatory services 
separately front fertilizer regulatory services, it would be 
expedient for a single labcaiatory aild field inispectiorr unit 
to serve colmlposed headinboth capacities. 'Fire ream of tile 
of tire laboratory services and tire chief inspector, therefore, 
would study both litie and fertilizer procedures. This team 
shouild then add the North ('arolina State [)epartment of' 
Agriculture, Raleigh, and the South Carolina State 
Department of Agriculture. Clemson. to its study tour. 
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We recommend that the laboratories and inspection 
services for fertilizer be under the control of and operated 
by the MinAg. 

MINERAL RAW MATERIALS 

FOR AGRICULTURAL USE 


Although no igneous rocks rich in apatite were observed 
during this brief investigation, i,c.nnot be said that none 
will be found. Careftul investigation by detailed geological 
mapping, ni" retic surveys, radioactivity surveys, heavy 
mineral surveys, and geochemical soil sampling of alkalic 
igneous rock complexes such as those near Sapucai and 
Acahay nlay reveal commercially valuable concentrations of 
minerals containing phosphorus, niobim111, copper barium,strottim,iraiumhorum,an rae e~tht. 'lienewstro nltium , thoritrn, u~raniumn, anid rare e zrths. The newWa e i o rl" U d w tra d c ud no be 
to pographical maps being prepared by the M ilitary 
GC'ographic Institute and Interamerican Geodetic Survey 

will make excellent base maps for detailed geological 
mapping. 

We recommend that tie work begun at Sapucai be 
continued in a more detailed manner. The Acahay-La 

Colmena area should be investigated before returning again 
to the Sapucai area. 

The limestone ,ilong file Paraguay River between 
Itiapucumi and Vallemi is amnple to mee the needs of 
Paraguay almost indefinitely. Its location with respect to 
the agricultural areas, howevel, lilliits its CeononiC usciul
ness in agriclt re. 'he location of deposits ineach of the 
three main agricultural areas, then, is of immediate and 

major importanice to the cootinued development of agri
culture. Present knowledge of these deposits is very 
inadequate. The deposit in the northern zone, at Pedro 
.uan Caballero, was not visited. Its mineralogical nature. 
geological nature, and extent is not knowni. In the central 
zone the litiestone occurs as a sedimentary deposit with 

omVilla in woofate strthe oly crwePosit,at Villa Florida was located but thle only knowvn exposure
d q aey 

was temporarily underwater and cotld not he adequately 
sampled. The extent of reserves in this area also is 
unknown.
 

We recommend that the extent and nature of the 
limestone deposits in each of the three agricultural zones be 
fully explored. 
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APPENDIX
 



Table A-1. Soil Test Results fur Available Phosphorus 
and Available Potassium in Eastern Paraguay (35) 

Agricultural Number of Percentage ot soils deficient in 
zone & district samples Both P& K Ponly K only 

Northern 

Table A-2. Soil Test Results for Soil 
Acidity in Eastern Paraguay (.35) 

Percentae of soils 
Agricultural Number of in each pH ran__, 

zone & district sai Is ".-5.0 5.1-5.5 5.6-6.4 6.5 
Amamby 
Concepcion 
San Pedro 

Mean 

210 
270 
463 
943 

56 
45 
76 
63 

27 
40 
20 
27 

4 
2 
4 
3 

Northern 
Amiamiby 
Concepcion 
San Pedro 

210 
270 
463 

51 
20 
30 

20 
16 
30 

18 
34 
28 

11 
30 
12 

Central Mean 943 32 24 27 17 
Alto Parana 
Caaguazu 
Caazapa 

Central 
Cordillera 
Guaira 
Paragiari f!,) 

127 
472 
130 

411 
284 

89 
180 

28 
53 
50 

36 
43 

35 
33 

60 
41 
44 

32 
42 

62 
57 

1 
1 
2 
6 
3 
0 
1 

Central 
Alto Parana 
Caaguazu 

Caazapa 
Central 
Cordillera 
Guaira 

127 
472 

130 
411 

284 
89 

32 
27 

44 
16 

35 
41 

28 
28 

18 
28 

27 
17 

25 
32 

24 
41 

30 
39 

15 
12 

14 
15 

8 
3 

aran 1,693 42 43 "2 Paraguari (M) 180 18 33 40 9 
Suthern Mean 1,693 27 27 34 12 

Itapua 
Misiones 
Neembucub 
Paraguari (2) 

354 
532 

-

180 

26 
53 
-

33 

62 
43 
-

57 

3 
1 

-

1 

Southern 
Itapua 
Misiones 
Neembucu a 

354 
532 

-

28 
26 
-

18 
32 
-

30 
38 
-

24 
4 
-Mean 1,066 40 52 3 

Weighted mean 3,702 47 42 3 
alercentares do not total no t(o hecainse a t'vw soi s conlail 

edium to high :iont nilsofa usailable 1Pand K.
bislicient data. 

Paraguari (Y2) 
Mean 

Weigh ted mean 

alnsuficienl data. 

180 
1,066 
3,702 

18 
25 
28 

33 
28 
26 

40 
36 
33 

9 
11 
13 

Table A-3. Hectarage of Principal Crops in Eastern Paraguay in 1969 (51) 
Agricultural 

zone & department Wheat Cotton Tobacco Corn Rice Sugarcane Vegetablesa 

ha 
Northern 
Amamby 2,500 100 640 1,900 - 280 60
Concepcion 2,650 1,800 960 4,300 - 510 50
San Pedro 5,470 1,700 1,950 8,400 80480 480 

Subtotal 10,620 3,600 3,550 14,600 480 1,270 190% of total 33.6 6.0 17.8 11.4 4.7 5.4 5.8 

Central 
Alto Parana 190 300 1,350 2,600 90- 100
Caaguazu 3,200 7,600 2,060 
 17,200 220 2,120 420

Caazapa 
 960 4,000 1,100 9,200 260 1,140 540

Central 410 2,500 1,150 5,900 325 4,130
Cordillera 2,500 5,700 2,710 11,800 1,800 1,500 

330 

Guaira 570 2,800 1,750 9,800 290 4,310 
270 
180Paraguari (V,) 2,490 6,800 1,380 12,250 365 2,410 205 

Chacob 1,450 3,200 520 500 - 2,020 140Subtotal 11,770 32,900 12,020 69,250 3,260 17,720 2,185
% of total 37.2 54.8 60.1 54.3 31.8 75.6 66.2 

Southern 
Itapua 1,590 11,700 1,380 20,900 3,500 1,220 310

Misiones 4,970 2,200 970 8,000 2,600 480 280Neembucu 160 2,800 700 2,500 40 350 130
Paraguari ('A) 2,490 6,800 1,380 12,250 365 2,410 205
Subtotal 9,210 23,500 4,430 43,650 6,505 4,460 925 
% of total 29.2 39.2 22.1 34.3 63.5 19.0 28.0 

Total 31,600 60,000 20,000 127,500 10,245 23,450
0 3,300 

Surn of the area for olinnions and potatoes onily.
tbthc Ctiaco is included in hecentral zone trca.iea Ill supplies for this area must coie th .lnrngh tie central Zo e. 



Table A-4. Mineralogical Characteritation of Limestiie Samples 
X-ray Deterrmination of Carbonates 

a 

Location and sample nos. 
Villa Florida Vallei Iapucumi _ _ a . Curonel Oviedo-Caag azu st a igrap lc series. 

2 3 4 5 6 7 8 9 VS GB 10 11 12 13 14 15 16 CC 17 18 19 20 21 22 23 24 25 26 27 28 28A 29 30 31 32 33 34 40 
Calcite M in m or in m or m m 0 M ;.9 9.1 , M9 M M.1 M 1. M, .. M . . . 1.9 1 I1 , ,; M 1. M . M M. 9.9 M 
Dolomite 1 N M MM x xx x x x x I xM 9. ,I .1 9,I m , x x m x x m0 in x 0 In m x x 

Perograp~l4c Determinalon of Noncarbaoates 
b 

1 2 3 4 5 6 7 B 9 VS GB 10 11 12 13 14 15 16 CC 17 18 19 20 21 22 23 24 25 26 21 28 28A 29 30 31 32 33 34 40 
Quartz(granular) 30 100 20 5 5 2 70 85 85 85 80 55 60 90 30 80 30 80 25 70 80 25 70 5 70 70 70 65 65 50 20 30 15 80 10 40 75 60 30 
Opal-chalcedony --------- --------- 25 - 90 - 2 - - 25 60 50 SO 5 C0 40 10 - 50 
Feldspars . ..------- - -- 5 - 10 5 5 5 15 20 15 10 3 5 8 15 10 10 5 
Diopside. Ca.g(SiO,), 70 . . .. . . . .. .... ..... . . . . . .. . . . . . . . . . .. 
Muscovite-Brotite ------ 30 15 15 5 10 -- 30 15 10 10 - 30 20 25 
Goethite, FeO., H, 0- --------- 5 20 5 10 10 - - 10 5 10 10 10 10 10 - 5 10 10 2 5 2 2 10 
Linionite, Fe.O. xH, 0------- -- P 515 10---------------------------------------- P 
Chlorites-vermiculites - - 80 90 95 . .. . . .. ......... . . . . . .. . . . . . . . . . .. 
Clay minerals ------- 10 35 35 - 10 - 20 ---- 25 15 - 10 13 15 20 10 2 - - 28 5 

Fluorite.CalF--- --------- - -- 30 - 75 
Bruclte.M%q(Ott). - - 98 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Apatite (francolre) ---- -----------.......... . .- ----.-- P P p - p 
Accessory minerals "- - . . . .. . . .. .-- - ------- - - - --.--.-- 5 3 

- -- 0 5 
W 9, insample" 64.0 1.5 2.0 25.0 18.0 14.0 9.6 8.4 8.4 18.0 10.0 4.6 11.0 1.0 0.7 0.3 2.4 0.8 0.4 4.0 0.6 10.7 17.0 56.5 14.0 18.5 15.0 9.9 12.0 :7.0 52.0 37.0 53.5 45.0 54.0 22.0 52.0 65.2 5.5 

Carbonaceous matter- --- 10 -. . .- . . . . . . . . . . . . . . . . . . . . . ..--

'(M) Z nial [c, , nil,, t ; x) dlcjiiic, .Ii ani,,I I I 'doeh X-ra% 4,cctro n Ilhit . fur idenrlltfbud durt:. iln'tl cit'c c cxainln.itlIi. 
' ' 
b ,l 11-011la i mf! riori , , iotic+ iuiiaic ha, 10'11 lgOa1,d i0i blt|.1 aC r b-doate ' i l J ll i)-ia h ,1* a11n1. p o , ci t .
 

Cl,,u, .,cOr'. ,~ r zi Ij, . - .s Toiil, do 2'-
. ahn i'm ... ito n d -Ill'l ihit ,c l p~ini, -%1,~ acid. 

Table A-5. Chemical Chracterii.izin ,,f Liniesti n .sSampl Table A-6. Mlaintemincc Lint"Requir-lments 
Localion and samriplenas. pritclrd 

Villa Florida Vallemi HIapucumi Timre reIof Litte requirettient 
Constituent 1 2 3 4 5 6 7- 8- 9 . S -GO3 10 11 12 13 14 15 16 CC Crop pciiod n,'rqjg Annual 3years 

CaO 19.8 32.9 34.1 31.1 33.2 34.1 31.6 32.5 34.0 31 0 48 4 52.9 49.1 53.1 55.4 55.4 54.2 55.3 55.6 Wheat 1971-75 60 480 1.440 
MgO 2.5 18.6 17.3 14.0 11.4 20.8 14.1 14.4 13.2 11.9 1.7 0.2 0.2 2.0 0.2 0.1 0.6 0.2 0.1 1976-80 70 560 1.680 
CO b 14.9 46.0 45.3 34.1 37.1 30.1 (40.1) (41.2) (41.1) 120.4) (30.8) (41.7) (38.7) (43.7) (43.71 (43.5) (43.0) (43.6) (438) Curn 1971-75 80 640 1.920 
SO - - - - - - 2.8 6.9 0.8 0.4 0.1 1.0 0.2 0.1 1970-80 100 800 2,400 
H.O 105 C) 0.7 0.1 0.1 0.6 0.1 0.7 01 0.1 0.1 0.1 0.1 0.1 0.3 0.1 0.1 0.1 0.1 0.1 0.1 
Ign. loss (900' C) 16.8 45.7 45.2 37.5 38.3 43.2 40.5 41.2 41.2 37.4 39.0 41.6 39.3 43.3 43.3 43.2 43.0 43.5 43 Q Vegetables 1071-2 00 640 1,20 
Orgaiic + H1.1 1.2 0.1 0.1 2.8 1.1 4.1 (0.4) (0) (0.1) (1.0) (0.1) i) 0.3) (0) (0) ( (0) (0) 1973-74 100 800 2,400(0) a) 
Wt %gangue" 64 0 1.5 2.0 25.0 18.0 14.0 9.6 8.4 8.4 18.0 10.0 4.6 11.0 1.0 0.7 0.3 2.4 0.8 0.4 1975-80 120 960 2,880 

Location and sample nos. Tobacco 1971-80 50 400 1,200 
tacua.... _Coronel Oviedo.iaaguazu stratigtraphic series Cotton 1971-75 80 640 1,920 

Constituent 17 18 19 20 21 22 23 24 25 26 27 28 28A 29 30 31 32 33 341 40 157680 100 000 2,I090 
WtI Rice 1971-80 60 480 1.440 

CaO 530 55.6 49.7 46.2 223 47 8 45.6 47.0 1095 48.7 23.6 26.5 34.5 25.7 30.1 25.3 43.2 26.6 184 52.4 
MgO 0 1 0.1 0.1 0.1 0.2 0.1 0.1 0.5 0.7 0.2 0.3 0.1 0.5 0.2 0.1 a.1 0.1 0.2 0.9 0.1 Sugarcane 1971-75 109 800 2,400 
CO~b (41.6) (43.7) (39.0) (36.4) (17.7) (37.6) (35.3) (37.6) 139.6) (38.4) (18.9) '20.8) (27.7) (20.4) (23.6)(20.0) (34.1) (21.0) (15.5) (41.1) 197680 120 960 2.80 
SiO. 2.9 0.4 7.8 - - - - - - - - - - - - - - - - - Tree crops 1971-74 100 800 2.400

' 

H.O (105 C) 0.1 0.1 0.8 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.2 0.3 0.2 0.3 0.5 0.2 0.1 0.2 0,9 0.2 1975-80 120 960 2.880 
Ign.loss (900' C) 42.7 43.3 40.3 36.2 19.9 37.5 35.7 37.2 39.4 39.1 10.1 20.9 27.6 20.4 24.5 203 3,1.1 21.0 15.I 40.6 Forages 1971 20 160 480 
H2O and organics (1.1) (0) (0.5) (0) (2.0) (0) (0) (0) (0) (0.7) (0.2) (0.1) (0) (0) (0.4) 0.1) (0) !9) .0) (0) 1972 30 240 720 
P,0 5 - - - 0.04 0.03 0.03 0.06 0.04 0.03 0.03 0.04 0.07 0.00 0.05 0.20 0.07 0.12 0.20 - 0.40 1973 40 320 060 
Wt %g3ngued 4.0 0.6 10.7 17.0 56.5 18.5 15.0 12.0 57.0 37.0 53.5 45.0 22.0 52.0 65.2 1974 50 40014.0 9.9 52.0 54.0 5.5 1.200 

;"('and :Od ,'[iz ; -\i'|,III , 4. -1 1975-80 480',8 4'd{ "ItR Me6 l 1.1 5 Go 1,440Ott))) 

",I hi, .ll0[ot a,,lli1().a%dll -rvtlcd Iy l(.lI3a d lc" llllti.illt plcuodure. i0 h Ito,1,, : .- h Id he a)...r 

h v , in tn )t I c l it ,I bililni11i12 I ]i.illi1)021?4). .. 

II0(1',-(1,7,.
 
dln, 1 7 o~ V~llCenl0.,r0, 11icgil) 1l1tdcicr...In'd fiii dus tr 5t.Tnrnt~C .IfIi 237 cctl, -1dat1 25" C for 12.19 ho'rt Ii tAhic A-4, 



Table A-7. Projected Limestone Needs, 1971-1980 

Year 
Agricultural 

zone 
Fertilzed 

area Initial 
Area to be limed 

Maintenance Total Initial 
Lime requirement 

Maintenance Total 
ha mt 

1971 Northern 9,705 9,705 0 9,705 11,646 0 11,646 
Central 14,880 14,880 0 14,880 16,070 0 16,070 
Southern 10,515 10,515 0 10,515 10,830 0 10,830 

Total 35,100 35,100 38,546 
1972 Northern 

Central 
12,855 
21,142 

3,150 
6,262 

0 
0 

3,150 
6,262 

3,780 
6,763 

0 
0 

3,780 
6,763 

Southern 
Total 

14,953 
48,950 

4,438 0 4,438 
14,250 

4,571 0 4,571 
15,114 

1973 Northern 16,005 3,150 0 3,150 3,780 0 3,780 
Central 27,505 6,363 0 '.,303 6,872 0 6,872 
Southern 19,390 4,437 0 4,437 4,570 0 4,570 

Total 62,900 13,950 15,222 
1974 Northern 19,995 3,990 9,705 13,695 4,788 15,862 20,650 

Central 
Southern 

34,997 
24,558 

7,492 
5,168 

14,880 
10,515 

22,372 
15,683 

8,091 
5,323 

27,900 
18,988 

35,991 
24,311 

Total 79,550 51,750 80,952 
1975 Northern 

Central 
24,940 
44,100 

4,945 
9,103 

3,150 
6,262 

8,095 
15,765 

5,934 
9,831 

5,355 
12,865 

11,289 
22,696 

Southern 30,660 6,102 4,438 10,540 6,285 8,905 15,190 
Total 99,700 34,400 49,175 

1976 Northern 
Central 

30,000 
53,702 

5,060 
9,602 

3,150 
6,363 

8,210 
15,965 

6,072 
10,370 

5,355 
13,118 

11,427 
23,488 

Southern 37,148 6,488 4,437 10,925 6,682 8,902 15,584 
Total 120,850 35,100 50,499 

1977 Northern 35,900 5,900 13,695 19,595 7,080 22,478 29,558 
Central 
Southern 

64,235 
44,365 

10,533 
7,217 

22,372 
15,683 

32,905 
22,900 

11,376 
7,434 

42,910 
28,988 

54,286 
36,422 

Total 144,500 71,400 120,266 
1978 Northern 

Central 
41,890 
75,167 

5,990 
10,932 

8,095 
15,765 

14,085 
26,697 

7,188 
11,806 

13,518 
30,972 

20,706 
42,778 

Southern 51,693 7,328 10,540 17,868 7,548 20,510 28,058 
Total 168,750 58,650 91,542 

1979 Northern 44,630 2,740 8,210 10,950 3,283 13,805 17,093 
Central 82 'J30 7,763 15,965 23,728 8,384 32,472 40,856 
Southern 56,440 4,747 10,925 15,672 4,889 21,472 26,361 

Total 184,000 50,350 84,310 
1980 Northern 

Central 
47,635 
91,635 

3,005 
8,705 

19,595 
32,905 

22,600 
41,610 

3,606 
9,401 

32,188 
63,662 

35,794 
73,063 

Southern 
Total 

61,730 
201,000 

5,290 22,900 28,190 
92,400 

5,449 42,650 48,099 
156,956 
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Table A-8. Estimated Capital, Variable, and Fixed Table A-9. Estimated Capital, Variable, and 

Costs for Ordinary Superphosphate from a 212-mt/day Plant Fixed Costs for Sulfuric Acids 
Capacity 	 Capacity 

= 
14,000 mt/yr as P1 0s, or (212 mt OSP/day x 0.39 mt 93% acid/mt OSP 82.7 mt 93% 
70,000 mt/yr as OSP (0-20-0), or acid/day) 

212 mt/day as OSP for 330 days/yr 82.7 mt 93% acid/day x 93% =76.9 mt 100% acid/day 

76.9 mt/day x 330 days/yr =25,400 mt 100% H2S04/yr
CapitalhInvestment 
Plant $ 865,000 CapitalInvestment 

Working capital 1,689,000a Plant $ 906,000 
Working capital 355,000a 

Total 2,554,000 
Total 1,261,000

VariableCosts 
Amount Cost Variable Costs 

needed Unit Total Amount Cost 
unit/rot OSP S/unit $/mt OSP needed Unit Total 

Phosphate rock, 72% BPL (mt)b 0.627 43.49 27.27 unit/mt acid S/unit S/mt acid 
Sulfuric acid, 93% (mt)c .390 88.50 34.50 Sulfur (mt)b 0.344 79.25 27.26 
Electricity (kwh) 3 .05 .15 Cooling water (1,000 gal) 6.75 .02 .14 

Water (1,000 gal) 1 .02 .02 Electricity (kwh) 12 .05 .60 
Product loss, 1% .68 Boiler-feed water (1,000 gal) 0.18 .40 .07 

Total variable cost 62.62 Product loss, 1% .42 

Total variable cost 28.49Fixed Costs 
Operating labord .78 Fixed Costs 
Maintenance, 5%of plant investment .62 Operating labor, 0.75 man hours @$2/man hour 1.50 
Supplies, 20% of maintenance .12 Maintenance, 5%of plant investment 1.79 
Analyses, 20% of operating labor .16 Supplies, 20% of maintenance .36 
Overhead, 100% of operating labor .78 Analyses, 20% of operating labor .30 
In-urance, 2%of plant investment .25 Overhead, 100% of operating labor 1.50 
Depreciation (15 years) .82 

Insurance, 2%of plant investment .72Handling, and storage of supplies, 4%of operating 
labor, maintenance, supplies, and analyses .07 Depreciation, (15 years) 2.38 

Return on investment, 10% of plant investment 1.24 Handling and storage of supplies, 4%of operating 
Interest on working capital, 8%e .97 labor, maintenance, supplies, and analyses .16 
Interest on plant investment, 8%e .49 Return on investment, 10% of plant investment 3.57 

Total fixed cost 	 6.30 Interest on working capital, 8%c .56 

Total Cost of Production Interest on plant investment, 8%c 1.43 
Bulk Bagted f Total fixed cost 14.27 

$/mt Total CostofProduction 
As OSP (0-20-0) 	 68.92 86.92 1 

344.60 	 434.60 As 100% acid 42.76 
aEquivalent 	to the cost of raw materials for one month plus the 

value of production for 3mionths. d~aquivalent to the cost of raw materials for one month plus the 
rvalue 	 of production for 3 months.bfosphate rock ineported5 from Florida with charges/rot as Sulfur imported with charges/t as follows: 

follows: F.o.b. nine, $5.50; freight to Buenos Aires, $8.50; freight 
and handling to Asuncion, $20.09; customs and other port charges, F.c.b. mine S 38.00 
$9.40. Ocean freight to Buenos Aires 8.50 

Clmported from Buenos Aires by rail at S73.50/mt plus $15.00/mit Freight and handling to Asuncion 20.09 
freight. Customs and other port charges 12.66 

dLabor: 	 t Supervisor/shift at $250/month $ 250 Total 79.25 
3 Operator/shift at $75/month = 225 CDue to amortization, average annual rate is 4%. 
3 Laborer/shift at S60/month 180 

Shift co.t/uonth = 655
 
Monthly cost, 3 slhifts, 3 x $655 1,965
 
Fringe benefit, 80% of shift cost 1,574
 
Overtime, 50% of shift cost = 982 

Total = 4,521
 
Annual cost 12 months = 54,252
 
Cost/mot OSP-70,000 mt/year 0.78
 

Due to amortization, average annual rate is 4%. 
fCost of bagging is estimated at S18/mt, OSP. 
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Table A-10. Cost of Imported Fertilizers through Buenos Aires Via River to Paraguay through Asuncion 
Urea (45-0-1)) TSP 016-0) KCI (0-0-60) I)AP 118-46-0) NI 14 2S0 4 (21--)Baged 0iaeeed Bulk liag'cd Bulk Bagged Bulk aI-t-, BulkuS I. US 1: US F US I U IS US US I US i 'S I uSF.O.B. Gulf Coast I"65.) 65.0 47.00 47.0 ) 50.1)0 05. 32.O1)) 32.0(1 45.)00 15.00 27.10 27.0 6S.1)0 68.0 5I))() 5-.1 27.)1 27.)) 9.10 9.00Ocean freight 30.30 9.00 28.80 8.50 30.30 9.00 28.80 8.50 30.30 9.00 28.S) 8.50} 30.30 9.01) 28.80 8.51) 30.30 9.0 28.80 8.50C.I.F. Buenos Aires 95.31 74.00 75.80 55.50 80.3o 59.01) 1 0.8)0 40.51 75.30 54.10 55.80 35.51) 98.30 77.00 78.811 58.50 57.30 36.00 37.80 17.50Ins. 0.2,, .19 .15 .15 .11 .16 .12 .12 .08 .15 .11 .11 17 .20 .15 .A6 .12 .11 .)'7 .08 .04Port expense, Buenos Aires 5.85 5.85 3.07 3.07 5.85 5.85 3.07 3.07 5.85 5.85 3.07 3.07 5.85 5.85 3.1)7 3.07 5.85 5.85 3.07 3.07River freight to Asuncion 17.02 17.102 17.02 17.02 17.02 17.112 17.0l2 17.02 17.1)2 17.102 17.1)2 17.02 17.02 17.12 17.102 17.1)2 17 02 17.1'2 17.112 17.02C.I.F. Asuncion 118.36 97.0 2 96.1)4 75.7)) 113.33 81.99 81.101 61.67 98.32 76.98 76.10) 55.66 121.37 110.02 99.0:. '15.7 S(0.2 X.31 57.97 37.63
 

Customs. 8.33','7 a 11.83 9.70 9.61o 7.57 1.33 
 X.19 8.10 6.06 9.83 7.69 7.60 5.56 12.13 9.99Stamps & fees 4.00 -;1 1 4.00 4.40 
9.9)) 7.,7 S.112 5.89 5.79 3.764.00 4.W)0 4.))) 4.00 4.00 4.001 4.00

landling at customis 
4.) 4.1) 4.m 4.00 4.0f) 4.1)( 40!1 4.)0 4.01.4.13 4.13 4.13 4.13 4.13 4.13 4.13 4.13 4.13 4.13 4.1: 4.13 4.13 4.13 4.13 4.13 4.13 4.13 4.13 4.13Asuncion. total S/mt 138.32 114.85 113.77 91.40 121.79 98.31 97.24 7-4.86 1 16.28 92.8) 91.73 o9.35 141.63 118.14 117.08 94.71 9o.43 72. 6 71.89 49.52A.uncion, S/mt nutrient 3)7.37 255.22 252.S2 203.11 264.7( 213.72 211.39 162.74 193.80 154.67 152.88 115.58 - - 459.)19 3.17.43 342.3 3 235.81
 

7") Culel. (ttd"

At Asuncion. total 138.32 114.s5 1 13.77 91.40 121.79 98.31 97.24 11.2874.86 92.80 91.73 69.35 141.63 118.14I 117.1 ,. 94.71 90.43 72.')(, 1 1 89 49.52Loading 2.00 2.o I . lo( 1.00 2. 0 24'))0 I.00)) 1.00 2.00 2.00 1.1)() 1.M) 2.00 2.00 1.IM 1.01) 2., 2 ' 1.011 1.11)Truck to Cnel. Oviedo 3.14 3.14 3.14 3.14 3.14 3.14 3.14 3.14 3.14 3.14 3.14 3.14 141 3.14 3.14 3.4 3.14 3 14 3.14 3.14Unloading 2.00 2.)0 1 I5' 1.1m 21 11 2.)o) 1.1) 1.00 2.00 2.01 I.)0 1.00I 2.00 2.00 I I .11) 2.1)11 2.( 1.1oo 1.00Cril. Ovicdo. total S/mt 145.46 121.99 118.9 96.54 12-6.') 1)15.45 1)2.38 80.110 123 -12 99.94 96.87 74.49) 148.77 125.28' 122.22 91.8;5 1,13.57 >1l, 7.o3 54.6)Cd. Osiedo. Simt nutrient 323.24 271.J19 264.24 214.53 2,,1-28 229.24 222.57 I73.91 205.70 166.i/ 161.45 I 24.15 -4Q3.) 11.43 36.1 2611.29 
1, Para.tuari 
At Asuncion, ttotal 138.32 114.85 113.77 91.-1( 121 7, 9,,.31 97.24 74.86 116.28 92.80 91.73 09.35 141.63 118.14 t17.0" Q4.71 'h.-13 72.', 71 8) 49.52load in 2.0!01 2.1oI1 t 1 .1 21.00 2o l 1.0o 2.10 
Truck it, l'araeuiri 1.03 1.(,3 

2.00 1.00 I.M0 2.00 2.m1 LIMi I.''' 2.0 )11) I.) L.IM111.3 13 I ',3 I.,3 1.13 1.,3 1.63 I.63 I.63 1..,3 1.3 I .63 1.13 I.rS I .,3 L.163 1.63Unloadin, 2.00 2.o1 l 1..) 2.00 2.111 1.0 1.01 2.0o 2.00 IO 1.11(1 2. . (.1 2.11'' 2 12.0'' 1 0, I00, 1.00Paraguari, total S,'mnt 143.95 !21.48 117.40 95. " 127-12 1)13.94 100.87 78.49 121.91 98.43 95.3(1 72.98 147.26 1'3 77 120.71 9.1,.34 ti2 I,(, 7..; 75 52 5 .15Paragnari. S/lilt nutrient 319.89 267.73 260.89 211 .IS 277.00 225.9), 219.28 170.63 203.18 164.05 158.93 121.63 41.s.010 374.24 349.62 2531.10
 
7Ti Lval Juan Batrista
 
At A uncion. total 138.32 114.,85 113.77 91.-I 121.79 98.31 97.24 74.86 116.28 92.80 791.73 (9.35 141.63 118.14 117.1)S 94.71 t,.43 72. 'I 1 S9 49.52Loadireg 2.10 2.01t 1.00 1.00 2.00 2.)0 1.0) 1.00 2.1)1) 2.00 1.)) 1.00Truck 2.00 2.on I .00 1 'I 22 li I.')) 1.1))to San Juan lautista 5.06 5.06 5.))6 5.056 5. 5. 5.1 5.06 5.)., 5.1)1, 5.111, 5 1)1, 51), 5 it, 5.06

Unloading 2.00 2.00 0 1. 1.00 2.01 2. 1.00 1.00 2.0 2.10 .1 1.00 0) 1 1)) T 2 (MIM >.1)( l 00 I.,''' 2 Ioo 1 .0San Juan lauttia. total S,'it 147.38 123.91 120.83 98.4 1 130.85 117.37 114.30 81.92 125.34 111.86 98.79 76.41 1150.69 27.21, 124.14 101.77 1115.4'1) 2.0 2 78.95 56.58San Juan Bautista, Sut HIltrCIlt 327.51 275.36 268.51 218.80 28.1.46 233.41 226.74 178.09 208.90 169.77 1(4.,5 127.35 312 .3 3011 375.95 2f9.43,
1, 'cdro Jua, (ahall.ro 
At Asuncion, tolti 138.32 114.85 1 13.77 91.41) 121.79 0)8.31 97.24 74.86 116.28 92.80 91.73 6.35 141.,3 118.1 11718 9.171 '1,4 72.'o, 71.' .19.521 -i.0011 2.001 1.001" 1.001 2.001 2.00i 1.M11 1.001 2.0011 2.001 111 1.00 1 .1m1 2I0Al 1.1 I I 2 (11,2 10M 1.nf1
Truck to Pcdro .lwan (Caballcro 21.60 21.60 21.620 2 1.61 216 210 21.1 21.6 21.6 21.61 21.60 2I 2 .60 2).(60 21.601 1 'I 21Unloading 21 1 2 ,1, 21.60 21.61)2.00 2.00 I.)) 1.110 2.00 2.00 I .11 1.0) 2.)))) 2.00 l.0) 1.00 2.0) 2.(0 1.I I .("I 2l 2 I 1.(t)) I.(I)Pcdro Juan Calilcro, total Slit 163.92 140.45 137.37 123.')1 --.- 141.88115.00 147.39 121.84 98.41' 118.4)) 115.33 92.'9. 167 3 143 l4 II'dlto 9 17.23' 14. 7 4 .; 11.3 I I , -8, 4Juan Caialcro.$/mi n1utrient 364.27 312.11 315.27 2 -5.5 1" -, N,.51, 121.41 269.3-7 262.7(1 214.04 236.47 197.3. 192.22 154.92 - 5 5.4 9 73.1
T7 - ]t t 'ri tac im I I1.4 15-1.71 3 4. I 0 

-
At Auncion, total 138.32 114.85 113.77 91'.4)) 121.79 98.31 97.24 74.80 116.28 92.8,) 91.73 69.35 141.63 118.14 1 17.0S 94.71 ',4 3 72.'a, 71.N9 494;5'[,oading 
 2.)0 2.00 )1 0 .( 2110 2.0( 1 .00 I.00 2.olt 2.11) 1.00 1I.0 2.01) 2.Jit I ]nn l .I' 2I 2.(''1 [ (1 1.001-Iuck to I'ncarnicion 9.55 9.55 9.5 5 5 9).55 9. .55 9.55 9.55 '.55 9.55 


U n l, ad i mg, 2 . 0 0 2. 0 1 1 1.0 1 I.1n1 2 . 0 0 2 . 1 I s l [. )0 
9.55 9.55 9.55 1)55 55 . '(.55 '.55
 

2.)))) 2. ) I 1. 1 .111 2.)))) 2. 0 01 .1 ') I ( 0 2.10 2 .11 1 . 11 0 0I...r.a. in tot) S/mt 15 1,x7 128 01 _1 10 2.95 I ..5.3.1 11 1 X, 1 1,8.79 S(.4ll 129.83 1116.35 1113.28 S).90 155.1,"8 131.6'9 1-'_.6,6, . 2. )1 '-;18 ")1 34 I oII ncarnation. S/It nutlicnt 337.49 285.33 278.9 228.78 ' 1.22 243.17 23 1)7.So I I7.i5 2 6.38 177.25 172. IS 134.831,, 1%.t,(r 5 17 1 )4 -7. 1.81dro " 
At A,ll'clon. toi.1 138.32 114.85 1 13.77 'l.4 121 79 9..3',1 ' 7.24 77- 1.6116.28 Q2. :U 91.73 , .35 141.63 118.14 117.08 9471 4, 13 ',' 71.8 .I52I a'lir 2.0 1 2.)") 1.00 I.)0' 2 , 2) 1.21.0I. ) 2.1 1 2.M1 1.00 1.1) 2.1))) 2.on 1 1 0 '1.12 2 11il11 1 1 I.1).I rck t,, San 'eI,) 14.73 14.73 14.73 14.-3 1H17 I 4, 7. 14.73 14.73 14.73 14.73 14.73 14.73 1 .73 14.73 14.73 14.73 I4 73 14 73 4.73 1.1.73L-n~natlin21 2.00 1 .1( 1.00 2.111)- l.1) I.0 I .JM) 2.111 2.0 O1U.11 0.-1 2. 10 2.m ].0 1 ].01' 2..m) 2.)'' I .1) ].o(liS:ri Ped o. total ,/un 157.5 133.58 131511 lIl, lI3 1 -1152 17.014 113.97 91.5') 135.11 111.53 1')8.46 86.18 1611.36 136.87 133.81 111.;4 115111' I, ) ,SS ,2 ,6. 25S' 1edr,. S/ n lrienl 349.mn 296.S.1 211.il 2.1.29 31 5.18 251.43 247.76 19. II 225.0 1I5.S, I81.77 113.47 ------- 5.l 3 436 12 4 1..1 . \ l's tl ,, purl,, I IIIL. lri, c1 .~.:. 

4 
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Table A-1i. Cost of :mported Fertilizers through Buenos Aires Via Truck to Paraguay through Asuncio, 

C.I.F. IBu,.nos Aires 
Ins. 0.2"; 
Port l-xpense. Buenos Aires 
Truck to Asuncion 
C.I.F. Asuneion 
'ustoiis 8 .33% 

-a 

Stamups & fees 

A,.ul1cioll. total S/rt 
Asuncion, S/nt nutrient 

i 
US 

95.30 
.19 

5.85 
31.50 

132.84 
13.28 

4.00 
150.12 
333.60 

Urea (45-0-0)
~ecd 
[I.-" 

74.01)0 75.80 
.15 .15 

5.85 3.07 
31.50 31.5o 

111.501 11(1.52 
11.15 11.015 

-1.0(} -t1o 
126.65 125.57 
281.44 279.04 

lkul: 

55.5) 
.11 

3.17 
31.50 
90.18 

9.0 1 

-1.00 

113.19 
229.3 I 

TSP (0-46-0) KOI (01-0-o)) 
1acL!.d Bulk Iae,.'d Bulk 

US I: 'is F US 1: US F 
8.311 59.0-) 60.8) 40.5(l 75.30 54.10 55.80) 35 5) 

.16 .12 .12 .0, .15 .11 .11 .07 
5.85 5.85 3.07 3.07 5.85 5.85 3.07 3.(7 

31.501 31.50 31.50 31.50 31.5 31.50 31.50 11.5(1 
117.81 96.47 95.49 75.15 112.,W 91.46 91.48 70.14 
11.78 9.61 9.54 7.5 1 1 1.28 9.14 9.04 7.01 
-1.0) 4.(f) 4.0i) 4.00 4.00 4,(;0 -i.00 4.(m 

133.59 I11. 1 i0.03 80 .66 12-N. 08 104.60 103.52 81.15 
21)041 239.37 237.1 2 18831 213.47 174.33 172.53 135.2 

1)AP11 8-46-0)HI14,0OI 
Ba:,e,,cd Bulk 

US F US -: 

98.3o 77.01 78.() 58.5(0 
.20C .15 .16 .12 

5.85 5.85 1)7 3.)7 
31.50 31.5o 31.50 31.5,) 

13 .85 114.511 113.53 93.19 
13.58 11.45 11.35 9.31 
-1.0l 4 4-4 

153.43 1-19.95 12888 It 5 

N (21 -1-0) 
l).,,'cd Ilulk

iS F ;S 1" 
57.3') "6.1)1) 37.81 17.50 

.11 .(17 .08 .04 
5.S5 5.85 3.117 3.07 

31.51 31.5') 31.50 .1.50 
04.7, 73 42 72.-145 52.11 

7 714 7.2-1 5.21 
4.H0 1.1m 4.0)0 

'" - 76 8369 61.3? 
5 . 41.62 308 52 292111 

To ('ml. Ov'ido 
At Asuuicion, total 
'tI ck toCnel.Oviedo 
U'nloading 

OwcI. O iedo, total S/nt 
Cwl.Oviedo, S/Int nutrient 

150.12 

3.14 
2.00 

155.26 

345.02 

126.65 

3.1-I 
2.00 

131.79 

292.87 

125.57 103.19 
3.14 3.1 1 
1.0011 1.(0 

129.71 11o7.33 
288.24 238.51 

133.59 
3.14 
2.1) 

138.73 

3111.59 

11('.1 I (19.13 
3.1-1 3.14 
2.1)() 1.)0 

1 "15.25113.17 

25(.54 240,()2 

86.66 128.118 
3.14 3.14 
I(10 2.01) 

9).80 113.22 
197.,',22.03 

1014.() 

3.i-I 
2.00 

09.74 

182.9') 

113.52 
3.14 
1.()() 

107.66 

179.43 

81.15 153.43 
3.1' 3.14 
1.()( 2.00 

85.29 158.-)7 
142-.15 .. 

],1j.95 .128.N, I( t,.S1 
3.4 3.1 
2.01 * 1 ImI 1.0(1 

135.1r) 33. 2 110.4 I 

.1.11 
- I 

1I 
lu 

,' 90 

1 

883.1 
3 14 

1' 
7 ,3 

61.32 

3.14 
1 (O1) 

(,5.46 
11.71 

lb tara.uari 
At Asuncion. toutl 
Truck to Paraguari 

Unfloading 

150.12 

1.63 
2.00 

126.65 

1.63 
2.00 

125.57 

1.63 
1.00 

103.19 

1.63 
O1.(I 

133.59 

1.(3
2.00 

110.1 1 109.03 

1.(,3 1.63 
2 0(0 1.00{ 

S6.6 

1.63 
1,0O 

128.u8 

1.63 
2.mo 

11-1.60 

1.63 
.1( 

113.52 

1.63 
1.00 

81.15 

1.63 
1.00 

153.43 

1.63 
2.00( 

129.95 1,28. S . , - .11, 
1.03 1.,3 1 3 3 Ij
2.0}0 1:(ll I,()0 .11 

W) 
63 1.(,
itI.I!11 

6(,1.32 
1.63 
1"l 

l'ar .mari,total S/mt 
l'aragu ari.S/ t nutricnt 

T"o';un JutantRattiMSa 

153.75 
341.67 

130.28 
289.51 

128.21 
284.89 

105.82 
235.16 

137.22 
2118.31 

113.74 
247.26 

111.66 
242.74 

89.29 
194.1 1 

131.71 
219.52 

108.23 
180.38 

106.15 
176.92 

83.7 8 
139.6, 

157.6 
--

133.58 131.51 109.13 ill.",(, 
- 55 7 

1).,3' , 
42(l 11.05 

3,.2)5 
304.52 

AtAulncion, total 
"rut k to San Juan Biutista 

I nlmding 
Sa lJuan lautista, total S/nilt 
S:ll Juan Bautista, SIit nutrient 

7) 1'. dro JuantCaha!lero 
At Asuncion. total 
Truck to Pedro Juan Caballero 

Unl,:,adin 
Pedro Juan Caballero, total S/lmt 
Pedro Juan C:ballero. S/mt nutr::nt 
"oE:n( arntacion 

150.12 
5.06 
2.00 

157.18 
349.29 

50.12 
21.60 
2.00 

173.72 
386.04 

126.65 
5.06 
2.00 

133.71 
297.13 

126.65 
21.60 
2.00 

150.25 
333.89 

125.57 103.19 
5.06 5.16 
1.10 1.)0 

131.63 109.25 
292.51 242.78 

125.5-1 103.19 
21.60 21.60 
1.0)0 1.1)0 

148.11 125.79 
329.27 279.53 

133.59 1101.11 
5.1,6 5.06 
2.(10 2.(0 

1-10).65117.17 
315.76 254.72 

133.59 110.11 
21.60 21.60 

2.010 2.00 
157.19 133.71 
341.72 290.67 

109.13 
3.06 
1.001 

115.019 
250.20 

109.03 
21.60 

1100 
131.63 
2S1;.15 

81.66 
5.06 
1.10 

92.72 
201.57 

86.66 
21.61 
10 

*09.26 
23-.52 

12X.8 
5.06 
2.00 

135.1-4 
225.23 

128.0,8 
21.60 

00 
151.68 
252.80 

104.60 1(3.52 81.15 
5.16 5.106 5 .ut 
2.00 1. 1.0 ( 

111.66 109.58 87.21 
186.10 182.63 145.35 

104.60 103.52 S1.15 
21 r10 21.60 21.60 

2.1)0 1.00 1.1'') 
128.20 126.2 103.75 
213.67 210.20 172.92 

153.43 
5.06 
2.1.01 

611.49 
-

153.43 
21.60 
2.00 

177.03 
-.

1294)5 I 28.8.i 
5.(16 5.1)6 
2.( 1 I.0 

137.111 134.94 
-

129.95 128.88 
21.60 21.60 
2.00 .(1(} 

153.55 151.48 

111.50 1'8.23 ,4.76 8 W)3.6')1.32 
5.116 5.1:S 5. 6 5.J)6 
1.(0Ii 2.0) 2.(! 1.1)') 1.1) 

i12.56 115.2 j' .I V).75 ,7.3S 
.: (if)437.2-1 127.3 32f1.,86 

10,.5 1I I,8.23 70 3. .79 (,961.32 
21.61 21.(1 21 610 21.61) 21.611 

1.01 2.00 2 (1) 1.110 1.010 
129.1) 131.8'3 11 36 111(.29 83.92 

7 , 5(1(,{.l0( ,14 39.62 

At Asuncion. total 
lruck to Encarnacion 

iUrnloading 

IFtliarnaicion, total S mt 
inaln;lcion, S/int nutrient 

150.12 
9.55 
2.00 

161.67 
359.27 

126.65 
9.55 
2.00 

138.210 
307.11 

125.57 
9.55 
1.1 

136.12 
3(12.49 

113.19 
9.55 

0 1.(0) 
113.74 
252.76 

133.39 
9.55 
2.00 

1-15.14 
3 ,5.52 

110.11 
9.55 
2.00 

121.66 
264.48 

109.13 
9.55 
1.10 

119.58 
259.96 

86.66 128..08 104.61 
9.55 Q.55 9.55 
1.011 2.1) 1.002.00 

97.21 139.63 116.15 
211.33 232.72 193.58 

103.52 
9.55 

11-I.07 
19(1.12 

81.15 
9.55 

91.70 
15183 

153.43 
9.55 
2.011 

114.98 

129.95 
9.55 
2.0 

141.5C 

128."i8 
9.35 
1.1 

139.43 

lM, 0(( 8.23 
9.55 9.55 

0.0(l1(.1( 21(1 

117.(05 110.78 
57 ..',38 

-1.7,, ') 
9.55 9.55 
2.11') 

9 31 0 ,24 
4 5.62 -148. 

61.32 
9.55 
1.()1) 

718S'7 
42.. 2 

To Sn Pedro 
At Asuncion. total 
Truck.to San Pedro 

Unnoading 
S:n!Pedro, total S/ t 
Sail Pedro, S/int nutrient 

150.12 
14.73 
2.00 

166.85 
370.78 

126.65 
14.73 
2.0o 

143.38 
318.62 

125.57 
14.73 

1.10 
141.30 
314.00 

103.19 
14.73 

1.)0 
118.92 
264.27 

133.59 
14.73 
2.00 

150.32 
326.78 

11(.11 
14.73 
2.00 

126.84 
275.74 

109.03 
1-4.73 

1.00 
124.76 
271.22 

.6 
14.73 

1.00 
102.39 
222.59 

138.08 
14.73 
2.0)0 

144.81 
241.35 

104.60 
14.73 
2.00 

121.33 
202.22 

103.52 
14.73 

1.00 
119.25 
198.75 

81.15 
14.73 
1.00 

96.8F 
1u1.47 

153.43 
14.73 
2.00 

170.16 
-

129.95 128. ;"1 0.5 01( .23 84.76 
14.73 14.73 14.73 14.73 14.73 
2.0( 1.00 1.(k 2)11 2.110 

146.68 144.61 122.23 124--.96 111.49 
...- -- 95.15.S3.29 

83.69 
14.73 

100 
00.42 

473.43 

, 1 
1,.73 
I.1(1 

77.05 
366 9 

aSee footnote "a" taible A-10. 



Table A-12. Cost of Imported Fertilizers through Buenos Aires Via Railto Paraguay through Encarnacion 
Urea (45-0-0) [SiP 0-46-0) K('I (0-0-60) )AP(18-46-01 (Nl . S0( (2 -041) 

USBaged F__-1 US Bulk 
I US

Bg:geed Biulk Bagged Bulk tLagced Bulk llagged 
4 4 

BulkI TUS - U S II 18 1I-. lS US S 1- USS I 
C.I.F. Buenos Aires 95.30 74.00 75.80 55.50 80.3.0 39.00 ,60.0 40.50 75.30 54.00 55.80 35.50 98.30 77(11 78.8) 58.5 l 57.31 36.1) 37.80 17.50Ins. 0.2 ' ".19 .15 .15 .11 .I1 .12 .12 .08 .15 .11 11 .07 .20 .15 .16 .1 .11 .07 .08 .04Port expense, luenos Aires 5.85 5.85 3.07 3.07 5.85 5.85 31.07 3.07 5.85 5.85 3.07 3.07 5.85 5.85 3.07 3.)7 5.85 5.85 3.)7 3.07Rail to l-ncarnacion 7.65 7.65 7.65 7.65 7.65 7.65 7.65 7.65 7.65 7.65 7.65 7.65 7.(5 7.65 7.65 7.t)5 7.65 7.65 7..5 7.C5C.I.F. EnCaroaCion I(8.99 87.65 86.67 66.33 93.96 72.62 71.64 51.3,

a 88.95 7.6 1 66.63 41.29 112.100 90.65 ;9.68 69.34 70.91 49.57 48.60 28.26Custon, . 8.33"; 1 1.89 8.76 8.66 6.63 )(.39 7.26 7.16 5.13 8.89 6.76 6.66 4.62 11.20 9.06 8.96 6.93 7.1)9 4.95 4.,' 2.82Stamps & i'ces 4.00 4.0) 4.0 0-1.) 4.110 4.10 4.10 4.110 4.11( 4.1) 4.01 4.00 4.(l 4.0)) 1 (10 4.()(1 4.( l 4 (0 4.01( )OSubtotal l'ncarnacion 123.88 100.41 99.33 7(.6 (107.35 S3.88 82.80) 6 .43 11)1.84 78.37 77.29 54.91 127.20 103.7 112.04 801.27 8 2.11 .\52 , 46 35.0. 
7o Chel. Oviedo 
Subtotal isncarnacion 123.88 1)0.41 99.33 76.96 107.35 83.88S 82.8)) (,0,43 101.84 78.37 77.29 54.9 1 127.2)) 103.71 102.64 80.27 82.101 "52 :,7.40 35.10.Train to Vfillarrica 2.09 2.09 2.09 2.09 2.09 2.019 2.119 2.09 2.09 2.11 2.19 2.09 2.19 2.019 2.1)9 2.1.w 2.09 2.11) 2.1)9 2 119IHandling 2.00 2.0}1 I.MO 1.(() 2.110 2110 1.0() 1.0() 2.) 2.00 1.00 1.)0 2.1)0 2.1) 1 (Ill)) .11(1 20() 2.1)11 11() 1.0)0Truck to Crnel. Oviedo 1.18 l.0'8 1.08 1.08 ].(I8 1.08 1. 1.08 1.0)8 I..8 1 (8 I1 1.1 1.118 I A i I 81.18 1.)8

Inloading 2.00 2.0)1 1.00 I.)0 2.00 2.00 1.00 .00 2.0( 2.11) 1.00 1.()) 2.() 2.0(0 1.(1) 1 I() 2.,12 ') 2 ( ( i 1.O00
Cncl.Os..edo. total S/tnt 131.05 107.58 1(4.51 82.13 114.52 91.05 87.97 65.60 109.111 85.54 82.4 , (l0.(18 13-1.37 11)1.88 1)7.8,-I 8'5.44 Y) 17 ,'' W h 2) 3 40.25Cnd.Oviedo, S!...t nutrient 291.22 239.)7 232.22 182.51 248.96 197.93 191.24 142.61 181.68 142.57 137.43 1100.13 424.612 1 2l 8.24 I91.67 
7o I'aragiiari
Subtotal lIncarnacion 123.88 100.41 99.33 76.96 117.35 83.88 82.81 60.43 101.84 7.117 77.29 54.9 1 127.20 103.71 102.64 8(127 82 WI 55 5 .46 35.118'Frain to Paraguari 2.48 2.48 2.48 2.48 2.48 2.48 2.48 2.48 2.48 2.48 2.48 2.48 2.48 2.48 2.48 2 4,.-;2 48'. 2 -1, 2 48 2.48Unloadang 2.0(1 2.00 1.111 1.00 2.10) 2.,00 1.0(0 1.00 2.0 2.11)1 l.M)(( 1.J10 2.00 2.(0 1.10 I I 2.1.11i) 2.1,) I n11 00t)l'aramitri. total Sint 128.36 10,4.89 102.81 81.44 1 1i.83 88.36, 81.28 63.91 1O6.32 82.85 80.77 58.39 131.68 1)08.19 106j12 8375 8,48 wo.94 38.56I'araguari. S/nt nutrient 285.24 2_3.09 228.47 178.76 243.11 192.09 187.57 138.93 177.21 138.108 134.62 97.32 - - 3411.81 ll i Ml 21(1.19 183.62 
To San J1an Bautista 
Subtotal '.ncarnacton 123.88 100.41 99.33 76.96 107.35 81.88 82.80 60.43 101.84 78.37 77.29 54.91 127.21) 103.71 1012.4 81127 82 1, 5" 52 57.6 35.8Train to Cnel. Boado .510 .50 . .5)) .5) .5) .5) ..50 .50 .5( .5(1 .5 .5 .51 .5

Iandling 2.00 2.00 1.00 1.00) 2.110 2.00 1.0(0 1.00 2.00 2.11, 1.(0 1.00 2.0 2.M) 1.00 1.1I) 2.10 2.''') 1f ) ITruck to Sari Ju1anBautitta 2.94 2.94 2.94 2.94 2.94 2.94 2.94 2.94 2.94 2.'4 2.94 2.94 2.94 2.94 2.94 2.94 2.94 2.94 2.q4 2.94Unloading 2.0( 2.00 1.00 I .00 2.ill) 2.1)1) I .( 1.00 2.00 2.)110 L.I)) 1.11 2.)0 2.00 1.001 1.111) 2.(11) 2, if 1.111 ].()1)San Juan Bautista. total S/t1t 131.32 107.85 14.77 82.401 11-1.79 9)1.32 88.24 65.87 109.28 85.81 82.73 60.35 134.64 111.15 118.08 85.71 89.44 65.9, ,2.90 4(. 52Sar, Juan Bautista. S/tit nutrient 291.82 239.67 232.2 183.11 249.54 lQS 52 191.83 143.20 182.13 143.12 137.88 100.58 - 4-5.911 314.11) 2W),152 192.95 
To Pedro Juaii Caballero 
Subtotal licarnacion 123.88 1010.41 99.33 76.96 11-.35 60.43 78:.37 2
Train to Villarrica 

83.88 82.80 101.84 77.29 54.91 117.1. 113. 71 l12.64 SO1.- 0 58.52, 516 Z5.f
2.09 2.19 2.109 2.01) 2.1)9 2 09 2.091land lingu 2.09 2.09 2.09 2.09 2.09 2.19 2.109 2.09 2 0)9 2.t119 2.I19 2,1,) 2 092.00 2.00 1.00 1.00 2.(10 2.00 1.00 1.00 2.00 2.(101 1.00 1.00 2.1)(1 1.010 1.00 1.011 2.00 1.1i)() 1 OM I ()

Truck to Pedro Juan Caballero 17.67 17.67 17.67 17.07 17,67 17.67 17.,7 17.67 17.67 17.67 17.67 17.67 17.67 17.67 17.67 17, 1,7 1 t-7 1767 16>67 17.67Unloadinga 2.00 2.00 1.0( 1.00 2.001 2.0)) Il.l, 1.10 2.11 2.00 i.(O (.1)) 2 00 2.11 1.11 11 1 2.00 2., 1 00) I.00Pcdro Juan Caballero, total Sintt 147.64 124.17 121.09 98.72 131.11 117.6,7 104.56 82.19 125.60 112.13 99.105 76..67 150.96 127.47 124.40 102,103 105.76 , 22X 71. 2 )2l'edro Juan Catallero. Sitnt nutricnt 328.09 275.93 269.09 219.38 285.02 234.)1 227.30 178.(7 209.33 170.22 165.08 127.78 5 0 ".f2391.,'1 377-24 270.67 
1" icarptaciot

_Subtotal lncarnct.on 123.88 100.41 09.33 76.96 11)7.3 83.88 82.80 611.43 10)1.84 78.37 77.29 54.91 127.20. 103.71 11)2.64 8O,27 2.100 5Urnloadiing- 2.00 2.0) I.00 1.00 2.o10 2.0(- 1.00 1.00 2.00 2.010 l.1( 1.00 
1 585 7 461 75.II8 

2A00 2.00 l.O0) 1.~ 1100 "!! I.,I meartnaciot. total S/ttt 125.88 102.41 100.33 77.96 1035 85.88 83.81 61.43 103.84 80.37 78.29 55.91 129.220 105.71 113.64 81.27 84.(f! , 1. 2 58.46 36(,.

lEnarnacion. Sh t nutrient 
 279.73 227.58 222.96 173.24 237.72 186.70 182.17 133.54 173.07 133.95 1311.48 93.18 - - 41111.11 2", 1') 278.38 !71.1 1 

7o Sat1 . 'dro 
S,j!,total nearnactin 123.88 100.41 99.33 76.96 107.35 83.88 82.80 60.43 101.84 78.37 77.29 54.91 127.210 103.71 1)12.64 8(. 8222 52 -. 35 1.IS")' 7..Ir~in tio Villarrica 2.1) ' 2.11,) 2.09 2.09 2.9 2.o9 2.01) 2.0 9 2. 1' 2.0v 2.11' 2.19 2.19 2.00 2.,)) 210) 2 .' 211') 2.1)
Ilndll-, 2.00 2.1111 1.00 1.00 2.10 2.1(1 I.)(0 1.0.0 2.()o 2.1 11 2. 111 1.11 Ill1.)) 2 (H( 1. 2. , 2 I Il Ilifllt'u k to San l'e ld- 11. 8r Il.) 11.08 11 ,08 1.1)8 11.18 II.8I 11.18 11.(8 I1.118 11. 8 11. 1 I.AS 11 11 " I11. Ps 018 11.118 8 .1 ,I'UI_'loadin-! I 11.118 Il.0s2.010 2.00~ 1.(() 1.00O 2.01(1 2.00 I.00O 1.001 .00 2.0) 1.00( LO00 2100 2.Oo 1.00 1.0)0 2.00H 21no I 11(1 1111 

Sit. Pedro, total ,i't 141.05 117.58 114.50 92.13 12-1..52 101.15 97.97 75.60 119.0)1 95.54 92.46 71.18 144.37 12)1.88 117.81 95.44 '('.17 51 721(,3 5 "1.25San Pcdro. Snit nutrient 313.44 261.2'9 254.44 2104.73 2711.70 219.67 212. 98 164.35 198.35 159.23 154.1_0 116.80 -- 472.24 34,0.43 34586 2 .
'8. [t otlt *,1,"table A I)). 
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Table A-13. Cost of Imported Fertilizers through Buenos Aires Via River to Para'uay through Encarnacion
U;ie. (45-I-m0 I SI' (04,-1) K(I (0-0-6(1) IDAPI 18-46-0) (Nit 125(14 (21-11-11)
(Ieed Bulk I. cdLI Bul-k Bagecd , ul k It ag,d ulk Ilaeecd Bulku.s I US I US I US I_ LS I US 1: 178 I US I US I US 1"C.I.F. Buenos Aires 95.310 74.011 75.4M) 55.5)1 80.31) 59(0 - 61).8T) 40.50 75.30 54.00( 55.8)) 35.50) 98.3)) 77(j 78.8) 58.51 57.30 31 .001 7/8) f7.5Ins. 0.2 ,' .19 .15 .15 .11 .16 .12 .12 .08 .15 .11 .11 .0/ .20 .15 .16 .12 .11 17 .08 .04Port expens,., Buenos Aire, 5.85 5.85 3.1)7 3.0)7 5.85 5.85 3 17 3.f)7 5.85 5.85 3,07 3.07 5.85 
 5.S5 3.17 3.07 5.85 5.815 3.07 3.07
Rivcr to 'ncarnacion 14.33 14.33 1 4.33 14.33 14.33 14.33 (4.33 14.33 1-.33 14.33 14.33 14.33 14.33 14.33 14.33 14.33 14.33 14.33 14.33 14.33River exchange (liandling) 2.)00 2.00 1.00 i) 12.110 2.1 i0 I ( lo I .l) 2.(Iti 2.010 1.0 ) I.00 2(11) 2.00 ( 1.0(1 1. 2.00 2.)0 1.t) 1.00C.1.1'. t-carnacion 117.67 96.33 94.35 74.01 1()2.t,4 1.31 7).32 5X.98 97.63 76.29 74.31 53.97 120.t8 99.33 97.36 77.02 79.59 58.25 56.28 35.94(utoms, 8.33'; a 

11.76 9.63 '.43 7.1f 111.26 8.1 3 7.93 5.8') 9.76 7.62 7.43 5.39 12.0)6 9.93 9.73 7.71) 7.Q5 5.S2 5.62 3.59Siaiimp, & fceS 4.00 4.1)11 .1)0 4.11) 4110 4.))) 4.)1) 4.00 4.110 4. 00 4.0) 4.00)) 4.11 4.00 4.1)0) 4.00 4.011 4,() 4.f il 4.00IIjndline at custonis 4.13 4.13 4.13 4.13 4.13 4.i3 4.13 4.13 4.13 4.13 4.13 4.13 4.13 4.13 4.13 4.13 4.13 4.13 4 13 4.13Ftncarnaeion. total $/nit 137.5;o 114.09 111.91 89.54 121.;13 9 7.56 5.38 73.00 "15.52 92.04 89.87 67.49 1401.87 117.39 115.22 92.85 95.67 72.)f) -70.1)3 47.66 
1o Cilt. Ovicdo 
Suhtot:d :carnacioi 137.51, 114.09 111.91 89.;.54 121.113 97.316 95.38 73.0101I "1.2 92.04 89.)7 67.49 1411.7 117.39 115.22 92.S5 9i f7 72.2f1 )1.1)J 47 66truck i. Cncl. Oviedo 10.58 1 .4.5,x 10).58 10.5,X 11.58 I,5o. 10.58


UnloL:ding 2.00 2.()) ].(0(1 1.(1)1 
111.58 1(1.58 81.8 10.5 N 1().58. 10.58 10.58 1(1.5 S 114.58 1).18 If) 5 11, i 1::.58
2..10 2.001 1.00 ]1() 2.00 2.00 1 1.00l 1.MI) 2.00 2.0l0 ].(( 1.001 2.01, 2 f)( I ml1 1.00! 

Cil. OviCdo. total S/mt 15(1.14 126.67 123.49 111.12 I33.61 1111.14 106.96 8';4.58 12 .110 104.62 11.45 79.07 153.45 129.97 126.81 1-4 43 1(-.23 84.38 ",1 ',1 59.24
Cnel. Oviedo. S/nt nutriCnt 
 333.64 281.49 274.42 224.71 291.46 239.43 232.52 183.87 21 350 174.37 169.08 131.78 - - 5 15.18 411321 .",f2 282.10
 
1o Paraiuari
 
Subtotal -nEarnacion 137.56 114.119 111.91 89.54 121.113 87.5(, 95.3S 73.)))) 115.52 92.iJ4 89.N7 67.4') 141.7 117.39 115.22 )2.S5 95.(7 72 20 71'.'3 47..6Truck to Para.uari 7.92 7.92 7.92 7.92 7.'12 7.')2 7.92 7.1)2 7.92' 7.92 7.92 7.92 7..2 7.92 7.92 7.9- 7.012 7 11 7.92 7.92Unloadinu 2.00 2.)1 1.11 1.00 2.1,() 2.00 1.00 1.00 2.10 2.(11 1.0) 1.0) 2 111 2.00 1.0o) I1.) 2.011 2.I1-- 1.1)(1 I.!)(IParaeuari. total S/nt 147.48 124.101 12)0.83 98.46 131.95 107.48 11D4.30 81.92 125.44 101.114, 98.79 76.41 15(1.79 127.31 124.14 101.77 11)5.59 2.12 75,'15 56.58Paragiari. S/mt nutrient 327.73 275.58 268.51 218.811 28-1.f,7 233.65 226.74 178.09 209.07 169.93 164.65 127.35 - 502.81 39 1.05 '75.5 269.43
 
To Saut JuantBautista
 
Subtotal lEncarnacion 137.5 114.1!9 11 1.91 89.54 121.13 97.56 95.38 73.00 115.52 92.04 S).S 7 67.49 14(1.87 117.39 115.22 92.S5 95.67 72.204 70 13 47 66Truck to San Juan Itautit;, 4.49 4.49 4.49 4.49 -449 4.49 4.49 4.49 4.49 4.4') 4.49 4.49 4.49 4.49 4.49 4.49 4.49 4.49 4A9 4.49Unloading 2.00 2,001 1.01) 1.()) 2 10) 2.)))) 1.00 1.01) 2.') 2.00 1.0( 1.00 2.00 2.0) 1.00 1.1 2.0) 2.110 I(Il I .00Sa:n Juan [jiti.,ta. total S,'mt 144.05 12(0.58 117.411 95.1)3 127.52 1)14.105 1)11!.87 78.49 122.01 '98.53 95.36 72.98 147.36 123.88 120.71 98.34 102 16 7',,f ) 75.52 53.15SanilJuall IalitiI. S/1ll ll(triclIt 320.11 267.96 2().S9 211.18 277.22 226.20 219.28 170.63 203.35 164.22 15S.93 121.63  - - - 486.48 171-1 350 .62 253.10 

;, Pelldr,, Juan (Chalh.,o
Subtotal Ilicarlacion 137.5. 114.09 1 1.()1 S9.54 121 .03 97.56 95.38 73.00 115.52 92.1)4 89.S7 67.49 140.-7 117.39 115.22 92.85 95.C 't- 711.13 47 61fruck to. Pedro Juan Caballcm.5 26.58 26.58 26.58 26.5 21,.58 26.58 26.58 26.5"8 26.58 2.58 26.58 26.58 26.58 26.58 26.58 26.58 26.58 I'.8 26.58 26 58Unloatlino 2.00 2.00 1.00 1.00 2.10 2.01) 1.00 1.00 2.011 2.1)11 1.10 1.010 2.1)0 2.00 1.00 1.00 2.00 2.00 1 I 1,0(Pcdro Juan Caballcro. total S/lit 166.14 142.67 139.49 117.12 149.(t 126.14 122.96 101.58 144.10 120.62 117.45 95.1)7 169.45 145.97 142.80 127.43 124.25 111.78 97.611 75.24Pedro Juan Caballero. S/mt ,oricit 369.211 317.04 309.98 2611.27 325.24 274.22 267.30 218.65 240.17 211.03 195.75 158.45  - - 591.67 479.90 V,181 -A58.29 
7 :'Icarliaciot 
Siil0, tal t'.carnacion 137.56 114.09 111.91 89.54 121 (1 97.56 95.38 73.00 115.52 92.04 89.87 67.49 140.87 117.39 115.22 92.85 95.67 72.21 743I Inloadiun 2.0111 2.110 1.()() 1.01)) 2 1)0 2.011 

47.6. 
1.00 I.()() 2.110 2.1)11 1.00 1.011 2.1) 2.1t11 I(0 1.(If) 2.411 2001) 1.110 1.11)llicarna,.ioil, total S/llt 139.56 116.09 112.91 90.54 123.13 99.56 96.38 74.110 117.52 94.04 90.87 68.49 142.87 119.39 116.22 93.85 97.67 74.2(0 71.13 18.66EUicarnacion. S/nt nutrient 310.13 257.98 250.91 201 20 267..16 216.43 209.52 160.87 195.87 156.73 151.45 114.15 -  - - 465.10 53.311 8.14 231.71 

7o Sali Pedro 
Suhttal -ncarriacion 137.56 114.09 111.91 89.54 121.13 97.56 95.38 73.00 115.52 92.14 89.87 67.49 1411.P7 117.39 115.22 92.85 95.6,7 72 21) 70.103 47.6'I ruck ti) San Pedro 211.1)0 20.0 20.011 20.101 211.f10 20.101 20.110 20.011 211.0) 0 20.0 20. 0 (


Unloadirg 2.00 

1).)) ))10 2..0 2(.1 ))1) 20.00) 2411I)1 2111 20).01}2.00 1.00 1.()0 2.11 2.00 1.11(1 1.0)1 2.00 2.00 1.00 1.00 2111 2.111 0 1.00 1.00 2.111 2.1) l Ilt 1.1(1Sail Pcdo., total $/lt 159.56 136.119 132.91 111.54 1.1103 119.56 110.38 9-1.)0) 137.52 114.1)4 1111.87 88.49 162.87 139.39 136.22 113.85 (1717 ')4. ) 91113 1, ,Saii 1'c(r.. S/11miiricnlt 354.58 31)2.42 295.36 245.64 31141.(3 259.91 253.00 2)4.35 229.210 1911.07 184.78 147.48  5611.33 448.57 433.48; 326.95
 

'See f.tiotc -a" table A- 10.
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Table A-14. Cost of Inported Fertilizers through Paranagua Via Truck to Paraguay through Pto. Pite. StroessnerUrea (45-0) TSP (0-46-0) K! (0-0-60)
Bagged Bulk 

DAJ (18-a6-0) (NI, 4 S. (21-0:U)Bagged Bulk Bagged Bulk Bagged Bulk liagged Bulkus F US I: ;S 1US USF.O.B. Gulf Coast 65.00 65.00 47.00 47.00 
us " US : US 1' US F: LIS F " I:us50.00 50.00 32.00 32.00 45.00

Ocean freight 
45.00 27.00 27.00 6.0)0 68.00 50.00 50.0oi 27.00 27.00 9.00 9.0026.00 8.50 24.50 8.00 26.00 8.5(0 24.50 8.00 26.00 8.50C.I.F. Paranagua 91.00 73.50 

24.50 8.00 26.00 8.50 2-.50 8.00 26.00 8.50 24.50 8.0071.50 55.00 76.00 58.50 56.50 
Ins. 0.217 

40.00 71.00 53.50 51.50 35.00 94.00 76.50 74.50 58.0(0 53.00 35.50 23.50 17.00.18 .15 .14 .11 .12.15 .11 .08 .14 .11 .10Port expense, Paranagua 12.98 12.98 10.03 
.07 .19 .15 .15 .12 .11 .07 .07 .0310.03 12.98 12.98 10.03 10.03 12.98

Loading 2.00 
12.98 10.03 10.0 12.98 12.98 ! 0.03 10.03 12.08 12.98 10.03 10.032.00 1.00 1.00 2.0( 2.00 1.10 1.00 2.00 2.00 1.00 1.00 2.0o 2.001 1.0o 1.00Subtotal Paranagua 106.16 88.63 82.67 66.14 91.13 67.64 

20 2.00 1.00 1.,3073.60 51.11 86.12 68.59 62.63 46.10 19.17 91.63 85.68 69.15 10 9 50.55Truck to Pte. Pto. Stroessner 44.60 28.1611.18 11.18 11.18 11.18 11.18 11.18 11.18 11.18 11.18 11.18 11.18 11.18 11.18 11.18 11.18 11.18 .I8 *I.l8 11.18 11.18Subtotal Pte. Pto. Stroessrier 117.34 99.81 93.85 77.32 102.31 84.78 78.82 97.3062.29 79.77 72.81 57.28 120.35 102.81 96.86Customs, 8 . 3 3 %a 80.33 7Q.27 61.73 55.78 39.2411.73 9.98 9.38 7.73 10.23 8.47 7.88 9.736.22 7.97 7.38 5.73 12.03 In18 9.68Stamps & fees 4.00 4.00 8.03 7.92 6.17 5.57 3,924.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00Pte. Pto. Stroessner, total S/mt 133.07 113.79 107.23 89.05 
4.00 4.00 4.00 4.0) .10) 4.00 4.00 4.00116.54 97.25 90.70 72.51 111.03 01.74 85.19 67.1)1 136.3' 117.09 110.54 92.36 91.19 71.Q0 65.35 47.16

To (o'i. Oviedo
Pte. Pto. Stroessner, total 133.07 113.79 107.23 89.05 116.54 97.25 90.70 72.51 111.03 91.74 ,5.19 67.01 136.38 117.19 110.54Truck to Cnel. Oviedo 5.08 5.08 5.08 5.08 5.08 5.08 5.08 

92.36 91.19 -i ))1 65.35 47.16 
Uidoading 

5.08 5.08 5.08 5.08 5.08 5.08 5.08 5.08 5 08 5.0)8 5.08 5.108 5.082.00 2.00 1.00 1.00 2.00 2.00 1.00 1.00 2.00 2.10 1.00 1.00 2.00 2.M10Cnel. Oviedo, total S/mt - 1.00 1.01) 2.1) 2.(1 I 1.00 1.00140.!5 120.87 113.31 95.13 123.62 104.33 96.78 78.59 118.11 98.82 91.27 73.09 143.46 124.17 116.62Cue. Oviedo, S/mt nutrient 311.44 268.60 251.80 211.40 268.74 226.80 
98.44 98.2- 78.98 71.43 53.24

210.39 170.85 196.85 164.70 152.12 121.82 - -- - - 467.95 376.1)) 340 14 253.52
To 'araguari
Pte. Po. Stroessner, total 133.07 113.79 107.23 89.0)5 116.54 97.25 90.70 72.51 111.03 91.74Tituck to Paraguari 7.64 7.64 

85.19 67.01 136.38 117.09 110.54 92.36 91.1? 71.90 6535 47.167.64 7.64 7.64 7.64 7.64 
Unloading 

7.64 7.64 7.64 7.64 7.64 7.64 7.64 7.64 7.0-1 7.,4 7.64 7.04 7.642.00 2.00 1.00 1.00 2.00 2.00 1.00 1.00
Paraguari, total S/mt 142.71 

2.00 2.00 1.00 1.00 2.00 2.0) 1.00 1.0'' 2.) 2.O0 1. if0 1.00123.43 115.87 97.69 126.18 106.89 99.34 81.15 120.67 101.38Paraguari. S/mt nutrient 317.13 274.29 
93.83 75.65 146.02 126.73 119.18 1)l1.(w I00.,8 81.54 73.99 55.80257.49 217.09 274.30 232.37 215.96 176.41 201.12 168.97 156.38 126.08 - - - - 48)1.14 188.29 352.33 265.71

To San Juan Bautista
Pte. No. Stroessner, total 133.07 113.79 107.23 89.0)5 116.54 97.25 90.71) 72.51 111.03 91.74 85.19 67.1 136.38 117.09 110.54Truck to San Juan Bautista 11.07 92.36 91.19 71.90 65.35 47.1611.07 11.07 11.07 11.107 11.07 11.07 11.07 11.07 11.07Unloading 11.07 11.07 11.07 11.07 11.07 11.07 11.07 11.07 11.1)7 11.172.00 2.00, 1.00 1.00 2.00 2.00 1.00 1.00 2.00 2.00 1.00 1.0) 2.00 2.00 00 2.00San Juan Bautista, total S/int 1.00 1.( 2.00 1.00) 1.nn146.14 126.86 119.30 101.12 129.61 110.32 102.77 84.51 124.10 11)4.81 97.26 79.08 149.45 130.16 122.61 104.43 104 26 84.97 77.42Sai Juan Bautista, S/nit nutrient 324.76 281.91 224.71 59.23265.i1 281.76 239.83 223.41 183.87 206.83 174.68 162.10 131.80 -  -- - 496.48 404.62 368.67 28 1.05
To PcdroJuan Caballro
Pte. Pto. Stroesm.ier, tot:l 133.07 113.79 107.23 89.05 116.54 97.25 90.70 72.51 111.03 91.74 85.19 67.01Truck to Pedro Juan Caballero 21.07 21.07 21.07 

136.38 117.09 110.54 92.36 91.19 71.90 65.35 -7.1621.07 21.07 21.07 21.07 21.07 21.07 21.07 2i.07 21.07 21.07Unloading 2.00 2.00 1.00 1.00 2.10 2.00 1.00 
21.07 21.07 21.07 21.07 21.17 21 .1" 21 07

1.00 2.00 2.00 1.00 2.00Pedro Juan Caballero, total S/rut 156.14 136.86 129.30 139.61 
1.00 2.00 1.00 1.)0 2.o0 2.10 1.01) 1.)0111.12 120.32 112.77 94.58 134.10 114.81 107.26 89.08 159.45 140.16 132.61 114.43PcdroJuan Caballero, S/mt nutrient 346.98 304.13 287.33 114.26 94.,7 8;7.42 69.23246.93 303.50 261.57 245.15 205.61 223.50 191.35 178.77 148.47 - - - 544.10 4 52. 24 416.29 329.67

To :ncarnacion
Pte. Pto. Stroessner, total 133.07 113.79 89.05107.23 116.54 97.25 90.7(0 72.51 111.)3 911.74 85.19 67.01 136.38 117.09 110.54Truck to Encarnacion 15.56 15.56 92.36 91.19 71.90 65.35 47.1615.56 15.56 15.5615.56 15.56 15.56 15.56 15.56 15.56 15.56 15.56 15.56 15.56Unloading 2.00 2.00 1.00 1.00 2.10 1.00 

15.56 15.56 15.56 15.56 15.56 
1ricarnacion. total S/nilt 150.63 131.35 105.61 

2.00 !.00 2.00 2.00 1.00 1.00 2.00 2.01) 1.00 1.00 2.0,, 2. I0 1.)(I 1 .1)0 123.79 134.10 114.81 107.26 89.107 128.59 109.30 101.75 83.57 153.94 134.65 127.10Flcarnacion. S/tt nutrient 334.73 108.92 10S,.75 89.46 81.91 63.72291.89 275.09 234.69 291.52 249.59 233.17 193.63 214.32 182.17 169.58 139.28 - . .. -,17.86 426).10 390.)5 303.43
To San cdroP0.. Po. Stroessner. total 133.07 113.79 107.23 89.05 116.54 97.25 72.5190.70 111.03 91.74 85.19 67.01 136.38 117.09 110.54 92.36 91.19 71.90 65 351 rck to San Pedro 47.1614.49 14.49 14.49 14.49 14.19 14.49 14.49 14.49 14.49 14.49 14.49 14.49 14.49 14.49I !1 oading 2.00 14.49 14.49 14.49 14.49 14.49 14.492.00 1.00 2.001.00 2.00 1.00 1.00 2.002.00 1.00 1.00 2.00 2.00 1.'0( 1.00S in. P.-ro, ttaslS/mt 149.56 13(1.28 122.72 104.54 133.'13 113.74 

2.110 2.)1 1.00 1.00
1(6.19 88.01 127-52 1)8.23 100.68Sal 'edro. S/mt nutrient 332.36 289.51 272.71 232.31 

82.50 152.87 133.58 126.03 107.85 1(17.6S S.39 8(0.84 62.65289.20 247.26 2311.85 191.30 212.53 180.38 167.80 137.50  512.76 420.90 384.95 298.33::1 .' h,,, ote "'a" table A-10. 

7.t 



Subtotal Paranagua 
Truck to Pedro Juan Caballero 
Subtotal Pedro Juan Caballero 
Customs, 8 .3 3 %a 
Stamps & fees 
Subtotal Pedro Juan Caballero 

Table A-15.Cost of Imported Fertilizers through Paranaqua Via Truck to Paraguay through Pedro Juan Caballero 
Urea (45-0-0) TSP (0-46-0) KCI (0-0-60) DAP (18-46-0)

Bagged Bulk Bagged Bulk Bagged Bulk Bagged Bulk 
US F US F US I. US F US 1; LS F US F US -

106.16 88.6-3 82.67 66.14- 91.1--3 73.6"0 67.64 51.11 86.12 68.59 62.63 46.10 109.17 91.63 85.68 69.15 
23.31 23.31 23.31 23.31 23.31 23.31 23.31 23.31 23.31 23.31 23.31 23.31 23.31 23.31 23.31 23.31 

129.47 111.94 105.98 89.45 114.44 96.91 90.95 74.42 109.43 91.90 85.94 69.41 132.48 114.94 1n8.99 92.46 
12.94 11.19 10.59 8.94 11.44 9.69 9.09 7.44 10.94 9.19 8.59 6.94 13.24 11.49 10.89 9.24 
4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.0 4.00 

146.41 127.13 120.57 102.39 129.88 110.60 104.04 85.86 124.37 105.09 98.53 80.35 149.72 130.43 123.88 105.70 

(NIl 4 )2 SO4 (21-0-0) 
Baged Bulk 

US F US i 
68.01) 50.55 44.60 28.06 
23.31 23.31 23.31 23.31 
91.40 73.86 67.91 51.37 
9.14 7.38 (.79 5.13 
4.00 4.00 4.00 4.00 

104.54 85.24 78.70 60.50 
To Ce0. Oviedo 
Subtotal Pedro Juan Caballero 
Truck to Cnel. Oviedo 

Unloading 
Cncl. Oviedo, total S/mt 
Cnel. Oviedo. S/mt nutrient 

146.41 
16.00 
2.00 

164.41 
365.36 

127.13 
16.00 

2.00 
145.13 
322.51 

120.57 
16.00 

1.00 
137.57 
305.71 

112.39 
16.00 

1.00 
119.39 
265.31 

129.88 
16.00 
2.00 

147.88 
321.4,8 

110.60 
16.00 
2.00 

128.60 
279.57 

104.04 
16.00 

1.0o1 
121.04 
263.13 

85.86 
16.00 

1.00 
102.86 
223.61 

124.37 
16.00 
2.00 

142.37 
237.28 

105.09 
16.00 
2.00 

123.09 
205.15 

98.53 
16.00 

1.00 
115.53 
192.55 

80.35 
16.00 

1.010 
97.35 

162.25 

149.72 
16.00 
2.00 

167.72 
-

130.43 
16.00 

2.0t0; 
148.43 

-

123.88 
15.00 
1 00 

140.88 
-

105.70 
16.00 

1.011) 
122.70 

-

104.54 
16.00 
2.00 

122. 4 
583.52 

S5.24 
Io.00 

2.0() 
11)3.24 
491.62 

78.71 
16.00 

1.010 
95.70 

455.71 

60.50 
16.00 

1.00 
77.50 

369.05 
To Paraguari 
Subtotal Pedro Juan Caballero 
Truck to Paraguari 

Unloading 
Paraguari, total S/mt 
Paraguari, S/mt nutrient 

146.41 
20.09 
2.00 

168.50 
374.44 

127.13 
20.09 

2.00 
149.22 
331.60 

120.57 
20.09 

1.00 
141.66 
314.80 

1)2.39 
20.09 

1.00 
123.48 
274.40 

129.88 
20.09 

2.00 
151.97 
330.37 

110.60) 
20.09 

2.00 
132.69 
288.46 

104.104 
20.09 

1.00 
125.13 
272.02 

85.86 
20.09 

1.00 
106.95 
232.50 

124.37 
20.09 

2.00 
146.46 
244.10 

105.09 
20.09 

2.00 
127.18 
211.97 

98.53 
20.09 

1.00 
119.62 
199.37 

1().35 
20.0) 

1.01) 
101.44 
169.07 

149.72 
20.09 

2.00 
!71.81 

131.4 3 
20.09 
2.00 

152.52 
-

123.8 
20.09 

1.00 
144.97 

-

1()5.70 
20.09 

1.00 
12(,.79 

-

1l.4.;' 85.24 
2 1.,f 20.19 

2.1I( 2.100 
126.f"3 11)7.33 
6103.1.01 511.10 

78.70 60.50 
20.09 20.1) 

1.001 1.00 
99.79 81.59 

475.19 388.52 
To San Juan lautista 
Subtotal Pedro Juan Caballero 
Truck to San Juan Bautista 

Unloading 
San Juan Bautista, total S/rut 
San Juan Bautista, S/nut nutrient 

146.41 
22.09 

2.00 
170.50 
378.89 

127.13 
22.09 

2.00 
151.22 
336.04 

120.57 
22.09 

1.00 
143.66 
319.24 

112.39 
22.09 

1.00 
125.48 
278.84 

129.88 
22.09 
2.00 

153.97 
334.72 

11Q., 0 
22.119 
2.00 

134.69 
292.80 

104.04 
22.119 

i.00 
127.13 
276.37 

85.86 
22.09 

1.00 
108.95 
236.85 

124.37 
22.09 

2.00 
148.46 
247.43 

105.09 
22.09 

2.00 
129.18 
215.30 

98.53 
22.119 

1.00 
121.62 
202.70 

80.35 
22.09 

1.00 
103.44 
172.40 

149.72 
22.0c'9 

2.00 
173.81 

-

130.43 
22.09 
2.00 

154.52 
-

123.88 
22.19 

1.00 
146.97 

105.70 
2 (1' 

1.00 
128.79 

-

1(11,5-: 85.24 
22.My 22.09 
2.190 2.00 

128.03 109.33 
612.52 520.62 

78.70 
22.019 

1.110 
101.79 
484.71 

60.50 
22.09 

1.00 
83.59 

398.025 
To PedroJuan Cahalh'ro 
Subtotal Pedro Juan Caballero 

Unloading 
Pedro Juan Caballero. total S/tnt 
Pedro Juan Caballero. S/tmt nwrient 

146.41 
2.00 

148.41 
329.80 

127.13 
2.00 

129.13 
286.96 

120.57 
1.00 

121.37 
270.16 

102.39 
1.00 

103.39 
229.76 

129.88 
2.00 

131.88 
286.70 

110.60 
2.00 

112.60 
244.78 

1014.104 
1.00 

105.04 
228.35 

85.86 
1.00 

86.86 
188.83 

124.37 
2.00 

126.37 
210.62 

105.09 
2.00 

107.09 
178.18 

98.53 
1.00 

99.53 
165.88 

80.35 
1.01 

81.35 
135.58 

149.72 
2.00 

151.72 
-

130.43 
2.00 

132.43 
-

123.88 
1.01 

124.88 

115.711 
I.((1 

106.7 

10l4.54 
2.111 

1110.54 
507.33 

85.24 
2.001 

87.24 
415.43 

78.70 
1.00 

79.70 
370.52 

60.510 
1.010 

61.50 
292.86 

To Encarnacion 
Subtotal Pedro Juan Caballero 
Truck to Encarnacion 

Unloading 
Encarnaciun, total S/iut 
Encarnacion, S/nt nutrient 

146.41 
26.58 
2.00 

174.99 
388.87 

127.13 
26.58 

2.00 
155.71 
346.02 

120.57 
26.58 

1.00 
148.15 
329.22 

102.39 
26.58 

1.00 
129.97 
288.82 

129.88 
26.53 

2.00 
158.46 
344.48 

110.60 
26.58 

2.00 
139.18 
302.57 

104.04 
26.58 

1.00 
131.62 
286.13 

85.86 
26.58 

1.00 
113.44 
246.61 

124.37 
26.58 
2.00 

152.95 
254.92 

105.09 
26.58 

2.00 
133.67 
222.78 

98.53 
26.58 

1.00 
126.11 
210.18 

80.35 
26.58 

1.00 
107.93 
179.88 

149.72 
26.58 
2.00 

178.30 
-

130.43 
26.58 

2.00 
159.01 

-

123.88 
26.58 

1.010 
151.41 

lo5.7', 
26.58 

1.100 
133.28 

-

1(14.54 85.24 
26.58 26.58 

2.) 2.00 
1 3.12 113.82 
633.9o) 542.00 

78.70 
26.58 

1.0(10 
106.28 
506.10 

60.50 
26.58 

1.00 
88.08 

419.43 
7o .San Pedro 
Subtotal Pedro Juan Caball-ro 
Truck to San Pedro 

Unloading 
San Pedro, to'.al S/mt 
San Pedro, S/ntt nutrient 

146.41 
9.85 
2.00 

158.26 
351.69 

127.13 
9.85 
2.00 

138.98 
308.84 

120.57 
9.85 
1.0'9 

131.12 
292.04 

10'.39 
9.85 
1.00 

113.24 
251.64 

129.88 
9.85 
2.00 

141.73 
308.11 

110.60 
9.85 
2.00 

122.45 
266.20 

104.04 
9.85 
1.00 

114.89 
249.76 

85.86 
9.85 
1.00 

96.71 
210.24 

124.37 
9.85 
2.00 

136.22 
227.03 

105.09 
9.85 
2.00 

116.94 
194.90 

98.53 
9.85 
1.00 

109.38 
182.30 

80.35 
9.85 
1.00 

91.211 
152.00 

149.72 
9.85 
2.00 

161.57 
-

130.43 123.88 
9.85 9.85 
2.001 1.110 

142.28 134.73 
- -

1(15.70 
9.85 
1 

116.55 

11)154 
9.85 
2. 

110.39 
554.24 

85.24 
9.85 
2.00 

97.09 
462.33 

78.70 
9.85 
I .10 

89.55 
420.43 

60.50 
9.85 
1.110 

71.35 
339.76 

aSee footnote "'a" table A-I0. 



Table A-16. Cost of Imported Fertilizers through Paranagua Via Train to Paraguay through Pedro Juan Caballero 
Urea (454-01 TSP (0-46-0) KCI (0-0-60) DAI1 (18-46-0) (NI14)2SO4 (21-0-0)Bagged Bulk Bagged Bulk Bagged Bulk Bagged Bulk Ba ' cd Bulkus 1. US 1 US F us 1FF us usSubtotal Parangua 106.16 88.63 

S US US F US F82.67 66.14 9113 7360 67.6- 51.11 86.12 68.59 62.63 46.10 109.17 91.63 85.68 69.5 68.09 50.55 44.60 28.06Train to Pedro Juan Caballero 20.55 20.55 2(.55 20.55 20.55 20.55 20.55 20.55 20.55 20.55 20.55 20.55 20.55 20.55 20.55 20.55 20.55 20.55 20.55Subtotal Pedro Juan Caballero 126.71 109.18 103.22 20.5586.69 111.68 94.15 88.19 71.66 106.67 89.14 83.18 66.65Customs, 8. 3 3 %a 12.67 10.91 10.32 8.66 11.16 9.41 8.81 
129.72 112.18 106.23 89.7(0 88.64 71.10 65.15 48.61

7.16 10.66 8.91 8.31 6.66 12.97 11.21 10.62 8.97Stamps & fees 8.86 7.11 6.51 4.864.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.0(0 4.0 4.00 4.00 4 00 4. 4.4.00 4.00 4.00Subtotal Pedro Juan Caballero 143.38 124.09 117.54 99.35 4.00126.84 107.56 101.00 82.82 121.33 102.05 95.49 77.31 146.6) 127.39landling 2.00 2.00 
120.8 102j 7 101.50 82.21 75.66 57.471.00 1.00 2.00 2.0) 1.00 1.00 2.00 2.00 1.00 1.00 2.00 2.00 1.0(1 .OU 2.00 2.00 1.00 1.00Subtotal Pedro Juan Caballero 145.38 124.09 118.54 100.35 128.84 109.56 102.00 83.82 123.33 104.05 96.49 78.31 148.69 129.39 121.85 103.67 103.50 84.21 76.66 58.47

To C,,cl. Oriedo
Subtotal Pedro Juan Caballero 145.38 124.09 118.54 100.35 128.84 109.56 102.00 83.82
Truck to Cnel. Oviedo 16.00 16.00 

123.33 104.05 96.49 78.31 148.69 129.39 121.85 10367 11)3.50 84.21 76.66 58.4716.00 16.00 16.0(1 16.00 16.00 16.00 16.00 16.00 16.00 16.00Unloading 16.00 16.00 16.10 16.00 16.1)10 16.00 16.00 16.002.00 2.00 1.00 1.00 2.00 2.00 1.00 1.00 2.00 2.00 1.00 1.01 2.00 2.00 1.)0 1.0)1 2.0F 2.00 1.00Cnel. Oviedo. total S/mt 163.38 142.09 135.54 .W')117.35 146.84 127.56 119.011 100.82 141.33 122.05 113.49 95.31 166.69 147.39 138.85 121).67 121.50 1 I)2.21CuId. Oviedo. S/mt nutrient 363.07 315.76 301.20 260.78 319.22 277.30 
93.661 75.47

258.70 219.17 235.55 203.42 189.15 158.85 -  - 578.57 486.71 446.0) 359.38
To Para.znari
Subtotal Pedro Juan Caballero 145.38 124.09 118.54 100.35 128.84 109.56 102.00 83.82 123.33 104.(15 96.49 78.31 148.69 129.39 121.85 1(03.67 103.50Truck to Paraguari 20.09 20.09 84.21 76.66 58.4720.09 20.09 20(9 20.09 20.19 20.09 20.09 2(.09 20.09 20.09 20.09 20.09 20.09 201.09 20.09 20.09 20.09 20 19Unloading 2.00 2.00 1.00 1.00 2.00 2.00 1.00 1.00 2.00 2.00 1.00 1.0) 2.00 2.00Pataguari, total S/11t 167.47 146.18 139.63 

1.00 1.6i 1 2.00 2.00 1.00 1.00121.44 150.93 131.65 123.09 104.91 145.42 126.14 117.58 99.40 170.78 151.48 142.94 124.76 125.59Paraguari, S/mt nutrient 372.16 106.30 97.75 79.56324.84 310.29 269.87 328.11 286.20) 267.59 228.07 242.37 210.23 195.97 165.67 -  _- 598.05 506.19 465.48 378.86
To S7an Juan Bautista
Subtotal Pedro Juan Caballero 145.38 124.09 118.54 100.35 128.84 109.56 102.00 83.82 123.33 104.05 96.49 78.31 148.69 129.39 121 S5 103.67 103.50 84.21 76.,6 58.47Truck to San Juan Bautista 22.09 22.09 22.09 22.1)9 22.019 22.09 22.09 22.09 22.09 22.09 22.09Unloading 2.00 2.(0 1.00 1.00 2.00 

22.09 22.09 22.09 22.00 22.09 22.09 -2.09 22.09 22.092.00 1.00 1.00 2.00 2.00 1.00 1.00 2.(10 2.00 1.00 1.10 2.(1 ) 2.(10 1.0 1.00San Juan Bautista, total S/mt 169.47 148.18 141.63 123.44 152.93 133.65 125.09 106.91 147.42 128.14 119.58 101.40San Juan Bautista, S/mt nutrient 376.60 329.29 
172.78 153.48 144.94 126.76 127.59 118.30 99.75 81.56314.73 274.31 332.46 290.54 271.93 232.41 245.70 213.57 199.30 169.0(0 - -  - 617.57 515.71 475.00 3188.38

To PedroJuan Caballero
Subtotal Pedro Juan Caballero 145.38 124.09 118.54 100.35 128.84 109.56 102.00 83.82 123.33 104.05 96.49 78.31Unloading 2.00 

148.69 "!29.39 121.85 103.67 1I3.5 ) 84.21 76.66 58.472.00 1.00 1.00 2.00 2.00 1.00 1.00 2.00 2.00 1.00 1.00 2. C 2.00 1.00Pedro Juan Caballero, total S/m t 147.38 1.110 2.1) 2.0110 1.00 1.00126.09 119.54 11)1.35 130).84 111.56 103.00 84.82 125.33 106.05 97.49 79.31 150.69 131.39 122.85 11)4.67 1) 5.50 86.21 77.66Pedro Juan Caballero. S/mt nutrient 327.51 280.20 59.47265.64 225.22 284.43 242.52 223.91 184.39 208.88 176.75 162.48 132.18 -  - 512.3,N 410.52 369.81 283.19
 
To ncarnacion

Subtotal Pedro Juan Caballero 145.38 124.09 118.54 100.35 128.84 109.56 102.00 83.82 123.33 104.05 96.49 78.31 148.69 129.39 121.85 103.67 1013.5) Q4.21 76.66, 58.47Truck to Encarnacion 26.58 26.58 26.58 26.58 26.58 26.58 26.58 26.58 26.58 26.58 26.58 26.58 26.58 26.58Unloading '6.58 26.58 26.58 216.58 26.58 26.582.00 2.00 1.00 1.01) 2.00 2.00 1.00 1.00 2.00 2.00 1.00 1.0) 2.00I'ncarnacion, total Shmt 173.96 152.67 

2.0) 1.011 1.001 2j1) 2.(1() I.()) 1.01146.12 127.93 157.42 138.14 129.58 111.40 i51.91 132.63 124.07 105.9Q 177.27 1 7.97 149.43 131.25 11"ncarnacion. S/mt nutrient 386.58 '.8 112,7') 1)4.24 86.05339.27 324.71 284.29 3.12.22 300.30 281.70 242.17 253.13 221.05 206.78 176.48  626.85 466.38 "537.1) 409.76
To San Pedro
Subtotal Pedro Juan Caballero 145.38 124.09 118.54 100.35 128.84 119.56 102.00 83.82 123.33 104.05 96.49 78.31 148.69 129.39 5 103.(, 7 1 84.21 76.66 58.47121 .8. ',)
Truck to San Pedro 9.85 9.85 9.85 9.85 9.85 9.85 9.85 9.85 9.85 9.85 9.85 9.85 9.85 9.85 9.8Unloading S,: .8 9.85 9.85 9.852.00 2.00 1.00 1.001 2.00 2.00 1.00 1.0) AIf 2.(10San Pedro, Stint 

2.00 2.00 1.00 1.0( 2.0(1 2.00 ' I,.K) 2.()() 1.iotal 157.23 135.94 129.39 1.00111.2) 140.69 121.41 112.85 94.67 
0 

135.18 115.90 107.34 89.16 16(1.54 141.24 132.7) 114.52 115.35 96.0)6 87.51 691.32San Pedro.S/mt nutrient 349.40 302.09 287.53 247.11 3 5.83 263.93 245.33 205.80 225.30 193.17 178.90 148.60 -  - 549.29 457.43 416.71 330.10
aSee footnote "a" table A- 10. 



I able A-17. Consumption of Fertilizer Materials in Paraguay 1960-1966 (13) 
Fertilizer material 1960 1961 1962 1963 1964 1965 1966 

mt 
Ammonium sulfate, 21% N 35 113 54 67 30 35 5 
Urea, 46% N - 15 45 5 62 30 55 
Ammonium nitrate, 33.5% N - - 50 - - - -

Ammonium nitrosulfate, 26%o N 1 2 4 5 - 5 -

Calcium ammonium nitrate, 20% N 1 31 52 28 40 50 -

Ca-Mg nitrate, 20.5% N 6% Mg - 30 80 90 70 - -
Renania phosphate, 26% POs  - - - - 20 15 
Thomas slag, 15.9% P2 0 s' - 50 - 11 - -
Potassium sulfate, 30-50% K20 20 - 10 2 75 10 3 
Potassium chloride, 60% K20 10 - 5 3 2 5 -
Triple superphosphate, 

47-48% P2 0j 5 1.5 30 - - - -

Magnesium sulfate -. - - 8 10 30 37 
Zinc sulfate - - - 1.5 1 12 12 
Others 10 - 5 1.5 11 1.5 5 

Total 82 192.5 385 211 3'12 198.5 127.5 

Table A-18. Consumption of Fertilizer Mixed Table A-19. Consumption of Fertilizers by 
Goodsin Paraguay 1960-1966 (13) Region 1965-1967 (13) 

Fertilizer grade 1960 1961 1962 1963 1964 1965 1966 Department 1965 1966 1967 
mt Capital 32 25 28 

6-12-18 5 5 5 - - - - Concepcion 28 22 25 
10-5-20-1 - - - - 5 - - San Pedro 60 46 553 
10-20-20 - - - - 10 - - Cordillero 100 76 88 
12-12-17-2 43 71 81 96 142.5 180 220 Guaira 93 70 81 
12-12-20 - 3 9 45 20 15 30 Caaguazu 96 73 85 
12-12-20-2 - 2.5 - 5 - - - Caazapa 83 63 73 
12-12-21 7 2 - - - - - Itapua 75 57 366 
12-24-8 - - 5 - 50 - - Misiones 51 38 44 
12-24-12 - - - 24 - - 15 Paraguari 260 197 229 
0-13-13 .-. . 5 5 - Alto Parana 12 9 11 
13-13-20 8 12.5 25 10 130 15 40 Central 257 196 226 
13-13-21 2 18.5 113 210 225 35 30 Neembucu 44 34 39 
13-13-21-2 - - - 115 200 250 165 Amambay 19 14 516 
14-14-14 - - 5 10 140 10 35 Presidente Hayes 11 8 10 
15-15-15 7 13 63 200 125 110 70 Boqueron 12 9 511 
15-15-6-4 - - - 5 5 - Total 1,233 937 2,885 
20-0-20 2 42.5 48 55 50 - 3 
20-10-10 - - - - 5 - -

Total 74 170 354 770 1,112.5 575 608 
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Table A-20. New Laboratory Equipment and Supplies NOTATIONS 
Needed by the Departmento de Suclos, Facultad de 

Agromia y VeterinariaI.lnstturpentsSEMNTR 

Perkin Elmer 290 B atomic absorption SILURIAN 1-1,] 
unit, complete with lamps for Ca, Mg, 
Zn, Mn, Cu, Fe. TRIASSIC 

Coleman Jr. Colorimeter Model 6-C QUATERNARY 

Zeromatic pH meter 

II. General Laboratory Equipment 

Disiller unit for high capacity 
supply of distilled water 

Current stabilizer with adjustable output IQNEOUS ROCKS 

voltage to correct for current changes. 
Vacuum-pressure pumps with reserve tanks 

or-z-T-..--iTNERALITE-TESCHENITE 

In-line water pump to increase pressure LEUCITE BASALT, 
for automatic tray washer. SODALITE,ANALCIMITE, I 

5 H-nilton Beech stirrer-units for LEUCITITELII.BURGITE J 
texture analysis 

III. Laboratory Supplies ESSEXITE-SHONKINITE 

Plastic jugs and containers-8 to 25 liters PHONOLITE-TINGUAITE 

New distilled water line with shut-off 
valves DIABASE 

Pressure and vacuum lin2s to center lab 
bench with shut-off valves 

JMROPE
MICROSIENITE 

Paper towels and dispenser 

IV. Soils Office Needs STRUCTURE ELEMENTS 

Metal file cabinet 
Desk calculator SCARP FAULTS 

Other supplies and reagents RING DIKE 
not available locally DIKE SET (NW-SE) j+ 
Replacement electrodes for Fisher 210 

Accumet pH meter 
New burner unit for Hitechi Perkin SAMPLE STATIONS 

Elmer FPF-2 flame photometer AR.56 S 

Reagents: 
superfloc 127 

ARRIBAS SERIES 

PENAYO SERIES Fo
antimony potassium tartrate (3 small battles) 
ascorbic acid (10 small bottles) 

ACCESS TRAILS 

& VILLAGES EC 
phenol crystals (5 large bottles) 
hydrogen peroxide (5 containers)K~l, eaget grde
KCI, reagent grade (10 g)NdHCO 3 (10 kg) 

(0 g)(*) Baed on dicta plotted by 

ria(Rf19Arrlba, IRef. i9) 

Locally available supplies and 
printed materials 

10,000 soil sample boxe-, 

1,000 shipping boxes 
Pamphlets on how to take soil samples 

-.-. _ -. 
hS '. 4,.' '-. 

Lab control sheets ' 

Report forms 
10,000 plastic bags for sample box liners .. ' 

1,000 plastic bags for research . . . 
work, medium size 

"A 
f 

.-- \, ~ I'" ,", "" ""; 

REGIONAL SETTING 
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