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The present shortage offertiilzer and attendant high prices
 

have provided renewed interest by many in acertaiin the current trends
 

and long-term forecast in the production and use of specific types of '
 

fertilizers. 
For the moment many are particularily interested under present
 
conditions in the economic and agronomic effectiveness of a ferij'
 

particular group of fertilizers. Quite frequently this interest is due'
 
to a specific set of conditions which may be temporary or highly localized.
 

The purpose of this paper is to examine present usage patterns
 

as to type of fertilizer from a regional (ie.Asia, North America, '!urope)
 

or global basis and assess their agronomic suitability for a partiiular
 

crop from a similarily general basic point. 
Further, the main discussions
 

will center around likely market potential and the agronomic suitabil'ity
 

of a fertilizer or group of fertilizers for use on food crops. 
It is
 

recognized that conclusions drawn from such a general base may not appiy
 

to more specialized crops such as rubber, oil palm, tea, cocoa, etc.
 

Such discussions are beyond the scope of this paper.
 

WorldTrends ,in Fertilizer Production Capacity
 

Since fertilizer plants represent significant capital investments 

and thousands of these are now in operation. Major shifts in these patterns 

W of -production-are not likely to rapidly occur at least over the mid-term 

(3-6 years),period. , 

4.

1.., v
 Therefore, probably one ofthe bestindicators not only as to
 

what ,4snowbeingproduced butwhat,.can be expected 
over the nextseveral
 

'years,-is tojiook ,at the.,capacity,the, fertilizer,industry now has or,.
 

soon will have to produce a given type of fertilizer.,
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The current and near future capability of the world fertilizer
 

indstry to produce nitrogen and-phosphate fertilizer appear in figures
 

1 and 2.,
 

It is clear that over the next 3-5 years urea will continue to
 

increase its dominance as primary diy nitrogen fertilizer uEed in world
 

agriculture. By 1976 urea will equal the combined capacity levels for both
 

ammonium nitrate and ammonium sulfate (figure 1).
 

Ammonium phosphates and complex fertilizers will increase their
 

dominance as the prime phosphate fertilizer produced in the world. This
 

will come primarily at the expense of normal superphosphate which, since
 

1955 has played a decreasing role of importance in the phosphate industry
 

(fIgure 2),. Surprisingly, concentrated superphospbate (CSP) is not fore­

cast to follow the increasing role played by ammonium phosphates. If any­

thing, CSP, like basic slag, will decline importance relative to amnonium
 

phosphates as a phosphate fertilizer.
 

The trends in nitrogen just described for the world are even
 

more pronounced for developing Asia. For example, urea now comands
 

72% of all the N capacity in that region (figure 3). This will~probably,
 

increase'more in'tli years td come' The importance of ammonium sulfate, 

ammonium nitrate, and 'other nitrogenous products are therefore,minor ,
 

compared to urea." the pattern is not as clear for phosphates-in developing
 

Asia. While therelhas been a general decline in the share of normal
 

superphosphate as'Bof'
the 'toal phospiate'capaciy, anoiium phosphates,
 

CSP'and compounds "all seem't- be,playing 'an equal share 'in futuregrowth
 

(figure4).['Thus 'here is 'nota'a laar dominance lof 'one mateiial replacing
 

normal superphosphate."
 



-3-


Fblure I. 

22­

2 UREA 
'20 -

i,1 ­- oI AMMONIUM NITRATE 
..., 

03 

-Jill-


J4 

S1 7[-- -AMMONIUM SULFATE 
Z, 6 ...............

0, **... .............0 ................... ......
 

-

.72 73 74 75 76 

TRENDS IN NITROGEN FERTILIZER PRODUCTION CAPACITY 
{',:d(DATA FROM TVA MARKETING ,ANALYSIS STAFF, DOES NOT INCLUDE 

USSR'OR COMMUNIST ASIA) ' 



-4-
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Increased Concentration of Fertilizer
 

Another important trend has been towards an increase in the
 

concentration of the plant nutrients in the fertilizers. 
This has
 

come about due to the increased popularity of NP and NPK fertilizers.
 

Figure 5 shows this trend for three countries where the concentration
 

of comPO'uid fertilizers his increased at rates ranging -from 0.7 to 1.0%
 

per year'during the last decade. 
Of the three countries, the United
 

Kingdom has attained the highest average concentration, nearly'43%. 
The
 

reason! for this trend lies in'economics as costs of bagging, storage,
 

handling, and transportation often account for more than half of the cost
 

of fer'tilizer delivered to the farmer. 
Consequently, increasing the
 

concentration can markedly decrease the'cost per unit of nutrient content
 

at the' farm.
 

Precise data are lacking for many countries, but the trend
 

toward high concentration is evident in the increased emphasis on higher
 

analysis materials. 
For instance, in South Korea, diammonium phosphate
 

is granulated with potassium chloride to produce a 14-37-12 or 12-31-16
 

grade, which is blended with urea to make a variety of grades; 
22-22-11
 

is typlical. 
 Likewise, some new plants in India produce 'rea-ammonium
 

phosphate compound fertilizers containing more than 50% nutrients.
 

Similar processes are in use in Japan.
 

In the next decade the concentration of fertilizers will continue
 

to increase and may reach an average of 50% in some countries. Planned new
 

facilities indicate that urea and diammonium phosphate will be favorite
 

materials. 
With these materials and high-grade potassiui chloride, compound
 

fertilizers containing nearly 60% N + P205 + K20 are possible. 
However a
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growing .reilization of the frequent importance of including secondary
 

and micronutrient elements in fertilizers may slow the growth in con­

centiation of theprimary elements. Also, lower analysis materials are
 

likely,,,to be more economical for local,use in some areas.
 

With~this,than qs a background I would next like to discuss
 

specific trpee of fertilizers, as to their properties, likely potential
 

in certain markets, and agronomic suitability for major food crops.
 

Fertilizer Products Having Broad Immediate
 
As Well As Long-Term Potential
 

Urea, high-analysis compound fertilizers, and ammonium phosphate
 

areiexperiencing and will continue to experience the greatest acceptance
 

and offer the greatest growth potential in Asia of all the new fertilizers
 

on the market today. These projections are based in part on trends of
 

use by product that have occurred in the past 10-15 years, and on new
 

fertilizer capacity scheduled to be built in Asia in the next 3-5 years.
 

Although special local situations may dictate otherwise, the
 

materials indecreasing order of immediate potential in Asia are as follows:
 

Urea
 

Potential-Urea is'the highest N-cozitaiing s6lid feriiiizer 

material commercially available. Its high 'y' 

savings in'shipping and distribution costs. Because of this,'plus the"" 

fact that solid fertilizers have better growth potential'in Asia than 

liquids due mainly' to thr'simpliciiy of shipping'and handling dry materials 

in areas of small land holdings and the lack of widespread availability 

of sophisticated equipment, urea has proven very"attractive to a'very 

large number of farmers and fertilizer manufacturers.' 
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ual dThebinnance "of urea on a per' country balsis is'"sbme- . 
' what upon the amu-i ' ait 'e of oth6 nitrogencapacity tst 'n'owexisa' 

upoin amont.andy.
the 

country. For example, urea' will' not' reach a 'dominant role' in 

considerable ammoniuri'nitrogen production in'Taiwan until about 1975' ince 


sulfate capacity now exists within the county and probably will be used 

for at least 'the next '5-6 years. The 'same holds 'for The Philippines and, 

to a lesser extent, Japan. On the othier hand, Korea, Indoniesia', and Pakistan 

are in the process of buildig or have just recently built their nitrogen 

capacity, almost all of ir based on pr'oduction of urea. .In these countries 

and in countries of low total nutrient use, the dominant fertilizer is 

and'will be urea. 

Agronomic and Chemical ?roperties-Some of the specific chemical
 

and physical properties of urea are as follows:' 46% N, solid, puilled or
 

crystalline, usually white, formula NH2CONH2, molecular wefj1t '60.06,
 

melting point 132.70 C, heat of'solution 57.8 cal/gspecific heat 0.320
 

cal/g 200C, solubility 119 g/100 ml H20 at 250C, specific'gravity 1.335 (1).
 

When properly applied, urea has been shown tO be equal or 

nearly equal to ammonium sulfate as a source of N to a 4ide4ange of crops, 

including maize, wheat, and rice (2). In those instances where response to 

urea was less, than to ammonium sulfate, the differences have been attributed 

to either,the sulfur component of ammonium sulfate or to the improper use 

of urea. There are instances where urea has proven to be a superior source
 

of N to rice. ,This has usually occurred on degraded paddy soils. For these
 

reasons, no other single-nutrient fertilizer has captured the attention of
 

agricultural and fertilizer production specialists as has urea.' In most
 

areas, it alrady has become or is rapidly becoming the leading fertilizer 

used iin the developing world,
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In spiteof this-potential and current rate of acceptance, urea
 

has certain inherent problems that must be overcome if it i6 to continue to
 

enjoy.this current flush ofgrowth. 
This isparticularly true in those­

regions lacking sophisticated capabilities in handling fertilizer and modern
 

methods of tilling soil. The more significant of these problems are:
 

(a) Its hygroscopic nature which often results in poor handling pzoperties--­

either as straight material or in biends, particularly under hot, humid
 

',onditions (figure 6). Unless corrected, this disadvantage could restrict
 

its use to reduce costs by bulk'blending, bulk transport, and mechanical
 

bulk'spreading; and (b) nitrogen losses through volatilization as ammonia
 

when urea-is surface-applied to soils, especially inwarm climates. 
This
 

is a major problem when-the product is not incorporated into the soil,
 

immediately after application (3, 4, 5). 
 As much as 60% of the N applied'
 

as urea may be lost through this mechanism. Even on flooded rice soils
 
urea has occasionally been shown to be vastly inferior to ammonium sulfate
 

as a source of N to the crop ,(6). The reasons for this, as yet, have not
 

been identified. These'problems are real and will be more apparent as
 

fertilizers become more availabl,, and farmers have an opportunity to compare
 

various nitrogen sources in supplying the needs of the crop.
 

Although it has beensuggested by some that the biuret content
 

in,all urea produced should be less than 0.3%,' it is now believed that this
 

iskImportant primarily for citrus crops in situations where urea is applied
 

as'a foliar spray. Extensive tests on other crops suggest that biurei levels 

in'foiiar-applied urea can approach 0.75% and not'beharmful, and up ,to 3% 

biuret is acceptableif the urea is applied to the soil,
"(7, 8, 9) preferebly
 

away from the seed.
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Ammonium, 

Grades available, (11-48-.0,, 18-46-0, -I61-55-0,,\16-2070P 16-,4870,
 

13-29-0). 1
 

',,I?I,,
Potential--It is difficult to,forecast the role,ammonium pbosphates
 

will play in the total phosphate market in Asia. Although their popularity
 

has increased greatly in recent years and, on a world basis they have
 

replaced normal superphosphate as the number one phosphate fertilizer, this
 

growth has occurred primarily in the developed countries where bulk blending
 

has become very popular.
 

Prediction are for ammoniated phosphates to command a major share
 

of the phosphate market in the developing countries in Aisa by 1976. However,
 

the true direction in growth of ammoniated phosphates in these countries is
 

dependent upon whether bulk blends or complex (N-P-K) fertilizers become
 

popular. This in turn is dependent upon the type of phosphate capacity
 

that already exists within a country. Where little or no phosphate capacity
 

exists, ammonium phosphates have proven very popular--first because their
 

high analysis and good handling qualities make them easy to import and
 

second, as consumption increases, this may lead to the building of large,
 

efficient monoammonium and diammonium phosphate (MAP, DAP) facilities
 

within the country. This provides a basic ingredient essential to the start
 

or continuation of a blending industry.
 

Where blending has been accepted, such as in the United States,
 

a phenomenal increase in 18-46-0 and 0-46-0 has been observed. Where
 

,substantial superphosphate capacity already exists withil a country, it may
 

well be used directly in small N-P-.K granulation plants. Under those cir­

cumstances, the potential for ammonium phosphates will be quite limited.
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Agronomic and Chemical Properties-The term "amnoniated phosphates"
 

encompasses a wide-varie'ty of fertilizers 'prod'uced by the ammoniation of
 

phosphoric acid, often in admixture with other materials. A brief descrip­

'tion of the properties of at least three types of ammoniated phosphates
 

appears below:
 

iMolecular Specific Solubility
 
Product Analysis Formula weight Color gravity (cold water)
 

ionoainonium phosphate 11-48-0 NH4N2PO4 115.0 white-gray 1.803 58.2 g/100 ml 

)iammonium phosphate 18-46-0 (NH4 )2HP04 132.06 white-gray 1.619 22.7 g/100 ml 

knonium sulfate phosphate 16-20-0 

Ammonium phosphates--because of their binutrient content, low
 

hygroscopicity (figure 6), overall high analysis, excellent handling qualities,
 

100% water solubility of nitrogen, and near 100% solubility of phosphate-­

offer considerable advantages not only in savings accured in transport
 

and application but also agronomically because of their quick-acting effect
 

on crops.
 

Ammonium phosphates are particularly suited for direct application
 

in situations where substantial amounts of basal or band-applied phosphorus
 

and small amounts of nitrogen are required. As more sophisticated appli­

cation equipment is developed, they will be banded rather than broadcast
 

at time of planting for such crops as wheat, maize, and sorghum. Where
 

conditions petrAit, these materials will more and more be supplied to rice
 

soils during seedbed preparation. Since all of the nitrogen in the ammonium
 
.if
;7I 1 11 1 - If If If " - If'if 


phosphates is in the aumnium'form, they are particularly.well suited for
 

rice (2).
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In contrast'to urea there'are-few'physical'or~chemicalsproblems,
 

assocfatedwith the use ofammoniated phosphate in the humid-tropics. They
 

have 'good'handling characteristics, canbe shipped in bulkinhot, humid ­

regions withilittle-or'no difficulty,,are compatible with a 
wide range of,
 

other fertilizers, ,and can be-safely applied tot-the surface of ,the soil with
 

less danger of either N or P loss. 
There is at least one problem, however,
 

usuallyassociated with diammonium phosphate; whenobanded at-high.rates
 

in'contactwith oricloseto theseed under dry conditions, it can release
 

free ammonia in sufficient quantities to retard seed-germination or young
 

seedling-growth'(13). 
-This can be easily avoided through proper placement
 

of fertilizerzeither by hand or with'special banding equipment toensure
 

that-at no time it is closer than 1-2,,inches-tothe side and below the seed.
 

Chemically- or Physically-Combined
 

High-Analysis N-P-K Fertilizers
 

Potential--Next to straight urea and one or more of the ammonium
 

phosphates, complete high-analysis N-P-K grades (30+ units of plant,food)
 

of fertilizer are'just beginning and in the near future will receive-,major
 

consumeracceptance,inAsia.
 

This; however, will not occur at nearly the rate of acceptance
 

for either of"the other'products discussed because under current croppingi
 

practices litthe need'for a complete N-P-K fertilizer is not as .widespread.
 

The frequency of potash deficiency, particularly for rice, is less than
 

one-tenth that for nitrogen and one-third that observed for-phosphates.
 

But with intensification of farming, including use of new and higfier-yieldiifg 

varieties, responses to potash will become more frequent, particularly on
 

the organic sandy and laterite soils; thus N-P-K compounds or mixtures will
 

be in demand. 
As already discussed in the section on ammonium phosphates,
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the adce'tance ofphjsically'mixed N-P-K grades :isdependent 'upon the,
 

p6tential of'bulk blends. '1WhereIbulk'bfends have good potential,',physically-, 

mixed NLP'K,'grades which 'includetamonium-phosphatesrwill probably.increase,
 

in:demand.ItIn regions where bulk blends do not have great,potential,-. ,
 

suchas inmuch~of Asia; the-chemically-combined compound fertilizerowill
 

growinacceptance.,
 

rRegardlesslof,'whether as a blend or compound, N-P-Kgrades~will,
 

be of high analysis. Products are now available to makerc6mpletetfertilizers
 

in either form with at least 40 units of plant food.
 

I Chemical and Agronomic Properties-The products are usuallygranular
 

solid, color variable but generally grayish if chemically combined-variablei
 

in blends."!,They usually containin excess of 30 units of plant food and are
 

available in a number of ratios and chemical or physical combinations of
 

two or three major nutrients. They are 100% water-soluble N and 50%-i00%,
 

water-solubleP depending upon-the choice of phosphate materials ,and produc­

tion prbcesses.KThe materials most-frejuently used in N-P-K grades (physical
 

and/or'chemical) areurea,,ammonium phosphates, muriate of potash,,ammonia,
 

or phosphoric acid. Less common but still substantial for use in-N-P,-K
 

grades are such products as ammonium sulfate, triplesuperphosphate,' sulfate
 

of potash, and on occasion phosphate rock. -The agronomic properties of",
 

these N-P-K;grsdes are.,based uponrthe,form of.the individualoplantnutrient 


present.
 

Triple Superphosphate (0-46-0)
 

Potential--Triple superphosphate is a high-analysis phosphatic
 

fertilizer that has become significantly more important in the last 20 years.
 

3 
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Its use in Asia has,increased substantially over the past fewyears.
 

The fact that ammonium phosphates are experiencing good acceptance in some
 

case-precludes any additional growth as a major source of phosphorus at
 

the consumer level.
 

y',Themost economical production of triple superphosphate occurs
 

when a~supplyof phosphate rock is nearby and the-phosphoric acid is produced
 

in large6.and~continuously-operating plants.
 

-,Chemical and Agronomic Properties--Nonhygroscopic (figure 6),
 

46% P205, is~usually~granular., The phosphorus is almost entirely water soluble
 

and isreadily available to most crops under a wide range of conditions.
 

Its low sulfur content (3% 
or less) relative to that of normal superphosphate
 

is easily overcome by including sulfur-containing material somewhere else
 

in the fertilization program. This fertilizer is free flowing in either
 

run-of-,pile-or granularform and lends itself readily to ammoniation. 
This
 

is a particularly important characteristic for those countries that must
 

import phosphate but have their own ammonia facilities. Finally, it is
 

a relatively low cost-source of P205 , and its high analysis permits additional
 

economies in handling, shipping,, distribution. In spite of all these
 

apparent advantages, most if 
not all, are equalled or surpassed by ammonium
 

phosphates,i particularlyDAP and MAP. 
This coupled with,its incompatibility 

with rDAP,or urea in blends limits its future growth potential as a material
 

to be used directly by the farmer.
 

Potash Fertilizers 

Potential--Potash ranks third in imp6rtance of majorhuirients 

consumed in the developing countries. Therelative importance of this nutrient 

in relation to nitrogen and phosphorus varies sxgnxricanty among tihe'varidus 
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countries unier&consideration and has"'aleady'been"discussed 'in somie detail
 

under thie N-P-K "section." Rice, 'the 'dominart crop in 'Asia,'hist'orically IG 

has responded'much more iea'dtly 'd6nitrogen and phosphorus than,'to potassium.'
 

Although this relative emphasis has changed in Japan, Korea, and Taiwan
 

and is no 'changing'in-In ia'and 'afew 'other coinirieis' the major-emphasis
 

for abmetime to come w ill be on nitrogen 'and'phosphorus and 'to a'lesser 

extent potash. This will be true mainly where rice is the dominant crop
 

grown in the area. In cases fo"r wheat, maize, ad vegetables, potash is
 

"frequently equal in importance to'phosphate'as a primary fertilizer.
 

Based on the relative small'demand for potash by a crop'such as
 

rice, the author is of the opinion that the majority'of the potash eeds
 

by the farmer in Asia wili be satisfied via chemically- or physically­

combined N-P-K fertilizers. Very few straight potash materials as such
 

will be sold directly at the retail market. Thus, increased use in potash
 

,
for the area'will'be very clocely related to the growth of N-P-K grades.,
 

Muriate of Potash-Commercial agricultural muriate of potash
 

products contain from 96% to 99% KC1, equivalent to approximately 60% to
 

62.5% K20. Muriate of potash products made 'fromthe flotation recovery
 

processes are usually of varying 'pink'to red hues,, reflecting 'the presence
 

of small quantities of colored'impiities. Product's made by solution and
 

recrystallization methods are white 'incolor the principal impurity being
 

colorless NaCi.
 

The potash is 100% water soluble, readily available to the crop,
 

and accounts for over 0% of all the potassium consumed in the world.
 

.KC1 is,readily acceptable as a source of K for most crops which are not
 

affected by the chloride associated with the product.
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BecausebfUitsinonsulfate composition, muriate of.,potash'is,,
 

preferred,over'either sulfate of potash-magnesia or potassium,sulfate on 

degrade drici paddy boils;', 

Sulfate 'of Potash-Commercial agricultural sulfate,of potash 

contains from 92% to 98.5% K2 SO4, equivalent to about 50% to 53.2% K20. 

It also contains over 17% S as the sulfate; thus, combined sulfate of
 

potash represents over 67 units of plant food. 
The potassium and sulfur are
 

readily available to the crop and this material is used widely on vegetables,
 

tobacco, and other crops where low chloride levels are desired. Because
 

of its sulfur content, it is not recommended for use on degraded paddy
 

soils grown to rice. This product constitutes about 6% of the current sales
 

of all potash.
 

Sulfate of Potash-Maanesia-It contains from 21% to 26% K20, 7%
 

to 11% Mg and 18% to 23% S depending upon the process used to produce the
 

product. All three nutrients are readily available to the crop. 
 It is used
 

primarily in N-P-K grades where magnesium and/or sulfur are needed and contains
 

approximately 55 units of plant food.
 

Potassium Nitrate--Potassium nitrate contains almost 14% N and
 

46% K20 making it 
a fairly high analysis product. The agronomic value of
 

the product is well-known with both the potash and nitrogen water soluble
 

and readily available to the crop. 
 It is used mainly on high-value specialty
 

crops and not well suited for rice because all of the N is in the nitrate form.
 

New Potential for Old Products
 

iWithout exception;;alliof the new fertilizers '1Just discussed arei., 

higher,in N,'P;,or Kthaii their predecessors and-;all 'are eithervoidl or 

extremely low in sulfur and certain other essential nutrients. Because 
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of this and'the proven beneficial effectsofsulfur,,particularly on­

wheat, maize, sorghum, and certain pulses ,,itTwould; seem,appropriate to
 

reassess the potential of some of the so-called low-analysisl'fertilizers.,,
 

Two of these are ammonium sulfate and ordinary'superphosphate.
 

Ammonium Sulfate (21-0-0)
 

Potential-Because of its low nitrogen content (21Z, all ammonium
 
" I II 1 1 t -1 , ., !I I I 

nitrogen), the downward trend in use of ammonium sulfate was predictable.
 

In most fertilizer research tests, and in many government fertilizer educa­

tion programs, it has been replaced by other nitrogen sources, usually urea.
 

Under the circumstances then, now, and in most instances in the future, this
 

decision is justified; per pound of N, urea is most frequently a more
 

economical choice. Nevertheless, thie relative competitive situation for
 

ammonium sulfate is changing. It is important to note that the majority
 

of ammonium sulfate produced today is as a byproduct usually of the steel
 

or caprolactum industries. Therefore the real cost of ammonium sulfate from
 

this source is.negligible. The loss of domestic and export N markets to
 

urea has been substantial (14). This, coupled with increased emphasis on
 

pollution control, has led from time to time to very substantial supply
 

of ammonium sulfate in recent years. Although shortages of all nitrogenous
 

products now exist, prospects are good for a continued and at times an
 

even more abundant supply of ammonium sulfate in the coming years.
 

Although urea will remain the dominant source of N in the developing
 

nations, the pricing of ammonium sulfate will be sufficiently attractive
 

for the next'severalyears to warrant its reconsideration as a significant
 

sour.e,'of'nitrogen. Consideration mustlalso befgiven to its 22% :sulfur
 

level. 'Althoughthe_-exact reason isnot.known, ammonium.sulfate has shown ,.
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ii 
aslight :but consistent superiority.overyreaas. a source of Nfor rice.
 

SVegetable producers the world qver have, shown somi-
 favor to ammonium sulfate, 

presunablypbecauseof,,its sulfurcontent. 

Chemical and Agronomic Properties-Ammonium,sulfate can be 

satisfactoril supplied torice either as a basal application or as a 

topdressing. When applied to paddyrice fields, changes in leaf color will 

often be evident with,3 or,4 days. 

There are,instances where,ammonium sulfate is inferior to urea 

or ammonium chloride as a source of N to rice (15). This is related to the 

presence.,of the sulfate radical in its overall makeup. The sulfate radical,
 

when in the reduced-layer of the paddy, forms hydrogen sulfide which is
 

harmful to rice plants. This is not a problem on ordinary paddy fields for
 

the hydrogen sulfide will become water-insoluble iron sulfide by combining
 

with the iron usually present in abundant quantities. Degraded paddy fields
 

contain very little iron; thus, in this system there is no mechanism available
 

to counter the yield-reducing toxicity effects of hydrogen sulfide.
 

Some of the properties of ammonium sulfate are as follows:
 

21% N, crystalline, size various with production process, color usually white
 

but can be grayish if from byproduct steel process, formula (NH4 )2 s04,'
 

molecular weight 1.769, melting point 512.20 C, heat of dilution, 6.35 cal/kg
 

from 42% to 1.8% solution, density 200/40 C--solid 1.769, specific gravity-­

sat. solns. 1.2412 at 200 C. loose bulk density 60 lb/cu ft angle of repose
 

280 (18). 

Ordinary Superphosphate (0-20-0)
 

Potential--Like ammonium sulfate, until recently ordinarysuper­

phosphate was by far the leading phosphate fertilizer in most of the developing
 

countries of the world. This has changed, the decline being caused mainly
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'
 
by the aceptance of concentrated phosphates,' so'that it now comprisesless ;
 

tha '20Z Of'the world's phophate 'and'even!less'in the developing areas of Asia.
 

The primary reasons for this decline were high productibn and,transportation o
 

I -''cnen~l) 

costs both'directly related 'to its low'P205'content (11).
 

Despite these niegativel factors,;(the rate of decline in normal,
 

superphosphate is eipec6ted'to dec'rease." Depending upon availability of
 

alternate sources of sulfur in fertilizers, such as ammonium sulfate, ordinary
 

superphosphate could actually ,growin acceptance in certain regions. Like
 

ammoniuii sulfate, it contains 'asignificant amount of sulfur. 'As sulfur
 

needs become more apparent and as granulation of N-P-K'fertilizers become
 

more common, the use of ordinary supe'rphosphate should continue to be significant
 

particularly in compound fertilizers-unless, of course, an alternate and
 

cheap source of sulfur is available.
 

Phosphate Rock for DI[rect Application
 

The current phosphate shortage and subsequent escalation in
 

price of finished phosphates as well as raw materials has prompted several
 

countries to conduct a major review of the feasibility of applying phosphate
 

rock directly to the soil rather than going through the rentatively expensive
 

route of converting thePR to a concentrated phosphate such as DAP, TSP, or
 

simply phosphoric acid.
 

While shortage of intermediates has been the driving force to
 

merit renewed interest in this area, there have been major breakthroughs
 

in research that clearly suggest that in certain situations it may not be
 

necessary to upgrade phosphate raw materials to Nigh analysis products.,, 

This may be the start"of a' lont-term: t ' end.' 
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For example, it is now generally accepted that phosphate rocks
 

when used as a direct application vary greatly in their effectiveness
 

as a phosphate source to the crop (16). 
 This effectiveness appears to be
 

directly related to specific properties of the rock which are easily
 

identifiable and can be readily measured in most modern laboratories
 

equipped with X-ray and/or electron microscope units.
 

Methodology has recently been developed at,TVA where, through
 

the use of chemical and physical characterization of a representative
 

sample for specific properties, the agronomic effectiveness of a particular
 

rock source can be predicted without going through extensive agronomic
 

field trials.
 

This principle was proven in a greenhouse at TVA and in the rice
 

fields of Thailand by testing several U.S. sources as a DA phosphate appli­

cation (figure 7). 
 The results showed that North Carolina and north Florida
 

rock were nearly'as effective as TSP in increasing rice yields. TVA re­

searchers have extended this work to classify several rocks as to their
 

probable effectiveness (figure 8).' 
For example, it is now presumed that
 

all rocks have 60% or more of their P205 as citrate soluble and in a number
 

of cases nearly equal the effectiveness of orthophosphates as a source of
 

P to the crop. 
Some of the rocks falling into this classification appear
 

in figure 4. Note a number of sources from Tunisia, Morocco, Israel, Jordan,
 

etc., have very favorable properties in this regard. The Peruvian source would
 

be very similar to that found for north Florida rock.
 

TVA has further translated this information into a form that can
 

be translated into economic terms 
(figure 9).
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Calculations were made to determine the conditions under,which,,,,
 

TSPand rock +phosphateswould,+compete+ as P ,sources.-, Figure 9,showsan 

indilference 'curve,:which should 'aid in the ,decision-making process ,of, + 

choosing,P sources. For example,,where the price ratio of ,TSP:RP is 2.0 . 

and the RAEovalues are*60 ,origreater,rock phosphate might be used.,-At 

the same price, TSP should be used if the rock-phosphate had an RAE 

value of less than,50. This:curye should not be~taken too literally; 

however, it does illustrate a method for~reducing RAE of sources and 

relative prices 'to a single curve.j With more refined data, such~a 

method may become-more generally useful. 

'+ These developments are proving a real boon in helping scientists
 

and country leaders alike determine the merits of exploitation of new
 

and/or small indigenous, previously uneconomical, phosphate rock deposits.
 

Recent shortages of supply and rapid escalation in prices have virtually
 

assured that a much larger,portion of the phosphate market potential in
 

the LDC's than recentlythought will go thedirect application route of
 

phosphate rock. Major areas where+.this is already practiked include Brazil,
 

Malaysia,-,Indonesia, and-Sri Lanka.
 

-Fertilizers Currently Available But Of Limited
 
Availability or Declining in Importance
 

,There are other fertilizers that are or~soon-willbeavilable+ ,
 

to tha ,farmers butrepresent a more limited potential,,often.only in especial
 

areas.r'No attempt is made tolist them'in order of importance.for,their,,
 

acceptance will depend upon a specific set of conditions.
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Amoniuinhloride (26-00),: 

'Potential-Likie ammonium sulfate , ammonium chloride, is' a 'byproduct, 

of the alkali industry., It 'is of interest primarilly, in Japan-and/or countries 

receiving imports from Japan. 'This-product"accounted for slightly over 8%
 

of the total'output' of ammonia fertilizers produced in',Japan during 1968.',
 

Introduced in Japan a's 'atm easue 'of-copin- with the heavy competition from
 

alkali imports, tie popularity of'amonium'chloride as a fertilizer, even,
 

in Japan, has declined in recent years.' 

Consumptin-of aimnium chlorAde in 'Japan has been-stagnant sincf­

,
about 1963; the industry is now exporting about,50% of its production ' 

Demand'f6r industrial use is increasing and therefore should lead 'to' continued 

decline in its use as a fertilizer., 

,'",Chemfcal and Agronomic Properties-Ammonium chloridelis slightly 

more readily soluble in water than ammonium sulfate, but higher than the 

latter in hygroscopicity (figure 6).. It is usually sold -in the granular form. 

All the nitrogen-in ammonium chloride is in the ammonium,form and, 

therefore will, in'most cases, react similarly,to other ammonium--fertilizers
 

in satisfying the nitrogen needs of the crop.- However.' thereeare some excep­

tions to this. Ammonium chloride does not contain sulfur. Although, in the
 

case of ordinary paddy,-fields, no difference is observed in the fertilizer
 

effect between ammonium chloride and ammonium sulfate, it is superior to
 

ammonium!' sulfate,-as-a-fertilizer to degraded paddy fields (15). The reasons
 

forsthis'have already been covered in the discussion dealing with ammonium,
 

sulfate. "'Some researchers feel the chloride present helps present plant
 

disease in rice.
 

Ammonium chloride has been found to be inferior to ammonium sulfate 

when applied to extremely phosphorus-deficient soils. 
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iSome,oft~the chemical,properties of rammonium cloride are as 

follows: , 26%,N, color:white, molecular fweight,53.5, density of 200/50 C 

1.526, solubility,37,2gm in100 gm H20at 200C, 45.8 gmin 100gm H2 0 at 

409, C (18). 

Calcium Cyanamide (21-0-0)
 

Potential--Like ammonium chloride, the production and consumption
 

of calcium cyanamide (sormetimes called limenitrogen) as a fertilizer is not
 

a major'factorinAsia and is on the decline. Small but locally significant
 

quantities are still produced in Japan, Taiwan, and South Korea.
 

Chemical and Agronomic Properties-Calcium cyanamide is extremely
 

hygroscopic and therefore must be handled very carefully in the tropics.
 

Unlikethe strong acidifying effects of ammonium sulfate and ammonium 

chloride, calcium cyanamide is actually basic in reaction, thus, does not 

lower the soil pH. 

When applied to soils, calcium cyanamide is converted into ammonium
 

carbonate as described by the following series of equations (15).
 

1. 'CaCN 2 + 2H 20 CN'NH2 + Ca(OH) 2 

2. CN"NI2'+ H2 0. CO (NH2 ) 2 

3. CO(NH2) +2H20 (NH4)2CO 3 

-The speed-at which this series proceeds is dependent upon the 

rate of equation 2. When this reaction is slower than the rate for 

equationl, under certain soil conditions polymerization of two molecules 

ofA CNO'NH 2 '.will occur forming C2N2NA2H4 . It is known that this dicyanodiamide 

slows,.the prociss ,of nitrification,, thereby increasing the efficiency of
 

fertilizer use by reducing loss of nitrogen either through leaching or,the'
 

denitrification process.
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Calcium cyanamide, 'because of it being a non-sulfate containing
 

fertilizer, id superior to ammonium sulfate when applied to degraded paddy 
' 

fields. 'When applied to ordinarypaddy fields, 'its fertilizer effect is
 

similar to that of ammonium sulfate and urea. 
Because it also has herbicidal
 
I 

effects, it should not be applied as a topdressing.
 

Ammonium Nitrate
 

(26-
 N; 	formula'NH
4NO3; molecular weight 80.05;,melting
 

point170. C; density 200/40 C 1.725;'solubility'0° C 118 g/l00 gH 209
 

1000 C 843 g/100 g'H20; white crystalline 'or prilled; specific gravity
 

1.29) (1). 

Prior to the major breakthrough that occurred in the 'production
 

of urea, ammonium nitrate showed piomise inreplacing,'ammonium-sulfate as the
 

major source of nitrogen in certain developing regions, particularly in
 

Latin America. 
Although most of this was attributed to its slightly~higher , 

content (21% N for ammonium'sulfate 'vrsus 33%' for ammonium nitrate) and 

tendency to be less acid forming thbin an' equivalent amount 'of-ammonium,
 

sulfate, this product has certain distinct 'disadvantages which,in the author's
 

opinion limit its use particularly in'the hot, humid developingicountries
 

where rice is a major crop. The major dis~dvantages are as follows:,,
 

1. 	The extreme hydroscopicity of ammonium nitratelind its'resultant
 

incompatibility with urea in blends and 'mixes, 
even-in the samei plant,, 

severely restrict its suitability in bulk transport', blending,,or 

general use in the humid tropics (figure 8a).' Even'in temperate regions,
 

the hygroscopic property becomes 
a'problemwhen te'temperature exceeds,, 

250 c­
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2. The explosive tendency of ammonium nitrate 
fhen mishandled has in ­

a 'number of countries prompted laws roquirin"g that 'it be diluted with 

tier products to reduce this hazard. As a result, 'the Ncontent of,
 

the finished product has been lowered 'to 24%-27% thus elimiiating,
 

some of'the cost 'savings that could be generated by shipping'thP33h% N
 

product.
 

3. Fifty percent of the nitrogen is in the nitrate form. 
Many'rice
 

researchers and educators feel that most of the N should be supplied
 

to the rice crop in the ammoniacal form; if nitrate nitrogen is used,
 

it'should be applied usually in the later stages of growth. 
Research
 

wri
6 1ihas shown ammonium nitrate to be inferior to either urea or
 

ammonium sulfate as a'source of N on rice (2). Thus, a vast rice
 

market in Asia appears to be closed to this product. For these reasons,
 

we see ammonium nitrate as having very limited potential in the hot,
 

humid areas of the tropics and in general declining in overall importance.
 

In spite of these limitations, ammonium nitrate will probably be
 

available in large quantities primarily because of advantages in production.
 

'This will be more apparent as the nitrogen industry in many of the developing
 

countries begins to mature and producers look for new markets.
 

Recent process improvements have made 'the metric phosphate process
 

more versatile 'and have removed'some of the earligr objections to these
 

products. 
It is now possible to produce in large, efficient'plants,-high-li 

analysis grades such as 20-30 and 23-23 with over 80 percent of the P2 00 

water soluble0(16a) 7 
Even so,it may still prove unacceptable to many as
 

a source'of nitrogen,for rice. ,,Therefore,,one concludes that nitric phosphates
 

will not be'-widely~used;in'manyof-the developing countries.,,
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Fused Magnesium Phosphate (FMP) (0-18-0),
 

Fused magnesium phosphate is .a byproduct of the steel industry.
 

It is used extensively in Japan, South Korea, Taiwan, and to a lesser extent
 

in the developing countries of Asia. Its relativa position of ,importance as 

a phosphate.fertilizer is on the decline. However,_because of itsaffiliation 

with the steel industry, it will remain a significant factor as a fertilizer-­

particularly in Japanand/or countries buying;,Japanese fertilizers. For
 

these reasons, it is-givenconsiderable discussion here.
 

The chemicalstructure of fused magnesium phosphate is noc clear
 

but istheorizedtobe "3Mgo.CaO.P20s.3CaSiO2." As shown by the formula,
 

it contains along with phosphorus substantial amounts of magnesium, calcium
 

oxide, and silicic acid. Ncne of the phosphate is water soluble; however,
 

nearly all ofthe phosphate is soluble in 2% citric acid.
 

FMP is incompatible with physical mixtures containing ammonium
 

fertilizers., When applied to ordinary paddy fields, it is almost equal to
 

ordinaryfor triple,superphosphate as a source of P to rice. Because of its
 

lack- of sulfate and presence,of silica, magnesium, and lime, it is recommended
 

for use on degraded paddy, very acid soils or allitic soils,
 

FMP is slightly,inferior to superphosphates when applied to cold
 

soils growing rice., This difference decreases as soil temperature increases;
 

therefore, FMP is considred to be a very satisfactory source of P on many
 

rice soils of thetropics (15).
 

Nitric Phosphates (Nitrophosphates) 

Solid, more hygroscopic than urea oc ammoniated'phosphates,, 

'"'typical analysis 29-29-0, 26-26-0, 20-20-0;. 14-14-O, water- solubililty, 

ranges from less than 10% to more'than,80%,,depending upon the process. 

Nitrate nitrogen comprises 30%-50% of'the total N,'againdepending upon the 

process. 
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- 'In contrast to the-'dominant role of ammoniated-phosphates in,
 

the U.S. phosphateindustry', nitric phosphates (called nitrophosphatsain,
 

Europe) have been almost equally dominant in-Europe., By~the late 1960!s
 

European plants accounted for over 5 million mt, a major.portion of the
 

p)osphate'produced'inEurope (11).
 

Nitric phosphates-have a low sulfur requirement and as,a result
 

reiently-gained-in popularity when sulfur was expensive or in short supply.
 

Severalpiants to produce nitric phosphates~were built in developed and
 

developing countries 'as 
a result of the tight sulfur supply situation. With
 

sulfur now in more plentiful supply, however, this route has lost much of its
 

attractiveness.
 

Nitric phosphates do not offer a great potential for growth in
 

Asia for at least two basic reasons. First, and dominant in rice-growing
 

Asia, is the fact that from 30%-50% of the total nitrogen in nitric phosphates
 

is in the nitrate form, a form not recommended by many rice specialists.
 

Those 'rice specialists who do feel there is a place for nitrates restrict
 

use of fertilizers containing nitrate nitrogen to one of the later topdressings. 

The'second'drawback to the use of nitric phosphates is the limited water 

soliubility of'phosphorus. Depending upon the researcher, the acceptable 

range of water-soluble phosphorus for use on upland cropsappears to be 

from'35% to 80%. Early processes resulted in a nitric phosphate water 

solubility 'of usually under 50% and frequently below the35% minimum. 

(19,-20,"21, 22). 1 

Nitrogen Solutions (Including Aqua Ammonia)
 

(20-0-0, 28-0-0, 32-0-0, 37-0-0, 41-0-0, and 44-0-0) 
The rapid
 

expansion in the number of NH3 plants that has occurred bothin the developed
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and develbping world'has-1prompted many companies ,to produce 1aovariety of
 

nitrogen'coipounds'as a means of disposing of nitrogenpproduction-and,,
 

satisfying the'varioui agronamic andmarketing7needs. Not only does this
 

provide'additionallmarket outlets for nitrogen, ibut the cost of, storing-,
 

some of these nitrogen materials is considerablylessthan,for storing
 

NH,; which requires'pressurized vessels or refrtgeration.
 

One group of'new nitrogen materials is those classedas nitrogen
 

solutions. They have had wide acceptance in the United States and Europe
 

and'are just now being introduced into Japan as well as certain developing
 

inations. -For purposes of ,discussionand to afford clarity in the following
 

paragraphs, a brief statement is made as to thelproperties and classes of
 

materials.
 

K.Nitrogin solutions areclassed according,,to composition, as follows:
 

(a)aqua amamonia; (b)'solutions containing -ammonia and,ammonifhm,nitrate;
 

(c)sdlutionscontaining ammonia and urea; (d),solutions containing ammonia,
 

ammonium nitrste, iandurea; 'and (e)solutions containing ammoniumnitrate
 

alone 'or with urea but without ammonia(23).
 

I t Aqua Ammonia--Usually 20% N, theproduction of :aquaammonia involves
 

the addition of anhydrous ammonia to water,-,arelatively-simple operation that
 

can be carried out independently of an ammonia,synthesis plant,,thereby saving
 

the expinse of transporting water. -The operationrequires facilties for
 

proportioning the flows'of-water and ammonia,, cooling freshly formed aqua
 

ammonia to remove the heat of absorption, and measuring the concentration of
 

aqua ammonia.
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Cast-iron or wild-steel equipment is suitable for handling aqua , 

auuonla. Storage and applicator tanks should 6e designed'for "a wdrking pressure 

of at least 7 kilograms per square centimeter (kg/cm) Equipment for handling 

aqua ammonia is not necessarily suitable for handling other nitrogen solutions, 

which are generally more corrosive. 

Aqua ammonia is used primarily as a direct-application fertilizer. 

A considerable amount of experience and success with this product has been 

gained in the United States, Europe, and Japan. When used properly, it is 

an effective source of N (ammonium form) for a wide variety of crops. 
Application
 

should be subsurface; otherwise, gaseous loss will occur. 
Aqua ammonia can be
 

prepared in the field by injecting anhydrous ammonia into irrigation water.
 

Ammonia-Ammonium Nitrate Solutions. 
(37-0-0, 41-0-0, and 44-0-0.)
 

Solutions containing ammonia and ammonium nitrate are produced by injecting
 

ammonia into ammonium nitrate solutions. Although such solutions are usually
 

produced at an ammonia plant, they can also be produced from transported ammonia. 

Anunonia-armonium nitrate solutions are used both for manufacture of 

mixed fertilizers and for direct application to the soil. Asnonia-amnonLum
 

(37-0-0,%41-0-0,
 

nitrate solutions cannot be economically handled in ordinary steel equipment 

because of corrosion. Equipment made of aluminum or stainless steel is satisfactory 

AM0nonia-Urea, Anonia-Ammontum Nitrate-UreahSolutions. 

and 44-0-*0.) 1 Aqueous urea-ammonia solutions and aimmonia-imnnoniiim 'nitrate'urea 

-souti6ni'are designed for use by the manufeacturear of mixed fertil zersithe 

latter type solution usually being added to improve condition of finishedproduct, 

A tracing of the development of this 'type of solution in the United States may 

help illustrae the manner ini'which'it'could develop in many of-the countries 

iAsLa.of 
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The original use of nitrogen solutions was in the manufacture of
 

solid~mixed fertilizers inthe United States. Some of the solutions found their
 

way,into the direct field application market. A large potential market for
 

nitrogen solutions as direct-application materials soon became'evident--a
 

situation promoted by the growing market for liquid mixed fertilizers,
 

anhydrous ammonia and aqua ammonia. Manufacturers of solid mixed fertilizers
 

recognized this potential and found that some of their ammoniating solutions
 

purchased for manufacturing could also be sold locally as liquid fertilizer.
 

The ammoniating solutions could be diluted with water as desired to lower the
 

gauge pressure and salting out temperature. This permitted the solutions to
 

be handled in nonpressure applicators, but the presence of small amounts of free
 

ammonia in all these solutions resulted In losses of ammonia to the atmosphere
 

during application unless the solutions were injected beneath the'soil surface.
 

Thus, surface application of this product was not entirely suitable. Furthermore,
 

the presence of ammonia increased the corrosiveness of the solutions.
 

Non-Ammoniacal Solutions of Ammonium Nitrate and Urea--(16%-32% N,
 

typical grades 28-0-0 and 32-0-0.) This type of nitrogen solution offers its
 

greatest potential in'many of the developing countries.
 

- 'To satisfy'the market for nonpressure nitrogen solutions suitable for
 
P 

,surface application, aqueous solutions containing ammonium nitrate. alone or
 

with urea or other sales ,are produced. , I I
 

'I, As with ammoniacal solutions, the manufacture of nonammoniacals is usually
 
. 1 - I.- 4 

,integrated withan ammonium nitrate plant. These solutions are not as corrosive as
 

ammoniacal solutions andcan be handled in plain steel equipment if corrosion
 

inhibitors are added.
 

These producte have, the same agronomic effectiveness as similar amounts of 

dry urea orammonium nitrate. This may prove to be a very effective way to market 

ammonium nitrate in the tropics in area where nitrate fertilizers have wide acceptance. 
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Anhydrous Ammonia
 
(82-1/57. N gas at atmospheric pressure; liquid -hen'coiipresse'dand 

cooled; colorless; molecular weight 17.03; critical temperature-1.33" C;',
 

critical pressure 1,657 psig;latent heat vaporization at' 280 P 589' BTU/lb;
 

liquid density at 600 F 38.50 lb/ft3 ; vapordensity at 1 atm, 600 F 0.0456
 

lb/ft ; vapor specific gravity (1 atm, 600 F, air 
 1), 0'.597; vapbr volume
 

(1 atm, 60. F) 22.0 ft /lb; boiling point at I atm - 2 8o F; freezing point 

at 1 atm '107.90 F) (1). 

Anhydrous ammonia is by far the'highest analysis N product commercially 

availaile a)nywh'ere in the world. Because of its high analysis, it can be
 

shipped'great distances to its point of 
use at competitive prices. Anhydrous 

anonia has one major disadvantage--high vapor pressure at ordinary temperatures.
 

It must be transported and stored in pressure containerb, generally with a
 

minimum working pressure of 265 psig. Unless injected into irrigation water, 
anhydrous ammonia must be injected as a liquid into the soil with special equiRment
 

where, beneath the soil surface, it vaporizes, reacts with -the soil water, clay
 

or organic fractions, changes to the ammonium form and is retained by the system.
 

When properly used, anhydrous ammonia iu equal to any other form
 
of anmonium nitrogen and is occasionally superioir to urea or hitrate f"ws,
 

but does require special managemant or its agronomic performance can b;e 

affected (2). 
Ammonia applied either as pre- or post-plant should never
 

be placed in close proximity to the seed or young roots; otherwise. as
 

in the case with diammonium phosphate, germination or growth bretarded.can 

Depending upon the amount injected, losses of ammonia can result if the" 

ammonia is injected au coo. snaLlow a depth In soils low in moisture, clay 
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cracks left by the injector knife failcontent' or,,organic matter or when 

In general,
to,dlose because of insufficient or excessive moistute. 


anhydrous ammonia requires special equipment for handling.
 

'
 
Prospects for Use of Nitrogen Solutions 

and Ammonia in Developing Countries 

It is generally accepted that dry fertilizers offer the greatest. 

potential in the developing countries of the world. Many believe the 

immediate potential for ammonia and nitrogen solutions is quite lnited.
 

-These assumptions, are probably correct based primarily on the 

general acceptance of dry fertilizers.* Their simplicity of handling, 

compared to the more sophisticated system required for liquid materials, 

more readily accepted in a country, which lacks mechanization.makes them 

However, to stop here would be an oversimplification of the situation and 

would not reflect the true potential for nitrogen solutions and ammonia. 

Although dry fertilizers, particularly urea, ammoniated 

phosphates, and complete N7 Kocompound; will be the dominant force in the 

arnmonia and nitrogen solutionsofor some time,developing country market 


substantial.
 
particularly aqua ammonia and nonpressure, could very well make 


occur for at least four reasons.
advances in the next few years. This will 

(1) Labor shortages are developing in certain regions, thus placing
These are: 


preml-u'on increasing efficiency of handling agricultural inputs,
a 

(2) adaptation to nonpressure aqua ammonia or nonpressure solutions r'equires
 

only a very limited amount of' sophisticated equipment, (3) because of the 
4o, ' otnn f n prd I ae e s 

tendency for ammonia producers to look for additional markets for excess 
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ammonia, they will actively push to develop these markets, and (4)increasing
 

evidence indicating the seriousness of N losses from surface-applied urea
 

will pressure producers to look toward alternate ways of marketing this
 

product and alleviate losses.
 

Under these four conditions, prospects are good for acceptance 
-.
 

of one or more of'these materials as agriculture becomes mechanized. The
 

major potential for nitrogen solutions exists mainly in large estate,areas
 

that are the major earners of foreign exchange and which produce rubber,
 

oil palm, sugarcane, or where these holdings are old, must be rejunvenated,
 

and are converted to such crops as rice, maize, or wheat. 
Potential also
 

exists in certain areas of smaller land holdings. Of particular promise are
 

areas where farmers are willing to pool equipment and cooperatively farm
 

their land. Under these circumstances, nitrogen solutions can offer both
 

labor saving and low cost per unit N advantages. An additional potential,
 

its success dependent upon government policy and development of regional
 

projects, is aerial application of nitrogen solutions. There are vast areas
 

of India, Pakistan, and Indonesia where much of the rice and wheat is grown
 

under uncertain moisture conditions. 
 In these areas, farmers often use
 

only a very minimum of fertilizer. Where optimum rainfall occurs, usually
 

too late to effectively apply fertilizer via the soil, perhaps foliar appli­

cation may prove effective.
 

Ammonium Polyphosphate
 

The term "ammonium polyphosphate" is used in fertilizer:parlance to.
 

denote materials containing condensed phosphtes,,andthese areproduced as solu­

tions or as solids by ammoniation of superphosphorc acid. Typicalcompositions
 

of the t:hree most'popular polyphosphate materialseare given'onj the nextpage,.
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,Type of phosphate in
 
ammonium polyphosphate,
 

as % of total P205 1 1
 
10-34-0 11-37-0 l5-62-0*
 
,solution solution solid
 

Ortho 49 20 41,
 

42 37, .54,Pyro' 

Trip'Oly ' 23 14, 

Tetrapoly and higher -,1 16 - 1
 
*Made from electric-furnace phosphoric'acid.
 

Ammonium polyphosphates may also be made directly from ortho­

phosphoric acid by a process that utilizes the heat of reaction of the acid
 

with ammonia to dehydrate the ammonium phosphate. TVA has recently 

demonstrated this process in a full-scale plant, producing a granular 

product (12-57-0) containing 25% to 30% of the P205 as polyphosphates. 

Chemically, ammonium polyphosphates are the ammonium salts of
 

polyphosphoric acids. The general formula for polyphosphoric acid is
 

H P 0 The specific ammonium polyphosphates most abundant in ferti­
n+2. n, 3n+11 1 1lizers are triamnmonium and tetrammonium pyrophosphate, (NH4) HP2 07 and 

I- 3 and1 

(NH4) 4P20 7 , and pentaammonium tripolyphosphate, (NH4 )5 P301 0 . 

Ammonium polyphosphates are particularly useful in liquid ferti-
I1I9, - I - k I It t 2 

lizers because they sequester the impurities normally present in wet-process
 

phosphoric acid, thus avoiding precipitation of insoluble iron, aluminum, and
 

other compounds when the acid is ammoniated. Also, the ammonium polyphosphates
 

,are more soluble than the orthophosphates, permitting production of higher_
 

analysi's solutions.
 

"Terman and Engelstad (26) summarizing studies in theUnited States
 

concluded that ammonium polyphosphate usually was equal or slightly superior,,,
 

to monbammonium phosphate. Both were usually superior to concentrated~,super;­

phosphate for early grc.th,response. Fourcassie and Gadet (27) concluded from
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experiments in France,-that ammonium polyphosphate supplied as liquid ferti)­

lizer was consistently superior to other phosphorous sources as the result of 

better phosphorous utilization. 
Most of these tests were made on calcareous
 

soil.
 

'Gourny and Conesa'(28) reported that,liquid fertilizer containing,
 

34% to 82Z0,of.,its phosphate as nonorthophosphate was slightly inferior to,
 

ammonium orthophosphate on acidsoil,,,but markedly superior on calcareous soil.
 

,Conesa (10) demonstrated that plants can take up polyphosphate
 

without previous hydrolysis.
 

Singh and Dartigues (29) reported that polyphosphate was superior
 

to ammonium orthophosphate or two zinc-deficient calcareous soils.
 

Soubies and Baratier (30) emphasize the advantage of band placement
 

of ammonium polyphosphate solution near the seed as compared with broadcast solid
 

orthophosphate. 
 They claimed that the band placement used with liquids was
 

not possible with solids.
 

Mortvedt and Giordano (31) reported that liquid polyphosphate
 

fertilizers were effective carriers of iron sulfate in greenhouse tests for
 

crops grown on iron-deficient soils, whereas application of irbn sulfate alone
 

or in several granular fertilizers was ineffective.
 

En a recent'series of field tests in the United S.a'.. 
(15),'ammonii~m
 

polyphosphate solution'gave'higher yields df maize, wheat, and milo'than ortho­

pfiosphate'fertilier in either'liquid or solid form.
 

Solid ammonium polyphosphate (15-62-0'br 12-57-0).of the 'materials­

in this family offers",the greatest potential for'use in developingcountries.
 

This is because'(a) itis a high-analysis, blnutrientfertilimer (77 units', 

of plant food) second onXy toanhydrous ammoniaoinplant food content, and-,
 

http:12-57-0).of
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(b) 	 it canbe shipped i n "t l~i' cblid If6rm 'to intermediate 'pdints where Iit in
 

'
 turn canr iriea'dily coni-eried t'"a"liquid (-l-37-0)'-if and when,'theA situation 

should 	warranit'. 

Fog these reasons, solid APP has good potential in the same
 

regions 	offerin good dpportunities for-nitrogen solutionsi and bulkblends. 

The solid'APP (imported) together'with'the locally-produced nLtrogen
 

soluionc..d's.er.. as the nucleus' of developing a low-cost liquid
 

industry. it coutd also serve as a high-analysis, binutriei component of
 

a bulk blend.
 

Urea-Ammonium Polyphosphate. (Solid; 30-30-0,39-13-0, 19-19-19'
 

or varying grades; all nitrogen in urea or ammonium form; phosphate 1007.
 

water'solubility and 507. in the nonortho form.) Agronomically, this product
 

is as good as MAP or DAP. This coupled with its high analysis, simplicity
 

of production and low production costs makes it a product with good potential
 

in Latin America, Asia, and Africa.
 

Suspension Fertilizers (Fluid; 12-40-0, 14-44-0, or other grades;
 

requires superphosphoric acid. Nitrogen in ammonium form, 507. of phosphate 

in condensed (nonortho) form, all phosphorus 100%water solubility.) Only 

in -very special cases will suspension fertilizers have a place in Asia; the 

major limitations being a readily,available source of -super acid qnd ,the need
 

for highly-specialized equipment. Nevertheless, the next ten years,will see 

the appearance of this product in areas of, Asia where, large,,uniform fields 

exist, mechaniation of equipment is possible and, the desire exists to save labor 

through the applications of,,high-analyslsN-P-K,micronutrient-pesticide combinations 

all possIle with suspensions.* However, this ,leavear s phi.ticaced.: sertlce­
oriented markit; the frequency of its occurence in most of the developing world
 

is rather limited at the present time.
 

http:soluionc..d's.er
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Special Developments With Respect
 
to Urea Based Products
 

It has already been stated that urea will be the primary nitrogen
 

fertilizer for many years to come, inspite of certain limitations on product
 

performance.
 

As a result, considerable research is now underway to improve urea,
 

either its handling properties, nutrient efficiency, or both. 
The following
 

is a brief description of just a few of these efforts.
 

Granular Urea
 

Use of urea* in bulk blends should become increasingly attractive
 

as we move away from the small prilled urea to larger particle sizes more
 

compatible with other bulk blend materials. 
TVA is making a major effort to
 

improve the technology in this area. 
Cominco in Canada has produced granular
 

urea using a pan granulator; we understand that at least three other U.S.
 

producers are 'planningproduction. Larger granules reduce moisture pickup
 

and caking; also, the granules can be made more durable than prills. 
Urea
 

has its limitations. Unfortunately, urea cannot be used with or near nitrate­

containing materials because mixture of the two extracts water from the
 

atmosphere. 
Also, urea is not compatible with triple or ordinary superphosphates 

because of a chemical reaction that causes stickiness. Work is how underway to 

overcome these problems. 

Sulfur-coated urea,* a controlled-release nitrogen product devel6ped 

by TVA'and soon to be produced in 'a prototype plant,, appears 'tohold a, 

lot of promise and may come into limited commercial production ;by the late':
 

1970's. 
The main objective in developing thistproductis to providea more
 

uniform supply of nitrogen to the crop than is obtained via a single appli­

cation of conventional water-soluble nitrogen sources. 
This reduces leaching
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losses and should improve nitrogen recovery by the crop. A secondary
 

objective is to enhance the compatibility of urea based products with
 

nitrates and TSP.-
The process basically invives spraying prehesied urea with 

molten sulfur in a rotating drum. A wax sealant is applied on top of the
 
sulfur coating to seal pinholes and 'cracks that would affecit the controlled
 

release properties, and a coating dust is added to reduce' stickiness of
 

the product. The rate ofrelease can be controlled by 'varying the thick­

ness of the sulfur coating. Total coatings by weight normally are varied
 

from.4%,to,21%, producing grades ranging from 40-0-0-9S to 36-0-0-16S.
 

Costs forcoating add about 30% more per unit of nitrogen than uncoated urea.
 

The~greatest economic potential appears-to be for (1)use on sugarcane, forages,
 

and ,turf grasses; (2)use on soils in which leaching losses of nitrogen can
 

be a problem during the growing season; and, (3)for fall or winter application. 

SCU does not hold much.promise for corn, small grains, and short-season crops 

which require a relatively large,amount of nitrogen during,a rather brief period 

of growth. 

SCU should be useful in bulk blending L-cause of the larger
 

granule sizes and because the sulfur coating prevents undesirable
 

4 


chemical reactions with superphosphate. It has greater crushing strength 

and resistance to abrasion and is not as hygroscopic as uncoated urea.
 

Light coa.ings with sulfur only will likely impart some of the desired 

characteristics and at less cost,.but C'ie slow-release value would be, 

minimal. A thinly coated material, however,,might,find a real pla~e in
 

builk biendng -ind for direct,aplication..
 



Summary--Relative Effectiveness of,.Various ,Fertilizers
 

(Special Emphasis on Rice)
 

Much has been'rltten as to the effectiveness 'of various fertilizers
 

in supplying the 'nutritional needs of the crop. Researchers are not in
 

complete 'greement with regard to- the effectiveness of each product. The 

followiilg is an'attempt summarize of the areasto some of agreement 

identify certin aspects that are still contested. 

Nitrogen Fertilizers 

Ammonium N appears to be the preferred form of N to the rice crop. 

Fertilizers containing nitrate nitrogen have been consistently shown to be 

less effective than most ammonium forms as a source of N to rice. Td 

niudtrate that clear-cut agreement does not exist regarding the relative 

perfo mance of products within these two categories, the author calls 

attention to efficiency ratings published by De Geus (34) , Wahhab, Bhatti (35) , 

and-Lin (36). These appear in table 7. 

The author is of the opinion that these inconsistencies will always
 

occur but to varying degrees. One final note about nitrogen sources for rice. 

Products ,containing sulfur can be detrimental to the growth of rice when grown
 

on degraded paddy. 

Phosphorus 

Less controversy exists about the relative efficiencies 'of'phosphatic
 

fertilizers in meeting the phosphorus needs of the rice crop.
 

-
 The rice crop does not demand a highly water-soluble source ofV
 

phosphorus to achieve maximum growth. 
This is true, even on very phosphate­

deficient soils, probably because soil phosphorus tends to ,be more ' 

available in the flooded (reduced) than upland (oxidized') state. These 
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relations s re,'particularly true for 'the ' tropics whe're sb1i temperatures 

ara aluiost always quIte high. Inadd'ition,'mnyUo the soils have a high 

phosphate-fixing capacity which minimizes the value of high-water solubility. 

For these reasons, fertilizers having fairly high citrate solubility 

(including certain phosphate rocks and fused magnesium phosphate) are equal 

or superior to fertilizers containing highly water-soluble forms of phosphorus.
 

Phosphate sources containing substantial amounts of sulfate are 

not recommended for use on degra~ded rice paddy.
 

Potash
 

Huriate of potash is the main source of potash for rice. 
Because
 
'I 

of its chloride, nonsulfate content, it can be used on alL rice soils including 

degraded paddy. Where sulfur is needed or chlorides are harmful, potassium 

sulfate and sulfate of potash magnesia are satisfactoryr sources of K. 

Table 7 Relative Efficiency of Various Nitrogen Fertilizers Applied to Rice
 

PResearcher
 
Product (33)- (34) (35) 

,bIatiVe Rating.­

A:monium sulfarte too0 100 100 

Urea 82 .110 97 

Ammonim dloride 
 " 99 

Calcium&07ysnauld. 6 476>-

AmmonuSU irata 92 .788..
 

Sodium nitrate 0 '" -

Ammotated phosphate 86,,, 

p.| , 
oaaiu nitre i ii 44i• 54 
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