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PROSPECTS FOR NEW FERTILIZERS. FERTILIZATION CONCEPTS,
 

AND BULK BLENDING IN-ASIA, AFRICA._.*.D LATIN AMERXCA
 

by Dr. Paul J. Stangel*
 

Fertilizer use has increased dramatically the world over during
 

the past 10 years, ,particularly in the developing regions.of Asia,: 
 Africa,
 

and Latin America. About 7.83 million metric tons 
(mt) of plant nutrients
 

were added to the agricultural soils of these regions,during 1969, as
 

bconpared,to only 2.75 millionmt just.a decade ago. 
This growth will continue,
 

,possibly,pt a slightly reduced but nevertheless substantial rate, to
 

kwhere 4by 198Q. it is,estimated that nutrient,consumption"will reach .,
 

24.03 million,mt of'plant nutrients ,for the, developing portion, of Asia, 

3.48 million mt for,a similar region of Africa, and 7.41 million mt,for
 

~.atinAmerica. (l) , Cumulatively, predictions 
for these three, regions are for 

.34.9 millionimt of\,plant nutrients to be used by 1980 oxover four times ,
 

1-the,level used in 1969(table 1).
 

,To, ensure,continued growth.in fertilizer,use,, new fertilizer
 

materials, improved methods of handling fertilizers, and new fertilization
 

concepts must be conisieed. This paper is,designed to 
 kamin - on both short­

afidl"long-term bases, the types of new ferth1iers'oe,mgh"'epectto'see 

'in Asia, Africa, and Latin America, shifts in handling techniques that might
 

be expected, and new concepts of fertilization with special emphasis directed
 

toward-the rice, maize, and wheat systems of ,these three regions.
 

*Staff Agronomist, International Fertilizer Development Staff, National
 
Fertilizer Development Center, Tennessee Valley Authority, Muscle Shoals,
Alabama 35660. To be presented at the 12th Session of the Working Party

on Rice Soils, Water and Fertilizer Practices of the International Rice
 
Commission to be held in Teheran, Iran, November 30 to December 5, 1970
 
•and to the Third Conference on Soil Fertility and Fertilizer Use inAfrica
 
to be held from November 2-7, 1970, inAddis Ababa, Ethiopia.
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Table 1.. Estimated Fertilizer Consumption by Region for Developing Countries,
'> Million mt of plant nutrients (1), ,,V'. L, " 

,
- Latin Americaa ,Africab .,As 

Year N P205 'K20 Total' "N' ',K20"Tot'l". N P20 5 1(20 - 'Tot'al 

'1965, 0.74- 0.45- 0'28 1.47 01'5l O;'25' b016"0S.92 01.360.50 0.23 '2.'09 
1966 .76"' '6 ' .31J,1.:53 .5"6:'"" 7r '.P7 "10 .48'-51 .30 :2,.29 

. -f.54l',4' ".15' 3,061967 V.86 34 "3'2'55' '.40 2'";;20 19'6' .39 "'67l' 

196, .96"3' 14.0 
198 . 6 .6 ~9" l.98-' <6 ' 47 -'-.2i 1'1O.30253 *9 '3 4.04 

49' 1'.09 ",".78"t ."58'21.'45"'- 68 .52- '.*24" 1.44 2.89 '-.95 "'.53'W'.37 
7g! 1.491970 ' 1:31 .94' ''.66' 2.91 78 . 56" ".29 ,'l.63 36434 1.19 .6'5.17 

1975 2.44 1.70 1.03 5.16 1.29 .75, .51 2.55'i'" 3 "'5. 35' 1.1759.15 

19803. 2.45 95' .743.48J 7.91-"3.'51' 1.71 13.13 

alicludes Mexico, Central America,.,SouthAmerica, Caribean Islands, but ,
 

bexcludes Cuba.

Includes all countries onthe continent of Africa. 

CExciuding Japan and'Communist Asia." ' '' 

http:1.1759.15
http:3'2'55''.40
http:01.360.50
http:016"0S.92


NEW, FERTILIZERS FOR ASIA, AFRICA,.AND LATIN AMERICA 

The more progressive farmers of Asia, Africa, ,andiLatin America
 

have alreadybegun a shift to new fertilizers, some with strange sounding
 

names. Shifts 'from'sodiumnitrate and ammonium sulfate to,urea and
 
amioniated phosphates have been particularly,sgnifcant. Some areas
 

already have shifted or are considering,a shift to nitrogen solutions
 

and even anhydrous ammonia, although in most areas these products are of
 

,minor importance or in the discussion stage awaiting introduction sometime
 

in the future. New phosphate products such as monoammonium phosphate,
 

diammonium phosphate, triple or double superphosphate are becoming common
 

in a number of countries. Even more advanced materials, such as 
liquid
 

fertilizers, suspensions, and ammonium polyphosphates, will soon be
 

making their appearance.
 

In short, a major renascence is taking place in the developing
 

world. It is being-spearheaded by the rapid incorporation of technology,
 

borrowed from the developed world and adapted to new fertilizer production
 

facilities now being built in Asia, Africa, and Latin America. 
The
 

purpose of this part is to provide a broad assessment of the changes that
 

are or soon will take place in fertilizer technology and provide an
 

opinion as to the applicability of these changes to the developing countries
 

of Asia, Africa, and Latin America.
 

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

The straight nitrogen and nitrogen-phosphate fertixizers are
 

experiencing and will continue to experience the greatest acceptance and offer
 

the greatest growth potential of all the new,fertilizers on the market today.'
 



Although special local situations,,may dictate otherwise, the materials in
 

decreasing order of immediate potential in Asia, Africa; andLatin America
 

Urea
 

(46 N, solid prie
' or crystalline, usually white, formula, 

Ni2 CONH 2, molecular weight 60.06, meltin point 132.7 C, heat of solution 
57.8 cal/g, specific heat 0.320 cal/g 20 C, solubility 119 g/100 mlH 2 0 at
 

250 C, specific gravity 1.335) (2).' 

Urea is the highest N-containing solid fertilizer material commercially 

available. Its high analysis permits considerable savings in shipping and
 

distribucion costs. Because of this, plus the fact that solid fertilizers
 

•*have better worldwide growth potential than liquids due mainly to the simplicity
 

of shipping and handling dry materials in areas lacking widespread availability
 

of sophisticated equipment, urea has proven very attractive to a very large
'nuo bervery larre
 

nmber of farmers and fertilizer manufacturers of Asia, Africa, and Latin America.
 

When properly applied, urea has been shown to be equal or nearly equal
 

to ammonium sulfate as a source of N to a wide variety of crops, including maize,
 

wheat, and rice (3). In those instances where response to urea was less than
 

to ammonium sulfate, the differences have been attributed to either the sulfur
 

'component of ammionum sulfate or to the improper use of urea. 
For these reasons,
 

no other single-nutrient fertilizer has'captured the attention of agricultural
 

and fertilizer production specialists. In most areas, it already has become
 

or is rapidly becoming the leading fertilizer used in the developing world.
 

' In spitey of this potential ahd'irrent-,rate,,of acceptance, urea has, 

certain inherent,problems that must be'overcome if it is to continue to enjoy 

this current flush of growth., This i particularly true in those regions ­



-4­

lacking sophnisicated pabilities in
handling fertilizer and modern
 

s 'tr.ing sfS The more slgnificanto'f these 'problemsare: 
a) s groscpic nature which often results"in poor h'andling' propertes-­

'~traigh9 
 ma te-r 'a1 'o'r in'b e n" "... ' " ' " ...
 
blendsparticularly under hot, humid
 

conditions. Unlescs thircdieadvantageco.. d
 
cohrrect is disavantaecoud restrict its use
 

r 


'
a,' "I 
to 

-a ,', Ir , 
bulk' transport, and me'chanical bulk 

* ' 
 '
 
a'
'O'
spreading; and '(b) nitrogen losses through volatilization as ammonia when
 

urea is surface-applied to soils, especially in warm climates. 
This is a
 
majlor'prob1e when-the produt'i s o in ' tedemis 
 not incorporated into the soil after
 

application (4, 5, 6). 
 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 (7). These problems are real and will become more apparent as
 

fertilizers become more available and farmers have an opportunity to
 

compare various nitrogen sources in supplying the needs of the crop.
 

Although it has been suggested by some that the biuret content in
 

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

important primarily for citrus crops in sitziations where urea is applied as
 

a foliar spray, Extensive tests on other crops suggest that biuret levels
 

in foliar-applied urea can approach 0.75% and not be harmful, 3% biuret is
 

acceptable if the urea is applied to the soil (8, 9, 10).
 

Ammoniated Phosphates ­

._o,(lU-48-O,.,:8-46-0,2-5-, 
16-20-0, ;16-48-0,,J.3Dr29-0),. 

"Molecular 
 'Sp''ciafic" SolubilityProduct Analysis Formula- ,weight 
 Color gravity (cold-water),
 

Monoammonium phosphate 
 11-48-0 N42r34 115, white-gray 1.803 58.2 g/l00 ml
 
Diammonum pho (NH4)HP ,132.06 white-gray 1-I.619, '22.7 g/100 ml
 

Aronium s hate 18-46-0 ­ - ' ' .-' ,.,,.
 
Ammonium sulfate-phosphate 16-20-0 -­ a ­ , -­



The term "ammonium phosphates' encompasses a wide varietyof
 

fertilizers produced by the ammoniation of ,phosphoric acid, .often in
 

admixture with other materials. The most popular of these materials are
 

monoammonium phosphate (1-48-0), diammoniuni phosphate .(18-.-,.46-0).and.in
 

some areas ammonium phosphate sulfat -2 The materials ,listed
 

above are used for direct application to soil or as an intermediate in the
 

production of compound fertilizers. They can be used,as is now ,the case
 

in the United States, in bulk blends.
 

Second only to urea in growth potential,, the ammontated phosphates 

are experiencing and will continue to experience a substantial increase:insuse (11). 

This iday n6t-bebapparent because-ofbthe ,phen~menalgrowth-iii urtet"onsumption in 

many of the developing countries and the current major emphasis in many areas 

on N fertilization. Nevertheless, ammonium phosphates--because of their 

binutrient content, overall high analysis, excellent handling qualities, 100% water 

solubility of their nitrogen and near 100% solubility of their phosphate--offer,
 

considerable advantages not only in savings accrued in transport and application
 

but also agronomically because of their quick acting effect on crops. The consumption
 

'of ammonium phosphates has increased rapidly in the United States
 

in relative as well as absolute terms of total fertilizer used and will probably
 

follow the same trend in Asia, Africa, and Latin America. 'However, the true ,directioi
 

of this growth is dependent upon whether bulk blends or compound N-P-K fertilizers
 

become popular. In-the United States, growth in use of DAP-and MAP has been
 

very significant during the past 10 years (fAgure .l).."This.'is.,probably
 

due, to Adhe rapid ,acceptance':6f,'bulk*'binding'and fie flexibility these'materials
 

offerunder that system.of maketing.
 

Ammoniated phosphates 'are"particularly *suited for direct application in
 

situations where substantial amounts "of'bsal or band-applied phosphorus-and smal]
 

amounts of nitrogen are required. .. application...<
As ..... ..
 
S requ d As more sophisticated appl'eation equipment
 

http:system.of


,,is developed,, they, will be, than,broadcast at time of plantingkbanded,,rather 

,,0K ,crops as,wheat, maze,, and.sorghum.,, Where conditions permit,, these
 

:mterials :willmore, and 
more be supplied to rice soils during seedbed preparation. 

Since',all ,of the nitrogen in, the 6mmoniated,.phosphates, is in the ,ammonium 

:form, fthey are .particularly well suited.for, rice (3).o, 

;q '-r,
oIn contrast toq.urea, there are fewphysical or chemical problems
 

associated with the use of. ammoniated,,phospbates in the,humid tropics,., They
 

have good handling characteristics,, can be ,shipped in bulk in hot, humid
 

regions with little or no difficulty,, are compatible with a wide range of other
 

fertilizers, and can.be safely applied,to the surface of the soil with less
 

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

asspciated.with,.diammonium.phosphate; when banded at high rates in contact with
 

or close,to the seed under dry.,conditions,, .it can release free ammonia in
 

sufficient quantities to retard seed germination or young seedling growth (13).
 

Thisican be easily avoided ,through ,proper,placement of ,fertilizer either by hand
 

,or,ith special banding.equipment to,ensure that at no time it is closer than
 

1-2 inches to the side and below the seed.
 

Chemic'ally- or Physically-Combined High-Analysis N-P-K Fertilizers
 

Granular, solid, color variable but generally grayish, usually in
 

excess of 30 units of plant food, available in a number of ratios, chemical 
or
 

physical combinations of two or three major nutrients, l00%'water-soluble N,
 

and 50%-100,water-soluble P depending upon the choice of phosphate materials
 

and production processes.,
 

Next to straight urea and one or more of the ammoniated phosphates,
 

complete high-analysis N-P-K grades of fertilizer are just beginning and in the 

near future will receive major consumer acceptance in Asia, Africa, and possibly 

Latin America (11). 



This, h6wever'4 will,"not'occur,at nearil the' rte "of 6ceptance for
 

either of the''6ther prOductsldiscussed,because ufider"current cropping practices,
 
'the~need f6o" d'co pletd N-P-K fertilizer is not ;as, widespread., ,Thec 

1, 60tbh deficiency, pariicula'rly'fbr'rice, ' is-",es-S thdn 1110 that for nitrogen 

and 1/3 that observed for phosphates.! But with iitensificatibn-of 'faming, 'including 

'use"of new'a d higher'yielding varieties, responsest6p'0tash will become 

'Mnrefffqiuit"-particularly 'on"'the'organic&'sandy 'ahd lat e'rite s6ils;- thus N-P-K
 
opounds'!or' ixtures"%ill be-in demand>. " As'alra~dy discissedin the'sbction
 

on amnmn'iatdd 'phosphates; the acceptande 'f'N-P-K'grades 'is,dependent'upon
 

' 
 '
the"'potentia of bulk blends. Where bulk'blendsf'have' good potential-(probably
 

in Latin' Anferica) physically-mixed N-P-K grades "which'include 'ammoniated phosphates 

will prcbably 'increase in~demand. ' In0regibns where'bulk blends':do'not have great 

potential;' such,!As' ''ihuchl'of Asia and Africa,"the chemically-combined compound 

Sfertilizer' will grow,in a'aceptance."
 

SRega'rdlfess,'of'whether as' a blend: or"compund,' N-P-K grades will be of
 

high analysis.' "Prodicts'are'now'available' o,make :complete'fertilizers in either
 

form with,at least 40 units of'plant'fobd. , ' ' ..
 

The trend toward high analysis has been evident in many of the
 

developed countries for at least the past ten years (figures 2 & 3). There is
 

.,,every reason to believe this will also ,prove to be the pattern in most of the
 

developing countries.
 

Fertilizers Currently or Soon to be
 
Available But of More Limited Potential,
 

There are other fertilizers that are or soon will be available to the
 

farmers but represent a more limited potential, often only in special, areas.
 

No attempt is made to list them in order of importance,for their acceptance will
 

depend,upon a-specific set of conditions.
 



FLgure .1.. CONSUMPTION OF PHOSPHATE FERTILIZERS
 
AS STRAIGHT MATERIALS
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Fig. 2. Trends in Conbentration'of Compound Fertilizers (14) 
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Ammonium Nitrate
 

(26%-33k7 N; formula.'NH4N03 ; molecular weight 80.05; melting point
 

i70.40C;,density 200/40 Cl,725; solubility 00 C 118'g/lO0 gH 20,, 1000 C
 

843 g/100, g H20; white crystalline or'prilled; specific gravity *l29)
 

Prior to the major breakthrough that occurred in tbe,#roduction of
 

urea, 'ammonium nitrate,,showed promise in replacing ammonium sulfate as the
 

,major source of nitrogen in certain developing regions, particularly .in Latin
 

4merica. Although most of this was attributed to its slightly hfgher N content
 

(21% N for ammonium sulfate versus 33k70 for ammonium nitrate) and tendency
 

to be less acid forming than an equivalent amount of-ammonium sulfate, this
 

product has certain distinct disadvintageswhich in the author's opinion
 

limit its use particularly in the hot; humid developing countries. The major
 

disadvantages are as follows.
 

1. 	The extreme hygroscopicity of ammonium nitrate and its resultant incompatibility
 

with urea in blends ,and mixes, even in the ,same plant,-severely restrict its
 

suitability in bulk transport, blending-or general use',in the humid tropics.
 

Even in temperate regions'- the -hygroscopic 'property'becomes.a problem when
 

the,temperature exceeds 25, C.
 

2. 	The 'explosive tendency of ammonium nitrate when mishandled has in a number
 

of cuntrfs "Orompbd laws requiring'tha 'itbe'd'lited with',other products'
 

to reduce this hazard.- As a result, in many countries the N.content of the
 

finished product has been lowered to 247-27% thus 'eliminating'some of the cost
 

,savings that could be'generated by shipping the 33k% N product.
 

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

-and ,educators feel thatmost ,of the N ,should be,'supplied to the rice crop in 

the awmoniacal 'form';;if nitrate nitrogen,'is used, it should bapplied 



usually in the later stages of growth.. Research work has 'shown ammonium 

nitrate to be inferior to either urea or ammonium sulfate as a source of.N 

on, rice (3). Thus, a vast rice marketin Asia and significant markets in 

Africa and Latin America aswell appear 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. If , rr 1WL HW .t:.tL 

Insspite 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 I.n many of the developing
 

countries begins to mature and producers look for new markets.
 

Nitrogen Solutions cncluding Aqua: Ammonia) 

' (20-0-0, 28-0 '32-0,37-0-0, 41-0-0, and 44-0-0.) The rapid,,, , ' ' hhas occurred bothY i dlpd 

expansion in the"number of NH3 plants that' .. n e" e'v"e ope 

and Aeveloping world has. prompted many 'companies to produce a variety of 

nitrogen compounds as a means-of disposing of nitrogen production and satisfying 

the various "agronomic and marketing needs. Not onily dOes th'is provide additional 

market outlets for nitrogen, but the cost of storing some of these nitrogen 

'materials is co.sideably'les 'h 3 ,which requirespressurized 

.'- ,:, - the 


,es s ,vessels or'refrigeration.
 

ne group of new itrogen materials is those classed 

as' nitrogen soltions'. They have had wide acceptance in the'United States 

and Europe'and are'just now being introduced 'into Japan as well as certain 
developing nations. For'purposes of disc ssion and' to af c i 

U iford-clarity in the 
following paragraphs, a brief 'statement is'made' s to p'rpert'ies and classes'th'e 


of materials.
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Nitrogen-soluions dreh classed according'6 composition, as
 

folow.s (a)aqua ammonia; :(b) ,solutions containing ammonia and 'an"monium
 

'soiutions contaiing ammonia 'and urea; '(d) solutions-containing
ititate;-(c) 
,::,., : . ' ., " ammonium.. :::. confaining 


ammonia, ammonium nitrate, and urea; 'and (e) solUtions "' ' "monu
 

' frate al~one or with 'urea but without moiia'(16)' .j 

Aqua Ammonia. Usually 20% N, the production'oE aqua ammonia involves 

"the Additiionfi6f anhydrous ammonia to water, a "relatively simple operation that 

cii' b' ' ' carried out 'independetifly of an'ammonia'syntesis "plant, thereby ' saving 

ihe 'exp'inse'of' transportLng water. The operdtion requires facilities for 

proport-ioning'the "flows of waiter '5nd ammonia, cooling 'freshly formed aqua ammonia 

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

Cast-iron or mild-steel equipment is suitable for handling aqua 

ammonia., Storage and applicator tanks should be designed for a working pressure 

of at least 7 kilograms per square centimeter (g)cm). Equipment for handling 

aqua ammoniais 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 

taeotewsgaseous loss will occur.nnf 
shouldseesubs Aqua ammonia can be
 

should be subsurface;'otherwisels wl occur, b 
prepared -irthe 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 b injecting 

ammonia into ammonium nitrate solutions., Although such solutions ,are usually 

'produced' at'a Iammonia plant, they can also be produced from transported ammonia. 

:'Ammonia-ammonium nitrate solutions,are used both"fr manufacture of 

mixed fertilizers and' for,direct application 'to'the 4soiL'. Ammonia-ammonium 



nitrate solutions5jcannot,,


because of corrosion. .,Equipmentm.Iesqf5.aluminumwor.,stainlesp, steel,-is satisfactory.
 
Ammonia-Urea. "Atmonl'&-Ammonium-Nitrate-Urea,Solutions. j O(37 


-,j, 	 4be economIcally handledin'-ordinary ,steel equipment
 

0-0, 41-0-0,
 

and 44-0-0.) Aqueous urea-ammonia solutions and ammonia-ammonium.nitrate-urea, 

v 	solutions,are designed for .use iby.the manufacturer of mixed fertilizers, the
 
latter,,type ,solution usually-being addedto improve:conditionoffinishedproduct.
 

Atracingof hedevelopment 'of ,this type of solution..in -the United States may 

help iliustrate 'the manner in which itcould develop -in manyof thecountries 

°f;Asia, Latin,.America, ,and Africa' ,,, . , . 

*." . .'Theoriginal use of nitrogensolutions was-in the manufacture of 

solid mixed -fertilizers in.the.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 soon1 became-evident--a
 

situation promoted by the growing market for liquidmixed fertilizers,
 

anhydrous ammonia and aqu'a' ammonia. Manufacturers 6f solid mixed'fertilizers
 

°
recognized this potential and found that some o their ammoniating solutions
 

purchased for manufacturing could also be'soidlocally as liquild fertilizer.
 
The ammoniating solutions could be diluted with water as desired to lower the
 

gauge'pressureand salting out temperature. 
 This permitted the sol'utions to
 

be handled in nonpressure applicators, but the prescence of small amounts of
 

free aimonia 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.
 



..... e tffor noh sureInitrogens61ution s1suitable for
 
surface applicatidnh:aqne6usLsolUtibns containing amhne ,aloe onitrate
or with
 

,

"ur"aOorothi',sales)were roduced ""The;compositionfsand properties appear 

- 'i1 2
"able & 

"As"with ammoniacal 'solutLdris; 'the 'manufactureiofnonmmofiacils
 

'i#ufially-integrated plant.' 'Thse "s6luibz aie not
with an'ammonium nirai 


- corroslve"as"almdniacal solutions'and 'dan be 'ihaid
led'in plain "teel 'equipment 

If d ifihbt a"re"'dded... . 

These products have the same'agronomiceffectiveness ab:similar 

amoun6u of-dry urie'a "o " mniifi nitrate. This-may prove" to be a very effective 

way to market ammonium'nitrate'in the .t.opi"s." 

Anhydrous Ammonia
 

- (82-1/5 N gas at atmospheric pressure; liquid .when compressed and
 

cooled; colorless; molecular weight 17.03; critical temperature 1.330 C;
 

criticalpressure 1,657 sig; later.t heat vaporization at 280 F 589 BTU/lb;
 

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

lb/ft3; vapor specific gravity,(1 atm, 60 F air =1), 0.597; vapor volume'
 

/I b ; 
0,,,, ,'. ,., ,! . , .. ,-

° 

,(1 atm,,1 600 F) 22.0 ft /lb; boiling.. , point' atl 1 atm -28°, ,F;;freezing4polt" 1..-.. ', 

at 1 atm -107.9 F) (2).
 

Anhydrous ammonia is by far the highest analysis N product commercially
 

available anywhere in the world. Because of its high analysis, it can be
 

shipped great distances to its pointof use at competitive prices. Anhydrous
 

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

It must be transported and stored in'pressure containers, 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 equipment
 

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.
 



Table ,2,.'ISelected Cbdr'de'fia--Noricorudircial 'Solutions of'xiihnium Nitrate
 
Alone and With Urea for Direct Application (17, 18)
 

Salt. out, 
Percentage temp. 

Solution .,,,Total N Ammonium nitrate Urea. -Water (Centigrade) 

160(0-46!0),, 16.0 45.7 ' 54.3 -12 

,A70(%-31-0-36) a 117.0 30.9 . .32.9, '0 

175(0-50-0) ., 17.5,. 50.0 , 50.0 6 

190(0-5470) 19.0 .. -54.3 : '45.7
 

200(0-48-0-20), 20.0 . 32.0, ,14
 

2.00(0-57-0) 20.0 57.3 42.7 6
 

210(0-6n-0) 21.0 '60.0'" 40.0 , 11
 

227(0-65-0) - 22.7 ., , 65.0,,, ,35.0,
 

70.0
 

280(0-,40-30) 28.0, 39.5 -30.5. 30.0 -17 ,
 

300(0-4233) .30.0 42.2 32.7, ,,25.1, - 9
 

320(0-44-35). 32.0, 44.3, 35.4. 20.3' . 0,­

bContains 36.2 calcium nitrate.
 
:.Contains,20.5% sodiumnitrate. -,
 



'When"properly'used, anhydrous ammonia' is equal to any other form' 

of animonium nitrogen and is occasionally superior to urea or nitrate forms, 

but., do;,,require',specia management or,,its- agronomic pbrformance can.be 

affected (3). Ammonia applied either is pre-, or post-plant should never
 

bedplaced'in close proximity to the seed or young roots; otherwise, as 
pin: the:case w~ th'diamionium phosphate ,' geriination or. growthdAn'.b6e1 retarded. 

Zependinig upon the amount injected, losses of ammonia can result'if tlie 

tammonia is injected at too shallo',,a depth in soils low inmoliture'; clay 

'"
 content or organic matter or whenitracks left by 'the' injector knlfe-fail
 

to close because'of insufficient or excessive moisture. In general,
 

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 thedeveloping countries of the world. ',Many beiieve the'" 

immediate potential for'ammonia aid'nitrogen solutions is quite'limited. 

These ,assumptions are probably correct based primarily onthe 

general acceptance ofdy fertilizers. Their simplicity of'handling, 

compared to the more'sophisticated system required for liquid materials,
 

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

However, to stop herewould be an oversimplification of the situation and­

would-not reflect the true potential for nitrogen solutions and ammonia.
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Although dry fertilizers, particularly urea, ammoniated,.
 

phosphates, and complete N-P-K compound%,will be, the domina#t force in'the
 

developing country,market for some 'time, ammonia 5and nitrogen.solutions,
 

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

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

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

a premium on increasing efficiency of handling agricultural inputs, ,.; 

(2) adaptation to nonpressure aqua ammonia ornonpressure solutionsrequires
 

only verylimited amount of sophisticated equipment, (3) becauseof the
 

tendency for ammonia producers to look for additional markets for excess
 

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,becpmes 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 he rejuvenated,
 

and ae coeted'6to such crops as rice, "maize, or wheat. 
Potential also
 

exists in certain areas of'smaller land holdings. Of particulr promise are
 
I m e a holdings " ' N '' If"
 

areas where'farmers are willing'to'pool' equipment and cooperatively farm
 

heir land. Under the e ircuimstanes, "nitrogen solutions can offer both
 
1labor'saving and ow cosst per unit N advantages. An additional potential,
 

its success dependent upon government'policy and development of regional
 

projects, is aerial applicaftin 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
 



well into 'he growti "cyc"o t 'crop, additional nitrogencould prove to
 

b'eifitable2_'Under" the~se conditions, it would prove to b'6 rofifable to
 

apply possibly by) airplare a"small 'amo'unt of nitrogen,' 12-30 :kg/fia tio quickly
 

take advantage of the&mbre favorable water-supply.
 

tow pr sst .. and high pressure anhydrous'anmonia,
...6liitions 


"limited
although"widely accepted in "the United States and Europe , '. offer 


poten'tal"for direct'a'ppli ation inAsia, Africa', and; atn'America."
 

Considering- that' th'e's'eumaterial's 'ie of high analysis, particularly anhydrous
 

ammonia,"the special equipiient neededto take adiitagbf th'is'"offsets any
 

advantage accrued in labor"saving or low-cost'nitrogen. The'exceptions
 

to this are areas where landholdings 'are substantial hnd individual fields
 

are sufficiently large to allow for the-economic use"of this rea ' ely
 

sophisticated equipment'.
 

This is particularly true where labor is short in supply a"nd/or
 

'nitrogen losses are ,ocurring where urea is currently applied to the surface
 

"i Soils." ',' Under those 'circumstances, urea solutions "and anhydrous ammonia 

,in particular seem attractive.
 

Triple Superphosphate
 

(0-46-0, solid, nonhygroscopic, 85%-100% of phosphate in water
 

soluble form.) Triple superphosphate containing 467-47% P205 is a.high-analysis
 

phosphatic fertilizer that has become significantly more important in the
 

last twenty years, but,is expected to increase only slightly from its ,current
 

20% share of the total phosphate market in much of Asia, Africa, and Latin
 
'14 

America (11). The fact that ammoniated phosphates are experiencing good
 

acceptance precludes any additional growth as a major source of phosphorus at.
 

the consumer level.­



The mst 'economical productioh'6f triple superphosphate is close
 

6to the 's6u're 'pf hosphate rock, 'and t phosphoric 'acid 'ispioduced 'i"
 

and continuously opeiatifg'lants.prge The P2O5 c66ntent"6f tripl' super­

ph6sp 'ateis,aliibst entirely'water-soluble6and-is reafdfiy'available t'o'
 

~mogl crops "under a ide range of conditini." Its low sulfur con ent
 

(3%or less) relative to that of normal superphosphate 'is easily overcome,
 

by inicluiding sulfur-containing material 'somewhere else in the fertilization
 

program. This''fertilizer'isnonhygroscopic and free flowing in either
 

run-of-pile or granular form and lends itself readily to amm6niation.
 

This"is -a' particularly important characteristic for those countries that
 

must im~ort phosphate but have their own ammonia facilities. Finally,"
 

,I~i is a r"elatively 'low cost 'source of P205) and its high analysis permits
 

a'dditional economie's in handling, 'shipping,and dis'tribution. In spite
 

"of all th'ese apparent'advantages, most if not all, are equalled'or surpa'ssed
 

by adminoniated phosphates, particularly DAP. 'This coupled with its incompatibility
 

'witf DAP or urea'in 6lends limits its future growth potential as a'material
 

t6"be used dirictly'by the farmer.
 

Nitric Phosphates (Nitrophosphates)
 

Solid, more hygroscopic than urea or ammoniated phosphates,
 

typical analysis 29-29-0, 26-26-0, 20-20-0, 14-14-0, water solubility
 

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

Nitrate nitrogen comprises 30%-50% of the total again depending upon
 

the process.
 

In contrast to the dominant role of ammoniated phosphates, in the
 

;.U.S.; phosphate ,industry,,nitric ,phosphates (called ,nitrophosphates in Europe)
 

'have been;.,almst equally,dominant,in Europe..,,By *the-late 1960s, European
 

?'lants accounted forover,,5,million mt, amajor,portion of the phosphate
 

produced in Europe (11).
 



,,Nitric phosphates have ilow,sulfur,.requirement and as a result
 

recently gained.in popularitywhen sulfur,was expensive ,qr- n short supply.
 

Several plants to produce nitric phosphates,,were built in developed and
 

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

Withsulfur now ,inmore plentiful supply, however, thisroute has lost ,much
 

.of.its attractiveness.
 

Nitric phosphates do not,qffer a greatpotential for growthtin
 

Asia, Africa, and Latin America for at least two basic reasons. First, and 

dominant in rice-growing Asia, ,isthe fact that from ,30%-50% °f the total
 

nitrogeni in nitric, phosphates is in,,te nitrate form, a form not recommended
 

by many irice specialists. Those rice r,specalists who do feel there,is a
 
1 , 'J II" , I- 1,1 

-place, for nitrates restrict use of fertilizers containing ,nitrate nitrogen
 

to one of the later, topIressings. The second drawback to the use ofnitric
 

phosphates is the limited water solubility,of ,phosphorus. Depending upon
 

the researcher, the acceptable range ,of ,water-soluble phosphorus for use on
 

upland crops appears to be from 35%-807%. Depending-upon the process, the
 

water solubility of nitric phosphates is usually under 50%,and frequently
 

below the 357%minimum (19, 20, 21, 22).
 

Further research may offset much of the objection raised regarding
 

water solubility. Even 'so, other economic drawbacks, plus the fact that it
 

is unacceptable to many as a source of nitrogen for rice, leads one to
 

conclude that nitric phosphates will not be widely used in many of the
 

-developing countries.
 

'P6,1'phosphates 

'Avery significant breakthrough ii phosphoric acid,,a:basic ingredient
 

o'of, many phosphate fertilizers,, has led 'to,'the development of -anew family of 

polyphsphate -fertilizers' manyof which are'now-being tested-by TVA and others.
 

http:gained.in


Ordinary phosphoric acid (54. P may be concentrate
 

205Jr 0ay c erad to super­
acid which, depending upon whether the electric or wet process is used,
 

ranges from 68%-807 in PO content. To our knowledge, neither super acid
 

nor products made from it are available commercially in the developing world.
 

Nevertheless, some offer immediate potential in selected areas and will be
 

discussed in brief.
 

Superphosphoric Acid. More than 10 years ago, TVA developed a
 

method for producing concentrated phosphoric acid, usually referred to as
 

"superphosphoric acid." This new product contains'over half of its phosphorus
 

in the pyro and more condensed forms; the remainder is as the standard ortho
 

form. When made by the standard electric-furnace process, P205 content is
 

76% or more. Table 3 illustrates the difference between furnace acids of
 

ordinary and superphosphoric concentrations.
 

The main advantages of super acid are its high analysis (almost
 

50% more P205 than ordinary acid), its low corrosion rate (less than half as
 

rapid as ordinary acid), and ability to sequester impurities often found in
 

wet-process acid, an advantage in making liquid fertilizers.
 

Ammonium Polyphosphate. (Liquid 10-34-0, 11737-0; solid 15-62-0, 

12-57-0). The term "ammonium polyphosphate" refers to material containing 

condensed phosphates either as solutions or solids and produced by ammoniation 

of superphosphoric acid. These have proved to be favorite intermediates for
 

making liquid fertilizer. Typical comppsitions of these have been described
 

by Hignett (23) and appear in table 4.
 

The solutions 10-34-0 and 11-37-0 are produced by ammoniation of
 

superphosphoric acid with the addition of water (24).
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Te ore conc'entratdth. 'acid, the larger the'portion
 

of total p6sphate as pyro and/or tripolyphosphate. Usually the same
 

proportion of-ihese species exists in'the 10-34-0 or'11-37-0 as in the
 

super acid.
 

Amnmonium polyphosphate can also be'produced as a'solid by ammoniation
 

under pressure (25). The distribution of polyphosphates made;under 'thid
 

process, however,-is differenit and not necessarilyrelated to the
 

content of the super acid. Usually there is a tendency to form more
 

pyrophosphate and less of the more condensed phosphates.
 

The proportion and species of polyphosphate present in ammonium
 
polyphosphate are important because to some extent they determine the .chemical
 

and agronomic properties of the end product.
 

Ammonium polyphos'phates (liquid or solid) can sequester
 

considerable amounts of impurities usually found in wet-process acid, thus
 

p2duc.ng a'more trouble-free liquid fertilizer.- In addition, considerably
 

larger quantities of certain micronutrients can be sequestered in
 

polyphosphates than with standard ortho sources, a decided advantage when liquid 

fertilizers are to be used as a carrier'of r.1cronutrients (table 5). 

There is some evidence tosuggest that polyphosphates are a 

superior source of phosphorus to a number of crops, but this is by no
 

(26)
means conclusive. Work in the United States has been summarized 


and has led to the conclusion that no clear-cut superiority 6xists between
 

monoammonium phosphate and.ammonium polyphosphate (APP), although both were
 

http:p2duc.ng


Table 3. Comparison in Properties Between Ordinary and Superphosphoric
 

Acid Made'With Electric-Furnace Acid (23) "
 

Type of Acid 

Parameter Ordinary Super' 
.Acid, concentration',(7.P 5),, . ,. ., ., 54 , .. 0 

H3PO4 equivalent (percentage), 751
 
RP2n5/gal 7.1y 512.2
 
Percentage of P20 as poly acids 0 51
 
Viscosity'(Centipoises) ­

at 400 C - - " - 12 400
 
at 1000 C 4. 45
' '-4 

Corrosion rate (mils/yr)
 
Mild steel at room temperature, 523 230
 
Type 316 stainless steel at 1100 C 5 0.5
 

'Table 4., Phospfiate Compositionkof.Various Polyphosphates (24)
 

Phosphate species in 
ammonium polyphosphate 

.. - ..... % of total P205 

Species Ss, ' 10-34-0 11-37-0 15-62-0.. .solution solution solid
 

Ortho 55 27 41
 

Pyko 39 42 54
 

Tripoly 5 20 4
 

Tetrapoly and higher 1 11 1
 



Table 5. Comparative Abiflities Of Liquid Ammonium Polyph6sphat"arid Standard 

Orthophpohates To,Cary Hicronutrients(3 

Solubility, %bY vt. of element 
(Zn, Cuv Fe.-Mh, B, MO) 

Material added 


ZnO 

ZnSO4'E20.
 
znCOS 

M-304 

MnO 
MnSO4-H2 0 

cuo 
CuS04-5H2O 


.e(0 3 9H20
4 6


Na2MoO4 -2HaO 


4ONa2B?7.O120
-

In 11-37-0 

base solution 


(Ammonium poly) 

3.0 

3.0 a 

3.0 

0.2 

0. 

0§2' 

0.7 
1.5 

10 


0.5c 


0.9 


In8-24-0
 
base solution
 

(Standard ortho)
 
0.05
 

-
-

< 0.02 
< 0.02
 
< 0.02 

0.03 
0.13
 
0 08,
 

0.50
 
0.9 

p 6 minLained by addition of ammonia. 

Precipitates formed after several days. 
C Largest amount tested. 
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Solid ammonium polyphosphate (15-62-0 or 12-57-0) of the materials
 

in'this family offers the greatest potential for use in developipg countries.'
 

This is because (a) it is a high-analysis, binutrient fertilizer (77 .units
 

of plant food) second only to anhydrous ammonia in plantfood content,, and
 

(b)it can be shipped in the solid form to intermediate points whereait in
 

turn can be readily converted to a liquid (11-37-0)4 if and when ,the situation
 

should warrant.
 

For these reasons, solid APP has good,potential in the same 
a,
 

regions offering good opportunities for nitrogen solutions and bulk blends.
 

The solid APP (imported) together with the locally-produced nitrogen,
 

solution could serve as the nucleus of developing a low-cost liquid
 

industry. It could also serve,as a high-analysis, binutrient component of
 

,&%,iblk~bline* _
 

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

or 'varying grades; all nitrogen in urea or ammonium form; phosphate 100%
 

water.olubili'y and 50% in the nonortho form.) 
 Agronomically, this product
 

is-'as good as MAPor DAP. This coupled with itIs high analysis, simplicity
 

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

Ia"'i Ltiin America, Asia,' and Africa. . .
 "a"
 

S a ,a Suspension Fertilizers' (Fluid;' 12-404," 14-44-0, or o0her'grades;
 

superphosphoric 'acid Nitrogen in ammonium form, 50% of phosphate
 

""n.'rondensed"(nonotho)"form, all phosphorus '100% water solubility.)" Only
 

nivieryspeciil"'a~seswill suspension fertilizers!lvea place in Asia, Africa
 



9hnd tatn America, the maJor'JImitationts being a readily available source
 
peracid and the n. .
 

6fdid for'hghly-specialized equipment. Nevertheless'
 

th~'next ten years will see"the Pappearance of this product in areas of
 

Africa and atn'Amearica wh'ere exis .xtlarge, funiformefields cdechanizaiiQncof 
i' pn" p6ssb and' the es.e existsetoisaveelabor through the 

applications of high-analysis N-P-K micronutrient-pesticide combinations-­

ali"'p6ssib1 with suspensions. However, this is a very sophisticated, service­

:orientdd inark~t,';'the frequiicy of its occurrence in most of the developing
 

worlds israther'limited at 'the' present time. 

Pbtash Fertilizers,. 

Potash ranks third 4n major nutrients consumed in the developing 

countries. , The relative importance,of this nutrient in relation to nitrogen 

and phosphorus varies, significantly among the various regions under,consideration. 

Using potash as a base andassigning it a value-of one, ,theN:P2 0 5 :K2 0,,
 

consumption ratio between-,the three major nutrients wao.l.88:l.34:1,for
 

Latin America, 2.84:2.17:1 for Africa, and 5.45:l.79:,l!forAsia,,(tableal).
 

Clearly in relation to potash by far more nitrogen and phosphorusis used
 

in Asia than is the case in Africa and Latin America. ,This most probably,
 

is due to the types of crops grown in these regions.., I #,a ,he dominant
 

crop,in Asia historically has responded much more readilyato nitrogen and
 

phosphorus than to potasoium. Although'this relative emphasis, has ,changed in Japan,
 

SKorea,and Taiwan and is now changing in India and a few other countries, the'
 

major emphasis for some time tocome will 'be on nitrogen and to a lesser
 

extent phosphorus as long as.rice is the dominant crop of the area.,,
 



-22­

heprobable!reason'there .iS
Th! ,lanarrower ratio- between potash and 

i',tPB other prime-nu-rients in Africa'and LatinAmerica-is the relative importance
 

o e w e el~tfvej,.to rice."'-Bothmaize.and wheat are good users of
 

po tash as-,well,.,asto f: ni trogen 'and.­phosphate., ,"
 

*,: ­ ,:Based lonthis,relative difference,in'crop -and regional-requirement,
 

the.,,author is of,:the,opinion that the majority.of the-potash needs-by-the
 

farmer in ,Asiawill be satisfied via chemically-,or physically-combined
 
.1 

-N--Kfertilizers., Very,few straight potash materials 
as such will be sold
 

.,j
directly'at-,the,retail,market. I-'Thus, :increased;,use in potash-ifor,,the'area
 
will be -very closely related to ,the growth of N-P-K-grades. / To-a-lesser 

extent,, this analysis ,,may,,
also apply,%for,Africa;-for-although,the ;consumption
 

.
ratio of K to P205 and.K20 is somewhat narrower,, the absolute,,amounts­

consumed are,quite- small.-.
 

'::,The'potential;foreuse-,of straight,potash materials in Latin,
 

America is good. ,Thisis based primarily on-relatively high demand for potash
 

,by the crops;grown in the area. 
There,are-several potash-containing
 

,:materials-that:can be used either fordirect.,application or as ,partof
 

N-P-K fertilizers.
 

Muriate of Potash. Conmierciadlagricultural muriate of potash
 

products contain from 96%-99% KCl, equivalent to approximately 60%-62.57.
 

-K20. Muriate of potash products made from the flotation recovery processes
 

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

quantities of colored impurities. 
 Products made by solution and recrystallization
 

methods are white in color, the principal impurity being colorless NaCl.
 

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

and accounts for over 90% of all of the potassium consumed in the world. KCl
 

is readily ,acceptable 
as ,asource of K for most -crops which are not affected
 

by the chlorides associated with the product.
 

http:60%-62.57
http:majority.of
http:el~tfvej,.to
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.,Sulfateof 'Poash,., Comnercial, agridultral,'.sulfate' of potash,
 

-contains"from 927.-98 '5%K2 SP4!,equivalent to about:50%-53.2% K20,, It-also
 

'contains,, over 17T'S rad,,theu.sulfate;. thus combined :sulfate.,of potahc represents 

over 67 units of plant food'The,,potis'ium and 'sulfur ari,-readily.availahle 

-,-4'to .the , ropeand 6 thiscma teiialr, is, -us~d widelyion vigetables,'tobacco, and 

-other!-,crops!,,where -low' 1chloride .levels' are desired.,,This 'product,;constitutes 

aboutL 6T,:6ffthe ',durrent;:salei-of,'allpotash. , 
.
• '!" ;-Sulfate lof "Pdtash-Magnesial-.1 It contain's, from-,21%-26VK'OA.-,7%-11 

;MgJand ',8%-237
0 S'idepending,upon,the':process'used; to'produce: the: product. 
All three nutrientslare,,readily available tothe':crop., It.is usedL primarily 

inN-P-K grades where magnesium,and/or,,sulfurare neededand,contains
 

.pproximately55"units of plant food.',-


Potassium Nitrate. Potassium nitrate'contains almosti,14%.N,
 

and 46% K20 fmaking 4i 
'a'fairly'high analysis,product., ;The,tagronomic value
 

)of the'product is welfknown with both the lpotashtarid nitrogen water­

soluble'and readily availablelto the~crop. It is-,used.'.mainly'on-high-value
 

speciaity'cropad:not well sited for-rice because all'of the N is;'in
 

the nitrate form.
 

-,-New,'Potential For.Old -Products 
-

Without exceptio,', all of the new fertilizers just discussed
 

'are higher in N, P or K than their predecessors and all are either
 

void or extremely low in sulfur. 
Because of this ,and the proven beneficial
 

effects of sulfur, particularly on wheat, maize, sorghum, and certain pulses,
 

it would seem appropriate'to reassess the potential of some of the so-called
 

low-analysis fertilizers. Two of theseare ammonium sulfate and ordinary
 

supe rphosphate.
 

Ammonium Sulfate
 

Because of its low nitrogen content (21%, all ammonium nitrogen),
 

the downward trend in 
use of ammonium sulfate was predictable. In most
 



6
research tests, and -inmany government feitilizer,.edcai nprograms, -it
 

has ben ,replaced ,by dther 'nitrogdn'surcdsi, usually "irea. ,Under the
 

circ'imstances thenno, 'and 
 in most :instances ,'in -'the"fu'itre thiide'cdsiion 

,.,-,was justified;\.' .- pei pound of N, ure'a.,isla-more economical chgoice. ' 

,,;Nevertheless,.the: relative,competitive-. ituation. ford-ammonium sulfate is 

changing., Thermajority of iammonium sulfate,produced ,'today,,is,as a byproduct 

' usually of-the ,steel.orcaprolactum.,industries. -The',loss of domestic-and
 

export ,N-marketstto .ureafhas been;substantial (27)., This, coupled-with
 

increased emphasis ;on pollution,control,has-sled to -aivery :substantial supply
 

of ammonium sulfate in recentyears. ,-,Prospects'are good for an evenmore
 

abundant ,supply of ammonium sulfate in ,the coming years. Since it 6s ta
 

,Ibyproduct .of another-:industryrand,since it ,is in oversupply, recent,prices
 

f.o.b. ,vesselJapan,, United ,States, or Europe have-been.under $10, often
 

-$5/m% and -,,thus-erycompetitive, withureaon a..delivered .per, unit of,,N ,cost (27). 

-- ,.,Although ureawill,remain the dominant source of Nmn-the developing
 

rLnations',,-the, pricing of ,ammonium sulfatewill be sufficiently attractive for 

thenext 'severalyears.to warrant its reconsideration--as a significant source
 

,,Of nutrients. ,Considerationmust .be ,given to 'Its 22% sulfur, level., -In, 

addition, ammonium sulfate has shown a-slight but consistent superiority
 

over urea as a source of N for rice. Vegetable producers the world over
 

have shown some favor to ammonium sulfate, presumably because of its sulfur
 
content. 'The current surplus of amn6niumsulfate oupled with new
 

,-stress on-ways toimprove the,marketability of the product -and recent
 

.,recognition of sulfur problems,.pn maize-and wheat in Brazil,,,jKenyap. India, 

and elsewhere,- has .led the author to predLc t thatammonium-sulfatewil be 

reclassified: on,,the .basis of,its,N and S content and, Peq considered,as,,a 

binutrient, fertilizer having 43,.units ,of. plant food. On, his basisand 

as the fertilizer market becomes more complex, the developing world fertilizer
 

market-will take a new look at ammonium sulfate and use it in increasing
 

quantities possibly at the expense of urea.
 

http:problems,.pn
http:severalyears.to
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Ordinary Superphosphate
 

- 'Like ammonium sulfate,',ordinry superphosphateywasby: far the
 

leading phosphate fertilizer in molstof,.he developing countries~of.:the
 

world, ,.This has changed,_ the decline being caused ,mainly;by the acceptance
 

of-concentrated-phosphates,, so' that itnow ,comprises,less than'20,r'of the
 

,'2worrd!s phosphate- and -possibly;even lessinthe developing'.areas,,of the 

'.world& ,'The.primary" reasons -for.,.,thisrdecline were 'high production- and', 

transportation costs,both directly -related to'its flow 'P2O5 -"content'(11).
 

'.. '..:'Desptethese negative!factors llrthe'rate of decline in normal
 

,.superphosphate is'expected to,decrease. "'Depending~upon availability of
 

alternate sources ofsulfur in:,fertilizers, such as, ammonium sulfate,
 

ordinary superphosphate could actually grow;in'acceptance in certain regions.
 

,Like ammonium sulfate, it contains a-significantiamount of sulfur. ,The maize
 

'growers' of Kenya have 'already-recognized -'this :andhave returned to 'its use
 

'afterhaving tried 'the more 'concentrated phdsphates., 'As sulfur needs become 

more'apparent -and,as granulation-of 'N-P-K fertilizers lbecomes'more common,
 

S-the-use 'of'ordinary 'superphosphate should 'continue 'to , be significant ;',, 

partic'ulazly'in'comp6und 'fertilizers,'uhless,'of course,,-an alternate and
 

cheap'source 'of sulfur 'is: available. , .	 ' " 

-,-	 Fertilizers in the Future--Ultrahigh-Analysis
 
Forms of Phosphorus and Their Agronomic Value
 

The long efforts toward new product development in'the fertVizer
 

'Aindustry,has 'for the most part been-geared toward ever increasing-concentration
 

of,,the primary plant nutrients.- Ammmonium'polyphosphate 1(APP)":(15-62-O) is 

the mosf'concentrated 'fertitkibr',cuk'rently avaiiabl'e--ahd It 'on a i~iied basis. 

It'generally consists of 47 iorthophosphate and '59% polyphsphate of " 

http:molstof,.he


4, arying.chain,lengths .!Research..amounts.of very'.long-chain APP .and-ammonium
 

tetrametaphosphate of approximately 14-73-0 gradehave been -prepared and
 

tested. It now appears the 14-73-0 grade is close to the limit of high-analysis,
 

with orthophosphates or condensed phosphates. On this basis, further
 

development of ultrahigh-analysis P or NP sources must, of necessity, be
 

concerned with new forms of P with covalent N-P bonding and little or no
 

oxygen in the molecule.
 

Although the actual chemistry of these products has not been
 

worked out in various systems, in theory, products of this type may react
 

with soil water through chemical or biological action to yield conventional
 

forms of P and N in the soil. 

Ultrahigh-analysis fertilizers have been defined as those compounds
 

,thatcontain.more than 100% plantk-food on an oxide ,basis, (usually N-P 

basis although more emphasis will be placed on N-P-S systems). There are
 

four basic groups under study: vapor phase reaction products, phosphonitrilics,
 

cyclic metaphosphimates, and linear polyamides (28, 29, 30).
 

LIVapor-Phase Reaction Products 

" (NH - -P-,' 0.)' One of the more promising routes to ultrahigh-analysis3 


is thetdirect reaction of NH3 and P in the presence of air. By
 

controlling reaction conditions, high-analysis products varying in-content
 

of water-soluble P and N may be prepared. Results obtained thus far are
 

encouraging, particularly from a production standpoint. Greenhouse tests
 

have 'revealed that these products are 30%-50% as effective as conventional
 

N-P sources. Under the present level of technology, at least 50% of the
 

reaction products are inert--usually very long-chain polyphosphates.
 

Modification of the process might offer a combined quick- and slow-release action
 

sought in slow-release fertilizers. The interest in this product is
 

4,,P'sources 




ito
Sforuse'as an ,intermediate which probably-would be.converted slutions 

m,atlthey;point-'of distribution.
 

Phosphonitrilic Hexaamide Compounds
 

One of the highest nitrogen component N-P compounds that shows
 

some promise is phosphonitrilic hexaamide (55-92-0), an N-P ring compound.
 

It contains no oxygen and very little hydrogen. Greenhouse tests suggest
 

that the unsaturated phosphonitrilic ring apparently yields available P.at
 

rates sufficient for optimum growth. The nitrogen component appears to be
 

completely available to the crop.
 

The following proposed reaction scheme may be indicative of the
 

fate of hexaamide in soil (28):
 

L 'PN(NHD 2-J3 + 31120 - 3 P0(NH2)3 sm9HO.' - 3(NH4 ) 2 HP0 4 + 3NH3 

Certain amidophosphates that are presumed to form as intermediates between, 

PO(NH 2))3 and (N) 2 HP0 4 have been evaluated and found to be fully effective 

sources of P and N for corn. On this basis, the major conclusion from the 

above may be that hexaamide reacts with soil,,water,toform conventional
 

'forms of P andN.in.the soil.Thus .the ultimate in high-analysis has
 

almost been,reached 5by eliminating chemically ,bound,water from fertilizer
 

.salts.
 

Cyclic Metaphosphimate
 

(27-60-0.) In contrast to the phosphonitrilic compounds, cyclic
 

metaphosphimate ring structures are not subject to microbial attack, and do
 

not readily release their N and P and thus must be considered very stable
 

in soil systems. Further processing, such as breaking the ring by chemical
 

or thermal action, is necessary before this material proves attractive for
 

use as a fertilizer.
 



Linear Polyamides
 

Another potential route to ultrahigh-analysis sources-of P is
 

the synthesis of linear polyamides and thiopolyamides.
 

Three of the four compounds shown in figure 5 include substantial
 

amounts of sulfur. All contain little or no oxygen. This plus the S results
 

a~ch-higer~ c6 t f ntriiiits.!Th'Phbephate avAilability of
 

these compounds decreases with increase in molecular size. With the exception
 

of thiopolyamides, the'nitrogen sources were as effectivetas ammonium nitrate.
 

The thiopolyamides.were Slightly toxic.
 

Although; commercial production of any one of these ultrahigh-analysis
 

products is probably I0 or more years away, they do offer promise of becoming
 

the fertilizers of the future, provided certain technological difficulties
 

can be overcome, Furthermore, when their plant-nutrient contents are
 

expressed on an elemental basis, many of the products tested approach the
 

theoretical (100%) limit for high-analysis products. While initial agronomic
 

tests appear~very promising, a very concentrated effort on methods of
 

synthesis-will have-,to be made before ultrahigh-analysis compounds, particularly
 

polyamides', can be 'produced at reasonable cost. In spite of these restrictions,
 

the fundamental chemistry is being ,investigated and prospects are good for
 

the appearance of new ultrahigh-analysis fertilizers within the next 20 years.
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,," PART II
 
CONTAOLLED AVAILABILITY OF FERTILIZERS
 

Many fertilizers are readily water.soluble, hence,under,optlfmu 

soil.,moisture,,conditions, . release their nutrients, to the crop at a very 

,rapid rate., ,'In numerous,,instances,, this, release isat a rate faste--than 

needed by thecrop,,and efficient nutrient use may,not occur. , On,the.other 

hand, ,ifthenutrientsare notabsorbed by the plant,but leftin thesol 

system,, they may-be lost,through leaching or,yvolatilization.. Various
 

biological,,,physical,, and,chemical, forces may,render the nutrients,
 

unavailable and thus reduce crop utilization. Agronomists, horticulturists,
 

'farmers, and.fertilizer manufacturers alike have.long desired a fertilizer
 

•that releases nutrients ,at!exactly the irate needed by the.,crop....Should it
 

,be possible,,to achievethis goal,,much,labor,would be saved and manyof
 
,theaobstaclesto efficient,nutrien t utilization ,would.be eliminated
 

The objective of this part of the paper is to examine the basic
 

concepts justifying,the efforts to gain controlled availability of
 

fertilizers, the approaches tried or being considered thus far in developing
 

these, specialty fertilizers, and to provide.a generaldiscussion of the
 

materials.,used,,and,,the .successes obtained thus far.
 

, ,,,Basic Concepts and Objectives Employed in
 
Developing Controlled Availability of Fertilizers
 

Et-is well known, that crops utilize only,a fraction; of thefertilizer
 

-, ,nutrients.,applied tothe-soil.., Revovery rates of,from 40%-80% are common
 

for fertilizer nitrogen,or,potassium (1,,2)., :,Even.lower recoveries have
 

0,,,been reported,,for-phosphorus, wLth~values-of 207.-30% very common;
 

http:would.be


certain conditions eco , ' ' low 1 

recoveryvaluesas low as'10% a e not unexpected (3). Crops 

'are notoriously inefficient users of micronutrients,with only 1%-37 of a given:' 

nutrien"riecovered by any given cr' (4) .' 

-, Thus'"lmbstwithdu t exceptign, the, basic ' objective f'mot" 

.e'"'i a " i "* f s 'to improve othe ,plantbs"'-effidiency 
-'in'utliziing"a" given ,amotint "of2fertilizer' Workersa ig t accomplish 

bducts n 'O' tha't "ill"releasel br keep' in available' form plant 

'niitrients ifiuff iciit-
e ai0unts to' sustain maximum yields but miniiaize the
 

nutrieit-mmobilizing physical, biologi6cl', and, chemical forcles 'in'the
 

soil'system.
 

These'forces 'ca' reduce availability in at number of ways -'"-Among
 

the"more, 'prevalent are' losses thiough-leaching,, denitrification, volatilization,
 

'and'fixation; 'Altiouh-'immobilization can be''tempoiary, ,most;ofthellosses
 

described are permnetnd 'th~is -cannot"ble"considered p6tential 'sburces
 

"of nutrients.'for'future hrops.
 

"Agronomist ',have'recogni.ed thes':mechanisms-of loss or 'immobilization
 

"aid have 'develbpedlfertility'programs"tu'keep them'at a minimum.' Such
 

practices as multiple applications of fertilizer (nitrogeii)'during'tle
 

growth cycle, banding or-deep'placement'of fertilizer, orfoliarzspiays all
 

are ways to counter these nutrient-immobilizing forces and still provide
 

optimum nutrient' availability to the, crop.. This, however, has not been
 

accomplished without some disadvantage. Almost all of these 'practices have
 

increased 'the'cost of'Supplyng fertilizer to' the crop. JIAimany-cases, it
 

has' been due'to an,increased'labor rdquirement..";Thus;"'r'r"a' "long
 
way from achieving'the"ideal fertilizer program'of 'bding-tble taply"
 

fertilizer'on6c-du'ing the 'life:'cycle'of.th.dro,,.at ms*'.iiiuillk, and
 

still supply nutrients at: the level needed to ensure maximum yields.
 

http:have'recogni.ed
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Although scientists have worked,-for,,alni6st three-fourths 6f a
 

;,qeftury°on,%,,y, to increasethe ,efficiency in-nutrient utilization by crops,
 

it ha -lben only,,within',the.4ast 10-1-5,years, thatra major effort has been
, 


made; to develop specific: fertilizer,compounds that would, rovide controlled
 

,,,availability of nutrients :andistill achieve the, goal of,one 'application per crop
 

cycle. These efforts have come primerily from scientists in the'lertilizer
 

industries,of the United StatesJapan, and Europe.,
 

%,,
. In recent,years,,,research-to, achieve'controlled availability"has
 

,,centered in,two~major,areasi. One' isthrough ,controlled release,,,either
 

with the-use,of.slowly-soluble .compounds or-by covering ,soluble,'c6mpounds
 

,withan insoluble or,impervious material that-will,deteriorate'and release
 

,the~contents when the crop needs,,them. Alsecond"-is through-protected "
 

availability designed to keep ithe nutrient ,in a form-readily,available to
 

the-,crop but at least partially protected ,fromtheiuubilizing forces
 

-,present in the system. Nitrification inhibitors and chelates fall into
 

this~category.
 

Controlled Release,,
 

The controlled-release approach has seemed to offer the greatest
 

opportunity for achieving objectives of controlled availability. Some
 

very encouraging progress has been made through either the development of
 

slowly-soluble materials or the coating of soluble conventional,
 

compounds. Work in this area has already led to the first large-scale
 

commercial application (100,000 tons annually) of the controlled-availability
 

concept.
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Advantages of-Controlled Release.­

, Thee are several potential advantages to cdntrdlling ",he release' 

'
of nutrients,to a .crop,.,,' The -relative'merits,,of '6abf"'vary,acTcoiding io the
 

specific, set,of conditions, b ing.'conside'red.*4 Theie"tan generally b' placed 

,*4n.,three-,broad, categories--labor! savingl, reduced fertilizer burn; andreduction 

,in-nutrien. lossesl 

Saves Labor., Idealli, one"applicationof fertilfzer, sh-dlast 

1,,,the Crop- for,:the) entire,season;: however,,under current-> conditions,and
 

particularly- in many, of the,'high rainfall areas- of: the -tropics', 'this' l is not 

possible. :',In-,many. of' the-developing,counties, 'crops,such,as -rice,
 

,wheati:,maize, sugarcane,, and vegetables are,,being,managed,'at, a very
 

intensive level--so much,,soI:-,that the current practice necessitates multiple,
 

,applications of,certain fertilizer nutrients. - Nitrogen,"for example 'sometimes
 

must be applied, as 'many as 'three ":four, and-in ,some- cases'-five times, during 

the 'growth, cycle.',. 

Rising costs of agricultural labor, particularly in'the 'labor-scarce
 

countries of North America and Europe, and now to an increasing extent-in
 

Japan, Korea,, and'Taiwan have stimulated research in exploring ways'to make'
 

most efficient use of a diminishing labor supply. To a varying extent,
 

farmers in these areas are willing to pay the price for specialty
 

fertilizers if they will extend the limited supply of labor. Thus, in areas
 

".where agricultural labor is scarce and'cash'returns for the crop
 

high, and in situations where a single application of conventional fertilizer
 

will'not maintain optimum yields, there is a place for controlled-release
 

fertilizers. The degree 'to which controlled-release fertilizers will'be
 

, accepted willdeprnd,in'part on,the 'level they can'economically substitute
 

"fur labor.
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Less Fertilizer Burn. Another advantage to controlled release,
 

one that is probably more applicable to the developing rather than the
 

developed countries, is that of reduced possibility of fertilizer burn.
 

As cropping practices become more intensive and rates of application of
 

fertilizer increase, there is always a possibility that soluble
 

conventional sources of nitrogen may be placed too close to the seed or
 
young plant,thus preventing germination or stunting seedling growth.
 

It is well known that urea and/or diammonium phosphate under
 

certain conditions release free ammoniaand, when in close proximity to the
 

seed or plant, greatly restrict growth (5). Fertilizers having a high
 

salt index can through their osmotic effect also hinder growth. Controlled­

-release fertilizers, either coated soluble
 

materials or compounds which have a low solubility, do not pose these hazards.
 

In general, these materials can be placed at high rates in close proximity with
 

the seed or young plant with little or no deleterious effects. However, the
 

real advantage gained from controlled release is dependent upon the level of
 
mechnization in fertilizer application; in many countries, fertilizer
 

burn problems have been minimized through effective placement (banding) with
 

special equipment or by shifting the time of application to a stage when
 

the crop is less sensitive. As a result, it appears
 

these problems can be solved with existing technology; therefore, this
 

reputed advantage for controlled-release fertilizers in some areas may be
 

marginal.
 

Reduces Nutrient Losses Through Metered Release. A third advantage,
 

one that agronomists, horticulturists, farmers, and fertilizer manufacturers
 

alike have ascribed as the major reason for developing a controlled-release
 

fertilizer, has been the ability to meter the release of nutrients, patticularly
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nitrogen, 'alt'raes corresponding very closely to ,the-needs"of the crop, :, 

thre minimizing theeposure of nitrogen to losses through leaching, 

denitrification, or Volatilization., This is extremely difficult to do, and 

.o. date, 'researchers have met with very limited success in tis area. 

Nevertheless, the ultlimate acceptance of controlled-release fertilizers is
 

at least partially dependent upon whether the researchers achieve this
 

goal. Thefollowing"examples will illustrate the types of problems facing
 

these reseaichis.
 

For many crops, the demand for the major portion of their nutrients,
 

particularly nitrogen, occurs at a specific time during their life cycle.
 

Crops such as rice, maize, and wheat are examples of this. They require very
 

l.ittle nitrogen during the early stages; this, however, increases significantly
 

somewhere between '30and 60 days after emergence with major peaks of demand
 

slightly before or during flowering and then diminishes thereafter (6, 7).
 

Under this type of demand curve, nitrogen needs for certain varieties
 

of maize, rice, cotton, and lettuce can be as high as 3-4 kilograms of N per
 

hectare per day. Work reported by Allen (8) and which appears in figures 1-5
 

suggests that demand curves for very high yielding crops place substantial
 

Based on these earlier'findings,
demands on the system on a per day basis. 


it does not seem unrea'sonable to expect the daily demands for nitrogen by
 

some of the new high-yielding'varieties of rice, wheat, and maize to be double
 
and triple those reported 'byAlen. Failure of fhecrop to absorb nitrogen 

at the required rate will result in a reduction in yield, provided other
 

growing conditions' re at ornearbotimum.- Conversely, fertilizers applied'
 

to the soil must release nutrients rapidly enough to staisfy this peak period.
 

Some crops, such as many of the'forages as well as sugarcane, (figure 5)
 

have demand curves that although substantial'in total do not have the intense
 

peak demands as found in the case of'rice or maize. The demands
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are less per day but more constant over the entire-growing season. Thus a controlle
 

release fertilizer for,these crops must have a distinctly different release
 

.pattern. Under these conditions, the nitrogen needs of the crop can be
 

satisfied by using-a nitrogen compound,having a low solubility;
 

in the previous illustration, a different material is needed, preferably
 

a,,highly-soluble nitrogen source coated with a-material designed to release
 

tefimajorityof the soluble'N at or slightlybefore the peak demand period.
 

The goal is not onlyto supply the total amount of nitrogen needed
 

leyond that derived-from the soil to produce maximum yields but to 
ensure
 

that at no time, particularly-during its peak period of demand, is growth
 

limited by an inadequate supply of nutrient. Obviously, the release
 

pattern must fit the demand curves 
for the crop, taking into account that
 

derived from the soil. Excesses in available nitrogen must also be avoided
 

because of possible exposure t6 loss through-the mechanisms of-leaching,
 

volatilization, or denitrification--or luxury consumption resulting in increased
 

ihcidence 'of disease--all of which reduce thi' efficiency' 
by which the crop
 

uses nitrogen. To achieve this goal is no simple task for 'the nitrogen
 

demand curves even among crop varieties, for example rice.,(9),?,vary

sigifficantly. 
 This is cornp. cated furthr n
 

s94 in 'Tsicp aef her in flooded, reduced
 

systes:.\;Itj is-ione 'thing to 'devel 6 p"aW fertiiizer" that' wil 
release nutrients 

at a rate to meet nutrient demands for upland crops such as maizei wheat, cotton,
 

- etc.:' It'is quite another thinig 'to 'do 'th'is 'fd 'rice grown ' th'e stateiin f i o oded 

(figure 6).
 

Proper placement of fertilizer within the flooded system is of
 

extreme importance. 
As can be seen in figure 6,, there are two distinct
 

zones within the ioil penetrated by.the root system of a crop such as rice.
 

These are:, the thin, oxidized -,yerat the soil-water interface and usually
 

a few centimeters deep (depending upon percolation of water through the
 

profile) and a much deeper reduced layer.
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Table 1. Slowly Available Organic Nitrogen Fertilizers (12)
 

Name Materials 
Chemical formula 
or composition 

Nitrogen Solubili-
content in 
conte nt in 

NCh
Name Materials emica formula 

or composilion 

Nitrogen Solub"i­
conLnt ty in 

Ureaform* Urea, form- Mixtures of ca. 40 IB* Uroa, iso- Isobutylidene 32.16 O.I-O.c 

aldehyde methylene ureas butylaldehyde diurea 

Urea NH CONH 2 46.65 100 CH U 

Methylene U-CH2-U 
- -diurea""-

42.41
4 .41. 

2.18 
.. . FU* Urea, 2 furfurilidene 24.99 hardly 

furfural 3 urea soluble 

-2methylene3 urea..+' U-CH2 -U'-CH2 -U 
3. 

"-41.16- 014 

2. 

HC-CH
H I 
HC C-CH-U 

3 methylene U-CTI2-U'-Ct2-U'--Q 40.56 0.01 HC-CH Ul' 
4 urea CH2 -U .. HC-CHU' 
4 methylene U-CH2 -U'-C40-U'- 40.21 trace A.HO C-CH-UI 

5 urea CH2 -U 1 n;2u2 -u 0 

Urea - Guanyluroo, Lime
nitrog:en NH 

Urea-Z Urea, acet- MiLxtures 'of.' 31-35 ca. '4 Sulfate 
aldeihyde ethylene ureas . "H 2 N--U'I/2 H2 SO4 1/2 H2 0 34.99 easily 
--
Ethylene -C

U H 
-

38.34 Phosphabe H2 N_8U. 13P.00 
. .H soluble 

diurea 
ethylene 36.39 (35% as 

soluble 
2 ethylene
3 urea 

U-C2 H4-U'-C 2 H4 -U 36.19 Glycoluril Urea,
glyoxal 

C2 H2 (CON 2 H2 )2 

CH 

39.42 hardly
soluble 
soluble 

CDU* - Urea, acet- 2 oxo- 4 methyl- 32.54 0.12 UtIH U' 

(Cyclo- aldehyde 6 ureido ."C­

diurea) heyahydropyrimidine
H2 Oxamide (NH2 CO)2 31.81 0.02 

CH3 -CH CH-U 
I'drI NH * commercially available 

U: NIVCNH- (ureido .roup), 
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,Ammonum nitrogen,placed -in, -'layercan'be readily
,the.°oxidized 


,,converted'to nitrate, theh+leached into, the, reduced andzone lost, to,,, 

"the atmosphere,.via thedenitrification process.
 

The objective of most fertilizer programss+for flooded soils .is to 

zapplyanuonium nitrogen.in the reducedzone where it is.
 

,stablebut stillcan be used by the rice plant. 
If nitrate isused,,it
 

us 
 be, appled in small amounts when the plant ,isactively feeding and,
 

,can quicklyuse.the nitrate nitrogen before it is ,leached to the ,reduced
 

zone:and subjectto loss.viadenitrification.
 

Slow"nRelease Fertilizers and Their Properties
 

Many slowly-soluble nitrogen fertilizers have been developed.
 

Some of the more common materials listed in table 1
 

have been reported by several researchers (10, 11, 12) to show promise.
 

At presenrL, the major drawback to these compounds is their high cost per
 
unitof'nitrogen. 
Even when in large-scale commercial production, all­

seem to have a cost of from two to four times greater than an equivalent
 

amount of nitrogen from a conventional source, such as urea or ammonium
 

sulfate. Nevertheless, several do show promise, and depending upon savings
 

through a combination of high analysis and labor savings through minimizing
 

the number of applications, they may soon achieve wide-scale acceptance,
 

particularly for the labor-intensive crops such as rice, sugarcane and
 

vegetables. Much of the work includes urea as 
the base material because
 

of its high nitrogen content, east of reaction, and low cost per unit of
 

nitrogen. Most of the slowly-available fertilizers are condensation
 

products of urea and aldehydes.
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lthoigh man 6fthese",product a- appear 'to-'bbsimilar and have 

comparable reactions"iiv A-cl'ealy-defined"chemical syteim, their'reaibton 

in various soil systems aid-availability to plants "arequite"diffeeiit and 

•st no c ear e r be . , '- ' " ; , ,
 

Ureaform (Urea-Form'aldehyde).' N content,-is variable "but 'usually 

between, 287. and 1427. N Ureaforms 'are'a mixture. of 6omp6nids, 'the composition 

ofowhich 'iscontrolled 'by the mole 'ra'ei6dfI urea to formaldehyde and the 

" conditions of manufacture. Incre sfng "thilmole rAtiot 'th6
"inceas amount
 

of water-soluble components.'1,,Decreasing, the mole,ratioincreases' the-:,
 

average molecular weight and amount of insoluble components. The most
 

common ureaforms sold today generally have mole ratios of 1.25 to 1.4 (lD
 

and a nitrogen content of about 38% of which two-thirds is water insoluble.
 

The water-insoluble N in these products must test not less than
 

40% active by the activity index which is defined as (13)
 

Availability-index , , cold water insoluble N - %hot water insoluble R x 100 
% cold water insoluble N
 

The methylene ureas constitute the insoluble portion of ureaform,
 

and the agronomic value of the product is related directly to the amount
 

and type of methylene urea in the product and the amount of unreacted urea.
 

Mono- and dimethyleneurea are usually considered to decompose too
 
'a;:i " ' , ' - I 

rapidly to be effective as a slow-release material, while tetramethyleneurea
 

and higher members of this series were highly resistant to decomposition in
 

soil. Trimethyleneurea appears generally the most effective single component.
 

It is the major component in the hot water-insoluble, cold water-insoluble
 

fraction of ureaforms (11). Japanese workers (14, 15, 16, 17) have concluded, on the
 

basis of extensive laboratory and field tests, that dimethylenetriurea
 

appears to have the greatest agronomic effectiveness.-' They'conclude
 

that the production of ureaform should be controlled so- that this compound
 

is the principal component. However, this is very'difficult to do on a
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commercial basis. Most ureaform fertilizers are made up of several types
 

of methylene urea.
 

Particle size does not seem to affect the availability of the
 

product. Decomposition is biological with some of the lag in nitrification
 

rate due to the bactericidal effect of free formaldehyde commonly present
 

in some of the ureaforms (11).
 

First developed in the United States for use on turf grasses
 

and ornamental plants, ureaform has been tested on a number of crops with
 

varying results. Extensive reviews by both Hauck (11) and Prasad (18)
 

have shown ureaform as a good source of slow-release N for turf, ornamentals,
 

potatoes, sugarbeets, and flax. It has been reported inferior to conventional
 

sources of N for cotton, cucumbers, kohlrabi, cabbage, lettuce, tomatoes,
 

wheat, and rice.
 

A single application of 300 pounds of N as ureaform was sufficient
 

to satisfy the needs of three successive crops of maize and as effective
 

as split doses of conventional applications (18).
 

CDU (2 oxo - 4 methyl - 6 ureido hexahydro-pyrimidine) other names-­

CD-urea, Crotodur, Floranid. Nitrogen content 32.57. except Floranid which
 

has 287. N, 107. of which is as nitrate. CDU is prepared by acid catalysis
 

of urea and acetaldehyde or crotonaldehyde yielding a ring-structured compound (11).
 

CDU was first prepared by the Germans but now is also commercially
 

produced by the Japanese for use in compound fertilizers. Its slow-release
 

pattern makes it suitable for use on grasses and to a much lesser extent
 
'4 , '7 ' 444r4 44 44 44 

annual crops. Japanese tests (12) have revealed CDU is of limited value on
 

rice because release patterns under water-logged or reduced conditions are
 

very slow--too slow to promote optimum growth of rice.
 
A major advantage'for CDU as cited by Hauck (11) is its low but ­

continuous rate of dissolution thus allowing application of large amounts'
 



"(up to 750 kg N/ha) without crop injury and its stability in manufacturing
 

compound fertilizers. A disadvantage of CDU is that it is subject to leaching
 

by irrigation (12).
 

CDU is degraded primarily through biological action; its solution
 

and rate of degradation are related to particle size (19).
 

Urea-Z (Urea Acetaldehyde). Nitrogen content varies from 317.-38%
 

of which about 157. is initially water-soluble and the -remainder slowly
 

soluble. Urea reacts with acetaldehyde to form ethylene diurea or that plus
 

some unreacted urea.
 

The release rate for urea-Z is more rapid than most slowly-soluble
 

N products. Decomposition is chemical and not greatly affected by temperature
 

or particle size.
 

This material was first investigated by German research workers
 

in 1956 and; although it has not been extensively field tested, does
 

offer promise for crops grown on nonflooded upland soils. Urea-Z is not
 

well suited as an N source for flooded rice (12).
 

IBDU (Isobutylidene diurea). Theoretical N content 327., commercially
 

307., has been developed in Japan and now manufacturedon a commercial basis.
 

It is used primarily as part of the nitrogen component in compound fertilizers.
 

For a detailed review of IBDU, see Hamamoto (20).
 

The compound is a condensation product of urea and isobutyr­

aldehyde; the rate of hydrolysis is relatively rapid even in neutral solutions (11),
 

but'is pH dependent (six times greater at pH 4 than 7).,"
 

Chemical hydrolysis is the prime means'of degradation and can be
. ,
 
. , ' ,' 3- ' " 3 ,. ,• "; , ° , ,; 3 ,,:t3, ",, ,3,, , . . -, - -, ," . ., , , , . , 

effectively controlled on either upland or waterlogged soils by change in
 

particle size and hardness of granule (20). The rate of mineralization of
 

IBDU nitrogen is controlled substantially by its "rate of dissolution.
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.The rate ,ofmineralization of "IBDU, is,,not, greatly..influenced by, changes in 

,,microbi41-flora (aerobic or, anerobic).. 

Several Japanese workers, (11, 20),.have demonstrated,, that ,IBDU
 

can satltsfactorLly ,spply the N needs for.flooded, rice,an4:for rice, small
 

grain and vegetables grown on uplandsoils.. Unfortunately inmostof the
 

,situations -where IBDU has ,been tested, the results are confounded ,.by,the
 

presence of other nonstandardized amounts.of.N, P,.and.K.-
 Under these
 

conditions, the absolute 
contributions fromeach variable,,are not clear.
 

Nevertheless, IBDU seems to beioneof the more 
rpromising slow-release,
 

compoinds.
 

* , Glycluril (Acetylene Urea),. Nitrogen-,,content.391.'4 ,, prepared from 
urea and glyoxal in presence ofHCl.(l2)- . only slightlywater-soluble. 

Shows,promise for, use on, forages. Decomposition ,isbiological' with, major 

portion ofrelease after. a 3- to-4-week lagophase. This:product,isin the
 

,lvery,early stages of development.
 

Guanylurea (Lime, nitrogen;,-sulfatei phosphate.) -Nitrogen 
content
 

35%, made from calcium cyanamide in a-lime-nitrogenmatrix by directdcid treatment.
 

-This 
 compoundand its,properties',have been.known for!.at- least
 

20 years. .Because of the difficulty .in.producing, a.pure 'lcompound; ,its 

usefulness has,been 1imited , . -compound,fertilizers.,.'Furthermore, 

cost of this form of nitrogen is quite high;, thus commercial potentialfor 

this product is very limited. . ., , 
The potential for. this product,-is good should.,ceKtain technological 

O- ' -

disadvantages be overcome.., Prospects are particularly,,encouraging for use
 

of this product on rice. 
 Japanese workers (12) have found-the.,decomposition
 

of guanylurea occurs more-rapidly in waterlogged soil.than in upland soil;
 

furthermore,' there is, little release during-the 'first month after application.
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'Thsproperty',is'-vast1'dif feirnt 
 1roon''1" 
 1 Li £'' 

Thifro- othr s owly-sBouble nitrogen compounds" 

discu.sed and,more nearly approximates'-iheneeds' 'of'crbps, such as rice, 

hvin'g'l specific p'eak demandlperiods.' "
 

- "i .The:micro~ghnisms which-mineralLze guanylurea areanaerbes; 

;.therefore, their"adtivities are icireased"as the soil'chievs ad e uced 

:satte'by',flooding, 'u thermore, guanylurea is trongly adsorbed "onto clay 

particles, 
 Therefor'e', itt sreatively safe from leachiiig'forces. 

- y a'-This"a:tta'ck"by aerobes nd adsorption to soii prticles 

will,likely, caus'e -varTied .,"i'esilts tlh'e s'tate ''deperiding upon oo.wt"er 'control
 

and type of soil (21).
 

The Japanese work has shown several factors that"arein-olved.;-in 'the
 

rnineralization~ of,,guaiylureain. flooded -conditdons. ­ "ese are: (a) mineralization 

.,prcee s1 faster when f.lay content" is:l6w or the'majr clay i's of' th' 1: 1 type, 

,(b)mineralization is fa sot'in -ils' containing ferrous iron, (c) the 

strongerguanylurea is,.held,:by the's6il, 
the' slower is the rate of"
 

mineralization, and (d) mineralization ,isalways accelerated by'the addition 

,,of ,readily decomposabl'e organic'material,'such, as glucose. -- upon its'Based 


sensitLvity "t:redox not be mineralizd : placed
potentiaI; guanylurea"will f 

,inthe, thin oxidized ,layer-at the soil'-waterln'terface"f :a flooded system
 

(f igure 6)..4, This a;,very-importan, property since "the 'oxidized"layerof 

f ooded .soils. subject to 'leaching is thicker, th,,n 'for soils where'- percolation 

!,rate, is, much, les one, might' say', gunylurea, has"a bilt in'on-offk switch 

that is 'controlled by the degree the soil is'reduced."', 
,Oxamide'.l'-Oiam'ide, 32 
 d bi'oica'lic acid, has been 

,,idelystudiedbutofferliited ptntii tchoogicalproblems
 

in'production' 
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lThe. prop tisooxamide"are,simlar.to IBDU 'in that its release
 

rate':is 'g6verned~by partibli ,size.-:H6weve, in: contrast ito IBDU, oximide
 

'hydrolysis-in,soils isbiblogiial"rather'ihan chemicai (11) "Fine
 

particles of oxamide riitrifyfater,'thfi ammonium s'ulfate 'and similar to 

urea in acid soils (11). Oxamide of suitable particle size has proven
 

to be effective as a source of N for maize, grass 
 rice, and barley (18,'22).
 

Finely divided oxamide is similar to conventional nitrogen fertilizers as
 

a source of N.
 

Difurfurylidene triureid. 
N content of 25%, very low water solubility,
 

reaction products are urea and furfural. It has been manufactured commercially
 

on a small scale in Japan. Production on large scale doesn't appear to be
 

feasible-at this time. Chemistry somewhat-related to urea-Z. Relatively
 

little done regarding agronomic potential of product (11).
 

Other Compounds. There are several groups of compounds under study
 

most of which are either still in the developmental stage or, because of
 

certain technological problems, lack commercial application.
 

Triazines (urea pyrolyzates)--Include cyanuric acid, ammelide,
 

ammeline and melamine with corresponding N levels of 32.47., 43.7%, 49.47.,
 

and 66.5%, respectively. These products are now under study, but because
 
I P- -, I 1 , , ".-, ,' " 2; ;. 

of their very slow N release pattern seem to have potential primarily for
 

grass,.shrub, and tree crops (11). Little potential seems to exist for
 

row crops and particularly rice.
 

Metal ammonium phosphates--(variable N and P levels). For a
 

number of years, researchers in the United States have experimented with
 

metal ammonium phosphates (Mg, Zn,, Fe, Mn, Cu), as a nonburning fertilizer
 

with a controlled rate of nitrification." Although effective as a source
 

http:simlar.to
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of nutrients,,for lawns,,,ornamentals,!,and :ptherspecialty crops, metal ammonium
 
,,phosphates havenot rhown particular potentialfor use ,on such annuals as
 

rice, yheat,,o5 maize (23, 24,. 25).,'As a esut," ittle,researih4ativity
 

seems to be centered recently aroundthese compounds.-,, 

Coated Fertilizers
 

The c6mpounds discussed in the previous section all are relatively
 

insoluble' when'compared to conventional fertilizers (the exceptions being 

finely-ground oxamide ). Their availability is dependent upon a number of 

factors including microbial activity soi1 pH, 'temperature, oxidative 
:":' 1" '"; 1"1 " d' 	 trm,od reah 

state of the system, etc. Because it is difficult to determine the real
 

effect' of each of these factors on the hydrolysis and mineralization of
 

A6h 	 compound, the relea'se 'patternof some of these materials has not
 

always been predictable.
 

Because ofthese limitations, coating agents have become the focal
 

point-of some intnsified research. Metered release has been accomplished
 

with one or more of the three general type coatings (26) (figure 7).
 

1. 	Semi-Permeable Membrane--fertilizer is released when the membrane is
 

ruptured'following the increase in osmatic pressure which r:-ults from
 

water moving across the membrane into the granule.
 

2.' Discontinuous or Perforated Impermeable Membrane--tiny holes through the
 

membrane coating provide the route of release for the fertilizer
 

contained within.
 

3. 	 The Solid Impermeable Membrane--this is a membrane such that it must be
 

degraded by microorganisms prior to the release of the nutrient.
 ' 

,. 	 . . 2,, , 2. 2; 22 , ,2' 2 2,% 1,-r'" ! , 2 '' , 

MateriIls 	 as 1coating agents include polyethylene, acrylic
 

resins, vinyl acetate waxes, 'paraffin compounds,, asphaltic mixtures, silicones, 

and sulfur (27). 



Figure 7. ­
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Coatings (including encapsulation) ,have certain advantages for
 

altering the physicalicharacteristicsof fertilizer compounds. More,
 

freedom is obtained in fertilizer formulation and micronutrients or secondary
 
nutrients can becombinea with primary nutrients. The major disadvantage of
 

coated fertilizer appears to be in the manufacturing of the product. Coating
 

uniformity around each fertilizer particle is often difficult to obtain in
 

large' tonnages. Coatings, although usually cheaper than slowly-soluble
 

materials, are still quite costly.
 

Wax Coatings. Wax-coated fertilizers-are manufactured by dispersing
 

the nutrient material,;,in molten wax, forming the dispersion into small
 

particles in a mold, and allowing the particles to cool below the melting
 

point of wax. The resulting particles are a dispasrsion of solid fertilizer
 

particles in a solid wax. The water resistance of the fertilizer particles
 

can be increased or decreased byincreasing or decreasing the amount of wax
 

employed. Increasedwate resistance can also be effected by dissolving
 

certaln-additives: in ;,the:. molten, wax.,­

-: . One of the major problems in developing this technique is to adequately 

disperse-the fertilizer granules uniformlythroughout the wax. Nonuniformity
 

and unpredictable release rates are the net result. '-,
 

Polymer Coatings. Urea-Formaldehyde Solution Cdatings, Multilayer,
 

Ureaform, Epoxy-Polyester Resin Coated Granules,-Urethane,'and many other
 

combinations have been tried asIcoatings around' soluble'fertilizers with
 

varying_,success. 
Whatever the nature ,and form of the coating, its effectiveness 

is probably determined by the rate at,which it slows vapor transfer into 

the- cavities filled with solule,material. After:,solution pressure builds,,;, 

up,inside the particleL the 'rate of'release is:,,then depeident.on the 'ability,
 

-of the coating'to withstand eithe rupture or excessive leakage-through
 

newly-formed pores (10). 
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, An'example ofhths c'an-be,,'drawni' from' work' done by' Ahmed 'arnd Attoe 

"'.w of. the United'i States- (28).c T6i bi'sicpocess is'the encapsulatlon f' 

ferti-lizer granules,in: polyethylene'film. "Although strictly spatking'not 

,,,a, coating,"Ithelactual procdss is very" similar" to polymer-coa'ted 'fertilizers,, 

',and,-the princip'les ,governing-the release-may'apply to many of 'th coated 

fertilizers, whether wax, polymers, or sulfur; "cntrolled
 

r,,elease of,,fertilizers'by enclosing 'or encapsulating wa'ter-soluble fertilizers
 

c'Ahmodd(28),,achied 

•i.--a 	 small capsule made of! thin film;-,such as Oolyethylene film;i which had
 

several holeshaving diameters within the 0.05 mm~'o '2.0 Imm range. He
 

successfully 'grew high yields 'of -maize 'andmaintained satisfactory growth
 

of turf with'single applications of this"product. He reported the release
 

rate'to',be determined mainly ,by':
 

- ''1. -Ndmber and size of'holes per'capsule'.
 

.2-. 'Amounie'of moisture 'in' the soil.
 

,'k 3.- Solubility,.f fertilizer.
 

X,,	4. -,Weight of fertilizer'in capsule.
 

This,and other'processes are b'eing produced comiiercially but used mainly on
 

.xv t specialty1 crops. , 

Archer Daniels-Midland Co. has'devdloped airediri-cbted=,urea 'product 

that is being sold commercially. It has been used successfullf'or*turf
 

and certain specialty crops.
 

Sulfur Coatings' M6stof' the-coatiiigs discussed thus far are 

either inert or are nutrients nonessential to crop growth. In all casejs,
 

this has materially increased the cost of the fe'rtilizers.
 

A way to partially offset this has been to use coatings that have
 

a multiple purpose. Recent research using sulfur as a coating has stemmed
 

-from such an Lnterest. There are several reasons for interest in sulfur as a
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coatngorwater-soluble fertlzer 
gredients 
 ,Alongwith it providing
 
a, Rroduct of all~nutrient compositioni the material: can be applied; conveniently
 

as.ia melt and ata Xelativ o cost 
 hs method,of,)coating, suffers
 
,from ser.ous ,is-dvant,g-.i.has been found that the sulfur coating is
 

.one 


too porous,and ,that the leaching rate isaboutithe same 
1as .for uncoated
 

4fertilizer granules,(l0), 
 ,
 

This problem.has been corrected by a,process ,developed4byITVA (29)
 
, which produces an effective controlled-release urea fertilizer,.by using
 

sulfur, a microcrystalline,, soft wax sealant,.,and a microbicide. ,,The 
., porous nature of the, sulfur coating 1as ,been apparently eliminated with a 
spalant,that prevents rapid water :transfer through the coating.- -,Their
 

microbicide, pentachlorophenol or coal tar oil, acts as a retardant ;to
 
sealant degradation and possiblypulfur ,transformation. -The release rate
 
of this product is controlled by varying the thickness of'sulfur and wax
 
coating and has proven effective in supplying nitrogen,to forage crops in
 
a'single application (30) and for corn and sugarcane ., - Sulfur-coated urea (SCU) 

.has also shown prompise as a nitrogen source for upland rice;or where intermittent
 
flooding prevails. 
 It has not proven superior to conventional ,sources,for
 

rice.ye.water.ontrol.. is,,good. For a more detailed review of SCU, see 
.Hauck ,,,(11) ,... 

Protected ,Availability ., 

The,second major approach used to achieve controlled availability
 

is to keep the nutrient in 
a form which is readily available to the crop
 
but which is protected from the physical, .,h'Bmical, or biological forces 

involved in immobilizing the nutrient. 
Such a process can best be termed-,
 

"protected availability."
 

http:fertilizer,.by


Protected availability is commonly 
achieved in at least two ways. 

(1) through the use of nitrification 
inhibitors and
 

The more common are: 


use of organic chelates.
(2)' through the 


Nitrification Inhibitors
 

that two of the principal mechanisms
 
it has been well established 


causing reduction in nitrogen 
efficiency by the crop are (a)

losses due
 

In both'cases,
 
to leaching and (b)gaseous loss 

through'denitrification" 


'form before these losses can 
occur.
 

the nitrogen must be in.t4he-nitate
 

Since most plantsIcan readily 
use ammonium nitrogen and since 

amnmonium
 

nitrogen is held effectively 
against leaching on the exchange 

sites of the
 

clay and organic fractions, it
has been shown that keeping the 

nitrogen in
 

the amonium form as long ,as
possible before use by the crop 

will significantly
 

This has been accomplished by 
inhibiting the
 

reduce nitrogen losses. 


nitrification process. 2Ln'almost all cases, the inhibitor 
blocks the
 

conversion of ammonium nitrogen 
to nitrate by inhibiting Nitrosomonas 

growth
 

or activity (figure 8). 7
 

formulitecompounds of
 
There is considerable activity in trying 

to 


To be of practical value, they 
should effectively and specifically
 

this type. 


block the nitrification process, 
be sufficiently mobile to moyejwith 

fertilizers
 

in the soil solution, 4persist for a sufficient 
period of time'7to protect
 

the ammoniua nitrogen from conversion 
to nitrate until used~by -the 

crop, and
 

finally, be nontoxic to the 
plant and sufficiently low 

in p,ice to warrant
 

Some'
 
Most of the success to date has 

been in Japan ard'the United States. 

their use. 


of the more promisingcompounds and their 
common names and developers have previously,
 



Figure 8 
ATED GA LE INHIBITOR APPROA 01 4 

SPECIFIC :INHIBITOR 

DISSOLUTION V .'AMMON IFICATION.__. -N O:f NH "'No ...
.-...... CPD -. -Er 
* .* 

COATED
 NITRIFICATI : :-. 
GRANULES" 
OF CPD X 



-50­

and appear in table 2. Only thos' inhibitors
 
been ,reported by Hauck (13) 


currently available commercially 
or available for wide testing on 

an
 

i basis will be discussed.
experimenta


y'ridine.- Developed Ia,.
 
- chloro - 6 (trichloromethyl)N-Serve 2 


ted States and possibly the most 
widely tested of all nitrification
 

.the 


.inhibitors, N-Serve has proven 
to effectively eontrol the,nitrification
 

The properties of this product 
and its use with anhydrous ammonia,
 

process. 


by Goring (31, ,32)., 
'uireaandanw.oniumi fertilizers have been described 

'
 the mvalue
 
_,?Reviews byHauck (11) and Prasad 

(18, 33) have clearly-de
scribed.
 

N-Serve persis'ts and'is effective 
inthe soil
 

of N-Serve on various crops. 


for periods of up to 6 weeks; however, 
numerous workers'have, shown the
 

It is normally
 
half-life of'the compound to be 

about 15-25 days at 200 C. 


Effective rates
 
more effective when it is applied 

with banded fertilizers. 


vary from 0.214-2% of the ammonium 
nitrogen with the lower rate 

adequate only
 

when the Nis applied in a band.
 

N-Serve has significantly increased 
the yields of sugar beets,-


Considerable
 
cotton, sweet maize, spinach, 

rice, and hybrid maize (11, 18, 33). 


jeld conditions when applied 
in a
 

loss of effectiveness occurs under'f
i


In general, cost of the material
'j o"i46oded'system for growing rice. 


soil
Effectiveness declines as 

liiits-its 'use to specialty crops. 


temperature increases.
 

Dicyandiamide. Sold commercially in Japan'," the 
inhibitory effects
 

of this compound have been clearly 
demonstrated and known.for sometime 

(12).
 

effective over'-a long,period 
and effectively inhibits 

The'product is 
Concentrations 

nitrification at ail'rates of 
hitrogen application (34). 

of 5%-10% (of ammonium N) have been reported 
effective in restricting 

To maintain effectiveness, the 
rate of
 

nitrification for up to 3 weeks. 


application should increase 
as organic content of the soll 

increases.
 

Effectiveness declines with 
increasein soil temperature.
 



Table 2'-t'XNitrification Inhibitors Under Test in Japan, 1969 
a/ 

Chemial Common Name 
-Chemical,.- or Symbol 
 Developer''
 

Thiurea. Thiourea, Tu Nitto yuso. 

Dicyandiamide -" ', -,- ,., Dd or Dicyan ShowaDenko 

2-mercapto'-benzothiazole, , MBT Onodo Chemical"Industries 

2-benzothiazole-sulfane-morpholine KN or KNE Nissan"Chemical ' Industries 

2-chloro-6-( trichioromethyl)' N-SERVE Dow Chemical Company 
pyridine (U., S.) 

2-amino-4-chloro-6-methyl ':,Mitsui Toatsu 
pyrimidine 

sulathiazole , ST Mitsui Toatsu 

2-amino-4-methyl-6-trichloro- MAST Mitsubishi Chemical",

methyl triazine Industries
 

2, 4-diamino-6-trichloromethlyl '- American Cyanamid 
triazine, (U. S.) 

Nr 2, 5-dichlorophyl' i DCs Sumitomo Chemicad 

succinamide, ," ' Industries.. 

guanylthiourea 'ASU -Nitto -Chemical Industries 

'
4-amino-l, 2, 4-triazoleHCl AT -IshiharaIndustries 

'Y-BercaPto-l.,, ,k=triazole MT, rNippon,,Gas. Chemical, 
- "K', '-':: ;,,. \.> Industries 

a/Compiled by Hauck (li)'fr6m information obtained through the courtesy of
 
fthe.Fertilizer Research Division, National Institute of Agricultural.;,

Science, Tokyo. Not includedare several materials,known only by their
 
code'numbers. 
 • ­



#Apter b tr roete, compound fpos s'e8sing.."-1Cyanoguanidine." inhibitory properties
 

,providedoit is applied.atffr6m,5;5%'-24",of theazmoniuii niEr"'den present.
 

It,has. effectively, (12) increased the' efficiency of 'Nfertlizer"s"applied
 

to wheat as much as 50%.' %It-seems,,to'be most effedtive on organic or
 

,limestone-,soils which are high ,insoilnitrates and subject to heavy
 

,rainfall,-atildw soil temperatures. It does, hot. showoutstandin'g potintial
 

under: tropical,conditions., 

S ', Thiourea. -It is sold,commercially,in"Japan,"and is considered 

both a slow-release source of N and alsoo'ne that-possesses nitrificaition 

,,inhibition characteristics. Japanese workers have reported thiourea as 

being effective for a period of.up to 4 weeks at concentrations of 14%
 

*byweight of applied nitrogen. Often 67.-10% was sufficient for some soils (11).
 

Concentrations above 28 ppm were injurious to barley seedlings. Effectiveness
 
. 1",A , ,I , , - , , , " -1 1, 

declines with increase in soil temperature.
 

AM 2 - amino - 4 - chloro - 6 - methyl pyrimidine. Developed by
 

the Japanese, AM has proven to be one of the more popular nitrification
 

inhibitors. Effective concentrations range from 1.5 to 3.5 ppm with 2 ppm
 

the most common, Its average half-life is about 20 days (35) but ranges
 

from 15 to 60 days depending upon the soil conditions and the concentration
 

being tested (36). Increases in temperature greatly decrease the effectiveness
 

of the inhibitor. Therefore, the potential for AM inmuch of the tropics
 

is limited.
 

AM has effectively increased the yield of rice, maize, grasses,
 

several types of vegetable crops, and barley.
 

AM is less volatile than N-Serve, the vapor pressure being 0.002
 

and 0.005 mm Hg, at'200 and 300 C, respectively. AM cannot be formulated
 

with acid fertilizers such as triple superphosphate. It can, however, be'
 

slafely formulated and stored wiIth most'other forms of fertilizer. 4
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SST.2 -sulfanilamidothiazole, (sulfathiazole). -Developed by the
 

,,same JaIpanese concern that produced.AM, it.isdesigned to 6vercome'some
 

of-,theproblems with AM. ST can be mixed with'acid,4fdtilizers-addcan be
 

readly formulated into compound fertilizerst (37). fl,'L -.
 

A relatively new compound, it has: yet to ibe extensively-field
 

, eHstedq.,,,However, preliminary tests show.-that,ST does,effectiv'linicrease
1


the yield of rice, barley, and spinach (38).. -'Tdssare nowi uinderway -to
 

fptudy,,this, compound.qver; a-broader,,range,of conditions' ,,:High temperatures
 

*reduce,#the effectiveness of-,ST.,,,.
 

Synthetic 	Chelates
 

One of the best and most successful examples of protected availability
 

-has been the development of the synthetic chelate for agricultural purposes.
 

It is well known that when properly used synthetic chelates can keep the
 

essential nutrient it contains in an available form protected from the
 

fixation forces'of the system to such an extent that it often is 5-10 times
 

more effective in supplying the nutrient to the crop than a similar amount
 

of a conventional inorganic source.
 

There are two properties that the chelate must'have to achieve
 

the success described above. First, the chelate must have a high resistance
 

to soil microbial degradation, and second, it must also have a high degree
 

of stability with respect tu its associated micronutrient. (11)
 

The fact that researchers have been extremely successful in
 

reaching this goal is illustrated by the large numbers of chelates sold
 

for correcting micronutrient nutrient deficiencies. Some of the more
 

successful are listed in table 3.
 

http:produced.AM


Table 3. Abbreviations of Compounds Used to Chelate Micronutrients (40)'
 

- ' -'Commrercial 

AbbrevifatiOns-' Chemical 	Names Trade Names 

KDTAI Ethylenediamine tetraacetic acid Sequestrene AA 
::.We EDTA Mono sodium ferric ethylenedlamine Sequestrene NaFe 

tetraacetate 
N:a2 Fe EI)TA Disodium ferric ethylenediamlie Versene Iron Chelate 

tetraacetate 
:12Z11EDTA Disodium zinc and disodium man- Sequestrene Na2Zn 

& ganesc chelates of EDTA &2-",,nET 	 Sequestrene Na2Mn 

i 1PA* Diethylene trlamine pentaacetic acid Chel 330 
Na Fe DTPA Mono sodium ferric diethylenetri- Sequestrene 330 Fe 

amine pentaacetate 
If:EEI)TA, Ilydroxyethy) ethyleite diaminetri- Versenol (referred to 

acetic acid 	 also as EEDTA, 
HEDTA, and EDTA-
OH1)

:*:ireIIJ'FDTA Mono sodium ferric hydroxyethylene Versenol Iron Chelate 
diaminetriacetate Perma Green Iron 135 

CI)TA" Cyclohexane trans 1, 2-diamino Chel 600 
tetraacetic acid

N:i Ve CDTA' Mono sodium ferr'c cyclohexane Chel 600 NaFe 
trans 1,2-diamino tetraacetate (Experimental only)

i IJDIiAv-, Ethylenediamine (d!o-hydro.yphenyl- Chel 138 or APCA 
or,EIPG acetic acid)

1II eFI)DIIA Ferric chelate of EDDHA Chol 138 HFe or 
Sequestrene 138
 

IE.A 1.,0 Fe Ferric phenolic polyamino carboxylic Geigy 
acetate; derivative of Chel 138 HFe (Experimental only)WI|LEDDA Dihydroxyethyl ethylencdlamihe- Versendiol
 
diacetic acid
 

NTA Nitrilotriacetie acid 
!h,ETA Bis Ldicarboxymethyl)aninoethyfl ­

Bisdiearboxyniethyl)aiinoethyfl ­
'P , sulfide
 

A byproduct fraction of paper pulp Rayplex
 

'. ,quvstreie and Chel are products of 	Geigy Chemical Company, New York;
".- Vcrscnes of Dow Chemical Company, Midland, Michigan; Perma Green of 
U.I|::ed Products Corpor tion, Lyndhurst, New Jersey; Greenz 26 of Crown 
/..H!lrhach Corporation, Camas, Washington; NTA of Hampshire Chemical'a:y, Nashua, New Hampshire. Rayplex is a product of Rayonier Incor­
*.,reI,%elton, Washington. ) 

t Chehlaing agents are usually available from manufaOturers as the pure 
z I!s or as sodium salts. The acid form is listed for the sake of simplicity., 
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For a complete rev.iew of this subject, the reader is 'referred to
 

(39, '4).
The purpose of,introducing the subject in this-paper is merely
 

to' provide chelates as another example of how scientists have achieved,
 

their goal in developing the controlled-nutrient-availability,concept.
 

Application of the Controlled-Availability
 
Concept in the Developing Countries
 

It should be clear from the discussions on corLtrolled availability
 

that considerable potential exists for farmers to apply this concept with
 

telling effect inthe not-too-distant future.' There are obstacles however.
 

Cost has, to;b' listed as number one. 'With the',exception of"use,.on high-value
 

props (soedalty crop) the cost, two to four times that bf conventional
 

fertilizer, makes this still too high'especially in areas where labor is
 

still quit6, pldn1ti-ful'. 

Thei second problem, ,one ,thatl should be,very clear, 'is-one,of
' 'h "'' 'd i y 

knowing how":to"matc ,the'pr6duct'with the daily nutrient demands of a
 
cropping system.' With the exception a d to a the 

United States'.andEurope,'very little has been done to relate these,products
 

to specific cropping conditions. 'This work is' just,now getting ,under way
 

inmany of the tropical areas. In spite 'ofthese limitations, results thus
 

far are'promising. The following is the authors.opinion as to products
 

that seem,to offer greatest potential.
 

,Potential of Slow-Release Materials ont Rice
 

Based upon the review conducted thus far, it would appear that
 

the most'comprehensive work done with 'slow-release'materials on rice ,has
 

been by the Japanese. In the past 4 years,,they hcve extensively tested the
 

Sfollowingslow-release nitrogen materials:' ureaform,-isobutylidene diurea (IBDU),
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rtonylidone,'direa, (CDU) ,guanylurea (GU),, urea-acetaldehyde condensate 

(Urea-Z), difurfurylidene,triureido ,(FJ),, glycoluril, oxamide, 'and several
 

pthers of lesser potential.
1,Based upon'the,results obtained,,during the
 

intensive_ screening ,-theyjhave, concluded, that, only, IBDU, and guanylureaoffer 

good,'potential as fertilizers for paddy rice,,.,,,. , 

Their tests also revealed that ureaform, CDU, and glycoluril-have 

nopotential for paddy,rice.as therelease rate wasjtoo ,slowunder the 

conditions 4found in, Japan. ,Urea-Z showed promise; however, test,, were so 

'erratic,,partly because of difficulty, inproducing a consistently reproducible 

,,product andpartly for otherreasons,, that further testing for use on paddy
 

has been abandoned. FU has been discarded because of the high cost of
 

furfural, ,one of,,the ,raw,materials,for,,FU. ,Further testing .of oxamide was
 

dropped for a,similar reason, it being that cyanide, the probable starting 

material for synthesis is in great demand .elsewhere. It should be remembered, 

however,, should the cost and'supplyofthe base materials needed ,in the 

synthesis of.FU and change,oxamide further testing should,be initiated
 

for they do offer considerable potential.
 

IBDU consistently provides a 5%-10%,increase in yield over
 

,conventionalsources,of; nitrogen as split,,applications. Usually,,
 

the IBDU is'added during seedbed preparation as-a,complete N-P-K 10-10-10
 

fert'lizer, 5-8 mmgranule size, with 80,of the nitrogen asthe slow-release
 

compound.,;It has been,shown ,that IBDU cart effectively eliminate at least
 

',One, andn,
in-some cases two,, of the topdressings commonly provided rice.
 

;,,This icoupled withits delayed release which prevents an,often harmful early,
 

flush.of growth leadsthe,author to conclude that IBDU does have good,
 

potentiall for-,use on rice.
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maze  
*Results'obtained tvers ar n y promi'sing
 

for use-on' paddy." Pr6pert'ies whl li a ti""'i " it.re.ti .
 

eacti'eneas while in'oxidative systems and' time'lag of 3-4 wveeks be'fore
 

• 'pid'hydrolysis occurs in. flooded' (reduced 'systms). rodiic ',e 'l :d
 

is held on a 2:1 clay complex more 'lightly than on a' :l ty 

"''S-lfur-coate urea offers good potsiatial' for use on' paddy rice,
 

aiiafl6ughs'ome'di'ffi'ulty has been"'experienced in'ch eving the'roper release
 

rate where good water control exisfs:' At'present, 'SCU seemD" o 6'fferslightly
 

"beE~er potential 'for use 'on upland rice 'oils or rice cultures'wherd" intermittent
 

fiooding p'revails. '
 

Nitrification'inhibitobr,', AM, ST; 'and"N-Serve, all have demonstrated
 

"eii"capabiiity ' Ibloc thenitrification process'. Unfortuiiately' this has
 

b e'n most effective'ini'iabratorydor pot cultures of rice. 'Under'these
 

conditions,water low, hence leaching.'of nitrogen, has been more rapid than
 

actiall 'occurs"in tfi field.' This might explain'the limited positive'
 

results with rice under flooded field cbnditions." ' -


There are at least two reasns" or' this'
 

' 
1. Many of"the inhibjtors"are :temperature' serfsiti-v , being 'les's effeetive
 

at 30 C tha at 200 C.'" ' " '"' " ­

'
 '2. The solubili ies'of some'" 'the inhibitors differ'greatly from that 

6r m'rtioiui, thius they,'move thiough'the soil 1system at different'rates. 

'Based upoL these-findings', we do not find' it"surprising to find 

'very little evidence in'the literature ,to show that nitrification"inhibitors 

are effective on rice under"the 'hot, fumidconditiois"of'the,tropis'." 

In spite of this, there are new ,families of inhibitrs aid'slow-reiease ,
 

and'coated materials being,developed. Numerous'tests will bemade of these
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products; Taile*.4 lists where in the fertilizatio-2 system some of the
 

inhibitors-and., slow-release materials may .be tested.
 

Other Applications of Controlled Availability
 

As pressures continue to mount on the agriculture of the developing
 

t
world to produce more food and as stress .isplaced upon the nee todiversify
 

the individual diets of people, farming practices and systems will need to
 

beco'me more intense and at the same time znure diversified..
 

Probably the best examples available anywhere inthe world
 

illustrating cropping systems that will utilize land intensely and stil
 

produce a wide variety of food are the multiple cropping systems of Taiwan
 

(table 5). Under any one.of.the six systems;described, the demand for
 
b•
 

fertilizers is very intense and by applying .the relay-cropping concept;
 

that of starting'a new crop on the land before the last one is harvested,
 

fertilizer demaad can be very great and yet remain-at a relatively constant
 

level. It would seem that within one or more of these systems the controlled­

availability concept is of utmost importance and that there is a place-for
 

slow release, coated or chelated fertilizers as well as nitrification
 

inhibitors all within the same cropping sequence.
 

.' It is when agriculture becomes this intense and a major stress is
 

:placed on existing labor that controlled-release fertilizers i~particular
 

should come into their own. Possibly 'more7 emphasis should'be 'placed upon
 

:sa tisfying, the nutrient demands of the total cropping system and less on
 
* ) 

"meeting the demand curve of an individual crop. Under the systems approach,
 

there may be a sufficient number of exotic fertilizers already developed
 

lwhich if properly int egrated into the. total d'ystem will achievc the goal
 

of boratrolled avai:1ability.
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Table'4, Possible Methods -of Application for NitrOgen-Fertiliier of Pce and Possible Usesw-Rlease or
 
ow-een oInhibitors
 

Type of rice system Source - - ParameterTime of application 
 Type of release rate
 

Upland rice - Urea, ammonium or Some applied as basal (as. 
 Continuous slow release or
nitrate f6rms urea or ammonium) with 
 coated as basal or topdressing-:,F
 
-. remainder applied as a top-
 - (possible materials IBDU, SCU)

- - dressing (urea, ammonium or 
-. - - nitrate) according to
 

moisture levels -


Continuous flooding" 
 Urea or ammonium 
 Some applied as preplant, Nitrification-inhibition needed,,­form preferred, green 
 some or all applied as 
 i.e. SCU, AM, ST, or IBDU or­manure of limited basal or evenly split as 
 various combinations. Modifica­-,value, nitrate -form 
 topdressing 

Sfor 

tion in ureA or ammonium form
late application 
 only if bulk applied as basal or
". - only 
­

some as preplant or basal.
 
.
 .Guanylurea 
 also of good potential.
 

Delayed-flooding, 
 Same as for continuous None applied as preplant 
 Slow release for preplant only.

1 ... - - - First application with-
- :: permanent water. Topdress 

All others in conveational form
Guanylurea, SCU, IBDU, and/or AM
 

2 or 3 times. 
 and ST all good possibilities.
 
Intermittent-
 Same as for continuous No preplant, very little - Delayed release controlled by
 

- - - -basal, 
-° 2-3 times ­ water situation (on-off) possibly


topdressing. 
 SCU and IBDU of greatest potential
 
Deep water -" 
 - Urea and ammonium Basal only, .notopdress 


-
Delayed and slow release.form 

Guanylurea should be tested-in this
 

system.­

aNot to be considered a recomendation.
 



Table 5. MULTIPLE CROPPING SYSTEMS IN TAIWAN 

PlO.JAN. AR. PR. IMAY JUNE1 JULY IAUG.tSL;PT. OCT.NO. EC 
JNI PEotat AR . I I I 140otpfe E-

ToaccWheat F irst* crop veeol5 Secondric.eB.n clot, o wWhsi,tehocHean 
I tobacco.Repqod I~epoe~d Green / Rap/i~eI 

I I 
2-. Veeabe .. jot. Vegetables.2)'I bnRice
3"")"" crop eosSugar Y,.ie/ 

Ric. crop (R.l.l, toppin,) s,,er cons I 

i (lt ear)Uplad load crops RIce Stgat cane 
I(2ndyeorj
 

I Sugarcome 
 Upland foodf 

O3rdyea) 
a Upland food Rice foodUpland 

Sugarcane (rooening), or banana, pineapple, ciltru, citronelle, I.e. sic. I 

6ll
 

I Other system$ 

FB. MAYVJAN. I IMAR. LAPR. JUNETJULY IAUG. SEPT.j OCT, O.DC 

I) Three or foun-step.o.yere system In double-croping paddy lend.
 
2) Two or thtsocrop.--yeer system in lingle-crop;Ing paddy lend.

3) The sugorcne-rice relaying €¢opp~ng syste..

4) The ugarcone/rice/wpIend.feod.-crep rotslional 
system.
5) The yeor-taundogre..hng $ote. of lollg-ter. Crops.

6) Besldes 
 the "be., there are still several other systems such as the fil to sevenorepoe-yeer Vegetableform.and o ne.iy developed 60-20% devile for lead vna of ticee-ptvo form.2 rice treps end pastee

the toI of tIe year. 
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Much is known about how specific fertilizers react within'a.
 

given environment. Hauck (11) has sunimarized what is known about certain
 

slow-release nitrogen fertilizers and factors governing their release rate.
 

Based upon his findings, there is no one fertilizer that can be used to
 

achieve the goal of controlled availability. It appears that a combination
 

of materials will have to be used depending upon the cropping and soil
 

systems involved.
 

Thus, in the developing world, the farmer of the future may well
 

achieve mastery over the food problem by drawing upon a family of fertilizers
 

tailored to a specific multiple cropping,system.-This may be accomplished
 

through a combina'tion of controlled release fertilizers"as a base and
 

supplemented through the use of nitrification inhibitors, chelates, and
 

conventional readily available sources.
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PART III
 
POSSIBLE EFFECTS OF NEW FERTILIZER TECHNOLOGY,,,

f,
 

ON FUTURE PLANT NUTRITION PROBLEMS
 

* There is no'doubt that the trend is toward -the uis'of more 

This has been the'trend'_in the United-,ferilizerand'of higher analysis.' 

States and Europe for the past quarter of a century,.for at least the past
 

10 years in Japan, and is now becoming an estailisled'pattern in many of
 

-the -developingcountres;., analysis in the"
Alt oug "this shift to-hfg 


tf' de'oii.,ctft is ho~ '. 

past has been justified almost solely on the basis of economies generated
 

through reduced transportation and handling costs of nitrogen, phosphate, ,and potash,
 

.ward as once thought. This
these assumptions may not be so straightf
, 


portion of the paper is designed to explore the long-term agronomic
 

effects of'using increasing amounts of high-analysis fertilizers.
 

Increased Nutrient Removal Through The Fertilizer HYV Package
 

The package approach involving high-yielding varieties and
 

government
associated inputs has become ,the message drummed by many including 


"and private researchers. They have stressed the importance of using more
 

fertilizers, often of high analysis, to take maximum advantage of the
 

minimum cost per unit of primary nutrient.
capabilities of the HYV at a 


These savings have often generated additional money which could be used for
 

the purchase of additional agriculturAl inputs.
 

Often' economic.analysis reveals that where a limited amount of
 

money is available,,it should be spent onnitrogen. The impact and
 

justification of this have been described by Ressel et. al. (1).' Their
 

response curves (figures 1-4)"for rice, maize, and wheatindicate
 Ageneralized 


that the high-yielding'varieties require ,substantially increased N applications.
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For example, ,i'trogen"needs .for.high-yielding varieties of rice increase
 

from 40 tb 140 kg/ha, for the.drv season and from no nitrogen to 100 kg/ha
 

for..the wet..season (figures 4-2). Much the same story holds for maize and

S."I ' '" ' .... . . .,I ; '. 

wheat, where"nitrogen needs may double or triple as the new.and'improved
 

high-yielding varieties are'.AIntroduced. 

In almost all cases, most or all of the emphasis is on nitrogen.
 
.. no question .that where very limited.monies are.-available in. the
,,.There.is 


short run this may be the most profitable approach. The,positive effect
 

of the'high-yielding variety fertilizer package is increased yield. owever,
 

it is not without a price. iHigh yields remove increasingly large amounts
 

of plant nutrients from the .soil, not only nitrogen but all nutrients essential
 
V . 

to crop growth "'-."....
 

Exact nutrient removal figures are difficult to obtain since these
 
".4,'",I. ," . ? 

values depend upon'.a number 'offactors including differences in varieties,
 

soil conditions, certain cul.tural practices, etc. Nevertheless, a number
 
Olt 

of researchers have reported values and established'estimate's of the nutrients
 
,I 
 * 

removed per increment of crop.
 

Nutrients removed per metric ton increase of rice can be substantial
 

(table 1). Through the use bf, the Proper'high-yielding..variety..package,-..yields.
 

of'rice cin' climb from the 44 ton/ha base achieved with proper-management of
 

,,:the .native+varieties+to 7 tons:or more if favorable weather conditions prevail.­

and the new package is employed (figure 1). This represents a removal of.an
 

additional +34 kg/ha of N (rough rice only). However, this is adequately
 

replenished by the additional nitrogen that is recommended for use with the
 

package, but almost 13.2 kg of P205 , 6.8 kg of 1(20, 2.6 of Mg, and 2 kg of S
 

are also removed with the additional 2.5 metric tons of rice produced as a
 

result of the high-yielding variety package. Nutrient removals become even
 

greater when the straw portions of the crop are removed.
 



2Table 1. Kilograms of Plant Nutrients Removed by Various Crops (2) 2 

Crops harvested and 

portion used for analysis 


Maize -•
 

Grain ... 


Stover* 


:Wheat. 

Grain .
 

Straw 


-Rce 


Rough grain 


Straw .
 

Sorghum -. ,-q " 


Grain .
 

Straw 


-

Increment 


1,000 kg 


1,000 kj-. 


1,000 kg 


1,000 kg-


1,000 kg 


1,000 kg 


1,000 kg 


1,000 kg 


Primary plant 
nutrients -

N P205 K20 


13.1 5.1 3.8 


12.2 4.0 16.0 


20.8 10.5 6.4 


6.7 1.8 11.8 


13.3 5.3 2.7 


6.0 '2.0 13.3 


., 


16.1 8.9 5.0. 


14.1 4.1 20.8 


secondary plant
 
nutrients Micronutrients
 

Ca Mg S B Cu Fe Mn Zn
 

1.4 2.1 1.30.011 0.006 0.0l4"0.009.0.014
 

3.0 2.0 1.2 .005 .005 .010 .17 .030
 

955 2.5 1.4 .017 .014 .120 .040: .060
 

2.0 1.1 1.8 .040 .040 .43 .05 ".018
 

-

.89 1.10 -.89 - .002 - 020 020 

1.91 1.0 - - -. .30 ­

.. 


1.0 1.11 i.1 - - - .01 .01 

4.8 3.1 - . " 
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,Granted, some of these nutrLents return'to the'soii, often as night
 

,soil or other organic residue., Then,tob, fresh amounts are released 'from 

the soillduring its normal weathering processes., In spLte of i'll these 

sources 6f additions, there is a net loss of nutrieints :inmany of'the 

fertilizer programs nowbeing practi ced,,in the developingcountries. 

Researchers and policymakbrs.alike have recognized this potential 
-. alreadyi ie thi potetia 

problem. They already have or are ,ind1e, process of responding by offering 

a more balanced'fertilizer program,' fiist,'with 'NP'and nbw inmany areas N-P-K 

,,recommendations. 

,, In many cases, this may prove to be adequate,, particularly under 

the levels of management 'employed. However,, ir too manyfcases, little or 

u'o attention is directed beyond'N-P-K to the total nutrient needs of the crop. 

The question should be askeld: Is the supply of secondary and,micronutrients 

adequate~to,,sustain the continued pressure from-the IYV package? 

Increased Awareness for Sulfur Needs
 

;-As new and Aigher-analysis fertilizers ari, introduced', they
 

invariably, are higher in content of in nitrogen', phosphorus,,or potAssium-­

and by nece~pityare lower in other 'elements, some 6f which are essential to
 

plant gqowth . 

Sulfur is prob'abiy the first plant, nutrient to tbe influenced by 
this shift to' high analysis. With decline in popularity o'f ammonium sulfate 

and ,ordiAarysuperphosphate, each containing -signifLcant1amounts of sulfur 

(ammonium sulfate--237. S, ordinary superphosphate--12% S) 'and their eventual 

replacement,bysuch non- or low-sulfur products as ammonium nitrate, -, 

,urea, anhydrou -ammonia " triple superphosphate, 'brammoniated phosphates, it 

is merely a matter of time before a major 'sulfur problem occurs in many areas 



of the developingworld. .This will happen unless a major effort is made to 
'identify potential problem areas and add, the~additiknal sulfur where needed 

qustain plant growth.
 

YWidespread sulfur shortages countries
 

where high-analysis fertilizers arewidely used have been slow in coming for
 

a number of reasons. 
This is true partly because researchers werequick to
 

recognize the possible deleterious side effects of using high-analysis
 

phosphates and, nitrogenous products low in sulfur.,,In many cases, such as in
 

the :southeastern United States, law' were enacted necessitating all phosphate
 

and'mixed fertilizers sold'to contain a '
 ',nimal amountof sulfur. Then too,
 

the side effects that might have' been felt as 'result of the shifi td 'iigh­

anAlysis fertilizers were minimiz'e'd 
by the sulfurreturned from the atmosphere 

to the soil in rainwaterfrom accumulations 
 in the air as a result
 

"Of'industrial activity. 
'
The impact of low-sulfur high.analysis fertilizers
 

was also minimized bec'ause of the large amounts added to the soil' in years
 

past via ammonium sulfate, ordinary superphosphate, etc. Finally, this impact
 

was also minimized because much byproduct ammonium sulfate and spent sulfuric
 

acid and other sulfur-containing products from other industries has found
 

.ts way regularly into agriculture and the fertilizer industry. It must be
 

remembered that in the developed countries these shifts occurred rather slowly,
 

over many years, and were associated with gradually developing industries.
 

This is not the case in the developing world. New fertilizer
 

technology has been quickly transferred to the LDCs, Associated industry
 

of the type that generated other sources of sulfur is not developing at an
 

equivalent rate; thus the indirect contributions they made through adding
 

sulfur via the air, spent sulfuric acid, etc., 
are probably not significant
 

, factors. 
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: a any. 

'so iut,ons e aVa11abe pirovje c'erain attitudes'are"changed. e 

author feels that the value of ammonium sulfate and 
"ordinarysuperphosph a te 

The potential proble" of ulfur'is ;recog ie' 'b The
 

sh6uld' be reappraised. Tsedefinition" of high-atalysis fertilizers should be broadens 

bei_ d WP -K' and 'inclide sl'fur; at 2least where sulfur' is:potentialy 

hg ,crop growth,.1fmi~ 

'-Effects of Increased Fertilizer Use on' Nurient'-Balance
 

Increased fertilizer use, particularly in high-yielding varieties,
 

will increase yield and profitto the farmer; excessive use can also cause
 

problems of nutritional imbalance. There are three major areas in nutrient
 

balance that should be of concern as new fertilizer technology is introduced.
 

These are: phosphorus-zinc (P/Zn) balance in the plant, potassium-magnesium
 

(K/Mg) balance, and finally, the long-term effect of large amountsof
 

acid-forming nitrogen fertilizers on soilpH.
 

P/Zn Balance 

new highh;nalysis pdsp'hate -fertilizers 'are introdued and used 

at"increasing rates per 'acre,'the incidence'of zinc deficiency on 'certain
 

crops 'a'nd soils increases "(3,' 4)'. ' Although this occurs most 'frequently 

on soils inherently low in available zinc and can freqi, ntly
' be explained
 

by increased demand for zinc by high-yielding crops, there is ample evidence
 

that large amounts of phosphorus can interfere directly with the ability of 

the plant to utilize zinc '(5).
 

Numerous researchers have reported that'an inverse relationship
 

xistsletween concentrations of phosphor s and zinc in the tissue of corn,
 

sorghum, soybeans, and potatoes (figure 5). This type of interaction exists
 



4.E0 

~40C: 
0 

44 

1.4 

VCI 

0 

u-phoshorus content 
-,4 
 Potassium content
 

~Zinc content
 

., NMagnesium content
 

Phosphorus, Potassium concentrations (Plant) 

Figure 5. Generalized Effect of P/Zn and K/Mg Balances on
 
iConcentrations in Tissue (Corn, Soybeans, Potatoes)
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,,not only in situations where availability of both zinc and phosphorus are
 

marginal-but in situations where zinc is adequate under conditibns of normal
 

phosphorus availability. in the latter situation, zinc becomes limiting only
 

"because soil and plant phosphorus becomes excessively high.
 

K/Mg Balance
 

A less serious problem but one that eventually will develop as
 

potassium use levels 'increase is the interrelationship-that exists between
 

potassium and magnesium concentrations within plant tissue. As Ashown in
 

figure 5, as the concentration of potassium increases in plant tissue, the
 

,concentrationof magnesium declines (6, 7, 8). Soils that have,,a high exchange'
 

capacity and a reasonable level of'exchangeable magnesium are less sensitive
 

io this than soils having a low exchange capacity.
 

Although potassium use is at a relatively low level in most of the
 

developing countries, its gse will increase. When this happens, in some
 

instances, efficient use of the additional potassium will not be possible unless
 

magnesium,is also added. In other cases, excessive use of potassium may
 

cause a magnesium deficiency in the manner just described.
 

Investigators must be aware of these relationships and establish
 

fertilizer programs based upon sound plant and soil analysis data from specific areas!
 

Effects of Continued Use of Large Amounts of N on Soil Acidity
 

Numerous researchers have expressed concern about the effect
 

high raies of nitrogen,,particularly ammonium sulfate and ammonia have on
 

soil pH (9). 1 is of particular concern on the acid sulfide rice soils
 

where high sulfide levels can and do limit production of rice and other
 

crops. The relative acidifying effect of various nitrogen fertilizers
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appears in table 2. 
Since ,the effect on soil pH can be considerable, 

particularly over several years, researchers must work on a solution to this 

potentially serious problem. 

SAlthough acidity in the plbw layer can be easily handled by an 
,adequate liming program, ItiAs'.much mor,: diffifult to-core subsoil acidity. 

,Thus, nonacidifying fertilizers may be in'more demand'iindir ionditions of
 

,,high fertilization.
 

Clearly, new fertilizer technology will have s.definite impact
 

,on future agronomic practices, not all of'which are clearly understood at
 

this time.
 



T'bf' 2. Equivalent Acidity and Basicity of Nitrogenous V-.'-'izer Materials (9) 

Lbs. of pure ,ima; official
 
,method for neutralizing fertilizers
 

Per lb of Per 20 lb Per 100 lb 

.Material ,.%,Nitrogen nitrogen of nitrogen of material 

Sulfate of' ammonia,,, .2. 5 5.35, 107 110 

Ammo-phos A 11.0 5,00 100 55 

Urea 1..466,80, 384 

Anhydrous,ammonia 82.2 l.80 - 36 1:.'148 

Calcium nitrate 15.0 1.35B 27B -"20B 

Potassium nitrate 13.0 2.00B 40B 26B 

lime in excess of that required to make neutral salts or neutral fertilizers
B = 
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PART IV 

'-THE FJTUIPP'OF BULK BLENDS 
'IN THE DELOPING COUNTRIES 

The fertilizer industry 'inmuch of the devdopinj world is young,'
 

formative, and still going through a very rapid, dynamic period of change.
. 'I *, ' *,', , , h *,, " " ' . ' ' ' ' ' ; 

As a result, the true character of the industry'in'many of thes'e developing
 

countries hasyet to,be established. Fertilizer corporation 'executives are 
keenly aware of this and ,recognize',,the importance of correctlya'nticipating
 

the, true nature'b the market at 'least 7-10'yeairs oin advance._ Errors in
 

judgement on their part can result in the committingkof large suus of scarce 

foreign exchange-to, the building'of production,' transportation',' and marketing
 

systems that may be either obsolete or too sophisticated'to effectively service
 

the current needs of the market. There are many decisions facing these
 

executives; however, in recent months, one seems to be receiving'major
 

attention. ',It is: -the establishment of true potential'for bulk blend
 

fertilizer in the developing countries. Answering this implied question is
 

very.fundamental: to determining the face of the fertilizer industry in a
 

particular developing country. This portion of the paper is designed to
 

examine the conditions which favored the growth'of bulk blends in the
 

United States, suggest which conditions may apply to the developing world,
 

indicate areas of potential, and indicate problems that might be expected
 

where bulk blending is practiced.
 

Conditions Which Influence the
 
Development of a Bulk Blend Industry
 

To fully understand the future of bulk blending in a LDC (less
 

developed country), it should be helpful to first analyze the
 

history of this practice in the United States, particularly the circumstances
 

involved in its ouistanding acceptance.
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r,,is generally agreed that there is~no single clear cut set
 
of circumstances that accounted for-the success of bulk blending in the
 

, 
United States. -Rather, amultiple set of conditions, ,each-interrelated 

with the others, prevailed during theearly stages of development and 
apparently acounted ,or-the .toehold,and eventual, establishment of bulk
 
,blends in a well-established market., Subsequent growth ofbulk blends
 

,,has been sorap 
 in the United States that in 1969 it,accounted,,for at
 
leakt 30% of all of the mixed fertilizer sold (1)
 

The conditions which prevailed during :the, early beginning and 
most commonly cited as responsible ,for the success of bulk blending in
 

,the, United States are:
 

-Scarcity of labor at the- farm level, and desire ,to offset, this ,problem
 

,J- through mechanization.,.
, 


2. Failure of the existing fertilizer marketing system to. try to
 

solve the scarcity of labor,probler,for the farmer.
 

3..The existence,of large, farms (200-500 
 acres)--often with flat,
 
regular-shaped fields in a centrally-located area--readily,,
 

conducive to mechanization.
 

4. The rapidly increasing demand for fertilizer both in total and on a
 
Per acre basis'and at arate"more rapid 'than cculd be efficiently
 

serviced by the existing marketing system.
 

-5. The complacent attitude by a portion of the existing industry, ,nich
 

was characterized by having the questionable concept that chemically-combined
 

fertilizers were superior to bulk blends.
 

The availability of a competent, agressive 'sales force
 

eager to 'accept 
a new approach to-selling fertilizers, an approach-that'
 
would provide a sales edge in effectively penetrating the territorit's
 

of the established fertilizer industry.
 



The 	developmen'of a prescript ion concepof ferti-ization on a per
 

.field 'basis Iprimrily')thr~ugh"sdil testing,' which was'strongly' ' 

promoted by the 	 fmostleffective-Torc',iin"fertilizereducation "at tlat
 

'time_-the , -land grant, colesL
 

8. 	 The exit'ence°'of a well-developed transportaion 'system sens'iti to
 

the chnging' neds 6f -,the'd'tal 'rans6r market. '"
 

9he locion of i fertilizer 'aike:t I aVing he characteristic's scribed 

in 1-7 and at a great disistance "'from the source of su'"pi th's placing 

niej6i ,oimportance on 'the' need' to 'cut trafispdrtat'ion' cbsts through the 

2= 	use'o'fnighnaysis fert~lizers., 

10. 	 The rapid development of new capacity capable of producing single "or
 

1,"multiple'coinponerit high-analysis"fertIlizers'at"low per'unit'cost but
 

at 	a rate of production that exceeded the dmount that"could beIconsumed
 

by, its"ca'ptive retail system., 

There are<'otherconditions that may-'have been conducive' to the 

development of bilk blending'in"theUnited States', but-most tgreehat those
 

listed aboveb were prime'factors, Let's look'speclifically as to how these
 

were applied in the United States.
 

Bulk Blending in the United States
 

Bulk blending as it is known today probably began in the central
 

United States (2), the heart of the Corn Belt, an area which is characterized
 

by large,uniform fields and farms 200-500 acres in size. Furthermore, this
 

market is situated some distance from the basic production points (conditions 3, 9).
 

During the late 1940s and early 1950s, the corn and soybean farmers were 

faced with a serious labor shortage, were in the early stages of what was
 

to become a yery severe cost-price s ueeze,and-as a result began to rapidly
 

'echanize thetr operations in an effort to make more efficient lase of labor
 



(condition 1). Prior to this period,. they had applied most of their
 

f :tilizer to the crop through the planter at time of planting. As rates"
 

ofapplicatibn i reased( ifion 4)',
6nde it ,s1owed 'their planting.operation
 

sufficiently to warrant investigation of alternate means of applying
 

.,aafertilizeri -Then, too,: the ,high.rates, lace'd.in~a band near the seed
 

afforded an undue hazard to ,the germination of the crop.
 

Also during this p~ri'od, much of the fertilizer industry was
 

very product oriented. Promotion programs for a particular company were
 

geared around.proving that somehow their product was superior to any other
 

on the market. Little or no attempt was made at that time to gear fertilizer
 

use of a product to an entire crop production system. As a result, a
 

multitude of grades and ratios began to develop, each designed to provide
 

some degree of product distinction, and all too often failing to satisfy
 

the needs of a growing number of farmers. Grades became very numerous.
 

This coupled with a wholesale, dealer marketing system insensitive to the
 

needs of the farmer led to rather excessive costs of selling fertilizers
 

.(condition,2). Thus, the farmer was actively looking.for more.efficient'
 

ways of applying fertilizers.
 

New developments in soil testing and prescription fertilizer
 

recommendations by the college,which included recommendations of preplant
 

(broadcast and plowdown) applications of fertilizer set the stage for the
 

farmer to want bulk spread and eventually a bulk blend service. During
 

the early stages of development of bulk blends, the major portion of the
 

fertilizer was sold in bags. Little or no fertilizer was sold to the farmer
 

*in bulk. The only fertilizers or soil amendments sold in bulk were rock
 

phosphate and limestone. Because of the scarcity of labor during and right
 

after World War II, much of the spreading of limestone and rock phosphate
 



Table 1.
 
Estimated ,Numb,erofjBulk Blend.,and Liquid Mixed.Fertilizer.Plarts-in theVUnited States
 

1959-68 (1) 

.- Bulk blend, Liquid mix 
Region 1959 1964 1966 1968 1959 1964 1966 1968 

New England 0 0 21 28 2 2 8 18 

Middle Atlantic 1 25 137 125 15 21 26 24 

South Atlantic -, 1 34 255 204 12 37 '68 126 

East, North Central 103 515 900 1,360 104 190 339 394 

East, South Central 3 39 107 139 8 35 35 50 

West, North Central 83 708 1,110 1,554 59 201 375 626 

West, .South Central 0 65 254 325 26 56 125 173 

Mountain 3- 88 191 220 16 '3S 72 100 

Pacific 4 59 174 181 90 134 181 214 

Hawa" 1 3 4 4 3 3 2 2 

TOTAL United States 201 1,536 3,153 4,140 335 717 1,231 1,727 



Figure 1. BULK BLEND FERTILIZER PLANTS m"THE UTED' STATES 

BY COUNTIES (1) 
1 9 68 --
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Figure 2. GROWTH OF BULK BLEND AND LIQUID MIXED 
FERTILIZER PLANTS IN THE UNITED STATES (1) 
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was mechanized, using road vehicles equipped with limestone or phosphate
 

rock spreaderr. Because of a demand for bulk spreading of fertilizer (to save
 

labor) and because the regular marketing system (bagged) was slow in
 

satisfying this need (condition 2), some of the rock phosphate and limestone
 

vendors started mixing potassium chloride with phosphate rock and spreading
 

the combination in one operation. Later, ammonium sulfate was added to the
 

mixture. This was the beginning of bulk blending.
 

Probably the major reason bulk blends were initially accepted was
 

that the blender and not the conventional fertilizer dealer offered bulk
 

spreading of fertilizers. Had the dealers offered this service, it is
 

doubtful whether there would have been such a rapid growth of blenders and
 

,areduction in ammoniators as'did occur in the late 1950s and early 1960s.
 

From this crude beginning, the practice of bulk blending and
 

associated bulk spreading gained such momentum that by 1964, 1,536 plants
 

existed in the United States and by 1968 this had grown to 4,140 (table 1,
 

figures 1, 2) (1). 

Where in the United States did this growth first occur and what 

lessons can be applied toward determining the potential of bulk blends in 

the LDCs? Major growth first occurred in the Midwest where, relative to 

other areas, the agriculture was already highly mechanized. Farms were
 

large, fields uniform, fertilizer demand was high, and probably most
 

important, labor was scarce. This was compounded by the importance placed
 

on timeliness of planting. Great stress was placed on completing many jobs
 

during the short time between the spring thaws and planting
 

operations. Thus, speed of planting was important. A major factor, but one
 

that was not always recognized, was that college specialists in the Midwest
 

sanctioned broadcast applications of fertilizer, whereas, some specialists
 

in other parts of the United States were at first skeptical as to the
 

effectiveness of bulk,spreading compared to band applications of fertilizers.
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There were other reasons for the success of bulk blending. Among 

these were: the belief by much of the eatablished industry that compound 

fertilizers were superior to blends as a source of nutrients to plants, Lhe 

natural aggressive nature of the group which advocated bulk blending and their
 

quickness in offering the farmer services that he wanted including bulk
 

spreading and soil and tissue testing. 
Basically, it was prescription
 

farming involving a total crop production system. Bulk blends were a
 

natural to fit this concept. 
Finally and by no means minor in importance
 

was the chance for the blender to own his own business with a very modest
 

cash outlay. Bulk blending, more tkan any other single item, gave rise to
 

a substantial number of independent fertilizer dealers free to buy basic
 

raw materials from whomever they chose. 
The importance of this cannot be
 

overlooked for it was not accomplished without considerable difficulties.
 

In its early stage of development, sales personnel of basic producers of
 

N, P, and K either were not aware of or deliberately ignored the blender
 

both as a purchaser and as a merchanciser of fertilizers.
 

Along with the rapid growth of retail outlet blenders came the
 

development of large urea, ammonia, MAP, and DAP facilities which,although
 

located 
some distance from the market,produced products of sufficient quality
 

which could be readily blended and/or applied directly to the soil with no
 

chemical alteration. Furthermore, research had shown that in the areas where
 

blends first became prominent only N, P, or K nutrients were needed.
 

Secondary nutrients such as S which were present in significant quantities of
 

many of the compound fertilizers was a factor only in certain isolated areas.
 

Thus, through a combination of circumstances, catalyzed first by the void
 

which developed when the ammoniator failed to service the needs of the
 

fermer (bulk spreading), an industry was born which altered the face of
 

the U.S. industry in 10 short years.
 



-75-


Potential of Bulk Blends in Developing Countries
 

Based upon the conditions that prevailed during the early acceptance
 

of bulk blending in the United States, one might conclude that this practice
 

has very limited potential in many of the develiping countries. In some
 

instances, this may be a correct conclusion. This may be particularly true
 

if the practice is to be applied directly to the farmer level. In the
 

opinion of the author, bulk blending in a number of countries will be practiced
 

first at the import and intermediate levels and eventually also will become
 

common at or near final pints of distribution.
 

There are several reasons for this. First, import of a wide range
 

of fertilizer in bag or bulk is just now becoming common between the basic
 

producing areas of the World (Japan, North America, and Europe) and the
 

developing countries such as India, Pakistan, Southeast Asia (Singapore),
 

and certain countries of Latin America. Diammonium phosphate, muriate of
 

potash, triple superphosphate, ammonium sulfate, and now urea have been
 

successfully shipped in bulk to the major fertilizer using areas of the
 

developing world. Furthermore, these produ'cts are or can be made available to
 

fit a very specific set of conditions, i.e., particle size and bulk density.
 

Although it is true that the major portion of these imports is still in
 

bagged form, cost-conscious goverpments and private companies will force
 

this practice to become very widely accepted because of substantial savings
 

in foreign exchange that can be accrued by shipping in bulk. Thus, the
 

greatest deterrent(import of material already in bags) to bulk blending
 

will have been eliminated.
 

The second major reason bulk blends will probably become widely
 

accepted (in those countries having high imports) is dueto the peculiar
 

nature of the local marketing and distribution systems in many of the countries.
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As was the case ii the United States in the early 1950s, much of the domestic
 

as well as imported fertilizer is handled in bags. Furthermore, much of the
 

domestic production is also sold in bags. These producers already have or
 

soon will experience difficulty in moving production. In addition, many of
 

the current distributors of fertilizers have not recognized that there has
 

been a shift from a sellers to a buyers market. This is a critical new
 

experience for those not completely sensitive to customers' needs. This is
 

further complicated by the way the distribution system is established--where
 

many produce or handle only one product, either nitrogen, phosphate, or potash.
 

Again, it may be only one form of either of these three ingredients. The
 

markets that are now developing are far more complex than this. In all too
 

many instances, no attempt has been made to offer the consumer a complete
 

line of products. To further complicate matters, many of these local products
 

are -fine crystalline or pulverized materials unacceptable to all
 

but the crudest forms of blending.
 

A third reason bulk blending will grow in certain developing
 

countries and the one that actually may provide the greatest impetus is that
 

the local fertilizer market in many of these developing countries is expanding
 

at a very rapid pace, in many cases more rapid than the local industry can
 

efficiently service. This, coupled with a serious oversupply of
 

a wide range of high quality N, P, and K fertilizers in a number of the
 

developed countries as well as at production points in the developing countries,
 

will bring active pressure from the surplus areas to find new uses for their
 

products, This might be brought about in two ways: through low prices for
 

their products (very competitive with locally-produced fertilizers) and through
 

the availability of technical expertise to use these products (bulk shipment
 

is one example).
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Fourth, this entire system will probably be made possible through
 

the development of a rather large numtber of independent importers who control
 

an extensive wholesale-retail distribution network. Many of the essential
 

ingredients needed to start a bulk blend industry are already available.
 

This coupled with a desire,often encouraged by the national government, to
 

develop a private sector leads one to conclude that in many of the developing
 

countries all of the ingredients-essential to tha-development of a
 

bulk blending industry are already available.
 

Areas of Potential
 

Thus, bulk blending shows potential of becoming acceptable in
 

certain developing countries in a number of ways. This may be at an
 

intermediate point of distribution where land holdings are small and at
 

the retail level where land holdings are large and/or concentrated. Where
 

fertilizers are imported In bulk, they can be either blended at the port
 

area according to the needs of a particular region or shipped from the port
 

in bulk if satisfactory equipment is available and then blended according
 

to the needs of a region or subregion. Under these circumstances, the
 

fertilizers could be bagged at the point of blending and sold at a further
 

retail point. This approach should become very common in Pakistan, India,
 

Indonesia, and certain countries of Africa and Latin America. In most
 

instances, the farmer will not be aware that he is buying a blend for the
 

"prescription" would have been written by government or private fertilizer
 

officials on a regional basis with little attempt to fill the individual
 

needs on a farm or field.
 

Estates, plantations, and large private or government holdings
 

represent the second major area where blends may develop and the first where
 

they are sold at the retail level. Although the volume of this group is
 

small, it is usually located in a concentrated area where rail and road
 

systems are usually quite good, land holdings are usually large, fields
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quite uniform in size, labor is in short supply, and as a result the entire
 

operation lends itself to a fairly high degree of mechanization. There are
 

two other factors favoring the acceptance of bulk blends under these
 

circumstances. These are: the desire of management to fertilize according
 

to the prescription concept and the availability of management personnel
 

with sufficient skills to manage the bulk blend system. This will not be
 

an easy market for advocates of blending to captuvre since those producing
 

compound fertilizers (chemically-combined N-P-K) are already doing an
 

excellent job of servicing this market. Nevertheless, this does represent
 

a good potential and in certain areas they will adopt the blending concept.
 

Areas where bulk blending is likely to develop under the conditions
 

described above are: the estate areas of Malaysia and Sumatra, Indonesia,
 

large farm holdings in the Punjab of India, West Pakistan, Chile, Brazil, the
 

high plains in Colombia, and certain areas of North Africa.
 

A third area where bulk blends are likely to develop is where farms
 

presently are too small for individual mechanization, but could become large enough if
 

'farmed cooperatively. In large areas of Japan, Korea, Taiwan, and certain
 

regions of Latin America, industrialization is moving at a rapid rate,
 

absorbing considerable labor from agriculture, so much so that certain phases
 

of agriculture must be mechanized to maintain, much less increase, the current
 

level of productivity. To accomplish this will require possible consolidation
 

of land, at least pooling of equipment. When these conditions develop,
 

it may be that mechanized bulk applications of fertilizers as well as bulk
 

blending will be economical. Until this occurs, most of the areas will
 

continue to use fertilizer in bags with the blending, if it should occur,
 

performed at an intermediate level in the marketing chain.
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Fertilizers Commonly Used.For Bulk Blending
 

Bulk blending works best with materials that are well granulated,
 

closely sized, and sufficiently dry and strong to avoid caking or deterioration
 

during storage or processing. Many materials are used in bulk blending. These
 

are ammonium nitrate, urea, ammonium sulfate, triple superphosphate,
 

monoammonium phosphate, diammonium phosphate (18-46-0.and 16-48-0), potassium
 

chloride, potassium nitrate, potassium sulfate, ammonium phosphate sulfate,
 

and ordinary superphosphate. The popularity and frequency of use for these
 

products vazies according to their availability, price and capabilities in
 

meeting the needs of the crop. Some of the more commonly used materials
 

and their properties appear in table 2.
 

Although there is a wide range in apparent specific gravity and
 

shape of particle of these materials, those that have been successfully used
 

by blenders fall within a fairly narrow screen size range. Therefore, the
 

popularity of blending and the selection of materials to be used will to a
 

large extent depend upon the degree of availability of fertilizers which fall
 

within a specific screen size.
 

Prilled ammonium nitrate is usually the most common form available;
 

however, some firms do produce flakes of a block configuration. Granular
 

ammonium phosphates and triple superphosphate are the usual phosphate
 

sources used for bulk blends with coarse or granular potassium chloride
 

comprising the major potassium material used in this practice.
 

Byproduct ammonium sulfate is available in a number of sizes. The
 

most common ones used successfully in blends have one of tvio crystal shapes,
 

either rice grain or tabular.
 

IBy far the most popular phosphate source for blends in the United
 

States is the ammonium phosphates, especially diartmonium phosphate. According
 

to Hignett (2), the rise of bulk blending has been accompanied by an equally
 



Table 2. Apparent Specific Gravity, Particle Size Distribution, and Particle Shape of Some Granular Fertilizer Materials (2)
 

Tyler screen range, -Critical
 
Apparent wt. % relative
 

specific -6 -8 -10 Particle humidity

gravity Grade +6 + +10 +16 -16 shape* 860 F %
 

Ammonium nitrate
 
Prills 1.29 33.5-0-0 0 6 65 25 4 WR 59.4
 

Prills (high density) 1.65 33.5-0-0 0 0 8 89 3 EWR
 

Granules 1.50 33.5-0-0 1 35 54 8 2 FWR
 

Flakes 1.63 33.5-0-0 0 25 43 28 4 B
 
Ammonium nitrate sulfate
 

Granules 1.51 30-0-0 
 2 29 56 10 3 FWR-PR 62.3
 

Urea
 
Prills, unconditioned 1.32 46-0-0 0 1 17 78 4 EWR 72.5
 

Prills, conditioned 1.31 45-0-0 0 0 1 94 5 EWR
 
Ammonium sulfate
 

Compacted flakes 1.64 21-0-0 0 6 46 41 7 I 79.2
 

Crystals 1.75 21-0-0 0 2 38 51 9 R
 

Ammonium phosphate nitrate
 
Prill-like granules 1.27 30-10-0 0 5 63 31 1 WR
 

Granules 1.56 30-10-0 0 33 55 9 3 FWR
 
Diammonium phosphate 

Granules (from wet­
process acid) 1.63 18-46-0 0 5 83 12 0 WR 86.1 

- 18-46-0 0 42 57 1 0 WR 

Crystals (from furnace acid) 1.62 21-53-0 0 8 45 39 8 B 

Triple superphosphate 
Granules 2.12 0-46-0 1 29 56 14 1 WR 

- 0-46-0 1 21 37 31 10 FWR 

High-analysis superphosphate 
Granules 1.90 0-54-0 1 29 41 27 2 FWR-PR 

2.15 0-56-0 1 14 37 46 2 FWR-PR
 

Potassium chloride
 
Flotation product, granular** 1.97 0-0-60 2 36 52 10 0 B 83.0
 

Flotation product, coarse** - 0-0-60 0 0 19 51 30 B
 
Solution-rounded crystals 1.93 0-0-62 0 5 29 58 8 WR
 
Compacted flakes 1.96 0-0-60 0 14 65 20 1 I
 

Filler
 
Crushed limestone 2.53 0-0-0 0 9 60 26 5 I
 

2.56 0-0-0 0 22 42 24 12 I 

*B = block, I = irregular, R = rounded (PR = poorly rounded, FWR = fair well rounded, WR - well rour'ed, 

EWR = exceptionally well rounded). 
**"Granular" and "coarse" are terms used by the industry; "granular" usually is 6 to 20 mesh, and 

"coarse" is mainly 10-to 28 mesh. 
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spectacular rise in production and consumption of diammonium phosphate
 

(figure 3). Dianr-anium phosphate is particularly suited for bulk blending.
 

Its high aualysis means savings in costs of transportation, storage,
 

handling, and application per unit of plant food; its good storage properties
 

and its compatibility with all common potash and nitrogen sources give the
 

blender flexibility in his operation; and its delivered cost usually falls
 

below the cost of equivalent amounts of granular triple superphosphate and
 

ammonium nitrate, urea or ammonium sulfate.
 

Problems with Bulk Blends
 
in Developing Countries
 

The face of the fertilizer industry is rapidly changing in many
 

of the developing countries. New technology is rapidly being introduced
 

at the production level and now appears to be carrying through to the
 

distribution and use portion of the system as well.
 

The farmer is now changing from low-analysis to more sophisticated
 

high-analysis products. Previously, he expected and accepted fertilizers
 

in lumps for he merely hit them with a stick with no complaints. He did
 

not question the composition of the product because it was the only one
 

available.
 

The question now is: Will the farmer continue to accept
 

poorly conditioned product which may also be off grade,or will he, as is
 

the case in most of the developed world, demand high-analysis products
 

that are free flowing, accurately formulated, and designed to be shipped,
 

mixed, and stored in bulk or bags in hot, humid climates for relatively
 

long periods of time?
 



Figure 3. CONSUMPTION OF PHOSPHATE FERTILIZERS 
AS STRAIGHT MATERIALS 
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These problems fall into three broad categoties-­

hygroscopicity, caking, and nonuniformity of composition.
 

Hygroscopicity
 

Probably the number one problem facing .11 people working with
 

fertilizers in the hot, humid, tropical LDCs, one that will severely hamper
 

the acceptane of bulk blends if not solved, is the tendency of certain
 

fertilizers to readily take on moisture when expoved to the atmosphere; this
 

is termed critical relative humidity (CRH). An excellent discussion
 

of this has becu given by Silverberg (3) and is summarized as follows.
 

Figure 4 shows these value.i for several pure salts and combinations
 

of salts. The CRH of ammonium nitrate at 300 C (S6 F) is 59.4. This means
 

that when the temperature is 860 F and the relative humidity of the
 

acmosphere in contact with the fertilizer is above 59.4% the ammonium nitrate
 

will absorb water. When the relative humidity is below 59.4, it will lose
 

water (crystallize). The CRH of urea is 75.2; diammonium phosphate, 82.5;
 

and potassium chloride, 84.0. The TVA nitric phosphates have a CRH of
 

about 57; urea-ammonium phosphate, about 57; and ammonium polyphosphate,
 

63.
 

This is a significant problem with nitrogen products. For
 

example, the relatively low CRH of ammonium nitrate can present a serious
 

problem in many LDCs. It is followed in order of severity by urea and
 

ammonium sulfate.
 

Whenever two or more sources of solid nitrogen are combined, the
 

critical relative humidity for the combination is usually lower than that
 

of the individual salts. The relative humidity for some of the nitrogen
 

salt combinations also appears in figure 4. Clearly, a mixture of urea and
 



Figure 4 
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ammonium nitrate can result in a highly unacceptable conditioned product,
 

particularly in humid or even semihumid areas, for it begins to take on
 

moisture when the CRH at 860 F is 18%. The mixture quickly becomes wet
 

and actually turns to liquid. For these and other reasons, we see major
 

problems for solid ammonium nitrate in many countries of the developing
 

world.
 

Exposure to the atmosphere can and does cause the prill or
 

granule to lose its hardness, become mushy and in mny cases lose its
 

free-flowing ability. To offset this problem all hygroscopic bulk
 

materials should be stored in bins that expose the smallest possible
 

surface area to the atmosphere. The exposed surface will absorb moisture
 

'and form a "crust" over the remaining material. In most cases, when the
 

crust reaches a thickness of approximately one-half inch the salt crystals
 

in the crust will knit together to form a moisture impervious surface. For
 

hygroscopic materials to be stored in bulk over long periods, this may also
 

be minimized by spreading fine rock phosphate or ground limestone over the
 

surface of the pile (3), When it is necessary to combine nitrogen sources
 

that produce low critical relative humidity conditions, the mixing should
 

take place at the time of sale and the product should be applied very soon
 

after being mixed.
 

Where materials of high hygroscopicity are placed in bags, they should
 

be coated with conditioners of kaolin or calcined limestone or some other
 

suitable coating agent. Bags should have multiwalled liners and b6 stacked
 

in rows no more than 12 feet high.
 

Chemical Reactions
 

Some nitrogen materials will react with other plant food sources
 

to create severe caking.problems in bulk or bagged storage. An example of
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a reaction of this type is one 
that may occur when triple superphosphate
 

and ammonium sulfate are combined (4). 

Ca(H 2P04)2 + (NH4 2 SO4 -. > 2(NH4 )H2P0 4 + CaSO4 

mono-calcium ammonium monoammonium gypsum
 
phosphate sulfate 
 phosphate
 

When this reaction occurs in a pile or bag, severe caking may result.
 

Failure to observe these basic rules will virtually eliminate
 

bulk blending as a practice offering appeal to the retail customer.
 

Nonuniformity of Composition
 

Another problem, one which caused considerable trouble during
 

the developmental stages of bulk blending in the United States and which
 

could prove to be a very severe obstacle in the developing countries, is
 

nonuniformity of composition of blended grades. 
 This occurs mainly when
 

fertilizer materials varying widely in particle size are mixed together
 

and collectively handled in bulk. Differences in specific gravity and
 

particle shape cause little or no problem in blend composition.
 

Nonuniformity problems can develop as a result of poor mixing
 

or of segregation after mixing (5). This problem may be serious in the
 

developing countries for at least two reasons. 
 First, customer-dealer
 

confidence is very important in selling fertilizers to the farmer. Many
 

farmers in the LDCs lack faith in the honesty of the local merchant. Past
 

experience has taught him to be wary of such practices as 
short measure
 

and false representation of product. 
It is a fact that in some developing 

countries materials bagged and sold under a reputable name will often outsell 

local products both in price and quantity even though the products may be
 

exactly the same. Clearly, the blender working at the local level could
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have a problem to overcome. This can be overcome through proper quality
 

control laws and their enforcement through a joint industry-government effort.
 

A second reason nonuniformity of composition presents a problem
 

is that segregation in the bag or distribution in the field of machine
 

bulk spread materials may be so irregular as to cause spotty crop growth
 

and resultant dissatisfaction to the farmer. To the small farmer consuming
 

one or two bags of fertilizer, this can be a very real problem; for although
 

the analysis may be approximately correct in a two-ton batch of mix, there
 

may be wide variation between bags. Thus, accuracy of analysis on a per
 

bag basis is highly important, and particularly so for the small farm
 

operation (6).
 

The difficulty of blenders keeping on specifications is well
 

known in the United States. Numerous tests conducted by Scholl (7) and
 

also discus d by Hignett (2) revealed that registered mixtures, mostly
 

compounds,were almost always above the guaranteed analysis; whereas a wide
 

variation was noted in customer-ordered mixtures. Figure 5 shows the
 

deviation of available P205 content as determined by official analysis from
 

guaranteed values for two groups of mixed fertilizers, registered grades
 

and customer-ordered mixtures. The customer-ordered mixtures are mainly
 

compound fertilizers. According to Hignett (2), of the 81 customer-ordered
 

mixtures, 12 fell below the guarantee by more than 1 percentage point, and
 

16 exceeded the guarantee by more than 2 perccentage points. Of the 111
 

registered mixtures, none fell below the guarantee by more than 1 percentage
 

point and 8 exceeded the guarantee by more than 2 percentage points.
 

It is not the intent of this paper to discuss all the ramifications
 

of bulk blending, pqrticularly those associated with equipment requirements
 

and nonuniformity problems associated with mixing. For an excellent
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discussion on this, the reader is referred to an intensive discussion of the
 

subject by Hignett (3).
 

Segregation After Mixing. One area of nonuniformity
 

that is important to the current discussion is segregation that
 

occurs after mixing. This could prove to be the most serious in the LDCs,
 

for blends probably will be transported over long distances. Because of
 

limited availability, the probability of using closely-sized materials
 

is low. And finally, lack of suitable mixing and handling equipment only
 

adds to the danger of nonuniformity achieving serious proportions in certain
 

developing countries.
 

Segregation that occurs in handling and distributing blends can
 

.be traced to three general causes (8, 2): (a) Rolling action of particles
 

allowed to droF onto sloping piles in storage areas, hoppers, bins, or
 

spreader vehicles; (b) vibration or agitation as in a moving spreader
 

vehicle: and (c) ballistic action or similar sorting effects induced by
 

spreader mechanisms.
 

A very simple, yet highly illustrative, device developed by
 

TVA (2, 9) allows for the study of segregation by rolling action. The
 

device can be used in quantitative study of the effects of particle size,
 

shape, and density on segregation. A diagram of the device used by TVA
 

appears in figure 6 and the results of the studies are summarized in
 

-able 3, where the degree of segregation is expressed as spread in
 

composition of pile segments (9, 2).
 

The conclusions of these tests were as follows:
 

1. Segregation was greatest when particle size of various materials
 

differed. Small differences in size such as -6+8 versus -8+10 mesh
 

caused serious segregation.
 



DRY MIXTURE 
POURED THROUGH 

FUNNEL
 

CLEAR PLASTIC 
SLOTTED TO RECEIVE 

VERTICAL SPACER IIIN) ALUMINUM VANES 

GLASS PLATE 
(REMOVABLE) ........ 

H 
H 

G ALUMINUM VANES 
ATTACHED TO PLATE

F AT 10' INTERVALS 

D 

-B
 

-A
 

Figure 6. Segmentation of Pile (2, 9)
 



-86­

2. 	Differences in particle shape had no detectable effect on composition.
 

3. 	Differences in apparent specific gravity between various materials
 

caused very little segregation.
 

4. 	Segregation was greater when large particles were in the minority than
 

when in the majority.
 

Other researchers have confirmed these findings (10).
 

The seriousness of the problem was well illustrated by another
 

test at TVA (2) where a 14-14-14 blend was prepared with materials having
 

a poor particle size match of all ingredients. Composition of pile segments
 

ranged from 19-10-12 to 7-21-17. Less but still serious deviation from
 

the intended grade was observed when two of the three ingredients were
 

fairly closely matched.
 

Size segregation can and does occur in large bulk storage piles
 

maintained by producers of granular materials. Similar problems can occur
 

in storage piles of local blenders. In another study conducted by TVA (2),
 

two samples of granular potash were taken, one near the top and the other
 

near the bottom. The variations in screen analysis are as follows:
 

Tyler screen range wt. %
 
+6 -6+8 -8+10 -10+16 -16
 

Near bottom of pile 1 46 37 15 1
 

Near top of pile 	 0 12 24 40 24
 

Obviously, serious segregation of blends can occur particularly if materials
 

are not carefully sized.
 



Table 3. 	 Effect of Particle Size, Particle Shape, and
 
Specific Gravity on Pile Segregation (2. 9)
 

Material A I Material B 
Particle - Particle . Material A 
size.Tyler Particle section,SpecificInpile 

ize, Tyler Psrticle ] Specific I size Tyler Particle Specific - - ­
mesh shape gravity mesh shape grasity Av. Max. Mm. Spread 

Effect ofSize (Round Particie) 
-6 + 8 Round 2.12 -10 +14 Round 2.12 50 85 30 55 
-6 + 8 Round 2.12 - 8 +10 Round 2.12 50 70 35 35 
-8 +10 Round 2.12 -10 +14 Round 2 12 50 75 30 45 

-6 + 8 Round 2.15 -10 +14 Round 2.1$ 30 86 4 82 
-6 + 8 Round 2.15 -10 +14 Round 2.15 70 93 49 44 

E- ect of Size (IrregularPartlcles) 
-6 + 8 Flako 196 -10 +14 1 lake 1.96 50 85 30 55 
-8 +10 Flake 196 -10 +14 Flake 1.96 50 75 35 40 

of Shapeff eEffect1oFlake 1.96 - 6 + 8 Round 2.12 50 53 49 4 

-8 +10 Flake 1.63 - 8 -- 0I Round 1.63 50 55 48 7 

Effect of Specific Gra vity 
-8 +10 I Round 2.12 - 8 +10 Round 1.27 63 57 69 12 
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The blender must establish practices to minimize this. Ways
 

this may be accomplished are as follows:
 

1. Select materials that are closely or similarly sized.
 

2. Avoid coning of piles (bins or hoppers).
 

3. Minimize handling.
 

4. Use multicomponent materials.
 

Other Problems With Bulk Blends
 

More and more, micronutrient problems are becoming apparent in
 

the LDCs . This will increase at an even faster rate as more fertilizer
 

and higher yielding varieties are used. Bulk blends can, if properly used,
 

serve as a major vehicle in solving these problems. One of the major
 

arguments for bulk blends is the flexibility of mixing fertilizers on a
 

prescription basis. This flexibility is a very decided advantage when
 

it comes to satisfying the micronutrient needs of an area.
 

Nevertheless, the addition of micronutrient materials presents
 

difficult problems. Micronutrient materials come in a wide range of sizes,
 

some in granular form, but most as fine powders, often finer than 100 mesh.
 

It should be obvious from the previous discussion that serious
 

segregation can occur when substantial amounts of a fine powder are blended
 

with the main granular fertilizers.
 

Segregation of micronutrients in')blends can cause two distinct
 

and very real problems. First, yieldincreases can be lost if the
 

essential nutrient is not applied. And second, yields can actually be
 

reduced because excessive amounts can cause toxic conditions to the crop.
 

High amounts of boron and manganese in particular can be toxic to crops.
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There are several ways to minimize this problem. One way is to
 

use granular micronutrients in the blends and match them with the particle
 

sizes of the major components. This is not always satisfactory since the
 

availability of micronutrients in a wide range of sizes and products is
 

somewhat limited.
 

Another approach is to coat the finely divided material in the granule,
 

Powdered materials have been successfully mixed by the addition of a binder
 

that causes the fine material to adhere to the surface of the granules.
 

Although water in quantities of 1%-2% by weight has been used as a binder,
 

No. 2 diesel fuel oil in quantities of 1.5%-3% by weight resulted in 90%
 

adherence of the materials (2). Examples of the effectiveness of the oil
 

method appear in table 4.
 

Conclusion
 

Based upon the information presented in this portion of the paper,
 

bulk blends do have sizable potential in the LDCs. Although many signs
 

point toward this practice receiving customer resistance, principally
 

because of potential problems in quality control, the technology has been
 

worked out to circunent these and other problems.
 

All signs point toward technical personnel recognizing these
 

problems and applying successful solutions early in the developmental stage
 

of this practice.
 



to Oil-Treated Products (2)
Table 4. Micronutriafnt Adherence 

Mjficronutrient Micronutrient adherence,
carrier % of that added 

Addi- 1.5 = 
tion, . Materials" No 1.7% 2.0y 2.5% 3.0% 

Kind % in blend oil oil oil oil oil 

Frit 2.2 APN, DAP 45 82 91 - ­
-Frit 4.4 APN, DAP 23 - - 91 

Oxide 6.3 DAP 31 68 100 - ­
- 97Oxide 12.5 DAP 40 - 74 

Oxide 8.6 MAP, KCI II - - 94 -
Oxide 12.2 MAP, KCI 41 - - 95 -
Salt 5.0 APN, GHAP, 

0 - 38 - 92KCI 

ZnSO,. 4.4 APN, G1Ir-,
 

11,0 KCI 0 95 99 - ­

* APN, ammonium phosphate nitrate (30-10-0); DAP, di­
ammonium phosphate (18-46-0); KCI, potassium chloride (0-0-60); 
MAP, monoammonium phosphate (14-48-0); GHAP, granular 
high-analysis phosphate (0-60-0). 
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