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The present shortage of fertilizer and attepdant high prices

R T P ¢ R ITI 122

have provided renewed intereat by many in aacertaining the current trenda

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

fertilizera:l for the moment many are particularily interested under present
conditiona{in the economic and agronomic effectiveness bf'é‘féreiiizéi“ﬁ¥

q§2§c£2u1;i ;roup of\fertilizera. Quitelfrequentlp thia{intereat‘ie due’

a4

to a specific set of conditions ‘which may ‘be temporary or highly localized.
e ‘Iﬂlhe purpose of this paper 1s to examine preaent usage pattercus
as ;o'type‘of fertilizer from a regional (le. Asia, North America, urope)
orzgloballbaaia and assess their agronomic auitability for a particular
cropAfrom a[aimilarilp general basic point. Further, the main discussions
will center around likely market potential and the agronomic suitability
of’a fertilizer or group of fertilizers for use on food crops. It is

A

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

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

4 - ' » .
Such discussions are beyond the scope of this paper.

R AL ) 1

World.-Trends .in Fertilizer Production Capacity

> - - Since fertilizer plants represent significa&t capital invegtments

3

and thousands of these are now in operation. Major ahifts'in theseppatterna

Arof~production~are not likely to rapidly occur at least over the mid-term

4

(3-6 years) period.. , ..

ERS LTSS Therefore, probably .one of .the best, indicatora _pot only as_to

TR

what-is, now‘being produced but .Wwhat _can be expected .over the next, aeveral

yearsmia'to¢1ookfat.the@capacity,the‘fertilizerrinduatry now has or,

soon will have to produce a given type of fertilizerg‘Q



The current and near future capability of the world fertilizer

et 4 . 14
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induatrv to produce nitrogen and phosphate fertilizer appear in figures

,x- ‘.’i,‘

1 and 2.

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

1 * L
N W e \ '-ifr} 4

increase,itsjdominanceAas primary diy nitrogen fertilizer uced in world
agriculture. By i976,urea_nii1 equal the combined capacity levels for both

ammonium nitrate and ammonium sulfate (figure 1)

o1y

Ammonium phosphates and complex fertilizers will increase their

'
¢ b5

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

¢

oy

will come primarily at the expense of normal superphosphate which since

'
g o

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

\17
(figure 2) Surprisingly, concentrated superphosphate (CSP) ia not fore-
cast to follow the increasing role played by ammonium phosphates. If any-

i
- , ¢

thing, Csp, like basic slag, will decline importance relative to ammonium

¥

phosphates as a phosphate fertilizer.

.
1 s i s N ' P

The trends inhnitrogen iust described(for/the yor}d are even‘
more pronounced for developing Asia. For example, urea now commands
72% of all the N capacity in}that‘region'(figure 3). This will:probably .
incréasermore in ‘tHe years to come! The importance of ammoniun sulfate,
ammonium‘nitrate, and”otherbnitroéenous products are therefore minor: '-
csmpared to'urea." The pattern 18 not as 'clear for:phosphates .in developing
Asia. While there'has been a general decline in the share of normal .
lsupErphoéphatefﬁas*df‘the’total‘phosphate‘capacitﬁ,*ammonium‘phbsphates,
éé?ﬁvaﬁd:cgmpounda‘ail seem to be,plapiné'an equal share ‘in future"growth
(figurém4$.“ Thus ‘there' 15 not-a dlear dominance ‘of ‘one ‘material replacing

normal superphosphatei“
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TRENDS IN NITROGEN FERTILIZER PRODUCTION CAPACITY

£.{#"(DATA FROM TVA MARKETING -ANALYSIS STAFF, DOES NOT INCLUDE
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Increased Concentration of Fertilizer

Another important trend has been towards en increase in the
concentration df the plant nutrients in the fertilizers. This has
come about due to the increased popularity of NP and NPK fertilizers.
Figure 5 shows this trend for three countries where the concentration

of compound fertilizers has ‘increased at rates ranging -from 0.7 to 1.0%

i,
.‘\

per year during the  last decade. Of the three countries, the ﬁﬁited
Kingdom hae attained cﬂ; highest average concentration, nearly*43z. The
reason‘for this trend lies in economics as costs of bagging, storage,
handling, and transportation often account for more than half of the cost
of fegtilizer delivered to the farmer. Consequently, increasing the
conceérration can markedly decrease the cost ﬁér unit of nutrient content
at thé farm,

f Precise data are 1£Eking for many countries, but the trend
towaré‘high concentration is evident in the increased emphasis on higher
'analyéds materials. For instance, in South Korea, diammonium phosphate
is grenulated with potassium chloride to produce'a 14-37-12 or 12-31-16
grade, which is blended with urea to make a variety of gradea,,?2-22-11
is typical. Likewise, some new plants in India produce ﬁrea-qmmonium
phosphate compound fertilizers containing more'thqn 50% nu;rienfs.

Similar proceases are in nsepdn Japan,

| In the nextwdecade the concentration of fertilizers will continue
to increase and may reach an average of 507 in some countries. Planned new
facilities indicate that urea and diammonium phosphate will be favorite

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

fertilizers containing nearly 60% N + P205 + K20 are possible. However a
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growingkredl}zégion,of the frequent importance of‘iycluding’secondary
rte « A e M \ LY 1 N . PRI [ ™ ""3‘

‘ !
and ;micronutrient elements in fertilizers may slow the growth in con-

o« 40"

centration of.the primary elements. Also, lower analysis materials are
likely, to be more economical for local use in some areas. T,
eo, - With this than gs a background I would next 1£?e to discuss
specific typee of fertilizers, as to their properties, likely potential
. in certain qapkets, and agronomic‘suitability for major food crops.
soou gt

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

P R P v

Urea, high-analysis compound fertilizers, and ammonium phosphate
are:experiencing and will continue to experience the greatest acceptance
and offer the greatest growth potential in Asia of all the new fertilizers
on the market Lgdax. ?hese projections are based in part on trends of
use by product that have occurred in the past 10-15 years, and on new
fertilizer .capacity scheduled to be built in As;a in the next 3-5 years.

. Although special local situations may dictate otherwise, the

materlals in decreasing order of immediate potential in Asia are as follows:

Urear
! S 't L. st [ o HoA e "
Potential--Urea 18" the highest N-containing solid fertilizér
material commercially available. Its high analysis' permits considerable

IR

savinbs in‘shiﬁping and distribution costs. Because of this, plus the

nl

[P ET I B

fact that solid fertilizers have better growth potential in Asia than K
1iquids due mainly to the simplicity of shipping 'and handling dry meterials
in areas of small land holdihgs and the lack of widespread thilability'
of sopﬁisticéted equiﬁ%enti urea has proven very attractive to'a’very °

large number of farmers and fertilizer manufacturers.'
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\ *! ‘The actual Hominance“gf uréa’ on a per' country basis' 18 some="
what uﬁsﬁ“iﬁé amotnt” and tbpe of othet nitrogen’ capacity that now“exists’ -
wichiﬁ”:hé’é%uﬁi¥§; gFor'E§ample. urea will not’ reach a dominant role in’
nitrogen production in Taiwan until about 1975 since' considerable ammoniim '
sulfsté\cgphcity now exists within the country and probably will be used
for at least 'the rext 'S-6 years. The same holds for The Philippines and, °
to a lesser extent, Japan. On the other hand, Korea, 'Indonesia, and Pakistan
are in the process of buildirg or have just recently built their nitrogen
capacity, almost all of ic based on prbduction oflureaJ!,In these countries
and in countries of low total nutrient use,‘the dominant fertilizer ie

and ‘will be urea. C ' "

égronomic and Chemical Properties--Some of thé spécific chemiésl

b

and physical properties of urea are as follows: 46% N, solid, prilled or
crystalline, usually white, formula NH,CONH,, molecular weight ‘60,06,
melting pcint 132.7° C, heat of solution 57.8 cal/g, specific heat 0.320
cal/g 20°C, solubility 119 g/100 ml H,0 at 25°C, specific gravity 1.335 (L).

When properly applied, uresihss been shown to be equal or

1 ,
nearly equal to ammonium sulfate as a soutce of N to a wide range of’ crops,

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

£«>

urea was leaa ‘than to ammonium sulfste, the differences have been attributed
i Y

e

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

¢ y o, PO A B
of urea.“ghere are instances where urea has proven to be a superior source
' i i ¢ o } - o i N \
of N to rice. This has usually occurred on degraded paddy soils. For these
. mE - " J Vot s 0! [ foge !

reasons, no other single-nutrient fertilizer has captured the attention of
agricultural{and fertilizer production specialists as has urea.‘ In most

areas, 1t ,already has become or is rapidly becoming the leading fertilizer

1 M owr xx,»,”:“ [P RR T A S gt 4

used in the developing W°F¥@h;

3
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In spite of this.potential and current rate of acceptance, urea .
¢ ' [ ;! '7‘

1 .
has certain inherent problems that must be overcome if it is’ *o continue *o

H

enjoy this current flush of*growth. This is. particularly true in those’

regions 1acking sophisticated capabilities in handling £ertilizer and. modern

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

7 ¢

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

E}

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

4

1conditions (figure 6) Unless corrected, this disadvantage could restrict

(

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

bulk” spreading, and (b) nitrogen losses through volatilization as ammonia

4

when ureafis surface-applied to soils, especially in warm climstes. This

m ¢ !

is a major\problem when- the’ product is not incorporated into the soil.

‘ f’

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

as urea may be lost through this mechanism. Even on flooded rice soils

¥

urea has occasionally been shown'to be vastly inferior to ammonium sulfate
as a source of N to the crop (6). The reasons for this, as yet, have not
been identified. These‘prpblems are real and will be more apparent as

fertilizers become more availabl:. and farmers havé an opportunity to compare
k{ , )

véirious nitrogen sources in supplying the needs of the crop.
V'

Although it has beenﬁsuggested by some that the biuret content

1nnall urea produced should be less than 0,3%, it is now believed that this

ﬂ) !;'} ;

is important primarily for citrus crops in situations where urea is applied

"‘f‘ 1'{,;

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, and up ‘to 3%

biuret is acceptable if the urea is applied to the soil (7 8, 9) preferablv

evay from the seed.



.Figure 6

CRETICAL, HUMIDTTTES OF FERTILIZER SALTS

A - : : AND MIXTURES AT 30° C.7
o~ e : ; R T
;}9:,& - L X (Values are percent relative huxidity)
c? . b - - ) _ -7
s 9’9’9,_ 9«.0 - Note: To obtain vapor pressure.
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23.5 | 599.4 & & humidity by 31.8. -
i 6 c ,s .
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TVA, Applied Research Branch - 1965 -
Values. for mixtures containing diammonium phosphate are approximate values cbtained by TVA. Other cerz '-. fr:::

literature.



Ammonium:.
Grades available.(ll-4810,‘18-46-0, 11-55-0,..16~20-0, .16-48=0, ,
13-29-0).
“i1: 1 Potential--It 1s difficult to. forecast the role, ammonium phosphates
will play in the total phosphate market in Asia. Although their, popularity

’has increasad 'greatly in recent. years and, on a world basis they have

[
: e v K by r~‘ .

replaced normal superphosphate as the number one phosphate fertilizer, this

growth has occurred primarily in the developed countries where bulk blending

vl

has become very popular.

Prediction are for ammoniated phosphates to command a major share

v 4 re

of the phosphate market in the developing countries in Aisa by 1976. However,
' T B & s

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

v, Y
13 v ¥

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

Y 4 PR 1 1

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

.
L A ~ i

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

exists. ammonium phosphates have proven very popular--first because their
high analysis and good handling qualities make them easy to import and
4 plam L 1 e

second as consumption increases, this may lead to the building of large,
PRI 'e(,(. Lty et
efficient monoammonium and diammonium phosphate (MAP, DAP) facilities
Mo « o 'S f N A 13 I

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

'
* 3

or continuation of a blending industry.

Where blending has been accepted, such as in the United States,
M IR C N I T C o N
a phenomenal increase in 18~46-0 and 0-46-0 has been observed. "Where

v
(rl “

l,r, ! L ‘.z }” - Vovhey L 2 P ? ;
\substantial superphosphate capacity already exists within a country, it may

ot

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

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

-

encompasses a wide'variety of fertilizers produced by’ the ammoniation of
phosphoric acid, often in admixture with other materials. A brief descrip-
“tion of the properties of at 'least’ three :types of ammoniated phosphates

appears below:

. { Molecular v ! Specific  Solubility
Product lxsis Formula . _ggight dolor | gravity (cold(water)
4onoammoniumiphosphate 11-48-0 '§H4N2P04 ‘ 115 O 'uhite-gray l 803 58.2 g/100 ml
»iammonium phosphate 18-46-0 ”(mi,’)zupo,‘ 132.06 white-gray 1.619  22.7 /100 ml
\mmonium sulfate phosphate 16-20-0 - - - "&' - ,(-

Ammonium phosphates--because of their binutrient content low

+ 2o
.

hygroscopicity (figure 6), overall high analysis, excellent handling qualities,
1002 water solubility of nitrogen, and near 100% solubility of phosphate--

i »&

offer considerable advantages not only in savings accured in trsnsport

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

7

on crops.

Ammonium phosphates are particularly suited for direct spplication

2t ¢ i 3

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

\(J’ 4 ety W

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

5 - tF Moaa, f 0t

cation equipment is developed they will be banded rather than broadcast

WIS AR [ fote ¢ N

at time of planting for such crops as wheat, maize, and sorghum. Where
Aaa‘. oy o S gt 326' “

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

soils during seedbed preparation. Since all of the nitrogen in the smmonium

0wy y St )

phosphates is in the ammonium form, they are particularly well guited for

KA TR . <y

rice (2).
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In‘conpraat*to hrea; therevareuféw‘physical”or;chemical:prob;ems,
asaocfa;ed;wiéhathe use of ammoniated phosphate-in the humid-tropics. They
havegood 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 associated 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). ~This can -be easlly avoided through proper placement
of fertilizer:either by hand or with 'special banding.equipment to.ensure
that.at no time it is closer than 1-2.inches- to' the side and below the seed.

Chemically- or Physically-Combined
High-Analysigs N-P-K Fertilizers

Potential--Next to straight urea and one or more of the ammonium
phosphates, complete high-analysis N-P-K grades (30+ units of plant. food)
of fertilizer are-just beginning and in the near future will receive -major,
consumer ‘acceptance::in Asia. .

This; however, will not occur at nearly the rate of.acceptance
for either of the other ' products discussed because under current cropping; ‘
practices;«the need’ for:a complete N-P-K fertilizer is not-as .widespread.
The frequency of potash deficiency, particularly for rice, is less than
one-tenth that for nitrogen and one~third that observed for- phosphates.
But with intensification of farming, including use of new and higher-yielding
varieties, responses to potash will become m;re é;eq;eﬁilléa;%iéil;gly on

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

be in demand. As already discussed in the section on ammonium phosphates,

!
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the acceptance ‘of physically mixed N-P-K gtadesgis -dependent upon the .
potential of bulk ‘blends. " 'Whereabulk blends*havergood ‘potential,’ ‘physically\w
mixed N<P=K.'grades which ‘include:.ammonium. phosphates will probably:increase . -
infdeﬁandsﬁﬂln regions where .bulk.blends do not have great:potential, -
suchtas in‘muchiof Asia, the.chemically-combined compound’ fertilizer: 'will
grovw.in' acceptance. :°

. Regardless of whether as a blend or compound, N-P-K.grades will:
be of high analysis. Products are.now available to make:-complete :fertilizers
in either form with at least 40 units of plant food.

# “Chemical and Agronomic Properties—The products are 'usually-granular

solid, color variable but generally grayish if chemically combined_variable-
in blends.”:They usually contain.in excess of 30 units of plant food and:are
available in a number of ratios and chemical or physical combinations gf

two or three major nutrients. They are 100% water-soluble N and 50%-199%,
water-soluble P'depending upon thé-choice of phosphate materials-and produc-
tion processes:‘<The materials’'most frequeatly used in N-P-K grades (physical
and/or ‘chemical) are’urea, - ammonium phosphates, muriate of potash, . ammonia,
or phosphoric acid. Less common but still substantial.for use in-N-P-K: .
grades are such products as ammonium sulfate, triple‘superphosphate;;sulfate
of potash, and on occasion,phoaphate rock. -The:agronomic: properties of .
these N-P-K;grades are. based upon:the:form of.the individual .plant .nutrient ;.

present.

Triple Sugerghosghate (0-46-0)

_}»fr,xi 't 0N .
Potentialn-Triple auperphosphate is a high-analysis phosphatic
Corte N <+ £l . ‘:’f v LA o !

feltilizer that has become signifirartly more 1mportant in the last 20 yeara.
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Its use in Asia:has,increased sqbgngqﬁqlkg‘ovgf therpaqgiggw,ye%ggn
The fact .that ammonium phosphqtea are qxperiencipg good acceptance in some
cases;gzec%udgq any additionq; growth as a major source of phosphorus at
the consumer leveli
s, ,~The most economical production of triple superphosphate occurs
when a..supply of phosphate rock is nearby and the,phqaphorig acld is prqducgg

in largéganddcontiquously-operating plants.

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

46% P205. is;usually granular. The phosphorus is almost entirely water soluble
and 1s.readily available to most crops under a wide range of conditioans.

Its low sulfur content (3% or less) relative to that of normal superphosphate
is easily overcome by including sulfur-containing material somewhere else

in the fertilization program. This fertilizer is free flowing in either
run-of-pile.or granular, form and lends itself readily to ammoniation. This

is 2 particularly important characteristic for those countries that must
import phosphate, but have their own ammonia facilities. Finally, }t is

a relatively low cost. source of PZOS’ and its high analysis perqigé additiopal
economies in handling, shipping,. distribution. In spite of all‘ghese
apparent advantages, most if not all, are eqpalled or qugpagsed by ammonium‘
phosphates, particularly DAP and MAP, Tnis coupled with,its\}nfgnggtibglity
with DAP: or; urea in blends limits its future growth potential as a maggr}al

to be used directly by the farmer.

R ‘ '
Potash Fertilizers
Potential--Potash ranks third in importance of major nutriénts” “f
consumed in the developing countries. The telative importance of this rutrient

e o

H A i."'lz'{'?\ ‘ . LS S B R KSR
in relation to nitrogen and phosphorus varies significanqlf amoﬁhlthe‘variods
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countries undér ‘considérntion and has’already’béen ‘diséussed ‘in gome detail !
under “the N-P-K‘séction’' Rice,the ‘dominart crop in ‘Asia, ‘historically ¢
has reéﬁoﬁﬁéd‘;ﬁch‘moie”féédtlj’éb nitrogen and phosphorus than'to’ potassium. °
Although this relative emphasis has changed in Japan, Korea; and Taiwan =~ '
and 18 now ‘changing in India énd 'a few other counfriés;’ the major -emphasis
£or some’time to come will' Be ‘on nitrogen ‘and 'phosphorus and 'to a lesser
extent potash. This will be true mainly where rice is the dominant crop
grown in the area. In cases’for wheat, maize, and vegetables, potash is
‘frequently equal in importance ' to phosphate as a primary fertilizer.

‘Based on the ‘relative small’demand for potash by a crop'such as
ricé;‘thaﬂéuéﬁbr“is of the opinion that the majorityof the potash needs
by the farmer in Asia will be satisfied via chemically- or physically-
corbined N~P-K fertilizers. Very few straight potash materials as such
will be sold difecily at the retail market. Thus, increased use in potash
for the area'will be very closely related to the growth of N-P-K gradesi:

Muriate of Potash--Commercial agricultural muriate of potash.

préﬁdﬁéé contain from 96% to 99% KC1, equivalent to approximately 60% to
62.5% K20; Muriate of potash products made from the ‘flotation recovery
proééﬁseé”are‘usually of varyiﬁg‘pihk'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 1007 water soluble, readily availablg to tpg crop,
and accouggqifor gvg;:QOZfoﬁva}l fhgﬂpetpesium gqnsymed in the world.

VIR
5

,-KC1 1is, readily qccepggb}g‘ag a'equrce‘of K for most crops which are not

PR 7S B4

affected by the chloride associated with the product.
i : PO v
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Because:of.its:nonsulfate composition,: muriate of-potash’ i3,
preferred’ over' either sulfate of potash-magnesia-or.potassium sulfate on
degraded- rice! paddy’ soils.

v
Sulfate ‘of -Potash--Commercial agricultural sulfate, of potash

contains from' 92% to 98.5% K 804, equivalent to about 50% to 53.2% Kzo.

i

It also contains over 1742 8§ as the sulfate; thus, combined sulfate of

4/.&,_} -

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

3 s Yorot8 ¥

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

e~ -

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

of it? sulfur content, it is not recommended for use on degraded paddy
goils grown to rice. This product constitutes about 6% of the current sales

of all potash.

Sulfate of Potash—Maggeeia-—It contains from 21% to 26% KZO 7%

to 117 Mg and 18% to 237 S depending upon the process used to produce the
product. All three nutrients are readily available to the crop. It 1is used
primarily in N-P-K grades where magnesium and/or sulfur are needed and contains

approximately 55 units of plant food.

Potasaium Nitrate-~Potassium nitrate contains almost 147 N and

z
{

467 K 0 making it a fairly high analysis product. The agronomic value of
the product is well-known with both the potash and nitrogen water soluble
and readily available to the crop. It is uaed mainly on high-value specialty

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

New'Potential for 0ld Products

Without exception,: all‘iof:the new fertilizers-just. discussed .are:. -

4

higher«in N,'P, -or’'K.-than:their. predeécessors and:all'are .either. void:or

H ’

extremely low in sulfur and certain other essential nutrients. Because
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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 these are ammonium sulfate and. ordinary:superphosphate.

Ammonium Sulfate (21-0-0)

A PR

Potential-Because of its low nitrogen content (21%, a11 ammonium

J g "
\ foay * ; “A( S * by LA T e

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

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

¢
i s

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

t 1 lé

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

f
e " P Ty

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

.
1 TR

economical choice. Nevertheless, the relative competitive situation for

t
t

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

of ammonium sulfate produced today is as a byproduct usually of the steel
t , ‘
or caprolactum industries, Therefore the real cost of ammonium sulfate from

»
! " : C

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

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

¢ .
[N IR 2

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

o5 ‘ ! ! Y Y

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

! € "x.‘ “~ §oe cod - . . ad I

products now exist, prospects are good for a continued and at times an
~ b} E o \ . .

even more abundant supply of ammonlum sulfate in the coming 'years.

VL N N

P A T LT S S

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

nations, the pricing of ammonium sulfate will be sufficiently attractive

PRSI ’y “ L

for the next'several: years to warrant its reconsideration as a significant
' source of  nitrogen. Consideration must.also: beigiven to its 227 'sulfur

level. "Although:the:exact reason is.not.known, ammonium.sulfate has shown.
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Py
a alightsbutgconsistentzaugeriorityhgyet‘uroq.asha,aource'of N for rice.
R DR t [\ 4 & -
+Vegetable. producers: the world: over, have, shown qgmgsfayorrtofqmmoniuu,sulfate,
presumably.because,of-1its sulfur content. -,

Chemical and Agronomic Properties--Ammonium sulfate can be

satisfactorily: supplied to, rice. either as a basal application or as a
topdressing.: When applied to paddy, rice fields, changes in leaf color will
often: be evident with.3. or .4 days.

There are; instances where ammonium sulfate is inferior to urea
or ammonium chloride as a source of N to rice (15). This is related to the
presence.-of the 'sulfate radical in its overall makeup. The sulfate radical,
when in the reduced-layer of .the paddy, forms hydrogen sulfide which is
harmful to rice plants. This is not a problem on ordinary paddy fields for
the hydrogen sulfide will become water-insoluble iron sulfide by combining
with the iron usually present in abundant quantities. Degraded paddy fields
contain very little iron; thus, in this system there is ho mechanism availabie
to counter the ;ield-reduciné“toxicity effects of hydrogen sulfide.

Some of the properties of ammonium sulfate are as follows:
21/ N, crystalline, size various with production process, color usually white
but can be grayish if from byproduct steel process, formula (NH4)2804
molecular weight 1.769, melting point 512,2° C, heat of dilution, 6.35 cal/kg
from 42% to 1 8/ solution, density 20°/4° C--solid 1. 769, specific gravity--

sat, solns. 1, 2412 at 20 c. loose bulk density 60 lb/cu ft angle of repose

28° (18).

Ordinary Superphosphate (0-20-0)

Potential--Like ammonium sulfate, until. recently ordinary, super- |

* %g F

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

countries of the world. This has changed, the decline being caused mainly
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by the acceptancé of concentrated’phosphates;: so” that 1t rnow- comprises’ less. .
than’ 202" of the ‘world's’ phosphate 'and’ even’ less'in the develop;ngﬁareasJof:Asia.
The primary reasons for this decline were’high*productibn and; transportation 3
costs bgth directly related 'to its low ong‘contentﬁ(ll).

' Despite these negative factors, 'the rate of decline in normal
superphosphate is expected-to decrease.’' Depending upon availability of -
alternate sources of sulfur in fertilizers, such as ammonium sulfate, ordinary
superphosphate could ‘actually grow in‘ acceptance in certain regions. Like
ammonut sulfate, it contains a significant amount of sulfur. ' As sulfur
needs bécome ‘more apparent ‘and as granulation of N-P-K'fertilizers become
more common, the use of ordinary superphosphate should continue to ‘be significant
particularly in compound fertilizers unless, of course, an alternate and

cheap source of sulfur is available.
3 }’ 5,

Phosphate Rock for Direct Application

i

The current phosphste shortage and subsequent escalation in

price of finished phosphates as we11 as raw materisls has prompted several

L
i

co tries to conduct a major review of the feasibility of spplying phosphate

4:;’

rock directly to the soil rsther than going through the relatively expensive

PR oo
ropte of convert;ng the“PR to a concentrated phosphate such as DAP, TSP, or
3 . B ] I3 - v ey .

simply phosphoric acid. ‘

While shortage of 1ntermedistes hss been the driving force to

]
- a ! AN

merit renewed interest in this area, there have been major breakthroughs
in research that clearly suggest that in certain situations it may not be
necessary to upgrade phosphate raw materials to high analysis products: ;.

This may be the start'of a long-term' trend.’*’
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For example, it is now generally accepted that phosphate rocks
when used as a direct application vary greatly in their effectiveness
as a phosphate source to the crop (16). This effectijeness appears to be
directly related to specific properties of the rock which are easily
identifiable and can be readily measured in most modern laboratories
equipped with X-ray and/or electron micrescope units.

Methodology has recently been developed at, TVA where, through
the use of chem%caﬁ and physical characterization of a representative
sample for specific properties, the agronouic effectiveness of a particular
rock source can be predicted without going tproqgh ex;ensive agronomic
field trials.

This principle was proven in a greenhouse at TVA and in the rice
fields of Thailand ?y-testing several U.S. sources as a DA phosphate appli-
cation (figure 7). tThe' results showed that North Car&lina and north Florida
rock were nearly‘as§effective as TSP in increasing rice yields. TVA re-
searchers have extended this work to classify several rocks as to their
probable effectiveness (figure 8)." For example,'it is now presumed that
all rocks have 60% or more of their P205 as citrate soluble and in a number

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

ot 54 '

P to the crop. Some of the rocks falling into this classification appear
in figure 4. Note a number‘of sources from Tunigia, Morocco, Israel, Jordan,
etc., have ;e¥y favorable properties in this regard. The Peruvian source would
be very similar'to that found for north Florida rock.

TVA has further translated this information into a form that can

be translated into economic terms (figure 9).
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Calculations were made to determine the conditions gngqr\gyégh ;n
TSP -and rock phosphates would :compete-as P.sources.; Figure;9?shgy§:an
indiiference ‘curve which should aid, in the-decision-making process .of, .
choosing ‘P :sources. . For example, ,where the price ratio of TSP:RP is 2.0 :.
and the RAE values are'60 lor greater, rock phosphate might be used. At
the same price, TSP,shbuld be used if the rock-phosphate had an RAE , ,
value of less:than'50.  This:curve should not be ,taken too literally;
howevér, it does illustrate a method for. .reducing RAE of sources and
relative prices ‘to a single curve.; With more réfined data, such.a
method Qay become -more generally:useful.

w;pf . These developments are proving:a real boon in helping scientists

and country leaders alike determine the merits of -exploitation of new
and/or small indigenous, previously uneconomical, phosphate rock deposits.
Recent shortages of supply and rapid escalation in prices have virtually
assured .that a much‘larger»portion of the phosphate market potential in
the LDC's than recently -thought will go the, direct application route of

phosphate 'rock. ‘Major areas where-this is already practii.ed include Brazil,

Malaysia,- Indonesia, and-Sri Lanka.

‘Fertilizers Currently Available But Of Limited

Availability or Declining in Importance

: There are other fertilizers that are or soon:will.be available. ...
to the'farmers but represent a more limited potential, .often.only in:special .

areas, ' No attempt 1s made'to: list them'in order of importance.for.their. . .

acceptance will depend upon a specific set of conditions.
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Amioniuin Chloride  (26-0-0):::

| -“Potential--Like' ammonium sulfate, ammonium chloride:is' a byproduct: -’
of the alkali industry.- 'It‘is of interest primarily in Japan:.and/or countries
receiving imports from Japan. ' This- productaccounted for slightly.over 8%
of the total output of ammonia fertilizers produced in':Japan .during 1968.'.
Introduced in Japan as ‘ameasure ‘of .coping -with the’'heavy competition from
alkali imporés, the popularity of ‘ammonium-chloride as a fertilizer, even
in Japan, has déclined ‘in Tecent years.:

Consumption -of ammonium chloride in-Japan has been-stagnant since
about 1963; the industry is now exporting about.50% of its production.:: '
Demand’ for industrial use is: increasing and therefore should. lead 'to continued
decline in“its'use as a fertilizer. .

@ Chemical and Agronomic Properties—Ammonium chloride'is slightly

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

latter in hygroscopicity (figure 6).. It is usually sold .in the.granular form.
All the nitrogen. in ammonium chloride is in.the ammonium form and .

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

in satisfying the nitrogen needs of the crop.- ‘However, there:are some excep-

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

case of ordinary paddx;fiélds,’no difference is observed in the fertilizer

oy A ' L
td, {_, 3 ity + i 1 - N
7

effeqt between ammoni&ﬁ chiéride and ammonium sulfate, it 1is superior to
ammoniumi’ sulfate-as- a- fertilizer to degraded paddy fields (15). The reasons
for-this have already been covered in the discussion dealing with-gmmon;umz
sulfate.’ ~'Some researchers feel the chloride present helps present plant ...
digease in rice.

Ammonium chloride Las been found to be inferior to ammonium sulfate

P

whenzapplied to extrémely phosbharus—deficient goils..
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£+ 9 Some,of.;the chemical properties of ammonium chlpgide are as

follows:« 26%-N,-color white, molecular weight 53.5, ﬂquityJQf 20°/5° c
+ - ,L{4$,( 3 . L

d Al

1.526, solubility 37:2 gm in-100 gm.H,0.at 20° C, 45.8 gm, in.100 gu H,0 at

[T R )

40%.C (18).

Calcium Cyanamide (21-0-0)

Potential~~Like ammonium chloride, the production and copsump?iag_‘
of calcium cyanamide (sometimes,called lime.nitrogen) as a fertil#zer\is not
a major' factor'in Asia and is,on the ,decline. Small but locally significant
quantities are:;still produced in Japan, Taiwan, and South Korea.

Chemical and Agronomic Properties--Calcium cyanamide 1s extremely

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

Unlike 'the strong acidifying effects of ammonium sulfate and ammonium
chloride, calcium cyanamide is actually basic in reaction, thus, does not
lower the.soil pH.

When applied to soils, calcium cyanamide is converted into ammonium

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

1. 'CaCN, + 2H,0 , CN'NH, + Ca(OH),
2. CN'NH, + H,O0. CO(NH,) ,
30 Co (NH‘Z) +‘ 2H20 ! ‘ 21 (NH4}2C03

- The. speed. at which this series proceeds i1s dependent upon the
rate of equation:2. When this reaction is slower than the rate for

equation:, under. certain, soil conditions polymeriza;ion}of two molecules

e R

ofﬁCN}NHzmwillzoccur«forming CZNZNZHa" It is known that this dicyanodiamide

[ R VA

~

*

glows'.the procéss;of nitrification,, thereby increasing the efficiency o
. R 4 AR V. '\ 35{_« “p P

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

denitrification process.
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Calcium cyanamide, ‘because of ‘it being a non-sulfate containing
fertilizer, is superior to ammonium sulfate when applied to degraded paddy °,
fields. »When applied to’ ordinary‘yaddy 'fields, its fertilizer ‘effect is v
aimilar to that of ammonium sulfate and urea. Because it also has herbicidal

effects, it should not be applied as a topdressing.
Ammg%iumbﬁié%ate

ookttt

(26%~5é%i N; fofmula*NH4N03; molecular weight 80.05;.melting .
point 170.4° C; density 20°/4° C 1.725;" solubility 0° C 118 g/100 g H,0,.
100° ¢ 843 g/100 g’HZO; white crystalline ‘or prilled; specific gravity

1.29) (1).

Prior ‘to the major breakthrough that occurred in the ‘production
ofwurea, ammonium nitrate showed promise in: replacing'ammonium sulfate as the
major source of nitrogen in certain developing regions, particularly in
Latin America. Although most of this was attributed to its slightly:-higher.
N éonée%t (ZIZ‘N for ammonium'sulfate 'vérsus 33%% for ammonium nitrate) and
tendency to be léss acid forming than am~equivalent amount 'of - ammonium -
sulfate, this product has certain distiﬁht”diaadvantagea which. in the,author'a
opinion limit its use particularly in’ the hot, humid developing4countries
where rice 1s a major crop. The majbr diéédvantages are as follows: *

1. Thewextreme hydroscopicity of ammehium nitrate‘and its'resultant
incompatibiliiy'uith urea in blends and mixes,’ even'in the same:plant,; ..
severely restrict ita'suitability in bulk transport, blending, or
héné?hl‘uee in the humid tropics (figure 8a). ' Even'in' temperate regions,
the h§gfeseepic‘broberﬁy becomés' a ‘problem when the: temperature exceeds ..

"25° ¢/
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2. The explosive tendency of ammonium nitrate when mishandled has in - |
a ‘nuriber of countries prompted laws requiring that 'it be diluted with

) 32%E£'§roduéts to reduce this hazard, As a result, the Nicontent of-

" the finished product has been lowered ‘to 247%-27% thus eliminating’
&soﬁé:dfatﬁe cost savings that could be generated by shipping ‘the33%% N
product.

3. Fifty peréent of the nitrogen is in the nitrate form. Many ‘rice
researchers and educators feel that most of the N should be supplied
}Eéﬁthé rice crop in‘thé ammoniacal form; if nitrate nitrogen is used,
1t’should be applied usually in the later stages of growth, Research

' adiﬂ*has shown ammonium nitrate to be inferior to either urea or
'ammonium sulfate as a ‘source of N on rice (2). Thus, a vast rice
market in Asia appears to be closed to this product. For these reasons,
ve see Qmméniuh nitrate as having very limited potential in the hot,
humid areas of the tropics and in general declining in overall importance.

" In spite of these limitations, ammonium nitrate will probably be

Qvaiiable in large quantities primarily because of advantages in production.

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

co&ﬁ%ties bégins to mature and producers look for new markets.

ot Recent’ process improvements have made the metric phosphate process
more versatile and have removed some of the ‘earliér objections to these

products. It is now possible to produce in laféé, efficient'plants, -high-!:

analysis grades such as 20-30 and 23-23 with over 80 percent of the PZOO
v i wl‘ﬂjrk R AS:{"

water soluble(16a)::- Even so, it may still prove unacceptable to many as
a source ‘of ‘nitrogen/for .rice..:Therefore, one concludes that nitric phosphates

will not be‘itozidely}usedv:m'mnnyxof‘t:he»developing~count:1:':l.ea.‘i
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Fused Magnesium Phosphate (FMP) (0-187p)n

Fused magpesium phosphate is.a byproduct of the steel iqﬁga;gyn

It is used extensively in Japan, South Korea, Taiwan, and to a legaeg~?ﬁgent
in the developing.countries of Asia. Its relativc positionfo,;pROﬁgance as
a phosphate .fertilizer is,on the decline. However,vheggugg“qf ;tsA%ffil}ation
with the steel industry, it will remain a significant factor as a fertilﬁzer--
particularly in Japanfand/o;‘cquntries}buy;ng;Japaggsq‘fertiLizqrs: For
these reasons, it is.given considerable discussion here.

.+ «. The .chemical structure of fused magnesium,phogphate is noc clear
but is:theorized. to.be 93Mgo&Ca0-P205-3CaSiozt" As shown by the formula,
it contains along with phosphorus substantial amounts of magngsiu@, calcium
oxide, and silicic acid. Ncne of the phosphate is water soluble; howeyer,
nearly all of .the phosphate is soluble in 2% citric acid.

. - FMP is incompatible with physicallmixtures con;aining a@mogium
fertilizers. .When applied to ordinary paddy fields, it ig almost equal to
ordinary;or triple.superphosphate as a source of P tq‘rice. Because of its
lack- of sulfate and. presence of silica, magnesium, and lige, it is recqmmended
for use on degraded paddy, very acid soils or allitic agils.

FMP is slightly,inferior to superphosphates whgn applied to‘cold'
solls growing rice. ’Iﬁis,diffgpence decreases as soil temperature increases;
therefore, FMP is considred to be a very satisfactory source of P og qfny

rice soils of the tropics (15).

Nitric Phosphates (Nitrophosphates)

Solid, more hygroscopic than urea or ammoniated ‘phosphates, -

"”typicél analysis 29-29-0, 26-26-0, 20-20-0:ﬁ14-1ﬁ=0,zwatenzgolubili;y*

ranges from less than 10% 'to more'thans802;~dependingrupon\thg:proéess.
Nitrate nitrogen comprises 30%-50% of the total N;’again'débending upon the

process.



- 33 -

- *In*éontrastago the-dominant role of ammoniated&phosp@atgq in. ...
the U.Si‘phdaphate*iﬁdustryynnitric~phosphates (called nitrophosphatesﬁin,
Europé) have been almost equally dominant in-Europe.., By-the late 1960's
Europeaﬁ plants accounted for.over 5 million:mt,:a major, portion of the
phosphate*produced”in' Europe (11),

Nitric phosphates-have a low sulfur requirement and as, a result .,
recently’gained in popularity when sulfur was expensive or in short supply.
Several'plants to produce nitric phosphates.were built in developed and
developing’countrfes‘as a result of the tight sulfur supply situation. With
sulfur now in more plentiful supply, however, this routw has lost much of its
attractiveness.

Nitric phosphates do not offer a great potential for growth in
Asia for at 1east'two basic reasons., First, and deminant in rice-growing
Asia, is the fact: that from 30%-50% of the total nitrogen in nitric phosphates
is in the nitrate form, a form not recommended by many rice specialists.

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

use of fertilizers containing nitrate nitrogen to one of the later topdressings.
The ‘second'drawback to the use of ni;ric phosphates {8 the limited water |
solhbility of 'phosphorus. Depending upon the researcher, the acceptable

range of water-soluble phosphorus for use on upland crops.appears to be

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

solubility 'of usually under 50% and‘frequently below the. 352 minimum..

(19,° 20,21, 22). .

Nitrogen Solutions (Including Aqua Ammonia)

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

expansion in the number of NH3 plants that has occurred,bothﬂid the ﬁevel&ped

t
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and developing world"has- prompted many companies .to prodqceﬁa*yaqiéty of
nitfogén ‘compounds 'as a means of disposing of nitrogen,production.and
sétisf?iﬁg the various agronomic and marketingineeds. Not only does this
provide’additionalimarket outlets for nitrogen, ibut the cost of storing. .., .
some of these nitrogen materials is considerably less than for storing,

NHS; which”requires pressurized vessels or refrigeration.

One group of mew nitrogen materials is those classed.as nitrogen
solutions. ' ‘They have had ' wide acceptance in the United States and Europe
and’ are just now being introduced into Japan as well as certain developing

' nations., ~For purposes :of discussion and to afford clarity in the following
paragraphs, a brief statement is made as to the jproperties and classes of
mateéridls, '

" ' Nitrogen solutions are 'classed according.to composition, as follows:
'(dyﬁdﬁ%a ammonia; (b) -solutions .containing-ammonia and,K ammonium.nitrate;

(c) solutions‘containing ammonia and ;urea;- (d) .solutions .containing ammonia,
ammoniium ‘nitrate, and-urea;:.and (e) solutions containing ammonium nitrate
‘alone ‘of with'urea but without ammonia. (23).

* + Aqua Ammonia~~Usually 20% N, the.production of :aqua, ammonia involves
the addition of anhydrous ammonia to.water,-a relatively.simple operation that
can be carried .out independently of an ammonia synthesis planﬁ,,gherebx saving
the expénse of transporting water. - The operation.requires facilties. for

,proporéioning the flows:of -water and ammonia, cooling freshly formed aqua

ammonia to remove the heat of absorption, and measuring the concentra;ioqlof

aqua ammonia,
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Cast-iron or mild-steel equipmenf is suitable for§handling aqua
ammonla, Storags and applicator tanks should be designed for a workifig pressure
. N i v . IO | . 5! ! H "“'-x [ )
of at least 7 kilograma per square centimeter (kg/cmz) Equipment for handling

1
aqua ammonia is not necessarily suitable for handling other nicrogen solutions,

DR SR 'y #
which are generally more corrosive.

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

M r Ty

A considerable amounc of experience and success with this product has~been

gained in tpe Uni}ed States, Europe, and Japan. When used praperly, it is

an effective source of N (ammonium form) for a wide variety of crops. App}ication
should be subsurface; otherqise, gaseous loss will occur. Aqua ammonia can be

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

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

Solutions containing ammonia and ammonium nitrate are produced by injecting

ammonia into ammonium nitrate solutions. Although such solutions are usually

produced at an ammonia plant, they can also be produced from transported ammonia.
Ammonia~-ammonium nitrate solutions are used borh for manufacture of

mixed fertilizers and for direct application to the soil, Ammonia-ammonium

nitrate solutions caanot be economically handled in ordinary steel equipment

because of corrosion. Equipment ﬁade of aluminum or stainless steel is sa;isféctory

Ammonia-Urea, Ammopia-Ammonium Nitrate-Urea Solutions. (37~0-0,.41~0-0,

and 44-03pr, Aqueous urea-ammonis solutions and ammonia~-ammonium ‘nitrate<urea
solutions are desfgned for use by the manufacturer of mied fextilizers, - the

latter type solution usually being added to improve condition of finished'product.

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

help illustrate the manner in ‘which it could develop in many of the countriea o

N

of ‘Asia.

N
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The original use of nitrogen solutions was in the manufacture of

solid mixed;fertilizers in the United States. Some of the solutions found their

Ldd e o stk Peud Pet ! Y

| way into the direct field appldcation market. A large potential market for

nitrogen solutions as ditect-application materials soon became’ evident--a

R 't ¥

ai}uation promoted by the growing market for liquid mixed fertilize
S , , N

anhydrous ammonia and aqua ammonia. Manufacturers of solid mixed fertilizers

3 H

recognized this potential and found that some of their smmoniating solutions

Gt e 5 o4 R

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

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

¢ . i
[N} o 4 [ ¢ * g

gauge pressure and salting out temperature. This permitted’the’solutions to
be handled in nonpressure applicators but the presence of small amounts of free

s

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

during application unless the solutions were injected beneath the soil surface.
Tnus:ﬁsurface application of this product wae 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.

¢ «a- « "To satisfy the market for nonpressure nitrogen solutions’ suitable for

»

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

with.urea or other sales are produced. . . L .

As with ammoniacal solutions, the manufacture of nonammoniacals is usually

1

Q" :
3

.integrated with an ammonium nitrate plant. These solutions are not as corrosive as

¢

ammoniacal solutions and can be handled in plain steel equipment if corrosion

inhibitors are added,

.These products have, the same agronomic effectiveness as similar amounts of g

»
Vv

. dry urea or, ammonium nitrate. This .may prove to be a very effective way to, market

ammonium nitrete in the tropics in area where nitrate fertilizers have wide lacceptance.
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Anhydrous Ammonia

f‘t a;‘ag \ L » &
(82~1/5% N gas at atmOSpheric pressure, liquid when" compressed’ and

T

cooled; color1e89° molecular weight 17. 03; critical temperature- 1, 33 C;'=
,Sl

critical pressure 1,657 psig, latenc hea: vaporization at’'28° p 589’BTU/1b,
liquid density at 60° ¥ 38,50 lblft ; vapor density at 1 atm, 60° F 0. 0456

lblfta' Vapor specific gravity (1 atm, 60 F, aly = 1), 0. 597. vapor volume

4

-
[ 3 2 "L,L‘

(1 atm, 60° 1) 22, 0" £:3/1b; boiling point at 1 atm -25° F; freezing point
at 1 atm =107.9° F) '(1). '

i}

" Anhydrous ‘ammonia is by far the’highest analysis N product commercially
availaBie'ar&wheré in Ehe world., Because of its high analysis, it can be
shippedféréeh distauees to its point of use at competitive prices. Anhydroue
ammonie has one major disadvantage--high vapor pressure at ordinary temperetures.
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 equigmenc
where beneath the soil surface, it vaporizes, reacts with.the soil wvater, clay

or orgenic fractions, changes to the ammonium form and is retained by the s&stem.

When prOperly used, anhydrous ammonia ig equal to any other form

of ammonium nitrogen and is occasionally superior to urea or nitrate forme,

¥

buc‘does require epecial management or its ngronomic performance can be
aféeeted (2). Ammonie applied eithar as pre- or pos:-planr ahould never

be plaei; ;uncloae proximity to the seed or young roots; otherwise, as

in ;he'case witu diammonium phos;hate, germinarion or growth can be retarded
Dependiug upon the amount iuie;ted slossee of ammonia can result if the’

kS b}

ammonia 1is iujected 8t too snaliow a depth in soils low in moisture, Ele&



- 38 -

content or.organic matter ox when tracks left by the injector knife fail
0 PR ¢ ! LS . ~ w0 < : ye »\\,\‘\ 1 '4* [ r‘»v\ \

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

anhydrous ammonia requires special equipment for hac?ling.

\S'

Prospects for Use of Nitrogen Solutions'
and Ammonia in Developing Countries

It is generally accepted that dry fe:tilizers offer the greatecc-

4§ 4

potential in the developing countries of the world, Many believe the
immediata potential for ammonia and nit;ogeh Bclctigns is‘quite linited.
-jhese assumptions are probably correct taeed priparily on t@e
general acceptance of dry fertilizers. Their simplicity of handling,
compared to the more 80phisticeted‘eystem required for liquid materiels,
ﬁakes'thgn more readily qccepted in a country which lacks mechanizatioc.
However, to.atop here would be an oversipplification of the situation and

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

. Although dry fertilicers, particulariy urea, ammoninted

phosphates, and complete N-P-K compounds, will be the dominant force in the

developing country market for some time, ammonia and nitrogen solutions,

1

particularly aqua ammonia and nonpressure, could very'wcll wakc substantial

4 ¥ *y
advances in the next few years, This will occur for at least four xeasons.
These are: (1) Labor shortages are developing ia certain regions, thus placing

Yy

a premi&mfon increasing efficiency of handling agricultural inputs,

,(2) adaptntion to nonpressure aqua ammonia or nonpressure solutions requires
Eh l'(’vt‘ . re
only a_very limited amount of’ sophisticated equipment, (3) because of the
;e “, . R R e i

tendency for ammonia producers to look for additional markets for excess
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]

ammonia, they will actively puah to develop these markets, and (4) increasing

evidence indicating the seriouenese of N losses from surface-applied urea
ikz“ i

will presaure_producere to look toward alternate ways of marketing this
product and alleviate losses.

Under these four conditions, prospects are good for acceptance . -4
of one or more of: these materials as agriculture becomes mechanized. The .

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

b A} % ¥

that are the major earners of foreign exchange andrvhich produce rubber, !

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

[
IS sy .

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

exists in certain areas of smaller land holdings. Of particular promise are
areas where farmers are willing to pool equipment and cooperatively farm

*y

their land Under these circumstances, nitrogen solutions can offer both

labor saving and low cost per unit N advantages. An additional potential,
I
its succesa dependent upon government policy and development of regional

§ ’ ' B!

B PR 3

projects, 1is aerial application of nitrogen eolutions. There are vast areas °

1t * [ e

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

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

[
A

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

too late to effectively apply fertilizer via the aoil perhaps foliar appli-q

Ex a3 AT TN

cation may prove effective.
g

Atmonium Polyphosphate
The term "ammonium polyphosphate"” is used in fertilizergparlance to, .

denote materials containing condeneed'phosphtea.-and:theae are.produced as soluf

tions or as solids by ammoniation of superphosphoric acid. ,Typical,compoqitiona

of the three'most:popular polyphosphate'materiala:are given on;the, next.page. -
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+Type of phosphate in
ammonium polyphosphete,
as % of total Pa°5‘ .

10-34-0 11-37-0 15-62-0%
'solution solution rgoldd - .,
Ortho 49 20 41
Pyro - * 42 37 54
Tripoly O 23 e
Tetrapoly and higher T S 16 T T

*Made from electric-furnace phosphoric acid.

C R ll"[\

Ammonium polyphosphates may also be made directly from ‘ortho-

¢ ¥

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

~ 1 3

{

with ammonia to dehydrate the ammonium phosphate., TVA has recently
demonstrated this proceas in a full-acale plant, producing a granular
product (12-57-0) containing 25% to 307 of the PZOS as polyphosphates.

Chemically, ammonium polyphosphates are the ammonium salts of

s

polyphosphoric acids. The general formula for polyphoaphoric acid is

i

The specific ammonium polyphosphates most abundant in ferti-

[ -

n+2‘n 3ntl’
lizers are triammonium and tetrammonium pyrophosphate, (NH4)3HP207 and

v
I f '

\Vﬁa)a 2 7 and pentaammonium tripolyphosphate, (NHA)SPS 10° ‘

Ammonium polyphosphates are particularly useful in liquid ferti- |

[N } y s

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

¢ . 5 : i J

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

Ve s

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

-are more soluble than the orthophosphates, permitting production of higuer
analysis solutions.'

“Terman and Fngelstad' (26) summarizing studies in the. United States ,
’concluded that ammonium polyphosphate usually was equal or s!ightlywsuperiorwb

to mondammonium phosphate. Both were usually superior to: concentrated;supers

phosphate for early grc.th response. Fourcassie and Gadet (27) concluded from

5
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experiments. in Francemthat ammonium polyphoaphate supplied as, liquid ferti— .
lizer was conaistently superior to, other phoaphoroua sources, as the result of
better phosphorous utilization. Most of these tests were made on calcareous
soil,

"Gourny . and :Conesa’ (28) reported that, liquid. fertilizer containing.
347 to 82% of -its phosphate as nonorthophosphate was slightly Anferior to.
ammonium orthophosphate on acid,.soil,. but markedly, superior on calca;eousdaggl.

Conesa (10) demonstrated that plants can take up polyphosphate
without previous hydrolysis,

§%ngh and Dart;guea,(292 raported that polyphqapmate was superior
to ammonium orthophosphate or two ‘zinc-deficlent calcareous soils,

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

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

¢

orthophoaphate. They claimed that the band placement used with liquids was
wi o

not possible with solids.

Mortvedt and Giordano (31) reported that liquid polyphosphate

% A s

fertilize;s were effective cartiers of iron aulfate in greenhouse tests for
croma érown on iron-deficient gsoils, whereaa application of imgnJaulfate alaﬁé
or iﬁbseveral granular féftilizers was ineffective.

In a recent series of field’teats in the United States (ib),‘ammoniﬁm
polyphosphate solution'gave higher ylelds of maize, wheat, and milo than ortho-
phosphate fertilier in either liquid ‘or solid form.

Solid ammonium polyphosphate (15-62-0:or 12-57-0) -of the 'materials -
in this family offers'the greatest potential for' use in developing countries.,

- This is'because'(a) it is'a.high-analysis, binutrientffertilmzer5(77 units .

-.of plant food) second only- to.anhydrous ammenia, in. plant: food content,’ and-:
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(b) it can be &hipped “in"theésolid '£6rm to intermediate ’points‘where'it in-
turn %Enfggdiéaaily converted to'a’liquid (11-37-0)"-if and when“theisituation
ahouldlwatrant.? g

For these reasons, solid APP has good potential in the same
regions ‘offering good dpporconities for~n£trogen solutions '‘and bulk“blends.
The‘solid*APP (fhporééa)5togather‘with’the locally-produced'nicrogen\
industry. It could also serve as a high-analysis, binutrient component of N
a bulk blend.

" Urea-Ammonium Polyphosphate. ' (Solid; 30-30-0, 39-13-0, 19-19-19
or varying gradeo; all nitrogen in urea or ammonium forﬁé‘poosphéte‘iooz
watefjoolubility and 50% in the nonortﬁo form:) Asrohomionlly, this product
is as good as MAP or DAP. This coupled with ita high analysis, aimplicity
of produccion and low production costs makea it a product with good po:ential

in Latin Amarica, Asia, and Africa.

Su3pension Fertilizera (Fluid’ 12-40-0 14-44-0, or other grades;

reqoiﬁes superphoaphoric acid Nit:ogen in ammonium form, SOZ of phoapha:a

in condensed (nonortho) form,'all phosphorus 1007 water solubility ) Only

in very special cases yil} quspgns#on Eorﬁilizers have a pgoop in Asia; the

major limitations being a readily avallable source of super acid Qnd,she naeq

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

the appeafgnoe of this product in areas of Asia where large, uniform fields
exist, mechanization of equipment is possible and- the desire exists to save labor

through the applications of.high-analysis N-P-K, micronutrient-pesticide combinations

- all possible with suspensions.: However, this is"a very sephieticaced,’ saxrvice~
oriented markit; the frequency of its occurence in most of the developing world

is rather limited at the present time.,
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Special Developments With Respect
to Urea Based Products

It has already been stated that urea will be the primgfg n{qr?ge?vjéﬂ
fertilizer for many years to'cpqga 1nspite;pg certain limgtatiqns‘on product
performance.

As a result, congiderable research is now undervag to improve urea,

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

1s a brief description of just a few of these efforts.

Granuler Urea

Use of urea* in bulk blends should become increasingly attractive
as we move away ffoﬁ the small prilled urea to larger particle sizes more
compatible with other bulk blend materials. TVA is making a major effort to
improve the technology in this area. Cominco in Canada has produced granular
urea using a pan granulator; we understand that at least three other U.S.
producers are planning production. Larger granules reduce moisture pickup
and caking; also, the 'granules can be made more durable than prills. Urea
has its limitations. Unfortunately, urea cannot be used with or near nitrate-
containiﬁg materials because mixture of the two extracts water from the
atmosphere. ‘Also, urea is not compatible with triple or ‘ordinary ‘superphosphates
beéad:e of a cgemical reaction that causes stickiness. Work 1s how underwayito
overcome these problems.

™

Sulfur-coated urea,* a controlled-release nitrogen ‘product developed

by TVA and soon to be produced in ‘a prototype plant,- appears 'to .hold a: .

lot of promise and may come into limited' commercial production:by the late
1970's. The main objective in developing ‘this.product.is .to provide .a more
uniform supply of nitrogen to the crop than is obtained via a single appli-

cation of conventional water-soluble nitrogen sources. This reduces leaching
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}losées and should improve nitrogen recovery by the crop. A secondary
objective is to enhance the compatibllity of urea based products ﬁith’

o, . "o L
nitrates and TSP,
N "'Y‘:. farety

The procéss basically involves spraying preheated urea with
{

' molten sulfur in a rotating drum. A wax sealant is applied on top of the

sulfur coating to seal pinholes and ‘cracks that would affect the controlled
4

énd a coating dust is added to reduce stickiness of

W

(s

the product. The rate of releasé can be controlled By‘vafiiﬁg the thick-

release properties,

ness of the sulfur coating. Total coatings by weight normally are'vpri§§
fromvququ,ZLZ, producing grades ranging from 40-0-0-95 to 36-0-0-16S.

Cosés for.coating add about 30% more per unit of nitrogen than ungqated urea.
Thehgreétest economic potential appears.to be for (1) use on sugarcane, f;}ages,
and turf grasses; (2) use on soils in which }gaching losseg of nitrogen can

be a problem during.the growing season; and (3) for fall or winter application.
SCU does not holdAmucthromise for corn, small grains, and short—seagoq'crops
whichageqpire a ;glatiyely large, amount of nitrogen during a rather,brief period
of ,growth.

SCU .should be useful in bulk blending L2cause of the larger
. s [ = ' v * ¢ [ ', v

i
w ¥y

. gr§nule g;zes and because tpelsulfprycoag}ng prevengs~undesirdble ?
; chemical reactions with superphosphate. It has greater crqshing strgqgth
.and resistance to abrasion and is not as hygroscopic as uncoated urea.
Light coatings with sulfur only will likely impart some of ?be desired
characteristics ana at less cost,. but tlie slow-release value would be,

minimal. A thinly coated material, however, might find a real place in )

‘yuik ?iegding'éniﬁfpr‘d;rectcépbiiga;;on.,



Summary~~Relative Effectiveness o£”Various.Fertilizers!m.

(Sggcial Emphasis on Rice)

Much has been uritten as to thé effectivenéés'of'véfiouéhféféiiizers
in éuppiylng the nutritional needs of the crop. Researchers are not in
zéampléte’ééreédéﬂt with regard to the effectiveness of each product. The
isli;wiﬁgqisiéd:aétémp£.E6 summarize some of the areas ofzagreement .

s

" ‘n‘j‘ '»:»fl‘ i K ) R +
and identify certain aspects that are still contested.

Nitrogen Fertilizers

Ammonium N appears to be the preferred form of N to the rice crop.
!feéiilizérs cbﬁtaininé nitrate nitrogen have been consistently shown to be
’ less effective than most ammonium forms as a source of N to rice. Tu
’ ili&dtiate thatwciéar-éui agreement does not exist regarding the relative
perfofmance of products within these two categories, the author calls
attention to efficiency ratings published by De Geus (34) , Wahhab, Bhatti (35),
and Lin (36). °  These appear in table 7.

The author is of the opinion that these inconsistencies will always
oééhr but to varying degrees. One final note about nitrogen sources }or rice.

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

onf@sgraded paddy.
[

Phésphorus

Less contfaversy exists about the relative efficiencies of phosphatic

fertilizers in meeting the phosphorus needs of the rice crop. e

¢ ¥

The rice crop does not demand a highly water-soluble source of
pﬁoéphorus to achieve maximum growth. This is true, even on very phosphate-

deficient soils, probably because soil phosphorus tends to:be more : . .i.°

avallable in the flooded (reduced) than uplénd (qxidizéd) staté. These
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relationships are parcicularly true for ‘the’ crOpics where soil temperatures
ara almost alvays qulte high. In’ ndd;tion, many o[ the soils have a high
kphosphate fixing capaclty which miuimiaea the value of high-vater solubility.
o AFor th%selfgasons, fertg;i;grs having fairly high citrgte solubility
(?qcluding c%rgi}g ghosphate rocks apd fuseﬁ magnesium phqsphafe))ar?”equal

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

Phosphate souxces containing substantizl amounts of sulfate are
P ELN LT L S S SR « it

not recommended for usa on degreded rice paddy.

Potash

. Muyrdate of potash is the main source of potash for rice. Because
of :l.t:q chloride, nonsulfate content, it can be used on all rice Isoi]:'s including
degraded paddy. Where sulfur is needed or chlorides are hamful,: potassium
sulfate and sulfate of potash magnesia are sa:LsEaccog séur:ces of K.

! t

Table 7. Relat:ive Efficlency of. Various Nitrogen Fertilizers Applied to Rice

Product | ) Rgag.?g_%lnr (5
—_—— s+ - Relative Rating:

" Amontumsultate 100 100 100
’U;.'ea o 82 . 110 | 97
Ammoniun chloride - . .. - _»:,39.,",
Calciuw oyacamide . 64 476 L8
Amon!.l;,n hic,;rate 92 , 373 : 88
Sodium n;u:z-';:'e .40, S -
Ammoniated phos*’ ta ; Bg.u. ‘ -A | ":-:

Potaseiun n:l.tra?.c 44 ., _ 54 .. -

? \
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