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PRdSPECTS FOR NEW FERTILIZERS, FERTILIZATION CONCEPTS
——-—_—-—.———_—"—’_‘_"—'—————-——L
AND BULK BLENDING IN: ASTA, AFRICA, AND LATIN AMERICA

by Dr. Paul J. Stangel*

Fertilizer use has increased dramatically the world over during

xﬂ“fl*nuaf JA Ry AT RN vﬁr Yo Syl

the past 10 years, particularly in the developing regionsuof Asia, Africa,

' and Latin America. Ahoutv718§ million metric tons (mt) of plant nutrients

B T

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

PIEA Banen oy wes

scompared to only 2.75 million ‘mt just a decade ago. This growth will continue,

,,\a,-, Ay T - ’

\possibly at a slightly reduced but nevertheless substantial rate, to. .

P

(whereﬁpy 1980. it isiestimated that nutrient. consumption will reach o
‘EQQ,QB,million'mt of,p}ant;nutrients,for the. developing portion. of Asia,
- 3. 98 million mt for a similar region of Africa, and 7.41 million mt, , for
"y Latin America (1)4 Cumulatively, predictions for these three regions'are for
34. 9 million»mt of~plant jqutrients to be .used by 1980 oy, over, four ‘times R
‘:the level used in 1969(tab1e 1). '

’qurA &,‘$ To, ensure, continued growth in fertilizer .use, . ney fertilizer

\

materials, improved methods of handling fertilizers, and new fertilization
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concepts must be considered This paper is designed‘to examine on both short-

and»long-term bases, the - types of new fertilizers one might expect to’ see '

l. YRR

v‘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.

i
s

J*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

1and to the Third Conference on Soil Fertility and Fertilizer Use in Africa
“ to be held from November 2-7, 1970, in Addis Ababa, Ethiopia.
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,Table 1.

Estimated Fertilizer Consumption by Region for Developing Countries,
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1969 109 78" 11587 20451 68752 2" 10447289

N

2,91 7.

1970 “1731 " 94" 66’ Lrg e

1975 2.44 1.70 1.03 5.16 1.29 .75. .51 2.55 563 '2.35"

1980 3 3:56; 2. 45 10 27, iik 1*."7‘9‘"_ 951 74 348 7.91"3,51
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,aIncludes MExico, Central America, South America, Caribbean Islands, but .

excludes Cuba.
Includes all countries on. the continent of Afri
CExcluding Japan and” Communist Asia. ‘

-1
. . ¢


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

a9

,

" PART T

" NEW, FERTILIZERS FOR ASIA, AFRICA, AND LATIN. AMERICA
L “(‘{t :

The more progressive farmers of Asia, Africa, and LatinJAmerica '

1‘4.

have already begun a shift to new fertilizers, some with strange sounding

‘names, Shifts from sodium nitrate and ammonium sulfate to urea and

BRI P TR K:"’J‘ RSN ) H? )"f‘i*'l’ GNP u

ammoniated phosphates have been particularly significant. Some areas
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already have shifted or are considering a shift to nitrogen solutions
&r"'
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‘and even anhydrous ammonia, although in most areas these products are of

minor importance or in the discussion stage awaiting introduction sometime

-7 3 . Y

in the future. New phosphate products such as monoammonium phosphate,
Jnf’l s LT N

diammonium phosphate, triple or double superphOSphate are becoming common

., fe s , (z

in a number of countries. Egenlmore advanced materials, such~as liquid

ot B, G Lt ' ¢ .

fertilizers, suSpensions, and ammonium polyphosphates, will soon be

r, (KN IS D0 S 3 - Vo

making their appearance.
R N T

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

PN A - 7 e * AN

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

"
L A M |J"\ v oAb

borrowed from the developed world and adapted to new fertilizer production
S ST Pt Y L A T ‘

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

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

. L3
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are or soon will take place in fertilizer technology and provide an -
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opinion as to the applicability of these changes to the developing countries

of Asia, Africa, and Latin America.

Fertilizer Products Havin Broad
Immediate As Well As Long-Term Potential v

(.
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The straight nitrogen and nitrogen- phosphate fertiiizers are ﬁ

s eyl -
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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
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decreasing order of immadiate” potential in Asia; Africa, and Latin America
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e 3(46% N, solid, prilled or crystalline, usually white, formula:
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NHQCONHZ, molecular weight 60 06, melting point 132.7° c, heat of solution

f
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v t

' 57.8 cal/g," ipecific heat 0,320 calls 30° ¢, solubility 119 g/iob i H20 at

,}g oy ,“f"“ € ~a ey i :,.\v et ;l.

: 25° c, specific gravity 1 335) (2)
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Urea is the highest N-containing“solid fertilizer material commercially
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‘AGinéﬁié. Its high analysis permits‘considerable savings in shipping and

2
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distribucion costs. Because of this, plus the fact that solid fertilizers
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“have better worldwide growth potential than liquids due mainly to the simplicity

of shipping ‘and handling dry materials in aréas laching wideSpread availability

oo v s
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of sophisticated equipment, urea has. proven very attractive to a very large

. e
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* number of farmers and fertilizer manufacturers of Asia, Africa, and Latin America.
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ke ' When properly applied urea has been shown to be equal or nearly equal
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' to ammonium sulfate as a source of N to a wide variety of crops, including maize,

.
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K wheat, and rice (3) In those instances where response to urea was less than
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to ammonium sulfate, the differences have been attributed to either the sulfur
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component of ammonium sulfate or to the improper use of urea. For these reasons,
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no other single-nutrient fertilizer has captured the attention of agricultural

ii,v'., ¢ N v 3
i ‘Aa '

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

4

or is rapidly becoming the leading fertilizer used in the developiug world
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“;"‘ In spiteaof this potential and current,rate“of acceptance, urea has\
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certain inherent: problems that must be overcome 1if it is to continue to enjoy

.
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. this current flush of growth This is particularly true in those regions -
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lacking 80phisticated capabilities in handling fertilizer and modern

methods of tilling soil.’ The more significant of these problems areu
*(a) ¢ Its‘hygroscopic natirée which often results in poor handling'pfdperties--,l
T : ‘

either s straight material of in blends,’‘particularly vnder KoF,” wumid
r%&ﬁ&fciaﬁa. 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 volatiliéation’aswammdnia‘when
urea is surface-applied to soils,'éspecialay‘in warm climates. This is a

major problem when the product is ndt incorporated into the soil after

t v b
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

{ 1. 5 L Sy T . oy N Kl ;f,*x,
‘ .

been shown to be vastly inferior to ammonium sulfate as a source of N to
the drop (7) Theselproblems areireal and will become moreiapparent as
fertilizers become morelavailable and farmers have an opportunity‘to )
cbmpare various nitrogen sources in supplying the needs of the crop;

R O I R oo, I £y RTEEE R

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

all urea produced should be 1ess than 0. 3%, it is now believed that this is
i ’J ‘; v 1’ ? - i P f *,

important primarily for citrus crOps in 81*tations where urea is applied as

«, . N 1
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a foliar spray Extensive tests on other crops suggest that biuret 1evels
in foliar-applied urea can approach 0. 75% and not be harmful 3% biuret is

.o a 7 1 3 >
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acceptable if the urea is applied to the soil (8 9 10)

e

( Ammoniated .Phosphates:
{»;(11148-0,318-46:0,121:5370, 16-20-0,;16-48-0,;1§r29-0).

‘ . '*‘“Mdlechlar ©- 4l Spdeific - Solubility
Product‘. C . Analysis Formula weight , Lolor  gravity (cold water)
MOnoammonium phosphate . 11-48 -0 NH4N2PO4 115 0 X white-gray 1.303 - 58.2 g/100 ml
te SRV "v ." e ! \\'./’{ ‘ P % -
Diammonium phosphate . 18 46 0 (NH4)2HPO4 132, 06 white-gray 1. 619 ’22.7 g/100 ml
N N N 31 i - ' ‘

ity LJ \l‘ o '-"1,'14

Ammonium sulfate*phosphate‘ 16 20 0 - - 'flk“-* L= . T -



The term "ammonium phosphates" encompasses a wide variety of

'}

fertilizers produced by the ammoniation ofsphoSphoric acid often in

R K

admixture with other materials,l The most popular of these materials are

monoammonium phosphate (11 48-0) diammonium phosphate (18-46 0) .and in

Fatfl? vL,
N

some areas ammonium phosphate"sulfate(16-20-0). The materials listed
sy NP IR Y = B D P TS P Vet URERN
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above are used for direct?application to soil or asan intermediate in the
> LE e I N L AR R VY SR N P T RESNEE T A N

,production of compoundifertilizers, They can be used, as is now , the case
VRO e T I e T e e e e e EEAN

in the United States, in bulh_blends.
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are experiencing and will continue to experience a substantial increase-insuse (11).
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Second only to urea in growth potential the ammoniated phoSphates
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This may not be»apparent because of“thexphenOmenal growth in urea*consumption in

Lo W .~ -

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

[ ‘3" [ T TS ) F i he e o

, on N fertilization. Nevertheless, ammonium phOSphates--because of their
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binutrient content, overall high analysis, excellent handling qualities, 100% water
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solubility of their nitrogen and near 100% solubility of their phosphate--offer

TN
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considerable advantages not only in saVings accrued in transport and application

TE oyt o P o s DS

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

. . 3 3
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‘of ammonium phosphates has increased rapidly in the United States
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in relative as well as absolute terms of total fertilizer used and will probably

'\ - w1 - v 4
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follow the same trend in Asia, Africa, and Latin America. However, the true directiol

. v 1 .
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of this growth is dependent upon whether bulk blends or compound N-P-K fertilizers
3 o

e \.x.«)

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

<4
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very significant during the past 10 years (figure. l) 'This "’ is probably

due to the\rapid acceptance of bulk blending and the flexibility these’ materials

i

offer under that system of marketing.' L

'
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Ammoniated phosphates‘are particularly suited for direct application in

Tn ‘ Lo oA NG \HA“,‘f” 5E - T

. B
situations where substantial “amounts of basal or band-applied phosphorus and smal]
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smounts of nitrogen are required «As ore sophisticated application equipment

[he
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is developed,,they will be banded rather. than, broadcast at time of planting
for ‘such crops as, wheat maize,: and, sorghum,. - Where conditions permit,:these
;.materials will more,and more. be supplied to rice soils during seedbed preparation..
SinceLalluof the nitrogen in,the‘ammoniatedhphqsphates%is,in the .ammonium
ﬁform,”they.areaparticularly well suited-for~rice~(3) S l\f |
v ; In. contrast to, urea, there ;are few .physical or chemical,problems
associated with the use of ammoniated phosphates ;in the, humid tropics., They
»have gpod,handlingycharacteristics, can be shipped in bulk in hot, humid
- reglons with little or no difficulty,ﬂare 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 orLPllpss.‘;There is at least, one problem, however, usually
associated. with.diammonium .phosphate; when banded at high rates in contact with
or close, to ithe seed under dry. conditions,, it can release free ammonia in f
sufficient quantities to retard seed germination or young seedling growtn (13).
,This;can‘be easily avoided  through proper placement. of fertilizer either by hand
.0r.with Special,panding“eqqipment to. ensure that at no time it is closer than
1-2 inches to the side and below the seed. , , . N

. v,
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Chemically- or Physically-Combined High-Analysis N-P-K Fertilizers

g

Granular, solid color variablt but generally grayish usually in
:,4 .

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

X

v
.4 W

y
+

physical combinations of two or three major nutrients, iooszhcéfiaaihb1e N‘

and 50%-~ 100% water soluble P depending upon the choice of phosphate materials
O e ' N oA o R _. Ao

and production processes. IR . e
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Next to straight urea and one or more of the ammoniated phosphates,

- £
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complete high-analwsis N- -K grades of fertilizer are just beginning and in the

- DR A ¥ M ,,
ceo A ity e e

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

,_Lj«: e L it

Latin America (11)
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This, however, will not’ occur at nearly the fate of”a&ceptance for
!either'of the other products‘discussed because under current cropping practices,

the ‘need’ for a complete N-P-K fertilizer 1" not ‘ag’ widespread The“frequency

e

*of potash’defic&ency, particularly for rice, is> less than 1/10 ‘that’'for nitrogen

and 1/3 that observed for phoSphates. But with intensification -of farming, including

use of riew "and higher yielding varieties, responses‘to'potash‘will become -

‘mqre”frequent' particularly on" the' organi¢ sandy-and’ 1aterite soils “thus N-P-K

"
i

‘con pounds ‘or ixtures will' be ‘in ‘demand.’" As' dlready discussed*in the ‘section

on ammoniated ‘phosphates) " the acceptanée'bf'N-P;K“grades’is-dependent‘upon

the ‘potential’ of’ buik blends. ’Wheré‘bulk;blends”have‘good potential “(probably

in Latin' America); physically-mixed N-P-K grades'which’include ammoniated phosphates
. will prcbably’increase'in“dEmand’ In regions ~where bulk blends:do not have great

potential, such ‘as’ 1h ‘much’ of Asia and ‘Africa; the chemically-combined compound

T

. " fertilizer: will’grow''in ‘acceptance.’
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‘~': Regdrdless' 'of ' whether as’ a blend’ or”compourd, N-P-K grades ‘will be of
“ high dnalysis’’ ' Products ‘are now availableé: to' inake ‘compléte’ fertilizers in either
form with at least 40 units of'plant'fobd?f IR

The trend toward high analysis has been evident in many of the
P IO A s T T e, s T e T,

develooed countries for at least the past ten years (figures 2 & 3). There is
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every reason to believe this will also prove to be the pattern in most of the
K VIR PRy B D N R O TR G S I ‘ Iy
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developing countries.
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Fertilizers Currently or Soon to be
Available But of More Limited Potential -

Yops , s
t o . ERCIE

There are other fertilizers that are or soon will be available to the
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farmers but represent a more 1imited potential, often only in special. areas.
Ll‘j” 1" 51‘,; \‘,.1;& [A LI 1% _L“"/,ﬁ\%,t ,‘.1 ey Tavr 73&;»;1';7

No attempt is made to 1ist them in order of importance for their acceptance wi11
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depend upon a specific set of conditions.
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AS STRAIGHT MATERIALS
UNITED STATES (12)

Figure 1.. UONSUMPTION OF PHOSPHATE FERTILIZERS
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Ammozium Nitrate

(26%-33%7 N; formula NH4NO3, molecular weight 80. 05, melting poinr

V

“170. 4 'C; density 20°/4° ¢ 1w725’ solubility 0” ¢ 118 g/lOO g H,0, 100 c

843 g/100 g H,0; white crystalline or’ prilled, specific gravity 1 29)

+

@

;“ _ Prior to the ‘major breakthrough that occurred in the\production of

1‘ s‘r: g\‘}

‘

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

.\

imajor source of nitrozen inAcertain developing regions, particularly‘in Latin

America. Although most of this was attributed to its slightly: higher N content
W iy L h ! «

~

(21% N for ammonium sulfatekversus‘33%% for ammonium nitrate) and tendency

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

product has certain distinct disadvantages whicb in the author s opinion

-

2

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

4

= P

disadvantages are as follows.

1.

The extreme hygrosc0picity of ammonium nitrate and 1ts resultant incompatibiiity

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

S N X AR L M A
‘*‘ NN “~.'. ¢ o xlg\“"k' ot (‘,

the- temperature exceeds 25. C.

The ‘explosive tendency of ammonium nitrate when mishandled has in a number

of countries prompted laws requiring that*it be diluted with other products

Y S 3 UL A UL g ” it

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

‘»?finishod product has been lowered Lo 24% 27% thus eliminating 30me of the cost

,1savings Lhat could be generated by shipping the 33%% N product.

ne

‘v;Fifty percent of the nitrogen is in the nitrate form. Many rice researchers

4 s

and eduoators feel that most of the N should be supplied to the rice crop in

‘,(

the ammoniacal form if nitrate nitrogen is used 1t should be applied

-
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usually in he later stages of growth : Research work has shown ammonium

Yoty »1';, ,pu'

. gitrate to be inferior to either ‘urea or ammonium sulfate as a source of N
WU gd B ,.,‘t P B

on, rice (3) L Thus, a vast rice market Ain Asia and significant markets in

PR ) 1 AR 1A%

+

Africa and Latin America .as, well appear to be closed to this product. For
these reasons, we, seelammonium nitrate as having very limited potential in
the hot, humid areas of the tropics. 5 sp;t: vy tresa 1

. :
A R R R P e

.\«3'.,

P

e InSSpite of these 1imitations, ammonium nitrate will probably.be

available in large‘quantities,primarilv because of advantages,in,production.

et 1-d

This yill be more apparent,as,theInitrogen.industry in many of the developing
countries begins to mature and producers look for new markets. .

[ f

’ﬁitrogentsolutioﬁs((Including’Agua‘Ammoniaz

?

Ao (20 o 0, 280~ 0, '3220-0; '37-0-0, 41- o-o, and 44-0-0.) The rapid ,

4 L RPN

expansion in the number of NH3 plants ‘that has occurred both in the ‘developed

L)

P TR A g L T R P IS L R SN S AL
and developing world hasiprompted many ‘companies to produce a variety of

stachs .. simolium

-\nitrogen compounds as a means .of diSposing of'nitrogen produetion and satisfying

the various ‘agronomic and marketing needs. Not only doés this provide additional

Lol S R A R
market outlets for nitrogen, but the cost of storing some of these nitrogen

“materials is considerably less than for stoiing NHé,'which'reduires‘pressurized

SRR Cla s
vessels or refrigeration.

¥ 'L.!,- M N M| N V,,";-\ ':~' ."“‘ 0 1 ce
One ‘group of new nitrogen materials' is those classed

S R R L R TR I L R
as nitrogen solutions. They have had wide acceptance in ‘the United States

mand Europe and are just “how being introduced" into Japan as well as ‘certain

developing nations. For purposes of discussion and’ to afford “elarity in the

o

et

¢

of materialsi

following paragraphs, a brief statemént {5 made as to the properties “and classes

i
A A
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Nitrognn solutions .dret:"classed according to composition, as

v

“ifaiib$s§‘ (a) aqua ammonia, (b) ‘solutions containing ammonia and’ ammonium

**hfé?héé, (é) solutions containing”ammonia'and urea; (d) solutions“containingr“

,_:gn‘i**s il e

ammonia, ammonium nitrate, ‘anid ’ urea, and (e) solutions containing ammonium '

ly, )

“ifideate alénd or'with'urea‘but“withdut ammonia (16) .

. Cope S - TIOPR -'Y:,,,: . K -
Aqua Ammonia. Usually 207 N, the production of aqua ammonia involves
o w;‘“vw N BRI AR R A L o ‘ ,
‘tHe“addition 'of anhydrous ammonia to water,‘a relatively simple operation that

’

RN PR ;s S U T T S TN SR S 7 2 £ S I S “
-'can‘beé carried out independently of an” ammonia synthesis plant, thereby saving

NP R T R I S TR D S A iy
‘the expense of‘tranSporting water. ‘The operation requires facilities for

4,1'

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

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

Moow f B as s

Cast iron or mild steel equipment is suitable for handling aqua

vty
Tre s by .

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

'1"s1 ,’:__ : d“ Tt e '
Lo !

of at’ least Pilograms per square centimeter (kg/cm )., Equipment for handling

T et ; vx fo 4

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

; which are generally mqre corrosive.
. v e i S AR SE T

Cep ;.: Aqua ammonia is used primarily as a direct application fertilizer.

P . ’ . ,v‘« “t o~

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

\ s s ¢
RN IRRX ¢ \‘7. [ B , T N

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

an effective source of N (ammonium form) for A, wide variety of crops. Application
should be subsurface, otherwxse, gageous. loss will occur., Aqua ammonia can be
? R3S - ~:

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

iy 5% FERW ,

B Ammonia-Ammonium Nitrate Solutions. (37 0 0 41 OfO and 4470 -0, )

ST T

RO ”.1‘ L

Solutions containing ammonia and ammonium nitrate are produced byiinjecting

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

[} »FA\' .

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

Y
i » o . .

?“.', Ammonia-ammonium nitrate solutions are - used both for manufatture of

oy N
. : ’ ‘ ? s
'

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



Y ~\._.1]_.-

gggnitrate.solutions‘eannotgbereconomicall&;handled“inyordinaryvsteel equipment”

i )

because ;0f" corrosion. mEquipment made,qf aluminum or stainless steel is satisfactory.

:;QVW.QQLEK Ammonia-Urea, Ammon1is-Ammonium Nitrate-Urea Solutions.,~(37 -0-0, 41-0-0

'

/- and 44-0 0 ) Aqueous urea-ammoriia solutions and ammonia-ammonium nitrate-urea

olutions are; designed for .useby. the manufacturer of mixed: fertilizers, the

latterﬁtype solution usually beinggadded-to improve condition.of finished :product.

Y 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@pountries

«of;: Asia, Latin America,.and Africa..“?ﬁ_ it m e

RS Q,\ﬁ', ,The original use of nitrogen solutions 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 soon” becamé evident--a

tsituation promoted by the growing market for liquid mixed fertilizers,

2, / i
RN

anhydrous ammonia and aqua ammonia.’ Manufacturers of solid mixed fertilizers

s

) recognized this potential and found that some of their ammoniating solutions
e -

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

 The ammoniating solutions could be diluted with water as desired to lower the
' gauge pressure and salting out temperature. This permitted the solutions to
be handled in nonpressure applicators, but the prescence of’small amounts of

x : N N
e R 2 I ..rn,.,‘.

~free ammonia in a11 these solutions resulted in losses of ammonia to the

' ! o [N r S
‘H NEN ! M Lad ot Yoy 1 e ~xn,

atmOSphere during application unless the solutions were injected beneath

f
. . PR - .
r' ' cEoan et . YRR u’f

the soil surface.' Thus, surface application of this product was not entirely

z ¢ M
1 - b~
‘; n'n 4 ey, te NP TN TR AT 35N N MY e

‘ suitable. Furthermore, the presence of ammonia increased the corrosiveness of
i, M ‘; ‘ :"\“ 'Ml- “’ t ‘L Y Q(}
the solutions.

[ S P B

' ' ' Non-Ammoniacal Solutions of Ammonium'Nitrate and Urea. (16%-32% N,
(""v,",x\ f.«s LRI H.,iﬂ't'

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

th P TR PR U VTR ,4‘“'*'! e B TR 33 W “I..‘i‘

its greatest petential in many of‘the developinggcountries.




‘ﬁwQJwﬁi ‘"”J\To*satisfy»the market for nonpressureinitrogen solutions&suitable for

-

s surfaceﬂapplication uaqueousnsolutions containing ammonium nitrate”alone or wi*h
"urea ‘or other“salesrﬂwere produced“"The”compositions"and properties appear
! “in tableAZH&msi
TAs ‘with ammoniacal?solutidns;fthe*manufactﬁré?of‘nonammoﬁiacélsl;

‘“is~usua11ylintegrated ‘with an ammonium nitrate- plant“’”These”sdlutionéfare not

it

asLcorfbsive’as“ammoniacal solutionsiand‘caﬁ‘bé“haﬁdlédﬁin plain‘éteel ‘equipment

B T S P T - .} I rroags Ty S AU TR T 4”g:~i :gc;.
! 34 "eotrosioninhibitors ‘are fadded, | it mhnawe wns oaptes o ogfen

¢

These products have the samé “agronomic.effectivenéss as similar

NI P I A T R PR IR 1. " o1y w(. . ’
' amounts of‘dry urea ‘or ammonium nitrate. * This-may'prove to-be a very effective

I AR . . » 3 ~

way to market ammonium nitrate'in the ‘tropics:'! ' <"

. :v.:f»‘ Sty

Angydrous Ammonia

. "t
el toa et 3 ' PR N

(82 1/5% N, . 8as at atmospheric pressure, liquid when compressed and

IR PV

cooled' colorless' molecular weight 17 03 critical temperature 1 33 C,

NPt
PR . e LY

critieal pressure 1 657 psig, latent Jheat vaporization at 28o F 589 BTU/lb,

! ) 'wn« W Pt

liquid density at 60 F 38,50 lb/ft 5 vapor demsity at 1 atm, 60° F 0. 0456

‘lb/ft 3 vapor specific gravity (l atm, 60o F, air = 1), 0.597: vapor volume

- b ‘\""*‘

(1 atm, 60 F) 22 0 ft3/1b boiling point at l atm -28 F freeging»pgint
at 1 atm -107. 9° B) (2) ” -

1 §
PR B 3 ata PER - P i Yee, T v, s
o ey S e A Py ! o PR )1@.\,;‘1‘ El PR N e e . LR EIREE) 5.4

Anhydrous ammonia is by far the highest analysis N product commercially

. [T T

¢ . Yo
T ne dyaee

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

- N , .
i!',u' sl o Pt R ('L‘ AR SV ST S Y R AR L RS I

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

. “ ,
?a,.‘ ERAN IS SN A Sl N s P B 7: G e N '1‘.. A B S

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

. IR . ‘Y .
.:‘,‘\‘vl ;L L R XHK,(.‘ 911\:' M’ \1; v &4;*‘!, l,w s f ;\65,};.1‘

[

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

IV I (“- gu‘

minimum working pressure of 265 psig. Unless injected into irrigation water,

\ o, e B, o ,ri ! - ,..g: ‘,, b’,‘..'.\ ey

anhydrous’ ammonia must be injected as a liquid into the soil with special equipment

DA TS TR R N & T B Y T A P A PN E HEI
'.where, beneath the soil surfacc, it vaporizes, reacts with the soil water, - clay

]

.
Freridy

i
\,} >~;

. . ; . .
‘s RSP i 5 B [ CE ST L f'»*,‘n“' c s ﬂc’y

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

f



=Table 20 f’Selected Commercial ‘Noncommércial Solutions of Ammonium Nitrate
‘ Alone and With Urea for Direct Application (17 18)

‘g\..‘w‘ f 4

- ¥
,l-gi:,v\

.,?5%¢Qﬁ;\'1':' L P L . Co o S Salt out-
Pexrcentage temp.

1, .; Bolution , :; Total N. - Ammonium nitrate Urea. -Water (Centigrade)
l§0(974670)” -, 16,0 . 45.7 . P 54.3 -12 .
.1170(0-31-0-36)* | 17.0 = .. ., .. 30.9 . . 32,9 .0

, 175(0-50-0) ...,
190(0-54-0) .

200(0-48-0-20)"

200(0-57-0)
210(0-6n-0)
221(0-65:0)
2450~ -70-0)
280(0-40-30)
300(0-42-33) .
32ogb-a4;;§)t

17,5
,19.0 .

+20,0
20,0
21.0

. 22,7

r",,‘“"d)zl"o Sf
28.0.

30,0

32.0..;

- 50.0

P
" "5403 M

R}

T ,7—‘.4"705‘ |
P

s

AT N .. 65.0, -,

H

ot o 70'0

o 4453 i ¢

[N

AR
.,

,,-30.5-

A« 50.0

i
’

“ .4507 MY
;32;0.’1

42.7

v . 5,
. 4
- -~
0.0

R

32.7

ot 350.4’ e

..35.0.

.’30.0"

l30.0,

. ”2501\— ISRV

20.3.: §

-6 .
1.
0% TSR

‘3Contains 36.2% calcium nitrate.
_.Contains .20.5% sodium nitrate. .
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When properly ‘used,, anhydrous ammonia is equal to any other form

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

t

but doesﬂrequire special management or,its agronomic performance can. be x

- - - . <
il ““ LAt XMJ :,,I"“{'.' YRt IR AP I |{ N

affected 3). Ammonia applied either as pre- or post-plant should never

he“placed in close proximity to the seed or young roots; otherwise, as'

£ pergy Y Cairn e 3 EAE
'“l" TN AL NN S PR

qudhthgﬂcase with diammonium phosphate fgermination ‘or. growth can”be retarded
wepending upon’ the amount injected,~1osses of ammonia’can resultfif{the,
ammonia is injected at too shalldwwa depth in‘soilsqﬁowiin’moisturEQEclay
content or organic matter or whenit}acksxleft by the’injectdrmknifE”fail
to close because’ of insufficient or’ éxcessive moisture. In general‘t

"
A

anhydrous ammonia requires special equipment for handling.

B - It =
W v

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

~ it is-generally accepted that dry fertilizers offer 'the greatest

o

,‘potential in the developing countrics of the world: " Many beliéve the""
immediate potential for ammonia and nitrogen solutions is quite'limited.
" - Thesd aésumptions are probably correct based primarily on'the

general acceptancé of ‘dry fertilizers. Their simplicity of{handling;ri

- PN L4l
GTA amdrda 8 N weed A AGbE 4 pamrit md s W ¥ v et -

compared to the more sophisticated system required for liquid materials,
ut* J‘n‘:’;wﬁfv'l‘-" fj’l"(t',‘

makes them more readily accepted in a country which’ ‘lacks mechanization.
However, to stop here would be an oversimplification of the situation and -

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



s ,.' ‘l:'.14—

Although dry’ fertilizers, particularly urea, ammoniated,

R 3’1" [ (\,4117

&dewelgging.country,market for some time,,ammonia and ,nitrogen . solutions,
particularly aqua ammonia .and nonpressure, could very we11 make substantial
adyances in the next few years, ; This will occur for at least four reasons.
;EP?SF~“‘f:;pF1)xL?b9r snortages,areldeveloping in&certain“regions,”thys placing

a premium_on increasing efficiency. of handling ‘agrig':ultura,l,inpu,t:_,s,,,»,;,§

(g) adaptation to nonpressure aqua ammonia or.nonpressure solutions requires
vhardte g b e » e R [ v : N Lo

. _only anverx.limited‘amount of sophisticated equipment, (3) because ,of the

tendency for ammonia producers to look for additional markets for excess

u)ammonia, they will actively push to develop these markets, and (4) -increasing

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

Rty

will pressure producers to look toward alternate ways of marketing this

product and alleviate losses.
IR SIS S [ACTF A - [

M

Under, these  four conditions, prospects are good for acceptance

nitel &

of one or more of these materials as agriculture becomes mechanized, The
- PR N peot P 1 BOPERAMA Y . 2 I h A,
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 oldQ must be rejuvenated

) 4
Ty,

"&hd are converted to such crops as rice, maize, or wheat. " Potential also

“‘ekiété ia certain areas of smaller land holdings. ‘of particular promise are

3

NS

"areas ‘where farmers are willing to’ pool equipment and c00perative1§1farm
*théir land.' Under” these circumstances, nitrogen solutions can offer both

03 Y:Jg',r :“’,'\‘ ) ; "'n’z(' v
*1abor saving and low cost per unit N advantages. An additional potential

3
(ow 5,

"{ts sucécess dependent upon government policy and deve10pment of regional
projects;'is ‘aerial application of‘nitrogen'solutionsﬁ ‘T%ere are wast 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
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1215~

i

- R Y 5T LT ek

well into éhe growth cycle of the crop;Hadditional nitrogen could prove to -

7¢.r

be~profitab1e£* ‘Undeér’ these condition it ‘would prove to ‘be profitable to

apply’ possibly by' airplane a"small amount of nitrogenﬁ‘12-30 kg/ha to’ quickly

.take-advantage of thié more' favorable water suppiy.

roor

Low pressure s6litions and high pressure ahhydrohéiadmoﬁia;'
although widely accepted {i' the Unifed States'and tu%bbeﬁisffé§”1{ﬁiééﬁ
potential“for“directﬂappiicatloh in Asia,lAfrica,'ahdfiatid”Amerfcaf1;
Considering’ that these'materials are of high analysis, paitikuldéry ahhyorous

‘ammonia;the special’equipment’ neededto take advantagée of this“offsgts any
N sg I3

advantage accrued in labor saving or low-cost nitrogen. 'The exceptions
to this are areas where landholdings are substantial ah& individual fields

are sufficiently large to allow for the economic use of this reiatigéi§

sophisticated equipment.

This is particularly true where labor is short in suppiy and/or
’hitrogeﬁ losses are occurring where urea is currentIy!applied to the surface
" 30118y " Under those circumstances, urea solutions and anhydrous ammonia

'in particular seem attractive.

Triple Superphosghate

RS

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

soluble form{) Triple saperphosphate‘cogtaining 46%f471'3295 is a high-analysis
phosphatic fertilizer that has becomeksignificantly more important in the

;1

last twenty years, but-is expected to increase only slightly from its current
: s P T N T I ' LRV

. 20% share of the total phosphate market in much of Asia, Africa, apd Latin

P - M
toey, oyt

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

‘ .
P T N

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

ISR EY BN

the consumer level. -
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The most economical production ‘of triple superphosphate is close

Wto™ the soutrce of phosphate rock, “and the' ‘phosphoric acid ‘is produced in’

A

1a rge “and tontinuously operating' plants.' The P205 content'of triple super-

phosphate is almost 'entirely watér'soluble dnd:is readin‘aVaiIéble'toe
’Qmostfcrops“under a‘wide range of:coﬁditidnsfdiftéﬁlon’squur content '

(3%'or less) relative to that of normal superphosphate ‘is easily overcome.
’hyjinciﬁdiné sulfur-containing material ‘somewhere else in thé fertilization
' proér;m.'”This'fertilfzer‘is nonhféroscbpic and free flowing in either

EY
?

fa of-pile or granular form and lends itself readily to ammoniation. -
:ﬁThis'is’é'psrticularly important characteristic for those countries that

‘mist import phosphate but have their own ammonia facilities. Finally, "

*it’is a relatively ‘low cost ‘source of P2 5 and its high analysis permits
‘‘additional economies in handling, shipping, and distribution. In spite
" of élltthesé'apparent'advhntages,'most if not all, are equalled or siurpassed

by ammoniated phosphetes, particularly DAP., ‘This coupled with its incompatibility
‘With DAP or urea in blends' limits its future growth potential as a material

't6" be used directlyuhy the farmer.

Nitric Pho;phates (NitrophOSphates)

Solid more hygroscopic than urea or ammoniated phOSphates,

A’Tf;f: toas iy PR

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

1, ) - Vi f v

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

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

Ry

Y

the process,

In contrast to the dominant role of ammoniated phosphateswinfthe
AU.S::phosphateuindustry,anitric\phosphates (called,nitrophosphates in Europe)
fhave been; almost;equally dominant in Europe. :, By the -late 1960s, European
~plants accounted for. over 5 million mt, agmajoraportion,qf the phosphate

produced in‘Europe (11).
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Nitric phosphates have . a . low, sulfurtrequirement and as a result J
recently gained Ain popularity, when sulfur was expensive qr in short supply.
Several plants _to produce nitric. phosphates were built in developed and
deve%oping(countries asra,resultﬁog,thentight,sulfur‘gupplymsituation.’
With sulfur now in more’plentiful;supply, hoqever,;this”rgute,hasflgst”much

..of .its attractiveness, |
. Nitric Ph°3Ph§§$§;¢9;n953fo9r ﬁ;55g§;;P°t?§§%al fgr,grqwthiin
Asia, Africa, and Latin America forlat least two/basic,reasgns.‘tEirst, and
doninant in rice-growing Asia, 1is the .fact that from,?Q%-SQ%ﬂof”the total
nitrogen in'nitric_phqsphates1is,in;the nitrateiforn, a formfnot recommended
by nany”rice SPeS#QI%StSﬂ . Those rice,specialists who do feel‘there\is a
. place for nitrates restrict use of fertilizers containing nitrate nitrogen
to one of the later, toplressings. The second,dranback to the use;of,nitric.
,‘phosphates,is the limited water solubilityuof”phosphorus,}‘Depending upon
,‘:the researcher, the acceptable range”of\water:solublexphosphorusafor,use on
,pplagd)érops'appearsxto be from 35%-80%. , Depending upon the process,ﬂthe
water solubility of nitric phosphates is usually under,SOZ;and“frequently
below the 35% minimum (19, 20, 21, 22) .

i# ‘.

Further research may offset much of the object101 raised regarding
. n.}:f‘r. w it A ‘5 T W ST ,‘“1” N N T N AN ",K
water solubility. Even so, other economic drawbacks, plus the fact that it

vl 1 . .
i N . N ’,, t»h,r . x«,,v,‘ .." L.\, R ;'e 4‘

1s unacceptable to many as a source of nitrogen for rice, leads one to

R RN 4
v e res s Gt \ [8 -
i ! - \“ 13 oty I 4 e 101

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

developing countries.

“zPofyphosphates
- 'A very significant breakthrough i phosplioric acid, :aﬁbasic~ingredient
‘ ”of«many phosphate fertilizers, has led tosthe development of "anew family of

‘polyphosphate fertilizers; ! many of which are now" being tested by TVA and others.‘


http:gained.in

Sras

y Ordinary ph03phoric acid (54% P205)'may be concentrated‘to super-‘

¢ $27

acid which depending upon whether the electric or wet process is used

S . [

ranges from 687%- SOA in P,0 content. To our knowledge, neither su er'acid
- i Ty 2 5 ‘..: \ » R ~ I .l . I o t IV ,p .

nor products made from it are available commercially in the d°veloping world,

PNy e wt

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

@ d’

discussed in brief

e b o N

Superphosghoric Acid More than 10 years ago, TVA developed a

+

§ LR - ¢ e - .
¢ i R L .."

method for producing concentrated phosphoric acid, usually referred to as
e g : . L [EETI L o Lo h ' . ',' vy o,

» SAE FIEANI S

"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

,’;‘ oy

form. When made by the standard electric-furnace process, Py05 content is

ol Fa

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

ordinary and superphosphoric concentrations.

‘e

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

50% more P,0; than ordinary acid), its low corrosion rate (less than half as

Loty

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

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

Ammonium Polyphosphate. (Liquid 10-34- 0 11 -37- 0, solid 15 62-0

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

v et N
R 1 Ve o

condensed _phosphates either as solutions or solids and produced by ammoniation

' Gt IR 2 3

of superphosphoric acid These have proved to be favorite intermediates for
making liquid fertilizer. Typical compositions of these have been described

LAY N Yo Ve s

by Hignett (23) and appear in table 4
&y
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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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‘The mofe concentrated the acid the’ larger“the portion
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C ftotal phosphate as pyr and/or tripolyphOSphaté.w Usually the same
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proportion of these species exists in the 10- 34 0 or 11 37-0 as in the
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super ‘acid. . . ’
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o Ammonium polyphosphate can also be’ produced as a solid by ammoniation

- under pressure'(ZS) " The distribution of polyphosphates madeuunder ‘this

ICAE TS ECAL P P ‘

fprocess, however, is different ‘and not necessarily related to the

= 1 B - « t
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) content of the super acid Usually there is a tendency to form more

+ I
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‘ pyrophosphate and less ‘of the more condensed phosphates.
The proportion and species of polyphOSphate present in ammonium

Ty ,’ o

polyphosphate are important because to some extent they determine the chemical

T
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and’agronomic properties of the end product.

PSS

Ammonium polyphOSphates (liquid or solid) can sequester

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

Choae RE

produciné a more trouble- free liquid fertilizer. In addition, considerably

3 7
,oee ¢ - '
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larger quantities of certain micronutrients'can be sequestered in
., §

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

TR

fertilizers are to "be used as ‘a carrier of nicronutrients (table 5)

I A
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“There is some evidence to sug%est that polvphosphates are a

k)y».x

&

1
+ . o ,u" K

.y e ..
superior source of phOSphorus to a number of crops but this is by no

‘ (‘«‘x"
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means conclusive. Work in the United States has been summarized (26)

¢ LRI A ‘»;‘11

led to the conclusion that no clear-cut superiority exists between

g

v
1 v

and has
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monoammonium phosphate and. ammonium polyphosphate (APP), although both were
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‘Acid Made With Electric-Furnace Acid (23)

‘Parameter

i Acid concentration (% . Py0g ) FER DI “

gPO equivalent (percentage) . ?;5““,_1'/
L

P205/gal

Percentage of P,0. as poly acids

Viscosity (Cent%pgises)

at 40° ¢C
at 100° C

Corrosion rate (mils/yr)

' .

Mild steel at room temperature : .}
Type 316 stainless steel at 1107 C

_Table 3, Comparison in Properties Between Ordinary and SuperphosPhoric

Type of acid
Ordinary . | Super
Joa 54 et 17 -‘.'f“r76 8 :
2130 299
7.1 12.2
0 51
12 400
4 45
DA,
523 230
5 vetl o 005

ot

‘Table .4, Ph3§pﬁate Composition‘of Various Polyphoéptates (24)

tea w

Species °

Phosphate species in
ammonium polyphosphate
% of total Py0¢

Ortho
Pyro

Tripoly

Tetrapoly and  higher

W, i , T0-35-0° 11-37-0 15-62-0
———.o . . Sclution solution solid
55 27 41
39 42 54
5 20 4
1 11 1
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Table 5. <
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Orthophosphates To:Carry Micronutrients (23)0°:"" soais

3] ’
A

.
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et

" Material sdded

'
o

e S (Zn; Cu, Fe, Mn, B, MO)

In 11-37-0 In 8-24~0
base solution base solution
P (Ammonium poly) (Standard ortho)

Zno ¢ v 3.0 0.05
| ZnSO04+Hz0 3.0% -
ZnC0s = 3.0 -
MngOs 0.2 < 0.02
MnO o.g’; < 0.02
MnSOy + HaO 0. < 0.02
Cuo 0.7 '0.03
CusS0,4° 5H20 1.5 0.13
v Fea(SO4)3-9EEO A Y 1.0 2, fooes 0008
' NagMoOg+2E20 0.5¢ 0.5¢
0.9 0.9

NapBa 07+ 10020

. @ pH of 6 was maintained by addition of ammonia. .

b precipitates formed after several days. o
¢ lLargest amount tested.

vt
’ 4

" Solubility, % by wt. of element

f

Comparative Abilities of Liquid Ammonium ‘Pbl‘y'phds‘phaté"htid/Standard
t. :.“4"'\’,‘( ~{‘: vf

D
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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 developing countries.
AT IRTE P FRUETE LA S5 o ’ Has

This is because (a) it is a high-analysis, binutrient fertilizer (77 units
rJ{f A 5l'—i«:f

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

it L, RTer

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

turn can be readily converted to a liquid (11-37- 0) if and when the situation
& \!"'54

should warrant.

AT )u.l 3 PRI RN .
For these reasons, solid APP _has good potential in the same -
v)rv LIRS S
regions offering good opportunities for nitrogen solutions and bulk blends.

," ") Yo s

The solid APP (1mported) together with the locally -produced nitrogen L
solution could serve as the nucleus of developing a low-cost liquid
industry. Tt could‘also—serve,as a high-analysis, binutrient component of
atbulk bldndy! |
“t1.0 01 Ured-Ammonium Polyphosphate. (Solid; 30-30-0, 39-13-0, 19- -19-19

hx

- or’ varying grades; all nitrogen in urea or ammonium form; phOSphate 100%
whterssolubility and 50% in the nonortho form.)x‘Agronomicallp; this“product
is-‘as ‘good as MAP or DAP. ‘ This coupled with' its high analysis, simplieity -

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

,
5 LT !

L4 Latin America‘ Asia, and Africa.
vibernrg Cghdpénsion Fertilizers'(Fluid;’12-40¥0,“ls-54-d;:or other“grades;

reﬁﬁireS'superphosphoric‘ecid. “ﬁitfbgen‘fﬁ smmonium;form, 56% of phosphate
=4fhfaondeﬁaéd‘(ﬁbhbfthb)“fbfm; a11‘phdéphbkus”1dbz"%aééi soluhilit§l)“ Only

C D et e oy e IR L Lo
““in" very-special cases will suspension fertilizers hdve a place in Asia, Africa



o '?1‘
‘ H

t

'(J'Hv' Ly

snd Latin America, the major limitations being a readily available source

) o :
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'df sdper-acid and ‘the néed for highly-specialiéed e&uipment. Nevertheless, '

i

+ N / f—‘ N

LTS S i et ‘! f IS R

’the next ten years will.see 'the appearance of this product in areas of
e ot LA f,.;

3

Africa ‘and’ Latin America wherealarge funiformafields exist;cmechanizatiqncof
H foe d u“‘« i, ,./?;‘ (‘s"\ 2 Teds RIPR L '

“equipment 18 possible and the desire existsato,saveelabor through the

. ,,w,
ERCRR ¢ ;

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

T ST H i, .‘« rx-

all‘possible with suspensions. However, this is a very sophisticated service-

‘
B ogn e
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' oriented market; ' the frequency of its occurrence in most of the developing

world:isfather' linited' at'thé”présent “time.

Potash Fertilizers, .

R .
£,
N

o Potash ranks third <‘n major nutrients consumed 'in the developing

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

[V - et .

and phosphorus varies significantly among the various regions under consideration.

4

Using potash as a base and assigning it a value ‘of one, the N: P205.K20,

consumption ratio between the three .major nutrients was.1.88:1.34:1, for

'.l SRS

Latin America, 2 84 2 17: 1 for Africa, and 5. 45:1.79:1 . for Asia (table 1).

«“Q‘

Clearly in relation to potash by far more nitrogen and phosphorusnis~used

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

[V S '

is due to the types of crops grown in these regioms.; Ripé,”the dominant,

PO (Jr.

crop in Asia historically has responded much more readily to nitrogen and
'phosphorus than to potassium., Although this relative emphasis)has‘changed in Japan,
vKorea,and Taiwan and is now changing in India and a few other countries, the

major emphasls for some time to. come will be on nitrogen and to a lesser

'extent phOSphorus as long as, rice is the dominant crop of the area..
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i *Ihe probable meason there is.a narrower ratio between potash and

fnthe other prime- nquients in Africaj and LatinﬁAmerica\is the relative importance

Ofumize andtwheat relativerto rice. \Both maize .and wheat are. good users .of
vrpotashzas well as»of nitrogen ‘and . phosphate.kr

e ﬂ;pthBaSEd on, this, relative difference,in‘crop-and regional- requirement,

'

ﬂxthenauthor;is‘oicthe\opinion that’thegmajority'of the .potash needs.by. the

. farmer in Asia will be sgtisfiedlvia chemically-,or~physica11y-combined

;N-#ég:fertilizers,u Very:few straight potash materials as such will be sold

.ﬁdirectlyfatnthe%retailnmarket.fPThus,:increased&use,ingpotashxfor“theqarea

Kawillvbexvery closely.related togthe'growth%of N-P-K.grades. , To.a.lesser
extent,  this analysisxmayqalso‘applygforuAfrica;for»althoughmthe;consumption

.ratio of K to P50 and-K20 is somewhat narrower,‘thekabsolutezamountsx
consumeddare(quitefsmallurpz,‘,‘;

vy vg.wu;u;fhe;potential;fornuseyof straight"potashamaterialswineLatin,

' America isxgood.‘}This,is based primarily on-relatively high demand for potash

:mbpéthe)cropsggrown in the area.  There are.several potash-containing

fmmaterialséthatzcanabe used either-for.direct”application%or as part.of

: N-P-K fertilizers.

' Muriate of’Potash. "'’Comme¥rcial :agricultural muriate of potash

1

products contain from 96% 99% KCl equivalent to approximately 607%-62, 5%

RS TIIRT S0 L 4 P EHE *'; 3 LI FAARERG B B TN A s

KZO. Muriate of potash products made from the flotation recovery processes

,‘,‘- per ,,;‘ 51- DA R T N ,' R ‘J‘: R ‘Q)

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

dax
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quantities of colored impurities.' Products made by solution and recrystallization

i GI v g, Ly, ifu '\, T, 3 Coth S Ta s Sea AR 0 ", RO NN

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

. PR y N c
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ey Ve

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

% - . A
ATy e DR e ! <D BTN s :;.M T R S N

and: accounts for over 90% of all of the potassium consumed in the world KC1

EIUE T l
PEEIPRT L .

is readily acceptable as a source ofK:for most crops which are not affected

bj the chlorides associated with the product.‘


http:60%-62.57
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wSulfate of Potashuu Commercial agricultural sulfate of potash
u»contains from 92% 98 5%:K2804, equivalent to about: 50%~53. 2% Kzo.h It also
*fcontains over : 172.8 ras’ theusulfate,thus combined sulfate of. potash represents
| - over 67 units of plant food.,,The potassium and Bulfur are. readily&available
~»t0hthe cropgand\thisfmaterialfis used widelyion vegetables, tobacco,‘and
sﬁother .exops: where,low chloride: levels are desired,’.’This productdconstitutes
tabout: 6%6f" the . current:sales"of all potashi
ROIEREY ﬁ~wSu1fatefof'Pdtash-MagnesiainﬁIt cohtaidS‘from=21%-26%iK£03"7%-ll%
“’Mgfand>18%-23%wsvdependingnupon-thevprocessfusedftonroduce:thefproduct.
'ﬁAll‘three nutrientsare-.readily available to?thetcrop.ﬁ:It:iscused!primarily
 in-N-P-K grades where magnesium and/or:sulfur-are needed“andwcontaihS?

approximately: 55 units of plant food.:

Potassium Nitrate, Potassium nitratefcomtains almostW14%~N

,and346%=K205makinguit‘s’fairl&?high analysis~productJ‘¢Thefagronomic value
‘of the product is wéll'known with both the ‘potashiand nitrogen water't

solublé’ and readily availableito ‘"thé:crop. It’is”usedimaimlyion‘highévalue

specialty“cfops“sﬁdfhot'well“suitedifor*rice because all‘of the'N istin

the nitrate form.'

T‘NewsPotentialmFor.Old-Broducts -

M IR DTS2 S

Without exception, all of the new fertilizers just discussed

¥
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o St
‘are higher in N PorK than their predecessors and all are either

ISR NN A v b o - et 3 ip
void or extremely low in sulfur. Because of this ‘and the proven beneficial

LI Voo foa ’ )rg" : ‘\’{: o N Ej»’; :‘H "‘r"!’
effects of sulfur, particularly on wheat maize, sorghum, and certain pulses,
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it would seem apprOpriate to reassess “the potential of ‘some of the so-called

> Y) 0y )‘,\ -
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low-analysis fertilizers. Two of these are ammonium sulfate and ordinary .
R S NP

superphosphate.

‘Ammonium Sulfate
Because of its low nitrogen content (21%, all ammonium nitrogen),.

the downward trend in use of ammonium sulfate was predictable. 1In most
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researcn tests, and An many government fertilizer. education programs, it
ha's been replaced by other nitrogen sources, usually urea. ¥ Under the |
circumstances then; ‘now ‘and in most’instancés 'in -the’ future, thiQLEEEiéion
+" wag "justified; . '~ /)per pound of N, 'urea-is a’more economical choice.' -
q;Nevertheless,.the:relative.competitiveasituation:for»ammoniumjsulfate‘is
changing.quhepmajority ofgammonium sulfate.produced-today. is;as.a:byproduct
usually 'of- the -steel. or.caprolactum-industries. -:The-loss qfxdomestic«&nd
I<export,N}marketsitO;ureafhas been; substantial (27)..;This, coupled.with
increased emphasis:on pollution.control, hasled to-asvery substantial supply
of ammonium sulfate in recent. years. -Prospects -are -good for an even.more
abundant ‘supply of ammonium sulfate -in the .coming years. Since it #s a
irByproduct .of -another-industry ,and since it'is in.oversupply, recent prices
» £s0.b, wvessel® Japan,. United .States, or Europe have been.under $10, often
4g$5/mt,andﬂthusumeryhcompetitivemwithﬁurea~onia:de1ivered.per‘unit of .N .cost (27).
gl L ,(Although urea will.remain the dominant. source of N.in.the developing
rinations, the.pricing of .ammonium sulfate will be sufficiently attractive for
the next:several years.to warrant its reconsideration-as a significant source
#of nutrients. ..Consideration:must be .given to:its 22% sulfur ilevel.,--In
addition, ammonium sulfate has shown a-slight but consistent. superiority
over urea es a source of N for rice. Vegetable producers the world over

have shown some favor _to .ammonium sulfate, presumably because of its sulfur

q‘.'\:n' R : ! v ', 0 e v‘r,r'l

content, "The current surplus of ammonium sulfate“ coupled with new
yi8tress on-ways to, improve the marketability. of the product -and recent

- ;recognition of sulfur problems .on maize-and wheat, in Brazil, Kenya; India,

. and elsewhere, ‘has ,l1ed the authorytoﬁpredict;thathemmoniumygulfatenwilllbe
.reclassified, on  the .basis of, its N ande.content;and be, consideredmas a
binutrient;, fertilizer(having 43, unitspof plant food A‘On‘this basis and
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

Ordinary Superphosphate

. 'Like ammonium sulgafq,@q;dipgrx;sgpq:phosphate;wéq,byhfar the

Yoys

.+ leading phosphate fertilizer_ih‘mogt‘oﬁh;he developing countries:of ;the .

world, - This has changed, the decline heing:caused mainly by ;the. acceptance

‘*of-conéentraﬁed”phosphatés;«aoithat€1t?n0w'compfisésflegs thanizozgoféthe
Hinwofla!sfphosphateLand-possibly»eﬁeﬁ leas&;n“the developing“areas of the

«world. .The primary' reasons.for:.thiswvdecline were:high production: and "

transportation costs.both directly‘related to*itsflow‘PéosiconEent*(11).

oo teleonsDesplte vthese negative'factorsj - the rate:of'decline in normal

-guperphosphate is'expected -to:decrease. “:Depending’upon'availability of
alternate sources of sulfur in: fertilizers, such‘gé:ammonium'sulfate,
§rdinary superphosphate could actually’'grow :in' acceptance in certain regions.
.Like ammonium sulfate, it contains a.significant amount of sulfur. ' The maize
' growers of Kenya have'already~recognized?this}and*have returned“to‘itsfusé
-after -having tried ‘the more concen'trated phosphates. ‘As sulfur needs become

more'apparent.-and ‘ds ‘granulation of N-P-K fertilizers :becomes more common,

~:the+use of ordinary ‘superphosphate should ‘continue 'to- be significant ¢

particularly in'compound ‘fertilizers ‘uriless, ‘of ‘course,-an alternate and

cheap "source ‘of -sulfur is' available.

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

»
)
1

‘The long efforts toward new product development in“the“feptfbizer

.. ‘industry-has 'for ‘the most part been-geared toward ever increasing-concentration

"of- the primary plant nutrients.". Ammonium polyphosphate : (APP)-'(15-62-0) is

' the most’ concentrated fertilizér: curreéntly available--and 'it on 'a‘limited basis.

It"generally consists of 41% brthophosphate ‘and '59% polypliosphate of *!"
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“aryingnchainvlengths;ﬂiResearchxamounﬁsfof veryilong~chain APP .and -ammonium
tetrametapHOSphate of approximately 14-73-0*gradexhave been'.prepared 'and

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

o,
b e Mr:,‘::« " PN

with orthophosphates or condensed phOSphates.: On this basis, furtherw
2 .3 : FITRITS & r‘f4 i T CO B I | S P
deveIOpment#of ultrahigh-analysis P or NP sources must, of necessity, be
x<&cw:ance}rnedkiw:l.wth ;ew iorms of P with covalent N-P bonding and little or no
(’onygen/in tﬁé";Liécﬁ1e. o N T ’
B ‘Although the actual chemistry of these products has not been

o fei R i Lot
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S s A M L
worked out in various systems, in theory, products of this type may react

with soil water through chemical or biological action to yield conventional
s - sj:,L, I Qo wale d ¢ . L 1

forms of P and N in the soil.

Ultrahigh-analysis fertilizers have been defined as those compounds

ithat,contain .more than: 100% plant: food on an oxide ‘basis' (usually N-P

basis although more emphasis will be placed on N P-S systems) There are
four haSLc‘groups under study vapor phase reaction products, phosphonitrilics,

et A‘ Ty N

cyclic metaphOSphimates, and lineac polyamides (28 29, 30).

Jaay

tVapor--Phase Reaction Products
' ?if“ﬁJ(NH3?-'P”4 0.) * One of the more promising routes to ultrahigh-analysis
i vP{sources:is the:direct reaction of NHy 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

'/"f-i ")\p;:: B
have revealed that these products are 30%-50% as effective as conventional

\
,w-,’ 4'!v‘ Lt i iy [T

N-P sources. Under the present level of technology, at least SOA of the
} S IO i .
reaction products are inert--usually very long-chain polyphosphates.

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

. P 1 [N v v i 1y sh- .t t
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. sought in slow-release fertilizers. The interest in this product is,
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. for:usetas an-intermediate which probably.would be.converted:to:sélutions

inatithevpoint:of distribution, "~ . - "
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Phosphonitrilic Hexaamide Compounds

\ - N . - vy - -
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One of the highest nitrogen component N-P compounds that shows
Pare (x’ :‘. "n”'*,,m o, L ey -',:)\

4 ' MESRPLTYS TN Yooy g <

. some promise is phosphonitrilic hexaamide;(55-92~0), an N-P ring compound
P o1 QR TR BV S A VUL PR S AP ACE
{lt'contains no}ompgen and very little hydrogen. 1Greenhouse tests‘suggest

that the unsaturated phosphonitrilic ring apparently7yields auailable P. at
rates'sufficient for optimum growth:{ ihé nitrogen component appears to be
;\completely available to the“crop.a .

- 4 ¢ S ' ¥
vae s Tt . e .

The following proposed reaction scheme may be indicative of the

fate of hexaamide in soil (28):

o ‘ . - \ o
P I FEE A )
.

[TPN(NH3)p T3+ (3Hz0 1 ——D - 3 PO(NHp)g«=''OH)0’ == :3(NHj)7HEO, + 3NHj

. ¢ f
s ' = : . o P P K s N » P T
o O”,‘,w]‘ sy N o u;\’ 3 T M -

Certain amidophosphates that are presumed to form as intermediates between~

’ PO(NH2)3 ‘and’ (NH4)2HP64 have been evaluated and’ found to be fully effective

“ aty )

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

-

above may be that hexaamide reacts with soil,yater,to‘formAconyentignal
forms of P and N.in.the soil.. Thus, .the ultimate in high-analysis has
., almost sbeen. reached by eliminating chemically bound ‘water from:fertilizer

-salts.

4
B

Cxclic Metaphosghimate

(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
*v ‘ ‘.’ !x it

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

A

use as‘a fertilizer.
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.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

“*f {1 a‘mich'highér’ content of ‘plant niitriehts: ™ The*phosphate availabilify of

these compounds dec?eases with increase in molecq}ar size. With the exception
of thiopolyamid;é, the'nitrogen sources were as effective ;as ammonium nitrate,
The-thiopolyamidéskweréwélightly toxic.

Although‘commercial production of any one of these ultrahigh-analysis
products isu;;gggﬁlfﬂib or more years away, tﬁey qo offer promise of becoming
the fertilizers of the future, provided certain technological difficulties

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

x

P
[

expressed on aq;elementglutgsis, many of the pr&ducts tested approach the
theoretical (100%).fiﬁit for high-anal&sis products. While initial agronomic
tests appear\veriséroﬁising, a very concentrated effort on methods of

synthesis -will havéf%; be made before ultrahigh-analysis compounds, particularly
polyagiﬁei,”éan Bégﬁdeuced at:reasonable cost, In spite of these restrictions,
the fundéﬁgntaﬁ chéﬁlgtry is beingjipygstigatéﬁ and prospects are good for

the appééfance‘o%"né; ultrahigh-analysis feréilizers within the next 20 years.



Figure; 5. .. Stuctural formulas and analyses ultra high analysis fortilizers....(28,.29, 30)
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‘ . ... ,PART II
CONTROLLED AVAILABILITY OF FERTILIZERS

Wl et PR A [ M PR P T
wWoae I ‘ Pl AT ' L2 s N N
f

Many’ fertilizers are readily water soluble, hence under, op timum
spllnmpistureﬂegndithns,Ngeleaseithelr nutrients tg“the crop at a very
‘}regidhrateﬁ,glpAnuﬁe:pppqipstances,‘this,gelease is at-a rate faster.than
~needed by.the, crop, and efficient nutrient use may not occur,. ,On. the .other
»hand,: if qhe‘nutrlents:are not.absorbed by the.plant but left in, the.soil
system,.they may be .lost, through leaching or volatilization. - 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
:thet :eleeeee,nutpientsfat;exactly}the;rate,needeg by the..crop..,.Should it
.be- possible, to achieve this goal, much,labor. would, be saved and many .of
ﬂtheuobstegleg;tg efficient nutrient 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 general discussion of the

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

.Basic Concepts and Obijectives Employed in .
Developing Controlled Availability of Fertilizers

ey

4o

[t-is well known .that crops utilize only a fraction of the fertilizer
o outrients. applied to- the.soil, :oRecovery.rates of. from 40%- BOA are common
for, fertilizer nitrogen or potassium (1,}2)ﬂﬁhEven.lowererecoveries‘heve

ghbeegﬁtepp;gegﬁggr;Rhosphqrus, with values:of 20%-30% very common;


http:would.be

certain conditions, recovery values as low as_ 107, are not unexpected (3) Crops

.”r‘r G (J”“ iy

are notoriously inefficient users of micronutrients,with only 1%- 3% of a given

IRELE “vi? “ThuS“ -almost- without exception, the basic objective of most’

v

’researchers working'vith~fertilizers is ‘to*'improve - the p1ants“>efficiency {'
3Jin=utilizing'a givenxamount of~fertilizerﬁf~workersvare’attemptiﬁg‘to‘accomplish
i'thisibjkdevélopinglproduots thatﬁvilr'releasefbrﬁkeepbin‘availablé5form plant

nﬁtrieﬁts in'sufficient- ambunts’ to Sustain maximum yields but minimize the
nutrient-immobilizing physical, biological, and-chemical’ forces in' the

s 4

soil system. '
T thio S ‘Thege’ forces can reduce availability in’ a' number of ways.~ Among
the more ' ‘prevalent are' losses through' leaching, denitrification, volatilization,
‘and’ fixation. Although“immbbilizationican be‘temporary,'mostlof’theflosses
described are pérmanerit’and-this¢annot” be’ considered potential Sources
“of nutrients'for ‘future:crops. ' <!

' “Agronomists-have’recognized these'mechanisms:of’ loss or-ifmobilization
‘:aﬁd"have‘developedifértility‘programs”to'keep"them'at a minimum.' Such |
‘Practices as multiple ‘applications of fertilizer' (nitrogen) during’ the
growth cycle, banding*oridéep‘placement‘of fertilizer, or‘foliarfsprays all
are ways to counter these nutrient~immobilizing forces and still provide»

op timum nutrient availability to the crop. This, however, has not been

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

“'inéréased'the'cost'of’Supplying'fertilizer'to‘the crop. ‘In'many'cases, it
has been due’to an'increased ‘labor requirement."Thus, ‘farmers are arlong
way ‘from achieving ‘theideal fertilizer program ‘of being able to apply
fertilizer onge" during the life cycle of the' crop;'at most annually, and

a still supply nutrients at the 1eve1 needed to ensure maximum yields.
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Although 8cientists have worked *for .almost- three-fourths ‘of .a
. century on wajs to increase -therefficiency in nutrient utilization by crops,
, it haa;been,onlymwithinxtherlast‘10-15.yearszthatfa major effort has been
-Hmade;to;deveIOp,specificgfertiliber“compounds»that-would?provide controlled
.. availability of nutrients andvstill achieve the- goal of  onerapplication per crop
cycle. These efforts have come primsrily from scientists in the’ fertilizer

'tindugtrieshof the United.States,: Japan, and Europe. ™, _, " -

~# +’In recent years,.research to achieve controlled:availability has

Kcentered in;twormajorsareas;: One. is  through controlled reledse,-either
with the use of.slowly-soluble .compounds or.by covering:soluble'compounds
*withfanAinsoluble or.impervious material:that will deteriorate and’'release

}themcontents when the crop needs.them. A:second:is through protected *:

' availability designed to keepxthe*nutrient\in a form.readily available to
‘the.. crop but at least partially protected from. the. immobilizing forces
present in the system, Nitrification inhibitors and chelates fall into

this:category.

‘Controlled Release .’

N A s » K

The controlled-release approach has seemed to offer the greatest

[EA

opportunity for achieving objectives of controlled availability. Some

o
oy o . [N

s N y g Iy
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very encouraging progress has been made through either the development of

€ .
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‘ slowly-soluble materials or the coating of soluble conventional
Sioarr s o g ’

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

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

'
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concept.
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© Advantages of Controlled Release -

s e sosczscThere are several potential radvantages to controlling ‘the rélease

.of nutrients, tp a,cropvifThetrelative'meritsnof‘éach‘vafy*aécbrding to‘the‘f‘
Jspecificxsetpofaconditionsdb@ingwconside}edlxhThese“can'génerally be”placed
gin ‘three; broad, categories--laborfsaving, reduced fertilizer burn, and reduction
«in;nutrient losses. Fra
‘ ) .§aves Labor. , 'Ideallw, one‘application\offfertilizer‘shodfdJﬁast
npthescropzfortthe>entire\season;:however,;under current.conditions, and - !li
particularly‘in many:of.. the/ high 'rainfall areas:ofithe'tropicsﬁﬂthis”is not
possible. -{In. many:of the developing countriem crops: such as- rice,"‘F'
.wheat, .maize, sugarcane,; and vegetables aretbeing managed at a very ‘i-
intensive level--so much so that the current practice necessitates multiple,
" applications oflcertain‘fertilizer nutrients. Nitrogen,”for example*lsometimes.
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 ithe '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,

e L PR A “i,\f)r. PR |

Py v w,’ -:v‘!,. ty

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

h)‘-v?,v.-' . ‘\‘l
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fertilizers if they will extend the limited supply of labor., lhus, in areas

e
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* where agricultural labor is scarce and’ cash returns for the crop

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

¢ ) LN N .L"‘-f (.1 v
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will not maintain optimum yields, there is a place foz controlled-release

. [ s 7 R TN a i) J‘ v
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fertilizers. The degree to which controlled release fertilizers will be

L

accepted will: depend in part on the’ level they can economically substitute -

v

" for labor.



«35-

Less Fertilizer Burn. Another advantage to controlled release,

L4 Y Can e R A I A R e R PR RIS RSN A T

one- thag is probably more applicable to the deve10ping rather than the

- ot -
,Jla‘,s ool rery, L4 G

developed countries is that of reduced possibility of fertilizer burn.

.7 a [ L TR R " s

As cropping practices become more intensive and rates of application of

v )T

fertilizer increase, there is always a possibility that soluble

¢ 4 F
LPASE A Vo) Tl f

S g

A conventional sources of nitrogen may be placed too close to the seed or

u,tt . 2

, young plant, thus preventing germination or stunting seedling growth,
riovc b Thae 0 T S ' -

It 1s well known that urea and/or diammonium phosphate under

¢

certain conditions release free ammonia - and when in close proximity to the

T r ’
S Fed hEX PP S Oh vas 4Lt 3 P

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

iy

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

release fertilizers either coated soluble

P o BN PR ) . ‘i

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

£ " « Faty

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

i
3 .-)

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

nli
.

real advantage gained from controlled release is dependent upon the level of

i
by ¢ +
i

mechnization in fertilizer application, in many countries, fertilizer

e
gt PR

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

),,) ),5

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

S rre ¢t

. the crop is less sensitive As a result, it appears
[ 11)r' R 4 A * vy

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

A
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reputed advantage for, controlled release fertilizers in some areas may be

v\«: . oy \ oo i 1

marginal,
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- Reduces Nutrient Losses Through Metered Release. A third advantage

o LD e ke . R

one that agronomists, horticulturists, farmers, and fertilizer manufacturers

R 3-A Lt CE A § g st

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

LINPCIN 44
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fertilizer, has been the ability to meter the release of nutrients, particularly

Ao LT R A
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'”nitrogenf'at'rates corresponding very closely'to the needs of the crop,

.
N M - +
5: a4 gt o on -‘n"," ey aeng iy e ataas, b - i

" thereby minimizing the exposure of nitrogen’ ‘to” Tosses’ through leaching,

: particularly nitrogen,

O LT bl e 0

denitrification, or volatilization.{ This is extremely difficult toldo,

EAPEREE . P

to, date, researchers ‘have met with’ very limited success “In this area.

:1

.
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'Nevertheless, the ultimate acceptance of controlled-release fertilizers

g, ‘}(;; gr . Ty R

at least partially devendent upon whether the researchers achieve this

(NIRS e,

and

is

goaff'vlhe féllowing examples will illustrate the types of problems facing

YILQ] e
‘these researchers.
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growing conditions are at or near optimum. Conversely, fertilizers applied )

s

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

occurs'at a specific time during their life cycle.

Crops such as rice, mai;e, and wheat are examples of ‘this. They require very

little nitrogen during the early stages; this, however, increases significantly

. . B
oty 1 v L

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

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

I
LA T R}

A [ I NP . [T

5

).

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

5‘1,1“ b .

suggests that demand curves for‘very.highyyielding'crops place substantial

. e . TR
del Lt s AL

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

Lo U st - =
it does not seem unreasonable to expect the daily demands for nitrogen by

, '
* N L U

‘,--«

some of the new high-yielding varieties of rice, wheat, nd maize to be double

.
o oy, ;},\” .,'}, EEL IR S

gy
and

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

Yo L hyli\l‘I Y L gt e

Vo ot ,A B <
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ple those reported by Allen: Failure of the crop to absorb nitrogen

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

[ v ' < :yi‘ ,I 1
P PESR [T Y1 AR HAth N o i, oy “y r“. i 7'1“/ RIFEOS
Some crops, such as many of ‘the' forages as well as sugarcane,

N hy u N - V‘ -
Serge o ersdagp Pap hagwebler coult it WA TENET P i e BT R e
f 3 7

‘have demand curves ‘that although substantial

'

" peak demands as found in the case of rice or maize: .'The demands .

5

(figure 5)

in’ total do not have the intense
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are less per day but more constant over the entire-growing season. Thus a controlle4

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

. pattern. ﬁnder 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

W,

. a. highly-soluble nitr?gen source coated with a'material:designed to release

+
N
{x‘ o tx

e ajority of the soluble N at or slightlyqbefore the peak demand period.

T nd

-
Yﬂ‘lf\.l k4 f.\ ' €

t

§ g
i The goal is not only to supply the total amount of nitrogen needed
b

eyond 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 £it the demand curves for the crop,taking into account that

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

by

because of possible exposure to loss through the mechanisms of leaching, '

B Mor

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

incidence ‘of disease--all of which reduce the efficiency by which the crop

NI

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

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

significantly., This is complicated”further in flooded reduced .
systems.w,ItiiSwone ‘thing to’develop.a fertilizer that will release nutrients

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

,'etc. ~It'is quite another thing ‘to do ‘this ‘for ‘rice grown “in the flooded state

(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 soil penetrated by . the. root system of a crop such as rice.

,These are; the thin, oxidized \ayer at 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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Figure 6.
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Table 1.

: Mat':e rials

~ Chemical formula

Nitrogen Solubili-

-

Slowly Available Qrganic Nitrogen Fertilizers (12)

Nitrogon Solubili-

Name ens content ty in . Name .Materials Chemical formula - ° :
_ _ or composition (%) water ) ] or composibion . °1(%‘)3r‘ \t.?:t::
Ureaforn®* Urea, form- Mixtures of. ca. 40 1B Ur . .
o on, iso- Isobutylidene 2.16 0,1-0.C
aldehyds methylene ureas . . bubyial dehyde cliurea 3 e
. H ;
i Urea _ N'HZC()'r“Hz lb6 .65 B 100 : . . gH;>CH.CH <g ‘
..  Methylenc U-CHp-U L2.41 ¥ 2,187 s - —
- diurea = T ey U Urea, 2 furfurilidene - 24.99 hardly
Lo _ : furfural - 3 urea soluble
‘2 methylene U-CH2-U'—CH2-U 41,16 - 0. ) : HC-CH
3 urea.. Wt : . i
- T . - HC C—CH-U
3 methylene u-.cnz-u'-cxx,_-u' L0.56 0.0l |-
4 urea CHy-U - b . f HC —-(')H [ll'v .
4 methylene U-CHZ-U'-CIK}QEI'-" 1 40.21 bpafce H&\O C-CH-u
5 urea CHy-U"-CHp=U © . '
— . Guanylureca Lime
Urea-Z - Urea, acet-  Mixtures of’ .  31-35  ca.’d Sulrate  UTOBCM gy - ,
. aldehyde ethylene ureas . : H2N-é-U'1/2 H2S°h 1/2 H0 34,99 easily
— - . b:‘ ;‘i * . . soluble
gzhylene U-CoHy-U " = ® %8.3& Phosphate dzN-é—U -H3PO, 28.00 sil
urea S (35¢ as S5
2 ethylene U-CoH -U‘-C H,-U 36.19 . 5L
3 urzz 2% 2 f; Glycoluril Urea, 1 02H2(00N2H2) 2 39.42 hardly
) glyoxal _CH soluble
CDU* .  Urea, acet- 2 oxo-4 methyl- 32.54 0.12 U'\ PAIL Y .
(Cyclo- aldehyde 6 ureido I - CH - .
diurea) ~ hexahydropyrimidine - :
Hy Oxamide (NHac0); ~ 3180 o0.02
CH3-CH “CH-U : “ :
hd NH * commercially available
6 . U: NH,CONH- (ureido zroup),
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r('1)1,11m'c)‘ni,u;n-‘ni,g:rcgger‘i_:g'plac;egl;:):l.n@tl'ne.;oxic‘lized-':l,ayer can‘'be readily

..converted to nitrate, .then leached; into: the, reduced. zone and lost: to-.

»

..the stmospherevyig)the3denitrificatipn4process. Ca e Crav
The objective of most fertilizer programs:for flooded,soilsgis to

;8pply .ammonium nitrogen. in the reduced,zone where it is.. . .

ﬁgtahle!buttstillﬁcan be used by the rice plant. If nitrate is used, it

,must be applied in small amounts when the plant ds actively feeding and

.......

zone: and subject.to loss .via .denitrification. -

., N S o
(ua ¥ Thoh t

Slow~Re1ease Fertilizers and Their Progerties

¢ R ’

7
Many slowly-soluble nitrogen fertilizers have been deve10ped

A‘." ' ' ]

Some of the more common materials listed in table 1

AL ST f

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

¥

et o't

t t

At presenc, the major drawback to these compounds is their high cost per
unit“of ‘nitrégen. Even when in large-scale commercial production, all-

seem to have a cost of from two to four times greater than an equivalent
“;m;s;: of.nitrogen from a conventional source, such as urea or ammonium
s;lfste. Nevertheless, several do show promise, and depending‘upon samings
:lhrough‘alcombination of high analysis and labor savings through minimizing
the n;mher oflapplications, they maylsoon achieve wide- scale acceptance
oarticularly for'the labor-intensive crops such as rice:‘sugarcane snd:
ﬁregetshles.‘ Much of the work includes ures as the base material‘because

Y. ‘e IR T 3 ' 5 1-.(‘,‘4, A - . ; TN

of its high nitrOgen content, east of reaction, and low cost per unit of
§§¥ (AR ! R ’ s o 1 AN R o
nitrogen. Most of the slowly-available fertilizers are condensation
A Yo e N

products of urea and aldehydes.
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3

»i asal v Although: many of’ these” products may appear to‘b”“similar and’ have

comparable reactions*in'a=c1ear1y%defined*chemicalzsystem, their‘reaction
in various soil systems aﬁd"availahility to'plants*aregduite“differeﬁt?and

\, 5 *,6.‘-.f. P Y P gty N [N . f 5 . A,r;(i“;, NI
Y1 ‘gsFyét not'clearly deseribed, s d e T EEEIA

" Ureaform (Urea-Formaldehyde). N content-is variable’but usually

betwéen- 28% and 427 N. Ureaforms ‘are’a mixturc of compotinds, the éomposition
of 'which" is controlled‘byfthe mole ‘ratis 'Gf urea’to ‘formaldehyde snd the
'¢onditions of manufacture.’ Increasing ‘thé'mole ratio increases ‘thé amount

or water-soluble components::.' Decréasing' the:mole 'ratiocincreases: the .

average molecular weight and amount of insoluble components. The most

,4‘ N N . . . .
- St i ot 4 e Pl ‘J"‘ ‘. '«

common ureaforms sold today generally have mole ratios of 1.25 to 1 4 ( 1.

){/,, REEEES ﬂ.,l‘; pry ),\‘t‘il¢.l~. o ' - w.x‘\

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

- N 4 N
r':“ 3,7 PR H ' PN

The water-insoluble N in these products must test not less than
;e S I e < e L

40% active by the activity index which is defined as (]3 )

" ‘ .
ot - ‘s NERREL] RS SR Y ER R A

. tog. = £ c0ld water insoluble N - % hot water insoluble N
Availabilitywindexl % cold water insoluble N - x 100

AR« ¢ . 3 H !
fprsd Cu bal 1o, )"( Pi’“sA‘l [ S L ST AT . L S e )

The methylene ureas constitute the insoluble portion of ureaform,

‘

Low, s PN Voes,s M- ' .4 .
St Ty Ty Y » / e (e} . b i, L

. i S

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

{ .
“y;'ﬁ EA R ek TV LA I A Rt ¥

,z‘,“i‘ [ PRASEN

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

‘}i‘.;(lj’»'?)t‘rf bt .. i : ) N PV PR

Mono- and dimethyleneurea are usually considered to decompose too

f .
.“/5 ;;:‘., . cin o, .)r'\ , < . 3 g P S

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

A RTIES A IV ST - . N .1 o R

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

PRI “y ot ' ' o ' . ' TS o Nt o,

soil. Trimethyleneurea appears generally the most effective 81ng1e component.

<§ Tyt . L] ‘(‘ Y W , AR} s b “l’v' [ - 3

It is the major component in the hot water-insoluble, cold water-insoluble
Ok 1 B L RN I STR AN S : e
fraction of ureaforms (11). Japanese workers (14 1 16 17) have concluded on the
T Y R S T

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

f '

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

tz o ,L R 3 vn e § et .y»

¥ 3 - 4‘ -
5 p s i t

? “)'
_of methylene'urea.

.
)7’ t{“ ‘o 4 .0y

Particle size does not seem to affect the availability of the

-~ A ¥ -
AT L NP N GNP P “ s R et L B .ot

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

P W ° P R v \,., -

rate due to the bactericidal effect of free formaldehyde commonly present
‘ “‘t . "o, e, . [ K
nﬂsome of the ureaforms (11)

Ml LI e
2 | T S R A

¢ . H
A H 5 Lo

First developed in the United States for use on turf grasses

Juse e ey i b by, ot R S N A

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

[P N [

, 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,

N - '
L] h RS B Pt [ :

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

i€ - ]
L3

sources of N for cotton, cucumbers, kohlrabi, cabbage, lettuce, tomatoes,
NI E L ¢ )
wheat, and rice.

“"'- N ' Nos o t

. 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

[N

as split doses of conventional applications (18).

[ P . Pt ‘ -; [N

CDU (2 oxo - 4 methyl - 6 ureido hexahydro-pyrimidine) other names =~
ML \.nl FE AL D e : .

CD-urea, Crotodur, Floranid Nitrogen content 32 SA except Floranid which

Ve e
’ g.}gz‘ ¢ [}

- -

has 287 N, 10% of which 4s as nitrate. CDU is prepared by acid catalysis

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

“’gi"ﬂ' ‘:" VA ot TR I K (AR LA TR A
CDhU was first prepared by the Germans but now is also commercially
Swg ey raay o0 ue . D T v ! Com

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

. I
ot ety

N . +
.: o3
1 H

pattern makes it suitable for use on grasses and to a much lesser extent

b
{J{Mg‘\,r(’\ eany 1x' ;\1» . N . .. ’x’

annual crops. Japanese tests (12) have revealed CDU is of limited value on
Poaigaty <4 i 5 . . S '

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

VL - -
['4-,“**"‘3‘/(0.;, fae ‘t., "“- RIS LTI . . PR

very slow-~too slow to promote optimum growth of rice.
¢ -.»',A ’4!

. .
[N l~}i Lals Sdl K RS TN R N ide. JEY e v‘,-t"\ ¢ 18

A maJor advantage for CDU as cited by Hauck (11) is its low but

,.0

continuous rate of dissolution thus allowing application of large amounts ‘
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s

(up to 750 kg N/ha) without crop injury and its stability in manufacturing
o «)»’:‘:’; ‘!h;'.'rrﬁ‘ 3( Mg w“u‘;,‘; o o {uj' 1,,447 oA
compound fertilizers, A disadvantage of CDU is that it is subject to leaching

by irrigation (12).

AR ORI TN S "i-u?‘h et . RN
CDU is degraded primarily through biological action, its solution

“ . - .
St ., \.bl‘ EANNE ‘ A2

and rate of degradationﬂare related to particle size((19)
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v },u "lr\ W2 LA 1\4 »irf
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Urea-2Z (Urea Acetaldehyde) Nitrogen content varies from 31%-38%

T warpp, bt T i

of which about 15% is initially water-soluble andAthe remainder slowly

-, ..
.ﬂ1‘,y$-,;— K3 t, ga\ t

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

G A ) ‘ v i ot
PR, l,t 1 . v i s s vd

some unreacted urea. - .

o s(gy N *uw:;' IR !u;\

[ - - Lo Y t [ f . .
1’“‘“\ e Tt d “ a3 [ nia; ey a4t pe - " £ X

* The release rate for urea-z "is more rapid than most slowly-soluble

- . i : [ y - ‘ '
SO N S P DU S, o SRR U RREI

ﬁvproducts. Decomposition is chemical and not greatly affected by temperature

NN oy w0 f e [ ! e
[EREENE PRI MR #4304 toe LA At L. I Y, P I S i

or particle size.

3 T gl oy PFEIRNTRY yerr . s ql,_

> tr A -

' ' This material was first investigated by ‘German research workers
I

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

}rv:"ﬁ ';,\).i . R SRS § v, RN

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

.
1 AN N L - ,r \ i s
n“:‘,,lt A A [ EESY PR [ TANI R LA

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

. .
{'Xl\ " T ks g ' ,4,4 "?

IBDU glsobutzlidene diureaz Theoretical N content 32%, commercially

. P
Wl 'Q"‘"‘ ! 4-.”&“ E“T cer s oned w0, '—,“'4 nt

30%, has been developed in Japan and now manufactured on a commercial basis.,

i
. “ " .
xﬁ’ «,?': :i‘”’l 1 - rv)l £ . Cv‘§ T a“‘ “ary {“

It is used primarily as part of the nitrogen cOmponent in compound fertilizers.

G Eetee Db o T vy e g Noxret v, TR I oy e

For a detailed review of IBDU see Hamamoto (20).

P S - PRI N - ,__' ’ R . N + . .
PRI VI S & Wrs ol Cdty ta groasd, o

The compound is a condensation product of urea and isobutyr-

[

RIS ;;\“('- LI AN

aldehyde' the’ rate of hydrolysis is relatively rapid euen in neutral solutions (11),

(rs'**auiv' A ,t “*“]4* KRS s, N LI KA ‘. ooesar -'.= Ot

but is pH dependent (six times greater at pH 4 than 7) ‘

N S DR R R RPN I 193 O Coea ‘»\n.: bR ;3 BNV S w iy,
Chemical hydrolysis is the prime means’' of degradation and can be

. " - : P
(J‘“,,qz ».:! W . 3"":‘)\.‘;,,p .A“ T, (7Y ,-]/x‘; . 4.,\‘,u‘»>

effectively controlled on either upland or waterlogged soils by change inv
T N 4 S Y A TR DS ;“3"*"»“,' S T T Tt - -

particle size and hardness of granule (20) The rate of mineralization of

T re iy ,
SNy 3 AURAD SO I8 S
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»
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.
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IBDU nitrogen is controlled substantially by its rate of dissolution. o
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_,?he rateﬁof mineralization of ‘IBDU, is, not'greatly,influenced»by»changes in

microbial flora (aerobic 0T, anaerobic) T o N gt e e

"‘?( PR

Several Japanese workers (11, 20) have demonstrated thathBDU

can sattsfactorily supply the N needs for flooded.rice and: for rice, small

LS s
<1 Pray

grain and vegetables grown on upland soils, ., Unfortunately in most of the

BT Y.

situations where IBDU has been tested, the results are confounded byﬁthe

R EETHE R e

presence of other nonstandardized amounts of.N, P,.and K. Under. these

i i -

,’ (SR

con ditions, the absolute contributions from aach variable are not clear. -
P

Nevertheless, IBDU seems to be.one of the,more;promisingaslowzrelease,
R R 3 EE P A - ",

-

compounds,

e ,gfclxcbluril (Acetylene Urea!;\:Nitrogenxcontent*39i%%2*prepared from

T

urea and glyoxal in presence of .HCl (12),... only slightly:water-soluble,

Shows promise for. use .on forages.‘JDecomposition .1s biological" with\maJor

portion of, release after a 3- to-4-week laguphase. - This’ product :is‘in the
.1very, early stages of deve10pment

Guanylurea (Lime, nitrogen,xsulfate, phosphate ')~ Nitrogen content

cye

5,352,\made,fromﬁca1cium cyanamide ;in-a-lime-nitrogen-matrix by 'direct‘acid treatment.

-~

_\‘K\This compound ,and its. properties.have been.known for'.at- least

L

......

l‘usefulness,has been.limited to.. ., ~compoundxfertilizers;t‘Furthermore,‘
) cost of this form of nitrogen is quite high' thus commercial potential: for

this product is very limited Cor R e e L e

G,ihe_potentialwfor:this productfis,good‘shouldscertain technological‘

LPIEES BT Y

disadvantages be overcome.' Prospects ‘are . particularly encouraging for use

1

of this product on rice. Japanese workers (12) have found4the decomposition

of. guanylurea occurs more rapidly in waterlogged soil than in upland soil;

'

furthermore, there is. little release duringwthe ‘first month after application.

N
S o . r,
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fwThiS property is vastly different from other slowly-soluble nitrogem’compounds

c,yrzx;,ail.—
discussed and. more nearly approximates ‘the’ needs of crops, such as’ rice,

,\having specific peak demand“periods. &

' >
\ PN

N

13}w“”'~‘ > iThe’ microorganisms which mineralize guanylurea are anaerobes'

: therefore, théir activities are increased as the soil achieves a reduced

Loy '

instaté by" flooding*»'Furthermore, guanylurea is’ strongly adsorbed onto clay

‘particles.’ Therefore,xit‘fsdrélatively‘safe‘from‘leaching:forcés{ B

. B
L A B

o R R U SR L S LIS SRR R A '
%?iThisVEasy attack”by anaerobesxand adsorption to soil particles
willﬂlikely cause varied results‘depending upon the state of water control

S

and type of soil (21) o | ‘ ST
The Japanese work has shown several factors that are-inVolved in the‘

mineralization of. guanylurea An. flooded conditions. These ‘are: (a) mineralization
‘proceeds faster when Llay content is ‘low: or ‘the’ major clay is of the 1:1 type,
(vamineralization is fastestuin soils containing ferrous iron, (c) the
strongeraguanylurea ischeld: by the-‘soil, the‘slower is the rate of "
mineralization, and (d)’mineralization“is{always accelerated'by“theiﬁddition
mofireadily decomposable organic\material,“such(as élucose{ifBased upon its
-sensitivity. tOxredox,poteﬁtialwfguanylurea”will hot be minéralized ‘if placed
inlthe ,thin oxidizedklayeriat the soil-water interface "of "a ‘flooded system
(figure 6) « Thispis<a”very important - property ‘since ’ the oxidized layer of
,£looded -soils. subject to 1eaching is thicker. then for soils where the percolation

;rate is; much lesgs \One might say" guanylurea has ‘a built in on-off switch

1

[y

that iSfcontrolled by the degree the soil s reduced
'&:“wﬁ&u /@EOxamide. xOxamide, 32%*N is a’ diamide of’ oxalic acid has been
widely,studied but<offers limited potential bacause of technological problems

2;inaproduction;
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-'ﬁTherroperties~of5oxamide are“similar*toleDU'in‘that“its release

rate is goVerned by particle size.*“However, in' contrast to IBDU oxamide

[ TR

«hydrolysis in-soils is- biological‘rather than chemical (1. 'Finé'
_particles of(oxamide“nitrify“faster”than amoniun sulfate ‘and simiiar to

‘urea in acid soils (11). Oxamide of suitable particle size has proven

% ‘.
\.’ g I e

to be effective as a source: of N for maize, grass, rice, and barley (18, 22).

Fuloay i Fr.o - R B (RN

Finely divided oxamide is similar to conventional nitrogen fertilizers as

Ir.t P TR CIATIE LA SE T P TIN

a source of N.
‘.".“,‘{u;\"’i DR S BT I

Difurfurxlidene triureid N content of 25%, very low water solubility,

vt s
»

LR N

reaction products are urea and furfural It has been manufactured commercially

ce iy 1 i '

. o
’ . 4

i N
"'.t .

on a small scale in Japan. Production on large scale doesn't appear. to be
o N ' 3 [

::',.‘-: Tt oy

feasible.at this time. Chemistry somewhat related to urea-Z. Relatively

. L f !. s AN T o s T 4 et ¢ P

little done regarding agronomic potential of product (11) o

e

-
("

There are several groups of compounds under study

v

Other Compounds.

i LN - 1

most of which are either still in the developmental stage or, because of

*_.I‘)'/i» R Eeyt 473 1

~tan

certain technological problems, 1ack commercial application.

* . .
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e b “;5#'

. Triazines (urea pyrolyzates)--lnclude cyanuric acid ammelide,

H PO R [ il AR, L i
b vt o i [N

ammeline and melamine with corresponding N levels of 32 4%, 43 7%, 49.47%,

LA
b2 W ! 3 s, B
'y ian 3 r ! el '

and' 66.5%, respectively These products are now under study, but because

g at - LN . Lt i ""uc [FR I %

of their very slow N release pattern seem to have potential primarily for

o I e e O T : . caT

«frr\:‘;éi‘tﬂh,‘\‘: R P
grass, .shrub, and tree crops (11) Little potential seems to exist for

[ ’ v‘*('i! 1{";7: ‘e IS I AL
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row crops and particularly rice,

Metal ammonium phosphates--(variable N and P levels) For a,

PRSP _ar ¥ [

) ? i -
u‘..,lI o '\w’v?‘ AN R TR . v v

number of years, researchers in the United States have experimented with -

- N \ 1 . El v 31 . "1 Bt
LAY . ot v‘ﬂ.u_:, ot ,Cl o PRSR LSNP

- metal ammonium phosphates (Mg, Zn, Fe, Mh, Cu) as a nonburning fertilizer

IR
- ' R > , ’ g L N [
7‘1. \.’4u" b “rg;,:{' 2T "x'l PR 4 T ,.r “ I

: with a controlled rate of nitrification. Although effective as a source

te
(Ytr’ . Srrrg fusr Yy ’n" e ln‘ N APPSR P A 4 [N AN <


http:simlar.to
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by

,of nut trients, for lawns,,ornamentals,band othersspecialty crops, metal ammonium

RN

vy

hOSphates have,not £hown’ parti ular potential fo

: ,; SYV AR it

use:on such annuals as

s

ricehbwheat,jor mgize (23,,24,0 ).,As a7 result,,little research activity

* red

,-seems, Lo be centered recently around these compounds.\

shva

éoated Fertilizers
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B The compounds discussed in the previous section all are relatively

o

by

v

' . v T3
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insoluble when” compared to conventional fertilizers (the exceptions being

finely-ground oxamide ). Their availability is dependent upon a number of

P
1.2","’ S0t 4

factors including microbial activity, ‘soil’ pH, temperature, oxidative

7 v . ) P IR
et r“ SN £ ‘r Vi o LA

state of the system, etc. Because it is difficult to determine the real
T T L T P I e S bt vy ST SR B IO ‘
effect'of each of these factors on the hydrolysis and mineralization of

the compound the release'pattern of some of these materials has not i

\

. o T . 1t CEU I |
J; v R Lo . .

always been predictablef
" 5 ‘. " s ,51\x
Because of these limitations, coating agents have become the focal
¥ . bty 1 - o,

"point’ of some intensified‘research Metered release has been accomplished

¢
5 4"

: Lo N
e A e ey

with one or more of the three general type coatings (26) (figure 7).

. e 1 y .
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‘1. Semi Permeable MEmbrane--fertilizer is released when the membrane 1is

.
- - . [ B n!
R R RS : BRI : v Coralr gy :

ruptured following the increase in osmatic pressure which r7 2ults from

. ¢ L u' « .~ L [T
I AN T il Wi LR A I FI 3 2 SR AU AT A ¥ 1

water moving across the membrane into the granule.
Pl ‘i,r, N . Yy & N P ot atd ’ B ya 15}‘

2. Discontinuous or Perforated Impermeable Mbmbrane-;tiuy holes through the

trY . - 4 ,;
'Tl'"} ;"J, st ¢ - [ RS v h Lo \ ,} v M M»

membrane coating provide the route of release for the fertilizer

N . ) [N N
- R PRy Tt Ry N 3 ".Z"

tomat

)

‘contained within.

& ’ : O A A L B '
3. The Solid Impermeable Membrane--this is a membrane such ‘that it must be

3 .' - - -. . oy e
4t DAY S A ~f,,~u>‘ A A

degraded by microorganisms prior to the release of the nutrient.

] N .
. - a « [ . v,
LG fart TS TR & PEIEIREELIN PEIELY ] e N Py el

Materials investigated as coating agents include polyethylene, acrylic

“"1,”43 " ERER T LA 1"‘7{,‘{'{ . .utuv'*“‘.w- TN “va‘.,‘l’f’li'f Y zw.'.‘ed LT
resins, vinyl acetate waxes, paraffin compounds, asphaltic mixtures, silicones,‘

ot

and sulfur (27).
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Coatings (including encapsu ation) Ahave certain advantages for
' altering the physicalicharacteristics of fertilizer compounds. More

freedom is obtained in fertilizer formulation and micronutrients or secondary ’
1» _‘,

nutrients can be combined with primary nutrients. The major disadvantage of
coated fertilizer appears to be in the manufacturing of the product. Coating

rJ‘

' uniformity around each fertilizer particle is often difficult to obtain in

N
,,1 [

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 materiaﬁsin molten wax, forming the dispersion into small
particles in a mold, and allowing the particles to cool below the melting ;?
point of wax, The re;ulting particles are a dispersion of solid fertiliaer‘

particles in a solidtwa#} The water resistance of the fertilizer particles;

can be increased oerecreased by . increasing or decreasing the amount of wax
Ay . , .¢ »' el

employed Increased watey resistance can also be effected. by dissolving

A

y

certain additives in the molten’ wax. -

e
EQ,; .\.;...

. One of the major problems in developing this technique is to adequately

disperse the fertilizer granules uniformly throughout the wax. anuniformity

i
¢

ey
i

and unpredictable release rates are the net result.

Pl

J %; Polymer Coatin gs. Urea-Formaldehyde Solution C atings Multilayer
a I

Q- 1y

,‘./

y,y

Ureaform, Epoxy-Polyester Resin Coated Granulea, Urethane, and many other

combinations have been tried as coatings around' soluble’ fertilizers with }ﬂﬂ

i e '4

.4

varying ,Success, Whatever the nature and form of the coating, its effectiveness

" W

is probably determined by the rate at which it slows vapor transfer into

the cavities £illed with soluble material After solution pressure builds“

7t / L N l' ',.»" u‘v..Y,« a

up inside the' particle, the rate of\release is then dependent on the’ ability

- v ’

of the coating to withstand either rupture or excessive leakage through

A i

»

_ newly-formed pores (10)
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WAnfexample of} this can-bedrawn’ from work done- by Ahmed “and Attoe -
Teevof. the United States (28). Thé basic'process 1s'the: encapsulation ‘of |
*fertilizerugranules*in polyethyléne-£film. ~ Although strictly speaking'not
- wi @i coating," the-actual procéss is very'similar'to.polymér-coated ‘fertilizers,,
“and -the principles governing-the release may-apply to many of ‘the coated
‘fertilizers, whe ther wax, polymers, or sulfur.'' Ahmed- (28) achieved ‘¢ontrolled
‘i hrelease.of! fertilizers ‘by enclosing or encapsulating water<soluble fertilizers
sin-a smsll capsule made of' thin‘ film; ‘such as ‘polyethylene film,! whicéh' had
several holes having diameters within the 0.05 mm‘to ‘2,0 mm ‘range. ' He
+ .successfully ‘grew high yields 'of “maize and maintained satisfactory growth
of turf with-single applications of this product. He reported the release
rate'to be determined mainly by:
vk, Number and size of ‘holes per 'capsule.’
-2, Amount ‘of moisture in’ the: soil.
2y 301 Solubility.of fertilizer,
=3 4, - Weight: of ‘fertilizer in capsule.
'+ This and other’ processes are being produced commercially but used mainly on
1ot specialty! crops; -
4n ‘Archer Daniels-Midland Co. has devéloped ‘4 resin-coated urea ‘product
that is being sold commercially. it has been used successfuliﬁffor3tuff
and certain specialty crops.
Sulfur Coatings:i 'Most’of: the!coatings discussed thus far are
either inert or are nutrients nonessential to crop growth. In all cases,

: - vegd
gk%a\ ”g ?{}; P T T S N B fredy JEE T e - e v

this has materially increased the cost of the fertilizers. )
R DA TR R bty . A BRI ¢

A way to partially offset this has been to use coatings that have

‘ J»» ‘3 i
Lo owad SOOI ety i .t ! 13 4

a multiple purpose. Recent research using sulfur asta coating has stemmtd

ks
KL O G 7T IS VI R RESER P

.from,such an .nterest. There are several reasons for interest in sulfur as a



v
B
. :
Vo, -48-7
R
\ f

.. coating, forwwater soluble fertilizer ingredients. Along with it providing
a. product of allsnutrient, composition, the material can: be appliedsconveniently :
..,a8 ;@ melt and at.a relatively low cost; This method ochoating suffers ‘, |
..from one §€F$°9%u413§dY9nt983 it -has been found that the sulfur coating is
,t9§~P°FQU§;aQ?AEh§F thehleaghingrrate is .about (the same.as for uncoated
»y;fertilizer, granuleg, (10). .., |
ngthiguprohlem;has.been corrected. by a‘process%developednbyiTVA (295
”\iwhichiproduceslan)effective controlled-release urea fertilizer by using
sulfur, a microcrystalline,,soft wax .sealant, .and a,microbicide.h:Theu
wPOXous nature .of the. sulfur coating,hasﬂbeen,appsrently.elhminated~with a
, ;. Sealant, that prevents rapid. water; transfer through the coating, “-The
microbicide, pentachlorophenol or coal tar oil, acts as a retardant;to
sealant degradation and possiblxjsulfurutransformation. ‘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 promise .as.a nitrogen source . for.  upland riceior where intermittent
flooding prevails. It has not proven superior to conventional, sources. fbr
. rice where Water, control 1s.good.  For a more detailled review of SCU, see
Hauek, . (11) ., .
o ,‘ProtectedrAvailabilitxu,ﬂ;{

Ty /'tv i 3 "‘ ‘i“"\. -~ i "":: “‘c‘f«
The, second major approach’used to achieve controlled availability
§ ¢ [ ,x'j L8 P n( ' 7. 8oy 59) ;‘H;

1s to keep the nutrient in a form which is readily available to the crop

LIS s B
St E o [ ! (PRI '

‘but which s protected from the physical,,.hﬂmical or biological forces

3
N 37 s 3.
et} § ER5 ")'( Ja

involved in immobilizing the nutrient.ﬁ Such a process can best be termed -

-‘!uh ,‘: 1 e

"protected availability "
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- Protected availability is commonly achieved in at least two. ways.
The more common are' (1) through the use of nitrification inhibitors and

(2y through the use, of organic chelates.

Nitrification Inhibitors -

___-_,—._..-———-——-_—_—'

. it has been well~ established that two of the principal mechanisms
causing reduction in nitrogen efficiency by the crop axe (a) losses due
to leaching and (b) gaseous loss through: denitrification. In both;cases,

the riitrogen mustjbe in’the .pitrate form before these losses can occur,
b

e

I3
H

Since most plantstcan readily use ammonium nitrogen and since ammonium
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.ammonium form as long -as possible before use by the crop will significantly
reduce nitrogen losses. ‘This has been accomplished by inhibiting the
nitrification process. ,In almost all cases, the inhibitor blocks the
conversion of ammonium nitrogen to nitrate by inhibiting Nitrosomonas growth

ox activity (figure 8).

»

There is considerable activity in trying to formulate‘compounds of

é
this type. To be of practical value, they should effectively and specifically
block the nitrification process, be sufficiently mobile to move*with fertilizers

in the soil solution, persist for a sufficient period of time .to protect

H

the .ammonium nitrogen from conversion to nitrate until usedfby .the crop, and

ek L i

finally, be nontoxic to the plant and sufficiently low in price to warrant

4

their use. Most of- the guccess to date has been. in Japan and ‘the United States. ' Some

(X

of the more promising compounds and their common names and developers have previously
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been reported by Hauck (11) and appear 'in table 2, Only those inhibitors
% c
currently available commercially or available for wide testing on an

experimental basis will be discussed

N-Serve 2 - chloro - 6 (trichloromethyl) pyridine.~ ‘Developed in. |

. .the Uhited States and possibly the most widely tested of all nitrification

inhibitors, N-Serve has proven to effectively control the. nitrification

-

process. The . properties of this product and its use with anhydrous ammonia,
*reaiand ammonium fertilizers have been described by Goring (31, .32).
ok Reviews by.. Hauck (11) and Prasad (18, 33) have clearly-described. .the walue
of N-Serve on¢various crops. N-Serve persists and'is effective'in the soil
for periods of,up to 6 weeks; however, ‘numerous workers:have, shown the

half-life of the compoiund to be about 15- -25 days at 20 c. It is normally

-
-

more effective when it is applied with banded fertilizers. Effective rates

vary from 0 ZA 2% of the ammonium nitrogen with the lower rate adequate .only

4

when the N 'is applied in a band. R EERIE

K N-Serve has significantly increased the yields of sugar beets,’

‘.‘,./.J

cotton, sweettnaize,spinach rice, and hybrid maize (11 18, 33). ‘Considerable

!'x‘{,

loss of effectiveness occurs under ‘f{'e1d conditions when applied in a

AR
s fiooded system for growing rice. In general, cost of the material

14mits its use to specialty crops. Effectiveness declines as soil

LY

temperature increases.
e Dicxandiamide. Sold commercially in Japan, the inhibitory effects

of this compound have been clearly “demonstrated and known. for,somektime (12).
¢ RS T ¢ . . R
The ‘product. is. effective over a long. period and- effectively inhibits

. i v
iy ot I “"g ] o ‘1‘;“

Al
S .“x

i

nitrification at all rates of nitrogen application (34) Concentrations

of 5%-10% (of ammonium N) have been reported effective in restricting o

nitrification for up to 3 weeks. 'To maintain effectiveness, the rate of

| application should increase as organic content of the soil increases.

Effectiveness declines‘with increase-in soil temperature.



Table 2‘»» 49 Nitrn.fica'bion Inhibn.tors Under Test :.n Japan, 1969 J

‘_,w,‘ ;err
? N
Pl
D U
’r" 1
Sl il ’
B N S T
- tooode «

' 7' 0ommon Name:

I

LR IR 3

i «Chemical. ' - , or Symbol B t Developer '
Thiourea R T AN Thiourea, Tu Nitto RyWSO - . g,
Dicyandiamide - ¢ ' ; wivan o Dd or D:.cyén -' Showa Denko ~ . .
2-mé}fdiapto‘-’-lienzothiazole. o MBT ' Onodo Chemical Xndustries
2-benzothiazole-sulfane-morpholine KN or KNE ' Nissan' Chémical' Industries
'\
2-chloro-6-( trichloromethyl) ) I‘I--SERVE(R Dow Chemlcal COmpany
pyridine "’ (u. S-) -
2-am1no-h-chloro-6-methyl TUAMY - Mitsui Toatsu
pyrimidine - A Ye o ,
sulfathiazole Cwir . o BT Mitsui Toatsu ’
2-amino-l-methyl-6-trichloro~ . . MAST Mitsubishi Chemical *
methyl triazine " vt Industries
. ‘. e g ' - Cradibyr
2, h-diamino-,6-trichloromethly UL il Amerdean Cyanamid
triazine DS laa Lo \ (v. s.)
N-2, S-dichlorophenyl™ “vi/:%uc, 5y DCS,. . L Sumitomo Chemical "
succinamide, = > T e Industries . - s
guanylthiourea , TASU U T Nitto .Chemical Industries -
Tedah R B ?;\;:,‘: B .,,,>' . ’ ) . o
h-amino-l, 2, h-triazole-HCl ATC " " “'Ishihara:Industries
"'“5-niercapto-l, l&-ﬂt;rzi.agzo.'l.e o MT. - *Nippon‘ Gas. Chemical,
o t Ve > [t ‘:g '71” o f‘u; ‘ry's "(:l;“ Industries
JE LIRS B ) A P
R T Tl e L g
a/Compiled by Hauck (11) ‘from information obtained through the courtesy of

“the Fertilizer Research Division, National Institute of Agricultural,

Science, Tokyo.
code’ numbers.

Not included:are several materials known only by their

H

'."it |22
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Jggyanoguanidineri‘Qngther1compound$possessingminﬁibitory properties
.provided-it is appliedbatifrome535%324%”of the. ammondim nreéagéﬁfﬁféﬁent.'
11t has.effectively: (12) rircreased therefficiency of N fertilizers ‘applied
to wheat  as much as: 50%. It"seemsfto'be‘most effective oi organic or
1imestone solls which are high in soil'nitrates and subject to heavy
.rainfall at :low soil.temperatures.x + It does:not. show.outstanding potential
under . tropical conditions.. "

u¢;3pp?‘J . Ihiourea. ' It is soldkcommerciallyrin”Japan”and'is considered
both a slow-release source of N‘and also”bne that" possesses nitrification
”inhibition characteristics. Japanese workers have reported thiourea as

being effective for a period of up to 4 weeks at concentrations of 14

s iy
AV 4 AL

by weight of applied nitrogtn. Often 6% 10% was sufficient for some soils (11).

§obt
{;' e \u“'i T g ‘,, Yie

Concentrations above 28 ppm were injurious to barley seedlings. Effectiveness
/{‘ S T A e oy . B L 4 B 2 o

declines with increase in soil temperature

L Bt n T, . Sty .1 ' Erey 940!

d " AM 2 - amino -4 - chloro - 6 - methyl pyrimidine. Developed by

- 4 H . i 3y
[P B “ ' R S § 1 i ¢

the Japanese, AM has proven to be one of the more popular nitrification
N I I ety T IR oo
inhibitors. Effective concentrations range from 1 5 to 3 5 ppm with 2 ppm

'

the most common. Its average half- 1ife is about 20 days (35) but ranges

oty [

from 15 tol60 days depending upon the soil conditions and the concentration

L B » a“

e

being tested (36) Increases in temperature greatly decrease the effectiveness

i .
I;\u/ §| ¢ o

of the inhibitor. Therefore, the potential for AM in much of the tropics
is linited. | o

J% Lh{s:‘Aﬁ has effectively increased the yield’of rice, maize, grasses, oy
{severaf}types of vegetable crbps and barley;,&

SR AM is 1ess volatileﬁlhan’h -Serve, the vapor pressure being 0.002

T LRI \u "‘
4

: and 0. 005 mm Hg, at 20° and 30° c, respectively. AM cannot be formulated
with acid fertilizers such as triple superphosphate. It can, however. be’

; safely formulated and stored with most ‘other forms of fertilizer.
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i

HSTNZ - sulfanilamidothiazole_jsulfathiazole).4hDeveloped by the

same Japanese concern that produced. AM, - it. is»designed to overcomeﬁsome ;

v
1

,of the problems with AM, ST can be mixed with: aciduf ﬁtilizers“and ‘can be(

reagily formulated into compound fertilizers;(37).t.uu 3r~iv ¢ 7

\ﬁ; ¢ o A relatively new compound, it hasxyet t0<be extensively field

e

,tested.,“However, preliminary tests show thatvST does¢effectivelynincrease'

1

the yield of rice, barley, and spinachA(38).r”Tests”are nownunderﬂway~to

i

.ﬁtudy“this compoundiover;a~broaderurange\of conditionsmﬁﬂuigh temperaturesr
. reduce,.the effectiveness of8Tusiv. ©
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Synthetic Chelates
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One of the best and most successful examples of protected availability

. oA " i ,f" PR h.,‘..v

L)

Frgs Sy

has been the development of the synthetic chelate for agricultural purposes.

l R v
1 1 g o v v 4 ¢ A b
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It‘is sell known that when properly used synthetic chelates can keep the

«
/4\ §° ’ ‘L
B e

essential nutrient it contains in an available form protected from the

‘) 4;,

PR

b Doy m'r T

fixation forces of the system to such an extent that it often is 5-10 times

5 . CRNTEAS A ‘H
‘u;t‘i"»f»,aJ;:’ | e v;i“f"’ R “ te AR} Pt ¢ 1

more effective in supplying the nutrient to the crop than a similar amount

("'( \w ""’l] L
- «-' . + » N R . + ol
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of a conventional inorganic source.
- o ¢ Ay RN TN T - Tt . Sy R SR e S L
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There are two properties that the chelate must have to achieve

4 PR . l; oy \ '.ayax‘ ‘y(,, .I ‘
:a:,.l’ PN it H ,’»,u} e 4 ¢

the success described above. First, the chelate must have a high resistance

* i AL‘ 1 Ay e P 4 £
Wt 1 -t I3 \ '1 "«1 ' PR i - v . PR
S T et (AR Y P D f

to soil microbial degradation, and second it must also have a high degree

v B H . i o .
AR 2, ‘4 1 S R BN S A T ctariftrped '

of stability with respect ‘to its assoclated micronutrient. (11

PEREAN vy oo

The fact that researchers have been extremely successful in

. . ' E vl
.a‘ﬁ"x"n"'.“«.“f" 3‘)” R NSRRI LoLE oy ot D

reaching this goal is illustrated by the large numbers of chelates sold

w £ AT
. ., e "« o (PR la v
4 VLt P L IS B 4 o+ ) N T

for correcting micronutrient nutrient deficiencies. Some of the more

e R 3 N e et PR
ﬂ ’l‘n",‘t’ LR TR B ‘J k3 'M‘f N 4 e 3 x J ] Al N 2}

successful are listed in table 3. ) : B R
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‘Table 3. Abbreviations.of Compounds'Used to Chelate Micronutrients (40)°

.
Ched 1o

R . +""Commercial
Abhreviations: - Chemical Names " Trade Names
EDTA* Ethylenediamine tetraacetic acid Sequestrene AA
Nabe EDTA Mono sodium ferric ethylenediamine Sequestrene NaFe

LT tetraacetate ‘ - ' )
Nu2Fe EDTA Disodium ferric ethylenediamine Versene Iron Chelate
. . .- , . -tetraacetate
wa2Zn EDTA Disodium zinc and disodium man- Sequestrene Na2Zn
& ganese chelates of EDTA &
Na2Mn EDTA Sequestrene Na2Mn
DIPA* Diethylene triamine pentaacetic acid Chel 330

NiaFe DTPA Mono sodium ferric diethylenetri- Sequestrene 330 Fe
amine pentaacetate

HEEDTAY Hydroxyethy} ethylene diaminetri- Versenol (referred to
e T acetic acid also as EEDTA,
HEDTA, and EDTA-
SRR ‘ OH)
SuTeHFEEDTA  Mono sodium ferric hydroxyethylene Versenol Iron Chelate
diaminetriacetate Perma Green Iron 135 .
CDTA Cyclohexane trans 1, 2-diamino Chel 600
- tetraacetic acid
¥iFe CDTA' © Mono sodium ferric cyclohexane Chel 600 NaFe
trans 1,2-diamino tetraacetate (Experimental only)
EbDHA* | Ethylenediamine (di({o-hydroxyphenyl- Chel 138 or APCA
or EHPG acetic acid)
HTe¢EDDHA Ferric chelate of EDDHA Chel 138 HFe or
‘ . Sequestrene 138  “*°
BALLG Fe Ferric phenolic polyamino carboxylic Geigy
U acetate; derivative of Chel 138 HFe (Experimental only) * .
DHEEDDA Dihydroxyethyl ethylenediamine- Versendiol
T diacetic acid
NTA 0 Nitxilotriacetic acid
HAKTA Bisrt(dlcarboxymethyl)aminoethyﬂ-
o ether
BASTA Bishdicarboxym ethyl)aminoethyﬂ -
Cay . sulfide
g A byproduct fraction of paper pulp Rayplex

''euestrene and Chel are products of Gelgy Chemical Company, New York;
Y Versenes of Dow Chemical Company, Midland, Michigan; Perma Green of
Refined Products Corporztion, Lyndhurst, New Jersey; Greenz 26 of Crown
c:.--!lvrbach Corporation, Camas, Washington; NTA of Hampshire Chemical
(*.2:pany, Nashua, New Hampshire. Rayplex Is a product of Rayonier Incor-
;::-’4!"1. Shelton, Washington. )

L]

;"

o'.u‘chclming agents are usually avafilable from manufacturers as the pure
1.' s or as sodium salts, The acid form is listed for the sp!;e of simplicity. E
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For a. complete review of this subject, the reader is referred to.

s
t 2y

(39 40) The purpose of introducing the subject in this paper is merely
to provide cnelates as another example of how scientists have achieved

H

their goal in developing the controlled-nutrient-availability,concept.

‘

r..Application of the Controlled-Availability
% Concept in the Developing Countries

‘

‘
*

WL

It should be clear from the discussions on controlled availability
e:U v ‘L'{"w H

that considerable potential exists for farmers to applylthis concept with

telling effect in the not-too-distant future. There are: obstacles howevec.

fo‘ ) A ':' i

- R ', AT MR RIUANS S
Cost has ‘to'"be: listed -as number! one. fWith the}exception of ‘use:.on high-value

, ot
ot

., s oo . r¥~; ' ' ,
crops (specialty crops} the cost, "two tonfouf.times that of conventional

4 e

H ;,\{\

fertilizer, makes this still ‘too high especially in areas where labor is

still quite”plentiful

s

The: second problem, one!: that should be very clear, 'is-one of

4 f N . SINT -
"* p,'w’,’::" W e ¢ ‘nlqé

. knowing how 'to’ 'matchthe product’ with‘the daily nutrient demands of a

cropping system., With the exception ‘of Japan and to a lesser extent the

s s w
&‘n o ol 11 at ' Y oy

United StateSYand Europe"verv little has been done to relate these products

. v i 4
N PRERV-CE AN “ .‘.rm' -y 4 ERAPRINEE . \;‘

to specific cropping conditions. This work is just now getting .under way

- , s,
REIR I

in)many of the tropical areas.y In spite of these limitations, results thus

) s 1
3 w ! ‘¥ \
i L. T e AN (i«\, > "J oo K

A
u,far are' promising. The following is the author s opinion as to products

o T ik , it

that seem;to,offer,greatest potential.

'Potentfal of Slow;Release Materials on' Rice -

[N !

' Based upon the review conducted thus far, it‘wpu1d~appear that

Lo, e , . . .
the most comprehensive work done with 'slow-release materials on rice has

.
n . wz‘

'been'by the Japanese. In the past 4 years, they heave extensively tested the o

1 \y‘ »' E

following slow-release nitrogen materials-‘ ureaform, isobutylidene diurea (IBDU),
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”crotonylidene diurea (CDU),‘guanylurea (6, urea-acetaldehyde condensate

(Urea-z), difurfurylidene triureido (FU),, glycoluril oxamide, and several

@

,Mothers of lesser potential.,lBased upon the results obtained during the

: intensive screening, theyuhave concluded that only IBDU, and guanylurea offer

s good potential as fertilizers for paddy rice.H L L e e

* Their tests also revealed that ureaform, CDU, and glycoluril -have
v,nospotential for paddy. rice.as the, release rate was, too slow under the
(conditions;found‘in“Japan.:\Urea-z showed promise; however, fest, were so .

erratic,vpartly because of difficulty in producing a’ consistently reproducible

,,product and. partly for other reasons,fthat further testing for use on paddy

has been abandoned. FU has been discarded because of the high cost of

'

; .furfural, ,one of“the:rawLmaterialgﬂforMEU,a,Eurther_testingxof oxamide was

. drOpped‘for a,similar reason, it being that.cyanide,the prohable starting
.material for synthesis is An great demand elsewhere.( It should be remembered,
however,, ‘should ‘the cost and supply of the base materials needed in the
synthesis of.Fqbandfoxanide change, further testing should be initiated

for they do offer considerable potential,

3

IBDU consistently provides a 57%- 10% increase in yieldover

wgconventional{sources,oﬁ;nitrogen as splitxapplications., Usually, -,

7
-

" the IBDU is\added during seedbed preparation as‘a complete N-P-K 10-10410

J,9°WP°99¢34LIF,hQ?:be?ni§h°WQ=th§F lppy canmeffectively elininatexat least
yﬂone,and in. some cases‘two,,of the topdressings commonly provided rice.
;;ghis coupled with its delayed release which prevents an, often harmful early

flush of growth leads. the author to conclude that IBDU does have good

‘).‘r~"

potential for .use_on rice,

vewmf ety gt S
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“Results obtained thqufar'makefguanilurea“a pe ar’ very promising

j?for';use*"on'paddy? 'Properties which warrant this optimism are its relative

-
"t v \

unredctiveness while in'oxidativé’ systems ‘and’ time lag of 3-4 weeks before

‘\J;r

‘rapid- hydrolysis ‘oceurs”in. flooded (reduced systems) This productib’*.'ef )

'is held on a 2:1 clay complex' more‘lightly’than on a 1:1 Eyﬁa}**

| AR TUERYgh) fdrldoatéd Ured offeérs good poteéntial for usé on’ paddy rice,
“ai'though “some "dIfficulty haé been experienced in‘achiéving thé-proper release
’}rsté“where‘§6dd‘hater‘control exists.' At present, 'SCU seéms'fo offer slightly
“betfer poténtial for use on upland rice foils or rice cultures wheré intermittent

3 ot s .
3 A §1¥ o Ly , o M Pt e, P “

flooding prevails.

R ‘Nitrification’inhibitor., AM, ST; and”N:Serve, 'all have démonstrated

”their“capahility'éd‘blocﬁ”the”nitrification”processf Unfortunately;’this has

ihéen mést;éfféctive'iﬁ'laboratoryrdr pot cultures of rice: ‘Under these
“conditionsrfnatér‘flo%,'hencéﬁleaching*of nitrogen, has béen more rapid than
é&iﬁally‘oééuis”1$ the field. This might explain’the ‘limited positive’

e £

PR 1 N

results with rice under flooded field conditions."

)
RSN e

There are at least two reasons’ for thiso B

1. Many of 'the inhibitors“are'temperature'sensitive,'being”less*effective

A 2t
vy 4T

" ab 30°7C than at 200 ¢, - ot wel e arbe e d i bt Tt
.

%9 "“Phe*solubilities of somé of ‘the inhibitors differ greatly' from that
foe it for:ammonium,'thus‘thepmeVe through 'the soil‘system at'different rates.
B Based upon these" findings we do not find it surprising to £ind
Every 1ittle evxdence in the literature t6 show that nitrification inhibitors
. are effective on rice under the hot, humid conditions of ‘the’ tropics. V
In spite of this, there are new families of inhibitors and slow-release ’

and coated materials being. developed Numerous tests will be. made of these
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products} Table'4 lists where in the fertilizatio. system some of the

inhibitors'andﬁslow-release.materials'maytbe”tested.
, . . R

v

Other Applications of Controlled Availability
| " .

2

. As pressures continue to mount on the agriculture of:the developing
: world to.produce more food and as stress is placed upon the need to-diyersify
the: individual diets of pe0ple, farming practices and systems will need to
become more intense and at the same time moure diversified ‘
? .2-’ Probably the best examples available anywhere inlhe world
illustrating cropping systems that will utilize land intensely and still
produce a wide variety of food are the multiple cropping systems of Taiwan
(table-S) -~ Under any one- of the six systemszdescribed the demand for
fertilizers is very intense and by applying the relay-cropping concep
that of start‘ng a new crop on the land before the last one is harvested
fertilizer demund can be very great and yet remain at a relatively constant
level. It-would seem that within one or more of these syatems.the controlled-
availability concept 18 of utmost importance‘and”that there is & place for
slo& release,-coated or'chelated fertilizers as mell 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 in: particular

5

fshould come into their own. Possibly more emphasis should’ be'placed upon

Esatisfying the nutrient demands of the total cropping system and lesa on

)

tmeeting the demand curve of an individual crop. Under the systems approach

-thare may be a sufficient number of exotic fertilizers already deve10ped

which if properly integrated into the. total system will achievt the goal

of controlled availability.
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P0531b1e MEthods “of Application
Vitrification Inhibitors = =

we

23
-t

- .~ - P
g - <.

for NitrggeniFergiliéer on Rice and

o

[ el
HEYTAT

Parameter

’ s., -

Possible Uses for Slow-Release or‘

2 & = B %
[y iy - < S el -
pes! [ g

“Source

Type of rice system
Upland rice St s Urea, ammonium or
; A nitrate forms
¢ 3 ; :
Continuous flooding Urea or ammonium

Delayed:flooding: %.

3

Intermittent -

-

Deep water .

- . form preferred green
.. manure of limited

S .. value, nitrate. form
for late application

~  .only

ot

s
i

5 . -
55 -~ z . -~

- v
- Wt

SR
IR

.. Same a8 for continuous

g = e ol -
e B 3 R ]

Py

—t L - : N
. Urea and ammonium
- form - ‘

- - - ‘. gl

Same &as for continuous

Time of application

Some applied as basal (as-.
urea or ammonium) with
remainder applied as a top-
dressing (urea, ammonium or
nitrate) according to
moisture levels

Some applied as preplant, -
some or all applied as
basal or evenly Split as
topdreSS1ng

None applied as preplant

- First application with-
" permanent water. Topdress

2 or 3 times,

No preplant, very little
basal, 2-3 times -
topdressing

Basal gnly, no topdress

Type of release rate &

]

e

Continuous slow release or
coated as basal or topdressing -
(possible materials IBDU, SCU)

R M“vr.m te

~

i
-

Nitrification 1nhibition needed’
i.e. SCU, AM, ST, or IBDU or -
various combinations. Mbdifica-
tion in ure= or ammonium form -
only if bulk applied as basal or
some as preplant or basal.
Guanylurea also of good potentisdl.

Slow release for preplant only.<
All others in conveational form.
Guanylurea, SCU, IBDU, and/or AM
and ST all good possibilities. -

- Delayed release controlled by

water situation (on-off) possibly
SCU and IBDU of greatest potential -

Delayed and slow release.
Guanylurea should be tested in this
system. )

@

~aNi:t toiee

- - - @, ~

considered a recommendation. - -

— -
- - —



Table 5. MULTIPLE CROPPING SYSTEMS IN TAIWAN

r B i

< JAN.[ FEB.I MAR. , APR-I MAY l JUNEI JULYI AUO., StPT.l OCT.I NOV.I DEC, ]
T M

]

]

Swent
Perare

-~
-~

Swoetporate

)

Wreot, First fice crop Second rice erop H Wheot,
! tohaceo
&
! '
[ Repeseed
t ‘l N
2)‘L Vegetabia, beons / Jute / f Vageteblas, :
Rice crop ! beans H
! Sweetputale / ll H
21 Suger ! [ tRetoying croppin } Sugor con )
1 cane Rice crop II ying eropping 1 . !
M 1
i (1st yaor) )
‘)‘ Upland foud crops / Rice / Sugor cone !
. 1
{2nd yaor}
: Sugor cone ‘Up’hnl 'ood’!
' {3rd yoor} i
: Upland foou Rice Uplend faod i
5 =
! Sugarcone (ratooning), or henane, plneopple, clirus, cltronella, tee, otc, ]
6
]
[}

Othar systams

Lm«. [ Fea. | nar, I APR. , uav | JUNE'JULY' ave, | serv. | ocn{ uov.l bEC.

1} Three or loyr=eropeaeyear syatem in double=eropping paddy lend,
2) Twe or theseacrop-n=year system in single ropping poddy load,
J) The sugarcane~tice reloying eropping systen,

4) The sugarcona/rice/uplond=food=crop rotetional system,

S} The y degrewing system of long=term erops,

8) Desldes the abeve, thare are stil severel ether systems such as the sin fo petcyeer
form, and & newly daveloped 80-205% device for lend uen of ficoepasture form o«2 rico erops snd pasture

the test of the yeur,
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Much is known about how specific fertilizers react within a
“given environment. Hauck (11) has summarized 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 L
systems involved. '

Thus, in the developing world, the farmer of the future may well

:)‘ ' et T N J‘ & ‘“»‘4' 0 ry ! B .’ L ‘
A vl

achieve mastery over the food(problem by drawing upon a family of fertilizers
tallored to a\Specific multipleNcroppingvsystem.~~This‘may be accomplished
through a combination 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 o
ON FUTURE PLANT NUTRITION PROBLEMS '

. There-is no doubt that the trend is toward ‘the ‘Uéé 'of more
"”fertilizerfand of higher analysis. This has been the trend in the United '

)iv‘“" & PO

. States and Europe for the past quarter of a century,,for at least the past

i 2 ¢ P
,"uu B Ty . . F s".. IS ¥ L e
\

.»...e,,,.w,x. - o e

10 years in Japan, and is now becoming an established pattern in’ many of

“othet developing‘countries...Although this shift to high analysis in the

DAL W k]

past has been justified almost solely on the basis of economies generated
through reduced transportation and handling costs of nitrogen, phosphate, .and potash,
these assumptions may not be so straightfa:ward as once thought. This

‘ 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
'associated inputs has beconejthe message drummed by many, including ‘government
_'and private researchers. (» 'They have stressed the importance of using more

fertilizers often of high analysis, to take maximum advantage of the

capabilities of the HYV at a minimum cost per unit of primary nutrient. ;

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
3“money is available, it should be spent on nitrogen. The impact and
Lf:justification of this have been described by Ressel et. al. (1).° Their‘x
| generalized response curves (figures 1-4) for rice, maize, and wheat inoicate'

i

that the high-yielding varieties require substantially increased N applications.
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For exsmple nitrogen needs‘for high-yielding varieties of rice increase
\

from 40 to 140 kg/ha for thé dry season and from no nitrogen to- 100 kg/har
for. the wet .season (figures’l 2) Much the same story holds for maize andﬂx

LN l

wheat where nitrogen needs may double or triple as the new and improved

. high-yielding varieties are: introduced

| In almost all cases, most or all of the emphasis is on nitrogen.
.~There. 18 no question- thst where very limited ‘monies -are-available in. the
short run this may be the most profitable approach. The,positive effect

of the’ high-yielding variety fertilizer package is increased yield, iHowever,

FRYE I [
it is not without a price. iHigh yields remove increasingly large amounts
S ¢ )
of plant nutrients from the :soil, not only'nitrogen.but.all nutrients essential

. )
\'\‘ B Lo
to crop growth. . - e

'\.

«-_“." . l ‘

Exact nutrient removal figures are difficult to obtain since these

S ‘

' values depend upon*a number of factors including differences in varieties,

f

soil conditions, certain cultural practices, etc. Nevertheless, a number

»
Ty K

of researchers have reported;values and established estimates of the nutrients
removed per increment of cro;.

Nutrients removed per metric4ton increase of rice can be substantial
(table l) Through the use of the pr0per high-yielding variety package, yields

[ 4

of rice can’ climb from the 4% ton/ha base achieved with proper -management of
,,the native varieties to 7 tons or more {if favorable‘veather conditions prevail.f;
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 sdequately
replenished by the additional nitrogen that is recommended for use with the
package, but almost 13.2 kg of Py05, 6.8 kg of K,0, 2.6 of Mg, and 2 kg of 8
are also removed with the additional 2.5 metric tons.of rice produced.as a

result of the high-ylelding variety package. Nutrient removals become even |

greater when the straw portions of the crop are removed,



7 Table 1.

'E'Ctops harvested and
- portion used for analysis

é&loé?am

Increment

'Primary planti

nutrients

of Plant Nufriéhts Removed by VhrioualCrdbs (2)

Sécon&aty plant
nutrients -

-

Micronutrients

N

P305 K20

B

Cu

Fe

Maize L _
Grain -

'éfqver'
' Wheat
é?aid‘
é;raw‘
f;Riég
;Sfraw
7"Soréhud:
’ N-Graid‘

-

.S;raq:

Rough grain

1,000 kg’

1,000 kg -

1,000 kg

1,000 kg-

1,000 kg

1,000 kg

1,000 kg

©1,000 kg

13.1

12.2

20.8

6.7

13.3

'6.0

16.1

1.1

5.1 3.8

4.0 16.0

10.5 6.4

1.8 11.8

5.3 2.7

2.0 13.3

8.9 5.0

4.1 20.8

Ca Mg S
1.4 2.1 1.3

3.0 2.0 1.2

.55:2.5 1.4

2.0 1.1 1.8

.89 1.10 -.89

1.91.°1.0 -

.o 1.11 i.11

4.8 3.1 - - -

Mn . Za

0.011 0.006 0.014 0.009 .0.01%

.005

.017

.040

.00S

.014
040

.002

.010

.17 . .030

040 < .060

.05 - .018

.020 ¢ ,020

.01 .01

A
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Granted some of these nutrients return to the’ soil often as night

-' K R
" 3 N

fsoil or other organic residue. Then too, fresh*amounts are released ‘From
. ~); 2 *r|

i

N
e '

the soilgduring its normal westhering processes. In spite of all these

R D ;
-

e

m‘ 'i

sources of additions, there is a net loss of nutrients in many of" the

FO ,u

fertilizer programs now being practicedmin the developing countries,'
[ o “'),,

§ .
| .Reséarchers and policymakers alike have recognized this potential

b \y 'v

'roblem.3 They already have or are’in the process of reSponding by offering
9

' - 1 }

a more halanced fertilizer program, first with N-P and nbw in many areas N-P-K

: REC iR
recommendations. . . o
. ey, , »:',' l‘ v " ' 5
( vy Ef v i !

\ x In many cases, this may prove to be adequate, particu]arly under
4 ‘ R 2 ) .
. the levels of management employed‘ However, 1n too many cases, little or

‘

no attention:is directed¢beyondjN-?dK to the total nutrient needs of the crop.

/ A o : R TR 3

The question should be asked: 1Is the supply of secondary and micronutrients
i . 7,

adequateto sustain the continued pressure from-the MYV package?

v

. . ) L »
Increased Awareness for Sulfur Needs

1) ‘ gt 3
13 - i
3 Q\ . KR

? As new and nigher-analysis fertilizers are, introduced theyﬁ
O
invariably, are, higher in content Of in nitrogen, phosphorus, or potassium--

Ly

4 , Ty i ~

and by necessity are lower in oLher elements, gome of which are essential to

[

plant-gqgwth;

3
1
B

Sulfur is proHably the first'plant,nutrient toihe influenced“by
this shift to\hiéh analysis. With decline in popularity of ammonium sulfate

. A
)

and nrdinary superphosphate, each containing -significant} amounts of sulfur

(ammonium sulfate--23% 8, ordinary SUperphosphate--IZZ S) and their eventual

}
replacement by such ;non- or low-sulfur products as ammonium nitrate,

- ‘ R f\ e }- ¢

_urea, anhydrous ammonia, triple supérphOSphate,,or ammoniated phosphates, it

1s merely a matter of timé before a major sulfur problem occurs in many areas
: Y .
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of_the deve}oPing~world.ﬂ_This will happen’unless,a major effort is made to
N N P T LA AN L N . T ocas 10,

‘ldentify potential problem af??%i3“4.a§daﬁh91§d¢i91°5817991f?F Qhere‘needed
0, 8ystain plant growch, | | |
5Widespread;sulfurhshortages.in,some‘of the developed countries
x where high-analysis fertilizers ,are widely used have been slow,in coming for -
a number of reasons. This is true partly because researchers were quick to

recognize the possible deleterious side effects of using high-analysis

AR}
PN ' - 2

phosphates and, nitrogenous products low in sulfur.,lIn‘manx cases, such as in
the :southeastern United States, laws were enacted necessitating all phosphate

*éﬁ&=mixéa:}éft11izéks'éoi&‘té contdin a .inimal:amgunt(of sulfur. Then too,
the side effects that might have' been felt as a result of the shift édghigh-

: analysis fértilizers were minimized by the’ sulfur returned from the atmosphere
" to the soil ‘in rainwater from accumulations ' in the air as a result
of'industrial activity. ' The impact of low-sulfur high-analysis fertilizers
was also minimized because 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 andmother4sul§ur7containing products from other industries has found
its way regularly into agriculture and the fertilizer industry, It must be
remembered that in the developed countries these shifts occurred rather Slowly,

‘oxﬁrimany‘years,yand.yere assoclated 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

A sulfur via'the air, spent’sulfuric acid,‘etcil are'probablyhnot significant

Ufactors.
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The potential problem of sulfur is recognized by many.‘ The
‘solutuons are Yvailable provided certain attitudes are’ changed ' The'
author feels that the value of ammonium sulfate and’ ordinary superphosphate ’
should' bé reappraised. The definition of high-analysis " fertilizers should be broaden%
bégord N.P-K'and ‘include Sulfut; at‘least where' sulfur'is potentially '

iimiting crop growth.

; . b L L S S . ,
" "Effects of Increased Fertilizer Use on Nutrient Balance

Increasedwfertilizer use, particularly in high-yielding varieties,
will increase yield and profit to the farmer° excessive use_can also cause
prohlems of nutritional imbalance. .There areﬂthree major areas in nutrient
‘halance that should“be of concern as mew fertilizer technology'is introduced.
,Iheeelareg.lghosohorus-zinci(P{Zn)(balance‘in the plant,'potassiun;nagnesium
(k/Mg) balance, and ﬁinally,ﬂthe long-tern e?fect of large anounta:of

acid-forming nitrogen fertilizers on soil pH.

-'P/Zn Balance’

!‘h!)l B

As hev’hiéhianalvsis pﬁdséhateifeftiliaers’areﬂintroduced and used
' at"increasing rates per:acref the incidence 'of éinc”deficienc& on certain
Lcrobs'and’goils increases (3, 4). Although this occurs most frequently

“on soils inherently low in available zinc and can fregu-ntly be explained

by increased demand for zinc by high-yielding cr0ps, there is ample evidence

>
|",(r

that large amounts of phOSphorus can interfere directly with the ability of

the plant to utilize zinc (5).

'
i
N

. . ' b, ot R ' X NN . - :
Numerous researchers have reported that an inverse relationship
I

exists between concentrations of phosphorus and zinc in the tissue of corn,

sorghum, soybeans, and potatoes (figure 5). This type of interaction exists
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' not only in situations where - availability of both zinc and phosphorus are

marginal -but in, situations where zinc 1is adequate under conditions of normal
phosphorus availability.‘ In the:latter situation, zinc becomesalimiting only

"'because soil and plant phosphorus becomes excessively high.

K[Mg Balance
l&

‘A less serious problem but one that eventually will develop as
potassium use levels increase is the interrelationship- that exists between
potassium a&d magnesium concentrations within plant tissue. As?shown in
kiigure 5, as the concentration of potassium increases in plant; tissue, the
cogeent;ationiof magnesium declines (6 7, 8). Soils that have‘a high exchange’
capacity and a reasonable level of: exchangeable magnesium are less sensitive
to this than soils hauing a low-exchange capacity.

Although potassium use is at a relatively low level in most of the
developing countries, its use will increase. When this happens, in some
instances efficient use of the additional potassium will not be possible unless
magnesium<is?aiso 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 Contiggea Use of Larée‘Amounts of N on Soil Acidity

Numerous researchers have expressed concern about the effect
high rates of nitrogen,,particularly ammonium sulfate and ammonia have on
soil pH (9). L 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 sqlutioq to this
MR SRR I O SOM & £ 17 A AR TN

T e
[T f'“ \ Uty

K potentially serious problem.

t
¢

;‘}';\ Although acidity in the plow layer can be easily handled by an

‘g\adequate liming program, it 1s- much more;difficult .to-cokrect: subsoil acidity.

', Thus, nonacidifying fertilizers may be in' 'more demand’ under conditions of

-yhigh fertilization, o Lot

. Clearly, new fertilizer technology will have = definite impact

.on future agronomic practices, not all of 'which are clearly understood at

this time.



“fﬁb1%’é."ﬁé%16aiéh€ Kéidity and Bésicity of Nitrogenous F~i.{"izer Materials (9)

1bs. of pure :me; official
.method for neutralizing fertilizers

Per 1b of Per 20 1b Per 100 1b
. "';M?terigl ci - Nitrogen nitrogen of nitrogen of material
’ \§91f§§g:9f:§mm9nig”a »20,5 - . 5.35 107 110
Ammo-phos A 11.0 5.00 100 ' sg
'-.qua ey 46:6.: - . 1:80°. . 36 84
iApEerouslqmqqpia . 82:2 iy 5.41,80 .0 p - 360 148
Calcium nitrate 15.0 1.358 27B =208
Potassium nitrate 13.0 2,008 40B 268

é = lime in excess of that required to make neutral salts or neutral fertilizers
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) PART IV
-~ T THE' FUTURF OF BULK BLENDS
"IN THE DEV_.OPING COUNTRIES

:aThe fertilizer industry in much of the developing world is young;

80, TP v, = spety

formative, and still going through a very rapid dynamic period of change.

R S R I LS T

As a result, the true character of the industry in many of these developing

. countries has-.yet to be established Fertilizer corporation executives are

e
[N HETIR A i\‘lsr“,; J«; o P ')l»

keenly aware of this ‘and''recognize: the importance of correctly' anticipating

the- true nature of the market at least 7 lO‘years in advance. Errors in

)
'x”r S' PR ' , P

judgement on their part can result in the committing of large sus of scarce

‘foreign exchange to" the building of production, transportation, and marketing
- L )

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
o P !
very fundamental to determining the face of the fertilizer industry in a

RTINS , R

particular developing country This portion of the paper is des1gned 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
N T c
history of this practice in the United States, particularly the ¢ircumstances

involved in its outstanding acceptance,
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+It,is generally agreed that there is,no single clear cut set

of circumstances that accounted for-the success of bulk blending in the

5hynited}§tates.,~Rather,la1multiple,set of conditions, each interrelated

ERY

it P
VD

, Fhe. United States are:

with the others, prevailed during the early stages, of development and -

.,apparently accounted l’m: :the toehold and eventual. establishment of bulk

h blends in a well-estahlished.marketﬂvtSubsequent growth of bulk blends
v,;“hag,éeen,so%;ppidﬁin the United States‘that in 1969 it accounted.for at

”“lleaqt 30% of all of the mixed fertilizer sold (1).
Wil . FR R [ ! P— PR Ve 4 e ¥ A .

Y The‘conditipns,which:prevailedhdpring:the:earlytpeginnigg and

most commonly cited as responsible for the success of, bulk blending in

L
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NP

s_‘,Scar_ci‘ty”p,fﬁla,bq'r,_at‘,th:e-.farm_leyelpand,desire,to offset, this problem

through mechanization., .. - |

Failure of the existing fertilizer narketingﬁsystey.tqptryﬂto

. 8olve the scarcity of lahor,problem for the farmer.

- The existence of large farms, (200-500 acres)~~often with flat,

wu;f~regular;shape§,fields“in a,centrally-located area--readily .

4.

T

oy

6.

‘5,

conducive to mechanization.

The rapidly increasing demand for fertilizer both in total and on a

. K :,w R § AT S 4~,,',“{
‘per acre basis and at a‘rate"more“rapid‘than could be efficiently

“y

serviced by the existing marketing system.

The complacent attitude by a portion of the‘existing industry, waich

Twa[s‘characterized'hy haVing the“questisnahle edncept that chemiéally-combined

“fertilizers were snperior to bulk blends.

fﬂé“availability of a competent, agressive sales force

eager to accept a new approach to selling fertilizers, an &ap oroach ‘that’

would provide a sales edge in effectively penetrating the territories

" of the established fertilizer industry.



fhe development ofa’ prescription co pt of fertiiization on a per
°ﬂfie1d"basis’primarily”thrbugﬁ”soil t98t1ng§ which was”stronglyb e
;ipromdtédibylthé‘most’effeétiﬁe*fdrcefin“fertilieef edddééisnfaé*rﬁat-
S time= ‘the land grant: colleges. .

8 “*The existence of a well-developed transportation system sensitive to

- :
'

‘”‘the -chdnging needs of ‘the "total transport ‘market. |

9% “'The location of &' fertilizer market having‘the'characteristi€§‘described ’
in 1-7 and at a great distance from the 'source of éd§§1§'thﬁs’51aé1ng'
e maaqr*impofkaﬁce on"the'ﬁeéd*to'cutﬂtransportation*cbsts through the
11 yge'of ‘high¥analysis ‘feértilizers.'’
10. .The rapid development of new capacity capable‘of‘producing‘single'br
et ultiple component high-analysis fertilizers at’ low per unit’ cost but

at a rate of production that exceeded the' ‘amount’ that could be' consumed

by 1té’ captive’ retail system.” -

There are“other”conditions\that may ‘have béen’conducive to the
development 'of bulk blending'in' the United States, but 'most agree that those

listed abové' were prime factors.''Lét's look specifically as’ to how these

were applied in the United States.

Bulk Blending in the United States
Bulk blending as 1t is known today probably began in the central

United States (2), rhe heart of the Corn Belt an area which is characterized

BH R A Y P

by large,uniform fields and farms 200 500 acres in size.\ Furthermore, this

‘|\¢Js! 4

market is situated some distance from the basic production points (conditions 3, 9).

R 1 ity oyt

During the late 19408 and early 19505, the corn and soybean farmers were

oy e,

faced with a serious 1labor shortage were in ‘the early stages of what was

s w“ ‘ \4~7 A AR - . T

to become a very severe cost-price squeeze,and as a result began ro rapidly

[P oo

mechanize their operations in an effort to make more. efficient use of labor

PR VI bl
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(condition 1) Prior to this period they had applied most of their
£ ctilizer to the crop through the planter at time of planting. As ratés‘

: of“application increased (condition 4), it 'slowed* their planting operation

G EA e

sufficiently ‘to warrant: investigation of alternate means of applying

fertilizer Then, too, the high rates placed in:a band near the seed

'3?(» s,,xl»} r'\‘ VQ i K °
¢ AT

Kns" T 4w

*afforded an undue hazard to - the germination of the crop.

s i ¢

Also during this period much of the fertilizer industry was

e . N t bag o

_, very product oriented Promotion prngrams for a particular company were
B v",' s:n

geared around proving that somehow their product was, superior to any other

B . '
1, lti L erirsd Pt

o}

_ 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 reault, a

multitude of grades and ratios began to develop, each designed to provide

7’

[N J

some degree of product distinction, and all too often failing to 8atisfy

t

- the needs of a grow1ng number of farmers. Grades became very numerous.
M‘ N o Vs

LY
R

This coupled with a wholesale, dealer marketing system insensitive to the

needs of the farmer led to rather excessive costs of selling fertilizers

AL LR L A L

. (condition 2) Thus, the farmer was actively looking for more.efficient
ways of applying fertilizers.

h hew developments in soil testing and prescription fertilizer
recommendations by the college, which included recommerdations 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
thevearly 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 duringyand right

after World War II, much of the spreading of limestone and rock phosphate
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Table 1.

EstimatedﬂNumber of{Bulk Blend“and Liquid Mixi%5Fertilizer Plauts- in the~United States
1959-68

e
: ”

Loy b e baoo oo Bulk blend, N __-Liquid mix

. Region 1959 196h_ 1966 1968 1959 1964 1966 1968

® . ¢ ll i * M v
MAE TS SR . & N . T P S . B PP

New England 0 0 21 28 2 2 8 18

P O L A T S | (L S : .
Middle Atlantiu 1 25 137 125 15 21 26 ;24

. P [ A . PR .. ' o ome
VY A0 a0 bl ol VT FER ATt R TR PSR CRRR

South Atlantic 1 34 255 204 12 37 68 . 126
sl R S B T U o VT R P ST, '

East, North Central 103 515 ° 900 1,360 104 190 339 394

A . I S TR TR SN R L DA AT R SR R TIPS
East, South Central 3 39 107 139 8 35 35 50
! KR C o R I A I N A AT AR <L
West, North Central 83 708 1,110 1,554 59 201 375 626
AFEE) \L Y «'":“A: P [T B L B 0 . T e

West, South Central 0 65 254~ 325 26 56 125 173
T PR 4] T T PR PR N ‘

Mountain ST 30 egr 191 220 16 - 38 72 7 100

; A O R TR L ’x**,"”‘i . (S RIS FI LS Vi ,
Pacific 4 59 174 -7 181 920 134 181 214
TR R e L, e, T e e (‘{\’.{‘ s LT A L T B B S Iy

Hawa'* , o ’ a 3 4 4 3 3 2 2

TOTAL United States 201 1,536 3,153 4,140 335 717 1,231 1,727
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was mechanized, using road vehicles equipped with limestone or phosphate

rock spreaderc. 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
ven&ors started mixing potassium chloride with phosphate rock and Spreading
the combihation 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
a reduction 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\l,
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
'kmportant, labor was scarce. This was compounded by the importance placed
on timeliness of planting. Great stress was élaced on completing many jobs
during the short time between the spring thaws and planting
operations. Thus, sp2ed of planting was important. A major factor, but one
that was not always recognized, was that college specialists in the Midwesf
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.
‘ I
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There were other reasons for the success of bulk blending. Among
these were: the belief by much of the established industry that compound
fertilizers were superior to blends as a source of nutrients to plants, the
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 p?oduction 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 mndest
cash outlay. Bulk blending, more tnan 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.
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Potehtial of Bulk Blends in Developing Countries

Based upon the conditions that prevailed during the early acceptance
;f bulk blending in the United States, one might conclude that this practice
has very limited potential in many of the devel»ping 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 puints of distrcibution.

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
ﬁroducing 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, smmonium sulfate, and now urea have been
successfully shipped in bulk to the major fertilizer using areas of the
developing world. Furthermore, these products 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 goéérnments 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 due.to the peculiar

nature of the local marketing and distribution systems in many of the countries.
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As was the case In 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 productinn 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 systeﬁ will probably be made possible through
the development of a rather large numher 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 tc the_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 cr shipped from the port
in bulk if satisfactory equipment is available and then blended according
to the needs of a région 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. Ir 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 capture 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 mechar.izatlon, 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 lard, 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
ontinue 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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. Pertilizers 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 hlending. These
are ammonium nitrate, urea, ammonium sulfate, triple superphosphate,

, monoammonium phosphate, diammonium phosphate (18-46-0 and 16-48-05, potassium
chloride, potassium nitrate, potassium sulfate, ammonium phosphate sulfate,
and ordinary superphosphate. The popularity and frequency of use for these
products varies 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 ha;e 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 ammoniium sulfate is available in a number of sizes. The
most common ones used successfully in blends have one of two crystal shapes,
either rice grain or tabular.

By far the most popular phosphate source for blends in the United

States is the ammonium phosphates, especially diarmonium phosphate. According

to Hignett (2), the rise cf 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 +8 +10 +16 -16 shape* _86° 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, ceonditioned 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 55 14 1 WR
- 0-46-0 1 21 37 31 10 FWR
High-analysis superphosphate i
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

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.

rounded (PR = poorly ruvunded, FWR = fair well rounded, WR = well rour‘ed,
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spectacular rise in production and consumption of diammonium phosphate
(figure 3). Diam.onium phosphate is particularly suited for bulk blending.
Its high aualysis means savings in costs of tranSportatlon, storage,
handling, and application per unit of plant food; its good storage proPefties
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 éeveloping 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,cr 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
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These problems'féll into three broad categories--

hyéroscopicity, caking, and nonuniformity of composition.

Hveroscopicity

Probably the number one probiem facing .11 people working with
fertilizers in the hot, humid, tropical LDCs, one that will severely hamper
the acceptan~e of bulk blends 1f not solved, is the tendency of certain
fertilizers to readily take on moisture when expored to the atmospliere; this
is termed critical relative humidity (CRH). An excellent discussion
of this has bezeu given by Silverberg (3) and is summarized as follows.

Figure 4 shows these value: fov several pure salts and combinations
of salts. The CRH of ammonium nitrate at 30° C (86o F) is 59.4. This means
that when the temperature is 86o F and the relative hrmidity of the
acmosphere in contact with the fertilizer is above 59.47% 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 éombination 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
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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 Qhen the CRH at 86° F is 13%. The mixture quickly becomes wet
and actually turns to liquid. For these and other reasons, we see major
’problems f;r 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 m~ny 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 mater?al. In most cases, when the
ccust reaches a thickness of approximately one-half inch the salt crystals
in the crust will knit éogether to form a moisture impervious surface. For
hygroscopic materials to be stored in bulk over long periods, this may also
be minimized by s;reading fine vock phosphate or grouna 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 hygrosﬁopicity 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 be stacked

in rows no more than 12 feet high.

it

Chemical Reactions

Some nitrogen materials will react with other plant food sources

to create severe caking problems in bulk or bhgged storage. An example of

4
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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)PO,), + (HH,),50, ——> 2(NH)HP0, + CaSo,

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 couatries 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
oﬁe or two‘bags.of fertilizer, this can be a very real problewn; 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 Po0; 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 percentage 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, particularly 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 18 segregation that

occurs after mixing. This could prove to be the most serious in the LDCs,
for blends probably will be transported over leug 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 drop 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
™vA (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. Segrepation was greatest when particle size of various materials
differed. Small differences in size such as -6+8 versus -8+10 mesh

caused serious segregation.
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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 confiymed 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 deviatién from
the intended grade was observed when two of the three ingredients were

_fairly closely matched.

Size segregation can and does occu£ in large bulk storage piles
maintained by producers of granular materials. Similar problems can occur
in storage piles of local tlenders. 1In 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 Material B
Mazerial A
Particle Particle in pile secuon, %
size, Tyler] Particle | Speaific | size, Tyler | Particls | Spealfic
mesh shape | gravity mes shape | gravity { Av. | Max. | Min, |Spread
Effect of Size (Round Particles)
—6 + 8] Round | 2.12 ~10 +14 | Round | 2.12 50 85 30 55
-6 -+ 8| Round 2,12 ~ 8 410 | Round 2,12 50 70 35 35
—8 +10{ Round | 2.12 =10 <14 | Round | 212 50 75 30 45
—6 4 8} Round { 2.15 —10 414 | Round | 2.15 30 86 4 82
~6 4 8] Round | 2.15 —10 +14 ] Round | 2.15 70 93 49 44
ect of Size (Irregular Particles)
EJ { Flahke 196 —10 +14 | Ilake 1.96 50 85 30 55
—8 +10 | Flake 196 —10 -+14 | Fluhe 1.96 50 75 35 40
ect of Shape
£%+ { Flake 1.96 — 6+ 8| Round | 2.12 50 53 49 4
—8 +10 | Flake 1.63 — 8 410 | Round 1.63 50 55 43 7
Effect of Speclfic Gravity
~8 +10' Round ' 212 — 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
a;guments 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, yield:increases 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%-27% by weight has been used as a binder,
No. 2 diescl fuel oil in quantities of 1.5%-37% 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 circumient 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.



Table 4. Micronutriznt Adherence to Oil-Treateci Products (2)

Micronutrient Micronutrient adherence,
carrier 9% of that added
Addi- 1.5 =
tion, |. Materials® | No [1.7%[2.0%| 2.5%!3.0%
Kind % in blend oil | oil | oil | oil | oil
Frit 2.2 | APN, DAP 45 827 9N - -
Frit 4.4 | APN, DAP 23| - - 91 -
Oxide 6.3 | DAP 31 68| 100 - -
Oxide 12.5 | DAP 40 - 741 - 97
Oxide 8.6 | MAP, KCl I - - 91 -
Oxide 12.2 | MAP, KCl 41 - - 951 -
Salt 5.0 | APN,GHAP,
KCi 0 -~ 8| - 92
ZnS0O,. 44 | APN,GE"T,
H,0 KClI o 95§y 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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