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- CONTROLLED.RELEASE,
FERTILISERS

Travis P. Hignett

Director of Chémical Development
. Tennessee Yalley Authority
Mouscle.Shoals, Alabama, Us4

Abstract

Control of the rate of wutrient release from fertilisers has bean: cited as a Jotential means for
improving the efficiency of nuirient uplake forminimising losses of nutrient through various mechani-
sms, for cutting the number of fertiliser applications, and for avoiding contact damage to vegetation.
These potential advantages are realisable in various degrees through nitrogen fertilisers of two
general Yypes-those inherently slow ia dissolving and those coated with a barrier Jilm that slows
their dissolution.  The first type is illustrated by ureaform, isobutylidene diurea (IBDU), and
crolonylidene diurea (CDU)--the second by sulphur-coated ‘urea (an experimental product at
TVA) and commercial products in which the coating is a copolymer of dicyclopentadiens witha
&lycerol ester (trade name, Osmocote). Aside from their specialty uses on lawns, golf courses,
and the like, controlled-release nitrogen fertilisers are likely to prove pravtical for some field crops
in some situations, pariicularly for high-value crops in areas where labour is costly,  Prospects
are remote for improving phosphate and potessium fertilisers through controlled-release.

, Fertiliser News, 16, 4248 (December 1971).



~ CONTROLLED-RELEASE FERTTLISERS
By
Travis P, Hignett
Director of Chemical Development
Tennessee Valley Authority
Muscle Shouls, Alabama 35660 USA

Fertilisers that release plant nutrients slowly throyghout the
m season or even several growing seasons continue to attract the
attention of technologists and agronomists. Potential advantages claimed.
for controlled~release fertilisers are increased efficiency of uptake by
plants; minimization of losses by leaching, fixation, or decomposition;
reduction in application costs through reduction in number of applications;
elimination of luxury consumption; and avoidance of burning of vegetation
or damage to seedlings. This is an impressive list of potential advantages.

A substantial amount of regearch and development has been done on \

,cor’xtrolled-release fertilisers in recent years. A book (_]_.) on controlled-
. release fertilisers 1lists 95 U. S. patents in the period 1952 to 1968. One
of these‘patents described a quick-release fertiliser that could be applied
to lawns in large quantities without injury to grass. The other Sk
pgrtained to slow-release fertilisers, mainly nitrogenous.

The term "controlled-relesse fertilisers," as used in the following
discussion, refers to fertilisers that for any reason release their nutrient
content over an extended period. Even a simple choice among materials

inherently slow to diseolve 3s viewed as a measure of control.



. Controlled-Relesse Phosphate Fertilisers

Numerous controlled-release phosphorus compounds have 'been tested,‘”
and some are in use. Prominent among them are ground phosphate rock, cal-
cined aluminum phosphate ore, basic slag, defluorinated phosphate rock (trie
calcium phosphate), fused calcium magnesium phosphate, Rhenania phosphate,
bone meal, dicalcium phosphate, meznesiwn ammonium phosphate, calcium meta- .
phosphate, and potassium metaphosphate. (The so-called metaphosphates are
‘ I\IID;%‘ properly designated as polyphosphates.)

‘ Ground phosphate rock containing about 1.8 million metric tons of
P'205" vas applied to the soil in 1969/70 (2). This probably represented some
6 million tons of rock. About half wes used in the U.S.5.R., and the
'remai,x;der was wide!y distributed among many countries.

o " The effectiveness of ground phosphate rock varies widely with
‘variation in its reactivity. A good 1ndi¢.at:|.on of reactivity is solu‘bility X
v-:ln neutral ammonium citrate. The effectiveness of the most reactive rocks,

o such as those from Gafsa and North Carolina, may approach the effectiveness
of water-soluble Phosphates onsome soils and w:!.th certain crops. The least
* reactive rocks, such as igneous apatite and Waipur (Indis) rock, are quite
ineffective on all soils. Effectivenescdepends on soil pH a.nd ia greatest
on acid soils; on high-pH soils, even highly react:lve rocks are qu:lte
ineffective, ’

Basic slag containing about 1.3 millios metric tons of P205Yvasn"
applied in 1969/70 (2). Grose weight of the slag probably was about B
8 million tonms. Bas;.c slag 1s generally regarded as quite effective e:;ée;‘f}t,‘



on calcareous soils. It is also valued for its content of the secondary
nutrients calcium and magnesium and for its micronutrient content.

Calcined aluminum phosphate ore is used mainly in France. It
tends to be more effective on high~pH than acid scils. The main source of
aluminum phosphate ore is Senegal. However, several other occurrences are
known, and some is now being mined on Christmas Island. Its effectivenéss
depenﬁs on the calcination temperature and on fine grinding, and may be
indicated by solubility in neutrsl or alkaline amwnium citrate. Tt is
mo;'e soluble in the alkaline reagent. ' y |

Straight decaleiun phosphate s menufactured for fertiliser uss
in relatively small quantities in France and Beléiuin. Howevei‘, subé?:antial
| amounts are present in nitrophosphates and ammoniated superphosphates. Z!:t
is'"ﬁ.ﬂ.'l.y soluble in neutral ammonium citrate and is generally considered to
be an effective fertiliser, particularly on acid soils when broadcast in
ﬁne particle size and incorporated with the soil.

Fised calcivum magnesium phosphate is manufactured mainly in-
Japan. It is effective on acid soils when finely ground. It auppliés
magnesium and silica, which may be quite helpful in some soil-crop
combinations. |

Most of the insoluble or slightly soluble phosphate mter:l.alés
are used either because they are less expensive than soluble phosphates or
because they supply other elements. Very seldom if ever can any agronomic
superiority be attributed to their slow release of nutrient in the soil.
In fact, the slightly soluble materials often give inferior results,



partiotﬂ.arly in the ﬁrat year of application. However,’ some of them are -
velued for speclalty -uses beca.use they may be . safely placed in contact w:l.th R
, Beeds or roots ’ whereas soluble phosphates might da.mage seedlinga or roots
in some situations. '
Soluble phospha.tes react rapidly with the soll to form relatively

msoluble products (3). So even fnlly solub],e phosphates become slow-
‘ ’. release fertilisers in the so:l.l. 'Ihe main effort has been to find ways to '
increase the release rate. When soluble phosphates are applied in granular
' -form, the reaction with the soll is delayed, and pockets of relatively sol-
‘u‘ole phosphate may persist at the granule sites for several weeks, Thus,
- good ‘results 'usua,lly are obtained by placement of soluble granular
phoaphate fertilisers near the seed.
{ \‘ Even ‘with the best conditions, plants seldom take up more than 10
to 20% of- the fertiliser phosphorus in the year of application. The remain-
der :I.s converted to slightly soluble soil reaction products. Raw phosphate
‘L rock may remain largely in its original form. The residual phosphate grad-
ually 'becomes a.vaileble ’ ‘and over a periocd of many years of continued fer-
tiliser\use ’ crops may take up as much as 75% of the applied phosphorus,
This situation is sa.tisfaotory on farms with a long history of fertiliser use
where the phosphorus content ha.s been built up to the point that annual
applica.tions merely maintain the fertility of the soll.

( In developing countr:l.ea where eoils are often poor in phosphoms,
there iB a need for a phosphorus fertiliser that 1s highly effective in the
. year of e.pplication. The available in;'ormation indicates that this neeo



will not be met by slow- or conirolled-release materials. On the contrary,
the best reesults on poor soils have been obtained with the most soluble

phosphates and with proper placement.

Controlled~Release Nitrogen Fertilisers

| Blightly Soluble Msterials

| One group of controlled-release nitrogen fertil:laers compr:l.ses
chemical compounds that are only slightly soluble. It may be noted that the
,ré,tg of release of nutrient from most of these slightly soluble compouné.p is
‘not directly related to water solubility. Instead, the release rate 13‘ re-

. lated to microbiological attack which converts the nitrogen to forms tha.t can
'be utilized by plants. However, the rate of attack is related to' the rate of
solution, vhich depends, in turn, on solubility, particle size, and other
:factora.

Urea~aldehyde campounda are the principal representativee of this
group that are produced commereially, Isobutylidene diurea (IBDU) is pro-
\duced in Japan through the reaction of urea with iscbutyraldehyde 1n 2:1
' mole ratio. When pure, it contains 32,18% N, Eamamoto (&) reported methods
for its preparation and discussed its usefulness as a fertiliser. Crotony;l.-l
idene diurea (CDU) is produced in Japan and Germany through the reaction (;f
~ufea with crotonaldehyde. It can also be produced from a;cetaldehydé aul

,"u;e:a. The pure compound contains about 32% N.



, Ando (ﬁ) reported a Japwese conoamption of 1800 tons of N as IBDU
and 1uoo tons as CDU in 1968--a total. of 3200 tons of N or 10,000 tons of.
the two slow-release mterials. This was more than twice the 1966 use. ‘The‘
mtcrials were used to prepare compound fertilisers in vhich about hslf of
the nitrogen was in slow-release form. ~
Hamamoto (4) discussed cgronomic studies made in Japan with IBDU
and other slow-acting nitrogen materials. The relee.se rate from these |
‘ slightly soluble ma.terials is a function of the particle size. Under Japa-
nese conditions » use of these materials was often amdvantageous in improving
yields and in saving labor by decreasing the number of applications. Hamsmoto
stated that the cost of IBDU to farmers was over twice that of conventional
nitrogen fertilisers rer unit of nitrogen. Compound fertilisers. of 1l:1:1 (
re.tio with half of the nitrogen supplied as IBDU cost about 20% more ths.n
conventional fertilisers. For this reason they were used ‘minly on
' vegetables and cash crops and not so much on grains,
| Perhaps the cost could be lowered by manufacture on a lerger
sca.le. ‘On the other hand, the aldehydes used in making IBDU and CDU are
byproducts from the menufacture of other chemicals; the aldehydes misht
cost more 1if they were manufactured specifically for fertiliser meteriels.
Statistics are not readily available on the production of CDU or
other slow-release nitrogen materials in Germany. A product called Floran:ld
' ‘reces.ves 90% of its nitrogen from CDU and 10% from caleium nitrate. ,
| Urea-formldehyde reaction products, usually called "ureafom " :
are produced by about six manufacturers in the United States. Unlike IBDU

. ga.nd CDU, ures.i’orm is not a definite chemical compound It contains .



. methylene ureas of different chain lengths; the solubility increases with
decrease in chain length. It usually contains about 38% N. |

Perhaps the most useful component of uceaform as a slow-rét!.zéaee :
nitrogen material is trimethylene tetraurea; shorter chain lengthe a.re “too
rapidly decomposed, and longer chains are highly resistant to decomposi-
tion. Unfortunately it is very difficult to produce commercially a pure
trimethylene tetraufea; ureaform contains both shorter and longer chains.

A typical ureaform may contain 50% of its nitrogen in forms that -
are soluble in cold water (25°C). The quality of the remaining T0% is \
Judged by the percentage that is seluble in hot (boiling) wate:r gs deter-
m by prescribed analytical progedures. At least 40% of the ‘nitrogen
ii:eo:l.‘uble‘in cold water should be soluble in hot water for aceeptable
‘eg'roxiomie response; typical values are 50 to 55%.
| * The consumption of ureaform in the United States is approx:l.mtely
: 50,000 tons per year. Most of the production goes into mixed fertiliser
ror ‘specialty uses, such as for lawns, flower gardens, end golf courses.
The wholesale price of ureaform per unit of nitrogen 1is about three timea
that of urea, amnoni\m nitrate, or ammonium sulfate. Solutions conteining
uree. and - form:ldehyde are mrketed for use, in compound fertiliser formu~
lations. Iformetiop of urea.fprm occurs duripg mixing, grenulation, a.nd

 m !WA'a teats of mny other organic nitrogen-eontaining ccmpounds -
\‘ as’ fertilisers, some proved reedily evaileble, eome slowly a.vaila.‘ble ’o. |
some inert, and some’ tox:le. Anp’ggf,,t'ho,se t‘l;atq,elxegeqtpromise ae a:ljog-releeem



 fertilisers were oxamide, glycourtl, cyamuric aoid, ammeline, and smelide.
. For lack of a practical process, none of these materials.has been. -
manufactured commercially for fertiliser use. .

It was recently reported that guanylurea phosphate (GUP) will be
manufactured &8 & fertiliser material in Japan. The cmound vhen pure
contains about 28% N and 55% Pz0s. Upder some circumstances the compound
'is toxic, under others, including application to paddy rice, it is sald to
be an effective slcw-release fertiliser which minimizes losses by leaching
and’ decomposition. GUP 'is quite soluble in water, but it is adsorbed or
’i‘ixed by the eoil. Its nitrogen content becomes available ag the compound
is decomposed by micrablological attack.

Coated Soluble Materials
i A wide range of‘ materials and techniques have been explored with
.the -object of mking controlled-release fertilisers by coating soluble fer-
tiliser ma.tcriels with plastic films, resins, waxes, asphaltic materials,
or othe:,' ban'iera. The only known commercial production of coated
controllcd-release fertiliser utilizes a process developed by Archer Daniels
Midland Company (AIM). The main component of the coating is a coplymer of
‘dicyclopentediene with a glyccrol cater (1) Applied in several layers that
: vary in composition, the coating relcases fertiliser solution by osmotic
excﬁange with molsture from the goll. The costed granular fertiliser vas
manufactured by AIM under the brade mame Osmocote sterbing in 1964 Tt mow
| is produccd and mketcd by Sierra Chcmical Compa.ny wnder exclusive 'I.icence |
i’rom Am Thr» smdcs of. Oamocote are aveileble. J.h-l‘#-l‘b 15-9-9:



| ‘36q-0-0. The nitrogen in the first two grades is suppl:led by amonium
‘ nitrate and ammonium phosphate; the third grade is coated urea. '!'bc wc:l.ght ;-
of the coating ranges from 10 to 15% of the gross weight.

Osmocote products are recommended for turf, ﬂoricultufe, xnurcery s
stock, and high-value row crops. The retail price was reported to be about. -
$o.55 per kilogram in 1965, -
| ' Sulfur-coated urea (SCU) 1s a controllcd-relcase material that
has been under development by TVA for 10 years. "Sulfur vas selected as
the coating material on the basis of economy and efficiency after several

. coa. 1ng materials were tried. Urea was selected as the material to be

; coa.ted because of its high nitrogen content, low cost, and conmcrcial

t availability.

- Initial studies indicated'tha,t ‘sulfur alone was not adequately’

| resistant o moisture pemetration. The discovery that an oily wax sealant
waa required with the sulfur provided the breakthrough to a successful |
coat:lng. The wax was subject to microbial attack in the soil, however, with
deterioration of its sealing propertics. Neaa for additiopn of a micro‘bicide
| was evident. Coal tar, in the proportion of o 2%, proved effective and:
economico.l.

In early 1abora.tory work, 2« to 15-pound batches of urea were k
‘lcoated in small drums. The development then was shifted to a small contin- ‘

I uous rilot plant with a production rate of about 300 pounds per hour !ﬂm
" process 18 now being developed further in a large pilot pla.nt with a
| capacity of ahout 1 ton per hour.
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' A schematic flow diagram of the pilot plant 10 shown in Fgure 1
Gra;mila.r urea 1s preheated in the first rotating drunm tc; 80°C with electric
radirnt heaters to prevent the sulfur from freezing too rapidly on the gran-
ules. The molten sulfur is air-atomizad and sprayed onto the rolling bed of
granules in the second drum. Wax and coal tar are applied in the third drum.
The coated granules are then cooled in a fluidized bed cooler, and a powdery
conditioner 1s applied in a fourth drum to eliminate the tacky condition of
the wax. |
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Most of “he work was done with commercial granular urea (1.7 to
L 15.3 mn) produced by the spray-irum granulation process. Some tests were
made with prilled urea, but its smaller ; rticle size resulis in greater
surface area per unit weight of urea; this greater surface requires a
coating that is higher in percentage by weight of the product for a given
coating thickness., For this reason, large, w:ll-rounded granules are
. preferred for couting.
One cause of the long period required for development of the
' ,giaéting 43 the Uime required inherently for agvonomic testing of the exper-
: :l.mantal products. Another cause is the large number of operating variables
tha.t affect the quality of the coating. Fourteen variables, some inter- |
) 'aéti:ig, that affect coating quality have been identified. However, in
spite of the large number of variables, they all can be comtrolled fairly
easily to give a consistently uniform product. The difficulty is in
finding the optimum combination of variables. o
A typical pilot-plant product with a coating weight of about 17%
" had a dissolution rate of 12 to 18% in the first 7 davs and O.4t to 0.6% per
day for the next 7 days. These dissolution rates were determined in the
Jal;oratory by immersion in water at 38°C. The higher initial rate of dis-
solution results from the presence of some granules that are coated imper-
fectly when they pass under the spray nozzles in the drum. These granules
: dissolve in a short time when a sample is placed in water. The remaining
granules that are well coated have an average daily dissolution rate that

is relatively constant. For most purposes it is desirable to have a portion
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of the nitrogen avellable immediately after applieation of the fertilieer.

‘ :By varying the coating thickness (or weisht) » both the initie.l Tate and

'daily rate of release can be cnntro.n.led. The desired re.te for a given crop‘ |
and climate has to be deternined by field testing, | |

The dissolution rate in water decreases as the temperature %8
decreased, The mechaniam of dissolution is difmuon of we,ter through the
coating into the granule and diffusion of solution outward. Dissolution
rates in the soil areynot necessarily the same as in water, as they are
affected by many other variables.

| Est:,ina,tes indicate that the cost of coating granular urea in a
plant of k50 metric tons per day capacity would be about $16 per ton,

{ncluding a 15% return on {nvestment. If the price of straight urea (16%

W) 45 $77 per ton, the estimated price of coated urea (36% N) would be $76
per ton or about 26% more per unit of nitrogen. Trangportation costs per
unlt of nitrogen would be greater for the coated material because of its.

' lower nitrogen content. However, ‘the 're‘su;l.ts of agropomic tests indicate
that the ve.lue of increased yield often wou.‘l.d more than offset the higher
- cost, A rajor advantage of coated urea is the potential saving resulting:

rrom a single application of nitrogen at planting time instead of split - .

') ,; applica.tions over the growing season. |

| In addition to the controlled-relee.se chayacterstics, coated

~ urea has excellent storage e.nd handling characteristica and might even be

handled in bulk in humid climates. Also, it may be blended with tr:l.plel |

or éingle superphosphates, which are incompatible with uncoated wea.
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The agronomic response of various crops to SCU has been reported
by TVA agronomists in several publications (6, 7, 8). Results are summarized
belov.
® A single application of SCU on Coastal bermuda grass in the spring
gave as good or better results than four (split) applications of ammonium
nitrate.

® Excessive (luxury) consumption and excessive growth of grass forage ’
shorily after a single application were avoided w:lth SCU..

-® SCU produced better distribution of protein throughout the i’orege growth

+ period, ’ ‘

®. The sulfur residues oxidized slowly to plant-ava.ilable sulfate.

, '! Hea.vy surface application of SCU to grasses did not result in bu:ming or

- \in nitrogen losses through decomposition a3 with uncoated urea.

‘0 SCU resisted leaching and denitrification under conditions of heavy
rainfall and resulted in higher yields under these conditions. ‘

Results of the agronomic tests indicated that coated urea was
‘al,dvaﬁtageous for use on sugarcane, pineapple, rice grown with delayed or
intermittent flooding, and in general for long-season ercps and for
conditions conducive to heavy leaching or %o deccmposition losses.

The sulfur-coating technique may be applied to fertilisers other’
) than urea. Experimental work has jncluded coating of diammonium phosphate,

potassium chloride, potassium sulfate, and various compound fertilisers.
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. Nitgficgtion ,Inhibi‘bors

Nitrogen fertilisers in the amonium form ave imobilized in the
soil by sorption on clay particles and hence are resistant to leaching. "
~ -However, the ammonium form is rapidly converted to the nitrate form in- most
soils by microblological processes called nitrification. The nitrate form |
18 more readily available to most plants, although some plants (e.g.) 'i'iée)
cén readily use the ammonium form. Thus, some of the purposes of controlled
- release (resistance to leaching and delayed availability) may be attained by
delaying nitrification of ammonium nitrogen.‘

Numerous organic chemicals have been identified as nitrification
inhibitqrs. The inhibition 1s due to the toxicity of these chemicals to
or&a.nisms thut convert ammonium nitrogen to ni'brite, vhich is the first

"step of the nitrification process. |

One of the nitrification 1nhibitors that has received attention
B in 'bhe Ihited States is 2-chloro-6-(tr1choromethwl) pyridine. The Dow

“Chemica,l Company is promoting it 'under the trade name N-Serve. A spokesman

- for Dow says they hope to have a manufactu.ring unit in operation within a
yea.r ana that they are aiming for a price 1eve1 that will permit the grower:
ﬂ;to use N-Serve at a cost of $6.20 to $7 ho per hectare ' The minimum con=-
centration of N-Serve 1n the soil for, delay:lng nitrification at least 6 weeks
is said to range from 0.5 to 10 parts per million. ‘

Dow points out that a nitrification iphibitor is helpful only when ~
‘colnditions favor high nitrogen loss from the soil. Such cond_.itions are
‘heavy rainfall or heavy irrigation, coarse textured soil, soil in tﬁe PH ’
range where nitrification readily occurs, and anaerobic soil conditions. ,



Potassium azide in anhydrous ammonia solutions was effective in

at ’lowering the rate of nitrification in tests conducted by the U, S. Departe
ment of Agriculture in cooperation with agricultural experiment stations in
the states of Louisiana (9) and Washington (10). Formulations containing O,
2, and 6% KN3 in 1iquid ammonia, for example, were applied to fallow soil in
eastern Washington in August at a rate of 112 kilograms of N per hectare,
The 2% formulation was spplied also at a rate of 22k kilograms of N per hec-
tare. Two months later the amounts of nitrate nitrogen recovered from the -
retention zone--expressed as percent of total extractable nitrogen--were 67
for ammonis alone, 48 for the 2% formilation, and 36 for the 6% formulation.
_Nitrification inhibition was still evident 6 months after application, par-

ti‘cu:mrly at the 22k-kilogram rate of api;liéatibn. PPG Industries, Inc., ls
e#ploring this and other agricultural uses) (e.g., as a herbicide in rice ‘cul-
turc) for the azide. They think they may have a cbmércial production unit
in about 3 years. '

4 | Anofher nitrification inhibitor that has received much a.t‘gexition

in Japan is 2-amino-h-chioro-G-methyl pyrimidine. It is manufactured by
Mitsul Toatsu Chemicals, Inc. (formerly Toyo Koatsu Industries, Inc.)v undef
the trade name AM. Japanese companies produced 15,400 metric tons 'ofv NEK
fertilisers containing AM in 1968, ’

Only partial success has been achieved with nitrification ihhib-

.;tors. Excellent results have been reported in some tests. Rowevér, one '
difficulty is maintaining the desired concentration of inhibitor in the soil
for the desired time. Heavy rains may wash it out too soon; .too" ;.:ittle rain
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Z my result in delaying nitrification too long. Also, there :Ls some concern
abqut the possibility of objectionable residues appearing in ground vater.,
| Possibly there are conditions in which nitrification inhibitors
will prove useful; whether these conditions are sufficlently extensive ani

predictable to warrant commercial use remains to be seen.

ICOntrom =Release Potash Fertilisers

Little interest has been shown in controlled-release potassium
| fertilisers. TVA conducted tests with potassium polyphosphates and potassium.
calcium pyrophosphaf,es. Some of the materials were only slightly soluble in
wa.te:.; by the)AOAC procedure, Agronomic evaluation of the materials was :re-
ported by Engelstad (11). - Their oply sivantege was reduced injury to germi-
nating seeds. Most of the materials were as readily available as soluble
potash salts. Some of the least soluble materials showed slow-release "f:li?ar-
acteristics when applied as large particles (about T mm), but there was no |
conclusive evidence of increased efficiency.

More recently, sulfur-coated potassium chloride has been prepared
'by TVA for agronomic tests. Some of these tests-were promising in that
‘¥yields were increased in comparison with uncoated potassium chloride .(12), More
@omtion is needed for agronomic and economic evaluation. ‘The low coa?;
o:‘so!(l.uble potassium fertilisers tends to discourage efforts to mcréau
'byeir“e:ﬁciency. | |
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“{"onclusions

Controlled-release nitrogen fertilisers very probably will prove
‘ugeful for some field crops in some situations. Much more study will be
required, however, to determine the place of controlled-release nitrogen
fertilisers in the farm economy.

Controlled-release fertilisers are most likely to prove advane
tageous where labor is scarce and expensive., In developing countries where
labor is plentiful and inexpensive, multiple applications of nitrogen fer-
tiliser can be used to attain improved yields and higher efficiency of
utilization with less cost.

Frospects for improvement of phosphate and potassium fertilisers
‘through controlled release seem remote. ‘ L .
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