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FOREWORD 

Developing and initroducing new fertilizer products are important
runctions of the Tennessee Valley Authority's National Fertilizer 

Development Center. Nitrogen efficiency is critical in the United States 
and world agricultural systems. In search of better nitrogen efficiency, 
TVA developed controlled release sulfur-coated urea and introduced 
it to farmers through land-grant universities and the fertilizer industry. 
TVA has continued to monitor related manufacturing efforts, 
distibution channels, and agronomic results. 

This bulletin is a collection of abstracts of published findings and a 
listing of research projects dealing with sulfur-coated urea. Many of 
the abstracts have already appeared in Fettilizer Abstracts, a journal 
published monthly since 1968, by NFDC. The sulfur-coated urea 
abstracts are divided into three sections: Technology, Marketing, 
and Use. Research projects in the United States that were ongoing in 
a survey conducted in 1979 are listed by states. Author and subject 
indexes are provided in this bulletin. 
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TECHNOLOGY 


PRODUCTION TECHNIQUES 

1 Sulfur Coated Fertilizers. In New Developments in Fertilizer 
Technohgv. 5th Demonstration (held TVA, National Fer-
tilizer Development Center. Muscle Shoals, Alabama, Oct. 6-7. 
1964). iftiscle Shoals, Alabama: TV.4, National Fertilizer 
Development Center: pp 31-2 (1964). A S-oil coating for 
soluble fertilizers was developed after it was found that a 
coating of molten S alone had microscopic openings. Although 
the addition of oil gave good results in the laboratory, it was 
not effective in actual use in the soil because capillary forces 
removed part of' the oil. Tests with S-petrolatum coatings 
showed that petrolatum resisted capillary action. Best results 
were obtained with a 20 wt % S and 2-4% of petrolatum. The 
S. as a melt, was applied by spraying on the granules in a 
rotary drum. Molten petrolatum then was sprayed onto the 
S-coated granules. White U.S.P. petrolatum with a melting 
point of 130'F was quite satisfactory. Coating applied to 
30-10-0 and urea granules were tested in the greenhouse during 
the fall and winter months. The tests showed that: (1)S 
coatings prevented seedling toxicity when the seeds and 
fertilizer were placed in the soil together, (2) coated urea gave 
greater yields than uncoated urea when surface applied, and 
(3) a single application of coated 30-10-0 gave a longer effec
tive period of fertilizer release than did uncoated materials 
when tested with ryegrass. The feasibility of incorporating
micronutrient compounds in the S coating by suspending them 
in the molten S prior to spraying onto the fertilizer particles 
was demonstrated. 

2 Method of Making Sulfur-Coated Fertilizer Pellet Having a 
Controlled Dissolution Rate. G.M. Blouin and D. W.Rindt (to 
Tennessee Valley Authority). U.S. 3,295,950, Jan. 3, 1967, 
Appl. May 3. 1965: 8 pp. A process is described for the 
treatment of solid fertilizer particles to make them H,_O 
resistant, reduce caking tendencies, reduce hydroscopicity, and 
to produce a fertilizer product which has a controlled rate of 
dissolution when applied to the soil. The treating agent serves 
to supply a secondary nutrient as well as a pellet coating. An 
oily subcoating material selected from petrolatunms, petroleum 
softwaxes and oils, wood rosins, and paraffins is applied to 
fertilizer particles in quantities of 1-8 wt % based on fertilizer 
wt. This quantity is sufficient to fill surface voids, cracks, and 
capillaries of the fertilizer particles. A coating of elemental S is 
applied to the oil-coated fertilizer in amounts of- 5-50 wt % 
based on the finally coated fertilizer. A topcoating with 
additional subcoating material is applied in anounts of 1-5 wt 
%. The viscosity of molten S is decreased and spraying and 
spreading characteristics are enhanced by the addition of 
halogens in amounts of 1-5 wt 1,r. The addition of 1-10 wt ,('of 
powdered siliceous material to the molten S increase plasticity 
and strength. It' desired. 1-30 wt % of powdered comndr1t1tlnts Of 
the micronutrients Fe. Zn, Cu, Mn, Mg, Mo, and B may be 
added to the molten S. In sonic instances the subcoting 
and/or the topcoating may be omitted, 

3 Sulfur-Coated Fertilizer Pellet Having Controlled Dissolu-
tion Rate and Inhibited Against Microbial Decomposition. G. 
M. Blotin and D. W. Rindt (to Tennessee Valley Authority). 
U.S. 3,342,577, Sept. 19, 1967, Appl. Dec. 12, 1966: Q pp. 
Continuation-in-part of U.S. 3,295,950. A coating of ele-

mental S is applied to fertilizer pellets in an amount to provide 
5-50 wt % of the coated fertilizer pellet wt. Th,.: coated 

pellets are topcoated with an oily selant selected from 
petrolatums, petroleum softwaxes and oils, wo.ad rosins, 
paraffins, and mixtures thereof. The quantity of cily material 
is sufficient to impregnate any cracks and voids in the S 
coating. It provides - 1-8 wt % of the total wt. The process is 
impfoved by dissolving in the sealant - 0.1-4 v.t % (based on 
total wt) of a microbially toxic agent such as pentachloro
phenol. coal tar oil, camphor. cresol, or mixtures thereof. This 
addition reduces the harnful microbiologic:,l activity on the 
coating when the fertilizer is in the soil. A subcoating of the 
sealant material may be added prior to the S coating. 

4 Nitrogen Fertilizer That Lasts. Fred Myers (TVA, National 
Fertilizer Development Center, Muscle: Shoals, Alabama). 
Furrow 75, 18-19 (Nov.-Dec. 1970). Sulfur-coated urea (SCUM
is produced experimentally by TVA by spraying urea granules 
with molten S. sealing with wax containing a microbicide, and 
conditioning. Rate of dissolution increases with decrease in 
coating thickness. increase in soil temperature, and with 
mixing into the soil as compared to ;urface placement. Sulfur
coated urea results in better seasonal distribution of growth 
and protein content of grass forage than do single applications 
of soluble N fertilizers. It also results in less burning of seed
lings and may result in less leaching loss of applied N 
fertilizers. 

5 Sulfur-Coated Fertilizers for Ccnitrolled Release: Pilot Plant 
Production. G. M. Blouin, D. A. Rindt, and 0. E. Moore 
(TVA. National Fertilizer Development Center, Muscle Shoals. 
Alabama). J. Agr. Food Chem. 19 (5), 801-8 (Sept.-Oct. 
1971). The continuous S coating of urea to produce controlled
release fertilizer was studied by TVA in a 300-lb/hr pilot plant. 
Molten S and a molten wax sealant (containing coal tar 
microbicide to prevent degradation in soil) were sprayed in 
successive layers onto a rolling bed of heated fertilizer. The 
waxed material was cooled and dusted with conditioner to 
obtain a free-flowing product. A typical coated product 
contained 17% S,3% wax, 0.2 coal tar, and 1.8% condi
tioner. The substrate dissolution rate in water at 100°F was 
151; in I week and 0.5%//day during the second week. 
The operating conditions that represent departures from 
previously reported batch laboratory work were: continuous 
operation: use of several spray nozzles rather than one: and 
higher atomizing air pressure in the S spray nozzles. Estimated 
costs should permit use on long-term crops in some areas. 

6 Sulfur-Coated Urea. A. R. Shirley and R. S. Meline (to
Tennessee Valley Authority). U.S. Pat.Off Dej'ensivePulblica
tioi T912.014, July 24, 1973, Appl. July 3,1972: 32 pp. A 
process is described for applying a precisely uniform solid 
coating of fluid material onto solid substrate particles pre
heated in a rotary drum having a radiant heat source such that 
the surface irregularities of the particles are smoothed out by a 
combination of surface melting and tumbling action. Tlhe 
preheated particles are fed to a second rotary drul where 
multiple, thin, concentric:ally fotrmed layers of the coating 
material are applied by cascading the substrate particles 
benleath a plurality of sequentially applied. closely controlled 
spiays ft'the coating material. In particular. the process allows 
the coiting of granular urea with molten S applied under 
precise spraying temperatures and conditions in such a manner 
that the molten S evenly coats the particles and solidifies with 
the desired physical characteristics to forim a slow-release N 
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fertilizer at an econonlical cost without the use of subcoats. and is sloped downward across its width toward the high edge
seal coats, microbicides. parting agents, or plasticizers. Further, of the rolling bed so that showers of particles being discharged
it is Shown by examples that the operational conditions and by the lifting flights are caught by the deflector pan. the 
techniques presented constitute a substantial improvement in effective horizontally projected width of which may be 
tie process flr tile production of S-coated ureai where addi- 40-80'; of the drum diameter. where they combine and slideintional coatings consisting of materials other than S are used. A off the lower edge of the pan to form the dense, homiiogeneous 
unique spray header fOr pneumatic atomizing spray nozzles is cascade that strikes the rolling bed near its high side and along
described which includes the installation of in orifice imme- its entire length. 
diatel- external to each nOzzle. The flow rate of liquid is 
proportional to each nozzle based on the area of' the opening 9 Method for Applying Coatings to Solid Particles. G. N1.iii each orif'ce. The coated product is rapidly' cooled to control Blouin (to Tennessee Valley Au thority). U.S. 3,991 225. Nov. 
crystal structure Otfthe applied COatllng material. 9. 1976. Appl. July 24. 1973: 10 pp. Division of' U.S. 

3,877,415 and contitiuation-in-part U.".S. l1atcni Of.ice Deft'n
7 Sulfur-Coated Urea by Improved Method. A. R. Shirley, Jr. sire lublication TQ27,005. A process is described for the 
and R. S. Meline (to Tennessee Valley Authority). U.S. fornation of coated rounded particles of substantially Utnifform 
3.Q03.333, Sept. 2. IQ75. Appl. Mar. 8. 1974: 33 pp. A size. Material to be coated is introduced into tile inlet end ofa 
contitlloUs process is described for applying S to urea granules rotating drttm maintained in a generally horizontal position in 
to proTduce a slh w-rclea:se N fertilizer consisting only of a which a bed of rolling discrete nuclei particles of tile substance 
coating of countiiercial-rade S on commercial-grade grantiular to be coated are in contact with each other. Tile rotating drunn 
urea. A precisely iniform qolid coating of fluid S is sprayed has lifting flights otl the inner surface acting to elevate por
onlut the surface of solid Utrea ,granules at 170-203. 90F in a tions of the bled from the bottom to a higher point therein. 
horizontal rotary coating drum of lenth - 1.5-10 times its The elevated portions of the bed on the lifting flights are 
dimleter filled to - 3-10 of its capacity, and rotating at - released and cascade onto substanitially the full upper surface 
30-8w of' its criitical speed. In one embodiment the surtace of of a deflector which is fixed in space in the upper liemi
thle granular urea is preheated and simoolied by superficial spherical section of the drun and extends substantially there
fusion and rolling in i rotary driui. NI ultiple, thin, concen- throughou t. It comprises two generally horizontally inclined 
Irically formed la.'ers of the fluid S then are applied by planes defining a generally inverted V configuration, moving
cascading the urea ranu c ',eneath a plurality of sequentially the particles away frot the apex of' the inverted V and toward 
applied. closely controlled pineuntlatic sprays of the fluid S in each of the two bottom edges. Each edge juxtaposed a sidewall
ile rotar dru nl. Il a secotid embodiment, hydratilic spray of the drum wherefrom the particles free-fall back to the bed 
nozzles are Itilized in a manner wherein the requisite pre- of tiuclCi juxtaposed the bottom of the chamber. Localized 
heatitig is not required . Special operating conditions are portions of the particles are sprayed after their release from 
specified which allow the production of a slow-release urea the bottom edges of the inclined planes, thereby ensuring that
fertilizer coated only with S. Proper temperalure control is at least a portion of the coating material so sprayed is directed 
main t ai ned duriig tile process to assure that the S solidifies upon a dense cascade of particles which are substantially
in the -troper cryst alitie structure to impart significantly homogeneous in particle size. At least a portion of the result
improved tensile strength characteristics to tie coating. Each ing spray-coated particles is removed from the oullet end of 
Ceitbodifient has characteristically different operating condi- the drun. The process ensures that the localized portion of 
tions. specifically temperatures. which tesitlt in decisively particles. which is sprayed to effect coating, is substantiall\' 
differ,:nt coating characteristics. honIogeneous ill particle size, thereby effecting substantially,


uniform coatings oil ea;ch particle released from the lifting

8 Me'hod and Apparatus for Applying Coatings to Solid flights. In examples of coating granular urea with molten S.
 
Particl is. G. M. Blouin (to Teruessee Valley Authority ). U.S. the Use of this process and apparatus resulted in a 1001;

Patrctr 'JfIc' Dc,1fnsire ,fhi.atio, T027.005, Oct. 1, 1074. increase in capacity over equipment thal did not include the
 
Appl. Ju',v 24. 1973: .f76pp. An apparatus and a prcess are cascading apparatus. 
described I,, ,: '' ectively coating materials for eranula
tion as well as controlled release. Specific applications are 10 Apparatus for Applying Coatings to Solid Particles. G. M. 
directed to S-coated urea. The primary object is to provide Blouin (to Tennessee Valley Authority). 17'S. 3.877.415, Apr.
riMidotii uofioti o1 lie particles with respect to each other. 15, 1975. Appl. Feb. 1. 1971: 10 pp. Collinutation-in-part
ihereby prodieing a truly homogeneous rioving iass of' U.. lifcit (J.1icc l'tllicat T27.005. AnDef'fisire Q2 
parlicles in alsimple - conventional horizontal rotary drul to apparatts is described which provides a hologenieots (withensitre that all particles are equally exposed to a liquor or respect to particle size), dense, mass of sized particles in 
mlltlen spray material as they pass through the drui regardless antdoi llolion so that highly utnitornil coatills of tile same 
of' range of' size Or shape. This is accomplisied by a unique or of difterent solids call be applied t each p'article by coti
iodificatioti of the existing prior art of flighted horizontal vetional spray-coating with the liquified coating niaterials).
rotary trutit ,coolers and driers. An enlarged sprayable area of The apparatus is a horizontal rotary drum containineli'titng
moving particles is produced and coisist.; of the surface flights. A novel deflector pan i:. fixed in space inside tle upper
of fle natiual rollin, bed and a lfalling cascade Of" moving section of' the drutl which deflects particles falling froill tile 
particles concentiated to olie side of' the drum into a deise, lifting flights to the side of' the drun where tile\ f'ornl ahonlogeneous. narrow stream of particles that c.vers only narro\\. dense falling cascade. The coating material is sprayed
I-I0; of' the cross-sectional area of the drL1i. This contintious nti) the cascading particles, preferably as they free-fall 
cascade is foritied bw positioning. by iieans of fixed supports after leaving the lower edge of tle pan. It' desired. soite or
e,ctended into 'he end openings of the drum, a stationary most of' the coating material may be directed Ollto tile top
hotigiftidinal deflector pan above the rolling bed in tle interior edge of tile moving bed including the illctlle of, [lie Cascade 
of' the dhitti. The deflector pan extetids the length of'the drun therewith. In examples of'coating grallular urea with molten S. 
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the use of this cascadhtilt ipparatus resulled in a n 	 granlies fed drinlwhere petrloleullo1e un'iform arc to atitlier rotary a 

and efOctive coating of S and increased the capacity by 109 base seal coating is sprayed ono tlheti. They are subsequent;.
 
over equipmitent that did not include the cascade apparatus. quick cooled in a fluid bed cooler and lighlt dusted with
 

,Oonditioner. Slorate aid handlitte prloperties of sulfur-coated
 
11 Sulfur-Coated Urea, Technical Update. Fred Myers. D. A. Inca are excellent.
 
Russet. and R. 1).Young (TVA. National Fertilizer Develop
ment Centel. Muscle Shoals, Alabama). liuscle Shoals. ../a- 14 Sulfur-Coated Urea From a One-Ton-Per-Hour Pilot Plant.
 
haun: 7 [*-1, Nxilial Icrili'_cr Dreiloloem Center, circular A. R. Shirley. Jr. -indR. S. Moline (TVA. National Fertilier
 
No. Z-2-102: 4 pp (Dcc. 10(79). The basic S-coaling process 	 Developntent Center. Muscle Shials. \labama). InNew 1'w 
invohkes precisiin applaLtionl of tlree coatitts to urea ranules 	 (Tl'.S'n{iOr .'tIi'Ak uvoio Chci',Si'U Seie., \o. 140. tt'adihn,,'io 
(1) S.which is the basic co:tin., ntaterial12R) a 	 I.LQ An.C Sw.. pp.3 3-.-fvax-like sealant. .- ,'. ( 4f75). Molten S ikapplied 
which prosides uloislne barier: and (.1icolilitioner, v.hich 	 to grankles cilel or lh-Iica h !ene)mali,it high-pressue

absorbs e.\cess sca]aill and ,ivs tile good handlitig ad drulic ati0ii!... .pray nre'lCs toIprepare a coltrolled-release
produtl 

storage characteristics. rea gramiules (-6 + 10 niesh) ire fertilizer cotitaining 37-40'' N. Ina cont iuou5 rce urea
 
preheated in a Ifloidi/ed bed unit and pass thrOllgh a rotating particles are prehealted in a lotial\ (rutl1. Multiple. thin.
 
drum where flights lift tle warm graniules from tlte bed of concentrically foIIoed las cl.. Of S a!e applied ill a second
 
material and drop tlei1 onto a tilted collecting paint. Whlen rotary drum. \*ax i.applied il.i hird dtt11 to seal Inilntle
 
granules roll of' tile a deflector plate which S coailtin The prmiles are quick-cooled
pall they strike 	 inperfections in the 
'oruts then into a thil vertical curtain onto which molten S is iti a fluid bed coolel and iols diisted with conditioner. 

spra,,ed. This 'fallinie curtain'' arratigetetrtminimizes sgre- O rperatiti cutdios :ui procssino tenperatures Clepend on 
gatioll and plovides llsl itovettelt of the gratites for ef0- ,ieS tonlizatio n pricess Sonle ttajor adantages of hydrau
cientl tmtiitrl coatilti. lhe granules discharge into a revolving lie spraying iWchide :i up to 9'S decease inS dust atid nist 
drun i o M11, llis splayedl a mixture ofmolten polyethylene inthe S-c0ltinldLumll anl1d d ibled plant production capacity.
and oil. The gratiule> :ire cooled and conveyed to Sntfuir-coaled urea isbeillesited in)another 50 states atid 54 countries 
drLlu where lie aIrcaed wilt diatounaceous earth. Sulfur- and shovw, si.nilicant adskantage, with several crops. 
coated trealIulfills the objectives of a cotlt rolled-release N 
(ertili,'er h are: 15 of Valley Authority withItich (I) iticreaing efficieticv of fertilizer use. Experience Tennessee 	 Sulfur
(2) reduciTtn tinutrient honses. 131 reducin.g toxicity. (4) reducing Coated Urea and Other Controlled-Pelease Fertilizers. F+.(1. 
application rquenc, : aid (5) satisfying S requirements. I lfftniiart ... \. Ir..(. Nl Blouin. B. P. DanaR. Shirne.. 	 iand 
Agroilontc 	lest r.esult's 1toTvalltItts crops are given. (TVA. Nationai Frtili/er Deevelopuien Center. Muscle Shoatls.
 

.\labailla ). .lla&/o s , .- T" I. VANil ,n!
'/,. Ilubama1: 
12 Sulfur-Coated Urea: TVA's New Pilot Plant. Sufir hisi .1 	 ,'riilicor itc'oll.I('C'(or. Circular Z-50: 8 pp.
S'(4). 0-8" (Fall 1)72). For several yr. TVA has studied the (Alu. l:i5 , li e ',l CeaeliCe:S fola controled-release 
encapsulatioti of soluble !'ertilizer granules and prills to imp:nt N t'etrili/ei. the poiential of iany N compoutids se\re 
colitroiled-relea:se properties to them. Follos ireg extensive exploled. The few COitpOtunds exhihitititi' the desired disSOIL
hench-scale %ork. a mIill-sc.:Lle pilot platit w:IS built and lio11 too costs or otlerwise utisiliaiechla:teiki,s proved 

lemnonstrated ill IQ)uS and 1970. A neW pilot plant vva, for .1rictIlinril i1..\ ,,tids' 0!'oiitto ill'
tilerlte ofiulirent 

constructed illIl71 \ilh a designi prodcttioti capacitv of I release Ih appli'ation of Coalilc, ito ftiliier" titles led to 
hi leas C\esisc cititol/hr. It has been Operated to oblaiti process dala. to idetlifl\ the seleclion of S izs pl 1ll wilth e 

and oplilize plocess variables, to obtain scileup iifornatiol potentiil for colrlnl of I,.rate of N t iease froti urea. .\ 
for design of a larger plant. and to provide material for agro- process 'or .odll' Iirea ',r:itleCs Wilh S hd nedeseloped 
hotic testing. A lowsheel of' the suil fur-coatitig process is tlhrotig the pilot-platisage. Pleheated urea grainules aic 
givei and the equiplnetnf is described indeI;lil. sprayed \ itt moltlen S as th:,., fall 'roti special fnight :lrrainie-

Ineits iII a r i 'lyditnI . In 1tt ie1C tota i dri 1.tlieI 5
13 TVA Sulfur-Coated Urea-Its Pilot-Plant Development and coated raniles are lpiysed -.ih ,a=ca to seal laws in the 
Scope of Agronomic A. . ind B. 1 leld iTesting. R. Shirle Jr. R. coating. The mate!ial is then ,,,1 1-13" ill lfiuidied-hoed 
DIiamond (TV.\. National Fertilizer Developimen Ceniler. appalrats. Il a third drItIn, thc ,oled lialerial is colidiIioned 
Mulscle Shoals. Alabamtta). IlII .-Igirolioiii .A/so/'acs / 74 with diaionmaceous eirilh to pesel caking and to make 0!e 
.4nui/ .llio'ti.,, (held "'hicago. Illinois. Nov. 1(-15. 1074). eruitles sink whei placed itt 1t.. a, ill floded rice HIIIIIC. 
1Aidiv',m. lltoisin....I. So'. Igroi.: p. 155 (1974. Sulfir- The usual produc: .'imainIs A-1l ' of S. 27 of' sealat, and 
coated Ineas produced ill TVA's pilot lant at res 'rout I to 2.5-3' of coti.itiol;ino agcti. Process variables ire discussed. 
2 totts hr Jlt:\heeti tested itt 4, states :1d -2 foreign optinlllln opellil condition. :me presetited.allid PlodUctiton 
c(lnt ries. The products h:ve various slow-release characteris- cost for grallutlil S-co'itld :uieal (S('*t) is estitl:ied to be :010111 
tics and li:ve dolollstlaled(lhe folo\illg advantages illCol- one-third t1O1e pet toil of N Iin I'MutiCo1aLed itre : Lie cos! 
parison to silt'le application,, of' soluble Ierf:'/er reduced foicOatin'g lie inallci prill'd lurea is soiieliat hiltet tc-aiise 
leachitie losses, less e\cessise coll'ulnption, reuaced bhurlhli.n ore S ik 0tqiii el. Iit iil ;ieicuiil ilialtols, ileS ill 
aid a loi et-listin' lowel i,. ileeded aIddition to ilie soi!. \tciUlial! es:iliuiain,,effect. \'oltili/atihm losses are tntlch itselt 
inconpatison iost:iJghlt i!lre:.I'rea pa!ices ate pielecled ill ,how !'asoable hcl-"f -cos rui~io, Ior 5(1oil lice uniiii 
a rotary diiil fed to : second dr.ti Whete iiiiithipe thin, iebiteCi aid iinilteit! liodil,. pi,leiplple sii,;ilcaie. filli,. 
coIcetitri ill fointed laCers of' silfur are aplied. The niolteti atid ve:etables ott silltdv 0il. iiil., And r.e ci ,ps. \ii 
sttlfur is splayet onht Ime c atitiles by high-ptressuie hydraulic niUalys. 0o the itito i, poienii:il ii 5([ ':iors its coitineiccial 

oriented the 	 honaiotiittth no/es io spray illilrti oi a fallitll 	p itmctio. TVA \\ill begLll nsiiiCiont of I pl:iit to 
curtait of P:iCLes. Operatitl cotiditionis ate niit:liiJted such pilihCe 20 inijlas of S 

tihat the suiltur coats ilep:rticles with unifortity attd solidi
fies with ihe desired physical charactciistics. Stiitur-colted 16 Sulfur-Coated Urea Fertilizer and Method of Making. V 
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W. Green (to Mississippi Chemical Corp.). U.S. 3 .313.613, 
Apr. 11 . 1967. Appl. Feb. 27, 1964: 4 pp. Elemental S is 
combined with u rea to produce a stable. uniform, free-flowing 
mixture in which the S has substantially greater exposed 
surface area lhan the urea. Finely powdered S (< 200 iesh) is 
moistened with formaldelvde and mixed with solid urea prills 
or gl'tules to tor1 a ulil'tOrm blend ot S particles adhering to 
the urea particles. The amouit of formalehyde .s - 4-15 
(preferably - 7-12) , of the S t and tlhe S wt is - 2-30 
(preferably - . of urea wt. A fertilizer composition4-15) tile 
is tonned consist inc ot a drv wt basis of'- 75-9 5'; urea. 
22-4,; etemental S,amd 3-0.2' forlialdehlde. 

17 Sulfur Encapsulated Fertilizer Pellets. Thiokol Chemical 
Corp. lri. 1 .1 71 255. No. 19 .l 69. U.S. AppI. July 24, 1967: 
17 pp. Fertilizer pellets are subcoated with a finely: divided < 
0.1 microt) powdcr. such as C black or coal dust, then with 
tmolten elemental S. A ilvdroplohic sealant. such as 0.1-5.0", 
wt of sott wax. ntav be added on the strface. For exatnle, 
1600 g spheroidized (6-10 mcslt) urea was mixed 30 mintt tes 
with 8 g C black. A 50-g portion, itl a fetar"V part at 950 . was 
sprayed with 3 g tloltmon S containing" 5' wt of Qolysitlfide 
plasticizer. The bed tetperatire wa, dropped to 90- and 0.6 g 
soft wax was added. The 24-hr dissolution rate of the coated 
pellets was 12"7. The prodmtct is usei'ul as ai slow-release N 
fertilizer. 

18 Sulfur-Coated Urea. Robert Powell. li Urea Process 
7'ecl lo~v. llrk Ridge'c. New .Ier-sc."Notes Demelopmcnt 
Oq). pp. 31 5.1 (1968). The efTect iveness o'S : a coating 
aoel can I":enhanced hv the addition ot a S-plasticizing agent 
thereto prior to coating tile ertilizer grantles. Conventional 
S-plasticizing agents such as polyl'ierized vinyl tuerw'lptans 
and pJolystllIite cotmpounds are suitable for this Purpose. The 
plasticized sulfur coating produces sulfur-coaled fertilizer 
granltles that are more resistant to attritiott or damage during 
tuatmfacture. storage, and handlittg. 

19 Sulfur Coating. Robert Powell. li Comtrolled Release 
lfertilizers 1968, lArk Ridge, ANei Jerse,: ,VO'cs Derelpmwnt 
Cop., pp. 1,83-98 (1968). Variables that have significan t 
effects ttpot tihe sulfutr-coating efficiency are moltenl S tent-
Iterature. telmperature of atontiziig air to the spay head, 
pellet tentperature, pressure of air at sprayer. coarseness ot S 
spray, amid dislance of spray itozzle frout moVine bed o' 
pellets. The temperature atid coarsetiess of tile S spray at tile 
tie ot contacting tile palticles :Ippear to be the most inlpor-
tanit factors. The use of' 2 to 10; by wt of hIlasticizers, finely 
powdered iert solid . or of I to 30"' of otc or ttore of the 
finely divided nmicrouutriemt compounds in the Ssignificantly 
improves time coatings. This iitproves tlhe spreadilig and fusing 
)1"tile individual drop)lets Of Sand reduces the degree of crack 
formation in the sulfur shell. 

20 Sulfur Slow-Release Nitrogen. A. V. Slack. In Fertilizer 
D~cielopn c and 'l)cnds 1908. I'mramts 	 Ridge, New .terser: 

A'vsDei'clopnwnt (017). ppl. 164-5 (1968). Sulfur is (it'prit ftt h ue ~rioto h a ottg h eoesporti 	 ofthe wax coaling contains at least otte 11,0 soluble P 

resulted in improvement of coating effectiveness. A 26f, 
coating on urea gave a dissolution of'- 2.'during a 30-day 
burial test. Improvement was obtained by including a small 
amount of a microbicide. such as coal tar oil or pentachloro
phienl, in the coating to inhi:it attack from soil organisms. 
Urea with -a 20', coating. coitaining a microbicide resisted 
dissolution in the soil for 42 days. 

21 Nitrogen Production and Use. John Pesek, George Stan
ford, and N. L. Case. In lertilizer Teclchnologv and Use, 2nd 
ldition. Editors, R. A. Olson el il.Madison, lt'isconsinr Soil 
Sci. Soc. Am.. Inc.: P 231 (1971). A shmw-rele,. e N fertilizer 
may be prepared by coating gralular or prilled Urea with S and 
a sealant wax. The addition of 0.5'; coal tar or pentachloro
phettol to the sealant wax apparently retards degradalion of 
the coating by soil microoroatists and results in a product 
with 	 an even slower N release. Solid urea is preheated to 

' 65-70 . molten S at 143" is atomized and sprayed onto 
the urea in a tumbler, tollowed by a spray of the molteti 
wax\-ticrobiocide or mixture. Ileated air flowing through the 
tumbler keeps the trea temperature high inorder to give a 
uniform coating. The coated material is then cooled and 
coated with clay to give a finished product containing urea, 
76: S,19: wax. 3: coal tar. 0.5: and clay, 1.5"'. The N content 
is- 35",. 

22 Coating Fertilizers with Sulfur to Control Dissolution. P. 
S. Fleming (to Thiokol Chemical Corp.). U.S. 3,576,6 13, Apr. 
27. 1971, Appl. July 24. 1967: 14 pp. Iti using a spray of 
molten S to produce a coating on fertilizer grantules, tlie S 
solidifies to form a setliperiteablle shell having low impact 
strength. Unless the surface is completely covered with S the 
substrate will dissolve quickly in water. Because molten S does 
not easily "wet" the surface of most fertilizer granules. a 
relatively heavy coating isrequired to obtain a suitable barrier 
for slow dissolution. This problem is solved by first dusting the 
uncoated gran1es with 0.2- of a powxdered material such as 
carbon black. Zn borate, carbontate, chromate, or sui de. Mgi
lydr,,xide or silicate, and other compounds. The powder 
coatittg decreases tie conttact angle betweet the granule and 
tile molten S which makes possible the production ot satis. 
factory coatings of S using much less S,namely 5.10(';. Exam
pies (7)describe the application of S coatings to comlnercial 
granular urea. 29-14-0. 20-10-10. and 1846-0. Data from 
acroitolmlic tests are inclMed. 

23 Controlled Release Fertilizer. K. F. I'erschm and W. 1: 
Stearns (to The 0. M. Scott & Sois Co.). U.S. 4,042,360. :\uc. 
16. 1)77. Appl. Apr. 5, 1976: 7 l)p.A controlled release 
fertilizer cotmposition inparticulate form is described. Each 
particle comprises a core of 11,0 soluble N utirient, pre
ferably urea. with a 540 wt ';S coating which has an addi
tioral coating of microcrystalfine wax. The itner portiot of 
the wax coating is free of 1I,. soluble additives and0 C0u
pletely covers the S coating to torm a I , 0 barrier between the 
S coating and tie outer portion of'the wax coaling. The otlaer 

interest as a coaling fon N.coitatining fertilizer. such as urea. 
!b!ecause it cali be applied convel ientlv as a t'uelt. tie cost is 
rclativelv low, and it is a seco(mdal-V l)ant iiultriett. Neither S 
alone or with a petroleum oil applied to tIme S coat to seal 
cracks and po-'es were effective insoil burial tests. A sealant 
was identified that resisted soil effects. Plasticizers were tested 
but were less effective. Tests made ina rotary drunt to give a 
tutbliiig bed of grantules agaittst whichlimoltent S was spraVed 

( K salt embedded tterein atd tte wt ratio of tte iter wax 

coating:outer orm:'nic coalittg is between 0.21 and 4:1. 
The additive has a particle size of 325 to 30 umes t l, prcferably 
200 to 65 mesh , and I tle wt ratio of additiVe: total wax is < 
8.1 . The wax has a melting point of 55-85'. a needle pene

' 
tratiot at 25 of 10-30. and a viscositv at 9)' of 50-125 
S:\bolt tiversal seconds. 
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24 Coating Fertilizer Granules with Supplemental Materials. J. 28 Production of Sulfur-Coated Urea by the Spouted Bed 
T. Dilday (to Olin Corp.). U.S. 3,580,715. May 25. 1071, Process. A. Meisen and K. B. Mathur (Univ. British Columbia, 
Appl. Apr. 16. P)69: 3 pp. Tenaceous coatings of S. micro- Vancouver. B.C.. Canada). In Products Technique(s Plant 
nittrients. or pesticidcs are prodnced on fertilizer gran nle, by N'ttrient /:tflicienc'.J. [ondonl:)n ,hld: British Suit r Corp.applying 0.5-57 initeral until the granuics arc nnilornii Proc 2,l It. 0',. '~'rt. Paper No. XIV: 1-18 (197S). A 

coated. Then 0.1-5,; caliull lignosulfonate is applied a. process for manufacturing S-coated Inra in i spouted bed has 
aqueolis solution followed l1Napp, cation of the powdered been developed and tested in batch operation ill a small-scale 
supplemuent. For example. 25-1b nrea prills were tumbled in a pilot unit (0.15 Ill dianteter. 0.00 inhigh). The resnlts of the 
cement mixer while adding 1'. used motor oil. After tumbling pilot plant tests have been inlerprete,.' with the aid of a 
the mixture for 1.5 rain . V1' ot an a(nLIeoUs 50', calcium mathematical model. The dependence of the product quality 
lignostiffonate solution was added, follVed lby adding 10'; on urea pretreatment. coating lemperature, S feed rate and 
-325 mesh S. All the S adliered to the prills and, on screening, product cooling, and the effects of certain additives for 
less than 1' of the S was shaken off. strengthening the S coat have been examined. Preliminary 

liroduict field tests have been conducted in tile Vancouver area. 
25 Coated Fertilizer. J. T. Dildv . I'S.,3.607.245. Oct. 10, The mathematical model has been used to develop designs for
 
1972, Apl. Augo. 12. 11)70: 3 pp. 'enacious coillgs of two conimerical-size units producing 0.25 alld 5 nt/hr of
 
supplemental materials are applied t, granular terlili/ers in S-coated urea (containing 25 wt-'; S). Their economic, opera
mnotion by adding ill order 0.5-5" of a mineral oil, 0.1-0.5"%of tional, and enivironmnital aspiects have 1ieen assessed. Present
 
Ca lign ostlifonate as an aqueous 50', solution, and 1 20'; of indications are that ile spouted bed process compares favor
the supplemental material ats fine particles passing through a ably with the roiar" drum process developed by tie Tennessee
 
200 mesh screen. Th.i granules are maintained in motion Valley A\uthority (10 ref).
 
during and after each addition until the supilemental material
 
is uniformly coated oil the granules. In an example, 1760 1li of 29 Research and Development of Slow-Release Fertilizers.
 
urea prills were tumbled in a cement mixer while addin 201 lb Chinc-Tsun (Chiang (Taiwan Fertilizer Company. Taipei.
 
of used motor oil. After tunbling for 1 .5 miinte, 20 1li of an Taiwan, Republic of China)..LAgric. Assoc. China, No. 113:
 
aqueous 501" solution of Ca ligiosulfonate was added and 11-21 (Mar. 1081) (Cl. Fertilizers that release the plant
 
tuililing was continted for I minute. Then 200 lli of ele- nutrients slowly throughout the growing season co1tintie to
 
mental S, 981',' of which passed through a 325 mesh screen, attract the attention of agroliolmists. Potential advantages
 
was added with additional tumibling tor 2 inutes. The prod- include: increased efficiency of uptake by plants; ininimizing
 
tict. containing N 40.5 and S 10",.was bagged and stacked 10 leaching. rilioff. denitri'ication, and volatilization losses:
 
bags deep in war,?house storage: after 3 months, tie produItct decreased cost of application due to fewer applications:
 
remained completely free-lowing. elimination of luxti COImsttnnptiol: avoidance of fertilizer
 

injuiv to the vegetatio i or seedlings: aiid prevention of environ
26 Production, Marketing, and Use of Sulfur Products. J. D. mentil pollution, such as ground water, streams, and lakes. 
Beathon and R. L. Fox. Il l'ertili-er Tc'ni'ctmo.v a;,d I .'v 2nml Research aid develOhlient on slow-release fe'tilizers are inl 
I:'ditiol. R. A. Osoln el al. Editors. .l/auisol,. I'isconsin: Soil three broad categories: (1) fie chemical synthesis of con-
Sci. Soc. ho. hitc. pp. 342-3 (1071). Sulfur-coated urea (SCU) pouIids with desired solublilitv characteristics (WF. IBDt'. 
11as hieeii produced on a pilOt-plant scale at TVA. The basic CDU. (;1. potassium silicate, plotassittili metaphosphate. 
process involves the formation of a S shell around each urea N'AP'). however, lhe relative high cost of these products tends 
particle by spraying atomiiized tiolten S on a rolling bed to limit their cctsiiptioi to special uses. (2) Throtgi coating
of urea particles and tlicn addinig a light coating of a peiroleum of impermeable (Osmocote. Nutricote. CSR) or sernipernieabhle 
wax (also applied in the muoltei state) to seal tie microscopic (SCt'. sutlftr-coated K('l. smtlfir-coated coMploutil fertilizer, 
pores a cracks itn the S coatings. The wax coitains a small sttpergramule fertilizer) Itiemlibrane or tuixitig with sparingly
allmo',It of nicrobicide to pre'elit its being attacked 1y soil soluble or insodttbe Compotuds als a itiatrix. which will delay 
microbes. Finallv. a stitall anioul of conditiotier is added to the rate of release by a physical ha-rier. There has been a sitre 
giVe (od prodttct hiandlitig characteristics. The analysis of' of research activity oti these coated ferliiers. t3) Biological
typical SCL protduct is 35' N. I%; S.3'; wax, 0.5%" niicrobi- approaching 1y chemical additives (Initrificalioi imiibitors. 

" cide (coal tar). and I.5 conditioner. Details of the pilot-plant microbicides. tietaiolic inl'ibitors). io prevent their minerali
process are given. Also. a brief description of field tests results zation, and thus to provide an effective method for colitrolling
andI economics of the product are presented, or delaying their iititrient release. Many slow-releas, fertili ers 

will lot satisfy fie requiretneits for all cropping situations. 
27 Technology of Sulfur Containing Fertilizers. A. G. Briones bit coating may he approaching this goal. Research and 
(u nion Explos. Rio Tinto S. A.. Madrid. Spain). Ill U'e Sill- development work has been shifted to thte at)plication of 
phor onilailinl Plrodtcts ..Igric.. I'r c..S-I'M. (held Seville. coalings to convetiontal soluble fertiliter granIles. The 
Spaii. May 17-IS, I078). I.on/lon, L:'', lanl: Slphu' //Is.. advanta.e of coaline fertilizers 'villi slowly solule material is 
ppT1.76 -85 (I)78). Production teclinologV of K2 SO 4 , that the low-cost Lnd readily fiailable fertilizers can be used. 
(NI141),SO., and S-coaled inca is discussed hirieflt. IPoassiumit 
sutl fate is preparmed lV the reactioti of KCI atid 11.SO 4 or l\ 30 Statistical Evaluation of Therm,"'y Modified Sulfur as a 
reaction of KUIL SO, . and 0.. The latlter saves p1dtlctiom Coating Agent for Urea Granules. K. R. \Vaerstad nlmd (G.II. 
costs of' II.,SO.I. ises pollititig excesses of SO,. and sJves McClellan (TVA. National Fertilizer )evelopment Center. 
hieatimg costs since the reaction is exotlhermic...\ iiuminiu) Muscle Shoals, Alabaiai).....lgric. ,It ('hcm. 2, (5). 1000-3 
sulfale is a residual product of' various nmialm'factmring pro- (Sept..Oct. l08). Tle recently de,.eli pCd lecii0ologv of'uisinie 
cesses. It call lie Lranutlated for Itse ill bulk blendini. The TVA\ S :is ai effeclive ,oamline miatelial I'O fertili/ers to plovide 
alld spotted bed procCses for prodtctioit ofS-coated turea are controlled release of' tlte plailt Imumrienl tsmeliresells a potell
decribed (I I ref. 6 fig). lially large-scale collilliercial use of tfhe element. Because S is 
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needed in oly*small amounts 'Is a plant nutrient. ways to 
reduce tiletotal coating \wt il production of slow-release 
fertilizers are of interest. The teat as aeflecrIfl" treatment 
nielhOd to intdit' tile Prlerties of ,ont ilercial-grade S 
are evalnIated. Parlicull:r iciest is 'ticIFed on lihe ettect of 
thertally' inthIlcd clai:ic'S ill the S on tliedissolution rates (f 
S- oalted urea tS(1')iI :1u:s 

CHEMICAL AND PHYSICAL CHARACTERISTICS 

31 Characterization of Sulfur Coatings on Urea. G. II. 
McClellan and R. Ni. Scheib (TV.\. National Fertili/er Develop-

34 Rapid Method for Determining Dissolution Rates of 
Controlled Release Fertilizer Materials. R. M. Scheib and G. 11. 
McClellan (to Tennessee Valley Authority). U.S. Patent Office 
Deti,nsire lublicationT952.001. Nov. 2. 1976. Appl. Feb. 17, 
1076: 14 pp. A rapid quality control method is described for 
determining the long-term release rate of controlled release 
flrtilizer material. The accepted industry nethod f(tor testing S
coated urea (SCU) is the 7-day release rate test. The instant 
mellhod was developed to give a release rate which correlated 
with thc 7-day release rate test: 50 u of freshly prepared SCU 
is put in a cylindrical vessel of 50 mm diameter. -,0 mm 
height and having a hemispherical bot tom \with 100.0 mL of 

ment (enler. \liiscle Sho'ls. Al:ihaila)I. S111//r inst. J.. ") 11,6. The till of a probe-type ultrasonic lgenerator is immersed 
I3-). S-I 2 (Fll-Winter l73). Texttual and solid-state char- 2-3 Cu) into the I l0 and ottset from 'he vertical Center line 
actc!iics lS coathilis ()Iurea were investigated in laboratory of the vessel about h0 11n. The slurry is subjectxl to 1.0 
.,tudiCs in idCttil'y facltoS that control tile physical char- rninute (0.5 to 2 |nimntes) o1ultrasonic vibration at 20.000 1Iz 
:ictteistic, of !Ile coatines and bow these chl3tracleristics affect (10.000-100,000 Iz1)at 200 \,atts: the sltrry is then 
the di"'oilution uteclhalisN of S- ted urle: :isa controlled- transterred to a 600-tl Erleninever flask which is attached to 
relca.C N S c'.llimmu eleron and stipple-cltilizer. ClCct iiicrOscO)py a wrist action shaker such that the hotton hall'is submerged in 

' Ileltal evatulii:utioiis h. t miCIOscOIpy :irld x-ray diffrac- a 70' (60-80 ) 11l0 bath and shaken minutes. Theolicd for 10.0 
limiutcchiuit,'S were us;ed to oblil oipliete characterization. refractivC index of a of the slurry is deteri filtered portion 
Ihlie Cffcts o" catilmnl,w ifimit\. thickness., and texture: mined: the urea released can be determined t"roit an appro
bonlioct of S Io the urea ' irce, conditioners otl priately Constructed graph or froiparti,:ulmle the formula: [(10649.863
tle nrca, types of detl'cts illtile S coatitting: and the function 
(f [ilewax s,':lu1t Were ieivluted in Itriducts )rep)ared in 
TVA pilot pltint. Ct,tprehlenst. details of the coating struc-
tine 'Ind tile eflects of dissolution on this struclurc are sliowit 
in 20 ihiimoiicro'raphs. 

32 Texture of Sulfur Coatings on Urea. G. I1.McClellan and 
R. NI.Scltihb ITV,. Natiotal Fertilizer Developrment Center. 
Mu11sclC Shoals,. .\labama). It X\cw Uses o.dStdlfitr. 1 1dra'es il 
(/icmiitr Scri,s. No. !40. lt'ahinm,,on. DC-.,I11t. ChteM. SO.. 
pp. I1-32 (1("5. ..\ udt uing a s,:atttNin electron micro-
scopc shows tlt pressire'- aid air-spra\ed S CoMaills. applied 
to contlol tilerelease rate of urea as a N fertilizer. ae mixtures 
of o-rthorholbic and poltnieric S. The observed S textu'es 
vary with the thertlial hisiorv of" the coatings and can be 
correlated with the irr')riIice l'the rodhct "tsa controlled-
release N fertilizer. The s:iisfactory performance of sonte S 
cI.tiigs and the utistisfaIctory perlfonnatlce of others are 
related to the presence of desir:ible S texuies atId the absence 
of, coilI rollable dte'ecs. The prii.ipal ittecliatisiti it'coitrolled 
N rele;mse is through pores in the ,:csit1ti!s. Sealants calt ini-
ittize (hr el'tects of coatllhm defects. 

33 Characteristics of Sulfur Texture on Sulfur-Coated Urea. 
R. \. Scheib a'-d G H. MClellan (TVA. National Fertilizer 
l)evelotpment Center. Muscle Shoals. Alabama). SullJtrz Inst. 
.1. 12 (I1. 2-5 ISprimi 19)76). The texture of Scoatings applied 
by presure atonitizatitl i ureal eranulCs WAs studied h\ 
SCaIttit1t elctiroll iicr,,copv. TIe effects of vtrvin tern. 
peralties o1l"S applicltioill :td c,0litte r of the CoatedI0tes 
Itrtid.CIs wVeCe studied akl. Sulfur codit, ftornl,. Itsh 
drMelic spra in h.ave J rnaic textute crVst limCIt and 
alioplli ,Ssolllcvwll't tsiwilr I)tha i':-s.na\ed produicts. 
The main dif'frences :ire ili:it ptssure snraie cauSes tt1e 
variation ilt the lextures olisCr\"d and the polvmelic S appears 

16 6 3 0.5 4 6 22; + 6482.8449.1 -Ciq)'(q0 7 coating 
W\eighti2)] x 100 = Q urea rCleaUsed Where 111) = refractive 
index Oiturea solution. 

35 Quality Control Methods for Sulfur-Coated Urea Produc
tion. R. M. Scheib and G. I1. McClellan (TVA. National 
Fertilizer Development Center. Muscle Shoals. Alabama). 
Sulphur hInst. .. 12 (2)- 5-7 (Sunnier 1076). The developmient 
ot methods tor determining te tolal coatint wt and the 
dissolItion rate of sulfur-coated urea (SCtU) that can be 
completed in - 0.5 hr ar'. described together with some results 
obtainCd tlom their application. Use of the microwave oven to 
rapidly dry co.uting residues lrin slurrvin g SCII saIples in a 
high-speed blender ireatly reduced the time required to 
determine tile total coating wt. A rapid ultrasonic method 
involving the measurem'renlt of the rofi-.ctive index of'a fIltered 
slurry of SCU is described for estiniatitng the seven -day dissoln
tion rate of freshly produced SCI . 

36 Application of SEM to Chemical Fertilizers. k. \. Scheib 
a1d G. II. McClellan (TVA. National [ertili/er \Development 
Center. Nltscle Shoals, .Alabana). n . /ec-onSm- ll 

.1ficro.copri/1977 "ol. / (Prec. Wikslhop oi) lateria, and 
Cotlpollent Characterization/QuLality\''lrl witt the 
SBII"STFNM). Cliicq,,g Illfnois: 117 Ri-search l.titiote: pp 
147-54 (.Mar. 1977). The scani;ltu electron iicroscope (S.M) 
is used to evaluate chemical fertili/er prdiucts. bylroducts. 
ald pIrocesses. irea-uratie sliettlt is correlate,!d vith tlhe 
iinternal structure and te,t1re of, fhe ptarticlc,. lle SFMNshows 
well-fItIed uIreaCrystals at the conutact ziileS andt tile 
strface ot' caked urea ,ranules. The crvsils ate 1't1ined IW 
release ofi'noinstnIe tomlvwithin tlhegranitles The orimulatioi 
ltecltatisin of tilecoatings oil stltti-coatod urea (SC!) 
letllili.,er is acCretict of individual S ilriiplet, 'riil the spr:uv 
applica ion. A tntsaic-like composite ot cr.stalline S aid 

to be soiiteswhlua 10,S cla;tic. 1te tutain valiables tolycatcuta S is 1'rttet1d on tihe lrea ace: the composite:il''ectinl, still 
fie lcexIure of the coatiiuis Seelm t) be te tetutperature oflS 1texture is a tiuitction of S alld subsltato tellperattire and 
aPIlic|tin) and th,! tale of'cooliw the coaetl produit.. SIow coli rate. Urlea is rele:sed f'romn S(' throug.h pinhoes 
release iiechiattikis (If tile ircstsiire-spr:iyed cOitiNt seeti to bet.associated Ivith voids il tihe S htUlls I'orlied duritg lte coalill 
tile same as those (t the ar-sprayLed cJatin's: pinhole caltillar. proceS. Interprcttioni of reactions, itt vailts/,tes enl t.o1ai. 
pores mpe"ir hbe tie 1prim. ipal patth forielease ot'irIt lnlt \tet-Ilroce, s 111P0.1 piiot plaill is aidrd b\ ,ie,in'' tile 
well-ciated priiducts. CaSO(4 ().51 I ()sampllled f'om the reJti0. 

6 
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37 Influence of Nitrification Inhibitors and Slow-Release application raie. respectively. I.osses Irom SCU(F) and 
Nitrogen Materials on Transformations of Fertilizer Nitrogen SCU(,I) varied frotm 7.0 and 5.4' at low moisture, 4.2 and 
in Soils of Fluctuating Moisture Content. Rajendra Prasad and 3.3'; at mediuln moisture, and 2.4 and 1.9'( at high moisture. 
G. B. Rajale (Indian Ar. Res. Inst., New Delhi, India). Soil of tle N application rate, respectively. At 227losscs from 
Biol. Iliot'hem. 4 (4). 451-7 (Nov. 1972). A laboratory study uncoated urea and AS at low. medinmi, and high i moisture were 
was made of N transformations in a sand\ clay loam given 11.1 and 10.2". 7.7 and N.S;. and 4.2 anl 3.5 ,' of the N 
either urea with and withMt nitrification inhibitors or slow- application rate. respectively. Losses from SCII(F) and
release N ferili/eis. Mitisture conditions were fiel capacity, SCU(M ) at three nioisture levels were 2.9 and I .. 1.4 and 
COfltittitts tlotdlitlr, and alternate flooding and drving. 0.8';. and 1.0 and 0.7"; of the N application rate, respectively.
Urea N was ininerali/ed alld fairly well conserved in soil either Incorporation of filter press Mld to the soil resnlted in reduc
at lield c.op:lCiv or ulnlder ColltinltS flooding, but was rapidly tiol of volatilization loss of NI 1, from all N-sources which was 
lost uder alternatc flooding and drying. Denitrification losses partly due to exchange reaction and biological inumobili/ation 
were reduced with ltitrification ihllibitors. Oxamide. isobhutv, of Nil 4 -N and partly (Ine to reduction of urease activity. 
lidene dinurea, and S-coated urea were as effective as the 
inhibitolrs in reducirre losses uder alternate looding and 40 Ammonia Volatilization and Nitrogen Utilization From 
drying. Sulfur-Coated Ureas and Conventional Nitrogen Fertilizers. J.

f. Matoclha (Texas A&Nl Univ.. College Statiot). SoilSci. Soc. 
38 Effects of Temperature, Microbial Activity, Salinity, and Ain. .. 40 (4). 507-601 (Jtlv-Au. 1976). Ammonia volatili,za
pH on the Release of Nitrogen of Sulfur-Coated Urea. J. J. tion was measured on acid and calcareoaUs soils recivinL 
Oert i (liiiiv. Calil'ornia. Riverside). Z. 1Jflan'_nwhr S-coated ureas (SCI_) and highly soluble N fertilizers. Stirfa,ce 
Bodcnk. 134 ,1). 227-30 (1073). A series of laboratory and mixed applications of SCI-30 (30"; dissolution rateI).
experimuen ts were c Ilucled to evaluate the release character- SCU-20 (20% ( tisstlutiorn rate). Incoa ted (Nil )2CO. 
istics of S-coated u1rcl (SCU). Effects of temperatture. nicro- NII. NO3 , ard (NI 14)2(504 were made with arid withourt lime 
bial activit\ . anId eXternal sotlute concentration were studied to a fallowed acid fine sand. WithotIt little, top dressed 
on SCI comilainine 25.7: N. 40"; S. and 40" wax. At 34c NH-4 NO., SCU-20. SCU-30. and (NI14 ).SO4 lost < I"; while 
about 100 lays were requtired to release all the N from a I0-g (N 11.)2CO lost 18.5(; of added N in 14 days. Topd ressing lite 
sample of' SCI' that had been placed in a 250-iL Erleinlever. with N caused more NI 13 loss floi (NI 4), SO. than from 
elttd wkith 150 Il. of a m1ixture of KI12 P0 4 , MgSO, , CaCI . (NI 1.), CO dtning the initial 48 hours. I owever, accumilative 
arid FeSOt. and stirred eCorimtiously by a forced stream of air. losses for 14 days were 51.5, 22.5, 9.0, arid 1.7'; flom 
At 14 tomplete release wottld require 5-6 yr. The release of (NI 1, ),CO. (NI.4 )SO,. SCU-30. arid SCU-20, respectively. 
ttrea ard its hydrtlvsis to arnitorimn ions was stronly ill- Incorporating the little with the soil prior to N addition 
libiled ILv Ire addition of tlhyiol (sterile conditions) Wlereas reduced NIt.i loss > 50, its cotiipared to surface application. 
inoculation with 77i,,batiillhS thi iO0Xi(lhS increased the yield btt mixirg N with th1e limed acid soil did not reduce N113-N
of trea it 34 and ithibited the hydrolysis of utrea under all ]oses..Mixiuc SCL( with the soil appeared to increase release 
corndilittns. I lir prt'duer levels (trea. arrionitt ions) had rate of N over rto)lressing. bit this effect was not detected irl 
relatively small 1lfets. I lijli levels of urea tended to decrease plant response. Nitrogen uptake by corn (Ze,. ;mars L..) on tie 
the release f rea Iid there appeared to be ai optimutri urea acid soil substantiated sortie of the coicltrsions regardirng
coricentrali It w'hich rates of hydrolysis were at a ruaxi- meastired NI 13-N losses. Armionia losses from N lixed with 
1tilri. lt, gIl ,.alues. pridttced by 7. thiooxhlanrs, were the finer textured calcareous clay loam were generall, iisig
correl:,ted with aa t itrl inhibition of utrea hydrolysis aid rnificarrt. Srface aplplied (NllI, CO and (NII. 2 S40. lost 
ufteni with an inr're:ise of" N release. It was COIicllthded ttat tle significant arriourits of NII3 -N. while losses front SCT arid 
sensitivit\ of the urea release to lemperatttre could make it NII 4 NO; wvere negligible. 
difficult to applI fertili/ers that were stufficierIt itI riotoxic 
tider all ColldititO,,. 41 Utility Studies on Controlled Release Nitrogenous Fer

tilizers and Nitrification Retarders in Maize. K.P.P. Nair aid V. 
39 Gaseous Loss of Ammonia From Sulfur-Coated Urea, P. Sharma (Pant Uiiv. of Agrictlture and Techiolov. 
Ammonium Sulfate, and Urea Applied to Calcareous Soil (pH Parintiagar. India). li Comptcs-Rendtus, 40 Colloqw litter
7.3). NI. Ptasad tCaroii Res. Stin., Carapichairie. Trinid ad. 1atiit t l sur"I' Ct lrool le !'.'lilct iatho ies t's Cu!
W\\est Iidies. Soil Sri. Sot .1m. .1. 4) (I). 130-4 (Jan.-Feb. tircktV. (G;eot.Selptllinhr 1906. Vol. I1 (A. Cotnertie. editor). 
lI7ti t. Labor:torv itlciibatioi expteriilerts were cttidticted to Gent. Bl'leziwnr: Rijksumircrsitcit. pp. 531-1 (1097o?), Soils 
st td thettcmpararive volalili/ation loss of NII, ini a :l- Vert. 41, 694. Silfrur-coated 1r1a. shellac-ctiated tirea. 1BD1'. 
careorts sid froii S-coated urea (SCU) with fast ('F). nieditim and tie nitrification inhibitors 2-atinilio-4-chhort.. 
(NI. aidslow(S) disslution rates. (NI 1)2SO4 (AS),andiurea. tiielVlpyritnidire. arid nieil cake were tested in a r1ot 
an tWO t 1etrpe.'raltres 22 aid 32 . allid a three soil inloistrlre experim entl \'i/ettl/ro-ototias activity wras 11a peak 22 days a!'Iel 
leves 25. 50. id S0' Of Ile water-holdin! capacity oI" tIe stwin.tit'f rltai/e, when all I'ferlii/er was applied at stwinte. 
soil. lie effect of 1te additiint of" orgaic alietrdttienut (filter .i'th '0tT activity was alr a1eak about 0 weeks aflter Cr
press mud) tt stil toin NI I. loss f'ttril these N-sour'es was als,, tili/er iiCotlitiratitnl. Neeni cakc w\as effective when applied on
slttdied. I.ttsses were st1died (tlptt 21 days. Ar bith teliipera- art eq.uivalent wI basis with utrea. It field sludies. application
lures intcreasin,, soil itisttire levels led to reducti0ti of NII of"iert cake gave increased grain yields. 
loss regardless (i lie N-sttrce. despite the fact that fite soil 
analysis shwed hi,dier dissoution of N. Illiher temperature 42 Effect of Nitrate Inhibition and Slow Release Nitrogen
increased the NI\1I ltsses. Losses Usially followed tIre order Of Fertilizers on Nitrification Rates in Some Trinidad Soils. 
urea > AS > S('[F'(F) > SCI(M) > SCU(S). At 32" losses fron C. and tiniv. West Ildies. Si. AUgU\tShand N. Aliad stine. 

ucoieatd uela as AS al low. nliedimii. anid high moisture were Trinidad. West Itdies). Tr,,p...-tIo 5,i ). If ".75 .pr. 1,)7-1).
20.i and 16.7;: 14.5 and 13.1n; arid 8.4 and 6.6 ', of the N Nitrilicalio it' added \ ard its iuhilitititi v,as 'tndied o1 1tit 
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Sharma (G. B. Pant Univ. Agric. Teclnol., Pantnagar, India). J.Trinidad soils. Nitrification of added N was evident and 
uniform on ainalkaline soil regardless of N source, but was Agric. Sci. 93 (Pt. 3), 623-7 (Dec. 19'79). A laboratory 
more pronounced in the case of three acid soils in the presence incubation study followed by a field experiment was made in a 
of moderate or high dressings of lime. Nitrite accumulated silty clay loam soil (pH 6.9) at Pantnagar. India, on the 

considerably in the presence of lime or where the N source effectiveness of ordinary urea. coated urea (sulfur and shellac
elevated the soil p1l. In one fine sandy loam soil (Las Lomas coated), urea-isobutyraldehyde condensation product 
Fine Sandy Loam) in the presence of three N sources [urea, (isobutylidenediurea. IBDU). and urea blended with nitrifi
anionium sulfate, and S-coated urca (SCU)I . SCU nitrified cation inhibitor AM (2-amino-4 chloro-6-nmethylpyrinmidine) 
best. The nitificaion inhibitor 2-anmino-4-chloro-6- and neem (a nonedible oil seed obtained from Azadirachta 
methylpyrimidine (AM) retardc.d the production of N0 3-N indica) cake. Whereas untreated urea and IBDU hydrolyzed 

trace of urea-N after 2 weeks, sulfur-coatedwith as low a concentration of 5 ppm AM on an alkaline rapidly leaving no 
soil. but its inhibitory effect was only observed on the three urea mineralized quite slowly and retained urea-N for as long 
acid soils with urea as the source of N. The belief, that once as 4 weeks after incubation. Urea blended with neem cake was 
nitrification is inhibited Within a particular soil zone intermediate: Of all of the materials tested, sulfur-co;od urea 
resumption of the process isquite slow, appears to be confined showed maximum nitrification inhibition. A combination of 
to very acid soils, one ihird sulfur-coated urea at planting + two thirds ordinary 

urea 30 days later yielded 12.3% more maize grain than 
same at the same times of43 Mineralization of Urea and Urea Derivatives in Anaerobic ordinary urea in the proportion 


Soils. M. S. Islam and J. W. Parsons (Bangladesh Agric. Univ., application (12 ref).
 
Mymnensingh. Bangladesh). Plant Soil 51 (3), 319-30 (1979).
 
Urea. tirc:a phosphate, and S-coated urea were hydrolyzed 46 Respiration and Nitrogen Immobilization in Forest Soil
 
rapidly and. even at the highest level of application, had Treated with Sulfur and Urea. P. 0. Salonius and M. K.
 
disappeared in just over 8 days. The presence of the phosphate Mahendrappa (Can. For. Serv., Fredericton, New Brunswick,
 
anion depressed pilin the early stages. lydrolysis of the less Canada). Soil So, 127 (6), 358-64 (June 1979). Respiration
 
soluble organic derivatives of urea, isobutylidine diurea. and N immobilization of the fresh organic layer of an acid
 
ureaform, and glycoluril was very much slower and in the case podzol were studied, after pretreatment with S,to simulate S
 
of glycoluril a lag period of 8-16 days occurred before treatment of microsites when S-coated urea is aoolied to the
 
hydrolysis began. In the initial stages the system was anaerobic soil. The laboratory incubations were done at 10 and 200 with
 
but between days 8 and 16 a change to partial aerobic several levels of urea application. Urea hydrolysis was slowed
 
conditions occurred. At this stage nitrification commenced down considerably at 100 in materials that had been pre
and at day 16 nitrite was detected. Reduction of Fe(lll) treated with S. Sulfir pretreatment modified the increase in
 
increased with time, reaching a maximum at day 32. More p1l and respiration caused by urea application but had little
 
Fc(1) was produced in the presence of organic derivatives of influence on the availability of NI-I4-N. The lower temperature
 
urea than with the other fertilizers, possibly (tue to stabili- allowed adequate fertilizer N recovery from moderate appli
zation by organic ligands. From (lay 16 nitrification, denit,i- cation rates that produced a pH lower than neutrality. At the
 
fication, and reduction of Fe(lll) proceeded together even higher temperature. fertilizer N recoveries were very poor. At
 
through Fh values indicated that oxidation of Fe(lr) would be higher p11. a large part of the inmobilization of N appears to
 
expected. This did not occur until after day 32. Once be nonmicrobial (25 ref).
 
nitrification began denitrification quickly followed so that for
 
all six fertilizers, except at the highest level of application. 47 Mineralization of So," ielease Nitrogen Fertilizers at
 
virtually all the mineralized-N had been lost by denitrification Varying Moisture Levels. G. B. Rajale and Rajendra Prasad
 
at the end of the experiment. (Indian Agr. Res. Inst., Ne-v Delhi, India). !ert. News 15 (5).
 

38-9 ( ay 1970). The rate of mineralization of some slow

44 Studies on the Mirneralization of Urea, Coated Urea, and release N fertilizers was studied in the laboratory. A sandy 
Nitrification lnhib;.r Treated Urea in Soil. R.N.S. Reddv and clay-loam soil with a pH1 of 7.4 and organic C and total N 
R. Prasad (India't Agric. Res. Inst., New Delhi. India). J. Soil content of 0.922 and 0.089', respectively was used. Soil with 
Sci. 2A6 (3). 304-,2 (1975). A laboratory incubation study was N fertilizers was incubated for 40 days in glass jars under field 
conduncted with a salndy clay loam soil (p-1 7.8) at New Delhi cap:icity mo10isture or waterlogged (2 cn standing 11,0) under 
to sttidy tile laboratory (miniul t",Mperattre 20 ± I.mineralization of urea. coated urea (sulfir-coated conditions 
urea. shellac-coated urea), and urea treated with nitritication maximun temperature 36 ± 50). At field capacity moisture 
inhibitors (N-Serve. 3ttllfathiazole), a general purpose micro- conditions. the rate of mineralization was of tile following 
bicide (coal tar). and neem (a nonedible oil-seed) cake. Coated order: oxamide isobutylidene ditirea > S coated lrea > N 

uich slower than urea: urea-N from enriched coal. The fastest rate of the slow-release fertilitersfertilizers mineralized 
these materials remaining in soil after 2 weeks of incubation was with oxamide with 67, mineralization after 40 days of 
being two to three times that from untreated urea. However, incubation. The mineralization rate for the slow-release 
Most N from coated fertilizers was mineralized after 4 weeks, fertilizers was higher under water-logged conditions except 

inhibitors were quite effective in retarding the with S coated tirea where the reverse was tile case.Nitrification 
nitriication of urea: N-serve being iimuch more effective than 
stilfathiazole. Neem cake and coal tar extract were less 48 Nitrogen Release Characteristics of Sulfur-Coated Urea. 
effective tlhall in controlling nitrification of urea V. J. Kiliner (TVA, National Fertilizer )evelopment Center.sulfalhiazole 

teV did retard it ftor 2 weeks. Muscle Shoals. Alabama). In ..lgronomi' .Albstracts 1975but 
.- (held Tennessee. Aug. 24-30.Annual Afectings Knoxville. 

45 Mineralization and Field Effectiveness of Ordinary and 1975). fatdison, t'isconsin:inA . Soc. .lgn'i.; p. 173 (1975). 
A rapid release of the tirst incretent of N froll sulfur-coatedCoated Urea, Urea-Aldehyde Condensation Product, and Urea 

coatingeTreated with Nitrification Inhibitor. K.P.P. Nair and P. B. urea (SCU) applied to moist. W1arm soil reflects 

8 
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imperfections in the forin of thin spots, cracks, and pin holes. applied as a molten spray have not been as effective as those 
The amoun released in this fashion is generally I55,; applied as S solutions: however work is being continued onto 25' of 
the total. and N is supplied inm-;2diately to the plant. Sub- melt coatings. Greenhouse tests made with S-coated urea prills
sequent N release depends tpotn coatilg thickness, uniformity. (30'%; S) indicated that the coatling reduced toxicity at high
and conpositioi. as well as lemperatlre, moistlre, and granule application rates, reduced apparent gas losses in surface 
placement in tile releases N very slowly and the over longersoil. Sul fur-coated urea application, extended availability a 
tider warm. dr conditions, bul N movement from the growing period in drilled placement at intermediate levels of 
ernule is accelerated tInder w1r1111, applications.Moist conditions. (;rantules 

appeal to ltil0te at soil tem1lperaltres ranging trom
be stable 
30 to 50F. Coatij,-s of FeS tend to orin on1SCIJ applied to 52 Slow-Release and Amended Fertilizers. In Fei-tili'e
floolCd sSoils. resultine- in a lower release rate of N. Sulfur- Technologyv and Use. 2nd ldition. R. A.Olsen et al, Editors. 
coatLed i ra is More eOffective on intermit tentl fltioled than Madison, t'isconsin: SW' Sci. Soc. . in.. Inc.; pp. 458, 469-71, 
oilco 'ay 475-6 (1971). Nitrogeen release rates from SCU can be variedIinuofusly flooded rice. One application of SC U m be 
as effective as several applications of a rapidly soluble N source by controlling coatin. weights which range from I5 to 25 ,
during the growing season. To be econotical, tile (plus 5"; and ill productextra cost of about sealant conditioner) the 
SCI I material should not e\ceed the cost of multiple containine 32 to 37; N. Release rates of N from Sul fur-coated 
applicationls ot uncoated urca, ureas (SCU) are determined by necasuring either the decrease 

ill particle weight or tileanionnt of solubilized urea when 
49 Preliminary Evaluation of Agramid and Agroform as weighed am1oun1ts of material are placed inwater at ..± 2 or 
Fertilizers. W. G;riesiuk ci al [Inst. Agric. Chem., Olsztyn 37.50. Thiokol and TVA methinds, respectively, for time 
(Kortono). PolandIL . Pot..1. Soil Sci. /O (1). 79.85 (1977). periods up it) several weeks. Mlost SCU products conlain about 
FEffctiveness of aeramid (stilftur-coated urea) and agrofornl 10-15', imperl'ectly co:ated particles, from which nutrient 
(urea-Iorinaldeliyde was iIlvestigated il pot experiments over rapidly dfutses. After the first 2.1-48 Ihr, release rates froli 
2 yr. Nitrogen from these fertilizers was utilized mainly in the single particles are approximtately linear with lime and may be 
I st yr. follow,-d hy lesser effects later. Agramid gave higher N as low as I", of the contained urea per day for periods up to 
uililization thanll did agrotorii. Fertilization effect of agramid 100 days. Release rates are partly dependent ott coating
Was more favorable in 11ilacid soils, thickness atnd partly on the coating technique used even for 

particles with similar coating weights. Urea release from
50 Slow-Release Nitrogen Fertilizers. J. B. Porter (Texas Thiokol products was found to be slightly greater in soils than
 
A&M Univ., College Station). Crops Soils 24 (2). 12-13 (Nov. in distilled water. Soil water content had little effect. Nutrient
 
1971 ).Water-solhule N fertilizers are disadvanltageous because release was slightly faster in acid than in alkaline soils. Urea
 
of easy leaching of N.seedlitng and plant damage froll too release front TVA sulfur-coated ureas was foutld temperature

Illuch soluble N lxury cotsUltptiol. and, for some N sources. dependent. that is,dissolution from ote product was complete
 

.
losses of N by volatilization. Controlled-release N fertilizers within 6 weeks at 30' bul almost nilat 10 Sulfur coatings

reduce tlese prolblems. TVA has ottne extensive research Oil appear to liemore stable in waterlogged than aerated soil
 
developing colltrolled-release N fertilizers via a coating process. sVstemis. In wate logged soils, particles of TVA sulfur-coated
 
Urea has been llore ittelable to coatings with clettiental S urea became coaled with ferrous sulfide after 2-4 weeks.
 
than other fertilizers. Drying the soil to about field capacity caused oxidation of this
 

second coat. Refl"oding the soil caused ferrous sulfide to acain
51 Sulfur-Coated Fertilizers. In De'elomntnls inTechnologtr be formed. and ihs apparently sealed the particle surface so 
of I.crtili-.er P1rm ction. 4th Demonstrtion (held TVA. that little Ilrea Was subseque itl.rqleased.
National Fertilizer l)eveloplnilttt Center. Muscle Shoals, 
Alabaitta, Aug. 7.8, 1062). ,lftsclc Shoals, .. lahaba. TI"1, 53 Effect of Coating Properties on the Nitrogen Release From 
National lFertilize(rDevelopment ('ente-: pp 43-4 (1962). One Sulfur-Incapsulated Urea. .1.J.Ocertli (Dept. Soil Sci. A-r. 
Ilteants Etg.. Riverside. Califorttia). .Igrochimia IN(1-2). 3-0 (1973).o' retLcing or elimiinating fertilizer loss or plant foliage 
damiae when applying soluble fcrtilizer compounds, is to Nitrogen release characteristics fiVtll heaV'-C0 10d (40'" S)inlldiVidtlal insolule or slow so~luble ( 1 5" S) Ilrea Werecoal tile granutles With .il alld fllt-C,.MMte fertilize=: stttdied ill 

i
Material. Thus. intltediatc dissoltitiot of tile 1raiti1e ill tile elutioti At 24'. frem tesoil experiments. 1-1ani N release 
solution is pte'eilltc , blitflte solution pelnetrates slowly to lieav.-coated materials was Slower: at 34- tie release w:, liore 
release soliuble tititrielit to the soil arid plant at an adeutlate equal for' tiletwo plroducts. inlocillatioll with "'Vi''I,1cilltts
rale. Such a procedure might give other advailttale. lilso. such thio.vidans stimutlated N relr, se flom both fertliers: sterile 
as itproved physical condition and ct\ivetietnce inlstpplvitig cotditions produced 1W additiotis of tlymol inhibited th1e 
secolltlar\ ittriclits :ittd nlicronutrietits. lietleental S is an release of' N fromti both fei tili/ers. The rate of hyvdrolVsis
eflective :ilILd ecoIoitical coating agent anid also isa secotldary of iire:i to Nil.,+ was lower wilh the !ilt-coated fertilizer. 
platt nutrient. The S has been applied by spraying either a presuilably because of a nicrobicide lhat tad heen added to

isoltitio t liquid anlvdrot 4" wa\ 
o1t1 a bed of vieoroiislv mloin fl'rtilizer erainles itl a smnall froitn the lelavy-coated ferlili/c reultI eilhaitced the release 
rotary (rulti. Best results were obtaitted when the spray wa\'Wsillof1N. Soil microorcaitisMs that1tilizet he0Wa\ a Atsubst:lte 
the fortit of very siiall droplets. Sulfur coatitngs were applied wvere isolated, but1 itocilatitm wilh these orgimistis failed to 
to urea prills aItd to gratimles of KCI. NIL1 NO,. and stimulate N release it)eltitm e\pcrilltlk. Fhlls. rIlease 
:imttlliti, titrale sulfate. The degree of resistanice t coitrol c:mi eadily be niodlilld b\ cli:iiclint coatitt 
dissolution itlcre:ised wilh the alliolut of c iatine. The properties. 
dissoltion lot irea prills after 24 hr illimersiont it I1,0 with 
0-35 wt ',S was 100-10 and 100-15 wt ,wlhe coatl1ed with 54 Behavior of Sulfur-Coated Ltrea in Soil Under Different 
CS,-S solittion amid NIl--S solulion, respectively. Coatitigs Watet Management. U'.W. Ilon, lml Y. .1. Lee¢ I mml. A\r ic. 

liquid telt or of S ill sNi : or CS, the S coaling by the ntatut 'actirer. Rettoval ol tile 

http:I.crtili-.er
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Sci., Suweon. Korea). In Agronomtv Abstracts 1974 Annual days to several weeks. Some granules began releasing slowly
Aeetings (held Chicago, Illinois, Nov. 10-15, 1974). 11t.,dison, ouly after many days of immersion. After a constant rate of 
lt'isconsin: .Int. Soc. Agron.; p. 150 (1974). Soil snutions release for some time, many granules showed a sudden large 
collected from columns containing 200 g of, wat(;r-logged telease of tile remaining urea. The recovered sulfur shells 
soil which received 100 aug of N/100 g as standard urea or invariably contained a crack. This release pattern, however, has 
different rades (TVA grade C or E)or SCU were periodically not been reproduced on the electrobalance tracings. A third 
analyzed. In urea treated soil, the N concentrations of the fraction of granules seemed to be so effectively coated that no 
solution dropped sharply and remained .t levels less than 10 measurable release occurred in 120 days. 
ppitt in later stages. In soils with SCU. the concentrations of 
N varied with time in the range of' 50-100 ppm (within firs, 10 57 Dissolution of Individual Granules of Sulfur-.oated Urea 
days), 20-30 ppm (after 20-50 d:LVs) and 50-150 ppm (after (SCU) in Soil. Isao Ilashirn3to and J. D. Hatfield (TVA, 
50-90 days). Soils were kept in 200 mEl polyethylene bottles National Fertilizer Developmnint Center, 1 usc!e Shoals, Ala
under moistelned conditiois with 20'; of water after iiey bamna). In Agronotl, Abstracts 1976 Annual Mfeetings (held 
received 200 mg of N/I00 g as urea or different gra(tes (C or Tlouston, Texas, Nov. 28-Dec. 3, 1976). Madison, Wisconsin: 
F) i' SCU. Periodically collccted soil satiiples were extracted Am. Soc. Agron.; p. 190 (1976). Soil colunns containing a 
Wil 10"; NaCI solution o analyze NO 3' and NIl 4

+. In soils single granule of waxed sulfur-coated urea were leached with 
which re,:c ved urea, the recovery of N markedly decreased water at weekly intervals and the eluates were analyzed for 
Xvith tine indicatilg a loss of' available N from the system. In tea, aimmonium, and nitrate r'itrogen. Simultaneous trans
soils with SCI. recovered N ilcreased f60m 20 aug/I 00 g (after formation and assimilation of the released urea and solubiliza. 
7 days) to 70-1 10 mg/I00 g (after 107 days). Under moistened tion of the native N resulted in complex elution patterns. Over 
soil Conditions. the extracted N was dominated by NO 3 ' il the 16-week test period, the dissolution behavior of twenty 
soils with urea. while inl SCIJ systems the ratio of NO3 :NI 14 randomly "elected granules could be divided into three cate
was nearly 1:1 . gories: (1) the entire urea comtent of 13 of the granules was 

released ii 7 to 10 weeks: (2) four of the granules released the 
55 The Pattern of Nitrogen Release from Sulfur-Coated Urea. urea slowly but somewhat steadily throughout the test period: 
C. NI. Ilunt and S. I. Allen. (TVA, National Fertilizer Develop- and (3) three of the granules released very little urea in 16 
ment Centler, Muscle Shoals. Alabama). In Agronoini' weeks. The first group of granules probably would dominate 
.AIbstracts 1974 ,lintnual ilctings (held Chicago, Illinois, Nov. the overall release pattern of this product. There was an 
10-15. 1Q74). I fadison, lisconsin. ,n. Soc. Agron.: p. 150 incubation period of u I- -everal weeks of relative inactivity 
(1974). Soil columns 20 ca1 deep anid containing 500 g of that preceded the release of urea. The incubation period in soil 
Lakeland sand were fertilized with sal ftur-coated urea (SCU) was shorter than that observed in tests conducted in pure 
and release of N was estimated by measuring nitrate in the water. The soil leachates contained more nitrate than amino
leach w;:ter periodically for 18 weeks. Experimental variables nium N and rarely contained significant amounts of urea. 
inchUludd: (1) Variations ill SCtI coating procedure, (2) pre
soaking the granules in 11,0 to remove soluble N, (3) inctU- 58 Release of Nitrogen From Sulfur-Coated Urea as Affected 
batioll at 25 or 37". and (4) comparison of' leaching with by Soil Moisture, Coating Weight, an i Method of Placement. 
compar:ble cultures cropped xwith beranudagrass ((Canodon NI. Prisad (Caroni Res. Stn., Carapichaima, Trinidad, West 
tict rhon L.) clipped at 4-week intervals. Release of N was Indies). Soil Sci. Soc. Ain. J. 40 (1), 134-6 (Jan.-Feb. 1976). 

much more tniforan from SCl) sealed with microcrystalline lnformation on the release of N from S-coated urea (SCU) 
wax tha froIlm SCU without wax. Ilowever. the amount of'N as affected by soil moisture iat the aerated range is lacking. 
reauainig in UtaldissolVed granules after 18 weeks was greater Laboratory incubation experimenis were therefore conducted 
from SCU without vax. Presoaking removed readily soluble N on two soils to study the release of N as affected by soil 
and resulted in a delay of' N release to grass or leach water. moisture in the aernated range, coating weigh t (SCU-28 and 
Early release of N was greater at 37 than at 250, while the SCU-Q). and method of placement (on one soil only). In the 
pattern was reversed later. Recovery of N was a1ore trifOri calcarcois Princes Town soil the release of N froall SCU 
and the total recoWered was Creater t'roim leached than frol increaseo with increasing moisture throughout the 9 weeks of 
comparable cropped cultures. The dif''erence was attributed to stUdy. In acid Talparo soil sialilar tiends Were present tip to 
incoaplete dissolutin of SCI I,as well as accumtlation of N in 3 weeks. but at 6 and Qweeks maximum release of N occurred 
unharvested crop residues. at anedium moisture (soil moisture at pF 2.4) and miniintam 

release at low moisture (soil loisture at pF 3.5). In Princes 
56 Mechanism of Release of Urea from Sulfur-Coated Urea Town soil the difference in release of N frol SCU-28 and 
(SCU). Isaoi lashimoto and R. C'. Mullins (TVA, National SCU-Q (heavy coat) released more N at high moistare level 
Fertilizer Developmlent Center, Muscle Shoals, Alabama). In (soil moisture at pF 1.0) than SCU-28 (light coat) at low 
Ag-olmonoir Abstrac'ts 1074 1nuntal AlCClings (held Chicago, moisture. In Talparo soil the effect of coating weiglit on the 
Illinois, Nov. 10-15, 1974). 1ladisoi. Wisconsin." in. Soc. release of N at three moisture levels was considerably reduced 
Agron." p. 149-50 (1974). The release of urea from individual from 6 weeks onwards. Anlulonia volatilization losses were 
SCU grantles iuillersed Il water was muonitored by a colori- recorded only with Princes Town soil but they never exceeded 
metric determination of dissolved urea at 2- to 3-day intervals. 2.5-7 of the total N apl'ied. The release of N front SCU was 
and tile wt loss froan a single granule suspended in water was faster when the graniltes were mixed with the soil ratther than 
continually recorded by mteatns of Calhn electrobalamce. surface applied. This differen,:e between surface amid mixed 
Granules with imperfect coatings beg, 'I losing urea i imle- application was greater at high soil moisture levels. 
diately uLllon ilmllersion. folloving essentially a theoreticall\
 
predicted diffuasim pattern: abolu 50'(1 was lost at a constant 59 Nitrogen Release From Granules of Sulfur-Coated Urea. W.
 
rate amid the remaitntder at a rate that dimintished logarithiti- M. Jarrell (Oregon State lniv., Corvallis). Diss... /str. It. B
 
cally. The tiie for coimplete tlissolition ranged froal a t'ew 37 (9). 4247 (Mar. 1977). Sulfur-coated urea (SCU) is a slow
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release N fertilizer nianut'factured by the Tennessee Valley (36-0-0. 10'; N 1st week). MagAmp (coarse, 7-17.5-5).
Authority. Urea grantlIes are sprayed with molltell S, then Nitrof'orni (38-0-0), IB11)1 (isobutylidene diuirea) (31-0-0).
holes in the S coatinle are sealed with a layer of wax sealant. Illallite (39-0-0). Agri forMl (14-1.7-5), and Agrifortn
The S coatitics are illixtures oflamorphous and crystalline (20-4.4-4.1). The recovery ofleached total N ranged fron 77;
allotropes ot' S. Coalinl.! thickness varies over the surface ot' for short to 13.5'; for lone-duraLion feltili/ers for the 17 
each -ratil. The distlriolion of coatin', thickness ailllolweeks. 
granIues in a given lot o1 SC( depends Oillc conditions Inder 
which it is nnti lficttired. . niodel was CotSlrtictl It)predict 

wlicl nrealhe rale at I is released front SCU as ifunction of 
lime. Theoretical ehiuations were developed which predict that 
diffusion of1'urea throutch small holes in the coatill occlrs in 
two sltacs. The initial release rule was shown to he constall. 
After illthe urea has dissolved, the rile ot release decays 
exponeiliallv. To test the lheory, raniles of SCUI-3 I were 
illlimersed in waler aid the iite o1 release of tlea from lthese 
craineSles was teiasmred for 70 days. It was fo tid tha tihe 
clttottlalive allllotln releasedof tIllea was at expolentiI'l 
futnctioti of little. Urea was rele'ased 1.25 tites faster at 350 
titan at 5 . while the theory p1redictIed that release should he 
2.33 tlites faster at 35 ilait at 5'. The larce variability in hole 
si/es ailtotig opet ,ranitles nia'accottil fori the difference 
between predliced release rates altd lhose Iteastied experi-
tentially. (iatiles of S('t'-3 which wore allernatelv wetted 
alld dried at 35 relea..'d liore lea thati crannues which were 
cotlstailv itluiersed. (rantles in water, the temperattire of 
which was varied hetweeti 5 and 35" each day, relvased tired at 
the salle rate as samples tlltalt; ,ed at COtIStallt letliperaltire. 
To est:ablish t relationship between the allotllt (,f coaling 
rem11oved altd 1ie fractliot of' lratiles which ltave heen opened.
gratitles \vere dipped ill helietie for 1 to 10 litinltes to 
remove portiols If' their co;ltigs. The ainoutint of' coatinh 
iemnoved was intcasired and [he perceIlage f opetI gratnules 
was detertnlited. Based ott this experineill. SCU granules fall 
intlo three classes: I ) pralltiles are itnitially open 'ld release 
tirea hlliiediately t1ip' expoStlle to water. (2) sealallt ittist he 
rettloved trott1 opelitn:s in the S shell bef'ore uteai is released, 
and (3) 5inust he retnoved 'roun the coatings bef'ore lirea is 
released. lierelatiotiship hekweenhtihe anoutii of' coating 
reiltoved and tileutillber of' grImanules opened was liliear lor 
both ('lass 2 aitd Class 3 granules. A cottputer prograill was 
writtel which predicled the iale at which utiea is released lronl 
SCU as a 'unctioin of, little. To test the accurtay,\ of these 
pretdicti0Is. release of' tiea troti SCU-4. SCU-20. SCIt-30. antd 
SCU-23 was iteastired at the soil lettiperalues of' 25 an 35 
itl soil at -0.3 bar soil waler polenlial for 100 days. Release 
trotn SC't-4 wvas :lso titeastired at 5 amtd I5 aid itt soil at -II 

61 Characterization of the Thickness and Uniformity of the 
Coatings of Sulfur-Coated Urea. W. M. Jarrell, G. S. 
PIettVrove. and L. Boersilna Orecon Agr. Lx p. Sit.. Corvallis). 
Soil ,'ci. Soc. .lut. .1. 43 f3,!. (102-5 (,lay-June 1970). The 
ohieclive of lhis stludv was to develop a test to predict the 
contributio of coalin ltarat..ristics to the control oflrelease 

1ru u
 rates of llea fionl SClI ra. es. Colceltric layers of coating 
were emLoved ill sIccessi\e ilicreitettis b dippithl ,,ranliles il 
henelele ant deleruninilile at each step tile percerlllae of, 
grauiles rendered availahle to w'ler penletralioll due to expo
sore of cracks or pinholes. Fike S(I.' "aterials were used with 
a raice of coaline charactelristics. For materials which were 
coaled With 171otlh S atnd sealatlt. ilte results could be exl)aineL 
hy postulating, the existence of three classes of granules: Class 
I crainIles. which have ttnobstrucled holes through the coating
Class I1,rautles. wilh holes throutgh the S coating which are 
plugged with seahalil. and Class Ill gralrttlis. which have 
S coatitls with no0 holes tiiroutlh them. Class I gralleS hein 
to release urea as sooll as fhe sealaiit is hroken downt oi 
relnoved, ald Class I U1111ioitles eCinIo release urea as son as 
the S coatmin is peietrated by reloval" po Iartsof it (16 ref). 

62 Dissolution of Sulfur-Coated Urea in Soil. I. Wax-Sealed 
Sulfur-Coated Urea. Isao H{ashinoto and R. C. Mullins (TVA. 
National Fertilizer Developtment Center. Muscle Shoals. 
A,,labaia)..oil 5(1. Soc. Im. 43 1165-8.- .. (6). (Nov.-Dec. 
197Q'). The release of urea f'rom three wax-sealed. stilfir
coaled tirea (SCtU) satples was tested. These sanmples were of 
nearly tmatched 7-day dissoluttion values bul had different 
amounts of total coatitgs. Soil-SCt IlliXtures V''ere inctlbated 
for varyitg tites tip to IS weeks at differeit tettperatutres. pll 
(litithg). alliditicrobial (sucrose) levels. The release of urea 
front all sattples increased tttarkedl, with increasing teillpera
tore but oly slighily with itlcreasing pll ot m levCIs.nlicrobial 
Their time-release patterns were different ill spite of thir 
sinilr 7-day' dissohltiotn test valuies (I nleft. 

63 1lodel for the Release of Urea by Granules of Sulfur-
Coated Urea Applied to Soil. WX'.M. Jarrell antd L. lRoersnia 

hars soil waler pole.lial. Tile agreelelil hetweet predicted ( (ili\. Califoiitia. Riverside). Soil Si. Soc'. .,. . 4. (5).
alld ticasItred ireleaSe ildic:ied that, for the tetllpeattie atil 
soil water conditions Studied. the ate of'release w'is aCctir'ately 
lredicted tisitlt tie co nllliter prograill. 

60 Nitrogen Release Characteristics of Controlled-Release 
Fertilizers During a Four-1M4onth Soil Incubation. A. J. Patel 
anld (. C. Sharlila (Alaballa A&NM Iitt;.. Notlial!. .1. .llui'. 
Soc. lion..Sci. /02 (3). 364-7 (iMay 1077). [~ertili/ers were 
illixed ill Morrisoin sildv lo,Il at 250 aid 500 t 1N500 L 
soil. Coltltuits were kept uiCde. tillil'oill condil.ellvirolitellial 
lie!ts and elited at 3. 5,7. 14. 21. 28. 35, -. 63.77.)l. and 
121 days to evaltiate lheih N-release chaaclerislics. t)urile of1'tlea eleasled ott coMIseCutlive t\ Cverfeliods as ote as
first k\eek. N leached rattnged rot a low of 2'; for S-1olamed 
urea (SCU! to ta i h of 12'; folr kIgNII.PO, (M;.ag.\ntoi 
Nitrogemi releascd Iiring lie 17-week period itt descenoditte 
order wats Precise (I 2N.2.6P-5.0K amid 8-4.8-4.1 ),Olniocolt 
(14-6.1-1 1.6 and 18-2.6-).8). MagAinp (he. SCIU 
(36-0.0. 26'; N Istweek), Osrnocote (I 8-2.2-9.1). SCII 

1044-50 (Sept.-Oct. I179). The ohiective of' this study was to 
develop atd experihetnaflv evallae a imathtenatical imodel 
which makes it possible to loecast tlte release o' Irea flrol 
sillfur-coated tirea (SCl) raltles as a finctiont of lille. 
LFhtiatioits were foriltulaled t descrihe fhe rate at which soil 
ill icrootlatl isltls ieilove coat lings froll initiallyh ilact craltliles. 
tile rate a. which holes appear itt the Loatimues as a comiseteruce 
of this re'moval. the rale of diffusion of' tIrea thilnouih iltese 
holes into ilte soil. aid le effctS of Ilperalire atid sol 
waler co tlett olleall prtcss. These eltilitIs were illipo
raiCd ililoa r'Clitpuleilpno 'Irll which calculated ilc ,tnlotil 

121) days. The eff'ects of elllipieltlte allldNoil Walel ,Olliell 
oilthe ciowth atid :icilyiv li tlicroolcintitntt, weellfitiltdiled 
ott file kais of'literailie dila. Telleltilie cLomecliolms tor tlte 
dif'fltsiol pioCess \vere isL'dMI i1e hlperaltIte fepIuelce 
of tfte solubility of tiue:t aind lhe dftiOtl oel'iciett . h'IeLfu 
ildel wais validated hI Cl0itipatlilil l'eliC'ed tales of'" release 
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with experimental results. The predictions made by using the 
model conformed with experimental results. The model 
calculations responded accurately to changes in temperature, 
soil water content, and differences i, coating thickness and 
coating composition. The use of the model clearly points to 
the need for a more precise assessment of the factors which 
affect the release of urea from SCU granules (24 ref).' 

64 Release of Urea by Granules of Sulfur-Coated Urea.iW. M. 
Jarrell and L. Boersma (Oregon State Univ., Corvallis). Soil Sci. 
Soc. Am. J. 44 (2), 418-22 (Mar.-Apr. 1980). Urea d,ffusej 
through holes in the coatings of granules of sulfur-coatei urea 
(SCU) into the surrounding soil. The ability to predict the rate 
at which urea is released fron SCU granules aids in matching 
the slow release characteristics of the fertilizer to specific 
climatic and soil conditions. When openings are small and the 
concentration of urea ilmediately outside each opening is 
very low, a two-stage release pattern is proposed. During the 
initial stage, solid urea isdissolving and urea diffuses out of the 
granule at a constant rate. When all of the urea inside the 
granule has dissolved, the rate of release decreases logarith-
ically with time. The equations describing rates of release 

during the two stages are dinr/dt = (D/A' 0) (A /Ax p)Csat 
=for the constant rate period, and dnmr/dt (DIAM0)(Ap/A xp) 

(l-mr)p for. falling rate period, where nir = in/M0 with inbeing 
the amount of urea released and )'to the amount of urea 
initially present in the granule, D is the diffusion coefficient, 
A is the cross sectional area of the pore through which 
di ffusion occurs, Axp is the length of the pore, p is the density 
of urea, and Csat is the solubility of urea. The diffusion 
coefficient D and the solubility of urea Csaj are temperature. 
dependent, according. to D = (5.55 x 10' ) I exp(.2135/T) 
cm2 /sec, and csat = [(6.96 x 10" ) T, + 0.45] g/cm 3 ,where T 
is absolute temperature and Tc is temperature in degrees 
centigrade. The temperature dependence of the release rate 
during the constant-rate period as determined by experiment 
agreed well with that predicted from theoi;y. These equations 
may be used to predict the rate of release provided the 
physical properties of the given SCU are known (19 ref. 

65 Sulfur Coated Urea. In New Developments in Fertilizer 
Technology. 8th Demonstration (held TVA, National Ferti-
lizer Development Center, Muscle Shoals, Alabama, Oct. 6-7, 
1970). Muscle Shoals, Alabama: TVA, National Fertilizer 
Development Center, Bull. Y-12 pp. 12-13 (1970). Green-
house and laboratory studies show that release of N from 
S-coated urea (SCU) may be controlled by coating wt, place-
ment, microbicides, time, and temperature. In the range 
15-25% coating wt on.granules of -6 +10 mesh, dissolution 
was more rapid with light coatings mixed with the soil and 
slowest with heavy coatings in surface placement. Addition of 
microbicides to the wax sealant further delayed release of N 
mixes with the soil, but had little effect on the dissolution of. 
surface-placed granules. Tests conducted with soil in con-
trolledi environment regimecs showed that SCU (20% coating 
wt) remained almost intact for 16 weeks at 100, wvhile dis-
soIluidon was nearly coniplete inl 5-8 wvceks at 20' and 3Q0* 
Similarly, flooding the soil, as in-the rice culture, very much 
decreased the rate of dissohtion of SCU, as compared with its 
dissolution in well-aerated soil. Results frorm long range crkaps, 
such as sugarcane and pineapples, show potential for SCU in 
situations normally requiring several split applications of 
soIluble N sources during growvth cycles as long as,2, yr. Simi-
*larly, results suggest that SCU may be usefu for paddy rice 
production, where nitrates are largely )ost by denitrification 
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following flooding. However, a liglter coating may be required 
since SCU products showing-ontrolled-release properties in l 
wc!l-aerated soils tend to d~grade too slowly in flooded soils. 

66 Soil Moisture and Temperature Effects on Nitrogen 
Release from Sulfur-Coated Urea. G. S. Pettygrove et al 
(Oregon State Univ., Corvallis). InAgronomy Abstracts 1976 
Annual Meetings (held Houston, Texas, Nov. 28-Dec. 3, 1976). 
Madison, Wisconsin: Am. Soc. Agron.; p. 192 (1976). Sulfur
coated urea (SCU 4 and SCU 31 with wax sealant) was stlrface
applied to Woodburn silt loam soil and incubated at5, 15, 25, 
or 350. Four samples of SCU at 230 were maintained iso
piestically at water potentials.of -3, -5, -7, -15, or -30"bars.,' 
Release of urna approached an asymptote of 70% of the total 
SCU 31 and/ 0% for SCU 4. The Q1 o for this initial phase was 
1.2 to l.41yor SCU 31, consistent with a diffusion process. 
After 40 days at 25 and 350, a second phase of release began 
at a steady rate of 0.8%/day for SCU 4. approaching another 
asymptote when about 60% of the total had been released. At 

° 5 and 15 after 100 days th second phase had not begun. 
Percent cumulative release of umea from SCU 4 at 25' after 60 
days at -3, -5, -7, -15, -30 bars, and in a moist, sterile SCU soil 
system was respectively; 53, 51, 43,35, 16, and 17%, Alter
native wetting and dryi g of soil appeared to result in slower N 
release than occurs in continually moist soil. The data suggest 
that SCU coatings are degraded by microorganisms which are 
temperature-sensitive and which maintain some activity 
at -15 bars water potential. 

67 Release of Urea from Sulfur-Coat.d Urea: a Model. W. M. 
Jarrell et al (Oregon State Univ., Corvallis). In Agroloiny 
Abstracts 1976 Annual 4eetingv (held Houston, Texas. Nov. 
28-Dec. 3, 1976). Madison, Wiseonsin: .Ain. Soc. Agron.; p, 
191 (1976). Amathematical model is proposed which predicts 
the release of urea from a given sulfur-coated urea product 
(SCU) as a function of time. The model describes the rate of 
breakdown of the coating by microorganisms in the soil, This 
breakdown rate is determined by the nature and thickness of 
the coating and factors which control fhe rate of growth 
and activity of microorganisms. Important among these factors 
are soil temperature and soil water content. Experiments were 
conducted to establish the relationship between the percentage 
of granules opened in a given lot of SCU and the amount of 
coating removed. This relationship, used in combination with 
mathematical expressions for the rate of growth and activity 
of microorganisms as functions of temperature and water 
potential, allows the prediction of the release of urea by SCU 
granules as a function of time. The model was validated by 
comparing the rate of release from SCU products applied to 
the soil under controlled temperature and water content 
conditions with predicted release curves. 

68 Evaluation of Potting Media for Commercial Nursery 
Production of Container Grown Plants. V. Patterns of Release 
of, Nitrogen Fertilk'zers in Different Media. K. M. Gob (Lincolni 
ColL, Canterbury, Newv Zealand). iMZ, J.Ag-ic. Res. 22 (1), 
163-72 (1979). Release patIterns of total N. anpilnonii-N,
nitrate-N, urea-N, and organic-N from two rapid-release (urea 
and nitrolime), three synthetic (osmocote, S-coated urea, 
IBDU or isobutylidenediurea), ald one natural slow-release 
fertilizers (poultry manure) in five nursery nedia (peat, sand, 
peat-sand, peat-sand-sawdust, peat.sand-soil) were determined 
over a period of i14 weeks using leaching columns. The N fromi 
urea and 1nitrolime was ecovered almost completely (83
100%) in the first two leachates., However, with slow-release 
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fertilizers, rates of release of total-N and various N forms were carried oul to investigate the efficiency of nitrogen
varied accordingly to the media used. About 30-75% of fertilization from urea and sulfur-coated urea. Losses of N
the N was released over a period of 7-10 Week', Urea-N, when were more from i'rea than from sulfur-coated urea under poor 
present, was releas-,l first followed by/ ammoniu.n-N and water management conditions. Results from multi-location
nitrate-N. The contribiition from organic-N form, was generally trials of the All-India Coordinated Rice Improvement Project
insignifcant and inconsistent. The significance of the results is have proved sulfur-coated urea to be a better source than urea 
discussed in relationship to changes that occurred in potting when both were applied as basal, A combination of
media under conmmercial nursery conditions, sulfur-coated .urea and urea when applied as basal and 

topdressing, respectively, gave 15% more yield than all urea 
69 Comparison of Modified Urea Fertilizers and Estimation of application at both timings. Topdressings with sulfur-coated 
Their Availability Coefficient Using Quadratic Models. H.R. urea at later growth stages gave poor results. 
Tejeda, C. W. Hong, and P.L.G. Vlek (Int. Fert. Development
Center, Muscle Shoals, Alabama). Soil Sci.Soc. Am. J. 44 (6), 72 Comparison of Coated and Regular Urea on Rice by Using
1256-62 (Nov.-Dec. 1980). A procedure to compare N ferti- a Nitrogen Availability Coefficient. I. R. Tejeda and C. W. 
lizers based on comparing complete response curves simulta- Hong (Int. Fert. Development Center, Muscle Shoals,
neously represented by a quadratic multifertilizer response Alabama). In Agronomy Abstracts 1978 Annual Meetings
model (MRM) is discussed. A modified version of the MRM, (held Chicago, Illinois, Dec. 3-8, 1978). Madison, Wisconsin: 
called fertilizer testing model (FTM), is used to test differences Am. Soc. Agron.; p. 197 (1978). Two forms of coated urea, at 
among response curves. The FTM describes the response curve various rates of application, were compared with regular urea 
to a fertilizer selected as a standard as well as the additional in five experiments with two rice varieties under two flooding
effect of test fertilizers over the response to the standard. In conditions in Korea. Two alternative statistical procedures 
rase of different response curves, an approximate test to were used to analyze the experiments and test the perfor
decide whether the curves have equal limiting yield is intro- mance of the N fertilizers. The traditional procedure consists 
duced. Finally, a procedure to estimate the availability of using analysis of variance to test the significance of the 
coefficient from quadratic response curves having equal experiments, and subsequently using the Duncan test to 
limiting yield is derived. A quadratic multifertilizer response identify significantly different treatments. The alternative 
model and a fertilizer testing model were employed to analyze procedure consists of using a regression model with dummy
six field experiments conducted over a'3-yr period in Korea variables to test differences among response curves for each 
using three varieties of rice (Tongil',Jinheung, and Milyang 23) fertilizer, and subsequently expressing the differences by a
and three fertilizers (urea and two S-coated ureas) applied at nuimerical index called the availability coefficient. The 
four or five levels of N. Two out of six experiments showed a av'lilability coefficient is the ratio of the efficiency (yield per
significant effect from SCU-A (25% release/7 days) beyond unit of applied nutrient) of the fertilizer being tested with 
that of split-applied urea, whereas SCU-B (14% release/7 days) respect to the efficiency of the standard fertilizer. The 
showed significant additional effects in three out of five advantages bf the alternative procedure are illustrated through
experiments. However, in four of these six experiments, the the analysis of the five rice experinients.
limiting yield of the response curves of SCU was significantly
higher than that of urea, precluding a valid estimation of the 73 Sulfur-Coated Urea Effectiveness as a Nitrogen Source on 
availability coefficient. Possibly, the proper combination Yields of Lowland Rice Grown in Indonesia Under Several 
of N rate and timed release of N from SCU in these Water Managment Regimes. Soetjipto Partohardjono and 
experiments translated into grain yields unmatched by split J. B. Fitts Ont. Rice Res. Inst. Int. Program Indonesia, Bogor,
applications of urea (19 ref). Indonesia). In Agronomy Abstracts 1974 Annual Meetings

(held Chicago, Illinois, Nov. 10-15, 1974). Madison,
70 Sulfur-Coated Urea and Other Controlled-Release Nitrogen Wisconsin: Am. So. Agron.; p. 153 (1974). Sulfur-coated urea
Fertilizers. J. L. Rubio (Inst. Agroquim. Technol. Aliment,, and urea were compared as N sources on the yields of lowland 
Jaime Roig, Valencia, Spain). Re'. Agroquim. Technol. hansplanted rice (Oiyza satira 'lR-5'). A split-plot design
Aliment, 19 (2), 153-60 (1979) (Span).1 A review is given replicated three tinles was utilized at several locations during

,of the potential advantages for controlled-release nitrogen 1973 dry season. Water management reginies (main-plot) were: 
fertilizers with descriptions of the two gen1eral types: soluble continuously flooded. 5- and 10-day rotationally flooded, and 
compounds with physical barriers that slows their dissolution intermittently flooded. Both N sources (sub-plot) were applied
and compounds with inherent slow solubility. The character- at 60 and 120 kg N/ha. Urea was applied in three equal appli
istics, brief history of development, and achievements of cations (transplanting, active tillering, and primordial initiation 
TVA's sulfur-coated urea are emphasized (13 ret). growth stages) whereas SCU was applied once at transplanting 

or in three equal applications. Plots receiving SCU hadincreased grain yields as compared with grain yields of plots 
USE receiving urea at same N rates. These increased grain yields

were significant where there was significant interaction 
between water management regines and N sources. Plots 

FIELD CROPS receiving SCLJ had increased grain yield per unit N applied 
values, especially at 60 kg N/ha. A simple economic analysis to

71 Uses of Sources of Slow-Release Nitrogen in Fertilization determine costs and benefits per ha showved increased SCU 
.of Rici. W. II. Freenian, J. C. Katyal, and K. G.Pillai ( All- benefit, Which in one case was greater than the Indonesian 
India Coordinated Rice improvement Project,' Hyderabad, mean annual income. 
India.) In Agronomy Abstracts 1974 Annual Meetings (held
Chicago, Illinois, Nov. 10-15, 1974).A'adison, Wlisconsin:Am. 74 Effectiveness of Sulfur-Coated Urea on Lowland Rice in
Soe. Agron.; p. 149 (1974). Field and greenhouse studies Korea. C. S. Park and K. 1. H1lan(Inst. Agric. Sci., Suweon, 
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Korea). In Agronoin ,Ihtracts 1974 .Annual Meetings (held (100 kg/ha) in four splits (25-0-25-25-25) synchronizing with 
Chica,o. Illinois. Nov. I0-1 5. I 974). ladison, lWiscotsin: 'IIn. four physiological stages of crop, that is. at basal, late tillering, 
SOC. -gron.:1 p. 153 (1074). Tlhrough aseries of field experiments panicle prilordial initiation, anrd booting stages increased the 
and accompan ing laborator\ analvses. tile use of sll'ur-coaled grain yield significantly over sulftur coated urea or nitrification 
urea in growing lh\vland rice in Korea was I'oud to be very inhibitor treated f'crtilizer or neei cake mixed urea. Repeated 
effective in Ilie fIllowin,, w\ays: the yield )f rice and the hand weedintg (tilrice) was very effective to control the weeds 
lrodictiti ot Irolins was increased: the efliciency of N and increase the crain yield. Best results were obtained with 
uptlake was incre:lsed: and ihe ht/aid hron hligh alinmoitin four split applications of' N provided weeds were effectively 
ion colnclntralionis in himlt yielding trials or plra.ctices be1nay1V controlled with repeated hand weeding. 
)reCented comp1ared \it ordinlalair irea ill Korea o ils having 

conlxlrativclv low calionr exchinge c',Capacity. Sulfur-coatLed 78 Efficiency of Urea and Sulfur Coated Urea on Irrigated 
lira's have ai lo\s'er dissolioln rate ill water coniared to Rice Yield. C. P. Machado and A. F. Maalliaes. Aigron. 
ordinar\ urea and thile ate of, dissolution was corrhlatd with Sturio- arntdcise 9 (2). 1)5-203 (1973) (lPort). A field 
the a unotlolft N ulptake by lowland rice and the percent N experillentl Was conducted to determine the effe':- of fertilizer 
abso l)ed troui fcrtliter N a)plied. RegiOssion eqtiations and N source ol rice yield. Three N-sources urea. sulfur-ctated 
initiple corlcatiolln coet'llcietis \ore detCrinied 1'(r: the uirea-I (30.2'% N intd 29.6 S). and sull'tir-coated urea-2 

total amoint ot N abhsoreCL tsing \arious formls of urea: the (34.6 N and 20.0% S) were appliod to Vacacai silt loam at 
etficienc\( of' N sounirces :as a of' N absohrd of tle total rates of 0. and 60 kg N/ha. The slow release fertilizers (SCUs)al)t1lied: aid o'' \ield as J function ot the total N absorbed, were not superior to standard urea . .StU-coated urea2 

Tile res ective correlation coeI'lciitts wvere O.Q99, 0.998. and was more efficient than SCI-1 . A single application of SCU-2 
0,)Q7. was equivalent to split application of iirea. 

75 Nitrogen Managem ' for Rice in Costa Rica. A Cordero 79 Use of Sulfur-Coated Urea a Slow Release Fertilizpr as a 
c (11d(Ministrv Agric.. , osla Rica). In ..<-Irolholnr .lhsinrcts Source of Nitrogen for "ice. 1). (. Westfall. Tev..,lgric. l:'Vp.
1077 .. tnal ,1le'in,s (held (Ihicaco, Illinois, Nov. 10-15. Slit. Prov. Rep. 3092-3105: op. 8-10 (1972). Sulfur-coated 
1Q74). alhdison, ll'is(-mnsint: . in. S",..- Iron.: p. 147 (1974). urea (SCU) was evaluated as a source of N for rice during 
l'ta attitllltiltni sulfale and stllfulr-colted urea (SCJ) were two growing seasoits. The use of SCIJ materials a- a N source 

apllitl o uplanid ricet (I'CA-4 in split applictions anid did notIesult in inicreased rice tproduction or higher N efti
only at planting atl N levels of 00. 120. 180. and 240 kg/h/a at ciencies in coilmarison with s0t1it application of regular ferti
three locations in 1Q73 in Cosi: Rica. Nitro,,cen applied at li/er i'adCe urea. SimallOr yield respottses to N were obtained 
filatitig iwas from SCULinlcorporated by disilig prior to 111aiting and later ilatrial with slower dissolutation rates as compared 
al)plicait ils were tloh',,resSed. Soil saniloIes were taken at 0-20 to a SCU material with a nore rapid dissolution rate. Based oi 
aid 20-40 ci depths at the 120 ku/Iha N rate three times 2 yr results, an] considerihg an estimated 20%7 increased 
diiritg lie cxperitinlnl. Rice grain \iCld were sienif'icatntl' tproduction cost of SCU. it appears that the use of SCU as a 
increased up ti th I 8l 0 kg/ha N rate at Fsquenteka which had source of' N Under the highly refinled cultural practices used itt 
a low ittitial itiorgattic N lcel (41 pptn). \\With initial inorganic Texas is ofto benefit w the rice producer. 
N levels of 05 anid 55 P1)11 :t laltr Siir atnd Cascanle. a 1raill 
response to 60 k,, N/ha atd a itc-ttive esponse ti '. were ob- 80 Release of Nitrogen from Sulfur-Coated Urea in Flooded 
laited, respectively. At lsqtieincka,IN response patterns were Soil. P. M. Giordano and J..1. Mortvedt (TVA. National 
similar usitt urea and aitniniuin sulfate as N sources and split Fertilizer Development Centelr. Muscle Shoals. Alabama). 
N alpplicattints werc superior to alvlflying N ottly at plantintg. Inl Aigron..1. 62 (5). 612-14 (Sept.-Oct. 1970). Laboratory and 
gcl lieral split alplicalions of irea and alinltiitltll sulfate gretliouse tests were condtcted to investigate the release of N 
)roducCl rice 'iClds c0llrablC to those obtained with SCU itt \ouitmview sil front S-coated ttea (SCtI. and the slibsequent1 
alpplicatiois. iptake of N bt rice (Ori':.a .st ',a L. variety 'Nato'). Tile rate 

of N release was mutch greater itn moist thai in flooded soil. 
76 Relati.e Efficiency of Nitrogen Management and Weed Graiiiiles of SCU became coaled with FeS after two weeks in 
Control Under Two Systems of Rice Cultivation. \I. S. flooded soil. When the flooded soil was dried to about field 
Sotlnara Rajan and I. C. Mahl:it ra (S. V. Agric. Cull.. captacity, oxidation of the FeS coatings appeared to sea! the 
Tiruptiti. Atidlhra Pradesli. lttdi:i). 0r-1-: 16 (2). 137-0 (I0 79). ,rattules so that very little N was released. lit general. the 
A studv was contdiceCL to dCeeriltille Cffciency of ililOrcn release of N was slightly greater from SCtl applied to litted 
fertilizCrs ind rClative ct'ticiciLv (1"\weedingz, itt tr:isplanted soils fertilized With P. Diy nlaltCr lroduictiOl aid uptlake of N 
antd direct sCCded rice niti igei W"is alpliec. at 100 k/,ha itt b' rice from SCU was similar to that fromn uncoated urea when 
split (20-40-20 kg,) applied hasal. early-latc iillcrine' and both N sources were incubaited ill ttoist soil for at least two 
panicle pritmordial initiation stagcs: or 100 kg N/lta applicd as weeks prior to plnting and flooding. Uiea applied to tle soil 
basal thloii.lh suIlfur co~atcd ulrca. With the saille scedin,! itlitlediately bef'ore floodilg was also effective. bitl SCi was 
plractice, tlte split application of N \ieldcd 4350 k,/ia of rice tot. 
copnared to 4075 kg/ha of iice I'r sill'tir c:itlfl inea. These 
results were oilt the transplainted rice. 81 Hydrolysis of Urea and Performance of Some Slow Release 

Urea Fertilizers in Flooded Rice. Curittelia Mal.tave Illniv. 
77 Relative Efficiency of Slow-Release and Split Application P1hililpines. Mtilhia), 7 8wsi.p1 . 1 )I . Two85 ( Feb. 
of Nitrogenous Fertilizers and Weed Control Methods on Yield Philippinte soils. Maalhas clay and Pila clay hullt. were ised ilt a 
of Direct Seeded Upland Rice. I. S. Soitdara Raian aind 1.C. lahoratory study of urea hy'drolysis. The soils wete flo oded mt
Maharatra (Itdian ,,\ric. Res. ist.. New l)elhi, India). Orr_: a depth of 2 ctn: 0. 200. atd 400 ppntio urea-N was added to 

/5 (2). 117-23 (1 78 l. lit direct seeded iplaind rice ott sllldv the v.aiOr sirfaice: atd lie sattlfs wCre iitctlbatd al 20. 30. 
loati soils of l)elhi (India) alp~licatioll of:i ivetn illaily t "N or 40> for 0-10 da\'s. Iltydrol'Vsis ' rapid for tile first IWoWas 
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days at 30 and 40' and plI of tile soil increased as did the 84 Slow Release Nitrogenous Fertilizers on Paddy and 
mineral N content. More NI13 (20'; of added N) was volati- Sorghum. K. R. Kulkarni et al (Univ. Agric. Sci., Ilebbal,
lizcd from the slightly calcareous Pila clay loam than from the Bangalore, India). My'sore .J. Agric. Sci. 9 (2), 258-67 (1975).
slightly acidic Maahras clay. In a greenhouse study urea and Experiments were conducted to study the efficiency of slow 
(NI 14 )2S04 (AS) were applied at rates ofO, 200, and 400 ppn release N fertilizers and urea treated with nitrification 
N to the Maalas and Pila soils either at planting tie, as a split retarders-such as Mahua cake, Karanj cake, and Necm cake
between planting time and mraxinum tillering time, or as a with CSI I-,I IR-8. and Jaya paddy in black and laterite soils at 
split between ma xi mum tillering and panicle initiation. Siruguppa and Mangalore. With paddy superiority of S-coated 
Planting tliue application of' urea adversely affected growth of urea (SCU) over ordinary urea at 50 kg N/ha was observed for 
IRS rice, especially at the early stage. Plant height and number both grain yield and uptake of N. When one-half of tie N was 
of tillers were less for ulrea than for no N. Grain yields with applied in the form of SCU and the remaining as top-dressing 
urea were only 44"; of those with AS. hi a field study urea, in the form of ordinary urea at 50 kz N/ha, yields were on par
AS, crotonylidene diurea (CI)tJ), isobutylidene diurea, and with ordinary urea at i00 kg N/ha applied in three splits. The 
two S-coated Luas produced by TVA were evahlated. Ferti- SCU did riot have a notable residual effect on the succeeding
lizers were applied broadcast and harrowed in at rates of 0, 25. paddy crop, thereby indicatinge that most of the applied N was 
50, 75, and I00 kg N/ha for the first (wet) season: in the released -1nd taken up by the main crop. With CSI I-I , the urea 
second (dry) season rates were 0, 20, 40, 60, and 80 kg N/ha. treated with 20; hy wt with neem cake in one application
Yield of IRS rice increased with rate of N applied from 5.2 appeared to be on par or better than ordinary urea applied
ton/ha withino N to about 6.3 ton/ha with 75 and 100 kg in two splits at 100 kg N/ha, in respect to both grain yield and 
N/ha in the wet season. Controlled-release materials, except uptake of N. Neem cal:e-treated-urea did not indicate any
CDIU, were as effective as AS in increasing grain yields the first residual effect on the succeeding crop of wheat, indicating that 
season. Crotoiylidene diure': was effective at the high rates of N was released :-ud tak up by the main crop. These 
application in the first season and was comparable to the other differences were not significant. th ough consistent. 
materials in tile secUOd searsou. 

85 Sulfur-Coated Urea (SCU) Effectiveness on Yield of 
82 Relative Efficiency of Sulfur-Coated Urea (Slow-Release Lowland Rice Grown Under Several Water Management
Nitrogen Fertilizer) and Urea in Rice Soils. S. N. Sharma Regimes. S. PartohardjOno arid J. B. Fitts [Central Res. Inst. 
(Indian Agr. Res. Inst., New Delhi. India). Ilian .1.,lgron. 18 Agric. (CRIA), Bogor. Indonesia]. Contributiong-Central 
(3), 399-400 (Sept. 1973). A randomized block design with 10 Res. Inst. Agric. (Indonesia) No. 11:14 pp. (1974). A bstr. 
treatments was used to study the efficiency of S-coated urea Ti-op.. Igic. 1, 5430. Experiments condtcted under four 
(SCU ) relative to urea. The test was conducted during karif water management regimes at four different locations in Java. 
1971 on t rausplan ted Pusa 2-21 . a short-stemmed rice. The Indonesia. during the 1973 dry season showed that at three 
SCU was applied at a rale of 100 kg N/ha at transplanting locations, the yields were not significantly different as related 
time. Urea! was applied at rates of"25. 50, 75. and 100 kg N/ha. to interaction between water regimes and fertilizer app!i
either all at transplanting time or in various split combinations cations. The average yields for all N treatments were also not 
to provide a total of' 100 kg N/Ia. Split applications were at significantly different as related to water management regirnes
tilleririg, particle iitiation, arid booting stages. Grain yield was Averaging plot yields for all four water regimes, however. 
significantly higher ( 15-20; ) with SCU than with any showed that SCU at a basic application of 120 kg N/ha signi
reatirert With uncoated itrea. ficantly increased yields as compared to urea applied in three 

split applications at the same rate. 
83 Conventional arid Controlled-Release Nitrogen Sources for 
Rice. B. R. Wells arid P. A. Shockley (Univ. Arkansas Rice Br. 86 A New Way to Minimize Nitrogen Soil Losses. R. B. 
Agric. Fxp. Stl.. Stuttgart). Soi Sci. .Soc. ,c, . I.roc 3 (3). Diamond (TVA. National Fertilizer Dev,,loprnent Center, 
54-51 (C\lay-June I 75). Tests were corrdurcted during I967- Mruscle Shoals, Alabama). Rice arming 9 (6). 6-8 (June
1972 with rice {tYOrr'a stuira L.. cullivar Starbonriiet) to 1975). The key to efficient use of N fertilizer by most flooded 
compare various formulations of sulfur-coated Irrea (SCII) and rice is to prevent N losses by maintaining the N in the NH 4
isobrrtxlidene diirea. (I B)U) with urea and (NI 14 )2SO4 form. Careful control of cultural practices helps prevent N 
as N sources or both silt loam aid clay soils. The N sorrces losses. Use of S-co:,ted urea (SCL) is about 25-30% more 
were applied either preplant or topdress at rates itp to 235 costly than commercial urea but tests with SCU orn rice in 
kg/ha to drill-seeded rice which was flooded approximately 2 Arkansas and California showed profitable returns for its use. 
weeks following seedling emiergenrce. G(rain yields. drv wt, and Similar tests in Louisiana and Texas shoxwed no advantage for 
N uptake indicated that the controlled-release N souirces coutld SCU over commercial use. 
be rised to regrulate rat f N Slpply to the plant thtrouglhtIt
the growint season. Gr , th of direct-seeded rice was slowed 87 Direct, Residual, and Combined Effects of Various Slow 
cotisiderablv during the early part of tire grow.ing season due Release Nitrogenous Fertilizers in Rice-Rice Rotation. G. K. 
to the slow rate of N release bitt grain yields were not drasti- Patro. B. C. Salioo. arid K. Mohantv (Orissa Univ. Agriculture
Cally altered. (;rain yields Ott tire silt loari soils followin use Tech.. Bhubaneswar. India). 11'sol,-e .1.Ag-ic. Sci. 9 (4). 523-9 
of the cortrolled-r,'ease N fertilizers were consistently equal (1975). Among tile various slow release materials like S-coated 
to those following use oftrrea or (NI 14 )2SO,,. On tl'l clav soils urea. isobritylidene diitrea (I3DUI). lac-coated urea. AM 
urilder intermittlent flooding. irse of SCI.I resulted in increatsed fertilizer and Karanj cake-blended urea that were tested at 100 
yields ;S coripared to ulrea applied preplant, and in one vr k, N/ha. it was observed that the application of lac-coated 
res;rltei itt increased yields as compared to urea applied in irrea at 100 kg N/Ira was the best for tlhe first crop of rice 
split to')dress application. Both SCU ari IBDU were suitable while assessing the direct effects of slow release materials. 
N sor'ces 'or rice growing under tIre \w'ater rraracemerit When indirect effects in tie second crop of'rice and cormbined 
sV';teis eriploved ir these studies. effects (first crop and second crop of rice taken together) were 
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assessed, it was observed fhat applcation of S-coated urea prepare slow-release N sources from urea or ainonium 
at 100 kg N/ha was the bst for obtaining maximun yields, sulfate, rice straw, and husk. A mixture of carbonaceous 
Application of urea as such, even up to 150 kg N/ha, was materials and inorganic 15N to give a C:N ratio of 12:1 was
found to be decidcdly inferior to all slow release N fertilizers kneaded with sufficient water and soil, shaped into a ball form 
at 100 kg N/ha when their direct, indirect, and combined and air-dried. The balls were placed 8 cm depth between rows 
effects were examined in rice-rice rotation, of flooded rice at time of transplanting. Performance of the 

indigenous sources was compared with basal application of
88 SulIar-Coated Urea and Sulfur-Coated Potassium Chloride urea. ammonium sulfate. S-coated urea, and neel extract
for Paddies, Tawan. N. R. SU (Joint Commission on Rural treated urea. Results of two field experiments showed that the
Recontruction, Taipei, Taiwan). Soils Fert. (Taiwan); pp. indigenous materials, particularly prepared from urea and rice
1-10 (1974), publ. 1976. In trials at 3 sites in 1972, N as husk, performed better than S-coated urea and basal 
S-coated urea or ureaforn at 120-130 kg/ha for .the first applications of both urea and ammonium sulfate. 
crop and 100-110 kg for the second crop were ccmpared with 
applications of ammonium sulfate and KCI. In the first crop 92 Evaluation of Domestic Sulfur-Coated Urea and Simplified
the highest yield was given by 75Cr of the N applied as S- Application of Ammonium Sulfate on Different Paddy Soils. 
coated urea before transplanting and 25%, as ammonium Shen Lian, Jung-Ilsien Cheng. and Chun-Tao Su (Taiwan
sulfate at particle initiation which gave yields 5-9( higher than Agric. Res. Inst., Taipei, Taiwan). T'ai-wall Nlng Yell Ci
four split apllications of ammoniui n sulfate. Yield differences Kam 13 (2), 135-48 (1977) (Cli). Field experiments were
in tile second crop were not significant. In a trial ai one site in conducted with (Ni14 ),SO4 in the standard method of appli
1972. application of 66 kg K/ha as S-coated KCI increased cation (4 rates, 25, 20, 30, and 25'( of the total N dressed 
yields by 1I-16%' while KCI gave smaller increases. In 1973 at before transplanting and at three stages of rice growth) and
various sites combinations of S-coated urea and S-coated KC1 with the simplified method (751" of N applied as a basal 
were compared. In the first-crop trials at 28 sites, fewer dressing and 25%r' at panicle formation). The experiments were
dressings of S-coated urea and S-coated KCI gave yields on a variety of soils with textures ranging from relatively
96-115% of those given by more dressings of ammonium coarse to fine. The simplified method was inadequate on
sul fate and KCI: in 24 trials with the second crop, yields were course-textured sandy loam soils, equivalent to the standard 
96-1 17% of those given by anmoniutm and KCI. method on silt loam soils, and superior on the fine-textured 

clay loam and silty clay loamh soils. Sulfur-coated urea (SCU)
89 An Obselvation on the Fertilizer Effect of Locally Pro- from Taiwan and TVA were also tested and it w.s concludedduced Sulfur-Coated Urea Used for Paddy. C. C. Lee. Techl. that the rate of N release was too fast with both sources, even 
BuoL, Taiwan Fertilizer Co. No. 48 (1973). Soils Fert. 40, though the wax coating on the Taiwan SCJ was thicker.
5610. On a sandy paddy field the yields of plots fertilized with Sulfur-coated urea gave a higher rice yield than with
ordinary urea decreased with decreasing application rate. (NIt 4 )2SO 4 Siml)lified appiication on sandy loam soils but a
but with S-coated urea of higher S content the yields remained lower yield than (NI1 4 )2SO4 applied in four rates. 
high even at lower N rates. Compared with the S-coated tirea 
of lower S content, the S-coated urea of higher S content 93 Fertilizers for Deep Placement and Slow Release of 
always showed better fertilizer effect. It is estimated that 30%- Nitrogen for Rice. E. T. Craswell and P.L.G. Vlek (Int. Fert.
of the N coinsumption of rice could be saved by using S-coated Development Center, Muscle Shoals, Alabama). iter. Rice
Urea of higher S content instcad of ordinary urea. Res. Newsletter 3 (4). 2' 1 (Aug. 1978). Rice commonly uses 

-only 30 to 40%; of applied fertilizer nitrogen. Three major
90 Comparative Study of Different Nitrogenous Fertilizers on approaches thlat have been developed to increase N efficiency
Their M14ineralization in Submerged Rice Soils. S. Singh and are split application, deep placement, and controlled release. 
Pati Rain (Raiaras Ilindu Univ., Varanasi, Uttar Pr:desh , The latter two approaches-as mudballs or urea sitipergranules

India). .J. Indian Soc. Soil Sci. 24 (4), 409-13 (Dec. 1976). and sulfur-coated urea, respectively-have frequently proven

Incubation studies ol tineralization of slow-release N ferti- superior to split application of urea. A fourth approach

lizers, (NI14): SO, an1d urea tinder water'.gged soil conditions conbining deep placement and slow-release was developed by
with a red soil 01" Mtir/apur and an alltvial clayey soil (Karail) IFDC in the forn of stulfur-coated urea supergrantiles. Pre
of Azamgarli districts of" Uttar Pradesh. The studies showed liminarv restlts in a greenhouse study suggest that a conbi
that NI l.l-N incrCased dtirillgi the first 4 weeks ofstbmergence nation of deel) placement and slow release shows considerable 
and afterwards it tended to decrease. The magnitude of release promise for improving fertilizer N efficiency. The sulfur
was in the Oirler: (NI14 ),SO4 > tirea > lac-coated irea > coated urea SU pergranules urea are being tested at IRRI in 
S-coated urca for botIi tle soils. Less than 50'; of the N was 1978 as part of a joint IRRI-IFDC project to improve N 
released as N114-N by the slow release N fertilizers. The efficiency for rice. 
decreases were appreciahly noted in the case of (NI14):SO 4
and utrCa in coniparison to S-coated and lac-coated urea. 94 Evaluation of Sulfur-Coated and Uncoated Ureas as a
The content of NO3-N after submnergence decreased. but after Source of Nitrogen for Flooded Rice. Mohamad Sudjadi
2 weeks it tfhct tated during tile inccubation period. Only a (North Dakota State tiniv., Fargo). Diss. .b str hit. 1139 (10).
very small amount 0'dded N appeared as NO.,-N. 4685 (Apr. 1979). Greenhouse experiments were conducted 

using a Glyndon silt loam froin Minnesota, a Krawan,,u silty
91 Evaluation of Indigenous Sources of Slow-Release clay and a Paron silt loam both fromlJava, and a Lamptiung clay
Nitrogen for Flooded Rice Using 1'Nitrogen. C.U.M. Rao and from Sumatra to compare three types of S coated urea (SCC)
J. E. Shindc (Central Rice Res. Inst.. Cuttack, India). .. NAtl. and con'cntional urea as sources of N for flooded rice (Oriza
Agric. BioL. 6 (4). 139-41 (Dec. 1977). Among slow-release N .ati-a L.). A labiratory incubation study was also conducted 
sources, S-coat'd utrea produced by TVA, has been most with the (;lytidon soil to study tile mineralization ot' two lypes
widely tested in looded rice culture. An attempt was made to of S coated and conveitional trea used in tle experiment. 
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Evidence obtained in these experiments showed that con- ducted in Korea over a period of 2 yr using two varieties of
ventional urea gave higher grain yield increases than S coated rice (Oryza sativa L., variety Tongil and Jinheung), twt water 
urea on all soils except on the Glyndon soil. Grain yields c management regimes (continuous and intermittent flooding),
the Glyndon soil were very low, apparently because of the and three fertilizer sources (regular urea and two sulfur-coated 
cool night temperatures during the fruit set. Seedling toxicity ureas) applied at four or five different levels of N. Contin
was found on the Glyndon and Lampung soils as a result of uously flooded experiments were conducted on an Aquic
the application of conventional urea at the rate of 1.5 and 2.5 Fluventic Eutrochrept and the intermittently flooded on g N/pot. Apparently type of fertilizer and method of an Aquic-udipsamnent. Yield response to N and apparent
placement rather than soil properties were the casual factors, fertilizer N recovery varied with N source, rate, and variety,
Sulfur coated urea mineralized much slower than conventional but in an inconsistcnt pattern. Close examinatior of yield
urea in the Glyndon soil. Higher amounts of NH 4 -N and component development as a function of N uptae revealed
N03 -N remained in this soil at harvest on pots that received S that variations in yield were mainly determined by panicle
coated urea. Nitrogen contained in the straw of the second rice density and number of spikelets/panicle; the product of these 
crop on the Glyndon soil was significantly higher than that con ponents can serve as a potential yield index (PYI). The
from conventional urea at the rates of 1.5 and 2.5 g N/pot as PYI is, to a large extent fixed by heading time and is closely
SCU. related to the amount of N taken up between transplanting

and heading. Path coefficient analysis was used to ascertain the 
95 Slow Release Fertilizers and Nitrification Retarders for N uptake during tile period between. 2 weeks after trans-Increasing Productivity of Rice, Maize, and Wheat Under planting to maximum tillering most critically influenced PYI.
Fertilizer Constraints at Pantnagar. K. C. Sharma (Govind
Ballabh Pant, Univ. of Agric. and Technology, Nainital, U.P., 98 Utilization of Sulfur-Coated Urea in Paddy Fields andIndia). In Proc First Review Meeting I.N.P.U.T.S. Project Production of Toxic Sulfides. V. A. Jacq (Lab. Microbio. Sol,
(Increasing Productivi,v Under Tight .;upplies) (held ORSTOM, Dakar, Senegal). Cali. ORSTOM, Ser. Biol. 13 (2),Honolulu, Hawaii, June 7-18, 1976). Editors S. Ahmed et al. 133-6 (1978) (Fr). Abstr. Trop. Agrie. 5, 27186. Microplot
Honoluh, Hawaii: Food Institute; pp. 223-35 (1976). Rice experiments on rice soils showed that the use of SCU instead
Abstr. 2, 576. In field trials during the 1975 wet season and in of urea may increase sulfide accumulation in waterlogged soils.
winter 1975-76 at Pantnagar, Uttar Pradesh rice cultivar Jaya When this fertilizer was applied to the soil just befor. sowing,
and wheat cultivar Sonalike were grown with different sources high toxic levels of sulfides were reached, resulting in conof N and different methods of N application. Data on yield, siderable mortality of seeds and seedlings. When incorporated
yield components, and growth characteristics are presented. into the upper 10 cm of soil during tillage no effect was
For rice neither isobutylidene diurea (IBDU) and S-coated noticed on the seeds. 
urea (SCU) nor methods of N application (mudball, point
placement, and banding) gave significantly higher grain yields 99 Denitrification in Paddy Soils: Effect of the Form and
than urea applied in the normal way. In wheat earlier tillers Method of Application of Nitrogen Fertilizers. :. L. Garcia
with more grains/ear were produced with urea than with (Lab. Microbiol. Sol. ORSTOM, Dakar, Senegal). Call.
SCU. None of the methods of fertilizer application had any ORSTOM Biol. 12 (2), 83-7 (1977) (Fr). FieldCrop A bstr. 32,
significant effect on grain yields. Other trials on rice and maize 6833. Rice cultivar IR8 was grown in pots fertilized with urea
did not show any superiority of IBDU, coated fertilizers, or applied (a) after submersion to the soil surface or (b) injected
nitrification inhibitors over urea. deeper into the soil (200 kg N/ha at tillering and 100 kg at 

booting), or with 200 kg N/ha as (c) S-coated urea or (d)
96 The Fertilizer Value of the Sulfur-Coated Urea and Iso- N-lignin, both applied to the surface before submersion. Littlebutylidene Diurea as Nitrogen Carriers for Paddy. M. R. or no N loss occurred in (b); significant losses occurred in (a)Hanissa (Soil Res. Inst., Ministry of Agric., Cairo, Egypt). and (d) and slightly lower losses in (c). Grain yields were
In Proc. FirstReview Mcting I.N.P.U.T.S. Project(Increasing 102.7, 149.3, 83.0, and 43.6 g/l0 plants for (a), (b), (c), and
Productivit' Under Tight Supplies) (held Honolulu, Hawaii, (d), respectively, compared with 46.7 g in the control (22 ref).
June 7-18, 1976). S. Ahmed, M. Sadiq, and L. Kobayashi,
Editors. Honolulu, Hawaii:FoodInstitute;pp. 147-57 (1976). 100 Relative Efficiency of Slow Release and Split Application
In field trials in 1975 at Sackha Experimental Station, Egypt, of Nitrogenous Fertilizers and Weed Control IMethods on Yield
the effect of four forms of N, different methods of N place- of Direct Seeded Upland Rice. M.S.S. Rajan and I. G. 
ment. and time of N application on grain yields of rice cultivar Mahapatra (Indian Agric. Res. Inst., New Delhi, India). Orvza
Giza 170 was examined. The untreated control gave grain 15 (2), 117-23 (Apr. 1979). In direct seeded upland rice on
yields of 6.47 tons/ha compared with 7.30, 7.51, and 7.72 sandy loam soils of Delhi, application of a given quantity of N
tons/ha for 29, 58, and 96 kg N/ha, respectively (30, 60, and (100 kg/ha) in four splits (25-25-25-25) synchronizing with
100% of recommended rate), 7.18, 7.15, 6.79, and 7.52 four physiological stages of crop, at basal, late tillering, panicle
tons/ha for sulfur coated urea, isobutylidene, (NH 4 )2 SO4 and primordial initiation, and booting stages increased the grain
urea, respectively, and 7.51, 7.40, 7.23, 7.65, and 6.79 tons/ha yield significantly over SCU or nitrification inhibitor treated
for N applied by surface broadcast, mudball, point placement, fertilizer or neem cake mixed urea. Repeated hand weeding
shallow banding and broadcasting, and incorporation, (thrice) was very effective to control tile weeds and in,;rease
respectively, the grain yield. Best results were obtained with four split

applications of N provided weeds were effectively controlled 
9i An Analysis of Nitrogen Nutrition on Yield and Yield with repeat hand weeding (14 ret).
Components for the Improvement of Rice Fertilization in
Korea. P.L.G. Vte , C. W. Hong, and L. J. Youngdahl (Int. 101 Effect of Source and Methods of Nitrogen Application on
Fert. Development Center, Muscle Shoals, Alabama). Agron. J. Yield of Sorghum and Rice Grown on Irriqated Uplands in
71 (5), 829-33 (Sept.-Oct. 1979). Experiments were con- Bangladesh, India, and West Samoa. H.P.M.Gunasena and 
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Salecin Ahmed (Resoirce Systems Inst., East-West Center, (10-cm depth) of mudballs or urea briquets was compared 
Ilonolulu, Hawaii). Indiau J. Agric. Sci. 49 (10), 790-6 (Oct. with band placement (15-20 cm) of prilled urea by the plow 
1079). In field studies cOndLcted on irrigated uplands in sole applicator. Another treatment was regular SCU broadcast 
Bangladesh, India. and West Samoa. urea proved to be signi- and incorporated at final harrowing. These fertilizer treat
ficantly superior to S-coated urea or todder sorghum [Sor ments were compared with split application, which is the 
ghni bicolor (Linn.) Nlocnchl] at both 50 and 100%," of the N best method presently available. The first 52 kg N increased 
levels recommended for these regions. Broadcast application yields of both varieties by more than two tons/ha. Except for 
of S-coated urea Was inferior to banding as well as broad- SCLU, higher rates of N did not further increase the yieid of 
casting and incorporating methods. Nitrogen application IR36. lowever, IR42 at IRRI gave significantly higher yields 
increased the yields of upland rice (Ot:':a sative Liin.) in some with 82 kg N/ha from methods other than split application. In 
experilen ts. while a high coefficient of variation appeared to fact, its highest yield from split application was obtained at 
mask treatment effects in others (19 ref). 120 kg N/ha. Yield response to SCU at 82 kg N/ha was con

sistently higher than that to split application. With SCU at that 
102 Comparison Between Slow-Release Nitrogen Fertilizers rate, IR42 gave a particularly high yield of 7.7 tons/ha, 
and Sulfate of Ammonia for Use in Rain-Fed Rice Cultivation in suggesting that in the dry season, when demand for N is high, 
Northern Ghana. A. G;. Carson and J. F. Quansah (Crops Res. slow-release fertilizers mav be especially effective with 
Inst.. Nyankpalh/Tamialc, Gliana). (hanac .1. 4gric. Sci. 1I mediin-to-late-maturing rice varieties. 
(Pait I). 33-7 (Apr. 1077). The effiCiency of slow-release N 
fertilizers applied once at planting was compared with tile 105 Response of Rice (Oi':za satira) to the Source, the Rate, 
standard practice of applying (NIl 4 5.SO4 split at planting and and the Time of Applying Nitrogen Under Flooded Condi
at Iiaxinitm tillering stage in field trials from !973 to 1975. tions. Rajinder Sing I, Jagrup Singh, and D. S. Bains (Pun jab 
Split application of (NIL ) SO4 gave higher yields than either Agric. Univ., Ludhi, a. Punjab. India). .. Res. Punjab Agric. 
tile sttl;uir-coated urea (SCU) or the isobutyliden ditirea Univ. 15 (1), 8-14 (1t78). Bio!. A!hstr. 69. 68845. The appli
(I3DU! fertilizer under noternIranletlt flooded conditions, cation of 100 kg N/I.a one-half as a basal late as S-coated urea 
altlotii differetnces were not significant. lowever, SCU was (SCU) and one-half in two equal splits, each at tillering and 
more efficient Under permtln1 t flooded conditions than Under panicle initiation as urea, gave the highest yield of rough 
nonpermanent tlooded conditions. There were also no signi- paddy (75 q/ha) in a field trial conducted on O. saliva L. 
ficant differences in tile response to the rice cii':vars to the cultivar Jaya in Ludhiana (India) for 2 yr in the kharif of 1973 
various N soutrces. The trend was for SCU to provide optinlum and 1974. The SCLI produced 9%' more rough paddy rice (504 
grain yields when applied at time of planting. kg/ha) than was produced with urea. The application of N 

greatly increased grain yield. At 100 kg N/ha grain yield 
103 The Response of Some Improved Food Crop Varieties to increased by 13.2% over that with 50 kg N/ha. Three splits of 
Fertilizers in the Forest Zone of Western Nigeria. A. A. N: one-half at planting, one-fourth at tillering, and one-fourth 
Aghoola and G. 0. Obigbesan. In Seminar on Fertilizer Use at panicle initiation, were more beneficial than a single 
Demelomient in NAieria (held Ronle, Italy, 1974), pp. 63-77 application at transplanting. 
(1976)..Athhstr. Cassaa 5, 0066-1 1207. Fxperiments with 
improved varieties of' maize, rice, and cassava in the forest 106 Soil Fertility and Fertilizer Management. lfantila, 
zone of W. Nigeria showed that N was the most important Philipines: The Inte-national Rice Research Institute 
nutrient limiting the yield of the first two crops. Improved Annual Report for 1977; pp. 270-1 (1978). The magnitude of 
cassava cultivar 60506 responded better (64.1 tons at 90 kg N direct volatilization losses during rice fertilization was deter
at 15 non ths) to N fertilizer than tile standard local 53101, mined in field and greenhouse experiments. Maximumi N113 
which had a lower vield ceiling (55.7 tons at 60 kg N at 15 volatilization losses amounted to 18%" of the urea N and to 
nonths). Potassium increased the dry matter and starch 15% of tile ("II4)2SO 4 -N when both fertilizers were entirely 
content and total root yield of the improved cultivar. broadcast during the period of high sunlight and active algae 
Ann onium stilf'ate seemed to be superior to S-coated urea or growth. Even when surface applied, slow-release fertilizers. 
urea. particularly IBDLJ. substantially minimized NI13 volatilization 

losses. In situ release patterns of N fron placenent sites of 
104 Nitrogen Fertilizer Efficiency. In .nnttal Report .or prilled nrea. sipergranule urea, sulfur-coated urea (SCU), and 
1978. n,lania, Philippines: The International Rice Research urea in mndballs were compared in field studies. The rate of N 
Institute. pp. 250-64 (1970). Research on ways of increasing release was considerably slower in the placelent site of SCU 
tihe efficiency of N fertilizers for rice was intensified during than in that of prilled urea. stupergranute turea, or Inudball 
1978 th'rotth a collaborative proiect with the International urea. 
Fertilizer Development Center, Muscle Shoals, Alabama. Two 
general approaches-deep placement !rid slow release-are 107 The Promise and Problems of Supergranules for Rice 
being tested. Among the experimental fertilizers being con- Fertilization. B. It. Byrnes, P.L.G. Vlek, and F.. T. Craswell 

sidered, two--sulfur coated supergrantLles and forestry-grade (Int. Fert. Development Center, Muscle Shoals, Alahaina). 
sulfur-coated urea (S -were dr in Proc. l--imal Inputs Remiew Meeting (held Ilmiohith,1 lawaim an wredfirst (SCU)-were developed especially for rice Aug. 20-24, 1970). honoluhlu IIawaii: Uast-lt'cst Resource 
and were first tested in the field in 1978. The forestry-grade Sistems .nst." pp. 75-83 (1979). tlncoated sipercraiiles of 
SCU granules are approximately 10 times larger than regnlar urea were showvn to be snceptible to leaching losses at per-
SCU granules and are easier to incorporate into puddled soil. colation rates of from 5 to 20 nn/day Under silulated paddy 
The second trial of the International Network on Fertilizer Effi- conditions while S-coated stnpergrantles (SCSG) were not. 
ciency ill Rice was continued at IRRI (Alfisol) and in two Under nonleaclhed conrditions. the S-coated Slipelgra.ntles 
farmers' fields (Ultisol and Vertisol) with early maturing gave higher plant recoveries (80-85';) than tile mitrcoated 
variety IR36 and the medium-maturing IR42. Point placement stipergraitiles (60-70%). Basal applications (i urea, however. 

18 



USE 

gave. reco,.eries of' 21' to 25'. The results inIdicate Itat N 13 
vol:itili,:ititol is plohrablv the aljor loss ntecliauistn responsible 
I'mofhe poor pelt'rllilice of' basal ureIa applications when 
copared to of ura and (N S04. I)ireetdeep placement .14)2 
nle:isiirenlII of \oiatili/ation showed that approxinately 
42'; or the urea lertilier-N is lost hy this niecliaismu on I silt 
loan soil when the utlea is applied at a,rate of' 100 kglha (10 
IceI). 

108 Mvement and Distribution of Ammonium-Nitrogen 
Following Deep Placement of Urea in a Wetland Rice Soil. 
N. K. z;vaitl and S. K. De Datta (liti. Rice Res. Inst.. Los 
lam is, lIgtmMna lhilippines). Soil Si. Soc. .Im. .1. 44 (3). 
55--65 (Nlav-.tine l180). Vertical distrihtutiol of' NI14+-N 
l'ollowine suhslfice lacCII.lnt 1f difil'feret tortns of mire:iVua-, 
studied in inmcihated. undistmrbed wetllnd soil cores. For 
prilled urea , sul)ererLnule ule,. anld prilled ureat in mubdh:ls 
placed at tile 10-cm depth. pea k concentration of'NI I.,+-N was 
11ear the ilacemnent site anod decreLased with tiie, \whereals after 
placeulelI of sulflur-cloated lrl (SC'U-2 I ) at the sane depth. 
1peak conceitr:ation f" Nil.,+ increaLsed over a period of 4

to dowiwardweeks. Wit!, time', the NII 4+-N tended -now 

ntore thha m upward flon time placement sites, probably because 
of, the inuass flow of, pe, colating wIter. Movetuent and spati:3l 
distrihulioi ol' NI I, N % ie studied followitug application ot 
2- sl.Mpr.r:nMl', of' n103 (SG1') and Sulur-coated grannles of 
ureai ( -S(.SU)t ,I d.pTl o 10 cl ill transplanted Tnd ctlti-
vated welald llo\\ phts. ,\fter 2 weeks, NIl, -N con-
centmlioul Lradiit l,01 S(;I. was 1850 to 32 N/cnm3 wet 

soil. ovel a distance ot" 10-I 2 .il from the placenlent site. The 
correspondiu,_' gr:adliCtI l'MSC-S(;hi wvas 287 to 32 pg, ',,n 3 

vet Soil. over aidistmce ol" 5-7 cn fron its placement site. ForSG! I i tt',mslalitcd plots, the concentration ur~ldient 

decreasCd steadil\ tlhroigh 8 weeks, whereas for SC-S(,U it 
iticreased durii- tlie jjirst 4 weeks and thlien deceased. The 
disappetranceo' NI -N with timtle and distance froll- the site 
Of :aplplicatiou is attributed to ditltisive translhort or convective 
tr:sporl, or both, and root-sink efect. The general mtovement 
of NIl . +-N was dtwniward > lateral > Upward. 

109 Recent Developments in Research on Nitrogen Fertilizers 
for Rice. F. T. Craswell and S. K. De Datta (litt. Fert. Develop-
met Cellter. Muscle Shoals, Alabama). IIII a. .''ri'.I' l/c'' 
No. 49: II pp. (I 980). The stale isotojpe N is used it 
studies to detertinte the role Of N losses in tile low emfficiemucy 
it N ttili/amion h\ rice. Two bhsic cOIitcepS deep p'lacemeilt 
and slow re.lease i:ive been eva'ult1ted as methlods to itreWase N 
fertilier el'fi'ieuic\ for rice. Data trout 117 trials inl countries 
cooperattig ill tile International Network ot Soil Fertility and 
Fertihim.r valatituI't for Rice (INSI'FIFR pr,riamt sliox that 
deep placetlietit ol urea. briquIes or stipergrauldes and lme use 
of ;sumIlIur-co:it.d urea (SC) are both eflective ill ilcre.asinLe 
rice yields coitpared with hle traldiliowl split 'applicationl 
techniqtuties. ltoadcast of u11rea o' Ipapplicatin Causes losse, 

110 M.ethods, Sources, and Time of Nitrogen Application for 
Upland Rice. A. ThiasanIs,11nCluian, 13. 13. NMablayad, and S. K. 
)e Datta. lhilip..I. C'r/ ,Sui. 1 (4). 179-85 (1976). Field 

experiments wv.e're conducted at IRRI and at Cuenca, 3atangas, 
Philippines. to determine tile etfects ot" method, source, time. 
and N uptake of' C-22 and IRI 52-)430-3 rices grown uLde' 
rainl'ed upland culture. In hoith locations. IRI 52430'3 a 
seili-dwartf selection. produced higher grail yield. liuoro
panicles and less percentalge of unfilled grains than C22 a tall 
recotninended rice v:n iCt,, for rain fed upland rice. Slow-releasC 
S-coated urea (SCI.) wls a better source ol'N than prilled urea 
and (NI, 1),SO. when :applied at planting. either broadcast 
and incorporated oi placed in hand. Split application Wa 
better than sinele application at plantin., parlticularly in light 
textured soil. \vhein ureal andI(NI I , S04 were tile N sources. 

re aUnd (NI I., ) SO. aIpplied in 2 split rates at 30 days after 
emnereence (l)AHI and At panicle initiation or in 3 split rates at 
10 DAl, 30 DAI, and panicle initiation were as effective as 
S("U applied singly at planting ill increasing panicle numtbe; 
and grain yield otI 1othvarieties. 

111 Effect of Rates of Nitrogen and Relative Efficiency of 

Sulfur-Coated Urea and Nitrapyrin-Treated Urea in Dry Ilatter 
Production and Nitrogen Uptake by Rice. S. N. Sharma and 

lendra Prasad (Indian A Rie.Res. hist.. New Delhi. IndiaL 
I/io Soil -55 (3). 389-9 (I980). A field experiment con
duLted for two raii' seasoMS (1974 and 1975)on i sandy cday 
loam soil at the Indian Agricultural Research Institute. Ne,
Delhi showed thal at 100 k1 Vila the alppuent reco'erv of 

mrea N b\ tile rice crop was only 28';. which was aised to 
41.7'< by treating urea with Nitrapyrin and to 47.4', hy 
coatiuc urea with neejit I.-uiran/hl, in/i a Jess) cake. The recover,,y With S-coaLe urea was 37.7'. Dry tmatter pro

ductioi, N coiceittration it plantt. and uptake 1w rice were 
increaIseL as tile rate of N was increased rlou 0 to 150 ke 
N ,a..Advantage uIf treaing uiea with Nitrapyrirt or coatimic 
with neein cake was seen more in (ramn than straw vild ( 14 
ret). 

112 Effect of Slow-Release Nitrogenous Sources on Growth 
and Yield of Rice, Variety: Jaya. M. Oonitmen. c ul (College 
of.'\Lric.. Vella atui. Keraia. Imdia). .-If.ric. Re., .1. Kcrala 15 <I). 
24-8 (1 77). S'oi . , 2502. Ilt field plots alt Karnmlana 
duriig tile secIlnd crop selsol. IQ75-7( . sll'r-coted ure. 
shellac-coaited urea. 1131). ieein cake-blended trea. and 
ANI-treated i'a were ill st eliol to lurea ill terils ot .iel,! 
commponeit ts aid raitNyield. 

113 Greenhouse Evaluation of Nitrogen Fertilizers for Rice. 
F!. T. Crxswell and P.L. . Vlek (Iit. Fen. )evelopitent 
Cetiter. \htsche Sho:Ils.. \lahlmi). Soil Sci. . 'om.I. .1.4.' (6). 
1184-8 (I979). A number of imodtI1ed ire: products \ere 
exa:iIuamed in :t ,greimhose .\ixrilttent. Fertililer, \were apl',[1ied 
t ice tIWO Ct1 comiilItI, i ttergrown sSi., 0 o in 

to 50'; whereaLs pint placemiieti t Of urea stI)ergraiiiiles 10 cm ittittel titfloodit'. The reults deiotstuate the advait.es of 
deep il tle s oil iMiv restIl ill nMegiihle loss. .\t1mimoii:1 1ltili-
iatiot alppcais to he the iijoi tiechtaism (i'oN loss allthouch 

recett itlueastmrenients oI N () tluxes rit wetlatid soils pii,,ide 
cluchlsive evideitce that iitriIdctioi-deiiitriticatioti dies 

occur. Other resareh has ex:iiied tlhe effect ofIncae lnpl-
g1ait1111e placelilttit oit riot 2lowill )atterlS and oil ila. 
distlrihUlioi ill tine soil. StmpergrmUitule plaeiictt pmitides J: 
botLus of N to the soil-plant systeit hy mnot distirhing the alaLJ 
N tixation in the same way thiat bioa'dcast N fertili.crs do (I 7 
re 0. 

split :applic tioii, dcep placIitieit . Mid Comitrohled melease in 
intere:sii1, ferlilit.r effiieeny., lho\ever. the litlor ltmdinmm WAs 
thIIat a cotihiliaino (I deep lT)a,.'ei3Ttitn aid controlled release 
mestults illi a slstmilial icie.C:Ise ill t'rtihi/el N mecoMe b, the 
p):11t Thik collbiiilmioil. ili lie toi1 iio t suitful-coAied super. 
Mllles oWnU0. Nv aiiieiii atl.lminmico\ei\ of itiliier N 

b' rice oI approxitt:thvl.. 84': colmlpamed Mih (1inil\ 2S: tor 
ire JIplied in : iig.le appliaiio l t tr:slatlumtiit. B\:'sint 

N-labelin,.N hlosses of' ippli'd N %% measm ied\e I'Misel iced 
lreatilcills. lxmesik'e losses 30': Ior Decatilur soil. - 50' 
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for Crowley soil) were measured for urea applied at trans- SCU was not as effective as ammonium sulfate or urea. Zinc 
planting. Much less (- 6% and 14-24%, respectively) was lost deficiency on an upland site was relieved within I week by
of ammonium sulfate applied similarly. Point application of application of 5 kg Zn/ha. Weed control was important both 
the urea as a supergranule at the 8-cm depth reduced losses to to establishment and growth of rice seedling in mangrove
< 4%. The intermittent flooding did not promote losses, swamps. The test cultivars were salt-resistant (BD2, ROK4, 
Losses of broadcast fertilizers were greater from the Crowley and ROK7) (13 ref). 
soil (pH- 6.2) than from the Decatur soil (pH 5.0). 

117 Crop Responses and Related Beenfits from Sulfur-Coated 
114 Response of Rice to Sulfur-Coated Urea. E. C. Poll (Int. Urea (SCU). R. B. Diamond and F. J. Myers (TVA, National 
Fert. Development Center, Muscle Shoals, Alabama). In Fertilizer Development Center, Muscle Shoals, Alabama).
Agronomy Abstracts 1975 Annual Meetings (held Knoxville, Sulphur Inst. J. 8 (4), 9-11 (1972). Sulfur-coated urea was 
Tennessee, Aug. 24-30, 1975). Madison, Wisconsin: Am. Soc. tested as a N-source for several crops under different soil and 
Agron.; p. 173 (1975). Sulfur-coated urea has been most climatic conditions. It was found that SCU gives a higher yield
effective as a source of N for rice grown under conditions of rice, bernudagrass, and Hawaiian sugarcane than uncoated 
conducive to denitrification or severe leaching. This would be urea. In all the tests, it was also found that to get a high yield
under water regimes leading to intermittent flooding and/or fewer applications of SCU than of uncoated urea are needed. 
alternate wetting and drying, or heavy flooding. It has not 
been superior to soluble N sources when rice is grown under 118 Tailoring of Fertilizers for Rice. 0. P. Engelstad, J. G. 
continuous flooding. When rice is grown under water manage- Getsinger, and P. J. Stangel (TVA. National Fertilizer Develop
ment conditions favorable to heavy losses of N, basal appli- ment Center, Muscle Shoals, Alabama). Muscle Shoals,
cations of N as SCU have conisteitlv produced from 15 Alabama: TV'A, National FertilizerDevelopment Center, Bull. 
to 30% more rice than that produced with basal applications Y-52; 56 pp. (Dec. 1972). Emphasis in this project, sponsored
of soluble N fertilizers, and from 10 to 15% more than split by the Agency for International Development, was placed on 
applications of soluble N materials. It has been estimated that improving the efficiency of N fertilizers; determining suitable 
about 75% of the rice grown in Asia, and at least 50% of that P sources for rice grown on acid soils; and determining suitable 
grow, in the world is grown under water management regimes Zn sources, carriers, and methods of application. Thirty-two
where SCU would be expected to be a superior source of N as greenhouse tests and a large number of engineering tests were 
compared to the completely soluble forms. conducted at TVA. Field trials were conducted in India, The 

Philippines, Thailand. Ceylon, Peru, Brazil, and Colombia. 
115 Researches on Sulfur-Coated Urea with Rice in Korea. C. Nitrification inhibitors were found to have little potential for 
W. Hong (Inst. of Agric. Sci., Office of Rural Dev., Suweon, reducing N losses from flooded soils whereas coated, soluble N 
South Korea). In Proc. First Review Meeting LN.P.U.T.S. sources have a real potential where flooding is delayed or 
Project (Increasing Productivity Under Tight Supplies) (held intermittent. Basal applications of sulfur-coated urea (SCU)
Honolulu, Hawaii, June 7-18, 1976). S. Ahmed,M. Sadiq, and showed consistent yield increases over uncoated urea under 
L. Kobayashi, Editors. Honolulu, Hawaii: FoodInstitute; pp. such water management conditions. Basal applications of SCU 
158-70 (1976). Sulfir-coated urea (SCU) was shown to frequently were better than topdressed urea. The rate of N 
increase rice grain yield by 5% or more and there were release from SCU within the range tested, had no consistent 
different responses to varying types of SCU between rice effect on yield. Economic calculations showed SCU to com
cultivars. The recovery rate of applied N by the rice plant pete favorably where there were yield advantages. Rock 
increased up to 50% or higher with SCU. There were some phosphates of different geographic and geological origins vary
indications that the use of SCU may improve rice quality by in agronomic effectiveness. Effectiveness is correlated with 
increasing the protein content of certain rice cultivar. citrate solubility and some rocks approach triple superphos

phate in effectiveness. Relative agronomic effectiveness and 
116 Rice Research in Sierra Leone. R.A.D. Jones, I. C. price ratios of competing P sources can be used in determining
Mahapatra, and S. A. Raymundo (Rice Res. Sta., Rokupr, which source should be used on the acid soils in the rice-
Sierra Leone). In Rice in Afica. Editors, I. W. Buddenhagen growing regions of Southeast Asia. Initial soil pH is most 
ant1 G. J. Persley. London, England: Academic Press; pp. important in determining the effectiveness of rock. Most of 
223-30 (1978). Field Crop Abstr. 33. 10731. Agronomy the commonly known Zn sources are satisfactory for flooded 
trials conducted in 1975-1976 to assess the effects of soil and rice. Early application and placement are most important.
water conservation methods on rice grain yields on sloping Marked varietal differences were found in relation to response
terrain; N, P, and K application: sources and levels of P and N; to Zn. 
trace element application; and weed control on grain yields are 
presented. Grain yield data are tabulated. Upland rice cultivar 119 Studies on Nitrogen Efficiency Improvement Under 
ROK I gave 280% increase in grain yields with soil and water Flooded Conditions: I: Effect of Different Methods of
conservation when grown on sloping land. Liming improved Nitrogen Application on the Grain Yield of Rice. T. Minumoto 
yields, and NPK application + lime gave the best response. In a and T. Higashi. Bull. Fat'. Agric. Yamaguti Univ. No. 27: 67-78 
pot trial, waterlogging reduced yields markedly on soils with (19-76). The broadcast application of fertilizer N failed to 
Fe toxicity, with or without added P. Optimum P level was 25 increase the productivity of rice because of the loss of N under 
kg P20 5 /ha and all P sources gave similar results. Due to its flooded conditions. The application point placement of N 
soil amelioration properties, basic slag and/or rock phosphate fertilizer, especially mudballs, and the use of slow-release N 
is suggested instead of the current application of single super- fertilizers such as S-coated urea (SCU) or isobutylidenediurea
phosphate. Of N sources, S-coated urea (SCU) gave the highest (IBDU) reduced N loss. However, the grain yield in these 
yields of 2.64 tons of grain/ha. On the boli lands, SCU at 67 treatments were not always higher due to low N absorption
kg N/ha gave the highest yields. This slow-release S-coated urea during the reproductive stage of rice. The application of N 
appeared to be promising on swampy land. In upland culture, fertilizer at a rate corresponding to the mineralization of 
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decomposable soil organic N ensures the efficient use of N sugar beet plant height, and agronomic characteristics of rice arefertilizer. presented. Nitrogen banding gave greater yields than the other 
two methods of N application. There were no significant 

120 Studies on Nitrogen Efficiency Improvement Under yield differe-ices between the two N forms. 
Flooded Conditions. Part II: Effects of Point Placement and
Timings of Nitrogen Application on the Yield of Rice. T. 123 Influence of Applied Nitrogen on Grain Yield, Protein 
Marunioto and T. ligashi. Bull. Fac. Agric. Yamaguti Univ. No. Content, and Milling Outturn in Transplanted Rice. P. W.
29: 1-10 (1978). The point placement of N as basal applicition Pisharody, R. R. Nair, and R. Gopalakrishnan (Rice Res. Sta.,
under flooded paddy conditions was effective in stimulating Pattambi, Kerala, India). Agric. Res. J. Kerala 14 (2), 109-12 
rice growth. Growth was better in point placement (PP) as (1976). Soils Fert. 41, 7186. In field trials at Pattambi, India
basal application with peat ball (P) and urea supergranule with rice cultivar Thriveni, N was applied at 100 kg N/ha either
(USG) than application as broadcast and incorporation (B + 1) as urea (single rate or split application) or as S-coated urea.
with slow-release N fertilizers such as isobutylidene diurea (IB) Application of part of the N as a top-dressing at the panicle
and S-coated urea (SCU). Growth in the treatment with PB initiation and booting stages increased grain yield, grain crude 
was superior to that with USG. The rice yield in T-10 (local protein content, and head rice recovery compared with appli
practice: urea, 120 kg N/ha. B&I and split application) was cation of N as d single rate rate it sowing. The highest average
the highest of all treatments. In the group of the application paddy yield of 3.3 tons/ha was obtained with 100 kg N/ha as 
amount of 90-92 kg N/ha, the y'elds were about the same level S-coated urea, but this yield was not significantly higher than
(brown rice: about 4.5 tons/ha) although the yield in T-4 those obtained with split applications ofurea; the unfertilized 
(urea, 90 kg N/ha, PP) was rather low (brown rice: 4.2 control gave a yield of 1.8 tons/ha. Sulfui-coated urea also
tons/ha). The yields in the group were about 95.7% of T-10, gave a high grain crude protein content (9.33% compared with
and were not markedly reduced in spite of the application rate 6.92% for the control) and a high level of recovery of bead rice 
of about 757 N of T-I 0. In the group of 60 kg N/ha, the yield (69.3% compared with 61.7%).
in T-5 (urea, pp and split application, brown rice: 4.4 ton/ha)
of the point placement with additional application of '0 kg 124 Performance of Sulfur-Coated Urea Under Intermittently
N/ha for the reproductive growth stage was the highest of the Flooded Rice Culture in Peru. P. A. Sanchez et al (North
group. The yield was higher in T-12 (PB, brown rice: 4.3 Carolina State Univ., Raleigh). Soil Sci. SQe. Amer. Proc. 37 
tons/ha) than in T-I I (USG, brown rice: 4.1 tons/ha). The (5), 789-92 (Sept.-Oct. 1973). Short-statured, high yielding
yield in T-2 (urea. 30 kg/ha, PP) was brow:i rice: 3,7 tons/ha, rice (Oryza satira L.) varieties grown extensively in northern
The absorbed amounts of N during the former growth slige in Peru require extremely high rates of conventional N sources to
the treatments of only point placement as basal application achieve maximum yields. The recovery of applied N is 
were comparatively higher than those during the latter growth extremely low due to the use of intermittent flooding. This 
stage of rice. The absorbtion pattern of N by rice in T4 was water management system results in heavy N losses even with 
unsuitable for the high yield of rice because of the lower properly timed split applications. In search of simpler and
absorbed amount of N during the latter growth stage. The more efficient methods of N management, eight field experi
patterns in the treatments of only basal application of 92 kg ments were conducted in the region to evaluate sulfur-coated 
N/ha (T-13 to T-16) were not so unsuitable as T4 because of urea (SCU), an experimental, slow-release N source supplied
the characteristics of slow-release N fertilizer such as PB, IB, by the Tennessee Valley Authority. Rice yields were increased 
and SCU and of the lower solubility of USG than urea. The an average of 59% more by pretransplant-incorporated SCU
utilization coefficient of fertilizer N by rice was considerably than by urea or ammonium sulfate applied in the same
 
higher in the group of PP than in B&I as basal application, manner. Sulfur-coated urea produced an average of 20% higher


grain yield response than topdressed applications of urea or

121 Efficiency of Slow Release Nitrogen Fertilizers for Rice ammonium sulfate. Sulfur-coated urea applications increased

in Black Soils. G. Ramasubbareddy et al (Agric. Res. Inst., panicle production, N uptake at harvest, and the apparent
Raiendranagar, Hyderabad, India). Indian J. Agron. 25 (1), recovery of added N. Beneficial effects, of SCU were more 
129-31 (1980). Application of 80 kg N/ha as S-coated urea pronounced in sites where check yields were low, especially
to rice grown in the rabi (winter) seasons of 1976-1977 less than about 4.8 tons/ha. In sites with high N supplying 
gave paddy yields similar to thosc obtained with 100 kg N/ha capacity, SCU produced excessive vegetative growth which 
as urea applied in three split dressings; application of 80 kg resulted in yield reductions at high N rates. Regardless of an
N/ha as neem (Azadirachta indica) cake-coated urea or as assumed 48%-higher unit N cost in SCU, the overall benefits of
IBDU gave lower yields. pretransplant-incorporated applications of SCU were favorable 

since there was a decrease of 40% in the optimum rate of N 
122 Nitrogen Efficiency Under Upland Conditions-A Review and the need for precise timing of application was eliminated.
 
of INPUTS II Trial. M. Sadiq et al (Pakistan Fertilizer Co.
 
Ltd., Karachi, Pakistan). In Proc. First Review 
 Meeting 125 Nitrogen Release Patterns from Deep Placement Sites of
I.N.P.U.T.S. Project (Increasing Productivity Under Tight Urea in a Wetland Rice Soil. N. K. Savant and S. K. De Datta 
Supplies) (held Honolulu, Hawaii, June 7-18. 1976). Editors (International Rice Res. Inst., Los Banos, Laguna, Philippines).
S. Ahmed et al. Honolth, Hlawaii:Food Institute;pp. 173-90 Soil Sci. Soc. Am. J. 43 (1), 1314 (1979). Release patterns of 
(1976). Field Crop Abstr. 32, 2016. In field trials in upland N from deep placement sites of prilled urea (PU), supergranuleareas of Bangladesh, India, Iran, Pakistan, and Western Samoa, urea (SGU). sulfur-coated urea (SCU), and urea in mudball
N as S-coated urea or urea was applied at 0, 50, or 100% of (MBU) were studied in in situ wetland Maahas clay at the
recommended rates by banding or broadcast with or without International Rice Research Institute. Nitrogen release from
incorporation to detenine the most efficient way of PU and SGU was rapid during the first day after placement
supplying N to sugar beet, rice, maize, and sorghum. Data of and decreased thereafter. Nitrogen release from urea in a 
sugar beet root, maize and rice grain, sorghum fodder yields, mudball was slower than that from PU or SGU. Deep placed 
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SCL released N at a markedly slower rate than M1BI 
tlhroughout 45 days after placement. Nitrogen release from 
deep placement sites of tile forms of' ureadifferent appeared 
to he a difflision-controlled process. 

126 Effect of Nitrogen Source and Management on Ammonia 
Volatilization Losses from Flooded Rice-Soil Systems. P.L.G. 
Viek and F. I. ('raswell (Inter. Ferl. Developmlent 
Center. Muscle Shoals. Alahama ).Soil .S'i.Stw. .Ir..1. 43 (2). 
352-8 (1079). Ammonia \olalili/ation was studied h\ 
eqipping capped greehoIuse pols with a forced-draft system 
with external acid trap or by placelent of open pots in a 
closed V,as-lvsimeler (allowing plant growtlh with internal acid 
Iraps. In hoth s\ tems air tnrhnlence was optili/ed to shin-
late tudistmihed open systems. Flooded soil:' were fertilized 
with appromximtely 50 or 100 kg N/ha ot'granullr urea (GU). 
anm1onilm u sull 'ute (AS). and tw muodified urea products-
sulftr-co:led urea (SU') and 'la: suipergrantle (I'S(;). The 
I'irst three materials were hr,,Ldcast and incorporated, whereas 
the last was placed alaidepth oI'S cut. .\iumnonuia volaltili/alion 
rlm1 nrea p)oceedd rapidi\ fkllowing hydrolysis of' urea 

in the floodwvate.t leading to losses oft)up to 50'; Of the applied 
urea within 2 to 3 weeks. Ammnia f'roniloss (NII40).SO 4 

OccUrrcd to a lesser exteiit due to a lack of' alkalinity auld 

N-deficiency symptoms late in the growing season. This was 
thought to be due to leaching of N under the irrigation regime 
used. Sulfur-coated urea, a low release N source, was 
compared with anmmonium sulfate alone and in combinalion 
with anmon110itlum sulfate. There were nine treatments, six 
consisting oif all or part of the N ,ipplied by SCU. All plots 
receiving SCU yielded lhiuher than the check or plots receiving 
only aimninniti sulfate. At 448 kg/ha of N. S(U plots yielded 
44.4 tons/ha and the ammonium sulfate 37.6 tons/ha. At tile 
224 kg/ha the respective yields were 37.0 and 37.7 tons/ha. 
When the N was supplied as two parts from amminnitll sulfate 
and one part SC(I. the mean yield of' hothi rates was 20.0 
tons/ha, and when the ratio of N from each source was I:1, 
tile mean yield was 42.0 tons/ha. The control yielded 33.0) 
tons/ha. All yields are silage at 70'; moisture content. 

129 The Effect of Sulfur Coated Urea, Urea, Ammonium 
Nitrate, and Ammonium Sulfate on the Yield o; Corn. 
R. II. Follett (Kansas State University. Manhaltan). Ill.1m-
Inomou,Ihmracts 1974 ,llnnual 11heting.s (held Chicago. Illilois, 
Nov. 10-15. 1074). M1adison, ltisconsin: ,lIm. Soc.,tgron.: 
p. 149 (1074) A nitrogen source and rate study with corn 
(Zea i'nq's) was coiducted for 3 sr (1971 -73) on a Crosby sill 
loam at Columbus, Ohio. The N sources used in this study 

occurred at a nhearly Constant rlMe, acclllmulllillg to 15., loss ill were sulfur-coated urea, urea. alllulOnlitlll lnitrate, an1d 

3 weeks. AnmonMia losses from the mIodified urea materials 
were Ineeliuihle. Soil pll had little effect on the pI I of the 
tloodwatcr andIh.lls. On aimtonia process.tlhe volatilitaion 
lowever, annonia volatilization losses were generally reduced 

by factors that reduced tlme level of' miunoniacal N in the 
floodwater. snch as increasijg soil Cl'(C and reduced N appli-
cation. Daily antuttonia vola ililation losses correlated well (r = 

0.92) with the NIIj (aqua) concentrafion of the floodwater 
1000 and 1100 hr each day. This observationsampled between 

holds promise for tiledevelopmenllt of a simple fechniqu, 
for assessin- anm onia vol,tili/ation losses frin flooded soils 
based on simple physical and chemical parameters of tlhe 
floodwater, 

127 A Con-.,arison of Sulfur-Cotited Urea and Urea on Corn 
Yields and Soil Profile Nitrate-Nitrogen Content after Three 
Years of Application. 1).11.Samder :iod 'W.J. Moline (Univ. 
Nehraska. Lincoln). ,,roni, y .tllslirac'9li.. 19741 Im1al 
,'eii,o (held Chica,,. Illinois. Nov. 10-15. 1074). Madion. 
lW'is'onsin.: .Iin. SocI. ..p. 154 (1074). Several rate's of' 

suil fur coated urea iud uleais ere studied oi a sandy soil With a 
water table aI 1.5 in amid a deep hess soil in eastern Nebraska 
under irrigaled corn production from 1070 through 1972. 
Soil prolile samples \were taken after 3 yr of' applicalion of N 
rates up t 3t6 kg/ha. Yield was chiaracteried hv drhy matter 
production. grail yiel gain !i 'oragc ntio, and N uptake. 
Most applied N \',asle:ched fotn ile said soil while the loess 
soil relainled slbstalltial amlllotlS of* nitrate-N in time soil 
pIm011le. little diffeeiice was Ititiuid hel\veei the effectiveness 
of the two forms of' N oi either yield perforiance or nitrate-N 
leaching potential. 

128 Nitrogen Sources for Corn Grown on a Gravelly Loam 
Soil. W. I). laws. .. R. Rohis, m :di S. 1. Nelson (fBrigham 
Yougo Univ., Provo, Utah). Ill .,gmonm', .-lhsl'acts /074 
.nIone! .lh'ciin.'.s (held Chicago. Illinois. Nov. 10-15. 1074). 
Madis , t'is'onsin: Am. toc.Igupo.' p. 151 (1074). In 

annonium sulfate. Nitrogen rates were 0. 00. 180, and 270 
kg/ha. The N treatments were broadcast and disked inl just 
prior to planting. Uniforn P and K treatments were applied as 
a row fertilizer at planting timle. Tissue samples were taken at 
silking time for plant analysis. The 3 yr data indicated that 
there was uot a significant difference between N source on the 
yield of' corn. The amount and distribution of rainfall during 
the growing season influenced the yield of corn almost as 
t 
much as N rate .A large amount of rainfall during the early 
part of tlte 1073 growing season resulted ill N deficient corn 
for all N rates and sources used in this stlldy. 'Fliere was a 
significant increase in the amount of S found inl the plant 
tissue for silf'lur-coated urea and allllnlilltni sulfate after the 
2nd yr. 

130 Comparison of Urea and Sulfur-Coated Urea as Nitrogen 
Sources for Corn. C. S. Baldwin and C. K. Stevenson 
(Ridge town College Agric. Tech. Ridgetovn. Ontario, 
Canada). In I,,ronomr Astrarts 1974 .Alnallheits (held..
Chicago. Illinois. Nov. 10-15, 1974). ,lladismi, ll'i'cosium: .. I. 
Soc. ,,liron.."P. 140 (174). Field experiments were conducted 
on eigzht clay and clay loam soils to compare tie yield response 
of corn (Zo mats L.) to urea and sulfur-coated ure:i (SC"UL 
applied the prvious fall. an11din the spring before planting. 
Nitrogen was applied at 5o. 112, 108. and 221 kg/ha of 
additional N over and above a uniform application of N. I,and 
K handed at planting time. Additiomal llCamnts inIcluded in 
these experiinients were a check plot wilh no additional N. and 
an anhydrous aimionia sidedressed application. In one tri: 
Iirea gave signiflcan tly higher yields than S('. hoth illthe 'all 
alld illthe spring (364 and ot kg/ha, respec(ively). li three 
trials there was very little or no difflencC bewOeen i lie ts 
materials applied in the fall. however, urea ive dighlks higher 
yiehls than SCI W'l1e applied in the spring. In 'our trials S(' 
gave sligtly higler yiels than inea wch applied in the fall. 
however, there was very little or no diferelice lielvee the 

attemttpts to I)roliice maximum yields o ' corn silage oil two materials whlen applied ill ile sprhin. 
Bingham gravelly loam. application rates of N utpto 450 kg/lta 
had been used. Even am lhis liih iate. the corn developed 131 Efficient Use of Nitrogen by Corn. I).F.likem aid laimies 
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Slhulford (Pennsylvania State Univ., University Park). Ili and J. J. Mortvcdt (TVA, National Fertilizer Development
Agronom.i .. 1974 Anmual Mfeetings (held Chicago,'hstrac'ts 


Illinois, Nov. 10-15, V)74). ,1atdison. Wisconsin: .Am. Soc. 
*lgron." p. 146 (1974) The objective of the study was to 
develop a systeui ot' chemical monitoring o'soil and N fertili-
Zalioll of continuous corn. For lIlacerstown silt loan it was 
assumned that nitrate-N more than 4 ftwithin tileprolilc would 
not be recovered. Rates of' N were 84, 140, 197, and 253 
kg/ha applied as N),tnea (45'; N), papernill sludge (5'§; and 
stilf'ur coated urea (36.8; N with 12c; dissolution in 7 days) 
plowed down in tilespring prior to planting: other plots
received poultryvttn tre (5,; N) and urca (45"( N) side-dressed 
5 weeks after planting. All plots teceived 20 kg/ha with the 
corn in30-in. rows. The experimental design was aIfactorial 
with three replications. Grain yields averaged 9715 and 9778 
kg/ha in 1t072 and 1073, respectively. Over all tnethods of 
application, grain yields \'ere not significantly different over 
rates oftN in 1972 or 1973. Only in 1972 corn yields were 
significantly lower on plots treated with papermill sludge.
SntItlr coafted itrea was not difterent from uncoated urea with 
respect to corn yields, leaf N. or movement of iitrate-N within 
tle soil profile. The lack of response to higher rates of Nwere 
attributed to high initial levels of nitrate-N within the soil and 
lower rales olleacliig Itan expected. 

132 Effects of Manures Ammonium Nitrate and Sulfur-
Coated Urea on Yield and Uptake of Nitrogen by Corn and on 
Subsequent Inorganic Nitrogen Levels in Soils in Southern 
Quebec Canada. P. L. Miller and A. F. Mackenzie (McGill
Univ., Canada). ('an. .1 Soil Sci. 58 (2), 153-8 (1978). Effects 
of' added N itt tie fOrni of' amnioniuni nitrate, S-coated urea,
solid cow mti1111re. liq nid hog ianure and liquid hog manure 
plus straw oti yield, and N uptake of corn (Zea mays L.)
\%,erc deterttined in 1971. Residual effects of the fertilizers 
were Itiaslired iti 1972. Levels Of'added N were 150 kg/ha, on 
three soils Varyine ill texture. Ill1971. highest yield and N
tiplake was f',und using NII 1 NO3 . followed by S-coated urea. 
The Iantiures were not different than the control. and the 
averaUe values with liqlid Manure phis straw were generally
lowest. AtntinituIll nitrate treatments had the lowest mineral 
N levels in lhe soil profile in September. iAnmoiionm nitrate 
was coisidered to have tilelowest pollution potential,
asstlii that fall-acctliilated inorganic soil N was a hazard 
for piulltioti of groundwater. 

133 Efficiency of Nitrogen Recovery from Contoolled-Release 
Urea Under Conditions of Heavy Leaching. J. J.Oertli (Univ.
Caiiftorti ia.Riverside) ;.lvqwhimica 19 (34).326-35 (I975).
Single aipplications of' slow-release N fertilizers (S-coated urca)
front 7.5 to nearly 30 g N/pot (10 kg sand) supplied s1ifflicient 
N for one orf two crops of corn plants insequence under 
severe leacling contdiiions. Sihseqtuent crops oif stinflowers or 
toiltatoes became increasingly N-deficient hecause of 
exhatstion oflthe N supply. li spite of heavv periodic
leaching, arotitid half ot1tileapplied slow-release f'ertilizer was 
recovered by plants. Iticontrast. recovery frot conventional 
urea uider cotmparahle conditions was only 14", . These 
xperileti ts deiiothstrate that plants call le grown successfuilly

with S-0atted urea tile source of N and, under veryas Sole 
a'xtreue leachigu conditions, the efficiency of' N recovery is 
icreas'd front 10 to 50 fold ihroughl the use of slow-release 

rertilizers. 

134 Nutrient Effectiveness in Relation to Rates Applied for 
3ot Experiments: I. Nitrogen and Potassium. G. L. Ternan 

Center, Muscle Shoals, Alabama). Soil Sci. Soc. Am. 1.42 (2).
297-302 (1978). An N source experiment was conducted on 
infertile Mountview soil (Typic Paledult) to evaluate tour N 
sources at multiple rates of applied N and P. Granular 
aminoniun nitrate (AN), sulfur-coated urea (SCU), oxamide 
(Ox). and isobutylidene diurea (IBDU) were cvaluatcd for corn 
(Zea mays L.) at N rates of 0, 400, 800. and 1200 mg/pot (5 g
of soil). each at P rates of 0,60, 120, 480, and 960 mg/pot.
Yield response to applied N was in the order AN > SCU > 
Ox > IBIDU at the higher rates of applied P.At 60 and 120 ng
of applied P,P was too deficient for satisfactory evaluation of 
tileN sources. In an experiment vith flooded rice (O0,':a
sativa), P limited yields less than did N. Ilother N-P and P-K 
factorial experiments, rates of other nt rients and length of 
growth period also greatly affected crop response to applied N 
and K. Satisfactory evaluations of N or K sources are therefore 
possible only at adequate rates of nontest nttrients. Nutrient 
rates adequate for small greenhouse pots are ntich higher than 
rates equivalent to normal rates recommended for crops grown
under field conditions. Length of growth period and other 
arowth-liniting factors are equ:illy itportan t. 

135 Modified Sulfur Coated Granular Urea for Controlled 
Nutrient Release. 0. R. Ltnt (Univ. California, Los Angeles). 
Trans. 9th Inte-n. Congr.Soil Sci. 3: pp. 377.83 (1968). Field 
tests were conducted with urea coated with S and a plasti
cizing agent and sealed with a soft wax. Yields and N recovery
by corn were as good froti a single application of coated 
fertilizer as from three applications of regular urea when 
irrigation practices were carefully managed to avoid large
leaching losses. Under high leaching conditions, yield and N 
recovery from comparable applications of coated urea were
superior to uncoated urea. The coated materials show sub
stantial release at slow rates for 80-100 days. 

136 Comparative Efficiency of Soluble and Controlled-
Release Sulfur-Coated Urea Nitrogen for Corn in Tropics.
R. C. Dalal (Univ. West Indies. St. Augustine, Trinidad). Soil 
Sci. Soc..,Inwr Proc. 38 (6), 9704 (Nov.-Dec. 1974). The 
efficiency of the soluble-N sources, amunonitm sulfate (AS). 
urea-anmnonitini phosphate (LJAP) and urca and controlled
release-N sources. S-coated urea (SCU-8.9, SCU-I.1, and 
SCU-0.9) of differing N-release rates (applied at 50, 100, and 
200 kg N/ha to an acidic soil) were compared in terms of' N 
uptake and grain yield of corn (Zea ma's L.). The apparent N 
recovery of added N. calculated by uptake differences from 
the control plots, was evaluated front N uptake by the two 
successive crops, one in season other inthetle wet and tile 

following dry season. In general. N uptake, grain yield. and
 
apparant N re,:overy were increased by added N in tileorder: 

)
SCLI-0.c = SCLI-1 .1 > SCU-8.9 = Urea > UAP = AS: which was 
opposite to the nitrification of tiese N sources except that 
the perfor'mance oft urea was better than the other solhble-N 
sources, primarily because it had a smaller effect oilsoil pli
and exchangeable Al. The imclusion of inicrobicide iii tile 
S-coatings of SCU had no influence ot N efficiency or uaii 
yield. More N was recoveredtfronm SCU with slower N-release 
characteristics irrespective tfcoating wt. Apparent recovery of 
aldded N was almost complete frnItireca. SC[U-8.1, SCU- I, 
and SCIJ-0.9 when applied at the rate of 50 kg N/Iha. al though
the recovery at 200 kg N/ha was ahout 5V). The "priniing 
effect' of solhle-N siturces oh soil N w:Is observed. It 
appeared that release of fixed NII4+.N was pritiuarilv
responsible for the priming efect ott soil N. 
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Rate and Use of Plastic Paleudult. fine silty, siliceous, thermic) at Cookeville,137 Effects of Nitrogen Source and 
on Yield and Nutrient Status of Corn. M.C. Lutrick Tennessee. Two dissolution grades of SCU were comparedCovers 

and W. K. Robertson (Univ. Florida, Gainesville). Soil Crop with NaNO 3 and uncoated urea, at rates of 112 and 224 kg 
Sci. Soc. Fla. Proc. 32; pp. 87-9 (1973). Sulfur-coated urea N/ha in 1972-73 and 168 and 224 kg N/ha in 1974. Grain 
(SCU) designed for slow release of N, was compared to yields were measured and relative efficiency of fall application 

and response to rates, sources, and dates of application wereN-I4NO3 in corn production ol a Tiiton fine sandy loam 
(Plinthic Normuldult). A basic application of 54-70-i34 kg/ha calculated. Soil concentrations of NH4 - and N03-N were 
of N-P-K was applied just prior to planting. Additional Nat 81 measured on some treatments. Soil temperature at 10 cm 
or 216 kg/ha from each source was banded with and without a depth was recorded during the winter and early spring of 2 yr. 
25 cm strip of black polyethylene cover. There was no yield There were little or no differences in corn grain yields between 
respor for rates or source of N but a significant yield fall and spring applications ot 1' at the 224 kg/ha rate. At the 
inc: was obtained when the plastic strip was used. When lower N rates, spring-applied N increased yields compared to 
the .orn was in the early dough stage tile soil N content was fall-applied N. The relative efficiency of fall compared to 
significantly less than all other treatments where 81 kg/ha of spring application of the materials, averaged for 3 yr, was 0.52 
NIHI4NO3 was added and significantly higher than all other and 0.86 for NaNO 3 at 112 and 224 kg N/ha, respectively, 
treatments where the 216 kg/ha SCU was added. The soil N 0.49 and 0.95 for uncoated urea, 0.80 and 1.10 for SCU-1, 

and 0.72 and 1.03 for SCU-2. Nitrates leached to a depth ofcontent was the same for the 216 kg/ha NH4NO3 and the 81 
kg/ha SCU treatments. 45 cm or more during the winter and early spring in plots

treated with NaNO3 and uncoated urea. Conditions were 
138 Use of Urea and Sulfur-Coated Urea for Corn Production probably favorable for a slow but significant dentrification 
in a Tropical Soil. R. C. Dalal (Univ. West Indies, St. rate at tim.. during the winter and early spring, leading to the 
Augustine, Trinidad). Soil Sci. Soc. Amer. Proc. 39 (5), 1004-5 belief that dentrification may have caused some of the 
(Sept.-Oct. 1975). Placements of applied N at surface and at decreased efficiency of fall-applied N. Although SCU was more 
the 5-cm depth at the rates of 50, 100, and 200 kg/ha of urea effective than NaNO3 or uncoated urea, fall-applied N from 
and S-coated urea (SCU) were used to measure changes in any fertilizer source wotd be less effective on subsequent 
grain yield and N uptake by corn (Zea mays L.) grown during spring and summer grov',h than spring-applird N under similar 
the wet season in Trinidad. Sulfur-coated urea performed soil and climate conditions. 
better than urea. Surface applied SCU was more efficient than 
when placed at 5 cm depth. Urea placed at 5 cm depth was 141 Slow-Release Nitrogci, Fertilizers Applied in Fall for 
more efficient in corn production than when applied on the Corn. E. G.Beauchamp (Univ. Guelph, Guelph, Ontario, 
surface. Canada). Can. J. Soil Sei. 57 (4), 487-96 (Nov. 1977). Slow

release N fertili7eis were considered as efficient sources 
139 Effect of Sulfur-Coated Urea on Nutrient Uptake by of N for fail application to corn (Zea mays L.). Accordingly, 
Maize (Zea mays L.). R. C. Dalal (Univ. West Indies, St. S-coated urea (SCU) and crotonylidene di-urea (CDU) were 
Augustine, Trinidad). Trop. Agric. 54 (1), 47-52 (Jan. 1977). compared with urea in several field experiments. Neither SCU 
The effects of soluble sources of N, (NH4)2SO4 (AS), urea nor CDU were shown to be advantageous over urea in terms of 
ammoniumn phosphate (UAP), and urea, and controlled release grain yield. Similarly, the N content of the leaf opposite and 
N sources, S-coated urea (SCU-8.9, SCU-I.1, and SCU-0.9) of below the ear did not show a greater availability of N from 
differing N iclease rates, applied at 0, 50, 100, and 200 kg/ha ;CU and CDU than from urea applied in the fall. Response to 
on an acidic soil, were compared in terms of P,K, Ca, and Mg residual N from previous applications of urea, SCU, and CDU 
uptake. Phosphorus uptake usually increased with increasing N was obtained for 2 yr after application. There was atendency 
rate and SCU-I.1 and SCU-0.9 gave larger uptakes of N and P for a greater response to residual SCU. The concentration of 
than the soluble N sources. When the N rate of AS was N0 3 in the 0- to 18- and 18- to 36-cm soil layers was usually 
increased from 100 to 200 kg/ha, Puptake was not increased, less with slow-release N fertilizers than urea at early May 
possibly because of the adverse effect of increasing exchange- sampling times. By mid-June, the N0 3 concentration had 
able Al. The same change in N rate of AS and UAP tended to increased substantially with both urea and the slow-release N 
depress K, Ca, and Mg uptakes. On increasing the N rate from fertilizers. In 2 yr when urea was applied in the spring, the 
100 to 200 kg/ha, SCU-1.1 and SCU-0.9 increased K, Ca, and N0 3 concentration with spring-applied urea was higher than 
Mg uptake. The factors responsible for the differetices in with fall-applied urea. This reflects the greater loss of N during 
nutrient uptake due to N sources were probably the tile winter months with fall-applied urea. After growth termi
differences in nitrification rates and consequent changes in soil nated in the fall, N03- apparently continued to be released 
pH1 and exchangeable Al, soil NH 4-N:NO4 -N ratio, and the from urea and slow release N fertilizers at similar rates. Thus 
maintenance of soil N03-Nlevels during crop growth. slow release N fertilizers also have potential to contribute 

significantly to the N0 3 concentration in drainage and140 Fall-Versus Spring-Applied Sulfur-Coated Urea, Uncoated 
Urea, and Sodium Nitrate for Corn. W. W. Frye (Tennessee groundwaters. In general, there was i o noteworthy difference 
Technol. Univ., Cookeville). Agron. J. 69 (2), 278-82 (Mar.- betweei. SCU and CDU in this stu-dy. Also, slow-release N 
Apr. 1977). The practice of applying fertilizer in the fall for fertilizers did not show any agronomic advantage over urea 
crops grown the next summer is advantageous to the fer- when applied in the fall. 
tilizer manufacturing and marketing sector as well as saving 
time for farmers in the spring planting season. Sulfur-coated 142 A Comparison of Terrazole- and N-Serve-Coated Urea 
urea (SCU), NaNO 3 , and uncoated urea were applied in field with Conventional Urea, Anhydrous Ammonia, and Sulfur
experiments during 1972-74 to compare their efficiency in fall Coated Urea as a Fall and Spring Application of Nitrogen to 
appliotion with spring application for the production of corn Corn. A. G. Taylor (Southern Illinois Univ., Carbondale). 
(Zea miays L.) grain on a Mountview silt loam soil (typic Thesis; 54 pp. (Aug. 1976). Field studies were conducted to 
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determine the effects of nitrificide-coated ureas and S-coated 145 Sulfur-Coated Urea and Urea Compared as Nitrogenurea as fall and spring fertilizers on corn vield and soil mineral Sources for Irrigated Corn. D. II. Sander and W. J. MolineN statu . Yields w%,ere not affected by use of N-serve. Terrazole, (Univ. Nebraska. Lincoln). Soil Sci. Soc. A Jni..1.44 (4). 777-82or S-coatcd nrea. Mineralization of N in the early spring (July-An2. 1980). Sulfu~r-coated (SCU) was compared !o ureacompensatcd for anv over-winter losses of fall-applied terti- to determine their value as N fertilizers for irrigated corn fi'omlizers, aid conditions favorijie denitrification did not llrevail 1970 through 1972. on a Cass sandy loam and Ilolder silt,f, lowlil! sprilig terlilizer applications. Both N-serve and clay loam. Results indicated little difference between theTerrazole were pa rtially effective in suppressing nit rification of performance of life two N fertilizers in terms of grain, forageurea N from time of fall application to time of planting. yields. or in N uptake although N front SCU tended to be lessThe 1.0', N-serve and 1.5'; Terrazole were the most effective available than from urea. After 3 yr of application, morerates teSteL il retarding flitrificatiol of' fall applied fertilizers. NO 3-N was found in the root zone with SCU than urea. ThisN-serve at 1.0'; with spring applied urea was the only inhibitor was especially apparent on the file-textured lolder soil and totreatiuent efIctive in suLppressing nitrification for 30 day, a lesser extent on lhe sandy Cass soil. While the increasedtollowing the plantiLg date. lad CoiilitioiiS been more favor- NO 3 -N found :lfter 3 yr in the root zone did not affect fertiable for denitriticatioi or le:aching during this time, serious li/er N need, data does suggest that SCU has potential forlosses of' N cold have occured,. increased N efficiency by, reducing leaching Under miioderate 
leaching situations. The data emlhasizes the143 need for moreEffect of Urea, N-Serve, and Sulfur-Coated Urea on accurate N recommendations that will access NO 3 -N in theGrowth, Nutrient Uptake, and Yield of Corn (Zea ma.s L.). root zone. N mineralization potential of the soil, and N in theA.M!.0. F] Wall F. Le G rand. a1d G. J. Gascho (Univ. Florida. irrigation water. It was possibleGainesville). ;oil (-'qp S'i. Soc. I/a. lProc. 38,- 1p. 1-3 (1979). 111tm corn 

to grow 92 to Q4c¢ of mnaxi
yields withou f losses of N to the groundwater (21Uxcessive leach ing ()i applied N is often a cause of low yields ref).


for Coin (/ca ll's I .) gion ool sandy soils in Florida. InI this

study three SCIU products were compared with equal rates of 
 146 A Comparison of Sulfur-Coated Urea and Other NitrogenN front ureai with and without N-Serve or S applications. Sources on Corn and Small Grains. C. E. Rivard (Univ.N-Serve at rates of 0.2-8 and 0.56 kg/ha was mixed with urea Maryland. College Park). Diss. Ahstr. hIt. B 38 (10), 4580just before t le fertilizer was applied to the field. Sulfur was (1978). Sulfour-coated urea (SCU), NH 4 NO 3 (AN). NaNO 3 .added ill powdered formi to the urea at rates equivalent to the and tirca were comipiLared in five field experiments in Marylandamotint of S in each of"the three SCU products. The fertilizers on four soils for winter wheat, barley, and spring oats. Rateswere applied il filrrows at the equivalent rate of 135 kg/ha of' of N of' 0. 67. 134, 269, or 538 kg/ha from each source wereN. Subsoil placenent (If'uea with and without N-Serve of S broadcast for corn and either plowed under or disked insignificanlly reduced seed germination and plant vigor until before planting. Corn grain yields in 1971 were not increasedthe twelf[th week when compared with SCU products. Urea beyond the first increment of N: vields and uptake of N. P,with ind wliout N-Serve or S significantly increased the and K were similar among N sources. Residual effects on corn 
percent N ill lealf during tlhe first 8 weeks when compared with yields in 1972 were higher with SCU than with urea or nitrateSCII products. l)f'ferences between treatments were not sources. Wheat grain yields were significantly lower withsignificanmt for N content of the leaves during the rest of- the topdressed SCL than with or AN.urea For topdressing smallglowillg season and for grain yield. Analysis of soil samples grains ii, fall, SCU, AN, and urea had similar effects on yields.taken al the eud (If the exlperiient revealed significantly Ilighest yields resulted with soluble N applied in Februat\ or
higher N content iii plots fertilized with SC products than early March. 
in those which received the other treatments (15 ref). 

147 Effect of Urea and Sulfur-Coated Urea on Wheat and144 Nitrogen Fertilization of Maize on an Oxisol of the Cerrado Maize Yield in Afghanistan. A. Q. Samin (Univ. Kabul.of Brazil. T. L. Grove. K. 1). Ritcliey. and G. C. Naderman. Jr. Afglianistan)..okemi ess Talaftan 24 (1-2), 17-22 (1975)(Cornell Univ., Itliaca New York). Al,,,on .1. 72 (2). 261-5 (ilting). In a field experinent. application of 100 kg N/ha ap(Mar.-Apr. 19,O). Six crops of 'Cargill I I I' maize (Zea nn's peared to give highest yields of wheat and maize. Split appli.
[.) were plaited 
oni aii Oxisol off the Cerrado (it' Brazil to cation of urea (one-half at sowing and one-half as topdressing)detfine ie N fertili/er response curve, estimate increase in N had about the saiie effect as SCLJ. and at 150 kg N/ha was notc niitelitof" ab,wegroundldry matter/unit fertilizer, estimate much more effective than a single applicatin at sowing time.soil N smipplv. leleriiiie the effects of, timing of application Potassitim did not increase yields of'wheat or maize.Oniiyield and N recovery, and coniare collvelltional and
S-coated tuea. Yield increased significantly wilh N fertili- 148 Nitrogen Fertilization of Corn and Sorghum Grown inzatio. Average maxiinumi -rain yield (If 6.1 it/ha resulted Oxisols and Ultisols in Puerto-Rico. R. II. Fox. 11. Talleyrand.fromi application(if 2t03 kg N/ha. Recovery of' fertilizer N and D. R. 3ouldin.t.gron .1. 66 (4). 534-40 (1974). Threevaried with applicaliol rate from 60'; at 60 kg/ha to 35', at rates and two tiies of application of fertilizer N were applied220 kg/ha. A single application of fertilizer 30 days after to 15 corn (lea mavs L) aiid three sorgliuim (Sorghltnw hicolor
plaiting prodiiced the siiie yield and N recovery as split Moemici) crops On two lltisols and three Oxisols during fiveapplicatioiis at 20 and 60 days. Neither S-coated urea nor successive growing seasons in Puerto Rico to determin 
lime-co~ated NII,,NO,, prtduced yield-reater o N recovery m(ost effective icansthani convenitional of atiplying fertilizer N to these crops.urea. Averawe N contnit of above-romid /d\ddiliOnal 01bJectives were t0 dtlermiiie thlie apparenit recoverydry i aller at mitaximlmlo vield was 1.1,5(; Average uptake of of fertilizer N by the crops: lhe interrelatiolslips betweeisoil N was 70 kg/ha/crop. There appears to be no fundamental crop yield. N fertilization aiid soil inorganic N conitent : anddifference in response of iai'e to N fertilizer between Oxisols the etlectivelless (if slow-lelealse sullrI-coated nluea. Soi!s hadand souils of the teimiperate regions (21 ref'). beei uder culivatioll fI', :t least 50 vr and eceivedl 
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relatively high rates of fertilizer for the last 20 yr. The results 
indicated that: (1) postplant sidedress applications of fertilizer 
N resulted on the average in higher yields and plant recovery 
of fertilizer N than preplant aplications: (2) when there were 
no limiting factors of climate or disease, and there was a 
response to N, the recovery of postplant applied N was corn-
parable to that observed in temperate areas- (3) maximun 
corn grain yields were approximately 6.3 mt/ha: (4) near-
maximum corn grain yields were obtained with 67 kg/ha of 

iOstplant-applicd N: (5) preplant-applicd sulfur-coateft t."-a 
was no more effective than preplant urea in increasing yields 
or N recovery: (6) soil inorganic N content was generally not a 
gTood index of soil N supplying power in these soils; (7) 
drought and disease frequently reduced yields: (8) there was 
very little residual effect of the fertilizer N applied in this 
experiment: and (9) the clayey Oxisols and Ultisols in Puerto 
Rico had a relatively high N-supplying power. 

149 Timing the Application of Nitrogen to Maize in Sierra-
Leone. I. llaque (Univ. Coll. Swaziland, Luyengo, Swaziland, 
Africa). l:xp. Agric. 1.5 (3), 247-52 (1970). Application of all 
the N (urea) at planting or thinning gave lower leaf N values 
alld relatively poor yields compared to split applications. 
Lower grain yields in tile minor season night have been due to 

resulted in lower yields than in the other sources. Maximum 
grain yields resulted after a soluble N source was applied in 
late March. Corn grain and silage yields following 0 to 537 
kg/ha of N-plowed down indicated that these N sources were 
generally comparable. Residual soil N in 1972 following a 
1971 application of 537 kg/la of N resulted in grain yields on 
the SCU plots nearly double that obtained from the other N 
sources. Nitrate N concentrations in tilesoil profile were
extremely variable. Soil nitrate levels from SCU were generally 

much lower immediately after application than from the other 
sources. By October, high nitrate concentrations still occurred 
under the SCU plots regardless of soil texture or rainfall. Soil 
nitrate concentrations ranged from very high to very low for 
the soluble sources depending upon soil texture and rainfall. 

152 Response of Irrigated Corn and Potatoes to Sulfur-Coated 
Urea. L. M. Walsh and E. A. Liegel (Univ. Wisconsin, Madison).
In Agronomv A bstracts 1974 Annual Meetings (held Chicago, 
Illinois, Nov. 10-15, 1974). Madison, Wisconsin: Am. Soc. 
Agron., p. 156 (1974). Potatoes (Russet Burbank, Solanutm 
tubero, ,.) and corn (Trojan TXS-102, Zea ma's) were grown 
on irrigated Piainfield sand (Typic Udipsamment) 3 con
secutive yr. A single application of urea, a sp t application of 
urea, and a single application of sulfur-coated urea were used 

plr and inadequate rain fall. Basal application of SCU (S- as N carriers. Nitrogen rates used were 67, 134, 201, and 268 
coated urea) did not seem to release enough N for naximum 
grain yield of maize. Total N (urea) in the major and minor 
seasons may be phased in 2 splits, one-half N 30 DAP (days 
after plating) + one-half N 50 )AP or one-third N at planting 
+ two-thirds N 25 DAP, respectively, 

150 Performance of Sulfur-Coated Urea as a Nitrogen Source 
for Irrigated Corn, Grain Sorghum, and Dryland Wheat. L. S. 
Murphy et a/ (Kansas State Univ., Manhattan). In Agronownyv 
1bstricts 1974 Annual teetings (held Chicago, Illinois, Nov. 
10-15. 1974). jAzdism, Witisco)iin.- .4int. Soc. Agron.; p. 152 
(1974). Sulfur-coated urea (SCU-30) has been evaluated along 
with anhydrous ammn10ia, urea, ammonitml nith.te, and 
nitrogen solution (UAN) as a source of N on sandy, i'rigated 
soils in central and western Kansas. The slow release N product 
SCU-30 has shown little, if any, advantage as a N source for 
row crops where leaching of preplan t N can occur. Plant 
com positioni studies did not indicate higher concentrations of 
N resulting from the use of SCU-30. Studies of fall and spring 
applied N for winter wheat under dryland conditions have 
shown no advantagee for SCU-30. Locations in south central 
Kansas in 1973 and 1 74 were subjected to extremely heavy 
rainfall and leaching in the fall of 1072 and 1973 after pre-
plint N applications For wheat. Sulfur-coated urca-30 per-
formed at a level equal or inferior to both irieaand ammonium 
nitrate. Plant composition data indicate no advantage in N 
uptake resulting from the slow release material. Notable delays 
in N response were noted from tlie use of SCU-30 in the spring 
of 1974. 

151 A Comparison of Sulfur-Coated Urea and Several Other 
Nitrogen Sources for Fertilizing Corn and Small Grains. C. F. 
Rivard and V. A. Bandel (Univ. Maryland, College Park). In 
Agrononi' ,Albstracts 1974 Autal eAciings (held Chicago, 
Illinois, Nov. 10-15. 1Q74). 1fadison, ltisconsin.• Ain. Soc. 
Agron.;.p. 154 (1974). A comparison was made of 4 nitrogen 
sources on soil nitrate level, concentration in the soil profile as 
a function of time, and N response of corn and small grains. 
Included were amumonitmi nitrate, urea, nitrate of soda, and 
sulfur-coated urea (SCU). Sulfur-coated urea on small grains 
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kg/ha. The N was broadcast as supplemental N. Under severe 
leaching conditions, a single application of sulfur-coated urea 
was markedly more effective as a N carrier for potatoes than a 
single application of urea over all rates of N. The split appli
cation of urea produced potato yields similar to those from 
sulfur-coated urea. However, single and split applications 
of urea produced equal or better yields of potatoes than 
sulfur-coated urea when very little leaching occurred. On corn 
all carriers of N were equally effective, regardless of the 
leaching conditions. Apparently the deeper rooting of corn as 
compared to potatoes markedly reduced the amount of 
NO3 -N lost by leaching, even tinder severe leaching conditions. 

153 Influence of Irrigation Systems on Movement of Nitrogen 
Released from Sulfur-Coated Urea. A. B. Onken et al (Texas 
A&M Univ. Agric. Res. Extension Center, Lubbock). In 
Agronom.i Abst'acts 1974 Annual Meethgs (held Chicago, 
Illinois, Nov. 10-15, 1974). Madison, Wisconsin: A i. Soc. 
Agron.: pp. 152-3 (1974). Sweet corn wvas grown on a Miles 
Ifs soil fertilized with sulfur coated urea mixed with NaBr at 
an N rate of 115 kg/ha. Irrigation water was applied to 
separate plots using sprinkler, furrow, and subirrigation 
systems. Soil samples were taken five times during the growing 
season at six locations laterally across the beds to depths of 
240 cm. The soil samples were dried, ground, extracted and 
analyzed NO 3, N1I 4+,and BF. The N0 3. Br'. amd NIl 4 + were 
retained in the top 30 cm of soil in the subirrigated plot and 
moved to greater depths in the furrow plot than in the 
sprinkler plot. The continued release of N throughout the 
growilg season in all plots was evidenced by the continued 
measurement of NIl 4 +-N. with amounts of as high as 45 ppm 
measured at the last sampling date. In general, Br" peaks 
coincided with those of higher concentrations of NO3. This 
and other evidence indicate that Br- is a reasonably good tracer 
for NO3"-N movement. 

154 Relative Efficiency of Sulfur-Coated Urea, Urea, and 
Ammonium Sulfate in a Calcareous Soil. R. C. Dalal. R. F. 
Dattoo, and T. Indalsingh (Univ. West Indies, St. Augustine, 
Trinidad). Trop. Ag,; .51 (4), 515-22 (Oct. 1Q74). The elfi
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ciencies o"S-coated urea (SCLI). urea, and (NI14')2SO4 as N and sources of N (NIl 4 )2SO 4 calcium ammlonium nitrate,sources fbr utize and Sudangrass in a calcareous soil were urea. S-coated urea. and sulfathiazole-triated urea on nitrate
coipared. The apparent N recoeries by the inaize crop ill SO N concentration in oat (.Artena saira L) forage. Nitrogendays From SC I turea. nd (NI[4)2SO, were 69.4, 36.5, al-plication increased the nitrate-N concentration, the effects
and 50.4',, rcspectively. Similar trends illN recovery using being more marked when the rate was increased from 100 toStudangrass is a test crol were o s rved. althInugh recovery was 200 kg/ha than when it was raised froto 0 to 100 kg/ha. The 
lwer. Studangrass absorbed siil Itlger amounts of htichest ititrate-N concentration in the dry matter ( > 0.160f)and Nic whteit SCI was ds the N source, especially at was obtained when calcium ammonitl nitrate was applied at
higler rates, as cotmt pared to itrea. Wili (NI14 )2SO4 anld SCI 200 kg N/ha. Sulftir-coated irea gave the lowest nitrate-N con:is sources of"N. uthes ot" Ca and ,g by Stdatigrass were cei tration. In 1 yr treatment of'i rea with sulfathiazole
Similar. reduced nitrate-N concentration in oat forage. 

155 Sulfur-Coated Urea Versus Urea and Ammonium Nitrate 158 Effect of Rates and Sources of Nitrogen Including Sulfur 
as a Nitrogen Source for Grain Sorghum. G. NI. Prine (Univ. Coated Urea and Sulfathiazole Treated Urea on Yield andFlhrida, (;inesville). Soil ('op Sc'. So. 17(a. Pro1c. 35; pp. 38- Quality of Oat Forage. B. S. Joshi and Rajendra Prasad (Indian 
42 (1)76). Sulfur-coated urea (SCUI). a slow release N source Av' c. Res. lIst.. New Delhi, India). Indian .1. Agrion. 24developed by TVA.\was compared with NIl, NO, and urea as (j ), 301-6 (Sept. 1979). Results from a field experimentrN so~urces for grain sorghl tin (S n,nt hi'oit~L. Moenec;, ot conducted during 1072-7.,1 showed that in terms of green
Kanapalha Ine Sand ['orthree seasons at Gainesville, Florida. forage yield, oat gave a Ililear response up to 200 kg N/ha.Nit rioei rates of 0. 78, 157. and 313 kg/ha were supplied by Application of N increased crude protein, mineral matter, and
each carrier, and a 470 kg N/ha rate was tested for SCU only. ether extract but decreased crude Fiber content inoat forage.Part of the treatlicills received all the N at planting ain( part For grecen forage production (NI 14)2 S04, calciun amilnloum
received 39 kg N/ha at Ilanrting and tle remainder as side- nitrate, and urea vere equally effective. Sulfuir-coated urea was
drCssit12. Aln unl ertilized winter crop ot' rye (Scale cerceale L.) least effective and produced least green forage containing
or rvecrass (I.molim multfiflorinm Lai.) Was Used to ineastre significantly less crude protein and mineral matter. Treatment
residital N e:ich scason. No (i'iference was foutld between tle of urea wim a nitriflcatiol inhibitor sulfathiazole offered no

three N carriers inprotction of sorghum grain or silage. Time advantace. Crude fiber content was highest with calcium
of applicatioi of IN to sorglhm did not affect yields. The atninoniurl: nitrate (12 ref).
sor'glimi gave no yield response above 157 kg N/ha. Rye and 
ryegrass yields and N conttent were slightly increased by the 159 Response of Wheat to Fall Applications of Sulfur-Coated
313 and 470 kg N/ha. The 470 kg N/ha rate was toxic to Urea. Toi McCutchen et al (Milam Field Stin. Milam.
sorrghum seedlings. At tle end of' the third season, the p11Iand Tennessee). Tenm. atn Home Sci. No. 94; 9 (Apr.-June
the Ca, N". anid K contents oft tile top 15 cill of soil were 1975). In 1971 tests were started to study the response of
greatly reduced for the treatilen. receiving 470 kg N/hla from wheat to S-coated urea (SCU) when all N was applied in the
SCU. fall. The tests were conducted for I yr at the Alies Plantation 

and for 3 yr oii the Milail Field Station in Tennessee. Arthur
156 The Comparison of Sulfur-Coated Urea, Urea, and and Arthur 71 wheat varieties were used. Treatments were 30,Ammonium Nitrate on Grain Sorghum Production. J. A. Roth 60. and 90 lb N/acre as SCU and 0, 30, and 90 lb/acre asand T. E. IFisher (Univ. Missoturi Delta Center. Columbia). ]it NI14 S03 in additioti to a base application of 10-20-20 at 300

Agroomto , ,Ihslracts 1074 Anntual Meetins (held Chicago. lb/acre. The check plot (30 lb N/acre as 10-20-20) received a
Illinois, Nov. 10-15, 19)74). Mfadison, t'isconsin: ;Im. Soc. spring topdressin ogof l additional 30 lb N/acre as NIl 4 N03Agron.: 1I. 154 (1974). The aplicatiotl of N onl delta soils Signiiicant responses to N treatments were obtained onl in
of soutlheast Missouri prior to planting has been of consider- 1971-72 whien the check treatllent and the 90-lb N/acre asable iinterest to assure ainample supply and reduce the work SCU gave the highest yields.

load during the plaiting and growing season. Sulfur-coated
 
urea. urea. and alililoniniii nitrate were compared in the 160 Effectiveness of Sulfur Coated Urea in th, Cultivation of
 
production of grain sorlihtln on Tiplonville silt loam and Wheat. 
 A. F. Magaluaes. A.4,ron. Suthiograndense 12 (2).Portageville clay soils. Varying rates and tiies of' application 133-40 (I 976) (Port). A field trial was set up to evaluate the
 
were included in the experiments. The fall !pplied sulfiur eflectiveiess of the sulfur coaledt urea as a source of N for

coated urea was superior to amilliloliimu nitrate and urea 
 wheat. Five levels ofN (0, 30,60,90, 120 kg/lla) were appliedapplied at tie Same tlle oi clay soil, however the results were to the soil prior to plaitiing as urea and two types of sulfur

reversed ouI silt loan] soil. The results intldicated that sulfur coated urea. There was no significaint difference among the N
 
coatigtic "
oflrea reduced deilitrificalion oii clay soil. lPreplant (r sources. 
sidedrcssil 2 of"aIuliutiii nitrate 01r urea produced hiuher 
yields on clay soil, whereas fall or preplant applications were 161 Response of White Winter Wheat in the Pacific Northwestiaxiiumi oil silt haum soil. Oit clay soil, 168 kg of' N/ha to Nitrogen Applied as Sulfur-Coated Urea and Other Sources. 
prOdluced ligltest yield. On silt 0a1m 112 kg of' N/ha were C. F. Fu1gle and F. T. Field (Washiilgu-ot State Univ. Pllman).su fficient. Ill .AgronomI I gso-'ts (iheld Chicago,.. 1974 .11'iual Mcctiniu 

Illinois. Nov. 10-15. 11)7-1). aison, lt'iscomssi: ..Am. Soc. 
1b7 The Effects of Rates of Application and Sources of .l)rou. : . 148 (19)74). Stdlftir-co.ued urea is not used as aNitrogen on Nitrate Concentration in Oat Forage. B. S. Joshi source of' N and/ol S for Crowuii white winter whuea
and R. Prasad (Indian Agric. Res. Inst., New Delhi). .1 

in 
Bi. Washington. Several N release rates of stulfur-coated urea

(auss.Soc. ?2 (4), 213-16 (1077). A field experillenit was (SCI) wete compared with ailiintilitl nitrate stulfate (ANS)condticted durilg the wiiler seasois of 1072-73 aid 1)73-74 for1 2rI',wiug while \,inte wheat ol several soil types, at rates 
to study the effects of applicatioi rates (0,100, 200 kg/lta) of N trout 0 to I60 lh/acre. and itid -r a rance of eastern 
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Washinglon climatic conditions. Sulfur-coated urea was surface SINvder (Agric. Res. LE eC.Center. Univ. Florida, Belle Glade). 
applied in tileall and co.upared to ANS surface apl)lied in tile Soil Sci. Soc. A. J.. 40 (1). 119-22 (Jan.-Feh. 1976). Crop 
fill. spring, and fall-spring. Ili 1973. a vcrv dry 'r. SCtI-30 growtu and 'ield on sand soils is otften limnited by low N 
(SCU with fiistest release of' N used) lpiodiiced the hihest availahilily de to leaciihint losses from the soil. This study was 
yields o' wheat with least danlace fr,u sh0riveling when rates initiated to deternine if S-coated urea (SCEI) could supply 
ot N exceeded ,W lb0/acre. Spring application of ANS at 80 adequate N nutrition and eliminate the need for repealed N 
lb/acre w'as equal to oi better th:i1the same rate o!' ANS tall applications I'or silnalcane (Sa rlon spp.) growl on 
applied. Pre-hiarvesi observatiiis ofl'Ii als ill1074 show pie''iouslv uncropped liuiokalee tine sand ill southiern 
SCI40 (SC'U. with fIastest release of N of any available from Florida. Single aplplicalions of two S(C's were coulpared with 
TVA)at 160 lb/acre io,be l,.ol:i.e v'ery 1,od. split application of (NIl.I) SO 4 (AS). each at three N rates, 

56, 112. and 1m kg/ha. Application of' SCU at planting in 
162 Transformations of Soil and Feitilizer Nitrogen, and November resulted in excellent growth and hihLieal'N con-
Possibilities of their Inhibition. J..unmiamd J. Dressel (Land- centrations illthe spring bul did not provide ,ptiunii N 
wirtschal'tlicle VersIcihsslisstin der B,.\S: Aktic,,esellIschaf't, throughout the growing season. Leal N concentrations in late 
(erman Federal Reptublic). lamhIloir/. uhalli'lh .oro'11 . sntlulller and tolil.iaes of stlgarcalle alld stig',lr plotsfor S ( I 
,Solldcrhcf? 34 (2). 74 -) (1')78) ((eri)..S 4/i' .?. 1056. approached, bul did not equal, those alained with folur 
Inculbatin lidel a11d field SILdies wilh nlitrate, a1111onlliliu applications of" AS. Iligher toillages were lecolded for the 
alld Silu'r-coated mlea fterlili/ers were conducted usine five slower releasinu SC thal for the faster releasinlg! source but 
soils of v,;''ing te\tiire. Milleraliiztiol potential ranged frou both SI soutces released iarce amounis of' N hefore the 
1.3 to 7.4<( of organic bouid N: eiteorolo.,.ic:l conditions warm summer months when N is required in flue higllest 
had a marked inlience on miner:l!i/:llion. itlril'icationl of S('s which release N titoreqIuanlities. The data indicate thalt 
munioniutu-N varied amonm flL. The effects ofla 1uutuber slowly and/or a later application date should provide hetter NSoils. 
(f niltrificatioil inhibitors oli le 7MovClneillf N in soil, nutrition and eliminate the need t'or se'eal split applications 
denitrification. N utilization 1A rseeua1,s ',uudnitirate content of ofsoluble sources. 
spinach are presetuted. Placeteutnt deep layerso" fertilizer N ill 
reduced wheat yield. 166 Sulfur-Coated Fertilizers for Sugarcane: 11. Release 

Characteristics of Sulfur-Coated Urea and Potassium Chloride. 
163 Effects of Nitrogen Rates and Sources on Aqronomic G. 11. Snvder and G. J. Gascho (A{ric. Res. Fdnc. Center, 
Performance of Spring Triticale T'iti'o.stae. Ui. R. Bishnoi Uidy. Florida, Belle Glade). SoilSci. Soc. iA..1. 10 (I),122-6 
auud IL.NI. Muigwira (Alahala A&M Univ.. Nornal, Alabama). (Jan.-Feh. 1076). Nitrogen release f'roli S-coated tirea and K 
Cto/1n1!11t. Soil Sc'. I I/ .Itnal. 1/ 10). 873-80 (1080). The N release froml1 S-coaled KCl were examilled by several tech
requirellel forI riticile (.X 7'"itiu . W\illac.:) Ilave not liCLIeS unllder field Condlitionis illilece Sootth Florida sand soils 
been determined fo r \AlahlbnuuaI'o ilolder to :ussist il tile interpretation oflplant response data:oils. deterline the effects 
of N sources adllN rales otfl tue aroloillic pcri'ornlanlce of alld to provide insight into the use of three slow-release
spring triticale. ~eghe" andt 'l)rira were einvi *on Norfolk Iferlilizer materials. Decreased fllickniess of S coating, Iligher 

'il cropin tcae .. irewlgeerll favore nurin 
loallly sald (Thernlic Typic lPaleuduillt) tW\ temp1leratures, '1d hiier inoistur generally favored nutrientdhllillt,'Oscoping 

seasons. The N reatllnell were 50. 100. nd 200 k,, N/hla lease. lowever. considering the range of field conlditions 
applied as NIIjN( or tlluir-coalCd urea (S(1f). Increasing N involved illtie studies, variation, in N and K release were 
rate increasetd plant hei!hl. !,rain yields, and. illlhe case of comparatively small. Release was rapid during tlme firsl 6 
SC.i grain proteinl, butt did nof afl'ecl tileli1imiuber of mouths. averagine, 70-80'S of' that applied. bu wasit Iilch
 

spikes/plail ald lest weielits. I here was a hIil, slower thereafter.h 

correlation betweel ,'in viells and '.Lraill dufthe ploiil 
'D)ri'N' erOWii with S('I' h-rlilizer }'iut iol with NIl.tNO.-. 167 Slow-Release Fertilizer-Experimental Reeults R. S. 

Uchid'a. J. 13.Thomson, and C. .1. Youing. lluiaii Skm'(1' 
164 Sulfur-Coated Urea as a Source of Nitrogen for Sugar- Technol. Rep. No. 33, 74-9 (1075). .,lhsir )'Dop. ,Ig/'ric. 1, 
cane. Daid Fastwood (Su,"ar id. Res. Inst., Jahica ).PI'oc'. 6124. In expleriuents conducted suc,.alcane I lawaii.ill fields ill 
,lccl. t',.t h 'ics 7" o,' pp. 00-8 (1976). Sulfur- slow-release f'ertili/ers showed promising,'u,,,w' results. Ile limited 
coated iinCa (20.2': diNsotliion rate ini7 days in water), numnber of tests indicaled. aulllolli tlhins, theseother Ihalt 
(NIl4 )2S(,l. and urea weri tested :is N somices samce. lertilizers were more ef'ticient than lrea an1d thatforw T\'A's 
Rates of (0 and 120 lh/\/acre vere sturlace 'alllied a'; tuh,,Icsulfur-coaled ilea showed aiIreld Ior itncreasing siiear yield. 
apllliCtio. Yield iespIollseCs werc obt:lined with both riies '[lie ef'icicucy' Of If'tili.ers bN redicing leachin ald volati
iirespective of N sources ini plaill alld ralooll canie. \I fhe Lzation has been accotmplished with time use ofbolli slow-release 
saie N te. the sources wCro ranked as (NIl, ),So), S(--'l I.,ertilizers.t 

ire:i, irrespecie of calle i-hues iluea. On] c'o:rluelfexanild lliLed 
Sands alnd loals. Inca was less el'lcienit ill relation Io 168 Comparison of Sulfur-Coated Urea and Ammonium 
(NIl,, )SO,; ald S(Ct ii fine-le',,lmred clays. 'Tlie levelsol Sulfate with as of Nitrogentlhila Amended N-Serve Sources for 
to:l 1iid available S illthc expelilnenlt soils made if tnilikelv Sugarcane. R. C. l)alal :ind M. Prasad (1tliv. West Indies. St. 
that tilesuperiority of'(Nll)S(i mid S('oer ure'aicrdeived .\uei.stine. West Indies)......'. S .i. S5 (3). -127-33 t1)ec. 
troiUt the S coiutrihlted t( le soil h\ tt 11),SO,, aid S('t:.' IQ- \ of sulal'ite wilhcoiup;iris'n o.. ainoniunt (.ASt Ind 
tlheunit pric I \ in S(' i cInltaralIc whill ih:it of w.ilul N-Ser~e :iid S-coaled ite: (St'I) f'or sIgarcane. 
(NI I1 )2SO(.. this cotitrollud-rele;ise lerlili/el \.ould ofler l uudied in a pol experinlent, s owed th:t illigli1h the tillel. 
attlractive alternative to str:lihl N lettilier I'o siircaue. [lie leaf'N coicentratioll. atid c;inte were increased h\ie. yield 

:id-diii, 'rlilizel N thele were io siiific'iif dilfelenc es ilt 
165 Sulfur-Coated Fertili7ers for Suigarcane: 1. Plant SOUces. I lowever. AS antd AS -iN-SeC' rLepre' sed the soil pll. 
Response to Sulfur-Coated Urea. (;.I. (iasc'ho :uid (;.II. ire itanSU'L[. lina field experiliei where AS. mre:i, :id 
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SCU were compared on a calcariCouS soil, it was 0i1serxed that Altxtracts 1975 Annual Meeti, s (held Knoxville. Tennessee. 
I rCa cave signifflicaitv lower cane and sucrose yields ltm AS Aui 24-30. 1Q75). Mat/ison, ltisconsiti" .Ami. Soc. ..givn.,; p. 
and SC! when N was applied on the surface, possibly tine to 173 (1Q75). Silfiiu-coated-nrea and -KCI have been investi
creater volalili/alioll losses Ioto urea. Sihsurface application galed f'or Florida sgarca ne on sandy soils. The objectives were 
increased di efficiency of nrea. altli lh tilemethod of to reduce the ntmiber ol' fertilizer applications required. 
placenent had it) siLmicatillt effect oi tile N efficiency of AS maintain adeqlate availahility to the plant, and increase yields. 
id SC('t. ,\inlnoniuin slflate was as effective as SCU. Thus Release rates. nutrient levels and timing of applications were 

the coaliilw (,fiea hv S increased its efficiency for suicarcane studied in six experiments. A single application of sulfur
olyll when applied on tCheSullice ot a calcareous soil. coaled urea resulted in yields that were generally equal to 

three to tot, applications of the same total amount of soluble 
1') Progress Report on the Evaluation of Sulfur-Coated N. Ilowever. antalysis indicated no economic advattage. 
Fertilizers. M. Isobc. .. L. BLure, aiMid Y. Yamtaski (Ilawaii Likewise no advamae was fo,und for sulflur-coated KCI. The 
Suar Plant .\ssoc.. I lo lult ). litwaii Sugar Tcchol.Rep.. 3 2 , inability of a given Lrower to obtain timely applications of 
85-S I074). At 12 uiontlis. ,imilar cane ltollaces were pro- soluhle fertilizer or extreme leaching conditions could turn the 
duced wilh controlled-eleasc siul fur-coated urea ('t:)SCeconioillic advan tage to siul fur-coated fertilizers due to any 
fertilizer, applied silile application. alld with urea in multiple increased yields or savings in die amounts ofnutrients applied. 
aupplica tiols. The silie results were obtained with SCIK and 
wilh 1iii iate of K. I lowever. in other comparisons, the K-lI,0 173 Nitrogen Leaching from Soil and Uptake by SLgarcane 
in ,\ mid tlie K uptake were Lrea~er with muriate of K thaut from Various Urea-Based Fertilizers. A.M.O. El Wali, F. Le 
witl SC'K withoit affectiitg growth adversely. Mote results will Cirautd. aitd G. J. Gascho (niv. Flrida, (;ainesville). Soil Soi. 
ie,ohlailied :;Ihr ,stinc. Soc. -A..1. 44 (1).I 110-2 Jut.-Feb. 1980). Two greenhouse 

exper imetits were conducted to determine flie relative effi
170 Efficiency of Urea, Nitrification Inhibitor Treated Urea, ci,'ccies o siil fi r-Coa Ld itica (SC!U) and urea with and 
and Slow-Release Nitrogen Fertilizers for Sugarcane. K. S. without N-Serve or S m growlh,uptake, aind suibsequent losses 
lPara hl I a! (Ilhi:mn .\ric. Res. Inst.. New l)ellii. India). /. of N from wiarcame rowt ontArreudondo fite sand. Three 
I'/iau=c'icr'hr. T,,Icnkl. 14. (3). 262.7 (June 1080). SC!' pLodiucts. with inilial dissolution rates of 32.5, 29.6, and 
A l'ield ex(erient cou ed forIwo crop seasonts (1076-77 20.8" of die total N it watcr during a 7-day period were 
aid 117- 7-78) lh:il ireatmelt of urea with ufltri- couttpacil with urea, urea applied it two applications, urea +showed the 
ficatiou inhilitor Nitrapvuitu (also called N-serve) or teem cake N-Serve, and inea + powdeied Sat the equivalent antolunt of S 
ilteleasedl its efficiCcV hV preveitiutg N losses aitd produced in SC!. lit another experimelit SC(U-30 was compared with 
N,iti ll\onme Clle. Ili oil of the yr S-coated urea (Gold urea. urea applied it two applications, urea + N-Serve, and 
N) at h(we ralc (75 k! N'la) gave higher sucrose Countent ill urea + piwdered S at two irrigation regimes (36 and 48 
juice and sielni ficaimllv nore commercial cane smar (C'S'S) than nimuweek). Growth atd uptake of' N were not significantly 
iiitco'ated HICla. Cotsiderini. hoth tile cane yield and (CS dil'terent among treatments, but there were significant 
plodlictiot inixiiu or coating ofIurea wvitlh neettl cake holds dif'ferences illleached and iesidual N. Nitrogen leaching varied 
coiisidelahlc pronlise :uid needs wider testintg along \Vith and ill from 6 to 24'' of' applied N dependillg on tile fertilizer treat
Cot'wpalistil to litilicaliou inhiibitors anid S-coated urea and ilent and irrigation level. leaching of the applied N was 
otlher slow release fertili/ers ('or imcreasiug tileelficiencv mainly it file forim. hul when irrigation took place beforeNO 
of' N applied to sgarcanc ( 14 ret'). tile N hl\drol yzel from urea was o'mpletely nitirified, leaching 

the NII I form was ,fconsiderable magnitude. The least N 
171 Sulfur-Coated Fertilizrs for Sugarcane in Hawaii. leachin resulted trout application of SC[!. Inclusion of 
M. Isohe (xp. Sta. Ilaw.iiait Sugar Planters' Association, N-Serve wifli urea did not improve fertilizer efficiency. In 

-ti
Iholln . llawaii). Ill trI'rom, .llqtr'cxts 1074 .AInntal these experiments. SCII wis more promising for commerical 
1ccli~n. (held Ciicagco, Illinois. Niov. 10-15, I1Q74). Malio, use thllawvis glanular urea mixed with N-Serve. leaching 

It'i.comfui: .Im. Soc. ,I'rmi.: p. 150 (1974). Sullfulr-co:ted losses ift' N fron all the sources increased with irrigation 
fertilizers were evaiated cooiperatively with sugar plantations bul to .i varying decree. Fleven to 15; of' tile applied N was 
and TVA ill an attetept to reduce fertilization costs for umar- tot accoulnted 'or by tileplant, leachate, or soil (13 ref). 
cane. Results olf tihe first Cxperitutettt with SC! were 
encouraimuc. With less N aid fewel split applicatioits. S(t 174 Sulfur-Coated Urea as a Nitrogen Source for Coaton. 
plots vieldeu aisItuch c:le and sugar as tltose plots fertilized tRichaid Maple. Keogh, and W. F. Sabbe (Univ. Arkansas..I I_,. 

viti con ve onlial ilca .Suhseqtelt ex pciment's were insI'le, IVetteville). Ar-kansas .Igric. /A-/. Stn., B/ull. 807: 23 pp. 

under diflerenlt clittatic autd soil conditions to Coliupare sitg'e (l)76), Tite efliciettcy of' S-coated urea (SC) as a N source 
'ipplicatiois (of SC. :uuil S(K witlh - ito5 split applications of for cottol was tested aLtrates of'0, 50. 100, and 150 lb N/acre 
conveuiitnal ilur:and Uiiiiate of' pothsh, Results tino care oii Slarkev clay soils and comitlpared with urea at tile saille 
salnitlitie in ile Islvi of a 2-yr crop showed tlhati SCI \v:s rate. The N incre:ased tlhe cottoit vields sigilificatuNly with no 
eqtia: to its Collerpart L aid S('IK was as dilferetce heweeli tihe IWo t'eriilizers eing fotillalliiosi 200d. d, Froii plait 
i'tnnplet el\allatio will dettd huest. tissue analyses, it decleittined tlhat vasaflflnal Field was there ii siuellficant 
in\vesticaions uilt N releise by SCIU indic'ited that : sinttle increase in S uptake the 2nd \r. Froi soil tests, it was 
applicalior feeds sularcatie aLta lesitable rati lTheK release ohseiveCd that a sigtiifilcatitl loverilg C soil pl occutrred tihe 
was sliglily iasler ilailile N release aun possibly not Itic 3rd IlIItests in which SC.I \"as cottipared witlh urea atid Shest \'r. 
for Somite soui: Ldl clihatic cotnditiotns. applied prepla ti or side dressed. tIe lalerclave sietil'cantly 

,reater yields. Itt tests with SCl atid tinea applied at 25 lb 
172 Sulfur-Coatel Fertilizers for Sugarcane. Ill. Summary N'acre to I)ihhs atnd )uilee 'tie said. loait, N iicreased 
and Economic Interpretation of Reseirch Results. G. .1 (iaschti yields sigitifically, with S'! heinic superior when band 
and C,.11. Snyder (Itttiv. Fhtrida - (aitnesville . In .lro, i applied and irea superior hy broadcast application. 
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175 Influence of Rates and Sources of Nitrogen on Growth,
Nitrogen Uptake, and Yield of Cotton ((. hirsutun L.). V. 
Sesliadri and Rajctidra Prasad (Indian Agric. Res. Inst., New 
Delhi. India). Z l7/Tazewrntchr lo,/ekl 112 (5), 731-9 
(Oct. 1979). Field experimcnits were ctmdUctcd on cotton 

vithi different forns of urea 'applied at rates of 40 and 80 kg
N/ha. Nitrogen increased plant height, dry Matter acciimu-
lation, nmbtier of bolls/plant. seed Cotton yield, and N uptake.
The proportion of' dry matter and N inthe stem was increased 
and that in tie leavcs was reduced by N application. Sulfur 
coated Urca (all applied at Sowilnl) was ahoult the same in 
efTect as N-Serve treated tirea and gave significantly more 
seed cotton \'ield tian nitrcaied urea, neem cake treated uirea. 
anlid urea (applied in two splits). Nitrogen effi-sulfur coated 
ciency was greater with 40 kg N/ha rate than with 80 kg N/ha.
Sulifur coate( urea (all applied at sowing) gave tie Ihighiest N 
efficiency followed by N-serve treated urea (12 re), 

176 Comparative Study of Effects of Urea and Sulfur-Coated 
Urea or. Sugar Beet Crop in Iran. A. F. Mahdavi, G. Bakltiari. 
an6 13. K. Neijad (Soil Inst. of Iran, Tehran, Iran). In h-oc: 
lh7,'st
Review i1ceti , 1.%.I. U. T.S. Projcct (Znc-eiihk Iroduc-
ti;uilr
Udcr Tiudit Supplies) (lIeld Ifonolidi, Hlawaii, June 
7-18, 1976). S.Ahmed, M.Sadiq, an,2 L. Kohayashi, Editors, 
Ilonuhilu, lawaii: Food Institute; pp. 101-8 (1976). Soils 

'e-t. 42, 1992. In field trials in (,a) Fast Azarbaijan, (h
Loristan and (c) central provinc,.s. Irar, 90 or 180 kg N as urea 
or S-coated irea (S0 J)/lia was applied by banding an( broad-
casting with or without in':orporation. At (a) 120 kg P.O, + 
45 1kg K,O/ha were applied, at (+) 0 kg P2 OQ + 45 kg K0/. 
Iaand at (c)Q0 kg 1),0s +60 kg K, 0. With i,rea average root 
yields of 36 .2(. 31 .0. and 36.28 totus/ha for (a). (1). and (c).
respectively were obtained compared with 23.73, 26,1. an-d 
23.73 tons/ha for (a). (b). and (cl, respectively with SCU. 
Method of application of N appeared to have no sigiifican t 
effect on riot yields. At (b) root yields were only significantly
highclier when I180 kg N/lia was applfied. 

177 Effects of 2-Chloroethylphosphonic Acid and Nitrogen
Fertilizer on Flue-Cured Tobacco Growth and Maturity. C. R. 
Blatt and A. (. Spoltagle (Agric. Canada, Kentville. Nova 
Scotia, Canada). Call. .1. l'hlet S-i. 57 (4). 117Q-83 (1977).
The 2-chilroeiltvlphlslulioiic acid (eiliephton ) was applied at 
several CollceIrtIioins and at variols stages of growth to 
tobacco cultivars Ilicks lProdleaf aid l)elhi 34. Generally.
etlhephon at advanced date of harvesting and1020 tzppm the 
increased tihe early yield of itature leaves (75 days after 
plattiZg) when compared with the coitrol. ltheplon appli-
cations did n t AT tolal fresh wt vields when cotipared
wil tle controls. Nitrogen (N) sidedressiucs did not increase 
early or totdal yields whlien compared with tile initial planting
application ol" 34 kg N/ha. The source Of N (aut1onium
nitrate. uirea. aid sulfur-coafled urea am2,and 36'; dissolution 
rates) utilized itt the planting fertilizer htad little effect on ot:,l
fresh v, yields. Sull'ur-coatled lrea (13,; dissolution rate)
utilized in the plaitin fe,rtilizer decreased total fresh wl yields
wheit compared with ainitlttiuli nitrate. iIea. and 
sul fur-coated urea at the 36'; dissoliutiuui rate. 

178 Relative Efficiency of Urea and Sulfur-Coated Urea for 
Upland Irrigated Rice. K.P. SingEi aiid V. Kutnar (Ilarvana 

coated urea at transplanting + 25 kg N/ha as urea at tillering
+ 25 kg N/ha as urea at panicle initiation or 100 kg N/ha 
as S-coated urea as in the above three split dressings gave
the highest paddy yields of 7.33 and 7.0 tons/ha, respectively,
compared with 2.73 toils without N. 

GRASSES 

179 Evaluations of Sulfur-Coated Urea for Southwestern 
Rangeland Use. G. B. Donart, R. D.Pieper, and K. 0. Fulgham
(New Mexico State gronoi .,Iiniv.. Las Cruces). Inl hstracts 
1974 Aual 1feetinqs (held Chicago, Illinois, Nov. 10-15,
1974). ,1adison, It'iScOIsin: it. Soc. ,,t'-on., p. 148 (1974).
Sulfur-coated urea was compared to urea, ainmonium nitrate,
and ainimoniuni sulfate at rates of 45 kg/ha/yr and 90 kg/ha 
every other yr. Fertilizer treatments were broadcasted in the 
spring. Plant production was obtained at the end of the 
growing season. Production from sulfur-coated urea treatments 
was comparable to other sources of N for both rates ofappli
cation. End of season crude protein content of grasses was 
in excess of 9'"when treated with sulfur-coated tirea. Pre
cipitation pattern and dissolution rate of fertilizer are primary
factors regulating program effectiveness. Sulfur-coated urea 
with a high dissolution rate is being studied to overcome this 
probler1. 

10 Levels and Sources of Nitrogen for Winter Annual 
Pastures Grazed by Growing Beef Calves. J. E. Bertrand and 
L. S. Dunavin. Soil Crop So. Soe. I-a. l'roc. 35' pp. 70-3 
(1076). Levels and sources of N were compared. Sulfur-coated 
urea (SCU) has a slower dissolution rate than ammonium nitrate 
(AN) and could redtuce tile number of applications of N 
required in a given period. Two experiments were conducted 
to evaltiate levels of SCU and AN (Exp. 1:113 and 225 kg/ha
N. and Ex p. 2: 0. 56, and 113 kg/ha N) for pastures containing 
a forage mixture of triticale (Tik-ale hexaploide Lart.) or rye
(Secale ccreale L.) ryegrass (Loliu, multiflo-utn 1aln) and 
crimson clover (ri/6/io icarnatum 1.). There ,'ere no
statistical differences in daily gains of calves grazing winter' 
annual pasture forages due to N fertilization. It Exp. 2 parti
cularly. N fertilization (lid not influence forage quality as 
much as it intlueinced quantity. The increased gain/hi by
calves grating the pasture forages receiving two high levels of' N 
was due to higher forage produiction and concomitantly longer
grazing periods. The N from one application of SCLU at the 
beginning of the grazing season was no different from an equal
atoIlt of N from three applications of AN during lhe grazing 
season. 

181 Effect of Sulfur-Coated Urea and Urea on the Producti
vity and Nitrogen Utilization of ('nodm 1B. 8. M. A. 
Miohamed Saleem (Univ. Thadan, Ibadat., Nigeria). I:'ast ..f." 
.lIru. lor .1 43 (1). 25-30 (.tmly 1977). Use of stilt'tr-coated 
urea (SCU) did neither improve productivity nor N utilization 
as compared to readily soluble urea. This was revealed in a 
stuidy comparing the two sources of N ot (lie pertforniance of 
0'vmo0on1 B. S. Growth of the pasture with SC diftered 

front the established pattern smgesting greater dissolution 

iutidler conditions where the experinuent waus sited. Residual 
efLcLs were very low and did not last for more 1tan one 

Agric.. I larvana. India). lnlkm .1..,I . 25 (I). 154-5 ( t0). growing season. Data point to the ineftecliveuess of SCLI 
Ina trial in the kharif (nitsooni) sea:on of' 1973 wilh rice 

and 
eslablishes that beller results in ternls oit' productivity atid 

given 50-100 kg N/ha as urea atid/or S-coated urea applied in yield distribution cali be expected frotit split application of 
one-three split dussings, alpplication of 50 kg N/ha as S- urca (10 ret). 
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182 Effect of Urea and Sulfur-Coated Urea on the Dry Matter 
and Protein Production of Gulf Ryegrass. D.G.Westfall, A. W. 
Smith, and G. E.Evers (Texas A&M Univ., College Station). 
Tex. Agr. I.xp. Sta. Prog. Rep. 2906 (April 1971). The 
influence of N rate and source on the dry matter and protein 
production of Gulf rycgrass was determined throughout the 
growing season. The rates of N varied from 0 to 200 lbs/acre in the slow-release N was applied at low rates (56 and 112 kg/ha). 
50 lb increments, and the N sources were urea and two slow 
release sulfur-coated urea (SCLJ) fertilizers. One yr results 
show that forage and protein production from one application 
of SCU was more evenly distributed throughout the growing 
season than that 'rorn two applicationsof urea. Immediately 
following the application of urea, there was a flush of growth 
followed by declining dry matter and protein production for 
several weeks. The average total dry matter production from 
urea was higher than from SCU, but there was no significant 
difference in the total crude protein production. Controlled 
release rate N fertilizers can benefit the rancher by offering 
him two advantages: (1)the application of all the fertilizer at 
planting and (2) a more uniform distribution of forage produc-
tion throughout the growing season. The economics involved 
has not been evaluated on these preliminary results because 
nianufacturing costs of SCU have not been determined. 

183 Production of Rye and Ryegrass Forage with Sulfur-
Coated Urea and Ammonium Nitrate. L. S. Duiavin (Agric. 
Res. Center, Jay, Florida). Agirn. .J.67(3), 415-17 (May-June 
1975). The need for fertilizer materials which provide parti-
cular elements to plants over a long period of time is well 
known. This redtces the expense of nunerous applications. In 
the production of forage frori grasses, N is an element which 
ieeLs to be col tinually available but is one which is normally 
rather quickly dissipated. Sulfur-coated urea (SCU) has given 
promise as a slow-release source of N and the need to compare 
it with other sources of' N, such as ammornimni nitrate (AN), 
for various crops has arisen. This investigation was conducted 
to determine t1re value of tile of SCU alternative touse as an 
AN in Ire productiorn of forage from rye (Secale cer-eale L.) 
and ryegrass (Lllin mnultiflortn Laii.). Sulfur-coated urea 
compositions having dissolution rates of 10, 20, and 30Cr 
(dissolution in water in 7 days) were applied at annual rates 
of 100. 200. arid 400 kg of N/ha. Amimoniurn nitrate was also 
used at these saie rates otfN. Arnrlonnitm nitrate was tested at 
one and three tirmes of application. Data were obtained for 
two seansons with five inonlily harvest dates ineach season. 
For the 2-yr period, the hiighest yield (P < .05) was obtained 
from AN fertilization at a 400 kg/ha rate of N when three 
applications were made. The next highest yields were obtained 
when 400 kg/ha of N was applied as SCU with no difference 
between tire dissolu tiori rates. For tile 2-yr period, there was 
no significam t difference in the total recovery of N from forage 
receiving 400 kg/ha of N from AN and that fertilized with 
SCU at either tIre 20 or 30,"dissolution rates. Monthly forage 

The in vitro organic matter digestion (IVOMD) of ryegrass 
varied little among rates of N, but in the first harvest the 
IVOMD was significantly higher for the 168 kg/ha rate than 
for zero N. Nitrogen uptake anI percent N recovery were 
generally highest in the first harvest. In addition, as N carriers 
increased in solubility, N uptake and percent N recovery also 
increased in the first harvest. Thus, high levels ( 168 kg/ha) 
of a slow-release, sulfur-coated urea (7.2% initial dissolution) 
applied in one application may be preferred for south central 
Florida ryegrass prodtction. 

185 Sulfur-Coated Urea Compared With Urea and Ammonium 
Nitrate as a Source of Nitrogen for Swards of Annual Ryegrass 
(LolitUit rigidwn Gaud.). D. J. Maschmedt and P. S.Cocks 
(Dep. Agric. and Fish., Adelaide, Australia). Agric. Rec. (S. 
Aust.) 3 (4), 4-7 (1976). Biol. Ahst. 62, 40888. Two grades 
of S-coated urea (36.1% and 38.6K( N) were compared with 
urea and NH 4NO 3 as sources of N in swards of annual ryegrass 
(Lolhim rigidwan Gaud.). The urea and NII 4 NO3 were applied 
as single atrtumn dressings of 250 kg/ha of N, or as five 
dressings of 50 kg/ha at approximately monthly intervals. The 
S-coated urea was applied in the autumnn as a single dressing. 
The comparisons were made over one growing season. The 
S-coated urea resulted in better late winter and early spring 
growth and riore unifori seasonal production than (lid single 
dressings of urea or NI-14 NO3- Swards receiving the S-coated 
urea significantly outyielded the sward receiving the single 
dressing of uncoated urea, but, over one season and with above 
average rainfall, yielded the same as that receiving the one 
dressing of NI14NO 3 . The swards recovered 65' and 781 of 
the N frorii the two grades of S-coated urea, and a further 4(( 
and 1%, respectively, remained on the surface of the soil at tie 
end of tile experiment. This compared with only 44% recovery 
of the single dressing of urea, and 88% of the single dressing o'f 
NI14NO j. Sulfuir-coated urea maintained higher levels of 
mineral N in the top 10 ci of soil than did the other 
treatments. 

186 Forage Grass Responses to Sulfur-Coated Urea. D. A. 
Mays (TVA, National Fertilizer Development Center. Muscle 
Shoals, Alabama). In /g,-oto/ut, Abstacits 1975 A-fnnual 
Meetings (held Knoxville, Tennessee, Aug. 24-30. 1975). 
Madison?, Wisconsin: imt. Soc. ,,lgron.;p. 174 (1975). Sulfur
coated urea (SCUJ) has been evaluated for use in grass pro
dttction over a wide geographical area with both cool- and 
warm-season species. It has frequently been compared with 

yield and N recovery differences amlong rates and between tileannoniurni nitrate (AN) and uncoated urea (U). In tile 
fertilizer sources were evident. 

184 Comparison of Ammonium Nitrate and Sulfur-Coated 
Urea on Ryegrass Production in South Central Florida. 
P. Mislevy 111d C. L. [)antzran (Agric. Res. Cent., Ona, 
loritl ). Soil (Cp Sr'i. ,'oc. '1a. I-oc. 33., pp. IQ9-201 

(1973). The influence of single applications of S-coated urea 
forms and NIlI N)3 + S 0i yields, digestihility, and uptake of 
N by Gulf ryegrass (lolhn, nndtiflottnt) was studied. Slow-
release S-coated urea (7.2w1 initial dissolution), riieliun-release 
S-coated urea (34.0,"; initial dissolution). and NI14NO3 (each 

with an equivalent amount of S)were compared at 0, 56, 112, 
and 168 kg/ha rates. Four harvests of ryegrass were removed 
over a 4.5 month period. Ryegrass yields increased as N rate 
increased regardless of N carrier. ligh rates of the slow-release 
N in a single application produced the highest dry matter 
yields. However, lowest dry matter yields were obtained when 

majority of cases spring-applied SCU has given yields and 
forage distribution similar to those frori several split appli
cations of AN totaling the same ariount of N. Spring-applied 
SCL has almost always been superior to spring-applied AN and 
U in ternis of seasonal forage distribution and has frequeintly 
been superior to spring-applied ti in yield. Nitrogen recovery' 
from SCLI arrd AN has often been similar, while recovery froin 
L is usually lower. Since significant amounts of SCJ lray riot 
dissolve during tlie first growing season, tire most favorable 
complarisons with soluble N somrces have usually been 
Obtained With multiple-yr experiments on the same plot area. 

31 



In one or two cxpcriuieuts, where subsurface water samples
below grass sods have been obtaincd for analysis, SCU has 
resttltcd in lower NO 3 anld total N levels than AN or U. 

187 Forage Production From Pearl-Millet Following Rye and 
Ryegrass Fertilized with Sulfur-Coated Urea. L. S. Dunavin 
(Inst. Food & Agr. Sci. Agr. Res. Center, Jay, Florida). Soil 
Crop Sci. Soc. Fl. lroc. 39: pp. 92-5 (0080). The use of 
fcrtilizer materials with a'slow release rate has accentuated the 
need to determIinIc the value ot residuals to succeeding crops.
This investigation was conducted over a period of 2 yr to 
ascertain the value of residuals by determining yield and 
nitro,,en (N) uptake by pearl millet [Ie'nnisettn amcricantm 
(1..) K. Schuin. I when it followed rye (Secale cercale L.) and 
rVerass (l.o/hon mti/lornrn Lain.) fertilized with sulfur-
coated urca (SCU) and aninnoniti nitrate (AN). Conpositions
of SCU having dissolution rates of 10, 20, and 307' (dis-
solution in water in 7 days) were each applied to the winter 
crops at annual rates of 100. 200. and 400 kg/ha of N. 
Ainunonitin ii it rate was applied at the same rates of N in one 
or three applications. Additional AN was applied to millet at 
50, 100, and 200 kg/ha of N oil plots which had received 100 
kg/ha of N frtom AN during the rye and ryegrass period. Yields 
of millet were highest where sunier applications of AN were 
made: however, there was no statistical difference (Tukey's
IISI), P< 0.05) hetween these yields and yields frot the 
SCI1-20 treatlment. Nitrogen uptake was highest where AN was 
apliel to t lie jIillet doring tile stmmuier, hut, statistically, this 
exceeded only the uptake from the treatment consisting 
of S(U-1 0 applied to the preceding crop of rye and ryegrass 
and the uptake when three applications of AN were ,pplied to 
tle preceding crop. 

188 Effects of Sulfur-Coated Ureas on Forage Production and 
Nitrogen Recoveries. J. L. Matoclia (Texas A&M Univ. Agric. 
Extension Center. Overton). In .,lrom ib'Abstracts 1974 
.,Iunul .1'ctings (held Chicago. Illinois. Nov. 10-15, 1974).

iladisol, t'is'onsin: .Am. Soc. .,gron.:p. 152 (1974). Labora-
fory and field experimelilts were conducted to evaluate suilfur-
coated ureas (SCU) and soluble N fertilizers in forage pro-
ductioi..Mealsurenients included NIl 3-N volatilization, N 
recovery, and dry mlatter production. Single applicatiois ot" 
S(1 i's with N release rates of 20 and 101.' (SCU-20. SCU- 10) 
were coin pa red with split alpplications of urea and NI I. NO, at 
three rates of' N on Coastal hermudagrass. Sulfir was 
eliminated as a variable. Coalting urea reduced NI13-N losses to 
a fraction of those from ntiicoated urea. Maxilum volatili-
zatiol losses occurred from1 both coated and uncoated 
materials when the soil was limed. A coating of S plus wax 
reduced NI I.,-N losses to one-third of those when only S was 
tised. Based oii NIK, NO., as a standard of comparison. SCU-20 
proluced 86.9,) and T7'; ofNI I. NO:, at 224, 672. and 1120m 
kg N/ha, respectively. over a 4-yr period. Similar values for 
SCU-I 0 were 81 , 9, and )9,. Nitrogen efliciencies at the low 
N rate wvere in the ftllowing order: NI14NO 3 > Urea > 
SCU-20 > SCU-I0. while at the 672 kg/ha N rate these 
changed to Urea > SCU-20 > NII1 NO3 > SCU-10. Relative 
performoance of SCLJ-10 was inversely linear with rainfall 
occurring early in the season (April. lay). Similar relation-
ships for uncoated urea and N114 NO3 had nou:igilifican t 
I.values, 

189 Cool-Season Grass Response to Sulfur-Coated Urea. 
P. L. Carson ct al (South Dakota State Univ., Brookings). 

In .-lgronoui' hstracts 1974 .Annualilleetings (held Chicago, 
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Illinois, Nov. 10-15, 1974). Madison, IWisconsin: Am. Soc. 
Agron.; pp. 146-7 (1974). The effect of sulfur-coated uteas 
with dissolution rates of 10, 20, and 301! were compared with 
urea and anmonium nitrate on cool-season grasses grown in 
the Northern Great Plains. Rates of application were 0, 78, 
and 156 kg/ha of N. A time of application variable (fall 
versus spring) was included. Yields were taken during the 
summer following the spring application and again the next 
summer for carryover. The addition of N increased yield the 
first yr. The average check yield was 2298 kg compared to 
5745 kg/ha where 157 kg of N was applied. Comparison of 
carriers show that the yields decrease as the supply of readily
soluble N in the controlled-release fertilizer decreased. This 
decrease was as much as 25%'r of the naxiinn yield obtained 
with the more soluble N sources. The time of application
(fall versus spring) had very little influence on the yield.
The yield increase from spring-applied fertilizers over those 
applied in the fall was 5%or less. The residual effects on yield
the following yr from the various N carriers was varied. The 
N carriers had no effect on the yield when the 78 kg/ha rate 
of application was compared. But at one site when the 156 
kg/ha rate of application was compared, the 30% sulfur
coated urea produced 673 kg/ha more hay than with 
amnmonium nitrate. 

190 Soluble and Slow-Release Nitrogen Fertilizer Effects on 
Grass Forage, as Influenced by Rate and Placement. S. E. 
Allen, G. L. Terman, and C. M. ulnt TVA, National Fertilizer 
Development Center, Muscle Shoals, Alabama).J. Agr. Sci. 77 
(3), 397-404 (Dec. 1971). Soluble ammonium nitrate (AN) 
and urea were compared with slow-release oxamide and sulfur
coated urea (SCU) as N sources for clipped annual ryegrass
(Lolito mukilorttn) or common bermudagrass (Ci'nodon 
dact.'lon) ii; four greenhouse experiments. Mixed and surface 
applications of a wide range of N rates were evaluated for 
9 to 14 cuttings of grass forage. Both granular oxamide and 
SCU exhibited slow-release N properties, especially when 
surface-applied. Uptake distribution of N with high application 
rates of AN and urea tended to resemble that with the slow
release sources. Slow-release properties of oxamide and SCU 
were accentuated at high application rates. Lower N recovery
fron surface-applied urea than from AN indicated volatili
zation loss of urea N. Volatilization loss also occurred with 
oxamide, but low N recovery from oxamide and SCU resulted 
largely from incomplete dissolution of the granules during 
the 18- to 34-week experimental periods. Very low N recovery 
was obtained from urea formaldehyde having an activity index 
ot 42. 

191 Coated and Other Slow-Release Fertilizers for Forages. 
S. E. Allen and D. A. Mays (TVA, National Fertilizer Develop
ment Center, Muscle Shoals. Alabama). In Forage Feri!i
zation. Madison, Wt'isconsin.• Aer Soc. Agron.: pp. 559-82 
(1974). Performance of S-coated urea (SCU) applied to 
warm-season and cool-season grasses was similar to that of 
NI14 NO3 in four split applications in total forage yield.
Sulfur-coated K markedly reduced luxury uptake of K in early 
growth and S-coated P had the undesirable effect of reducing
early seedling response. A good case was seen for the use of 
SCLU on warm-season and on turf grasses, given an economic 
cost. 

192 Effects of Sulfur-Coated Urea on California Annual 
Grassland Yield and Chemical Composition. C. IE.Vatghn. I. 
13. Jones. and J. I". Ruckman (Univ. California. Ilopland). 
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,,4gro. .1. 71 (2). 297-300 (May.-Apr. 1979). Urea 
(U), urea with 100-mesh elemental S (U + S), and two 
formulations of SCU were hroadcast on resident annual 
grassland. dlotninated by annal broincs (Bl,on S spp.), wild 
oat (.l'ea barhata), broadleaf filaree (l:'ouilti hotti's),
and clover (7)'1i/m spp.) in a clinlate with cool, rainy 
winters and hot, dry Stnnlnlners. Forage yield and N ,and S 
nptake were n;casured seasoMally in tllCISt yr and annually 
tilefo0llowing 5 yr. Seasonal growth dist ribt lion was similar 
from all fertilizers in tile Istyear. lowever. U + S was signi-
ficantly more productive and gave greater herbage S uptake 
than the SCt's and 11 throughot tie first growing season, anid 
greater N uptake in tilefirst winter. Re.idiial studies suggested 
tIhe long-tern benefit of S fertili/ation' the U + S and SCU 
treatillents were significantly lore productive for tilelast 5 yr. 
Residual N uptake responses were similar to the yields. 
I1Urbage S uptake was similar in the U and check treatments 
o, tie en tire study. Tile more heavily coated SCU formit-

lalion gave greater S tiptake than both U + S treatments in tihe 
4th and 01h yr after application. It was concltded that tile 
SC's were of no greater beiefit than urea combined with fine 
S in fertilizing California an'.al grasslands. File slow release of' 
N fromt SCU did iotgive any greater apparent residual N 
respolse. There w ,sa loiig-terli respoiise to the larger particles 
of S illSC'U. but it is questionable that this would justify the 
extra cost of the fertilizer (14 relf). 

193 Sulfur-Coated Urea and Uncoated Soluble Nitrogen
Fertilizers for Fescue Forage. 1). A. Mays and G. L. Terian 
(TVA. Naional Fertilizer Developmient Center, Muscle Shoals, 
Alabana)..l grnm. 1. 61 (4). 489-Q2 (Jtily-Aug. 1969). Field 
experitents were carrie'.l out duing 1965-67 to cornpare 
rates, sources. aidl times of N toldlessing for 'Kentucky 31' 
fesctie (Vsilta (tr/t1di//ac'a). Utcoated11am0nnliLiul nitrate 
(AN). urea. aiid other readily soluble N fertilizers resulted in 
higher tlrst-ctlittim yields, which were higher incontent of 
total N. Stilfur-coaied urea (SCIJ) resulted in lower first-
cutting and higher later-cuttilg yields than did the solIube N 
sources. Total annual yields were usually similar with all N 
soutirces. Mixtures of AN and SCIU or split applications of AN 
resulted in the titost utniftii seasonal growth and N content. 
Lower yields and apparent crop recovery of N from uncoated 
urea andtiurea :ttnmmoriilii phosphate indicated lower efficiency 
of these urea-containing N sotrces for topdressing, particularly 
at igler N rates. l)eceinber, January, February, and March 
topdressing dates had rather similar effects on forage yields 
and N contenits. 

194 Sulfur-Coated Urea: A Slow-Release Nitrogen S6urce for 
Grass. 1). A. Mays (TVA, National --ertilizer Development 
Centler, Muscle Shoals. Alabanma). Proc, litl.GrasslandCo#iiir. 
llt: pp. 428-30 (1170). The Tennessee Valley Authority has 

developed alleffective slo-release N fertilizer by coatinlg
gralillar irea with elemental S and inicrocrystalline wax. 
Sulfur-coated urea was compared with NILINO 3 and tuncoated 
urea tfor production of tall fescue (l'csttwa r-undil.acca) and 
Coastal berniuidagrass (C..i'nolmon (acti'lo). When these N 
sources were comipared on tall fesct.e, spring forage prodiuction 

195 Nutrient Uptake by Grass and Leaching Losses from 
Soluble and Sulfur-Coated Urea and Potassium Chloride. S. F. 
Allen, G. L. Terman, and II. G. Kennedy (TVA, National 
Fertilizer Development Center. Muscle Shoals, Alaalma). 
Agron. J. 70 (2), 264-8 (Mar.-Apr. 1978). This study wasconductcd to measnre crops response to N or K in uicoated 

urea. animoninln nitrate (AN). S-coated nrea (SCU), KC1 -lid 
S-coated KCI (SCK) and to relate leaching losses to NO.-N and 
cations. In one series. gran ular N sources to supply 200 or 400 
kg of N/ha were mixed with the upper 20 cm Of a 1:1 mixture 
of Norfolk sandy loam and builders sand contained in 15-x 
120-cm columns. A second series was similarly fertilized with 
K sources to st pply 100 or 200 kg of K/ha. Soil coltumns were 
left fallow or planted to tall tescue (I"estttca artmdinaca 
Sireb. 'Kentucky 3 I') which was harvested six tinmes at 4-week 
intervals. Then stuhble and roots were incorporated into tihe 
soil along with a second application of N or K and cultures 
were planted to sorglhuim-studangrass [Sorghmun hiculor (L.) 
Moench x ui mulgarc sudanese 'Green N'i , which wasSorgh/mm 
harvested four times at 4-week intervals. Water was applied as 
required for crop growth and once during each growth period
 
all colinins (including fallow) were heavily watered to collect
 
2 L (10 crn) of leacliate fron each. Total recovery of N by
 
both crops was in the order: SCI I-12 > split-AN > SCU-20 >
 
irea > AN > no N. With cropping, 0 to 11 ' of applied N was
 
foind in drainae water. Under fallow, losses of N were mtch
 

-
higher (29 to 72c;)and were in the order: split-AN > SCU-12
 
= SCU-20 > AN = urea > no N. These results support tile
 
premise that slow-release fertilizers supply inore N for Lrop
 
response, bit naV not reduce leachingu losses. l.eachinlg of
 
cations was \'ell correlated with loss of NO3-N (r = 0.83 to
 
0.90) tinder fillo\,. but was less correlated (r = 0.33 to 0.74)
 
tnder grass. Recovery of K by hoth crops was near 100"7.
 
Applied K decreased loss of NO 3 -N. Ca, and Mg tinder
 
cropping and increased losses under fallow. Leacling of
 
NO.,-N and cations was highly correlated. Applied N and
 
oxidation of' S in S-coated products both contributed to
 
acidi1ication of the soil. which iltensified leaching ot Ca and
 
Mg.
 

196 Urea Release from Sulfur-Coated Urea and Nitrogen 
Utilization by Tall Fescue. G. S. Peltygrove (Oregon State 
Univ.. Corvallis). Diss. A hstr. Int. B3S,994. Little is know\n of 
tile mechanism of urea release froni S-coated urea (SCtr) and 
tile environmental factors which affect the urea release rate. 
Objectives of this thesis were: (I) to determitie factors which 
affect the rate of N release fromn SCJ: (2) to compare N 
utilization by tall fescue (Festuca artwndinacca Schreb.).
fertilized with urea or SCI J.The rate of urea release fromll SC"" 
surface-applied to soil was deterlilled during imnctibationt for 
periods of ill) to 5 months tinder a rainge of teiperatires 0S to 
350) and soil water potentials (-5 to -30 bars). Three SCU 
fertilizers with different 7-day urea release perceittaces and 
sealants were studied: SCI 4 (wax sealant). SCU 25 (pol
yethylene-oil sealant, 30:70 \v/w): and SCU 23 (no sealant). 
After a lag period of 25 days, wax-sealed SC. applied to 
nonsterile soil at 250 and -5 hars water potential released tirea 
it :t rate of 1.0'</day. In sterile soil, after in initial release of 

was less but sittitner and fall productioi was higher fronm about 10r,. no further release occurred. At -15 and -30 bars 
S-co:ited urea than fron the soluble N sources. lit trials on water potential in nunsterile soil, release took place at
Coastal berinludagrass, the coated product was superior in total 0.5% /day, with a lag period of ip to 00 days. SCU' sealed 
yield and nifornlvity uf Seasoinal lroduictiotn when all sources with polyethyleine-soil released urea at a slightly faster rate at 
were applied iii a single spring application. blt not with four -30 bars tan at -5 and -15 bars. Following :ilinitial release of 
split applications. I0". urea release rates front wax-sealed SCI I at 35. 25. 15, amid 

.33. 
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51; were 1.5, 0.71 0,and 0c/day, respectively.The urea release Nitrogen Uptake. C. L. Parks and J.R. Woodruff (Clemson 
patterc multi-granule samples of SCU 4, 23, and 25 was Univ.. Clemson, South Carolina). In Aigronomn Abstracts 1974froii 

coating thickness distribution. The Annual Meetings (held Chicago, Illinois, Nov. 10-15, 1974). 
coating thickness dist ribu ion can be rapidly determined and is ifadison, Wiscosin. Am.Soc. Agron.: p. 153 (1974). Three N 
a het er indicator of the long-tern urea release patfern than sources ammonium nitrate andLI S-coated urea with two dis
tle conventional 7-day release test. In tile 

shown Iocorrespond to tile 

field exp riment, solution rates were added to established stands of Coastal 
over a4-yr pcriod, tall fescuc fall-fcrtilized with SCLJ produced Bernudagrass on a Norfolk sandy loam. Each material was 
ahout 20'; more y matteri than fescue fall-fertilized with added at rates to supply 224 and 448 kg N/ha. Both S-coated 
urea. versus 50 mot/ha at the 800.kg N/ha/yr rate. Fall appli- ureas were applied the 3rd week in April. A 224 and 448 kg/ha 
cation of SCU and split application of urea restilted in the rate of N. as amumonium nitrate, was also applied on this 
same dry matter yield. Residual N resulted in higher yields by date. The same rates of ainmonium nitrate were used in two 
SC[J-fertilized tall fescue during the 2nd. 3rd. and 4th yr. other treatments, applied in four equal applications 
Four-year N recoveries by tall fescue receiving fall applications (one-fourth in April and one-fourth after the First, second, and 
of' 800 k, N/ha/yr as urea. SCL 30. or SCU 4 were 43, 58, third harvest). There were no differences in yield (Ic to source 
and 61"; respectively. Over a 2-yr period NO3 -N leaching for the 224 kg/ha rate applied in April. Yield and N recovery 
losses froi plots fertilized with urea (400 kg N/ha/yr), SCU 4 was highest in the plots receiving ammonium nitrate applied in 
(400 or 800 kg N/ha/yr), or urea (800 kg N/ha/yr) were four equal applications. At the 448 kg/ha rate, plots receiving 
estimated at 65, 20. 19,and 126 kg N/ha, respectively. Nitrate- S-coated urea with the slower dissolution rate yield more dry 
nitrogen leaching losses were < 10' of the total N applied, matter than those receiving S-coated urea with the faster 

dissolution rate and ammonium nitrate when all of the N was 
197 How Different Sources and Rates of Nitrogen Fertilizer applied in April. Nitrogen recovery was higher in the plots 
Affect the Production of Tall Fescue. C. I). Spies. C. B. treated with amnionium nitrate for 2 of the 3 yr that the test 
Southard (Purdue tniv.. Lalflvette. indiala). and C. Falning. was conducted. 
In .Alronomym. . hstracis !974 .litnoral 1hcetins (held Chicago, 
Illinois, Nov. 10-15, 1974). Mladison, Wisconsin; Am. Soc. 200 Grass Response to Sulfur-Coated Urea, as Affected by 
.gron.: p. 155 (1974). Tall fescue (1-'estuca arundinacca) Coating Method. D. A. Mays (TVA. National Fertilizer 
was fertilized tile season in late Development Center, Muscle Shoals, Alabama). In Agronomy,at hegiuning of the growing 
March. AmmOnium nitrate, urea, and two sulfur-coated urea Abstracts 1974 Annual Meetings (held Chicago, Illinois, Nov. 
sources were applied at 0. 67, 134. and 201 kg N/ha. Uniform 10-15. 1974). .11adisont Wisconsin: Am. Soc. Agron.; p. 152 
alpication of P and K was broadcast on all plots. Three (1914). Sulfur-coated urea (SCU) lots with S applied using 
harvests Were made durimg the growing season and measure- plIneltimatic or hydraulic nozzles and coated with Sonly or with 
'nelts iucluded percent N, protein,- and total dry matter. S plus wax and conditioner were evaluated as N sources for 
\1111110114i11 uitrate and urea gave greater total yield at the two Coastal lermudagrass (Cvnodon dactylon L.) and tall fescue 

lower rates of application hut at the Iiigli rate (201 kg/ha) all (Festuca awindinacea L.) cut at tile hay stage and for tall 
sources Lve siulilar yields. Production was uniformly divided fescue and Tifway bermudagrass cut at weekly or biweekly 
hetween ihethree harvests with the sil fur-coated urea sources intervals. The effectiveness of spring-applied SCU relative to 
whereas most of" Ile response from the other two sources was spring or split applications of ammonium nitrate varied 
oblained at the i;st somewhat with coating type and dissolution rate. Preliminaryharvest, 

data indicated that both nozzle types Were satisfactory. In 
198 Sulfur-Coated Urea as a Commercial Nitrogen Source for most comtparisons SCU with wax and conditioner was more 
Established Pastures. 13.W. Remick (Missouri Farmers Asso- effective during the first growing season than SCU coated with 
ciation, Columbia. Missouri). In Agroomi;' Abstracts 1974 S only when both materials had similar short-term laboratory 
.lnmal ,'eetin,,s (held Chicagoo. Illinois, Nov. 10-15, 1974). dissolution rates. Apparently this was because tileS-only 
.lkadi.N.,Itisconsin: .,1In. Soc. ..fg-on.. p.154 (1Q974). Sulfur- materials required a heavier coating to achieve the same 
coated urea at the 20' and 30?; dissolution rates was corn- short-term dissolution rate. The S-only fertilizers have usually 
pared with aninioniuim nitrate and prilled urea at 60 a..1120 shown more residual effect. Sulflur-coated urea with a 7-day 
kg/ha N ou establisled fescue sod. The randomized block dissolution rate of approximately 25'; was generally more 
techiiqiie was used employing three replications. Treatments effective than less soluble SCU.
 
were applied oil March Iand cutting taken oil May 4. une 14,
 
and October 10. Sulfur-coated urea demonstrated the capa- 201 Effects of Rates of Nitrogen from Sulfur-Coated Urea,
 
hility tlsupply N oil a season-long basis and to sustain fescue Ammonium Nitrate, and Urea on Coastal Bermudagrass Grown 
growth into late fall after only one application. Data indicates on a Coastal Plains Soil. NI. N1.Ficlihori. Jr. (Louisiana State 
this to be tiledirect result of the interaction between in- Univ.. Baton Rouge). In .,Igronomt' 4,bstracts 1974 .mual 
creasing N level and decreasing dissolution rate.. It was iiuost .fetinigs (held Chicago, Illinois, Nov. 10-1 5,1974). Madison, 
clearly demonstrated in those plots treated Wilh SCU-20, Wt'isconsin: ,,Am.Soc. Agron,.: P. 148 (1974). Coastal bernuda
having the lower dissolnion rate of the two sulfur-coated gr:ss (C'.tnodoo dactylon) was grown on two soil types with 
)rOd ucts tested, at 120 kg/ha N. This compared t'f.vorably With varying rates and sources of N. The rates were 200,400. and 
results from the plots treated with fhe conventional prodttcts 600 kg/ha. The sources were ainmoniumi nitrate (.\N), urea 
which out-yielded sulfur-coated urea at both N rates at the (U). and stIlfur-coated tirea (SCt) having dissolution rates of 
first but sharply declined illyield at the second and third 10. 20. and 30';. PIlosnhOrus and potassium were applied 
cuttings. Both sulfur-coated ureas olityielded these conven- uniformly on the different treatments and ill materials were 
tioual products for the season at tIle 120 kg/ha N rate. applied broadcast oi the surface. Tile average yield of forage 

was increased 4834. 8498. and 10.708 ks/ha at rates of 200. 
199 Effect of Sulfur-Coated Urea and Ammonium Nitrate and 400. and 600 kg/ha of N. Aiiimoniu nitrate had the _reatest 
Time of Application on Coastal Bermudagrass Yield and effect on tileyield of forage. Average Iforace yields were 
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increased 1054 kg/h:: Urea produced average forage yields and IBDU generally gave higher values than sewage sludge and 
that were 1067 kg/ha lower than AN and 155 kg/ha higher Agriform. 
than SC U. lorage yields were higher when SCU having a 10V 
dissolution rate were compared with SC! 20 and 3)0'. 205 Effect of Sulfur-Coated Urea and other N'itrogen Sources 
Average foragc yields of SCJI 10"' were 750 and 610 kg/ha for Fertilizing Subirrigated Hay Meadows. L. A. Daigger and 
higher lilan S(1L 20 and 30';. Forage yields were increased W. J. Moline (University of Nebraska Lincoln). In Agronomy
1802 and 9.54 kg/ha where AN and U had been atplied in four Abstracts 1974 Annual M[eetings (held Chicago, Illinois, Nov. 
as opposed to one increment. The N content of the forage 10-15. 1074). ,Madison,lt'isconsin:Am. Soc. Ajaon.; pp. 147-8 
respotIded to each N addition . (1974). SnIftnr-coated tirea. urea, and animoniun nitrate 

broadcast in the spring and !'all on subirrigated hay meadows 
202 Response of Coastal Bermudagrass to Nitrogen in at rates of 0. 34, 68 and 136 kg N/ha during 1971, 1972, and 
Sulfur-Coated Urea, Urea, and Ammonium Nitrate. D. A. Mays 1973 significantly increased yields at all rates. There were no 
arid (G. L. Termati (TVA. National Fertilizet Development differences in hay yields among N sources at rates of 34 and 
Center. MNutscle Shoals. Alabama). Stulphtr Inst... 5 (3). 7-10 68 kg N/ha. However, at time high N rates animonium nitrate 
(Atttimin 1916). Coastal bermimdagrass ofn ield plots of Sango produced significantly higher yields than silfir-coated urea 
silt' claN loam was treated with 224 or 448 kg/ha of N in 1,2. and urea. There were no differences in dry matter yields
o" 4 applicatiotts sitlg am tllortilu nitrate (AN), iucoated irca between SCU and urea at all rates. Data on N recovery 
or sillfmr-coated urea (SCQ!) as N sources. The experiment percentage show that spring applications of SCU were more 
was conducted frotm Q66 to 1Q09 at Muscle Shoals with N efficient than were fall applications. This positive response to 
applied time Iilrst 3 vir only. Sulftr-coa ted urea contained spting applied SCU was nndoubtedly influenced by the corn
40-45''; S as elemental S coated onl urea grantiules. Uncoated position of the meadow which included warm season grasses
uirea protuced sigmillican;tly less flora'ge than AN or SC when that can more effectively tse slow release N. 
all were alplied as a single spritig application. A single spring
applicatiot of Scl; prodttced flour harvests of 'forage as 206 Sources, Rates, and Frequencies of Nitrogen Application
unifo+rtmi itt yield as I'ur slplit application of AN. Apparent in Subirrigated Hay Meadows. L. A. Daigger and W.J. Moline. 
N rccovely was as higl for tie single application of SCU Ag,-w. L 69 (4). 644-7 (1977). The effectiveness of three N 
(66-70':; recovery') as for four applications of AN (55-65%). sources at various rates in alternating sequences of N applied 

annually. biennially, and triennially for meadow hay pro
203 Sulfur-Coated Fertilizers for Controlled Release: Agro- duction was evaluated. The hay consisted of a complex
nomic Evaluation. S. F. Allen and 1). A. Mays (TVA, National mixture of Agropyron, Poa, Sorghastrun, and Carex species
Fertilizer l)evelopmet Center. Muscle Shoals, Alabama). .. harvested froti a sibirrigated meadow of an Aquic Ustifluvent 
.. r l"00d (h ,. I0 (5), 809.-12 (Sept.-Oct. lQ71). Three soil. Sulfur-coated urea (SCL). urea, and amtironiun nitrate 
greenhotse pot tests were run to evaluate lobig-term crop (AN) were broadcast in the spring on subirrigated hay
responSC t t1 tcotAd alnd S-coatedJ urea (SCU), diamn monium meadows at rates of 0, 34, 67, and 135 kg N/ha applied during 
lhtosphate (S('P). aid KCI (SCK ). Wit tberuitda;.grass cit eight 1971. 1072. and 1973. All N sources and rates increased hay
times at 2-week intervAs, S( gave more ttiiforl uptake of N yields. There were no differences in hay yields among N 

and yield ,f 6inlae thati did tncoated urea (U). At high er rates sou rces at the low rates of 34 and 67 kg N/lta: however, at 
of applicationi wheme luxury uptake of N from U occurred. high N rates AN and SCU produced higher hay yields than 
SCU also g,,ve greater total f rage yield. Yield and uptake of K ttrea. Under these meadow conditions, N recovery percentages
troll S('K by three crops of cort, each growm tr 6 weeks, from SCU were greater than with urea or AN. Total protein
restlted in the saute patterns of cottrolled release as for SCLU. prodiictioit increased with increasing rates of N. Where ferti-
At lit tiiti rates. tile otl v benefit from SCK over uncoated lizers w;ere applied once in 2 ,r higlier total protein yields were 
K0I was titote unitiforln yield of Ite: at higher rates, SCK produced with SCU than from urea or AN at 67 kg N/ha. At 
also gaZve greater tot:l folrage yield. With sorlIlttti clipped four higher N tates protein differences between SCU and AN were 
limes at 4-week intervals. 'SCPdid no0t supply adequate P for not observed in the 2- and 3-yr intervals of N application.
oltitlitt early growth. As aurestilt, total vield of forage was Efficient use of N fertilizer canl be attained when applied once 
less frotit S('I' thait trot 1) ( D.\P). haytiticotCd (NI. 4Il1O4 in 2 yr for proluctiotl in stibirrigated lleadows, where 

llh,-lih total uptake of l) was similar froilt SCP antid DIAP. transport of fertilizer materials to the field site is difficult. 

204 Response of 'Sunturf' Bermulagrass to Slow-Release 207 Nitrogen Sources for Hay Production on Flooded 
Nitrogen Sources Under Greenhouse Conditions. Mleadows. A. F. Ludwick. C. B. Rtmburg and F. G. Sierner 
A. lBonidttlng. Y. Kaiihio, anid C. L. Mtirdoch (I iiv. Ilawaii. (Ft. Collins, Colorado). Soil Sci. Soc AIn. J. 42 (3). 50-I 2 
Ifloioltilu). lhoiS in Il (4). 379-81 (Aug. 1976). Slow- (1978). Three experimetts were cond ucted over a 3 yr period
release N sotuices [sewage sludge. Agriform. Osinoco e, S- to colmpare various uru~a materials and ammonitim nitrate as N 
coatedi urea (SCt), atd isobhttvlideie diutIea (I lt' Ml ltd a soinces tur hay production on looded mLeadow sites. Each 
solthle N sturce (NIl, ), SOj were appliel to soil at the rates, experiment was a colpitlete factorial combination of fertilizer 
of' 224 aind 44' kg N/ha befOrC Iplaintint beritlidaslS; N sources arid rates broadcast once in the spring on established 
('(:t(/J/%u la'-elisii Illutcoitube cllliVar S11tit1urf'). Yield, ': N. foraee prior to 0loodirrigation. Experinuetit I in (;unnison
:ait1 N rec velv;at three ctltin s at 30-dav intervals were County. Colorado, consisted 1'Z11rititon01111 litrate (AN). urea 
siguiticattl hiiher at ile 448 kg/hal rate tth:n at the 224 kg/lit (t), S-coated urea (SCLI). arld tirea zinttionium polyplhospliate 
rate aiid , crc Iihcst in tie tirst of three cuttings and (UAPP) br tcast at rates l'O,067. 134. 202, and 269 kg N/ha.
decreased siehriican tly in tihe second arid tinal ctlttiltuts. The A second season's data was colle(:ctd to cvallate carryover N. 
slow-release N Sources, except Agriforil - genlerally !tave highcr Experiments two atnd three were conducted in .ackson Cotilltv 
yield. '" N. anid N recovery values than (NI 1,,)2SO,. especially for a sin,.,le se:son and consisted of AN. U, I APP, amid urea 
at tie third cittilig alid at the hiiter N rate. Osiocot e. SC . 1 . aitnroniutm strlt'ate IAS) broadcast at 0. 00. 17). and 269 kg 
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N/ha. I lay yields and N uptake were significantly increased by 
N fertilizer at each location. Tiler,.was no significant response 
in hay yield or N uptake resulting from residual N in the 
seconrd sCason of Lxperimett I. Source ot N did not influence 
hay yields nor N upt ake. The Ncontent of tile hay was signifi-
cautly influenced by the N fertili/er rate at two locations and 
the N source at one location. In ceneral, hay yields and N 
uptake increased with increasing rates of fcrtilizer N. E'ertilizcr 
etficiecs' was low at all locations. ranging between 8.5-19.6 
kg hav/kg N. Fertilizer N recovery was - 30; for all treat 
neuts. B~oth efficiencv and recos'erv of, N. tended to decrease 
with increasin- N rates. 

2( 9 Use of Slow-Release Nitrogen Fertilizers on Native 111ixed 
Prairie. .1. I. Power (AR-SFA-.tSDA. Lincoln. Nehraska). 
.Igron. .I. 71 (3). 44o-1) (May-ime 1979). A 4-yr field experi-
incllt a'itsconducted at Malltda . North Dakota, to compare 
the etfects 01 S-cMaited urC and itreatormaldehyde with 
N11. No fr prOluction of' mixed iltive plairie vegetatio. In 
gcneral, all fertili/ers al ill rates ol application decreased 
/I,,uh'tt 'c .raci/is (hIl leg densitv. wlile -Igroup'ron 
.0mil..ii (westelU whicatgras) dciisitv gener:ilv increased at 
rates ahove 50 kg N/ha iuiidly . Dry Matter rxdhtimn from 
all rates of)N application was ,reatest for N114 NNO ald least3 
fir ureafuriualdelvde. \wilh inlermeuCiiate lr)liUctioun, for the 
S-coated ias. Fertilizer N recovery in harvested forage 
tollowed this same iorder In general, the mixed prairie grasses 
itsed N trotm urea-containig ,frtilizers less efficiently than 
that from NIINO, (14 refl). 

209 Effects of Types and Rates of Nitrogen Fertilizer on 
Range Herbage Production Under Drought Conditions. K. 0. 
I:,dh: .0 (I Mexico IJUniv., Las Cruces). Rex.a/ (New State
ReIor..,fr'i-. I. Stt., A\ll .hicu St Unt,. No 343: 

6 pp. (10771. Bllte ,g1ria raugclaild herbage production was 
evaliIatcd with NI 1.N41 (IN I ) O ,,S. urea, anod S-coated urea 
applied at 4() lb N/acre aim tialv and 80 lb) N/acre biennially 
during 1970 and l971. Total herbage production was 
separated into ..lrtemishi iarrtthii, forbs aud gasses. . 
caIIrthii prioduced little growth increase due to fertilization. 
Lnimited carly ,rtirowtI-seasonprecipitiima :allowed anmal forbs 
to initiate frowth and siccessfilly ittilize tile fertili/er. In 

animoniunm nitrate, urea, urea-aumonium nitrate soltition. 
silfo r-coated lirea (SCtJ-30). and urea-ammonimn sulftate 
(WAS). Nitrogen rates were 67. 134. and 202 kg N/ha applied 
ill the spring, and a series of spring-summer split applications 
using tile 134 and 202 kg rates. In 1073. N carrier comparisons 
indicate olutstanding performance hy UAS: significantly better 
than all other carriers at two of' three bromegrass sites on total 
yearly yield basis. At tfe single fescue location, SCU-30 was 
signilficantly hetter than all other carriers for fall and total 
yearly yields. hi 1974, three of four locations indicated 
no significant differences between N carriers. Iln 1973 and 1974, 
yields increased linearly with N. all rates were superior to the 
comtrol. The 134 kg rate was superior to the 67 kg rate at all 
locations both %ears, while the 202 k, rate was superior to the 
134 kg rate at one location in 1973 and two locations ill 1974 
Split applications produced superior yields for fall harvested 
material. On a total yield basis, two of ftour times of N 
application effects were not consistent. 

211 Effect of Sulfur-Coated Urea on Yields of Two Warm and 
Two Cool Season Grasses. F. M. Kroli. R. Mattas. and 1.. 
%lcinke (Univ. Missouri, Coluimhia). In Agronom.v ,bstracts 
1974 Annuial .lfetings (held Chicago, Illinois, Nov. 10-15, 
1974). .ladison, ltisconsin:Am. Soc. :igron.: p. 150-1 (1974). 
Three sulfur-coated ureas. urea. and amnmonium nitrate were 
compared hy effects on yields of switcfigrass, blue stem. reed 
canary grass, and tall fescue. Tile warm season grasses were 
grown on Crelden silt loaii in southwest Missouri, the carriers 
top dressed at 67 andI 134 kg N/ha ill mid-May. No yield 
differences ocuclrred between carriers at either rate. The 134 
ke rate telded to increase yields but not significantly. Reed 
canary grass was grown on Grumdy silt loam in North Missouri 
at 134 kg N'la for all carriers. No significant dif'l'crerces in
forage yields were noted. Carriers were applied to fescue on 

Mexico silt loam in Central Missouri totaling 180 and 360 kg 
N/ha. Yield differences between N rates of all carriers were 
significant. The yield using uncoated urea was signiticantly 
lower than the other carriers at :ie 360 kg rate. 

212 The Effect of Source and Rate of Applied Nitrogen on 
Irrigated Grass. R. L. Croissant, J. 0. Retiss, and W. G. Stewart 
(Colorado State Univ.. Fort Collins). In .,Igroonom' .-. stracts 

10'70. grass responded pisitively tomthe application o, 80 lb 1/)74 Aumal Meetings (held Chicago, Illinois, Nov. 10-15. 
N/acre. Il I971 gr:i,,s prIodictioln "as higher under the annual 
application of* 40 lb N,'acre, except for tile higher rate of 
S-coated urea alplied ill the vr befOre . AlthougIh lprodluctionu 
was less on plots where fertlizcl was applied each yr. S-coated 
urea showed soie residual effect on grass lroduction. Other 
v'ietaltioll classes showed mixed responses to either appli-
cat iol rate tr fertilizer' form. Ammonium stulfate generally 
tended to h'. less efective alld urea.i more effective I'Or 
increasing ti.rblage production especiilly ill 1970. Precipitation 
for New Mexico SW ramgelands was a more critical factor thal 
fertilizer practices. Fertilization of' ralgelands under a drought 
stress condition did not produce the anticipated hlerbaige 
pridmuctim imuprlvement (19 ref). 

210 Evaluation of Sulfur-Coated Urea and Urea-Ammonium 
Sulfate as Nitrogen Sources for Cool Season Grasses. R. F.. 
Lamuiod et al (Kansas State Univ.. Manhattanl). Ini .grmo'mln 
. l74-acts /91 7-1,malitllctings (held Chicago,. Illinois. Nov. 
10-15. 1974). Madisol, Wiscnnsin: It Soc. Agron. " p. 151 
(1974). Studies were initiated ill 1973 at four locations 
in Kansas to evaltate performance of five carriers as somrces of 
N for smooth bronme and tall fescue. Nitrogen carriers .'orc 
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1)74). Madison, t'isconsin: .Am. Soc. Agron.: p. 147 (1074). 
ComlparisonIs Of antmoniitl titrate sulfate and sulfur-croated 
urea onLirrigated srnooth-hromlegrass (froimus inlermis Leyss.) 
and ochardgrass (l)actv'lis gilomwrata 1..) mixtures were made 
immIastei'1 Colorado. Stulfur-coated urea treatments were 
applied in one application and the ANS treatments were split 
cirrespomiditig to IIarvest periods. Sutlfur-coated urea treat
melntS yielded 9720, 9690. I I .610, I1, 60. and 15.400 kg/ha 
of air dry forage at 168. 224. 336. 448. and 672 kg/ha ot 
applied N. Ammonium nitrate sulfate treatments yiclded 
7010. 10.3 10. 12.,870. 14.560. 14.660. and 16.460 kg/ha of' 
air dry forage at respective N levels. Average nitrate-N con
centrations ili the forage 7 (lays after harvest and fertili/ation 
with both sources of N across all N rates were . I I 5.. 21 0 
and .219%,. Sevenl days after the first harvest, nitrate-N con
centrations from S('IJ treattents with the 336 kg/ha rite \were 
.064' whereas with 336 kg/ha. nitrate-N levels avera'ged 
.317% on ANS treatments. Nitrale-N levels, under all Ireat
men ., decreased rapidly flrom a period 7 days after harvest 
aid fertilization 1mmtil the next fertilizalit aILd reerowlh 
perieod. Nitrate-N levels with both S(t and ANS applied at 
672 kg/ha were .3'" or higher 55"' of the time. The crule 
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protein level of the orage. tested to 336 kg/ha. increased rate was raised fron 134 to 201 kg N/ha. Maximun economic 
by each inrcreumnt of N up to 336 kg/ha arid decreascd with return from the application of N occurred at a 'evel of about 
each successive harvest. 134 kg N/ha. Nk- clear-cut superiority was establs icd Ilr any 

N carrier. Snlfur-coated urea pert'orned well on tall fescue but 
213 Response of Orchardgrass to Sulfur in Sulfur-Coated less effectively on bronievrass. Although there was evidence of 
Urea. (G.0. 1, .'k. J. M.Geist. arnd A. R. Tiediaun (US)A. delayed release N fron SCIJ. its efficiency as mcasured by 
Pacillfc Noirthwest Forest Rmge Exp. Stn.) .Sdlir I.st. 1. I total yield was similar to conventional N sources. The 
(3-4), 4-8 (l:Fal-Winter 1075 ). [le availability of1'S in S-coaLed effectiveness of' a carrier was influenced by location, 
urea (S( f)for plant gowth onl S-deficienlt forest and rauge envirorirnetlral conditions, and grass slecies. 
"oils was rested ulnder ,reenlIoise conditionls onl three 
reioaall iiportalnt soils. Altliowrli the degree ot" plant yield 216 Response of Permanent Grass at Cockle Park to Ammo
response \aried ;I1olig the three soils, it appeared lh.,i S ill nium Nitrate, Isobutylidene Di-Urea, and Sulfur-Coated Urea. 
SCU was a,,:lilahle in sufficiert amllllollnts to be ol acceptable I). Joshy anid F. Ilunler (Utniv. Newcastle upon Tyne. 
ferlili/er valrre. deperlding oi terlifi/ation objectives. Not al! Englland). JSci.Fod ..gric. 2( (0). 1428 (Sept. 1975). Oil a 
difterences ill fertilizer treatunit effectswereIctlected Iy soil typical southeastern Noitliunhrian bulder clay soil [ph! 
chicriticaf arla. ses. It \was foirlild that soils with similar N:S (1l,0U) 6.51 with a sward derived from Cockle Park seeds 
valies apparently had widely di ferent rates otfS oidtlionI. mixture NII.IN . was compared with isobuttylidene diurea 
hence differenit Savailability. This seeued to apply t', native S ([BD.J) and (SCL). Iti 1973 'our cllts wsere taken. Against a 
as \well as cerlail elerniential S solurces. The cOlitrol of' N control yield of 8080 kg/ha dry matter (l)M), four split 
soltion by ile S-coralin, prnrerly appeared it have ro dressitig. aclh of' 125 kg/Ira as NII,NO, gave 13,510 kg/lta 
depressill ellect ont plant vield for arty of' the three soils D.M. a single dressing B)1U at 65 kg N/Ia. 12.810 kg/la DM, 
lested. With tie adv:'nrfaaes :ccrued to a sl,w-release N f'erli- anl o'SCL also at 625 kg N,/lia 12.180 kg/Ia DM [LSD 650 
filer plus tIle added benefit Of S. SCIJ shows prom ise as an (1'= 0.05)1. Nitrogen recoveries were 6117 for NINO1 , 441; 
acceptable fertiliier urncertain folrest aInd range soils ofeasten foi -1D)!. aid 54%;- for SL. Cotrolled-release materials from 
Oreguon arid Washirltet i. one single spring application can give broadly similar prodttc

fion and eftficiency to a series of split dressings of NI 'rNO:j. 
214 Effects of Nitrogen Carriers, Nitrogen Rates, and Wlen NIl1NO., dre'ittgs were doubled at 250 kg N/ha per 
Maturity on Composition of Smooth Bromegrass. ('. L. I larnis application DM productiont fell by 13% whereas with 
et al (Kansas State lniv.. Niatiliattart). Il .'gi-onmomn' Astracts massive single dressings of 1250 kg N/ha IBD gave 81 ( more 

-1074I 4I1mal Aleetins (held Chicago . Illinois. Nov. 10-15. and SCU 16% more )M than tile 625 kg N/ha level. Tile risk 
1974m.1a un. lt'isconsi,: r..qoc. .l of scorch normal of' usage of thesei rn.: p. 140 (1974). at rates of either last 
Increasirn, incidences if tile grass tetanry syhndroie ort beet two itaterials is therefore niinal. Tle most interesting 

to forage cuMcertratiotis been of sl'rdycattle related w Nowg have feature this was the ability of' controlled-release 
iggestedI to be a result of' increased usage of nitrogen fer. materials tIoi a single spring dressing to provide N in a 

lili.el, ol grass past! res. Rates of ,7.1 34, arid 202 kg N/Ia pattern over tire season correlated With the requirements 
frlOilartrorlllillli nitrate. urea, turea-atllllrlitlill nitrate Ot itrarry seed-sowr crops. Both Ilarnarnoto with IBDL1 and 
solIrtiol, silf r-coated urea. ;aid urrca-:'rmnlori runlsulfate were Jurg with crotonylidene diurea have reported similar results. 
:pplied 1t) sitoirth broitnegrass in late winter. Miagriesitin Art intriguing aspect of the results was that in the dry July
concentrations irttie planl tissue were unaffected by N carrier August growth period there was greater N uptake from tile 
or rate arld remained constallt until rapid growt\,th began itl sinmgle Spring dressing of' IBD1 than from tile split N14NO. 
Iltid-May a'lter which they declinied until early .lirre harvest. treatments. Growth room trials at controlled mtoisture tensions 
I lighest seisrllal colicelttatioln., of Mg were f'ound in tile fall with the polyethylene glycol technique confirmed tile abilitsy 
grorwtlr. 'Calcirnri cncentratiors were unaffected by N carrier of IBI)11 itt particular to release availahle N in dr' conditions.
 
or rate ard declined fronl the initial sampling date to sulllrlier
 
1ha1vest. lclihest Ca concentrations were f'ound irt tie tall 217 Comparison of Sulfur-Coated Urea and Ammonium
 
groxvrlh. Polassirrm. P. and N concertlratiions were hiliest Nitrate as Fertilizers for Pensacola Bahiagrass on a Spodosol.
 
at earl\y staves of'emrwth arrd declined with increasimne iraturity W. G. Blue (Florida Agric. Ixp. Sfri.. Gainesville). Soil Sci.
 
ill hith Srlpiri aid fall. For ,ace yields were doubIrled wil lhife Soc. Ain. .. 41 (6), 1191-3 (Nov.-Dec. 177). Two slowly
 
Ise of 67 ke ./Ia arnd tripled by ap)plic.alion (if 202 kg N/lra. available T'A experirnental stil fur-coaled ureas (SCI) were
 
Signtifical .ild diffeleces were evident among tile diftereint compared with atnnnoitnin nitrate (AN) as N sources for
 
N carriers. 'Pensacola bat iagrass oil Myakka ;'.ne sand. One S(lU coil

tained 35.4"; N with a S 'rmting of 23': the other contained 
215 Comparative Performance of Nitrogen Sources on 40 .2"; N with a 12.6%; coating which included S plus 2" 
Smooth Bronegrass and Tall Fescue. R. F - limird et al diatortraceous earth and 0.25' coal tar. Four levels of N 
(Krsas Agric. IExp. Sir., Nlanhattan). S',ilSci. Soc.. ill. I.-3 (0, I 12. 224. and 336 kr/hta)were applied annually for 3 sr to 
(3). 0n10-12 (1l970)). Studies were iritiated irl 1073 at ts%"o artestablished grass sod which had rit heen If'rtili/ed wih N 
locatliots ill Castelti Kansas frevaluate teI pcifrll ri ' of1 fivc during flre nitrate was applied illprevious 2 yr. Ammonium 
Ncarriers as srurces (o'N for hroinejrass (lrnmhs incrr.,i) t 1d single and split applications. :and SCU as :a single artual 
tall fesclc (l.,l nfhailtcd) 1.Ia l\\winl cr applica i:;f it aplplicatioti ill late Marcel meach v1. Split AN s\as applied half 

r111111olii ll tillrate. urea. [Ilea-arilI tiollillIllt litrat sIlIltin ill lat, March aid near .lly I. l"ForagWe growth increased with 
(WAN). vull'iir-ci:ited linca (S"(1). arnd nrrea-:1rntrttouiirnil ,ulfittie each level of' N from all sources. Reco,'ery ut'N it) I'orr!e roots 
(IAS) I.eLt' rtrrIred t' 67, 201 ke N ira. and stolons was higher (67",' t from 22-1- and 330-ki/h:a Nit rates 134. and tire 
I'xcelleut i ull respoises ti, applied N were evidel irhoth rates than from tireI12-k/Iha rile (57'('). Fmrre vield 
ve:mrs. l01:1l yields (t' tIn'r;WCe !,eieralhy iicreased \vith N appli- increase froin tIe S('lJ (35.4': N) was relativel. poor in tlreIst 
cationrs up to 201 kg N/ha. "lie respnise fir N ,:crealsed as the y': pellets of' this material were 'ounrud curlsislently ill the 
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grass thatch at the soil surface 1yr after application. I lowever, times with (Ieionized 1120. Heavy metal concentrations ahoveforage yields and N contents for each N rate over the 3-yr check values were not detected in leachates from any column.coil parison period were not affected hy N source or number Mobility of tihe heavy inetals from the inorganic sources wasof applica tiois. '[he residual effect of SCIJ during tle 4th slightly greater than that from the sewage sludge. Nitrogen
yr as neastired hy N content of forage ranged froiin 2 to 7%of fertilization did not affect the downward movelment of Zn,fle total N applied. These qiiantities of N were gencraly less Cd. Cr. Ph, or Ni in soil but enhanced uptake of these metalsthaii tile decline ill N conlent of' the stolon-root system. by fescue because of increased growth. These results suggest
bor,,age production and N content dist ribttion with time were that heavy metal contamination of ground water is not likelysimilar with these slow release SCU's aiid AN. in heavy textured soils when sewage sludge applications are 

accompanied by N fertilization, at least for short periods of
218 Effect of Nitrogen Source on Seasonal Yield Distribution time.
 
and Nitrogen Recovery by Stargrass. J. R. Thomas and G.

Certher (tIS):A Agric. Res. Service. Weslaco, Texas). In 221 Two Grass Field Trials with a Sulfur-Coated Urea to.Algrnm, .hAbstracts 1974 l1,11al Mleetilns (held Chicago, Examine its Potential as a Slow Release Nitrogen Fertilizer inIllinois. Nov. 10-1S. 1974). iladsom,, tisconsin: Am. Soc. the United Kingdom. L. 11. Davies (Imperial Chem. Ind. Ltd., ..lgrnm.; p. 156 (1074). hrigated pasture.; in the Lower Rio Jealott's I fill Res. Sta.. Bracknell. Berkshire, England) ..J. ,ei.
(;raiide Valley of Texas need N fertilization 5 to 7 times Food Agr. 24 (1). 63-7 (Jan. 1973). In two trials conductedtlirnilhoit tihe erowine season to in]sur-e unifolrm production during 1971 the effects oil total and seasonal production ofof' high quality forage and to minimize N leaching losses. Since grass dry matter and the crops' N recovery from asingle springmost ranchers have not adopLed this practice, studies com1- application of a S-coated urea or urea formaldehyde were 
pared tlme effects of' total and seasonal production of grass dry compared with an equal amount of N applied in five dressingsmatter .ianl tle crop's N recovery Iroiln single and split appli- of ulrea or annlorilni nitrate. Ammuonium nitrate gave highercations of NI 14 NO3 , urea, and a slow release N source--sulfur dry matter yields and N recovery than urea. Sulfur-coated urea
coated urea (S('U). Anmmmonimm nitrate applied 5 tiles during as a single application gave results similar or superior to splittime growim" season. at rates of 320 and 470 lbs N/acre, yearly applications of amnionium nitrate. but seasonal distribution ofto an established stand of stargrass (m',nodon 1'imostachlit'is) these wvere slightly different. Urea formaldehyde provedwas coinmpared to :I single application of SCLJ at rates of 470 inferior, in the parameters measured, to the other fertilizers.
and 670 Ils N/acre. Single and split applications of urea and
SCI! at rates of-50 lbs N/acre, yearly were compared. A single 222 Evaluation of Isobutylidenediurea and Sulfur-Coated
application of SCU produlced the sale total hay tonnage as Urea for Grass and Lettuce. MNtnoo Prasad (Agr. Inst., Dublin,the same aiount ot' N applied in 5 dressings as N114NO3. Ireland). .LAgr. bood Chem. 21(5), 919-22 (Sept.-Oct. 1973).Single applications of' SCtJ gave slightly better seasonal distri- Isobutylidenediurea (I3DU). sulfur-coated urea (SCU). andbllionm of, dry Illatter and protein colcell tration than calcium aimlonium nitrate (CAN) were compared at three
corresponding additions of urea. Approximately 15% of the rates for their effect oil two contrasting crops, lettuce andSCIh and less than 1'; of the urea was in tile surface 122 cm of grass. and in two contrasting soil types, organic and mineral, inthe soil profile at tile end of the growing season, a greenhouse experiment. Five cuts of grass and three harvests 

of lettuce were taken over a period of Smonths. In peat with219 Efficiency of Sulfur-Coated Urea and Potassium Chloride grass and in soil with lettuce, the cumulative yields froill tlme N
Compounds Applied to Stargrass Growing on an Ultisol Under fertilizers were of time order 113DLJ > SCU > CAN, in peat withHumid Tropical Conditions. Fernando Abruna. Jacinto letttce it was IBDU = SCU > CAN, and in soil vith grass there
Figaella. and Ruben Caro-Costas (Univ. Puerto Rico, Rio were only slight differences. Ill contrast to CAN. but IBDUPiedras)....gric. fUiv. 1R. 60 (3). 310-15 (July 1976). The and SCLU gave sustained response, although early response toefficiency of various S-coated urea and KCI compounds SCU was slow. For the first iontli the only substantial lossesapplied to stargrass growing oni aimUltisol under humid tropical of N through leaching were from CAN; some leaching losses
conditions was detelmined . Applying N as urea in six appli- also occurred froil IBDU with lettuce.
 
cations yearly or ii, one alplication of S-coated urea corl
pounds TVA 1415 aid 1255 resulted in 
 higher recovery FRUITS AND VEGETABLESof fertilizer N compared to urea in one application. Applying
K as KCI in six applications yearly resulted ill higher recovery 223 Vegetable Utilization of Nitrogen from Controlledof fertilizer K in tie forage than when applied in one appli- Release Fertilizers. R. P. Wiedenfeld (Texas Agric. Exp. Stn..
catiom. The various S-coated KCI compounds did not result in Weslaco). College Sim., Texas: Texas Agric. F'xp. SI. Pr-3589:higher recovery of' fertilizer K than did KCI in one application. 10 pp. (Nov. 1979). Field stidies to evaluate slow release N 

fertilizers (sulfur-coated urea alncl methylene urea) were220 Nitrogen Effects on Mobility and Plant Uptake of Heavy established with cantaloupes and bell peppers in time RioMetals in Sewage Sludge Applied to Soil Columns. P. M. Grande valley of Texas in 1978. Slow-release N materials
Giordano and J. J. Mortvedt (TVA, National Fertilizer applied preplant appeared to be superior to soluble fertilizersDevelopmenlt Center. Muscle Shoals. Alabama). .1. I:'ni'iron. applied preplant. and equivalent to split soluble fertilizerQual. .5 (2). 165-8 (Apr.-Jiume 1976). Cation mlovenlent in treatillents il providing N to the plant. Soil N in the top 6 in.soil uinder leaching conditions has been associated with N using slow-release N fertilizers preplant was coimparable to
fertilization. Therefore, a study was conducted to determine split applications of conveiltional soluble fertilizers. Only inwhether the mobility of somie heavy iletals applied ill time petiole N content did split soluble fertilizer treatments showv
inorganic f,.'il or in sewage sludge is enhanced in the presence am advantage over some preplant slow release treatments.of urea orsulfur-coated urea sources of N. Collmns of heavy Results thus far indicate that where time savings resulting froill
metal-anlended soil in plastic well casings were cropped with a reduction in required field operalions ottset the higher costtall fescue (I"esttIca artodimacC(a Schureb.) and leached three of a slow release N fertilizer, the fertilizer's use is Jiuslified. A 
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material with an even slower release pattern than those tested and (NI14)2SO4 + KN3 were tested on furrow irrigated crisp
may be more suited to the Lower Rio Grande area as head lettuce (Lactuea saliva L.) growing on a well-drained 
conditions there encourage abundant microbial activity. calcareous sandy loam soil (p11 7.9-8.2). The slow release 
Application of any N fertilizer could probably be delayed until N fertilizers and nitrification snppressing systems as single 
plant thinning because of the adequate soil N initially available preplant or at planting applications were compared with NIl3 
regardlcss of tr%:,!;ent. (single application) and three applications of (NIl 4)2 SO4 

(control). All treatments were compared at equivalent N 
224 Crop Yield-Nitrate-Nitrogen, Total Nitrogen, and Total application rates. In most instances, the slow release fertilizers 
Potassium Relationships: Leafy Vegetables. G. L. Ternian and and those to which nitrapyrin was added, resulted in yields 
S. F. Allen (TVA, National Fertilizer Development Center, equivalent to the control. In one experiment, however, the 
Muscle Shoals, Alabama). Conmun. SoilSci. PlantAnal. 9 (9), (N114)2 SO4 + KN3 reduced head wt and tie (NI14)2 SO4 + nit
813-25 (19)78). Pot experiments were conducted to determine rapyrin increased head wt as comnared with the control. 
effects of applied N on nitrate-N and total N concentrations in Ammonia + nitrapyrin increased N1 14+. decreased NO.,- and 
Swiss chard (lBeta ruiaris variety cicla) and of applied N. P, had no intfluence on NO,'"in tile soil when compared with 
and K on Bloonisdale spinach (Spinacia oleracca) and on curly NI13. In most instances, single N applications lowered dry 
mustard (Brassica pcIrrirdis). Ammonium nitrate produced tissue NO 3-N relative to the control treatment. None of the N 
greater increases in nitrate and total N concentrations in sources affected market uiality of heads according to 
chard than did stil urea the same N rates. Both N made an simulated period.fur-coated at evaluations after II -'lay transit 
and K increased yields and nitrate accumulation in spinach and 
mustard: responses to applied P resulted only in dccreased 227 Use of Sulfur-Coated Urea for Season Nitrogen Supply to 
nitrate. Both total and nitrate-N concentrations decreased with Trellised Tomatoes. J. E. Shelton (Ot.Hort. Crops Res. Sta., 
dilution and/or assimilation associated with time of growth Fletcher. North Carolina). ItortSciei,,e 8 (3, Sec. 2), 233 
and higher yields. An examination of published results with (June 1973). Sulfur-coated urea, applied preplant on trellised 
several spinach cultivars indicates that differences in nitrate-N tomatoes produced equivalent or highe; marketable yields 
accumulation attributed to leaf type can also be explained by when compared to ammonium nitrate applied preplant or split 
the higher yields of the low nitrate accumulators. The same is into five or six topdressing applications. In 1971 389 kg/ha cf 
true for differences in nitrate accumulation attributed to light N from S-coated urea, having a release rate of 10,' over a 
and temperature effects. 7-day period, produced significantly greater marketable yields

than the same rate of N from NI14NO 3 . Sulfur-coated urea 
225 Some Responses of Lettuce Grown in Beds of Peat to having release rates of 20 or 3W, over a 7-day period, resulted 
Nitrogen Potassium Magnesium and Molybdenum. P. Adams, in yields only slightly lower than split applications of 
C. J. Graves. and G. W. Winsor (GlasshIouse Crops Res. Inst., N11 4NO3. Similar trends were obtained in 1972. Yields from 
W. Sussex, Fu1ngland). .. Jlortic. Sci, 53 (4), 275-82 (1978). N rates of 556 or 722 kg/ha were not different than the 389 
The effects of 96 combinations of N, K, and Mg were studied kg/ha rate from either S-coated urea or NI-I4 NO 3 
in three crops of lettuce grown inpeat: there were two sources 
of N, Nitrochalk (26 ', N) and S-coated urea (32/4 N) and Mo 228 Sulfur-Coated Urea Casein and Other Slow Release 
was included as an extra factor in one crop. The yield and Nitrogen Fertilizers fnr Tomato Production. NI. Prasad and 
proportion of hearted lettuce increased with applied N until P. A. Gallagher. Acta Hortic. 26; pp. 165-73 (1972). The 
the peat contained 60 tmg N/L. In two crops higher N con- feasibility of using sulfir-coated urea (SCU), casein and other 
centrations were tnfavorable, due to increased acidity of the slow release N-fertilizer was examined. Experiments which 
peat which resulted in greater uptake of Mn by the plants. The included various methods of appiication were conducted for 
yield and the proportions of both hearted and of marketable tomato production in moss peat in a glasshouse. In incubation 
lettuce declined as the MN content of the leaves increased, studies inpeat SCU (dissolution rate I/,' a clay) released about 
In the third crop, which was not affected by Mn toxicity. 45c of the total N applied in about 14 weeks and showed 
there was little response to N over the range 60-250 tug N/L. increasing release in the latter half of this period. Initially most 
The yield and quality of the produce improved with increasing of the N was in the N114 form, while after the 5th week all 
K until the peat contained 200 ing K/L, but concentrations of the N was in the NO 3 form. With tomato as a test crop SCU 
ip to 600 tng K/l, had little fu rther effect. The N and K with different methods of-application and in combination with 
contents of the leaves corresponding to maximum yield were calciul anmlonin nitrate (CAN) gave yields in all the three 
5',; N and 8". K. There was no response to added Mg. The experiments which were lower than the standard treatment. 
yield and proportion of hearted letttIce were increased by The stantard treatment consisted of half tie N as CAN and 
addition of Mo in plots receiving tile heaviest dressing of half as treaformaldeiyde (UF') with liquid feed. Nitrogen
Nitrochalk. The increase in the proportion of hearted lettuce content of the foliage was lower in the SCU treatment (except 
was greatest in plots also receiving S-coated irea. The water- in combination with CAN) than the standard, early in tie 
soluble phosphate content of the peat increased from 19 mg season. bLit gave highest N-content at the end of the growing 
P/L to > 50 tug P/L as the plI of the peat declined from 6.7 to period. Casein which was tested in two experiments gave the 
5.5 in response to increasing N application rates, highest yields and tle N content was higher than the standard 

treatment at all sampling dates. Isobu tylidenediurea which was 
226 Slow Release Fertilizers and Nitrification Suppressants as tried in one experiment only, gave high N-content, but yields
Nitrogen Management Tools for Lettuce. F. 1). Moore III and were lower than the standard, probably due to severe 
P. N. Sultan pocir (Colorado State Univ., Fort Collins). In scorching of the foliage. Urea formaldehyde gave low yields 
Agroninnot .Ahstracts 1974 Annual Meetings (held Chicago, and the N-content was also low. 
Illinois, Nov. 10-15, 1974). Aladiso,, Wisconsin: 41n. Soc. 
Agron.: p. 152 (1974). Three coated N fertilizers. simul- 229 Evaluation of Sulfur-Coated Urea as a Preplant Total 
taneous injection ofN.113 +nitrapyrin.(NI1 4).S04 + nitrapyrin, Season Nitrogen Supply tor Trellised Tomatoes. .1.F. Shelton 
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'Nort II Carolina State Univ., Raleigh ). SoilSci. Soc. A in. 1.40 
(I). 126-) (lan.-I' eb. 1976). The use C a con Itrolled release N 
source for the production of trellised tonIatoes (L'colcrsicon
r.v'uih'uutiio, which reqilire frequell I fopdressillis would he 
desirable. ThiCC S-cia fed u1rea (SC'II) materials having release 
rates Of II1.4, 21.5. and 203'; over a 7-day period were
compared to NIIN()O. applied preplanl or as m1ultiple appli-
caions. Nitroen rates were 392. 500. and 729 kg N/ha. 
MaLrketahbh viels 'rull an applicatioii of S1'I)I _1at 392 or 
50t) k N/lui were grcater than with tlie sane ratle of' N as 
NI!.;Nt eitlier as preplalt or split applicatiolls. WI,21l 
S(I, .tS('r. as used. tlie yields were coin parable to 
a lngle applic:ltim Of NII No. l)ifferences ill fIrit number 
per pl o weple l signitcallly related o treaimens. Ilowever,t
there v,as asi'riticalnI difference ill avera,ce fruit wvtwhich was 
corelited witli total yield. TI,-,.e N content was highest at 
first,;aillii lroii' a single a 'plicalion C'NINO anl lowest 
fn I S( ' .t I lowever. at kiter sallilling periods tile N 
colteilt was ;in:iinied at a higher level with S('U11 .. 
AllwIihijli 72() kg. N/ba as alsingle application of NI 14NO3 
detrillieiliallv atffecle, plailt growth and prodtuction, this 
(ffect was lol ioted wilh the Sk I uilaterials. 

230 Leaching Resistance of Sulfur-Coated Nitrogen anr!
Potassium Fertilizer. P. (. Orth Uiv. Florida, Agric. Res. 
Id:la lil ('cnter, Iloinestead)I. l ,1. striacts 1974r,,no/',

.I ouel .hlu'uiigs (held Chicago. Illinois. Nov. 10-15. 1974). 
Mhadison,. I'isc,,si,: 1:Iin. Soc. ,,i,ron.: p. 153 (1974). 
IeaCinc of coil veiin ional and slow release fertilizer was 
ciomiipared by Illeasurifie erowtlh of and ilt rieut uptake by
tolliatui seedlins. Fie soil was shallow ( 5 cm) and rocky. 
Raiin siipplied 22 cii of water )etweenI plaini ig alld file first 
allpling 23 days later. Irrigation supplied al additional 11 

cIII to' a secoiid set of'plots. Sulfur-coated urea aiid KCI at 6 g
N aiid 5 KK/in of row were compared with N114NO 3 and 
K S ). at 8,; N and 6.8 g K/in. At moderate leaching, plant 
Wl was 30': less v.itli col veii t iia Iaf'Crtilizer than witl] sulfur-
caied fertilizer at file first sa ipling and 50 ; less at the 
secoidull sapliiig. IHeavv leaching reduced plant wt 25c for 

ilhfellilizers atlthe first sampling. lowever, at the second 
saiipliig 8 days later this reduction was oily 4 , for 
stilfir-coMed fertilizer and still -"" for conventiolal fertilizer 
iidicalin! the release tf additiolal nutrients by the former.
I.eachliu,, of residual N and K illhe soil was mile noticeable 
when P stafter fertilizer was applied ill the seed furrow. 
Pllaslic-c,,:ited slow release N and K applied as starter supplied 
as ilucli N and K to the seedlings as the coiventional fertilizer 
which was applied at eight times fie rate. 

231 Effect of Sulfur-Coated Urea on Yield, Nitrogen Uptake,
and Nitrate Content in Turnip Greens, Cabbage, and Tomato. 
(;.(.Sharima. A..I.Ialel (Alahaina A&M liniv., Norman). a:nd 
1).A. Ma \s..J. Am o. IHortic. Sci. 101 (2). 142-5 (Mar. 
l)7(1. Ii :1 3-vr sludy S-coated utrea (S'1) resulled ill collected at two depths. 0-4 and 4-8 in. arid analyzed fordIifferences ill crop respoiise which were related to the 
different N release rates. Oni [)ecatur silt' clav loam at 
Normal. Alahatia. SfIJ with relatively high N-dissolttion rates 
perfouriled best in leriills of vield and N uplake for tlrniipgreels. Ira ia [.(Rapifera grioip) while SCf'[withl Lwt/)rs/i% 
alslower ldissoliuiol late perfrmed better on Morrison s:lvdy 
Iitilll'IiuIke. e . Alabama. On cabbage, Brassica el'i-ac'a L.at 
(C'atfitala grllip). SCIs perforiied similar to NIL NO., (AN)
aiid Uillcoted [rea (I CU). Wilh tonlato. 1.'copersicoi
c'.viiotn11 Mill., Spring-applied SCIU with the li"lest 
dissllimtiill rie. perfTriTied as well as split applications of AN. 

indicating the possibility for labor saving with SCU through
reduced nunber of applications. Effect of SCU ol NO, 
acculmulation was minimal. At harvest illthe top 15 cm soil 
thie total N content was highest in tomato plots treated with 
split AN, followed by SCU-A. SCU-C, and AN, respectively. 

232 Effect of Controlled-Release Nitrogen Fertilizers on Yield 
and Nitrogen Absorption by Potatoes, Cantaloupes, and 
Tomatoes. 0. A. Lorenz, 13.L. Veil, and J. C. Bishop (Univ.
California, Davis)..L Amer. Soc. lort.Sci. 97(3), 334-7 (May 
1972). In field studies with potatoes, cantaloupes, and 
tomatoes, using N sources banded in tie soil. highest yields 
were obtained with (NI14)04. Yields with llrea-forinalde
hyde and S-coated urea were similar to each other, and lessthan those from urea. Nitrogen absorption, as determined by
NO 3 -concent ration in tle petiolar tissue or total N absorption
by tlie entire plant, was in the same sequence as yields.
Controled-release fertilizers did not increase N absorption
during late growth. About 90' ofthe N from (NIl, )2SO4 and 
urea had nitrified and leached from tilefertilizer band within 
40 days after application. In conrast, about half of the N 
fronil urea-fornaldehyde remained illthe fertilizer 120band 

days after application.
 

233 Evaluation of Sulfur-Coated Urea for Bell Pepper. S. J. 
Locascio and J.G.A. Fiskell (Univ. Florida, Gainesville).
tHortScience 8 (3,Sec. 2), 232 (June 1973). Four formulations 
of S-coated urea applied broadcast were compared at three N 
rates with urea. Urea treatments were applied banded, banded 
with a strip mulch, broadcast, or broadcast with polyethylene 
or paper mulches in a single application. During a season of 
relatively high rainfall. N rate and urea treatments interacted 
illtheir effect on fruit yield. Yiels increased linearly with 
rates of N from 56 to 224 kg/ha. At all N rates, maximum 
yields were produced with lmulch treatments and urea applied
in a split application. At the low N rate, yields with the 
S-coated urea sources were relatively low due to the
 
inadequate 
 release of N. At the highest N rate, yields with the 
S-coated urea formulations were similar to those produced 
with the rnilch treatments. Differences in plrodluction were 
attributed to soil soluble salts and N levels thethroughout 

season.
 

234 Nitrogen Source and Rate Effects on Nitrate Levels in 
Soils and Selected Vegetable Crops. I). L. Coffey, G. M. 
Lessman, arid J. F'.Brown (Univ. Tennessee, Knoxville). Iil 
Agrotomr .Ahstiacts 1974 A nntal Meetings (held Chicago,
Illinois. Nov. 10.15. 1974). Madison, t'isconsin. Ant. Soc 
.,gron.; p. 147 (1974). Fxperinents were coriducted with
spinach. Spinacia oleracea L., coilparing four N sources. 
Ca(NO 1 C..NIL..NO 3 .(Nll)2SO 1 .and sulfur-coated urea.SCI 
at two N rates (112 and 224 kg N/acre) as they affected yield
and NO 1-N content of leaf tissue. Soil samples were'also 

NO.-N levels. Botl soil and plant samples were collected for 
analysis at selected intervals throughout the gr'owin se"son. 
Yields olained from the I 12 kg rate of both NI14 NO., aind 
(a(N0 3 )2 were tie largest of' any source or rate investicated.
Plant NO 3 -N levels were the highest when (NI14)2SO, waIs file 
N source. This effect can be described by the sequence
(N11)2SO,, > ('a(N03)2 = NI INO: > SCU.. Soil NO.1 -N 
levels were found to he in the order Ca(NO. )2= NI I, NO: > 
(NI 4)2 SO1 > SCU at the two depths measured. Similar 
expelititents were conducted with bell peppers. ('apsicutm
j'tttrsens variety grossun,. No yield differences were obtained 
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with any N source tested. Other plant and soil parameters were 
similar to those found with spinach, 

235 Pepper Capsicum-Annuum Response to Sulfur-Coated 
Urea Mulch and Nitrogen Rate. S. J. Locascio and J.G.A. 
Fiskell (Univ. Florida., Gainesville). Proc. Fla. State Hortic. 
Soc. No. 92: pp. 112-15 (1979). Bell pepper (C. annum L.) 
response to broadcast applications of various S-coated urea 
(SCU) formulations, urea-formaldehyde (UFA), and 
isobutylidene diurea (IBDU) were compared with urea applied
broadcast, banded, banded with strip-mulch or broadcast 
under paper or polyethylene mulch. All treatments were 
applied at 50, 125, and 200 lb N/acre. Significant effects of N 
source treatments were obtained in both yr of the study.
Highest pepper yields were produced with the more rapid 
release formulations of SCU, urea applied broadcast in 3 
applications, and urea applied under paper or polyethylene 
mulches. Yields were lowest with urea banded, urea applied
with strip-mulch, and with urea-formaldehyde. Maximum 
yields were obtained with most treatments with the appli-
cation of 200 lb N/acre. Plant and soil-N levels were also 
significantly influenced by treatment. 

236 Effects of Fertilizer Nitrogen Sources, Rates, and Place-
ment on Soil Test Values for Bedded Peppers With and 
Without Mulch. J.G.A. Fiskell et al (Univ. Florida, Gainesville).
Proc. Soil and Crop Sci. Soc. Fla. 37; pp. 183-8 (1978). 
The purpose of this study was to determine the soil test values 
for peppers. Fertilizer treatments were 56, 140, and 224 kg
N/ha as urea, ammonium nitrate (AN), ammonium sulfate 
(AS), isobutylidene diurea (IBDU), or one of three sulfur-
coated urea (SCU) formulations and with a uniform supply of 
P, K, and mnicronutrients. Beds that received all the fertilizers 
preplant were covered with polyethylene mulch while plots
without mulch received one-half the fertilizer preplant and 
two equal top-dressings at I and 2 months after planting. At 
the 140 kg N/ha rate, the above sources were also placed in 
three bands on the bed and were mulched. Soil samples were 
taken each month during the growing season. These were 
extracted with water, IN KCI, 0.05N HCI in 0.025N H2SO4 
(double-acid), and 0.7N NH 4 OAc at pH 4.8. Soil test values 
for Ca, Mg, and K declined slightly over the 4-month span. 
There was little effect of N sources or N rates on these values 
except that K values were lowest for the AS source and 
declined sharply by 4 months. Mean NH 4 +-N values showed 
small differences between N sources and for mulching. Soil test 
values for NO 3 "-N, CI', K+ , and NH 4t-N values were much 
higher for the 0 to 15-cm depth than 15 to 30-cm depth in the 
beds but this effect was not found for Ca and Mg. At the 0 to 
15-cm depth, water-extractable Ca, Mg, K, and NH 4 +-N values 
were 14, 26, 44, and 47% respectively, of those obtained by 
double-acid extractant. At the 15 to 30-cm depth respective
values were 7, 16, 34, and 34% for water extractable compared 
to double-acid soil test values. These studies indicated that 
soluble salt composition from a 1:1 soil to water extract can 
supplement soil test data obtained by the double-acid method, 
particularly for K and NH 4 +-N analysis. 

237 Sulfur-Coated Urea as a Slow-Release Nitrogen-Source for 
Pepper and Watermelon. S. J. Locascio and J.G.A. Fiskell 
(Univ. Florida, Gainesville). Proc. TropicalRegion, Am. Soc. 
HorticulturalScience 19; pp. 171-80 (1975). In studies with 
the watermelon cultivar Charleston Gray and capsicum cultivar 
Yolo Wonder L., sulfur coated urea (SCU) was applied at 56,
140, and 224 kg N/ha plus a basal dres,,ing of P2 05 and K20 at 

84:35 kg N/ha. This was compared with plots receiving non
coated urea. Productivity of both crops was considerably
higher on plots receiving SCU, indicatin, the beneficial effect 
of slow-release N source in areas with high rainfall. Water
melon yields were highest (43.7 tons/ha) on plots receiving
SCU at 140 kg/ha and capsicum yields (over 22 tons/ha) on 
plots receiving SCU at 224 kg/ha. 

238 Comparison of Sulfur-Coated and Uncoated Urea for 
Watermelons. S. J. Locascio, J.G.A. Fiskell, and G. W. 
Elmstrom (Univ. Florida, Gainesville). Soil Crop Sci. Soc. Fla. 
Proc. 37; pp. 197-200 (1978). Sulfur-coated urea (SCU) 
(10-60% initial dissolution) and uncoated urea were evaluated 
in field studies as N sources for watermelons (Citndlus lanatus) 
at six sites. At four sites, yields were higher with SCU than 
with urea applied in one application. However, yield 
differences among sources were significant only during one 
very wet season. Yields with SCU were equal to urea applied in 
two or three split applications in all experiments. Response to 
N rate was independent of N source. Maximum yields were 
generally produced with application of 140 kg/ha N. Available 
N declined rapidly in yr with rainfall sufficient for leaching 
from the beds. Differences in available soil N due to N source 
were generally smallest after I and 3 months and greatest 2 
months after fertilizer application. 

239 Evaluation of Sulfur-Coated Ureas in Laboratory and 
Field Studies. S. J. Locascio, J.G.A. Fiskell, and F. G. Martin 
(Univ. Florida, Gainesville). Soil Crop Sci. Soc. Fla.Proc. 33; 
pp. 191-6 (1974). Sulfur-coated urea (SCU) sources with 7-day 
dissolution rates from 9.5 to 59.5% in water were found to 
retain 76 to 21% of the applied N, respectively, in pellets
resistant to release either by submerged leaching or inter
mittent leaching over a 6-week period. In laboratory studies, N 
release from the various sources was related to TVA rated 
dissolution rates but was considerably slower. Field studies 
with watermelons [Citrullus lanatus (Thunberg) Matsumura 
and Nakail were conducted during three seasons. Urea, NH 4 , 
and NO 3 levels in soil were monitored each month of the 
growing season to evaluate the effects of various N sources, 
placements, and mulch treatments at N rates of 56, 140, and 
224 kg/ha. Soil urea values with SCU sources and with urea 
protected with polyethylene or paper mulch were higher early
in the season than those with urea. Two to three months after 
fertilizer application, differences in urea level between N 
sources were not significant. Ammonium and NO 3 levels were 
maintained higher with mulched than unmulched treatments. 
There "as no significant effect of SCU on soil pH during the 
experiments. It was concluded that SCU sources, regardless of 
dissolution rating, were somewhat better than urea or other 
soluble N sources in sustaining available N but were inferior to 
mulched protection of applied N. 

240 Wavermelon Response to Sulfur-Coated Urea, Mulches, 
and Nitrogen Rates. S. J. Locascio, J.G.A. Fiskell, and H. W. 
Lundy (Univ. Florida, Gainesville). Proc. Fla. State Hortic. 
Soc. 86; pp. 2014 (1973). Watermelon response to various 
formulaticns of S-coated urea applied broadcast were com
pared wi'h noncoated urea either I;oadcast, banded, banded 
with a strip mulch, or broadcast under paper or polyethylene 
mulches. Significant effects of N source treatment were 
obtained in two of the three seasons evaluated. Fruit yields 
with S-coated urea with 30 and 40% dissolution rates and with 
isobutylidenedurea as the N source were ;imilar to either 
treatments with ,irea applied broadcast under polyethylene or 
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paper mnlch, under s'riI) mnlch, or when urea or NI 14 NO, was 
applied in three applications. In I of the 2 yr, lowest yields 
were produced hy Irea applied either broadcast or banded 
wilhiont iitnilch. Siglniticanl quadratic yield responses to N rate 
iccuirred in two (o t lie three seasons. Fritit production 

increased with an increase in N rale font 50 to 125 Ib/acre. A 
further incre:ise of N to 200 Ib/acre depressed yields slightly. 
Tisslue N rellecled rate and N source eftect. 

241 Effects of Sulfur-Coated Urea and Potassium Chloride on 
W/atermelon Production and Soluble Salts. S. J. Locascio and 
.(.GCA. Fiskell (Vegetable Crops l)ep., IFAS, Gainesville, 
hirida ). S,4l () i1iSci. Soc. . 1kh. iec. 30; pp. 113-22 (1970). 
Fvlcrilients with stlinl r-coated urea and KCI in Florida witlh 
waterinelon as tile test plant showed that higher levels of NO: 
;tid K were maintained in the soil wilh this source than when 
mel )tledfertilizers were used. In the first nonfli after appli-
cat ion tlie S-O:itLd trl decreased soil pI tronu 5.81 to 5.26. 
Yield :lm wt market ble fruit significantlyueiin uf were 
hil0tr witI] S-coled t rea as tinpared with uncoated itrea 

lIpplicd ill:1sit!c application. 

242 Sulfur Coated Fertilizers in Watermelon Production. S. J. 
Icascio amnd I.(G.A. Fiskell (UJniv. Florid:. Gainesville). 
Su1phinr Invi. .1. 7 (I). 7-10 (Spring 1071). Laboratory and 
field tests were conducted with S-coated urea and S-coated 
KCI prepared hy TVA.The S-coated urea contained 34.8,' N, 
19.5', S, wax sealant, andinicrobicide. The S-coated KCI 
clilitaimled 41 .i';K, 0. 26.1"' S,wax seal:ut, and microbicide. 
In the labmratorv stidy, release of N and K over a 90-day 
period was greater to Leon fine sand than to deionized water. 
In the lield sludy with Charleston Gray watermelons on a 
IL.tom fine sand. Ireattnents were 500. 1000, and 2500 lb/acre 
(10-8-8 fcrtili/er formtulated with S-coated and uncoated urea 
anod K('I. All tertilizer was applied broadcast and rototilled 
inll tihe soil bel'Orc planlittg except in one treatment in which 
itie)lted fetrtilizer was applied one-third at planting, one-third 
at tltinit,u Id one-third at lay-b . Sulfur coatiug was 
efeclive illredliciiig lie solhble sails in the soil fir lie first4 
itllh is after a:pplicatiln. Soil plI decreased linearly with rate 
If1 S-co:iled inea application bu[t was tlnt affected by uncoa(ted 
itlea MId S-claled K('I. Yields were higher Wili S-coated urea 
Iltati with uelated 1r0a: KCI source had no effect oil vield. 
Sill f'r-c oated urea reduicecL ', Mg inplant tissue at 12 and 20 
days aller eiergence bitl not at 30 days. Suilfin-coated KCI 
increased the ,, Ca it 12 and 30 days and ' Nig at 30 davs, 

243 Slow Release Fertilizers for a Uniform Supply of 
Nitrogen and Potassium to Watermelon. G. \V. Illstrom. 
J.;.A. iskell. ;iid F. G. Marlin. Soil (r&p Sci. Soc. la. 
/'r,c. .- I: pp. 88-0I (1975). Split :ipplicalions otc tventlional 
,,ities(d1lo were fetlive itt mailiaining soilertilizer N more 
N 1ll:1single alpplicalions. There was till evideit benefit rlttllfertilization of muskinelons (('utcumnis meh/) oil sandv soils is
Splitting the applicaltii itt'conventioial sources of fertilizer K. 
Resin-ciated N (Ostnucole). sulfur-coated utea (SCIfO. and 
sullfr-coiited IK( tS(K) were effective ill 'aintaining soil 
iiinient levels durimc ile gritmvi Seas n,althingh telease i1' 
N and K from Osilliil()te was probably too slow tfor complete 
utilizationi (i the tnt trietnts by waterneloti (1ntlhi lanltts 
Thuiib.) Matsttm. & Nakai I . To miunlain the same levels of 

siiil N ,iil K, autn, 50': mire lertiliz/er N aind K were needed 
when conventional nta;:rials were used than when Osnocote, 
S(I I, and SCK were used. SouilN levels were IoW throughott 
the seiSlln ill areas treated with urea formaldehyde, indicaline 
th1at this material was iit suitable as a sile soutrce oftN for 

watermelon. 

244 Comparison of Sulfur-Coated and Uncoated Urea. II. 
Changes in Available Nitrogen in Sandy Soils. J.G.A. Fiskell, S. 
L. Locascio, and G.W. E!,10.on (Univ. Forida, Gainesville). 
In Agronoij, .,Ibstricls 1974 Annual Meedngs (held Chicago
Illinois, Nov. 10-1 , 1974). M[adison, lW'isconsin: Am.Soc. 
.lgrion.," pp. 148-9 (1974). Sulfur-coated urea (SCU)
formulated for 7-day dissolution rates ranging from 9.5 to 
59.5/r of total N was compared with uncoated cirea in 6 field 
experiments with watermelons grown on sandy soils: N rates 
werc 56, 140, and 224 kg/ha at four sites and 135 kg/ha at 
two sites as preplant broadcast applications. Soil from the 
fertilized beds was sampled monthly during the growing season 
and analyzed for urea-N, NIl,,-N, NO1 -N, Cl. pill,and 
exchangeable cations. Significant rate and source ratex 
differences were noted for the first 2 miionths. Soil urea from 
SCU sources was quite low the second month and negligible by 
the third: available N followed a similar pattern. Differences 
in extracted soil N between SCU soutrces of various 
dissolutions were rarely significant: since SCU did not cause a 
drop in soil p11, S oxidation of the coating was probably 
tininial in 3 months. Changes in soil available N were coin

pared with rate of urea released from SCtJ sources for labora
tory vater-eXtraction losses during 3 months. It was concluded 
that S-coated urea decreased early season leaching losses of N 
and had a small but significant effect on available soil N su0pply 
as the crop neared maturity. 

245 Comparison of Sulfur-Coated and Uncoated Urea. I. 
Watermelon Response in Field Experiments. S. J.Locascio, G. 
W. Lhnstrom, and J.G.A. Fiskell (Univ. Florida, Gainesville). 
In Agi-ononw Abstracts 1974 Annual MIfeetings (held Chicago,
Illinois. Nov. 10-15. 1974). Madison, Wisconsin: Am.Soc. 
lg7-on.: p. 151 (1974). Suillfir-coated urea (SCU) and uncoated 

urea were evaluated in field studies as nitrogen sources for 
watermelons [ti'ittlhs lanatits (Thunberg) Matsumura and 
Nakai .Nitrogen sources were applied at rates of 56, 140, and 
224 kg/ha. Experiments were conducted at three locations to 
evaltiate SCU' of various dissolution rates (9.5c; to 59.51"' 
dissolution rate ina 7-day period). Yields were consistently 
incceased withl SCU as com pared with urea applied in one 
ap.ication. Production was equal to urea applied in three split 
a )plications. Response to N rate was independent of N sourc. 
M,,:,;nm yields were generally pidticed with the application 
of 140 kg N/ha. The response to SC U was obtained although 
foliage N con tent taken at two or three growth stages was not 
consistently affected by N source. 

246 Muskmelon Response to Rates and Sources of Nitrogen. 
G. F. Wilcox furdue Univ., West Lafayette. Indiana). .Igron.
.1.(i5(50, 1973). The method and rate of N694-7 (Sept.-Oct. 

of cttncern because of the leaching potential of N. The relative 
availabilitv of N troii amonitim nitrate, turea-formaldehyde,
ancd S-coated urea (SCU) was studied in the field with regard 
to iinfltetice umilgrowth. leaf and petiole composition, and fruit 
yield of' nmskmelon. The field studies compared various N 
iMlaterials in ditferent tinting and rate schedules. The fertilizers 
were used at 0, 33. 66. Q9, 132, arnd 2t;4 k, N/ha insingle
(preplant) and split (preplant + sidedressirng) applications. )ata 
were collected for four seasons. In each yr N application
increased vine growth and inlensitv of the green color ltf the 
leaves. The N concentration of the recentlv mature melon 
leaves was increased more by NII NOI thtan by urea-for
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iltal!elhyde or SCU. Th relatonship of N rate was linear with 
N composition but parabolic with yield. Optimum plant 
growtlh :1id trMil yields were obtaiined with a preplant appli-
cation of (MI:,,lia. total N as split,o to The saiiie rate a 
appliciliol or as a1less available N source was tnot as effective 
for f'lnt vield producfiol. Thie increased yield from N treat-
ment was due to incre:sed \ile si/c and increased nuiinhers of' 
I'ruii.Oitittil fruit \iellswere prod,'ced at leaf composition 
of ltotl N over -!.5" or petiole coiteit of'N()-N over 15,000 
pp diirilli.t ecl:itive a1d frit initiation stages. Sulf'ir-coated 
urea with 37': dissolilion rate prodiced NOI-N and totial N 
conlCelillr:iolls of petioles lbout equal I()the same N rate is 
NI 1.N): (I wilh 12'' dissolution ratle resulted inlNO., 
colmcentllotils eluill to onc-qurter tileN rate as N114NO03 at 
the ruljl -t:]Le :md equal to one-half tileN rate as NIIbN0 3 
just prioer i) l \:1rvet..\iillllilli nirate applied preplant at 80 
to Q0L Ni la ,:1 , tlL! al.sh imos! efetlive treatnit ald resulted ill 
op(ilmm imiskienlom fruil \iields on sandy soils of' souith-
western l1uli:ara ill each yr 10 the study. 

247 Sulfur-Coated Urea as a Fertilizer for Potatoes. David 
('x amiI.M. isi.olt (Iothliaisted Stn.. llarpenden,1Nt IFxp. 

lie iolofiire. IIn'.lm:1d)..l. S I. ml ,.l.'ric.27 (11), 1015-20 
(Nov. 107. lu a fiel exc'eriilienl c ittpariwg S-coated urea 
(Sf'1) and 'Nitro-( 'luiH," at rates l) to 400 kg N/ha. potato 
tuber yields were !neater with "Nitro-Chalk'" at rates l) 
to 200 k, \hVia. liil there was no consistent diffterence 
hlcveei imints ,IN i larger rtaes. I lie crop recovered more N 
from "'Nitro-Chalk" at all rates except 350 kg N/ha. The 
laleesl masured yield was it 200 kg N/ha with "Nitro-Clialk'" 
and 25f k,N'i:i with SC('1. and the oplitnmmn N rate inferred 
Iriitmsplit-line regressions of yield oin N rate was also at a 
lower N rate wiih -Nilro-(halk." Yields of winter \vheat 
ill wini, lile pat:mtsms increased siinilicanlly with the N rates 

givlcn iI lie ptillloes aiid. ait rates above 200 kg N/ha, were 
larger where S(1 hm:ud f'ront alsoleen used. Residues S( 
lessened ile respomusc of'tle wheal to a spring op-dilessing oit 
iew N di2'.lily Inire thn iliose of "Nitro-Cliailk.'" Th( itn of' 
the apparmll reclveries by the two crops of N giveii to the 
p'l',, as ,!' "Nitro-('hualk"tierIloUll t iales ip 1o 200 kg 
N/h. In tie gLIisshbosc. lioljat, pi;ts grown inl 3 kg soil took 
71 days li iniitiat tiihers weti ivn 2iNg as NI 't NO: but2 
this Iiile w1, itiluch iticreasiig idecreas 'as )rportiiiis of SC 
were ised. \Viei 1 a N w;s _,iven. was daysthe thuiie only -17 
with NIl INt) :td ilc prpi l tofiii SCI ;had little effect. In 
lie fIeld. tie iibet of ilhers/planit lh'nlid-.limtie decreased 

\i i lh ' liit til \ilh S('lt.itrc"sitii2 N r:iL i. ti"'Nitro-('halk' 

248 Evaluation of Sulfur-Coated Urea (SCU) Applied to 
Irrigated Potatoes and Corn. I' . Liecel and I. V. Walsh 

and N recovery that yr because their slow dissolution reduced 
leaching losses of N. I lowever tuber yields anI recovery of N 
from urea treatments were greater than from SCU treatments 
in 1073 and 1)74 hecause of reduced leaching those years. In 
addition, the supplemental N (urea or S() for all potato 
trealmuelits was piotected from leaching in 1973 and 1974 by 
placement o1 the N into a relatively dry zone of the potato 
hijl.Coin y ields and grain N recovery were similar along 
carriers of N in 1972 and higher frol urea than SCU in 1073 
and 1974. The greater recover,' of' N from urea by cor, grain 
as compared to potato tubers ia 1072 apparently was due to 
the deeper rooting of corn. Furthermore the potatoes received 
twice ismooch water by irrigation as compared to the corn. 
Oat (. I'ei,' .Vith'a I.) forage yields from both trials iin1975 
ildicated there was greater residual N in SCU plots than urea 
plots due to incomplete release of urea-N front SCU. Adequate 
disoltion of SCLI-N within a single growing season occurred 
only under .evere N-leaching conditions. 

249 Use of Slow-Acting Nitrogen Fert, zers in Agriculture. 
Possibility of Increasing Potato Yields With Sulfur-Coated 
Urea. S. De Ilaan (Ilnstitiiut voor I3odenvruchtlaarhieid. 
Oosterwee. Ilaren. (ronineen. Netherlands). Bedri/l. ontwik
kceligL 6 (5). 435-8 (1975) (Dutch). Soils l-ert. 38, 6364. ]i a 
trial in the northeast polder potato yields were higher with 
S-coated urea than with Ca(NO 3 )2 ,but tiledifference was not 
stl'ficieIutI\ reat to make it more economic. In a trial in 
Nortih-(ironingen the yield response to S-coated urea was no 
greater titan to calcium annoninm nitrate. However. S-coated 
urea gave hih er dry matter contents and lower N contents of 
the tuliers than did the Ca fertilizers. 

250 Comparison of Sulfate of Ammonia and Sulfur-Coated 
Urea for Red McClure Potatoes in the San Luis Valley. P. N. 
Soltanpour. Colo. Igt. l:vp. Sta. lt-ogr. Rep. 1r. 7048: 2 pp. 
(Dec. 1070). Use of' sulfnr-coated urea (SCU) to provide 
100 lbs N/acre resulted in chlorotic potato plants antl lower IT. 
S.No. I yields compared to the use of ammlnonilm sulfate to 
provide the sante allount of N. U. S. No. I yield with sulfur
coated ureai was 77'- of' the yield with annlonium sulfate 
wilh 100 lb of N/acre. No advallace was observed in inixiln 
S(I' and \S compared to the ie of' AS alole. One 
application it' planting adequate for the high yielsN at was 
obtained. .\t70 days after planting, petiole N03-N Contents 
of 3358 and 21 .476 ppin were deflient and adequlate, 
respectively. for the maxihmuin yield obtaited. Application of 
/.i to the soil did not increase the yield of potatoes in this soil 
of 0).6 I ppnm l'rPA-extractable Zn. 

251 Effect of Slow-Release Nitrogen Compounds on the Yield 
!'r,,../. 6,0'
(1 li'. \\ i'i iillNMdisonm). .. (3). 457-o3 (Il;i- and Ouality of Russet Burbank Potatoes in Washington. R. 

t1ill' I '7(1. I e ws'tes 1'siluhle N fertiliicis are 
s lleiites (sed omi it"itel slmdtSI iL ('el iti l Wisc uiIil to 
Ci.'iipeiisahc fotIi, b eichi!'of SOte of ' a tiihied N. k'se 
of Ishlo-lsel tolii ll"oN or several applicationis asn:illit i 
soltlle N ftuiilicr illieliiiliiate Smile leachihn, ultlsib-
eifucii h,,s o' \()-N'Iflis -iinlv ws;ldesieie ii eva\luate 

Ihese tiielhods t ieduciiit,iN losses h\ incasuirhii ield aind 

recover if :ipplicd N by' polato alid coll. Nilrouei 
iiealiiitls alpplied eicI i I'M 3 \,I were: I I urea itt a hsitgle 
or split ulpiho.:ititm. (21 5(I iinl)re!natcl with a wax ciilaiI!. 
ald (3) S('T with iit , a S co:iill, Resiov,,err ofapplied N by 
ubers f'iml sitgle apicatioti was extretitelv low illi ira 
1972 due to wv te echlluu, huhiuctid hr ;mbniniu:illv hi,.h 
precipiliiim. liiv-i'le:lbc ('' c'allielS prniltuiced lighel vields 

Kunikel. 13. I.. McNeal, atnd C. B.Kresge (Washington State 
I'iiv.. Plulltali). li .. .. ..I roo,' /.h'U't.s107 lAmal 
tfh'eti,', (held Chicago. Illinois. Nov. 10-15, 1974). .Madison, 
tt'1scoloio: .4I1. Soc. .,l4gr<.' p. 151 (197-1). It seetts deshable 
to supply lthe platit vith stmall tint'oin aliuoitts of' N during 
the seasonm thereby tlnaimltaitilhto a relatively constant size plat 
hat produces tilbers instead of' excessive vines. This is 

especially ilporratlt itt the irrigated Colutubia Basil of 
Was lillIgto wliere potatoes are harvested 100 to 1801 da's 
:ifiem of' tnitrates attd sulfates could beplatmtiiri.,\so, leaclill 

tihiitvized. 1Uieaforiilaldeliylde (IT1) alld StLt'ur-coatled urea 

(SCIr2 were conmparedto readily available N souices duiing 
I171. 1072. aid I73. Ini171, reduIchig tIme alnloInt of 
eadily available N early illtie seasoti by substitiuini (TI oi" 
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SCU decreased yields. Sulfur-coated urea materials of higher to 3, but not from 3 to 4 or 5 tended to increase yield anddissolution rates were used in 1972 and 1973 and yields were number of cormels/ha when a 25% organic fertilizer of acomparable to those with ammonium nitrate, ammonium 7.5-8.6-9 formula was applied at 336-168-336-168 kg/ha
sulfate, and urea. Ureaformaldehyde produced lower yields. N-P-K-Mg, respectively, plus micronutrients to a Rockland soil.Total N and nitrate concentrations in the petioles tended Linuron or diuron at 1.4 to 1.68, or linuron at 1.12 plus
to be lower with SCU than with readily available N sources, alachlor 1.12 kg a.i./ha were effective in controlling most of 
particularly at higher N rates. Soil nitrates in the 0 to 61 cm the predominant weeds. They were toxic when sprayeddepth early in the growing season Linder fertilization with SCU broadcast over the crop, but did not cause residual toxicity to was about one-half that found in plots fertilized with a readily malanga. The total plant fresh and dry wt increased faster
available N source. At season's end, soil solution N with SCU from 106 to 198 days after planting than in any other part of
generally was the same or slightly higher. the growing season. 

252 Effect of Five Levels and Three Sources of Nitrogen on 255 Effect of Urea and Urea-Sulfur on 'Giant Cavendish'Sweet Potato Yields on an Ultisol. -!. Talleyrand and M. A. Banana Production in Guapiles, Costa Rica. Ramiro Jaraiillo
LuIgo-Lopez (Univ. Puerto Rico, Rio Piedras). J. Agric. Univ. and Rufo Bazan (Union Cia Centroam., S. A., San Jose, CostaP. R. 60 (1), 9-14 (1976). The soil was situated in the central, Rica). Turialba 26 (1), 90-5 (1976) (Span.). This study
hilly, interior of Puerto Rico at about 450 m above wasmean sea carried out in a banana plantation where mean annual
level. Treatment differentials were: Broadcast, preplant rainfall is - 3R30 mm and mean annual temperature isapplications of 0, 10,20, 40, and 50 kg N/ha from urea and 40 25.70. Plain ur-a (46% N) and S-coated urea (38.3% N and
kg N/ha from two sulfur-coated urea compounds (slow- 14% S) fertilizers were tested at levels of 0, 16, 31, 47, 68,releasing N sources) containing 39.6 and 37% N in each case. 136, 205, 272, 341, and 409 kg N/ha and applied at intervalsThe soil had a plI of 4.7 in the top 25 cm of the profile but it of 4, 6, 8, 10, 12, and 14 weeks. Highest yields were obtained
apparently supplied enough Ca for a sweet potato crop. There at the 47 kg N/ha level applied at 12 weeks interval; however 
was no evidence of Al injury to the crop even though S-coated urea yielded "-18% higher than regular urea.
exchangeable Al levels were high, more than 50% of the sum 
of cations were in the 25-50 cm layer. Maximumnimarketable 256 The Effect of Controlled-Availability Nitrogen Fertilizersyields were 14.6 tons/ha, which were obtained with the on Mature Pecan Trees. D. T. Sullivan. G. A. O'Connor, and E.
application of 40 kg/ha of N as ordinary urea. Evidently there Herrera-Aguirre (New Mexico State Univ., Las Cruces). Soil was no advantage in using slow-releasing N sources. In fact, a Sci. Soc. Am. J. 40 (3), 470-2 (May-June 1976). Two
slight yield depression was observed. The Capo fertilizer-yield controllod-availability N fertilizers, S-coated urea (SCU) andequation was applied to the mean yield data obtained from the NH 4 NO 3 plus N-Serve, were compared with NH 4 NO 3 alone urea treatments, and a coefficient of determination of 0.99 applied to 30-yr-old pecan trees (Carya illinoensis Koch) in a was obtained. This equation appeared to be useful in pre- 2-yr study. Leaf N contents were increased both yr by N
dicting sweet potato yields in terms of the N fertilizer applied fertilization, but yield and nut wt were not significantly
in this experiment, affected. Yields in 1973 were correlated with 1972 leaf N 

contents, but not with 1973 leaf N contents. The SCU treat253 Problems of Nitrogen Nutrition of Mature Apple Trees on ment was effective in controlling N release in 1973, but not inM-9 Rootstock. D. C. Ferree and G. A. Cahoon. Ohio Agric. 1974. The N-Serve treatment was ineffect-ve both yr of the
Res. Dei. Cent. Rex. Circ. No. 239; 9-12 (1978). The study. The ineffectiveness of the controlled N sources were
increasing use of trees on clonal size controlling rootstock, attributed to: (1) poor incorporation of the materials, (2)particularly in the most dwarfing M 9, has created a need for inherent slow response of mature pecan tree to N fertilization,
more precise information on the proper fertilization of these and/or (3) sufficient variability within treatments to mask 
trees. Although various investigations have found some fertilizer source difference. 
differences in nutrient uptake of dwarf versus standard sized 
trees, it is generally agreed that alteration of nutrient uptake 257 Response of Cranberry Bogs to Sulfur-Coated Urea. A. Y.
is not the mechanism causing dwarfing. Most current fertilizer Shawa (Coastal Washington Res. Ext. Unit, Long Beach) and

applications are based on recommendations 
of foliar analysis C. B. Kresge. Sulphur Inst.J. 12 (3-4), 6-9 (Fall-Winter 1976).
and tree age. Such recommendations make no adjustment for In order to reduce labor and traffic in Washington's cranberry
tree size as influenced by rootstock. The amount of N ferti- bogs, it was desirable to find a fertilizer formulation that
lizer required to maintain adequate leaf N levels and sustain would uniformly release an adequate amount of N for growth,

optimum shoot and fruit growth in mature dwarf trees has not flower bud set, and fruit development throughout the growingbeen determined, season. A single application of S-coated urea, ranging from 18 

to 40% in dissolution rate, applied at a rate of 22.4-44.8 kg
254 Effects of Fertilization, Herbicides, Growth Regulators, N/ha replaced multiple applications of urea. The S-coated ureaPlanting Material, and Breeding on Malanga (Xanthosomaspp.) was economical, increased yield without causing excessiveProduction in Southern Florida. A. J.Beale (Univ. Florida, cranberry vegetative growth, and performed well when
Gainesville). Diss. Abstr. B40 (8), 3523-4 (Feb. 1980). A series cranberry fruit set parameters were measured. 
of seven trials and 17 experiments were established to develop
preliminary technological practices for growing malanga 258 Effect of Slow-Release Nitrogen on Cranberries: Sulfur(Xanthosoma spp.) efficiently under the climatic and edaphic Coated Urea and Isobutylidene Diurea. A. Y. Shawa. Pullman,
conditions of southern Florida. Sulfur-coated urea tended to Washington: Washington State Univ. Bull. No. 0880; 4 pp.produce more foliage, higher yield, and higher average wt/main (Aug. 1979). Sulfur-coated urea (SCU) and isobutylidene
and secondary corms than NH 4 , NO,, or organic N under diurea (IBDU), two slow-release N formulations, were shown
irrigation when applied to 420 kg/ha N to a low fertility to be suitable sources of N for cranberries in western
Rockdaie soil. An increase at frequency of application from 2 Washington. They can be applied once during April or May, in 
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contrast to the customary grower practice of three or four potting mix and the plants received fertilizer applications 
applications of urea during the growing season. This prevents during the growing season. Even without additional 
trampling of plants while fertilizing during the growing season fertilization, the controlled-release urea was able to supply
which causes vine and berry damage and is reflected in lower adequate amounts of N for several months' growth.
yields during the current yr and subsequent yr. Plots receiving Excessively heavy applications resulted in plant injury and 
a single 44.8 kg/ha application of 1:1 combination of SCU-18 death. 
and SCU-40 or IBDU, size 0.7-2.0 mm, produced higher yields 
than urea-fertilized plots. Fruit set was improved by thle 263 Effect of Nine Controlled-Release Fertilizers on 
SCU-18 plus SCU-40 combination. Berry volume and wt, Chrysanthemum Growth and Foliar Analysis. G. C. Sharma 
soluble solids, acidity, and percentage breakdown during and A. J. Patel (Alabama A&M Univ., Normal). J. Am. Soc. 
storage were not affected by treatments (15 ref). Hortic. Sci. 103 (2), 148-50 (Mar. 1978). Single application of 

nine controlled-release fertilizers applied prior to planting and 
259 Response of Cranberry Bogs to Sulfur-Coated Urea. A. Y. liquid fertilization applied at each watering were evaluated on 
Shawa (Washington State University, Pullmanj. HortScience 11 pot chrysanthemum, Chrysanthemum morifolium Ramat 
(3 Sect 2), 322 (1976). During the period 1971-75 sulfur- cultivar Sunny Mandalay. Three rates (20, 40, and 60 gN/35 L 
coated urea (SCU) was shown to be a suitable source of N of mix) were applied of the following controlled-release 
for cranberries in western Washington. This N source can be fertilizers (N-P-K): Sulfur-coated urea (36-0-0 as SCU-A and 
applied in one application in May, compared to three or four SCU-B), Osmocote (14-6.1-11.6 and 18-2.6-9.8), Ma AmP 
applications of urea. Trampling of plants while fertilizing (7-17.5-5.0 as fine and coarse), Precise (8-4.8-4.1 and 
during the growing season often causes vine and berry damage 12-2.6-5.0), and Agriform (14-1.7-5.0). Liquid fertilization 

0which is reflected in lower yields. Yields of berries receiving applied 200 ppm N, P2 s, and K2 0 with each watering.
the single application of SCU with dissolution rates of 18 and Generally 60 g N/35 L resulted in higher quality plants than 
40' produced yields 10 and 9%, respectively, higher than did the lower rates. Effect of Osmocote (14-6.1-11.6) on plant
those from urea and a 1:1 combination of SCU-18 and dry wt, visual rating and plant spread was not significantly
SCU40 gave yields 25% greater than those from urea. Fruit set different from liquid fertilizer. Precise (84.8-4.1), Osmocote 
was improved by the highest rate of SCU-1 8 + SCU40 during (18-2.6-9.8), and coarse Mag AmP produced marketable 
1973. In 1974 and 1975 few urea and SCU treatments plants of slightly lower quality than those obtained with liquid
increased, over the check, the number of fruiting buds per unit feed. Problems observed were primarily those of nutrient 
area, length of upright and the number of berries per upright, balance: very low P (SCU) and high P content (Mag AmP);

P-induced Mn deficiency (Mag AmP); some lower leaf bum 
260 Response of Cranberry Bogs to Sulfur-Coated Urea: A with initial high N release (Precise) and injury probably caused 
Slow Releasing Nitrogen. A. Y. Shawa (Washington State by ammonium and high rates of urea formaldehyde-based 
University, Pullman). HortScience 7 (3), 29 (June 1972). Four fertilizer (Agriform). The low initial release of N to support 
sulfur-coated urea (SCU) formulations with dissolution rates vegetative growth was also an important limitation with
 
of 4, 13, 18, and 26% and standard urea 46% were applied at Agriform and other fertilizers.
 
the rate of 0, 10, 20, 30, and 40 lbs N/acre to McFarlin cran- 264 The Effect of Different Nitrogen Fertilizers ard Fritted
 
berry vines. Sulfur-coated urea 26% applied at the rate of 20 Trace Elements on the Micronutrient Nutrition of
 
lbs N/acre increased yield significantly. Volume, berry weight, Chrysanthemum Plants Grown in Soilless Potting Media. C. B.
 
soluble solids, and pH showed no significant differences. Christie (National Plant Materials Center, Palmerston North,
 

New Zealand). In Development and Use of Soil-less Media 
261 Comparison of Urea and Sulfur-Coated Urea a3 Nitrogen for Horticulture. Wellington, New Zealand: Afinistry, of 
Sources for Lowbush Blueberries Growing on a Colton Agricultureand Fisheries;pp. 17-1 to 17-10 (1979). Soils Fert. 
Gravelly Loamy Sand. J. M. Smagula and P. R. Hepler (Maine 43, 8006. Cultivar Nob Hill chrysanthemum plants were grown
Univ., Orono). J. Am. Soc. lfort. Sci. 103 (6), 818-20 (1978). for 10 weeks in peat/perlite or peat/pumice mixtures with the 
Fertilization with 98 or 196 kg N/ha from urea or sulfur- addition of Osmocote (26:0:0) (NH 4 + + N03_) or sulfur
coated urea (SCU) resulted in higher amounts of K 2 S0 4 - coated urea (NH 4 +). Half the plants in each treatment also 
extractable ammonium N in the 0-7.6 cm but not in the received 0.2 g/L fritted trace elen-'nts. The N source 
7.6-15.2 cm soil layer. There was no difference due to N exerted more influence on the foliar ,aiicronutrient level in 
sources. Application of 98 kg N/ha from either urea or SCU to peat/perlite than in peat/pumice. Copper and Zn contents of 
five clones of lowbush blueberry (Vaceiniun an,'usti/blium) plants tended to be higher with NH 4 "-N only in the medium. 
increased leaf N concentration, size and wt of leaves, flower compared with the mixed N source. This effect occurred 
bud formation, and yield from 4870 to 6565 (urea) and 6630 irrespective of the fritted trace element level. Plant Mn and Fe 
kg/ha (SCU). levels were increased by the mixed N source when fritted trace 

elements were used. 
ORNAMENTALS AND TURF 

265 Comparison of Sulfur-Coated Urea and Nitroform in 
262 Sulfur-Coated Urea Fertilizer for Controlled-Release Potting Soils. R. L. Self, C. T. Pounders, Jr., and R. B. 
Nutrition of Container-Grown Ornamentals (Ceanothus Diamond (Auburn Univ. Agric. Exp. Stn., Auburn. Alabama). 
vaneus, Camellia japonica, Prunus taurocerasus). Tokuji In Agronomj, Abstracts 1974 Annual Meetings (held Chicago,

Fureta, R. H. Sciaroni, and J. R. Breece. Calif Agr. 21 (9),4-5 Illinois, Nov. 10-15, 1974). Madison, Wisconsin: Amn. Soc. 
(1967). Biol. Abstr. 49, 80614. Nursery experiments show Agron.; pp. 154-5 (1974). Sulfur-coated urea formulations 
that S-coated urea was excellent as a slowly available form of SCJ-15 and SCU-30 were compared with the Nitroform 
N for ornamental plants in containers. Best plant growth formulation of ureaformaldehyde at 1.25, 2.5, and 5.0 lb of 
resulted when the S-coated urea was incorporated in the material/cubic yard of growing media. Plants used were 
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coilipacta and Burford holly Tolden CionlylutIS. variegated other slow-release N sources. 
chinese privet, Red Wing. and I lershey Red azalea. Niedia for 
the two azalea cultivars consisted of equal parts (;erman 268 Effectiveness of a Slow Release Nitrogen Fertilizer on 
peat, pine bark, and Birnmingham slate and the other four Sports Turf. A. R. Woolhouse..J. Sports Turf Res. Inst. 
species were planted in a mixture having an additional part No. 50:3446(l974).Soils Pert. 39, 1452. A single application 
sandy topsoil. Six lb of dolomite. 3 lb snfperphosplhate, 2 lb of 94 kg of S-coated urea fertilizer Gold-N/ha, to a turf 
gypstmn, one-furthl lb Nu-Iron. and one-fourth lb micro- containing rycgrass did not last the whole season. The 
nutrienlIs/cubic yard were incorporated into both mixtures, application of 188 kg of Gold-N/ha, in two applications given 
The privet, etnonyins. and two holly species were planted on 1 2 weeks apart greatly improved the performance in the later 
Septlember 28. 1973 and the two azalea cult ivais were planted part of the season. 
on .lanuary 21. 1974. Six-inch azalea pots were used for all 
planting. Treatments were maintained without additional 269 Abnormal Color Response of Turf Ryegrass to Top
fertilization in a 650F greenlhouise (night temperature) until Dressed Isobutylidene Diurea. G. NI. Volk and A. F. Dudeck 
May 14. 1974. The best general treatment was 1.25 lb of (Univ. Florida. Gainesville). .lgron. .J68 (3), 534-6 (1976). 
SC'J-15: 5 lb Nitro6 rmi and 1.25 lb SCU-30. Poorest were Isobutylidene diirea (0.7 to 1.4 diameter pellets) was used in 
S(U.1-I 5 and 3(1 at 5 lb. single applications at I to 7.3 kg N/are rates on winter ryegrass 

(Lolim perenne L.) and at 1.5 to 5.9 kg N/are on bermuda
266 Turfgrass Fertilization with Sulfur-Coated Urea. D. V. grass (Qnodon sp.), the latter in all combinations with 0, 
Waddiiigthm (Pennsyl van ia State tiniv., University Park). In 0.25, and 0.50 kg urea-N/are every week, and of O and 2.4 kg 
.-lgr omuoi -,,Ihstr-a'ts 197.1 ..lmmntal ilteetinigs (held Chicago, Ca(OI) 2 /are at initiation tests. A 2.2 kg N/are rate of IBDU 
Illinois, Nov. 10-1.5, 1974). Madison, t'isconsin: Am. So-. resulted in chartreuse green ryegrass when soil p11 was above
.Irm.,p.156 (1974). Turfgrass response to fertilization with 7.0. At 3.3 to 7.3 kg I BDU-N/are the ryegrass was chartreuse
sulftir coated urea (SC I) has been determined in several yellow at I montth after application, regardless of soil p1t. 
stutdies. Sill fur-coated urea (stIlfur and wax phs inicrobicide Tissue analysis showed an excellent inverse correlation with 
coatings, and a dissolution rate of 21 , in 7 days )was uLse to Mn content. There was no off-color response to suilfur-coated 
fertilize Kentucky bluegrass, loa pratt'nsis L. and creeping urea or ureaform applied at N rates equivalent to those above. 
beiigrass, /1lrostispah'stris I luds. Sulfur-coaled urea and II Color assessment by chlorophyll extraction with methanol 
other fertilizers, having different N sources and an1oui.11s of supported visual observations. There was no toxic response 
water insoluhle N. were applied on Kentucky bluegrass in of hermudagrass to IBDU1at soil p1-I 5.1 to 7.3 or at any 
September. May. and July (0.73 kg N/100 nm2 on each date). combination of IBIDU with and/or urea. 
Sulfur-coated urea gave intermediate growth response diling 
the 1st yr and had the greatest increase in response for the 2nd 270 Response Curves of Various Turfgrasses to Application of 
yr, when it also had tie darkest color and gave the most Several Controlled-Release Nitrogen Sources. G. M. Volk and 
tnif'rin growth of tIe highest yielding treatments. A single G. C. I lorn (Univ. Florida, Gainesville). 4gron.J. 67 (2), 2014 
spring application of S('U (2.92 kg N/100 il 2 ) on Pennpar (Mar.-Apr. 1975). Responses of turfgrasses to controlled
creeping bentgrass did not have enough residual effects for release N sources, especially the newer materials, have not 
guiOL fall response. Performance was similar to that of' other been adequately evaluated under field conditions. This study 
slow-release fertilizers. Response of Merion bluegrass to spring obtained N time-release curves as measured by clippings 
applications (1.5 kg N/I 00 in2 ) of different formulations of taken periodically after the initial response to readily available 
SCJ indicated that for similar dissolution rates, release was N in such products had subsided. Materials were surface
quicker when coatings were sulfur and wax rather than sulfur applied once, or at widely spaced intervals, to six different 
ahin. turfgrasses. Three to 4-day growth clippings were taken 

periodically to assess current N uptake rate against that from a 
267 Use of Sulfur-Coated Urea on Turfgrass. D. V. standard treatment consisting of acontinuous. uniforn weekly 
Waddington (Pennsylvania State. University Park). In Aigro- application of NI14NOI . Sulfur-coated urea (SCU of 91; 
m- ' , Ahsti-cts 1975 .Amnual Meetings (hold Knoxville, dissolution rate) gave the most desirable type of response 
Tennessee. Aug. 24-30. 1975). Madison, lt'isconsin. Am.Soc. for summer fertilization, followed by isobutylidene diurea 
,,Ig-on.: p. 174 (1975). Sulfur-coated urea (SCU) has been (IBDU), activated sewage sludge (Milorganite). and treaform 
evaluated om different furfgrass species under various (UF), The latter two were quite similar in latent respunse 
mailageimen systems. Results were affected by time wt and characteristics. The I13DUL was sit perior to tlie of her materials for 
composition of the coating. It appears that a 7-day dissolution winter usage, because it (lid not show the cold weather 
rate of, at least 25', is required for good response in the first depression of latent N release exhibited by Milorganite. SCLI. 
seasonmof use. Lower dissolution rates have resulted in delayed and UIF. It is postulated that an initial slow N-release rate of 
release that has lasted longer than one season. In several 1131)11. and the favorable cold weather response curve is the 
studies oiicool-season grasses. single spring applications of result of the differential effect of temperature oni nitrification 
S('U gave excessive spring growth and did nut last long enough an1d. therefore, on acidity and dissolution rate of IBDLI ili the 
to give good growth and color throughout the growing season, nicroenvironment of the pellet. Responses to IBI)1 of 'vaions 
Split applications seems appropriate with these formulations, pellet-size ranges corroborates that surface dissolution is the 
In formulations having the same dissolution rate, release was N-release mechanism, and .,at varying the pellet size is a 
quicker with a sulfur phls wax coating than with sulfur alone. valuable met1od for controlling the N-release rate. 
Limitations of SCIJ include high cost, mower pick-up and 
close-cult turf, and danlage to coaings by traffic or mower 271 Sulfur-Coated Urea New Type of Slow-Release Fertilizer. 
blades. As a slow-release N source, SCU has the advantages of D. V. Waddington (College of Agric.. Agricultural Fxp. Stn., 
long-term release, fewer applications, reduced hazard of University Park, Pennsylvania). Sci. .- gric. 26 (3). 13 (Sprinmg 
fertilizer burn, and in efficiency greater than that of soie 197W). Research results have shown that various forniilations 
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of S-coated urea are satisfactory for turfgrass fertilization. more rapid with a S plus wax coating than with a S-only 
Sulfur-coated unea can be used alone or ilcombination with coating. The 7-day dissolution rate was not dependable in 
soluble sources illmixed fertilizers. Slow release nitrogen predicting field response when coating method was varied (13 
offers lie advan tagcs of (1)lunger duration of N release, (2) ret). 
fewer applications. (3) low leaching losses, and (4) safety from 
tile 274 Spotted Response of Overseeded Ryegrass Sulfurstandpoint of fertilizer burn. Disadvantages of slow-release to 
nitrogen sources lre the higher cost and the low efficiency that Coated Urea. G. M. Volk (Univ. Florida, Gainesville). Agron. J. 
often occurs in the Iirst yr or two Of use. Sulfur-coated urea 67 (6), 83840 (Nov.-Dec. 1975). Sulfur-coated urea (SCU) 
seems most likely of the slow-release fertilizers to become a shows excellent potential as a controlled-release N source for 
major turfgrass fertilizer because of its lower cost. turfgrasses, but highly spotted appearance has always resulted 

during 3 yr of tests in which SCU was used as an early appli
272 Evaluation of Slow-Release Nitrogen Fertilizers on cation of winter ryegrass (Loliutm pcrenne L.) overseeded on 
Pennpar Creeping Bentgrass. D. V. Waddington and J. M. verticut bermudagrass (Civnodon sp.) Darker green spots 5 to 
Duich (Pennslvania State Univ., University Park). /Igron. .1. 15 cm in diameter constit .ted 20-50 ; of the surface area, with 
68 (5), 812-15 (Sept.-Oct. 1976). As new fertilizer materials lighter green grass between the spots. The spots became 
become available fbr ttirfgrass fertilization. their relative merits smaller and the contrast greater as the season progressed. 
should be evaluated under various field conditions so that Chlorophyll content determined by methanol extraction of 
sound recommendations can be made concerning their use. In fresh grass was 8.5 mg/g on dry grass basis in representative 
this study, on "Penlpar creeping bentgrass (A darker green 6.6 mg/g for lighter green interspot1 grostis paltstris spots versus 
I liids.), single applications of four slow-release N fertilizers and areas. Apparently, in the absense of retentive thatch, the large 
miiiltiple applications of urea applied to fine, mixed, mesic round SCU pellets were readily moved by sprinkler irrigation 
Typic Ilaphidalf soil were compared for four consecutive and rainfall, and concentrated into zones of stability. Poor 
growing seasons. Split applications of' slow-release materials initial distribution and mower pickup were not determining 
were also included illthe fk irth season. Clipping yields and factors. Where effective thatch is lacking some means of 
turf color were used to evaluate response to fertilization, incorporation sufficient to anchor the pellets should be 
Growth patterns varied from yr to yr, but certain relationships devised. 
between treatments generally remained tilesame: (1)greatest 
initial response occurred with IBIDU (isobutylidene dtiurea): (2) FOREST 
yields from slow-release treatments equalled or exceeded those 
from the urea treatment for 13 to 14 weeks, thereafter urea 275 Trials with Sulfur-Coated Urea and Other Nitrogenous 
gave higher yields: (3) response from S-coated urea (21 r Fertilizers on Finus radiata in New Zealand. D. J.Mead, R. 
7-day dissolutiu rate) and resin-coated fertilizer (Agriform Ballard, and M. Mackenzie (Forest Res. Inst., Rotorua, New 
CRF 19-3-11 ) was intermediate between IBDU and ureaform Zealand). Soil Sci. Soc. Amer. Proc.39 (5), 978-80 (Sept.-Oct. 
(Uramite). Split applications of slow-release sources reduced 1975). Sulfur-coated urea fertilizers were included in six 
the flush of' spring growth and increased turf color in fall with of Pints radiata D. Don.tile expedments seedlings The 
to an acceptable level. Color was unacceptable in tile fertilizers werefall when applied in notches alongside seedlings about 2 
silgle spring applic:itions were used. The delay in response montlis after planting, and tree growth was measured for 2 or 
noted after IBDU applications on Kentucky bluegrass (Poa 3 yr. After slash burning on a strongly weathered clay soil, 
pratensis L.) ili olher experiments was not as apparent under slow-release N fertilizers, including three formtlations of 
the conditions of this study, possibly due to the incorporation S-coated urea. proved more effective than urea. On a more 
of fertilizer by aerating and topdressing at the time of fertile pumice soil, on both slash burnt and unburn t sites, no 
application and more liberal watering on time bentgrass area. response to N fertilizers was detected. lowever, whcre the 

topsoil of this soil type had been either completely or partially 
273 Evaluation of Sulfur-Coated Urea Fertilizer on Merion removed a response to N occurred. In these two disturbed 
Kentucky Bluegrass. D. V. Waddington and T. R. Turner areas S-coated urea showed no advantage over conventional 
(Pennsylvania State Univ., University Park). Soil Sci. Soc. ,Am. soluble N114-N fertilizers. There were no differences between 
J. 44 (2), 413-17 (Mar.-Apr. 1980). Five experimental the effectiveness of three formulations of S-coated urea at any 
fiirmlat ions of sll 'lr-coated urea (SCU) from the Tennessee of the experimental sites. 
Valley Authority and Gold-N, a prodtict of Imperial Chemical 
Industries, were applied ti 'Merion' Kentucky bluegrass (Pea 276 Slash Pine Growth Response to Different Nitrogen 
pralensis L.) at :arate of' 195 kg N/ha in the spring of 1974, Fertilizers. R. F. Fisher (Univ. Florida, Gainesville). In ..gro
1975. and 1976. Coaling weights of S on TVA materials had nom' .vAbstracts 1980 Annual .llctings (held Detroit. 
been varied to obtain laboratory 7-day dissolution rates of 17, Michigan, Nov. 30-Dec. 5, 1980). Macdison, t'isconsin: .,tin. 
26, and 35'; from material coated with S only and 16 and Soc. Agron.; p. 201 (1980). Slash pine were fertilized at 
26', from material coated with S plus a wax sealant. Gold-N planting witi 20 and 80 kg N/ha as urea, urea formaldehyde. 
was coated with Splus a paraffin sealant and had a dissolution stilfur coated urea, NI14SO 4 , and NaNO: . Semi-niatire slash 
rate of 36",. Clipping weights and turf color were used to pine were fertilized with 50 and 200 kg N/ha as urea, urea 
evaluate turfgrass response. With S-only coatings, turfgrass formaldehyde, NI14S,04- and NI14NO3. Newly planted slands 
response increased as coating wt decreased (dissolution rate were located on Plummer fine sand and Mascotte fine sand. 
increased). Differences dILe to coating wt were greatest in the Tests in semi-matUre stands were located on Phmmer fine 
Ist yr, and diminished in tile following yr. In yield and color sand. Leon sand, Ruston sandy loam, and Lakelald sand. 
comlpaiiso1s over 3 seasons, a hw dissolution rate treatment Nitrate and N114+ content of the soil solution at a depth of 70 
never produnced more response than a higher dissolution rate cm was monitored in the young stands. Ninely days following 
treatment. In comparison of materials with similar dissolution treatment N114 + was significantly elevated beneath all bint the 
rates but with different coating methods, release of N was urea formaldehyde treatment. Two years after application, 
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Ntt,+ remained elevated under the NH 4 SO 4 treatment. N0 3 -N. Urea and DAP showed a slower initial leaching, but
During the first 90 days N0 3 ' was significantly elevated this increased as nitrification peaked at 7 weeks. After 16
beneath urea and NaNO 3 treatments. This elevation persisted weeks about 70% of the N applied in urea and DAP had
throughout the 1st yr in the NaNO 3 treatment. After 5 yr 	 passed through the cores with about 70% of this as N0 3 -N. young trees were significantly taller when N had been added. The two slow-release fertilizers, SCU and IBDU showed steady
Semi-mature stands on Plummer and Leon soils responded leaching patterns, identical to each other. About 50% of their
significantly to N addition, while stands on Ruston and N was leached over the 16 week period, nearly all as N0 3-N.
Lakeland soils did not. No significant difference in response to 	 Very little unhydrolyzed urea was leached from any of the
different fertilizers occurred in either the young or 	 urea-based sources. The bulk of the residual fertilizer N
semi-mature stands. 	 appeared to be in organic form, but it was readily

mineralizable. All fertilizers greatly increased the leaching rate
277 Nitrogen Fertilization of Sycamore, Sweetgum, and 	 of Ca, Mg, and K, with AS having the greatest and DAP the
Green Ash Seedlings in Forest Nurseries. J. Deines and C. B. least effect. The fertilizers had little effect on the movement
 
Davey (North Carolina State Univ., Raleigh). In Agronomy of P in this soil (21 ref).

Abstracts 1974 Annual Meetings (held Chicago, Illinois, Nov.
 
10-15, 1974). Madison, Wisconsin: Am. Soc. Agron.; p. 148 MISCELLANEOUS
 
(1974). Sulfur-coated urea. urea, and ammonium nitrate were
 
applied at varying rates to two soils to test the source, 
rate, 280 Winter Leaching of Nitrate From Autumn-Applied
and amount of nitrogen fertilizer materials needed to produce Calcium Nitrate, Ammonium Sulfate, Urea, and Sulfur-Coated
quality seedlings of sweetgum (Liquidambar styraciflua L.), Urea in Bare Soil. T. M. Addiscott and D. Cox (Rothamsted
sycamore (Platanus occidentalis L.), and green ash (Fraxinus Exp. Stn., Harpenden, Herts., United Kingdom). J. Agric. Sci.
pennsr'lanicaMarsh.). Nitrogen rates were 0, 112, 224, and 87 (2), 381-9 (Oct. 1976). In a flinty clay loam at
448 kg/ha as ammonium nitrate (five equal applications) and Rothamsted, NO 3 concentrations in 0-13 and 13-26 cm layers
224 kg/ha as urea (five equal applications) and sulfur-coated of plots given all N-sources at 100 kg N/ha in early October 
urea (single application). Diameter at ground line, height, and were very small by mid-January. Incorporating the fertilizer in
the green and over-dry wt of leaves, stems, roots, tops, and the first 13 cm slightly accelerated this loss. Sulfur-coated urea
total plant were measured on samples of the seedlings. Soil and (SCU) maintained smaller NO 3 concentrations than other
foliage analyses were also conducted to supplement growth sources in both layers. By early March SCU plots alone had
results. Sweetgum and sycamore grew best in the silt loam soil slightly larger NO 3 concentrations than the controls in thewhen N was applied at 112 kg/ha and when urea was the 0-26 cm layer, while in the 26-52 cm layer all N plots had 
source. In equal amounts, five applications of commercial urea slightly larger concentrations than the controls. Spring barley,
was not significantly better than a single application of 	 given no more N and harvested green at ear emergence, took
sulfur-coated urea. On the sandy loam soil, N at 448 kg/ha more N from all N plots than from the controls, most from 
produced the greatest plant growth of green ash and urea was (NH 4 )2 SO4 and least from urea and SCU, but differencesthe best source. Urea was significantly better than between sources were not significant. The NO 3 loss had a
sulfur-coated urea in stimulating growth response in sandy soil. negligible effect on soil pH and exchangeable cations. Calcium 

nitrate leaching data were used to test the equation of Burns
278 Effects of Different Sources of Fertilizer Nitrogen on and other simple equations which considered the effects of
Growth and Nutrition of Western Hemlock. M. A. Radwan and successive percolations in a two-layer system assuming that the
D. S. DeBell (USDA, For. Sci. Lab., Olympia, Washington). 	 layers either could or could not becorr- temporarily
Portland, Oregon: USDA, For. Ser. Res. PaperPNIV-261; 15 oversaturated. All the equations underestimated leaching 
pp. (Feb. 1980). Twelve different N fertilizer treatments unless the most inaccessible soil water was left out of thewere tested on potted western hemlock seedlings. Fertilizers calculations and gave best results when only gravitational
affected soil N and pH, and growth and foliar chemical water was taken into account. 
composition of seedlings. Urea plus N-Serve and S-coated urea
appeared more promising for promoting growth than other 281 Comparison of Leaching Losses of Nitrogen From Soluble
fertilizers tested. Results, however, do not explain reported and Slow-Release Fertilizers. L. A. Nnadi (Samaru Ahmadu
variability in response of hemlock stands to N fertilization (22 Bello Univ., Zaria, Nigeria). Sana Agric. Newsl. 17(2), 82-5 
re f). (1975). Soils Fert. 39, 2183. In the savannah zone of Nigeria,

lysimeter experiments were carried out to compare the
279 Transformation of Nitrogen Fertilizers and Movement of leaching losses from different sources of N applied to earlyNutrients from the Surface of a Rhyolitic Pumice Forest Soil. maize. Generally losses of N from application of S-coated urea,
R. Ballard (North Carolina State Univ., Raleigh). N.Z. J. For Ca-NH4 NO 3 , and urea, were low. The lowest losses were fromSci. 9 (1), 53-67 (Aug. 1979). The transformations and move- the S-coated urea treatment. Highest maize yields were 
ment of urea, diaminonium phosphate (DAP), (NI-14 )2S0 4 obtained with Ca'NH4 NO 3 . Sulfur-coated urea produced
(AS), NH, NO3 (AN), calcium ammoniuni nitrate (CAN), slightly higher yields than did urea. 
sulfur-coated urea (SCU), and isobutylidene diurea (IBDU) 
were followed over a I 6-week period using intact cores from 282 Leaching of Soluble and Slow-Release Nitrogen and
the surface 10 cm of a rhyolitic pumice forest soil. Fertilizer 	 Potassium Fertilizers from Lakeland Sand Under Grass and 
was applied at equivalent to 200 kg N/ha and the cores were 	 Fallow. G. L. Terman and S. E. Allen (TVA, National Fert
leached with 5 cm of distilled water/week. Ammonium sulfate, ilizer Development Center, Muscle Shoals, Alabama). Soil
AN, and CAN exhibited similar, rapid leaching rates with over Crop Sci. Soe. Fla. Proc. 30; pp. 130-40 (1970). Two green
90% of the applied N passing through the cores in 10 weeks: house lysimeter experiments were conducted on 6- x 24-in.50% of the N applied as NfH4 -N passed through in this form columns of Lakeland sand under fallow or 4 cuttings of grasswhile the remainder was nitrified and passed through as 	 sod receiving 2 or 4 in. of water/week. Nutrients other 
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than N or K Were applied uniformly with all N or K treat- 285 Nitrogen Release from Sulfur-Coated Urea, as Affected 
ients. Amounts of N in leachates collected weekly under by Coating Weight, Placement, and Temperature. S. E. Allen,
fallow for 16 weeks in the N-source experiment were in the C. M. Hunt, and G. L. Terman (TVA, National Fertilizer 
order: aninonium nitrate (AN) > urea > sulfur-coated urea Development Cenicr, Muscle Shoals, Alabama). Agron. J. 63 
(SCU, 181", initial dissolution in water) > SCLJ (6'1;- initial (4), 529-33 (Joly-Aug. 1971). Greenhouse and laboratory
dissolution) > no applied N. Amounts of leached N were studies were conducted to measure the factors controlling
greater with amount applied (365, 730, and 1460 rag/culture), release of N fron S-coatetL urea (SCU). Results of two green
with 4 than with 2 in. of water/week, and much higher under house test,,, common bermudagrass (Cynodonpot with 
fallow than under sod. Effects of N source on K leached under dactylon) and a third with uncropped soil in controlled 
fallow were: AN > SCU > no N > urea. Only traces of Pwere environnent regimes showed that the rate of dissolution of 
leached. Under ryegrass, significant amounts ofN were leached SCU increased greatly with higher temperatures of cropping or 
only with the 4-in. rate of water from the higher rates of incubation. Disseiution rates of SCU granules were decreased 
AN and urea: this was reflected in lower yields and N uptake. by heavier coating with S,by inclusion of 0.5, coal tar oil 
The SCU-18 was inore effective than AN or urea at the higher microbicide in the coatiag, and by surface application, as 
water rate with 1460 mg of applied N. Lower effectiveness of compared to mixing with !he soil. Satisfactorily coated urea 
SCU-l 9 in other situations and of SCU-6 was reflected by large (SCU) or split applications of uncoated amioniim nitrate 
amounts of N recovered from the granule residues after (AN) or urea both resulted in more unifor'm1 distribution of 
cropping, forage production and N uptake than did a single application 

of urea or AN at time of seeding. Greater yields of forage were 
283 Nitrogen Distribution Between Soil and Plants After obtained from single applications of some SCU products than 
Sulfur-Coated Urea and Urea Fertilization. G. S. Pettygrove, from urea or AN. Apparent volatilization losses of surface-
IM.1). Dawson, and V. V. Volk (Oregon State Univ.. Corvallis). applied urea were severe, particularly at higher growth or 
Il,'gronom*.v .,Ihstrmis 1974 .,Inual Meetings (held Chicago, incubation temperatures. Losses of N were reduced, but not 
Illinois. Nov. 10-15, 1974). Madison, It'sconsin: Am. Soe. entirely eliminated by S-coating. 
.4gon., p. 153 (1974). SUlfur-coated urea (SCU 4) and urea 
were fall applied to tall fescue at rates of 400 and 800 kg 286 Testing the Difference Between Limiting Yields in 
N/ha. Soil solution samples from a Woodburn silty clay loam Quadratic Fertilizer Response Curves, H. R. Tejeda (Int. Fert. 
were collected at monthly intervals for 6 months with ceramic Development Center. Muscle Shoals, Alabama). Agion. J. 73 
tension lysinieters installed at a depth of 90 cm. The nitrate (I),136-8 (Jan.-Feb. 1981). Knowledge of whether or not 
concentration in the percolation water was assayed and, using fertilizer response curves have the same limiting yield is useful 
estimates of drainage Vol, nitrate percolation losses were when comparing fertilizers and estimating their availability
calculated. Nitrate-nitrogen concentration ranged from less coefficient. A statistical procedure to test the difference 
than I to 10 ppm on SCU-ferti!ized plots and from less than 1 between limiting yields of two quadratic response curves is 
to 25 pp on iurea-fertilized plots. Nitrogen recovery in plants presented. The test is contingent to tile assumption that the 
and residual soil nitrate and ammnium were measured to estimated nutrient rates corresponding to the limiting yields
allow calculation of a N balance. Nitrate-N leaching losses are constants. Application of the procedure isillustrated when 
fron urea fcrtilizalion and from a fallow plot approximated comparing rice (Oryza sativa L.) response to two sulfur-coated 
90 kg N/ha in a drainage vol of 115 cm. Nitrate losses from tireas (SCU's) differing in soltbility with split application of 
each sulfur-coated urea application were 15 kg N/ha during the urea. Only the SCU with lower solubility produced a 
winter months. significantly larger limiting yield than split application of urea. 

284 Nitrogen Management on Irrigated Sands. L. NI. Walsh 287 Sulfur-Coated Urea and the Alaska Pipeline. C. B.Kresge
and C. B. Tanner (Univ. Wsiconsin, Madison). In Agronom*I (TVA. National Fertilizer Development Center, Pullnan,
Abstracts 1977,,ma1ifeeting's (held Los Angeles, California, Washington). Sulphur Inst. ,.12 (2), 8-11 (Stumer 1976).
Nov. 13-18, 1977). 1ladison, Itisconsin: /lo. Soc. A4gron.; p. Analysis of 826 composite soil samples taken along the 800
186 (1977). Several studies have been conducted to attempt to mile length of the Alaska pipeline indicated allN deficiency
reduce N losses on irrigated loamy sand soils in Central for the entire length. Slow-release N fertilizers were used to 
Wisconsin. Ilone study. lysiieters were used to compare a insure an adequate but not excessive supply of N for 
conventional prograii for managing water and N with an establishment and subsequent growth of sceded grasses.
improved program. The improved program resulted in Slow-release sources were S-coated urea (SCU) and urea
irrigating more often (every 3 (lays versus every 5 (lays) formaldehyde. Other N sources where NII 4 NO3 , Ni phOS4
applying less total irrigation water (45 cm versus 27 cm). phate. and KNO3 . Rate of application for revegitation during
applying less total N (256 kg/ha versus 168) and applying N and immediately after construction was 90-100 lb N/acre, tip
inore frequently (II applications as compared to 3 appli- to 70, of which was provided by a slow-release sotirce. 

cations). The carefully managed improved program maintained Maintenance applications, scheduled to continue for 1-2 yr
yields, improved grade-out and decreased NO3 -N leaching after pipeline completion, were at the rate of 40 l1N/acre of 
from 200 to 120 kg N/ha. In another study, it was determined which 54'r was illthe slow-release form. About 70'( of the 
that nonuniform infiltration of water occurs beneath the hills pipeline area was deficient inS.Some S ws supplied by SCU
of sprinkler irrigated potatoes. Irrigation and fertilizer but areaa eleentn. S Swas a d I'.SCU 
management could be improved if this nonuni forl infiltra
tion pattern is taken into account. Other studies included the were the principal S sources. Application rates ranged from 
tise of slow release N materials and nitrification inhibitors. In 943 lb S/acre during construction and 15-37 11S/acre (hiring
general, sulfur-coated tirea (SCU) and nitrapyrin (N-Serve) maintenance. The fertilizer was applied by hand, by ground 
treated tirea did not increase the yields of potatoes or corn as equipment, and by plane depending tpon tile size, steepness.
compared to conventional urea. and wetness of time area. 
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288 Surface Runoff Losses of Fertilizer Elements. E. P. source evaluation, and the use of P adsorption isotherms, 
Dunigan, R. A. Phclan, and C. L. Mondart, Jr. (Louisiana Agr. micronutrients and heavy metals (sorghum response to Fe 
IFxp. St., Baton Rouge). 1. l:'nri'on. Qual. .5 (3), 33942 sources, corn and rice response to Zn, soybean and red clover 
(1976). Surface runoff losses of fertilizer N, P, and K were response to MO, redox effects on EDTA and DTPA in soil,
ieasured frot a Loring silt loam soil v;tli an average slope of heavy metal contaminants in fertilizers), nutrient and heavy

Plots seeded to pearl millet (lPennise11tt tIrph;ies) in metal movement in soils, cereal crop nutrition, methodology
1973 and 1974 were fertilized at the rate of' 11J49-93 kg/ha of fertilizer-soil-plant research, field crop results (coastal
of incorporated N, P, and K using two different fertilizer 
blends. a 33.3-8.7-26.6 and an 8-3.5-6.6. The percent of bermudagrass, soybean, cotton, grape), waste heat utilization 
water-soluble fertilizer elements lost in 1973 from the higher for soil heating, industrial and urban waste utilization, strip
and lower blend concentrations, respectively, were N, 0.50 and mine spoil reclamation, and forest fertilization are also 
0.30";: P, 0.14 and 0.06': and K, 0.67 and 0.92"(1. In 1974, N discussed. 
losses were 0.89 and 0.41;: P, 0.35 and 0.20%; and K, 0.42 
and 0.35. precipitation during the experimental periods was 291 Evaluation of Sources and Methods on Nitrogen
20.40 cm in 1973 and 11.03 cni in 1974. Two of the millet Application Efficiency Under Upland Cropping in the Tropics.
plots were then topdressed with NII4 NO 3 at the rate of 112 S. Ahmed, 1.P.M. Gunasena, and M.Sadiq (Res. Systems Inst.,
kg/ha. Topdressed fertilizer-N losses were 2.681 in 1973 and East-West Center, Honolulu, Hawaii). J. Natl. Agric. Soc. 
I.82w; in 1974. Precipitation during these second tests was Celon (Sri Lanka) 15, 81-96 (1978). Abstr Trop. Agric. 6,
27.97 cm in 1973 and 27.69 cm in 1974. Ryegrass (Loliun 30107. Field studies were conducted in Iran, Bangladesh,
lniultilortm) plots were fertilized with sulfur-coated urea India, Pakistan, and Western Samoa under the INPUTS Project
(S(i) and micoated urea (U) at the rate of 224 kg N/ha of the East-West Center, Hawaii, to evaluate N sources [normal
during the growing seasons of 1973 and 1974. Total N losses urea and sulfur-coated urea (SCUD] and methods of their 
(U versus SCU) were 9.52 and 0.26, in 1973. and 1.67 and application (broadcasting and incorporating, broadcasting, and 
0.42w'; in 1974. Precipitation was 23.89 cm in 1973 and 29.57 banding) for crops grown under upland conditions. The test 
cm in 1974. A 10.08-cmii rainfall on the third day of the test in crops used were sugar beet (Iran), rice (Bangladesh and W. 
1973 caused almost three-fourths of the 9.52, N lost from the Samoa), maize (Pakistan), and sorghum (India). Sulfur-coated 
uncoated urea to be lost in that runioff and while it was still in urea showed no advantage over normal urea for sugar beet in 
the urea form. The sulfur coating prevented large surface losses two experiments, probably as it requires most of its N during
of N front the SCU. early stages of growth. Similar results were also recorded for 

rice in Western Samoa and for fodder sorghum in India. 
289 Getting Nutrients to Flooded Rice. 0. P. Englestad and J. Sulfur-coated urea was superior to normal urea for maize in 
II. Parker (TVA, National Fertilizer Development Center, Pqkistan, the effect being attributed to heavy losses of urea N 
Muscle Shoals, Alabama). ltWorld Farming 15 (5), 16-21 (May due to leaching. The general trend over all locations indicates 
1973). In 1968, the U.S. Agency for International Develop- normal urea to be better than SCU and banding to be superior 
ment requested that the Tennessee Valley Authority tinder- to other methods of N application (23 ref').
take research to improve the effectiveness of fertilizers for 
rice grown in countries where farmers cannot maintain 292 Use of Sulfur-Coated Urea for Revegetation of Blast 
continmois flooding. Tests to compare SCU with uncoated Furnace Slag. R. P. Gemmell (East Cliff County Offices, 
urea were condmucted in TVA greenhouses and in field experi- Prest-in, Lancashire. England). Nature 247 (5438), 199-200 
mCImts in India, Thailand. Philippines. Peru, and Brazil. Sulfur- (Jan. 25, 1974). Blast furnace slag is a mineral waste problem
coated urea looked ext remoely promising in most of these tests, in the United Kingdom. Revegetation of the slag is extremely
L.osses of N were reduced and rice yields were generally higher difficult because of its high p-I (10.2-10.5) and high porosity
wili S('U as the source of N. Out of a total of 56 comparisons, which permits added soluble nutrients to be lost quickly from 
46 showed SCU superior to uncoatedt urea when both were the planting mediun. A randomized block experiment was set 
applied at transplanting lime. In 19 of the comparisons, tip on a levelled sight which had been exposed to the weather 
the N was applietl as split applications. Sulfur-coated urea was for 4 months (this reduced the surface pH to 9.0). Five treat
superior in 12 of the 19 comparisons. Five experiments in Peru inents were used: 0, 50, and I j0 kg N/ha as urea and 50 and
included treatments in which all the uncoated urea was added 100 kg N/ha as S-coated urea. Phosphate was applied to all 
as topliressiing. Sulfur-coated urea applied at transplamtingwas plots at 75 kg P2 O5 /ha. Grass (Festica ntbra) was sown in 
superiour to toupdressed urea in 19 of 26 comparisons. This June 1972. In September 1972 all plots were refertilized for 
pattern shoN wiig general Superiority of SCU over urea under maintenance with 125 kg .,O, /hia and three N treatments (O
conditions of" interu it lent flooding agrees quite well with data and 100 kg N/ha as urea and 100 kg N/ha as S-coated urea)
ohtaiued ill the U.S. where flooding was delayed after were superimposed on the initial treatment according to a split
appllication in connection wilh direct seeding. plot design. Treatment effects were evaluated in May 1973 

using visual observations by four individuals. The residual 
290 Soil-Fertilizer-Plant-Research i975-78. 3.1(uscle Shoals. slow-release N responses were significantly better than those
 
A1lahmna: 7T1.1, .Vational FertilizerDevelopmwen Center, Bull obtained by the use of uncoated tirea. On the basis of a visual
 
Ni. Y-141: 40 pp. (1979). Nitrogen fertilizers are discussed, acceptability rating of 1-10. plots with no N ware ratetd 1.00
 
inchlding dissolt tioii studies \i th sulfur-coated urea, the fate antI with the doublc treatment of S-coated u.,ea were rated
 
of applied N. the use of N by rice. denitrification of applietd N. 7.15: a double treatment ofuncoated urca received a rating of
 
leaching antd tlCIlitrification of N in soils, the use of N by bell 4.80. A rating of 6.0 was the minimun; for satisfactory
 
peppers in Florida. leaching of N in Alabana. and tillage appearance.

system effects onil N use in Ohio. Phosphorus fertilizers are
 
reviewed, including the effectiveness of phosphate rocks. 293 Establishment of Grass on Waste from Iron Smelting. R.
 
reactions ot' ainniloiini ortho- and polyphosplhates iin soil. P 1. -emmmell (Greater Manchester Counc. Preston. I.ancashire,
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England). I.r'ihrom. lPolht. S (I), 35-44 (Jan. 1975). Vege- systems, with rice-delayed flooding and intermittent flooding. 
tation trials were established on a leveied tip of blast furnace In test demonstrations rice yields were substantially higher 
slag, :l the Furness area ofrCu mbria. TLie major factors limiting with SCU than with uncoated urea with farmer returns 
grown. were high pll and serious deficiencies of the macro- increasing fron $19 to S133/acre in the U.S. and from S60 
nutrienots. nitroen and p:hosphate. -xposure to natural to S133 in other countries. 
ieaciling caused a reduction in surface pli and increased tile 
growth Iotential of the waste. Ilgh rates of initial and mainte- 297 Slow-Release Fertilizers, Particularly Sulfur-Coated Urea. 
nance phospliaew applications were required to support L. II. Davies. 1ert. Soc. Proc. No. 153; 64 pp. (1976). Those 
growth, tie high p11 causing phosphate iniobilization during materials in use as slow-release fertilizers which have been 
tile early stages of sward development. Repeat applications of commercially manufactured, are examined and their properties 
nitroCen were essential because of leaching problems and it and field performances are reviewed. Particular emphasis is 
was shown that slow-release nitrogen fertilizer as sulfur-coated placed on S-coated urea (SCU). The markets for large scale 
urea was more efficient than uncoated urea. Species trials sales of slow-release fertilizers have been found where 
deilionst ra ted that Festuca rubra was relatively tolerant of the premium prices are available for the crop grown or tile savings 
waste, on fertilizer application costs have been substantial. Only 

where the cost of the slow-release component has been diluted 
294 Nitrogen Utilization by Lambs Fed a High Roughage by the lower costs of other ingredients of a compound
Ration and Supplemented with Compacted Starch Urea or fertilizer have they been acceptable on lower value crops. A 
Sulfur-Coated Urea. N. N. Utiunnna and W. R. Woods. ,. Sci. range of crops that have a high demand for N over a short 
loo(l tgric. 26 (4), 413-20 (1975). In two nietabolisiii studies period such as maize, sorghtim, wheat, and barley, are unlikely 
laihs were fed pelleted brorne hay supplemented with to show yield benefits after the use of slow release fertilizers, 
coipacled starclh-iirea or S-coated urea to examine their though benefit, such as improving the protein value of the 
potential is slow ainiuonii release products and their effect on grain are possible. Sulfur coatings offer the possibility of lower 
N utiliZation. I stludy one. lanibs supplemented with the cost slow release of nutrients. Also it is possible to radically 
compacted starch-uirea product had a nonsignificant decrease alter the pattern of nutrient release by varying the level and 
in level ,4 runeni aiiinoiiia as compared to lambs stipple- quality of the coating. 
mented with feed grade urea: there was no increase in N 
retention. In study two. S-coated urea decreased runen 298 Sulfur-Coated Urea-A Manufacturer's Viewpoint. T. B. 
ainin onia concentration when compared to feed grade tirea: Lynch (Canadian Industries Ltd., Ontario, Canada). In 
S-coating also resulted in decreased N digestibility and Products Techniques Plant Nutrient Efficiency. London, 
increased fecal N. Nitrogen retention of lambs fed these England: Bi-itish Sulphur Corp. Proc. 2nd nt. Conf Fert. 
products was i1 improved as compared to lambs fed feed Paper No. XIII: pp. 1-28 (1978). Sulfur-coated urea (SCU) an 
grade urea. effective and economical slow-release N fertilizer, is produced

by Canadian Industries Ltd. using TVA technology and tile 
modifications developed at ICI, Billingham. Local refineries 

MARKETING provide economical sources of wax and S,while prilled urea is 
used as substrate. This gives a product size range more coi
patible with subsequent blends than the larger-sized granular 

ECONOMICS urea. Sulfur is sprayed hydraulically to reduce potential 
explosion and pollution problems. Coating thickness is con

295 Fertilizer Coating System, A Development of Thiokol. trolled to give product 7-day release rates < 35c. Product is 
Oil, Paint Dnrg Reptr. 192 (22), 7 (Nov. 27, 1967). Develop- shipped to customers in bulk or bags for mixing with additives 
ine1 of a controlled-release coating system that could reduce in blends such as 18-6-9 and 254-10. Parameters to be 
lie cost of fertilizing Iiigli-value crop land in niany locations is considered in the design and operation of an SCU facility, 

relorted by Thiokol Chemical Corporation, Trenton, together with quality control and agrononic features 
New Jersey. The systeni comprises a thin coating of important in marketing this product are discussed (20 ref).
flexibilized siilftr and a iietlhod of alplying it to several types 
and shapes of fertilizer particles. It is said to make possible 299 Sulfur-Coated Urea. F. 0. IIuffman, A. R. Shirley. Jr., 
coiliurercial pruoduction of slow-release fertilizers at one- G. M. Bloin, and B. P. Dana (TVA. National Fertilizer 
(larter to ouIC-hall the cost of coimlparable existing products. Development Center, Muscle Shoals, Alabama). Fert. News 21 
Polelial : dv:1iltaes oI controlled release include reduced (3), 31-6 (Mar. 1976). Sulfur was selected as the least expen
leachinu. reduced h:izards to crops fron high rates of fertilizer sive coating agent for control of N release frotm urea. Pre
aipplicatiotl, reduced frequency of applicatiou (with resulting heated urea granules are sprayed with molten S as they fall 
labor savings), better growth due to continuous supply of from special flight arrangements in a rotary drul. In another 
nutrients. and greater tlexibility in scheduliig fertilizer rotating drum. tile S-coated granules are sprayed with a wax 
aplplicaticiuls, to seal flaws in the coating. The material iscooled to 43' in a 

Ilidized-bed apparatus and cnditioned with diatemaceutis 
296 Fertilizer Services from TVA Include Help for Air earth in a third drum to prevent caking and to make tile 
Pollution, Sulfur-Coated Urea Fertilizer. (hem. Mark. Rep. granules sink when placed il 11.,0. as in tIooded rice culture. 
2(1/ (2. 7. 20 (.hfu. I0, 1Q72). hii tire annual report i'or fiscal '[le usual product contains 15-19"; S. 2" sealant, and 2.5-3' 
yr I071 . Tennessee Valley Authority reports several impourtant conditioning agent. Process variables are discussed, and opti
advances ii trtilizer production techunilgy. When produc- mtim operating conditions :ire present. Production cost for 
Lion techniques are perfected. "TVA expects the major market granular S-coated urea (SCtJ) is estimated to be - one-third 
for S(C 1to be in prouctin of rice. TIle product appears well more/nit N than for uncoated urea: the cost for coating the 
suited fcr use mider two of the three water managenent smaller prilled area is somewhat higher because iore'S is 



MARKETING 

required. In many agricultural situations. tileS itself, is a 303 Low-Cost Slow-Release Fertilizer Developed. S. 1. Allen,
needed addition to the soil. Agricultural evaluations show D. A. MavS,. and G. [. Terman (TVA, National Fertilizerfavorable henefil-to-c,,st ratios for SCU Olnrice tinder delayed Devel,)phnit (enter. Muscle Shoals. Alabama). CropsSoils 21:and internittent looding, piteapple, sugarcane, fruits, and 13-I (I)cc. 0)08). A sulfur-coatitig technique developed
vegetables on sandy, s ils. turf. and forage crops. by ]'VA ny put slow-release N within reach of many crop 

growers. The slow-release fertilizer (35', N) developed by TVA300 Slow Release Fertilizers. l,'ert. hit. No. 133; (July will cost hure I1 of urea N).2"-50*Y- per N than (45/§ Urea11)80). A sitall, but profitahle and expatIding, sector of tile grantiles aLe sprayed with molten S and sealed with mineral
fertilizer iarket in developed countries is taken up by slow wax containinu 0.51; coal tar oil. Stilfur-coated urea has beenrelease fertilizers. These fertilizers find their principal outlet in tested in greenhouse and field experiments and performed w-ll 
the Itorictiliral and atlieuity sectors ot the market and are. in metering out N for months. 
at present, the concein of relatively tew producers who have 
carried out the pioneerine work on their development. 304 IVA Shows Sulfur-Coated Urea. ulhu.r Insi. ../(3),
Ilowever. a erowvine, nUiibcr ofrcompanies ar, looking with 2-6 (\to1n 19o8). A briefdescriplion is given of the process 
inteist Itowards this markel, notably those \,;h a stromg fo COalil' eUawith S as dieveloped by tileTennessee Valley

At forit . The process has been demonstrated with pilot planthortiilnal side, as ati area for future expatls'on. 'le ctiirent ,'equil;lei anId several variahles have been evaluated. 
state of developiIent of the market for slow ielease fertilizers Labouitury. greenthouise, and field tests have shown that 
i:examined andIhe directions in which it is moving are coating (n,.'with S,wax. and a inicrobicide does control the 
presetlted. This part of (ile article considers lie )rodticers atid rate of N relcase. An I':; S ,oating Irotected some ureatheir lroducts. grannles illthe soil for at least 16 weeks. Sulfur coatings were 

foucld to edhtce tie toxicity of soluble N to plants, prolote
COST ic,re ni'o;tm growth of' grasses, reduce luxury consuLIption 

,it7,%.lid ,ive a better seasonal distribitiion of both Iorage and
301 Slow-Release Fertilizer Cost Could Tumble. ('hem. l:n., protei. f:stinales based on a daily production of 200 tons of.Veu-s 46: 20-1 (Jan. 8. 1968). Tlhiokcl's process fOr sulfur- S coated mea (35'- N. 19',"S) show that coatine will costcoated slmv-release fertilizer is a suhje..:t on'Of 

'ertilizer makers. The process o"t' sulfur-coating prilled urea
 

of licensing talks with S I 5. ot product or 44 cents/unit of N at the planl site. 

could cut the cost of slow-release fertilizer drasticallv. Thiokol 305 Sulfur-Coated Urea: Estimated Cost in a Developing
lIredicLts fri un as high as S500/ion to just over SI06/toil. The Country. G. I. l3louin (TVA. National Fertili/er Developmentnew price reflects I 0-:0'; additioul by tle coating to the basic Center. Muscle Shoals. Alabama). Muscle Shoals, Alhama: 
price of tireaS 0,0ton ).Such a price teductioll openls several "'1VA.:'t(uaa "ertili:erDevetlopnnt (enter: 1ull. Y-82, 11ucv.- markets to the sitw-relcase fertilizer. There is already a pp. (Oct. I074). Aln estimate is given of tie production cost
I .- lilliol-toli/yr specialty tmarket il lurf and horticuitture. and in-plant price for S-coated urea (SCU') at a capacity of 20CNow the coated lroducet may also in1d a 3-million-ton lrlet mt/day f'or a (leveloping-coiuntry situiation. Three alternate

in highI value croptIs such as fruits, a (-million-ton Oitlet Ifor cases \ere chosen for the basis of the estimate: (I) An existim,
crips ill low-nittlrieit etficieucy (high-leaching) areas such as pait-giatitulation unit will provide urea ofr-6 +10 mesh for feed
the eas!'. sulh, and ceitral states, a 3-inillioi-tomi usage in to tile SCU unit: the pail is assumed to handle the full ureahiw-siltfIr stils such as tho(se on the Pacific coast, anid a large plant output. (2) A small pan-granulation unlit itlist be added
niarket abroad. to tile larger complex to provide urea of -6 +10 mesl for the 

SCU init: only part of tileurea plant output is processed. (3)302 New and Improved Fertilizer Material Based on Urea. An existing urea prilling tinit will provide urea of-8 +14 mesh
T. P. Ilignett (TVA. National Fertilizel Dc velopmt tent Center. for tile SCII unit. Flow diagratis of tle three case processesNIuscle Shals, Alabama). In UADO I'apir Pre.sented at 2Id are shown. IDetailed data are given for each case showing tilei Irre4ioatal Iertilizer-- ,11fo)sitn, t.'iel, Ukrainian S.S.. plant invstilneit, the production cost. aiid tile in-plant priceet. 2/ to Oct. 1, 1971, Nfew Del/ti, India, October 2-1? of the SCI . It is estimated that ill Ile developing countries the
 
/97/. Musce Shoals, .-lahama: T,, National Iertilizer it-plant price of SCU would he 2540' iir 
 ttan tat proI)e,'eloplmnet (enter, (ircular Z-28; 30 pp. (n.d.). Istintates- it forpicoat" urea ilindicate that the cost of coating graniular 7. ai'd abotit ore-hlaltI' the pricea plant of ti aou N 
450-int/day capacity would be about S16/ton, including a t5f commerical cottrolled-relcase N products, such as 

urea ill ted For uncoated rea i 197.alldr hlr sh as 
e 


return it investnment. It the price of' straight urea (46'" N) is tireat'oali and 11)I1. I ligl betlefit:cost ratios have beeni.77/ton, the estinated price ofcoated urea ('6; N) would be dentoiirated for SCIJ oil iitertittently flooded rice aid on 
$76/ion, which is about 26; lilore per uItR of N. It is recog- sugarcale and Iilteapples.
itized tha ittitial proolctiOuc oil a snialler scale will be miiore
expelsive. Also. tranlsportation costs per unit of N will be 306 A Brief Summary of TVA's Research and Development
greater for the coated material because of its lower N coitent. on Improving Fertilizers for Developing Countries. J. T.Hhowever the results offagronoilt c tests indicate that there are Shields (TVA. National Fertilizer Developmient ('Centel, Muscle
Illally cases illwhich the value of' increased yield would mole Shoals. Alabama). hi Proc.: Planning al Oeanmizaution
than pay for the higher cost. Moreover, a major advantage of .fteeti.g, (Increasitg -r(on(ittii-it, Under 

tlecoated itrea is the potential reduction ill costs hy a tplyilg Tiht Su plies) I'-oect, Hlonohtht, Hawaii: /'ast-It'est ood
nitrogeti only once at the time of planting rather than having Institute. .est-West ('enter; pp. 85-9 I (1975). Work iinseveralthe idded costs of i'.p- or side-dressiig. Itl addition to tile countries on the field-testing of sulfur-coated urea for rice and
controlled-release characteristics, coated urea has excellent technical aspects of tile ise of rock phosphate is discussed.storage alld handling characteristics and intight event be handled Recent developments in the eigineering phase of liroducing
illbulk inIihuid cliliates. sulfur-coated trea have resulted illa vast iiproveitet illle 
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sulfur-coating process. tile tech' diurea and crotonylidene diureaFor instance, falling curtain isobutylidene (IBDU), 

nique has led to a more uniform coating of either the urea prill (CDU)-the second by S-coated urea (an experimental product
 
or granule, eliminated the need for a wax sealant, increased at TVA) and commercial products in which the coating is a
 
production rates, and thereby, shows promise to reduce copolymer of dicyclopentadiene with a glycerol ester (trade

productionhscosts. Recent enginecring estimates incorporating name, Osmocote). Aside from their specialty uses on lawns,

these new improvements indicate SCU should cost no more golf courses, and the like, controlled-release N fertilizers are
 
than 15%-20% more per unit of N than regular urea. likely to prove practical for some field crops in some
 

situations, particularly for high-value crops in areas where
 
307 Sulfur Coating on Nitrogen Fertilizer to Reduce Dis- labor is costly. Prospects are remote for improving P and K
 
solution Rate. D. W.Rindt, G.M. Blouin, and J.G.Getsinger fertilizers through controlled-release.
 
(TVA, National Fertilizer Development Center, Muscle Shoals,
 
Alabama). J. Agr Food Chem. 16 (5), 773-8 (Sept.-Oct. 310 GOLD-N, A Sulfur-Coated.Urea From ICI. L. H. Davies

1968). Coating of urea granules with S may provide an (Imperial Chemical Industries, Billingham Teesside, England).

effective controlled-release N fertilizer at relatively low cost. Sulphur Inst. J. 10 (2), 6-10 (Summer 1974). Development

Potential benefits are higher yield/unit of applied Nand lower work on a slow release N by coating urea granules with S was
 
applicaticn cost. In small-scale tests witha 22-in diameter started by Tennessee Valley Authority about 10 yr ago.

rotary pan, the coating was applied by spraying atomized Technology for manufacturing sulfur-coated urea was studied
 
molten S onto a rolling bed of granules. The coating was concurrently at Imperial Chemical Industries, Ltd. (ICI) which
 
sealed with a film. of nicrocrystalline wax containing a micro- resulted in a S-coated ure ) being placed on the United
 
hicide and the granules were dusted with clay, diatomaceous Kingdom market in 1972 as GOLD-N. GOLD-N is produced at

earth, or vermiculite to assure good flowability. A product ICI's Teesside plant. Urea prills are coated with S to give a
 
with about 20% of its wt as coating (16% S,3% sealant. 0.5% product containing 32% N, 30% 5, and[about 2% wax. The
 
microbicide, and 1% conditioner) had a dissolution rate in premium price above conventional fertilizers does not make its
 
1120 at 1000 F of about 0.2%/day as compared with 100% for use universally attractive. The properties of GOLD-N indicate
 
uncoated urea. The coated urea also gave better N utilization that it is a profitable commercial product for heavily irrigated

in greenhouse and field tests. Estimated cost of coatingurea in crops, grasses on parks, golf courses, etc., and land
 
a 200 tons/day plant is about $0.33/unit N which i; about reclamation. The ICI is continuing to explore applications for
 
20% of the market price of uncoated urea. GOLD-N.
 

308 Experiences in Development of Sulfur-Coated Urea. 311 Controlled Release New From Gro-Power. Western 
R. B.Diamond (TVA, National Fertilizer DevelopmLinl Center, Landscaping News 19 (9), 22 (Sept. 1979). Gro-Power has

Muscle Shoals, Alabama). In Agronomy Abstracts 197.5 recently announced the addition of another product to their
 
Annual A'eethigs (held Knoxville, Tennessee, Aug. 24-30, fertilizer line. Marketing has begun for the new product,

1975). Madison, lisconsin:Ain. Soc. Agron.; p. 173 (,1975). Gro-Power Controlled Release. Controlled Release is a blend

Development of sulfur-coated urea (SCU) has continued of long release sulfur-coated urea, phosphorus, potash, and
 
for more than 10 yrs. Production technology has progressed trace minerals. Humus and humic acids are added to aid the
 
from laboratory-scale equipment to a continuous process plant to assimilate the necessary nutrients for lush growth.
 
producing I to 2 tons/hr and now to the design of a 10-ton/hr Under normal conditio1w Gro-Power Controlled Release willdemonstration-scale plant. Production is planned in the new release steadily over 3 to 4 months, eliminating overfeeding
 
plant in the fall of 1976. Production cost is predicted to be due to heavy rainfall, over-irrigation, and excessive heat. The

30%o greater than urea per unit of N. Agronomic tests have sole manufacturer of this new product is Southern California
 
been conducted in 48 states and in more than 50 countries for Organic Fertilizer.
 
a variety of crops, soils, and climatic conditions. These tests
 
indicate that SCU has little or no value over soluble sources for 312 Sulfur-Coated Urea: A Progress Report. Sulphur Inst.J.8
 
maize, sorghum, small grains, cotton, and cool season forage (4), 2-5 (Fall 1972). Interest in the production and use of SCU
 
grasses. Sulfur-coated urea is advantageous for vegetable has increased rapidly over the last 4-5 yr. Pilot-scale 'plants

production in some situations. In the U.S., the greatest have been built inEngland, Germany, Switzerland, and possi
potential for SCU is for rice (delayed and intermittently bly in other coun6tries. TVA ispresently considering building a
flooded), sugarcane, warn season forages, turf grasses, and 250-ton/day plaqit, representing a scaleup by a factor of 0..1 

ornamentals. This plant wouldundoubtedly stimulate the interest of U.S.


fertilizer prOducers to build full-scale SCU plants. While it is
 
SUPPLY-DEMAND unlikely that SCU will replace other N fertilizers in all appli

cations, it appears to. have a considerable market potential for
 
309 Controlled-Release Fertilizers. T. P. llignett (TVA, several crops in a number of applications. It has become 
National Fertilizer Development Center, Muscle Shoals, customary to* describe controlled-release fertilizers 'of the 
Alabama). lPert. News 16 (12), 42-8 (Dec. 1971). Control of urea-formaldehyde type as "specialty fertilizers." The miore 

' 

the rateof nutrient release from, fertilizers has been cited as a favorable economics of SCU, coupled :with the attractive 
'potential means for improving. the 'efficiency of nutrient properties of the product, puts it in a, different class. Perhapsuptake for minimizing losses of nutrient through various SCU shotldbe described as a "very special fertilizer," 
m 1echlanisms, for cutting the number of fertilizer applications, .. ""
 
andf oravoiding contact danage to vegetation. These poteitial 313 Use Sulfur In Fertilizers. Jani Platou (Sulphur inist.,

advantages are realizable in various degrees through N Washington, DC). hdrocarbon Process 51 (7), 86-8' (July

fertilizers of two 'general types-those inherently slow in 1972). The author deals with the agricultural market sulfur
 
dissolving and those coated with a barrier film that slows their where about one-half of siulfu used is consumed' by the
 
dissolution, The first type is illustra ted by ureqfor , fertilizer industry, most of' it for making phosphate and
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ailiUonivt~i sulfate fertilizers. Bioagrictltural considerations laboratory and pilot-plant equipment are described, opcrating 
have brought a conclusion that sulfur deficiencies of North conditions are outlined, and results of the test work are 
American crop land will require about 2.8 million ton of evaluated. In the latest work good controlled-release properties
direct sulfur application annually, and that SO2 abatement, were indicated with a somewhat heavier S coating without the 
required by law. paradoxially can increase this demand. The use of wax and microbicides. Changes in equipment and 
use of' soi. ur-coated urea (SCLI) as a slow-release nitrogen operating conditions that resulted in the improved coatings are 
fertilizer is also discussed in terms of the new market for described. The economics of the production of SCU were 
sul fur. estimated and the IesulIts arc given. Plans for a demonstration

scale plant aIre outlined. Under the best practical conditions 
314 Sulfur Status of the Middle Atlantic States. J. D. Beaton. established in pilot-plant tests, the N in SCU is estimated to 
Sulplhur hIst. .1. 8 (1-2), 6-9 (1972). There appears to be a cost only - 27-34% more per unit than regular urea. This is 
great potential use for SCU on coarse-textured soils of the with urea produced at the facility at an f.o.b. price of 
Atlantic Coastal Plain, not only for its slow-release N $120/ton and S delivered at S34/ton. Results from agronomic
characteristics but also for its plant nutrient S content. The tests of SCU in 39 U.S. states, two U.S. territories, an:l 26 
combinatien of coarse-textured soils with climatic condi- other countries are summarized. Significant advantages are 
tions of high temperatures and high-intensity rainstorms shown for SCU on several crops and in a variety of cropping 
suggests a need Lfor improving the efficiency of fertilization, situations. Crops for which SCU showed particularly good
especially with N and perhaps also with K. These conditions results include rice under delayed or intermittent flooding, 
are also Colnducive to S deficiency and as mentioned sugarcane, pineapples, fruits and vegetables, forages, and turf. 
previously, crop responses to this nutrient are quite common The product also would be very good for horticultural amd
in soils of' the Atlantic Coastal Plain. Because oxidation of other specialty fertilizer use. SCU has improved storage and 
elemental S to plant-available SO4j-S is favored by adeCquate handling properties and the S is available as a secondary
soil moisture and warn temperatures, the S coating is nutrient. Tie product is also compatible with other fertilizerexpected to beginl to stupply available S to crops within ntin.Tepouti locmail ihohrfriiereasonable periods after applyicavionl materials, such as unamnmoniated superphosphate, that are not 

compatible with regular urea. Sulfur-coated KCI and S-coated 

315 Sulfur-Coated Urea. 0. R. Lunt (University of California, KCI plus urea are also discussed briefly.
Los Angeles). Sulphu,- Inst. .1. 3 (2), 5-8 (Summer 1967).
Controlled availability fertilizers could play an important role 318 The Next Generation of Fertilizer Materials Goes into the 
in the developnent of new crop management practices. The Semiworks Stage at the Tennessee Valley Authority. Chem. 
potential advantages ofthese types of fertilizer are: (1) greater Eng. News 48 (2), 49 (Jan. 12, 1970). Tennessee Valley
efficiency Of use through reduced leaching losses, (2) less Authority will scale up its small pilot plants for two new types
hazard of injury from high rates of application, (3) reduction of fertilizers with funds from the recently passed Public Works 
of' labor costs by reduced frequency of application, (4) better Appropriations Act. One new material, which TVA says could 
growth due to continuous supoly of nutrients, and (5) greater be the most versatile fertilizer ever developed, is urea-amino
flexibility in scheduling of fertilizer application. Some of the nium phosphate (UAP). The UAP can be produced in grades
techniques which have been employed for achieving controlled up to 60% plant food. It would replace mixed fertilizers used 
availability of fertilizers are: (1) organic compounds not today. The second new material is sulfur-coated urea (SCU),
rapidly mineralized by microorganisms, (2) sparingly soluble which releases its N slowly throughout the growing season. 
minerals, (3) coating of granular-soluble fertilizers, (4) ion Experiments show crop yields from a single application
exchange resin fertilizers, and (5) nitrification inhibitors, of SCU to be equal or superior to multiple applications of 
There is presently a modest use of controlled availability soluble fertilizers, TVA says. 
fertilizers in the non farm market ,turfgrass, landscape use, and 
ornamental horticulture). Results of a number of agronomic 319 Sulfur-Coated Urea Plant. Chem. Engr. 84 (25), 130 
tests with sulfur-coated urea are given. (Nov. 21, 1977). Ag Industries Mfg. Corp., a wholly-owned 

subsidiary of Lakeshore Equipment & Supply Co. (Elyria,
316 Sulfur-Coated Urea. L. 11. Davies (Imperial Chemical Ohio), will construct a sulfur-coated urea plant in Columbia,
Industries, Billinglhan, United Kingdom). In Marketing of Alabama. Licensed through the Tennessee Valley Authority
Stlfio--Containhkg lFertilizers. Proc., Symp., Paris 1974. under several patents, this will be the first such plant in the
 
London,, United Kingdo,.: The Sulphur Institute; pp. 28-33 United States, and only the second in the world. The plant is
 
(1973). Soils J4ert. 39, 346. Characteristics of a sulfur-coated expected onstream in early 1978.
 
urea manufactured by ICI are discussed. The N release rate of
 
the fertilizer is not greatly changed by variations of tempera. 320 Sulfur-Coated Urea Sales. Far-itChem. 141 (12), 75 (Dec.

turc, moisture, pl1, or other soil conditions. 1978). Ag Industries Mfg. Corp. has appointed I-H.J. Baker &
 

Bros., Inc. its agent for sales of sulfur-coated urea to the 
317 TVA's Development of Sulfur-Coated Urea. R. D.Young fertilizer industry.
(TVA, National Fertilizer Development Center, Muscle Shoals,
Alaba m). AMuscle Shoals, 41abama. TVA, National Fertilizer 321 Coating of Fertilizers. Kirk-Othmer I:>zcy'cop'edia of 
Development Center; Bull. Y-79, 49 pp. (Aug. 1974). Sulfur- Chemical Technology, 2ndl'dition 9, 78 (1966). The objective
coated urea (SCU) is the culmination of about 15 years of of coating fertilizers is to establish a mechanical barrier 
Tennessee Valley Authority work on the development of between nutrient and soil. The commerical application of this 
controlled-release N fertilizers. A review is given of the method in the United States has been restricted to soluble 
development work from laboratory and bench-scale studies of nitrogen fertilizer, such as urea with a resin, to form a 
SCU, through a small pilot plant of 300-600 Ib/hr capacity, relatively impermeable membrane on the surface. Good results 
and then to a large pilot plant of 1-2 tons/hr capacity. The have been reported for a coating of about 12"( of the product 
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weight; the cost of the resin is a major handicap. Coating with 
S offers more promise of economy. More sulfur is required 
probably 20-25, of the product weight, but S is low in 
cost and has some nutrient value, 

322 Enter-Sulfur-Coated Urea-Slow-Release Fertilizer. Chem. 
l:Dig. 81 (27). 32 (1974). Changing from air atomized S sprays 
to hydraulic atomization at high sulfur-punp pressures re-
dutced S dust by 90' in a SCU pilot plant at Tennessee Valley 
Authority. This new technology is going into a 5 ton/hr 
S750,000 commercial plant that Canadian Industries Ltd. 
plans to bring on stream in mid 1975 at Courtright, Ontario. 
Tennessee Valley Authority itself will build a 10 tons/hr 
unit in 1976. Pilot plants or semicommercial units are also in 
operation in Japan and England. A flow sheet is given and the 
econmics of production are discussed. 


Development. It has been particularly effective with rice under 
intermittant flooding. The S coating releases N from the urea 
granule at a slow, even rate. The coating also makes SCU more 
durable than uncoated urea, improves handling ability, reduces 
caking, and resists humidity. 

324 Sulfur Fertilizer Sources. J. F. Reed (Univ. Georgia, 
Athens). In Agronomy Abstracts 1979 Annual Meetings (held 
Fort Collins, Colorado, Aug. 5-10, 1979). Madison, Wisconsin: 
Am. Soc. Agron.; p. 222 (1979). For yrs the fertilizer 
industry, like the farmer, paid little attention to the sulfur 
content of fertilizers. Sulfur was inadvertently supplied largely
by ordinary superphosphate and ammoniui sulfate. Since 
these products constitute a relatively smaller portion of P and 
N carriers today, sulfuir is added through other sources. These 
include solids such as sulfur coated urea, 	prilled or granular 

323 Sulfur-Coated Urea-A "Time Pill" for Plants. J.E. sulfur with clay, TSP-sulfur, AP-sulfur and mixtures of sulfates 
Rosenthal (Agency for International Development, Washing. with urea or ammonium nitrate. Also fluids are used such as 
ton, DC). lt'a- oil lhinger 7 (1), 7-9, 13-17 (Jan. 1973). Sulfur- ammionium thiosulfate, ammonium polysulfide, sulfur slurries,
coated urea (SCU) has been tested in the United States and 29 and sulfate solutions. The properties, availability, and 
foreign countries with the help of the Agency for International effectiveness of these sources are discussed. 
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