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rNitogen Release from Sulfut -Coated Urea, as Affected, 

by Coating Weight, Placement and Temperature!~ 
S.E. Allen, C. M. Hunt, and G. L. Terman2 

ABSTRACT 

Greenhouse and laboratory studies were conducted to 

*measure the factors controlling release of N from sulfur. 
c Results of two greznhouse pot experi,eoated urea (SCU). 
ments with common bermudagrass (Cynodon dactylon)
and a third with uncropped soil In controlled environment 
regimes ahowed that the rate of dissoluion of SCU in-
creased greatly with higher temperatures of cropping or 
incubatilon. Dissolution rates of SCU granules were de-

* creased by heavier coating with S, by Inclusion of 0.5% 
coal tar oil mlcrobidde In the coating, and by surface 
application, as compared to mixing with the soil. Satis-
factorily coated urea (SCU) or split applications of un-
coated ammonium nitrate (AN) or urea both resulted 
in more uniform distribution of forage production and 
N uptake than did a single application of urea or AN 
at time of seeding. Greater yields of forage were obtained 
from single applicatloins of some SCU products than 
from urea or AN. Apparent volatilization losses of sur-
face-applied urea were severe, particularly at higher
growth or ncubation temepratures. Losses of N were.

• rducd,utnotentrey elminated b caig
reduced, but not entirelyd by S-coating. 

Additional index waords: Slow.release N fertilizer, Ber-

mudagrass, Incubation. 

EVERAL years of research and development byS TVA chemical engineers (4)have resulted in a poi-tt orchemicleginers (4)aveesulted inp 
tential for producing sulfur-coated urea (SC U) rod-
ucts varying widely in coating weight and rate o dis-
solution in water. Several of these products have 
proven to be satisfactory sources of N for-forage crops 
under field conditions in northern Alabama (1, 2, 3). 
Lower toxicity of SCU than of soluble N sources for 
turf and grain crops has also been shown. 

At the same time field experiments were being car-
ried out with larger batches of SCU, smaller labora-lots produced with a wider range of experi,tory-scale
mental varibles were evaluated in the greenhouse 
and laboratory. The purpose of this paper is to pre, 
sent results on the effects of coating weight, place-

n Nment, and temperature on the rate of release o 

from SCU. 

MATERIALS AND METHODS 

C n oDuplicateContents of N, as well as coating and dissolutionItlc of fertilizers are shown In Table . Dimiution character-Inwater 
at 38 C (a laboratory procedure used to characterize SCU prod.ucts) increased with decrease in coating weight (4). 

. Mountvlew silt loam, an acid (pH 5.0) infertile soil collected 
near Lawrenceburg, Tennessee, was used In all experiment. 
To deplete the soil-to a very low level of available N, bulk lots 
were limed to pH 6.3 with a 2/1 mixture of CaCOj and MgCOO 
and fertilized with adequate amounts of P and K as concentrated 
superphosphate and KSO,prior to cropping for 4 weeks with 
corn (Zea mays L.) in the greenhouse. The crop was then re-
moved and the soil processed in a soil-shredding machine prior 
to use in experiments 1,2. 3 as follows: 

'Contribution from the National Fertilizer Development Cen-
ter, TVA, Muscle Shoals, Alabama 35660. Presented in part be. 
fore Division 8-8, November !1,1968, at New Orleans, Louisiana. 
Received June 5, 1970. 

'Agronomist, Analytical Chemist, and Agronomist, respectively. 

Experiment I
 
Additional P. K, and micronutrients were applied at non.
 

limiting levels and the soil was placed in plastic pots (625 kg
of dry soil/pot). Sources of N to supply 0.500 or 1000 mg of 
N/pot (80 c'"160 ppm) were mixed with the soil prior to plant-
Ing or surface app led after emergence of the crop. Common 
hermudagrass (Cynodon dactylon) was seeded on june 23, 1967. 
and single surface applicatlon of N were made on July 3. 
Split applications of uncoatcd urea (U) or ammonium nitrate 
(AN) were applied in five equal increments (on July 3 and after 
clippings I. 2, 3. and 4). Beginning on July 19, forage was 
clipped at 5 cm above the soil at 2-week intervals until eight 
clippings were harvested. The experiment was conducted in an 
unshaded greenhouse equipped with evaporative air conll. 
tioning. Daytime t~mperatures usually ranged from 25 to 35 C 
with occasional maxima of 38 to 40 C. Forage from each clip
ping was dried, weighed, and analyzed for total N by Individual 
replicates. All 59 treltments, including unreported mixtures of 
urea and SCU. were replfcated three times. 

Experiment 2 
Soil, prepared as for Experiment I was placed In plastic pots

(3 kg of dry soil/pot). Sources of N to supply 0, 300, ur 600 mg
of N/pot (100 or 200 ppm) were mixed with the soil prior to 
planting or surface-applied soon after emergence of the crop. 
Split applications of AN or urea were made in four Increments 
(after emergence and after clippings 1, 2 and 3). Common ber. 
mudagrass was seeded on February 20, 1968, and cultures were
placed immediately in a controlled-environment chamber set 
to provide for 10-hour days at 35 C and 8-hour nights at 24 G, 
a regime intended to maximize losses of surface applied urea, 
as well as accelerate the dissolution of SCU. Forage was harvested six times at 2-week intervals, beginning on March 18.
All 23 treatments, including other unreported coated products, 
were replicated 3 times. 

Expetiment 3
 
Experiment 3 was conducted to measure release of N from
 

SCU. under a wider range of environmental conditions than
 
was possible in plant growth experiments. Cultures were in
cubated in cartoni holding I kg of Mountvlew soil, prepared 
as for Experiment 1.To facilitate removal of granule residues 
after Incubation, portions of the same soil were screened to 
pass through a 16-mesh sieve. SCU granules to supply 150 mg 
of N/carton (150 ptm) were placed In or on'the surface of 
100-g portions of the screened soil, which was separated from 
the main soil mass by plastic screens. For layered placement, 
SCU granules were placed 2.5 cm below the surface In the cen
ter of the screened soil layer. Cultures were maintaind at 227 
moisture by watering with demineralized water as required. 

cultures of all 120 treatments were placed in plant
growth chambers set to provide for: . (a)nights, (b) 25 C days and 15 C nights, or15j€)C days5 C3and 5 C days and, 

nights. Cudays and 15 C25 C nights. Cultures were prepared atsorsuitable Icteras adintervals to 
permit incubation periods of 2,5, 8,12 or 16 weeks. Granule
residues were recovered on July 15, 1908, and analyzed for total 
N. Release of N from the granules was determined by subtract
ing the amount of N recovered from the 150 mg applied and 
expressing the result on a percentage basis. 

RESULTS AND DISCUSSION 

Experiment 1 

rotal yields of forage obtained with 1000 mg of N
and their distribution among clippings 1-2, 4, Z-, 
and 7-8 are shown in Fig. 1. Very little growth was 
obtained without applied N,while yields with 500M9
 
of N (not reported) were about 50% of those with 
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When N 'ources were surface applied, total yields 
N " LS were in the order: AN-split > U-split > SCU-13 > 
N 1000 MO N 11l1111WITH lIL/POT SCU-13M = AN > 20% urea + 80% SCU-19M > 
AM. U > SCU-19 > SCU-19M. The lower yields from 

urea as compared to AN, apparently reflect substantial _ -- 'M a:.s 	 volatilization losses from urea as NHI. Distribution of 

SCU-I3 I I 	 yield among clippings was, of course, modified by 
split applications of AN or urea or by varying the 

. vro3 i , : so.? coating weight of SCU. Similarly, comparison with 
data from mixed treatments clearly shows slower dis-

Csolution of surface-applied SCU, as well as relatively 
S I I I I to 2aS.9 little effect of microbicide. The poorer performance of

IOU so*a 	 and SCU:19M was undoubtedly related to in1 5 ISCU-19tqa-M s.complete 	 dissolution of granules, since numerous in

1000 MN SURFACE- APPLE/POT tact granules were recovered from the soil surface 16 
AN a s 21a.- weeks after application. As with mixed treatments, 

the most uniform forage production was obtained from 
N 3 sit -6-33.o a mixture of 20% urea + 80% SCU-19M. 

Total uptake of N by the forage (Fig. 2) shows 
U 00 1 *.9 similar source and placement effects as do forage 

a. 3 1 yields. With mixed placement, recovery of applied N 
was 70 to 75% for all sources, except formulations 

CV-13 36 3 9 1 i .s containing SCU-19M. Of the total N uptake from 
CUIS 3AN or urea, 90 to 91% was in clippings 1-2, as com. 

32 1 41 1 is 1912s.o pared to 82.88% for SCU-13M or SCU-13 and 7-260 
SCU-19 4. 1 43 i.. for SCU-19M or SCU-19. High uptake values from 

44 . .0 soluble sources 	 in early clippings resulted in lower 
yields per unit of N uptake than was true for SCU. 

IOU+60 31 30 1 14 aa.6 With AN, 32 g of forage was produced per g of N 

6 it Is 24 30 I
DRY FORAMEYIEL/D,O, 	 , I I RECOVERY 

Fig. I. Total bermudagras forage yield and Its percentage dis. _____
tribution among clippings 1.2, 84, 54 and 7-8, as affected by N 1000 GON MIXZO WITH SOILMPOT 
N source (Experiment ). LSD (5%) among total yields ANIEMJ 
!.g/pot. 	 AN to 760 74 

U 91 	 5730 7I1000 mg and were similarly distributed. Total yields
with mixed application were in the order: SCU-13M scu-1 sl 
> SCU-19 = SCU-13 = 20% Urea + 80% SCU-19M ICU-13M s " IIs i ITo 
" AN = Urea = SCU-19M (products identified in 
Table 1). Thus, 4 of 5 SCU formulations yielded more SCU-ll as 1 48 1 to Is_ ?ao 70 
total forage than did urea or AN. As regards distribu- Cu-9M.IIN1 as 1 ' I-isI1640 1 
tion of forage yield among clippings, 80-82% of the 
total from AN or urea was harvested in clippings 1-2, IOU,+s4-. 1s i 1 to * s4 64 
as compared to 78%,from SCU-13 and 27% fromi SCU- ICU-" 
19. Addition of microbicide (M, coal tar oil) further 1000 MG NSU;FACE-APPLIED/POT 
delayed release of N at both coating weights, as shown AN a1 T077 
by the marked tendency for later production from 
SCU-13-M and SCU-19M. Addition of 20% urea to AN-plt 54 3 I as 7, 6o 
SCU-19M supplied adequate N for early crop growth. U to sle 40 

In consequence, the 20%, urea + 80% SCU-19M mix- usM so 4I s 0 
ture resulted in the ,nost uniftrm yield distribution 
of any mixed treatment. ICU-is 4 sa es455 

of the N 34 48 IT 60
 
sources in water. : ICU-IS n 46 ON 


Table 1. Total N contents, coatings and dimlution SCU-M 1 1 17 

mIO
 

Fp r -
Dtaisolutlon 

Total Elm-Mlerobwln111-0 mantn SCU-ISM11to 4 U 450 46 
Total coat- mentatl ld. m11C i wtlch 
N., , 24 os OR I sa(M), 3%m.[ com. 	 1l93ot I 


Naource Symbol % I's Z brays pared- I " TI I
 
AmM citra. AN 3,6,5 .. .. 100 -3 	 160 W.- 480 640 600Us Ui 4.0 .. -- 1DY-3AGO/O N100 

-ootd uos OCU.13 39.5 12.s 9.1 17 7 13, m tTAxE By roite[, me/POr 
-o adarme sCU-IS 39.4 13.3 9.0 0.3 4 8 1,3 

8-oo081Wma 8cu.19 38.1 i8.s 15.2 - i 2 1.3
1-otlador scui1M s1.3 t. S.2 05 2 3 1.3 rig. 2. Total N uptake by bermudagran forage (mng), Its di6
9.oetld Uea OCU- 406 11.8 7.6 - 27 38 2 tribut|ln among clippings 1.2, 34, 5- and 78 (%), and Op.

1-e"da scl-0 37.0 It.s 13o1 . - 2 parent recovery of applied N (%), as affected by N source
 

rcteroels wascoal taroil. (Experiment I).
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uptake, as compared to 37 g for SCU-13 and 41 g for - 'PCOVERY
 
the 20/80 mixture of urea and SCU-19M, the N i N o or N.
 

600 MON MIXED W'TH BOIL/roTsource giving the most uniform forage production, N 

and maximum efficiency of N utilization. Results AN 4 4,1 En, 
from the 500-mg rate of N (not shown) showed only ... 71@65 66 
modification of the yield pattern by SCU. Thus, no ________ 

extra yield was obtained from SCU at limiting levels scu-11 ,__ _ _ -o $1 
of N where little luxury uptake of N from soluble 5- nistsso 83 

sources occurred. 
With surface placement, greater recovery of N from $os Mo NStUrACE-APPLIEO/PO1 

AN than from urea (both single and split applica- AN 6, r 5s' "1oo or 
tions) reflects apparent volatilization losses as NH3 
from urea. Similarly, lower recovery of N from split AN-s59 45 1 45 Soo at 

applications, as compared to single applications u i 45of - , 64
 

urea or AN, may reflect more residual N remaining in - T 7
 
44 44 = 910

the soil or crop residues at termination of the experi-
ment. The similarity in distribution of N among clip- sCU-i. 4, I 35 l4615 73 

pings with SCU-13, SCU-13M and split applications SCU-2o TI , It101540 76 
of urea or AN is striking. In contrast, the entirely dif- F I t I 
ferent distribution pattern from SCU-19 or SCU-19M ISO .ZO 480 640 

N UPTAKE BYFORAGE. MG/POT.is related to slow initial dissolution, as well as incom-
plete dissolution in 16 weeks. Fig. 4. Total N uptake by bermudagrass forage (mg), Its dis

tribution among clippings 1.2, 3.4 and 5-6 (%) and apparent 
Experi'ment 2 recovery of applied N (%), as affected by N source (Expeti. 

Forage yields and uptake of N were essentially linear ment 2). 

with the 0, 300, and 600 mg rates of N. With mixed 
'placement of 600 Ing of N, yield of forage and distribu- 54%"from a single application of urea on the surface, 
tion among clippings were similar for all sources i while recovery from SCU or a split application of 
.3) which suggests rapid dissolution of SCU at hgl urea increased to 72-76%. Thus, SCU was effective intemperature. With surface placement, yields were reducing losses of NH 3 to the atmosphere. Distribiumuch less from urea, which apparently reflects large tion of N uptake among clippings was similar for SCU
volatilization losses as NH 3 from urea. Yield distribu- p

ed SCU-11 gave an uptake pattern similar to singletion was modified by split applications of AN or urea 
and by the heavier ciated SCU-20. In contrast, Scu- applications of the uncoated sources. 
11 apparently released N too rapidly at high tempera- Experiment 3 
ture for expression of controlled-release effects. 

Uptake and apparent recovery of N from the 600 As shown in Fig. 5, dissolution of SCU granules 
mg applied (Fig.• 4) was similarsuraceappledN.(82-87%) for allasmixed slow at was relativelyin plantrapidgrowthat 20 orexperi-30 Cand very 10 C. As 
sources and surface-applied AN. Recovery was only ments, increase in coating weight or addition otmi

crobicide decreased the rate of dissolution. Release of 
10 to 20% of the total N frorp all sources in 2 weeks 

ft 4,.4 probably reflects dissolution of imperfectly coated 
N 600 MGN MIXIED WITH SOIL/Par granules. 

sorce an ecoery nly layered in the soil 

ANDissolution of surface-applied SCU (Fig. 6) was 

or 30 C, as compared to mixedu _ 0_._1_37_L__1_i*.$ much slower at 20 
placement. At 10 C, SCU-19 and SCU-19M were ex-

lcu-II1 I9 3e 1- ceptionally stable, while and SCU-13M re-Ilike SCU-13 
I11.11 leased N rather rapidly after 8 weeks incubation. As ___________so _Iso_ 

in the plant growth experiments, effects of microbi
cide were small with surface-placed granules.600 MGN eUI*AC-APPLwo/Por 


AN 40 18116.l CONCLUSIONS
 

AN.0 42 1 4 1 .s I~r.0 Results from other experiments (1, 2, 5) have 

u so 1 .s shown that SCU may be a superior source of N for 
40 4forage grasses. Those results, together with those re-

U4W 40 I y Imr ported here, illustrate the potential for tailoring SCU 
l1,0] to fit a wide variety of crop requirements. By varyingUC.ll I Be 14.9 

coating weight, microbicide, placement, etc., it is with-
SCUEO o I in the realm of ssibility to supply N to a crop from' g 

0 80 5 10aSCU 15 having a dissolution rate closely approximating 
DPY FORAGE VILD, 6/POT the crop requirements. This con lusion is supported 

0bExperiment I results in which more'forage per unit 
ddisFig. 3. Total bermudagrbforage and Itspercentageyld applied N was produced from a single application 

sourct (xperiment %. LSD (5%) among total yields = of SCU than from urea or AN. Thus, SCU was ef
0.8 g/pot. fective in reducing luxury uptake by early clippings, 
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WEEKS AFTER FERTILIZER APPLICATION 

Fig.5 Release of N from SCU placed in the soil, as affected by coating weight (%), microbi.
dd (M), temperature and time (Experiment 3). 

Ioo- 19% X I%+M. 

60 20- 60 
40 - / 1/. 20 40 

60 6-0U 

- X 140 10i00
13 100 

60 I • I I I' 201 

0 2 5 8 12 is 0 2 5 a 12 I6 
WEEKS AFTER FERTILIZER APPLICATION 

Fig. 6. Release oi N from surface-applIed SCU, as affected by coating weight (%), microbh. 
cide (M), temperature and time (Expe.iment 3). 

as compared to urea or AN. Ax a result, more residual pendent. Thus, heavier coatings plus microbicide may 
N remained for later clippings and greater total yield be required for tropical situations with mixed place
resulted. Similarly, the most uniform forage produc- ment of N. In contrast, lighter coatings without mi
tion was obtained from mixtures of SCU and soluble crobicide may be preferred for turf application in 
sources. The latter, of course, supplied N for immedi- cooler climates. 1 lhe exceptional stability of SCU at 
ate use by the crop, while SCU became available for 10 C suggests the possibility of fall and winter applica
later clippings. Whether clipped or grazed grass forage tions in southern states where this practice is not now 
can utilize delayed-release N effectively would, of recommended. A suitable formulation of SCU should 
course, depend on the adequacy of the variety, mois- offer protection from leaching and/or denitrification 
ture'supply and other growth factors for high yields during the winter months, while N would become 
of the later cuttings. available for crop use when the soil warms in the 

Results from Experiments 2 and 3 show that the spring. Experiment 2 also uggests substantial reduc. 
rate of dissolution of SCU is very temperature de- tion in loss of NH 3-N from surface placed SCU as 



compared to a single application of urea (54 vs. 76% recovey of applied N). At lower temperatures (Ex-
periment 1) it was not possible to make similar corn 
parisons, since incomplete dissolution of surface-placedSCU in 16 weeks was also involved. 

Potential uses, other than forage crops and turf,
curretly under investigation in our own and coop-
erating laboratories include forestry, forest nurseries, 
sugar cane, pineapples and rice. The potential for
rice culture is promising, since denitrification losses
from preplant applications of soluble sources may 
be substantial. However, lighter coating
qured,sianc, ter tedsoluting may be reqefld soli wofSCU is very slow in flooded soil. 
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