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Potential benef i t s from contro l led-re lease nitro-
gen (N) fert i l izers include: 1. M o r e ef f ic ient crop 
use of N (control of luxury uptake) 2. D e c r e a s e d 
leaching of nitrate 3. Lower toxicity (reduced am-
monia or salt in jury or both) 4. Longer lasting, more 
u n i f o r m nutr ient supply ( f e w e r a p p l i c a t i o n s 
needed) 5. Reduced volati l ization losses to the at-
m o s p h e r e ( a m m o n i a or g a s e o u s p r o d u c t s of 
denitr i f icat ion) . 

Most contro l led-re lease fert i l izers , both syn-
thetic and natural , fall into one of three c lasses : 1. 
B iodegradable organic compounds yielding am-
monia or nitrate or both through the action of soil 
microorganisms (ureaform and natural fert i l izers) 
2. Organic compounds of low water solubil i ty that 
slowly hydrolyze to form urea, which is then con-
verted to ammonia and nitrate ( IBDU) 3. Coated 
soluble sources that re lease the nutrient through 
m e m b r a n e rupture or diffusion of solutes through 
pores or imperfec t ions in the coating (SCU). 

This paper is pr imari ly concerned with the mode 
of action of S C U and its re lat ionship to crop 
response . 

Sul fur-coated urea is now avai lab le from three 
suppl iers in North Amer ica . All use the process 
developed by T V A at Musc le Shoals , A l a b a m a . In 
its s implest form, the process involves heating urea 
( g r a n u l e s or pri l ls ) to a p p r o x i m a t e l y 1 4 0 ° F . , 
fol lowed by spray applicat ion of molten sulfur (S) 
at 300°F. in a rotating drum apparatus. A sealant 
coat of polyethylene oil or microcrystalline wax is 
applied, and the final product is condit ioned with 
d ia tomaceous earth or some other sui table con-
dit ioner. Typical products contain about 36 percent 
N, 16 percent S, and 5 percent sealant plus con-
dit ioner. S i n c e an S coating of f inite thickness is re-
quired, large and small granules of S C U often con-
tain less or more S, respect ively , than the average 
value reported. By varying coating weight or 
s e a l a n t or both, p r o d u c t s d i f f e r i n g in in i t ia l 
solubil i ty may be prepared. For quality control 
purposes, products are often charac ter ized by 
determining the amount of N re leased in 7 days in 
water at 100°F. Thus, SCU-30 re fers to a product in 
which 30 percent of the N is re leased under the 
prescr ibed conditions. T h e 7-day dissolution value 
is pr imari ly a measure of the re lat ive n u m b e r of 
imperfec t ly coated granules . R e l e a s e of N from the 
insoluble fraction involves other var iab les to be 
discussed later. 

T h e dissolution pattern may be est imated by ex-
tending the 7-day test over a longer period with 
analysis of N re leased at appropriate intervals . T h e 
results obtained, however , may be difficult to in-

terpret in terms of e x p e c t e d f ield p e r f o r m a n c e . 
M o r e useful data have b e e n obta ined from exper i -
ments involving p lacement of S C U in soil under 
varying condit ions fol lowed by recovery and 
analysis of undissolved granules at appropriate in-
tervals. M a n y trials have b e e n conducted, all of 
which support the premise that individual granules 
r e l e a s e N rapidly once all the coating fails and 
water gains access to the substrate . Thus, con-
trolled r e l e a s e of N results from many granules 
that supply N at di f ferent t imes ra ther than from 
gradual r e l e a s e of N from all granules at the same 
time. O n c e this fact was es tabl ished, it was possi-
ble to charac ter ize the dissolution pattern by 
recovery and analysis of undissolved granules. 
That portion of appl ied N not recovered is assumed 
released to the soil as water-soluble urea. 

It has been shown by this procedure that many fac-
tors regulate release of N from SCU; a brief summary 
of the more important var iab les follows: 1. R e l e a s e 
of N from S C U is a c c e l e r a t e d in warm soil, which 
suggests that soil microorganisms are at least part-
ially involved in coating fa i lure . It has not been 
determined w h e t h e r biodégradation of sealant or S 
is the dominant process . However , soil microorgan-
isms do oxidize the S coating, yielding crop-
ava i lab le sulfate . Following coating fa i lure , the 
flow of urea solution into the soil is pr imari ly an os-
motic process , which is much less sensi t ive to 
changes in soil temperature . 2. E x p e r i m e n t s con-
ducted in control led environment regimes show 
that soil moisture stress increases the rate of dis-
solution of S C U . Thus, the rate of r e l e a s e in a silt 
loam soil at 75°F. was in the order : dry (10 percent 
H^O) > al ternating mois t /dry > continuously moist 
(20 percent H 2 O ) . Lowering the temperature to 
55°F. s lowed dissolution but did not change the 
ranking of soil moisture regimes. 3. Exper iments 
conducted in both f ield and laboratory suggest 
faster dissolution with sur face p lacement than with 
mixed placement . This e f fec t is be l ieved to be 
related, to much wider ranges in soil temperature 
and moisture stress at the soil surface . 4. Root ac-
tion apparent ly a c c e l e r a t e s dissolution of S C U . 
This conclusion is based on recovery of undis-
solved S C U from fal low soil, as compared with 
cul tures cropped with bermudagrass . 5. Dissolu-
tion was not a f fec ted by soil pH in the range 5 to 8. 
6. That portion of S C U not dissolved is protected 
from loss during leaching incidents . 

Results from many e x p e r i m e n t s conducted un-
der widely varying condit ions suggest that 5 to 30 
percent of appl ied S C U may not dissolve during 
the season of applicat ion. T h e r e is ev idence that 



most of the carryover becomes avai lable to crops in 
later years. 
Crop Response to N in SCU 

The chief object ive of SCU research has been to 
improve crop yields by more eff ic ient util ization of 
appl ied N. A wide variety of f ield and greenhouse 
exper iments has been conducted with may crops 
throughout the world. This discussion is l imited to 
results f rom forage and turfgrasses. The following 
brief summary is concerned with principles, ra ther 
than data f rom individual exper iments : 1. More 
uniform seasonal growth usually resul ts f rom SCU 
than f rom a single annual applicat ion of soluble N 
sources. In numerous exper iments , the growth pat-
tern has been similar to that obta ined from multi-
ple applicat ions of soluble N. 2. In some green-
house exper iments , total yield f rom SCU has ex-
ceeded that f rom soluble N sources. Calculation of 
N uptake suggests that control of luxury uptake in 
early clippings is the dominant factor. 3. In other 
exper iments , total yield f rom SCU has been less 
than that f rom soluble N. Recovery of undissolved 
SCU shows that the d i f f e rence may be expla ined 
by rate ef fects produced by incomplete dissolution 
of SCU in the season of applicat ion. 4. Since dis-
solution of SCU is t empera tu re sensitive, products 
with higher initial dissolution have given bet ter 
results in nor thern areas; less soluble formula t ions 
may be p re fe r r ed in the South, w h e r e soil t empera-
ture is higher and the growing season is longer. 5. 
Less than one-third of the total N appl ied f rom SCU 
is readi ly soluble. Thus, turf damage f rom SCU has 
been less than that f rom comparab le ra tes of solu-
ble N sources. 6. Losses of ammonia f rom sur face 
applicat ion of N fer t i l izers are diff icult to measure 
under field conditions. However , N recovery 
s tudies suggest that such losses may be reduced by 
use of SCU. 
Crop Response to S in SCU 

The coating in SCU is e lementa l S, a form not 
avai lable for crop use until it is oxidized to su l fa te 
by soil microorganisms. Su l fur oxidation s tudies in-
var iably show that f inely divided S mixed with the 
soil is oxidized in a few weeks, whi le prills or 
granules oxidize very slowly. The d i f f e r ence in ox-
idation rate is related to the sur face area of S part-
icles in contact with soil. On this basis, one would 
predict delayed availabil i ty of S in SCU. The N:S 
ration in SCU is about 2:1; thus, normal N rates 
supply two to five times the S requ i rement for most 
crops. Greenhouse s tudies with low-S soils w h e r e 
crops respond to both N and S permit the following 
conclusions: 1. Oxidation of S in SCU commences 
rapidly in warm soil, and crop response to S in SCU 
has been measured in 2 months. Since the rate of S 
is higher than necessary, oxidation of a small por-
tion of total S apparen t ly suppl ies crop needs. 2. 
Yield response and uptake of N and S clearly show 
that SCU is an excellent control led-release source 
of both nutrients . 3. On a long-term basis (6 months 
of cropping), yield of be rmudagrass not limited by 
N supply was greater f rom SCU than f rom Na2S04. 
The d i f f e rence was at t r ibuted to control of luxury 
uptake of sulfa te in early clippings. 4. Increase in 
soil acidity by the H2SO4 formed through oxidation 
of S i n SCU should not be a problem in most soils. 
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YOUR CUSTOMERS? 
Tossi ts" are specially constructed gelatin capsules containing high 
concentrations of insecticides combined wi th special oils which 
assure a fast " spread" over water surfaces. W i th in minutes after 
contact wi th water of normal temperature, they rupture, covering 
the surface wi th an active chemical f i lm that quickly destroys 
mosquito larvae. 

The cheapest and most effective way to control mosquitoes is by 
larviciding. 

No detailed continuing expensive training program needed. 

Tossi ts* are biodegradable—insecticide is biodegradable. They 
do not harm the environment. 

N O M O S Q U I T O E S I M M U N E T O T O S S I T S * . Our formula, consist-
ing of a combination of pyrethrum and piperonyl butoxide gives a 1 0 0 % 
kill of all species of mosquito larvae. 

N E W PACKAGING for convenience. TOSSITS® are now packaged 
in individual teflon coated aluminum cans containing 40 capsules 
each wi th 25 cans or 1,000 TOSSITS® making up a unit case. 

After releasing approximately 90°o of its contents. The balance 
of chemical insecticide in the Toss i t " wi l l be released wi th in a 
few hours as capsule gradually disintegrates, providing additional 
larvicide on the surface. 

W R I T E FOR F U R T H E R I N F O R M A T I O N 

WYCO INTERNATIONAL 
U.S.A. Phone: 216/391-5047 

4811 Carnegie Avenue, Cleveland, Ohio 44103 

Write 1 4 4 on free information card 

ZP Rodent Bait 
AG is an acute rodenticide 

that kills field rodents in one feeding. 
ZP Rodent Bait AG can be applied on range-
lands, orchards, sugarcane fields, rights-of-
way, golf courses, parks and other outdoor 
areas. ZP Rodent Bait AG can be applied by 
hand or broadcast by ground-driven devices 
or aircraft. Restricted Use Pesticide. 

Available from your distributor 

BELL LABORATORIES, INC. 
i 3699 Kinsman Blvd., Madison, Wl 53704 U.S.A. 
' "Specialists in Quality" 


