
Understanding 
Slow-Release 

Nitrogen 
by Dr. James Wilkinson 

Response of Kentucky 
blue grass on A pril 1st to J 
kg NI are (6 Ib. N/100 
square feet) from IB DU 
applied the previous 
September. Plots to the 
right and left received 
similar rates of UF. TABLE I. Comparison of WSN and WIN fer-

tilizers. 

WSN Characteristic WIN 
quick response time slow 

short residual long 

frequent application frequency infrequent 
high burn potential low 
high water solubility low 
low cost high 
high surface run-off and 

leaching potential 
low 
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The use of slow-release nitrogen (or 
water-insoluble nitrogen [WIN] fer-
tilizers on turf has grown steadily 
over the last few years. Despite the 
high cost of WIN compared to 
wa te r - so lub le n i t rogen (WSN) , 
WIN fertilizers continue to grow in 
popularity. 

The characteristics of WIN and 
WSN fertilizers are summarized in 
Table I. WSN fertilizers do offer 
some advantages over WIN, in-
cluding rapid initial response, low 
cost, and high water solubility for li-
quid application. The use of such 
rapid release materials does have 
drawbacks, however: high potential 
for burn; production of a flush of 
growth after application at any-
thing greater than moderate rates; 
relatively short residual, resulting in 
the need for frequent application; 
and the potential for significant N 
lost due to surface run-off and 
leaching. 

Most of these problems associ-
ated with WSN can be minimized 
using any one of several commer-
cially available WIN sources. WIN 
offers the primary advantage of a 
longer residual (longer response 
time) compared to WSN, allowing 
for higher application rates, to-
gether with reduced frequency of 
application and reduced labor costs. 
Other advantages of WIN include 
low burn hazard, and reduced po-
tential for loss due to surface run-off 
and leaching. Disadvantages of 
WIN include the high cost per unit 
of N, and slow initial response. 

There are five categories of WIN 
fertilizer available today: 

1) ureaformaldehyde (UF) 
2) isobutylidene diurea (IBDU) 
3) sulfur coated urea (SCU) 
4) plastic coated fertilizers 
5) natural organics: activated 

sewage sludge, process tankage, seed 
meals, fish scrap, etc. 

Many turf fertilization pro-
grams utilize a combination of WSN 
and WIN, taking advantage of the 
desirable characteristics of both. In 
order for the turf manager to effec-
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tively utilize slow-release N sources 
as part of a complete turf care pro-
gram, he must be fully aware of the 
factors influencing N release from 
these materials. Factors such as soil 
moisture and temperature play a 
large role in the N release charac-
teristics of the WIN fertilizers. If the 
influence of these factors is not un-
derstood, many people will be dis-
appointed or misled as far as what 
type of turf response to expect. 

A detailed description of each 
WIN source is summarized in Table 
2. The following is an explanation of 
the N release mechanism involved 
for each WIN source to help the turf 
manager better understand the type 
of turf responses to expect from 
each material. 

UF 
Nitrogen is released from the 

insoluble fraction of U F as the re-
sul t of m ic rob i a l d e g r a d a t i o n . 
Therefore, any factor which in-
creases or decreases microbial activ-
ity will have a similar effect on UF-
nitrogen release. 

UF-N release will reach a maxi-
mum when: 

a. soils are warm (generally 
above 55° F.), 

b. soil moisture is adequate, but 
not excessive, 

c. soil oxygen is plentiful, and, 
d. soil pH is near neutral. 
These same factors have a simi-

lar effect on the growth rate of turf. 
As a result, N release from U F is 
maximized under conditions which 
are ideal for turfgrass growth. This 
could be important , for example, 
during a summer drought stress pe-
riod. Cool-season turfgrasses will go 
dormant under these conditions, 
while N release from U F will be 
minimal because dry condi t ions 
minimize microbial activity. Exces-
sive N release during such a period 
may be detrimental and hinder turf 
recovery when moisture becomes 
available. 

Most U F materials contain a 
WSN fraction. Turf response to this 
fraction is not dependent on micro-
bial activity. As a result, a rapid turf 
response can be expected, especially 
at higher rates. Most UF ' s contain 
at least 30 percent of their total N as 
water soluble. 

It should be emphasized that all 
U F materials are not identical in 
terms of water solubility and N re-
lease characteristics. Some contain 
c o n s i d e r a b l y m o r e W S N t h a n 
others. The solubility characteris-
tics of U F materials are expressed in 
either of two ways: a), activity index, 
the traditional manner used to ex-
press U F solubility characteristics, 
and, b). ureaformaldehyde ratio, a 
more recently used expression of U F 
solubility characteristics. 

Activity index: U F materials 
traditionally used for turf fertiliza-
tion can be broken down into three 
f rac t ions based upon solubil i ty. 
Solubility is governed mainly by the 
length of the U F "chains" , shorter 
chains being more soluble. 

Fraction: 
I. cold water soluble nitro-

gen (CWSN). 
II. cold water insoluble nitro-

gen (CWINN). 
III. hot water soluble ni t ro-

gen (HWIN) . 
N release from Fraction I is rap-

id and similar to soluble N sources. 
Fraction II is insoluble in cold water 
but soluble in hot water. N from 

Continued on page 16 
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Fract ion II is slowly available over a 
number of weeks. Fract ion III is 
insoluble in hot water and becomes 
available to turf over a number of 
years. 

The rate of N release f rom dif-
ferent U F materials can be ex-
pressed as an activity index: 

A.I. = 
% C W I N - % H W I N 

% C W I N 

The higher the AI, the more 
rapid the N release rate. A satisfac-
tory U F should have a min imum AI 
of 40. A U F material with an AI be-
low 40 would have very slow release 
properties. Many U F products such 
as Ni t ro fo rm and Urea fo rm tradi-
tionally have been characterized us-
ing AI. 

U r e a f o r m a l d e h y d e r a t i o : A 
more recently used expression of 
U F - N release characteristics is the 
urea: formaldehyde rat io. This rat io 
can be varied significantly during 
manufac tur ing and can result in 
large changes in the characteristics 
of the resulting U F material . A 1.3:1 
rat io, typically found in materials 
such as Ni t ro fo rm, yields a material 
with approximately 1/3 W S N and 
2 / 3 W I N . A 1.9:1 ratio, as used to-
day in materials such as Scott 's Pro-
turf line, has approximately 2 / 3 
W S N and 1/3 W I N . 

N u m e r o u s m a n u f a c t u r e r s are 
now beginning to produce U F mate-
rials with widely varying release 
properties. Nearly any combinat ion 
of W S N and W I N can be achieved if 
careful controls are placed on the 
manufac tur ing process. One should 
always take care to be cognizant of 
the propert ies of the U F material he 
is considering for use. N o one urea-
formaldehyde ratio or activity index 
is op t imum for use all the time. The 
ideal rat io will vary with season, turf 
species, location, and results de-
sired. 

IBDU 
I B D U is a compound which goes 

into solution very slowly. The two 
factors primarily controll ing the 
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Fraction II is slow
ly available over a 

num
ber 

of 
w

eeks. 
Fraction 

III is 
insoluble in h

o
t w

ater an
d becom

es 
available 

to turf 
over 

a num
ber of 

years. 
T

he 
rate of N

 release 
from
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if-

ferent 
U

F 
m

aterials 
can 

b
e ex-

pressed 
as an activity 

index: 

A
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I be-
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 4
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aldehyde 
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significantly 
during 
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anufacturing 

an
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result 
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large 

changes 
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e characteristics 
of the resulting U
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aterial. A
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the properties of the U
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aterial h
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o o
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Natural Organlcs 

Varies (2-6) 
Nitrogen part of 
organic complex 

Microbial 
degradation 

Any factor influencing 
microbial activity; 
soil moisture, tempera-
ture, pH, nutrient 
content, oxygen 
Low analysis, high 
cost 

P and K often pro-
vided, may supply 
some micronutrients 

Numerous 

Milorganite 
and many others 

Plastic Coated 
Fertilizer 

Varies (10-20) 
Soluble fertilizer 
encapsulated in 
plastic 

Diffusion of soluble 
fertilizer out of 
plastic coating 
Coating thickness, 
temperature, 
(moisture to a lesser 
degree) 

Handling and applica-
tion may destroy 
coating 
Complete fertilizers 
available 

Sierra Chemical Co. 

Agriform 
(Osmocote) 

SCU 

32 
Urea encapsulated in 
sulfur (and sometimes 
wax) 
Seven day dissolution 
rate 
Microbial degradation 
of coating, and diffusion 
of urea out of granule 
Coating thickness, 
moisture and 
temperature 

Rapid release at high 
temperatures 

More rapid initial 
release than most 
other WIN sources, 
some S provided 
Canadian Industries 
Limited 
Gold-N 

of several WIN fertilizers 
IBDU 

31 
Very low solubility 
in water 

Slow dissolution 

Particle size, 
moisture 
availability 

Poor initial 
response 

Excellent low 
temperature response 

Swift Chemical Co. 

Par Ex 

TABLE 2. Comparison 
UF 
38 

(% may vary In newer products) 
Urea reacted with formaldehyde 
forming insoluble compound 

Activity index or urea-
formaldehyde ratio 
Microbial degradation 

Any factor influencing microbial 
activity; soil moisture, temperature, 
pH, nutrient content, 
oxygen. 

Low nitrogen recovery first 2-3 
years of use 

Some soluble nitrogen 

Hercules, 0. M. Scott, 
plus numerous others 
Nitroform, Powder blue, 
various ProTurf products, 
plus numerous others 

% N 
Basis for 
Insolubility 

Expression of 
Insolubility 
Basis for 
Nitrogen 
Release 
Primary Factors 
Influencing Rate 
of Nitrogen 
Release 

Primary 
Drawbacks 

Advantages 

Manufacturer/ 
Distributor 
Trade Name(s) 
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rate of N release are: a) soil mois-
ture — the more moisture avail-
able, the more rapid N release; and 
b) particle size — IBDU is avail-
able in both coarse and fine particle 
size, with the finer material having a 
more rapid N release rate. Also, re-
lease rate may be slightly faster un-
der acid conditions. Temperature 
does have a limited effect on N re-
lease, but low temperatures do not 
substantially limit IBDU-N release 
as they would with UF . 

I B D U repea t ed ly has been 
shown to provide a poor initial turf 
response. Turf response is minimal 
for the first 2-3 weeks after applica-
tion. Once this period is past, how-
ever, response to IBDU appears ex-
cellent. Because of limited depend-
ence on temperature for N release, 
fall applied IBDU will provide an 
excellent turf during late fall and 
spring. 

A 3-year study conducted at 
Ohio State University compared U F 
(1/3 WSN, 2 /3 WIN) and IBDU at 
various rates and dates of applica-
tion. When applied to Kentucky 
bluegrass in April at 4 lbN/1000 ft2, 
U F gave a rapid initial response 
(both quality ratings and yield) com-
pared to IBDU (Figure 1). This was 
due to the WSN fraction of UF . 
During the summer and fall, how-
ever, turf response to the single spr-
ing application of U F and IBDU 
was similar. 

When the materials were ap-
plied at the same rate in the early 
fall, both provided an excellent turf 
response within a month after appli-
cation. The big difference occurred 
the following spring, when IBDU 
produced an excellent turf response 
in early spring, while the turf did not 
respond to fall applied U F until the 
soil warmed up in late May. Figure 
2 shows a plot photographed April 
1st, fertilized in September with 6 lb 
N/1000 ft2 from IBDU, showing an 
excellent early spring response. 

scu 
Sulfur coated urea has been in 

the experimental stage with the Ten-
nessee Valley Authority for a num-
ber of years and has recently be-

come commercially available. N re-
lease rate is based upon the thick-
ness of the sulfur coating, moisture, 
and temperature. N is released by 
degradation of the sulfur coating 
a n d / o r diffusion of urea through 
pores in the coating. 

Release rate will increase with 
i n c r e a s i n g soi l m o i s t u r e a n d 
t e m p e r a t u r e . T h e r e s p o n s e to 
temperature is not due to microbial 
activity, but accelerated degrada-
tion of the sulfur coating. As a re-
sult, one drawback to SCU may be 
rapid N release with high tempera-
tures when cool-season turfgrass be-
come dormant . Turf research at 
numerous universities, however, has 
shown SCU to be an excellent N 
source. 

Rate of N release from SCU is 
expressed as a 7-day dissolution 
rate. The higher the dissolution rate, 
the more WSN available. Turf re-
search has been c o n d u c t e d at 
numerous universities on experi-
mental SCU materials having 7-day 
dissolution rates ranging from 14 to 
33 per cent. Commercially available 
SCU has a 7-day dissolution rate of 
approximately 30 per cent. As a re-
sult of this high dissolution rate, a 
rapid initial response can be ex-
pected. 

Plastic Coated Fertilizers 

Plastic coatings are used to en-
capsulate soluble sources of N, P, 
and K. Release of the fertilizer nu-
trients occurs when water dissolves 
the fertilizer salts, followed by diffu-
sion of the salts out of the granule. 
Release pa t te rns are varied by 
changing the thickness of the plas-
tic coating. 

In addition to coating thickness, 
release rate is governed primarily by 
temperature (increased release at 
higher temperatures). Moisture has 
very little influence on release rate, 
unless extremely droughty condi-
t i ons p reva i l . U n d e r d r o u g h t y 
conditions, N release will be halted 
unless damage occurs to the coating 
due to drying. If coating damage 
does occur, N release will be very 
rapid. 

Mechanical damage to the coat-
ing, creating rapid release of the 
nutrients, is a problem with plastic 
coated materials. Damage during 
shipment, application (especially 

with drop type spreaders), or by 
mowing after application (both the 
mower wheel traffic A N D damage 
by the reels or rotary blades) can se-
riously alter the slow-release prop-
erties of plastic coated materials on 
turf. 
Natural Organics 

Despite their high cost and low 
analysis, this group of slow-release 
materials continues to be used ex-
tensively as a slow-release N source 
on turf. The materials are by-prod-
ucts or waste materials. Analysis of 
these materials varies widely and 
even varies considerably for any one 
p roduc t . Mater ia ls used include 
activated sewage sludge, process 
tankage, fish scrap, seed meals, 
dried manure, etc. Milorganite, an 
activated sewage sludge, is perhaps 
the most widely used natural or-
ganic fertilizer on turf. 

N release is by microbial break-
down, therefore, the same factors ef-
fecting N release from the WIN 
fraction of U F will influence N re-
lease from the natural organics. 

One slight advantage to the nat-
ural organics is that they may supply 
some micronutrients, but this varies 
widely depending upon source. They 
usually contain small amounts of P 
and K in addition to N. 

The main advantage of WIN 
over WSN sources is their longer 
residual, allowing for the use of high 
N rates applied at a reduced fre-
quency. One application per year of 
WIN, however, generally has not 
proven to be satisfactory in terms of 
year long turf quality. Research has 
shown that at least two applications 
per year of most WIN sources is 
necessary to maintain an acceptable 
level of turf quality. There appears 
to be no real advantage to more fre-
quent application. These general 
conclusions regarding the applica-
tion frequency of WIN sources most 
likely would not apply to inten-
sively managed turf (i.e. golf greens) 
where extremely careful control is 
r e q u i r e d over N n u t r i t i o n . • 

Dr. James Wilkinson is currently di-
rector of research for Chem-Lawn 
Corp. 


