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Abstract 

Controlled-release N fertilizers are commonly used in the production of container-grown ornamental 
crops, yet the relative effects of various nutrient sources on N leaching are not well known. A 27-week 
experiment was conducted to evaluate N leaching loss and plant growth following two applications of 
six controlled-release N fertilizers and one soluble N fertilizer to container-grown Euonymus patens 
Rehd. The controlled-release fertilizers evaluated were (noncoated) isobutylidene diurea, oxamide, urea 
formaldehyde, and (coated) Osmocote, Prokote Plus, and sulfur-coated urea. Of the fertilizers tested, 
the coated fertilizers generally out-performed the noncoated fertilizers in reducing N leaching losses, 
stimulating plant growth, and increasing tissue N concentrations. Low N concentrations in the leachate 
of some treatments indicated efficient nutrient use by the plant. In other treatments, low N concentrations 
in the leachate merely reflected incomplete N release from the fertilizer. A daily application of NH4NO3 
resulted in a constant rate of N loss but was not the most effective in promoting growth. Plant growth, 
tissue N concentrations, and N leaching losses were all increased by doubling the fertilizer application 
rate from 1 kg N m -3 to 2 kg N m -3. * 

Introduction 

Growers in the ornamental and greenhouse indus- 
try often use high fertilizer application rates which 
may result in unintentionally high losses of nutri- 
ents to the environment (Hershey and Paul, 1982; 
Skima, 1986). Heightened concern about nutri- 
ent management and water quality has caused a 
re-examination of current practices and fertilizer 
materials in light of the effort to improve fertilizer 

* Reference to commercial names or companies is for 
information purposes only and does not imply endorse- 
ment of these products or companies over other products 
or companies. 

recovery (Marconi and Nelson, 1984; Shaviv and 
Mikkelsen, 1993). The use of controlled-release 
N fertilizers may allow nutrients to be used more 
efficiently by plants than soluble N sources by 
reducing N leaching losses and providing a con- 
stant supply of nutrients to the roots (Hauck, 1985; 
Mikkelsen et al., 1993). The extended period of 
nutrient release may also reduce the need for fre- 
quent fertilizer applications, thus reducing labor 
expenses (Maynard and Lorenz, 1979). Fertilizer- 
induced salt damage to plants may also be reduced 
by using a slowly released nutrient source (Allen, 
1984). 
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Controlled-release N fertilizers are generally 
classified into four major groups: i) encapsulated 
soluble fertilizers [e.g. Prokote Plus, Osmocote, 
sulfur-coated urea], ii) low-solubility inorganic 
salts [e.g. magnesium ammonium phosphate], iii) 
low-solubility organic compounds which chemi- 
cally and microbially decompose [e.g. oxamide, 
ureaformaldehyde, isobutylidene diurea], and iv) 
water-soluble materials that gradually decompose 
[e.g. guanylurea]. Since the mechanism of regu- 
lating nutrient release is varied among these four 
groups, their suitability for diverse conditions also 
may vary depending on factors such as tempera- 
ture, moisture, biological activity, and wetting 
and drying cycles (Shaviv and Mikkelsen, 1993). 

Information regarding the nutrient release pat- 
terns from controlled-release fertilizers is often 
difficult to interpret due to the differences in 
methodology used by various manufacturers and 
investigators (e.g. Ruter, 1992). Additionally, 
although many studies have been conducted to 
compare the effectiveness of various controlled- 
release fertilizer sources for plant growth [e.g. 
Sharma and Patel, 1978; Sartain and Ingram, 
1984), their effect on leachate N concentrations 
has largely been ignored (Worral et al,, 1987). 
The objective of this study was to examine N 
leaching loss patterns from six types of controlled- 
release N fertilizers applied at two concentrations 
to container-grown Euonymus patens. The effects 
of nutrient source and application rate on plant 
growth and tissue composition were also exam- 
ined. 

Materials and methods 

The study was designed as a two (N rates) x seven 
(N sources) factorial experiment with four repli- 
cations. Fifty-six uniform one-year old Euonymus 
patens Rehd. plants were transplanted into 3.8- 
L plastic pots containing a pine bark-based pot- 
ting medium (50% pine bark, 40% peat, and 10% 
perlite by volume). Nitrogen from six controlled- 
release fertilizers was mixed thoroughly with the 
potting medium immediately prior to transplant- 
ing. The total fertilizer N added during the entire 

experiment supplied either 1 or 2 kg N m -3 (3.8 
or 7.6 g N/pot). One half of the N was added at 
transplanting (April 20). The remaining portion 
was applied to the surface of the pots 15 weeks 
after the initial fertilizer applications (Aug 3). The 
Prokote Plus treatment received all of the N at the 
time of transplanting since its release rate extends 
for 6 to 8 months. Each pot received an application 
of 6 g Micromax controlled-release micronutrient 
blend, 6 g single superphosphate, and 4 g K2SO4, 
which was mixed with the potting medium at the 
time of transplanting. The P and K fertilizers were 
reapplied to the surface of the medium at the time 
of the second N application. The quantity of P 
and K provided by the Prokote Plus was subtract- 
ed from the P and K fertilizers added to these 
treatments. 

The six controlled-release fertilizers used in 
this study included: 
Isobutylidene Diurea (IBDU); 31% N, "fine" par- 

ticles with a 2 to 3-month release rate (Mit- 
subishi Kasei); 

Osmocote; 40% N, urea coated with multiple 
organic polymer layers, 3 to 4-month release 
period (Grace-Sierra); 

Oxamide; 31% N, diamide of oxalic acid, 2 to 
3-month release period (Enichem Inc.); 

Prokote Plus; 20% N, 1% P, 8% K, combination 
of polyolefin resin-coated N with methylene 
urea (see urea formaldehyde), 6 to 8-month 
release period (O. M. Scott Co.); 

Sulfur-coatedurea(SCU); 36% N, 3-month 
release period (Tennessee Valley Authority); 

Urea formaldehyde; 38% N, reaction product of 
urea with formaldehyde with a 4 to 6-month 
release period (NorAm Chemical Co.). 
Two additional treatments received no N at 

planting, but received a daily application of 
NI-I4NO3 with the irrigation water to supply either 
20 or 40 mg N/day. This quantity was calculated 
to supply the same amount of N as the controlled- 
release sources if they released N at a constant 
rate over the duration of the 27-week experi- 
ment. Although the actual NHaNO3 concentra- 
tion in the irrigation solution varied according to 
the water demand of the plants, the total amount 
of N applied daily remained constant. 
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Table 1. Summary of analysis of  variance test of  significance for N fertilizer rates 

and source 

Source of  Degree of  Leaf Yield Stem Yield Leaf N Stem N 

Variation Freedom 

Harvest 1 

Replication 3 

N Rate 1 * l ** * * 

N Source 6 * * * * 

Rate * Source 6 ** ** ** ** 

Error 39 

Harvest 2 

Replication 3 

N Rate 1 ** ** ** ** 

N Source 6 ** ** ** ** 

Rate * Source 6 ** ** ** ** 

Error 39 

1 ,  and ** represent 5% and 1% significance level respectively. 

The plants were placed in an outdoor screened 
area which was covered overhead with transpar- 
ent fiberglass panels which allowed adequate light 
penetration for good plant growth (80% of full 
sunlight). This arrangement allowed the plants to 
be exposed to daily fluctuations in temperature 
and humidity but protected from leaching due to 
rainfall. A plastic funnel was attached to the bot- 
tom of each pot and then the pots were set in a 
rack which suspended the tip of the funnel inside 
a 2-L plastic bottle to collect the leachate drain- 
ing from the pots. One mL of Ag2SO4 solution 
(which when diluted resulted in a minimum con- 
centration of 1 #g mL -1) was added to each bottle 
to inhibit microbial activity. Black plastic sheets 
were draped below the racks to shield the col- 
lection bottles from sunlight. The four replicates 
of each treatment were arranged in a randomized 
complete block design. 

Irrigation water was added to supply the mois- 
ture requirement of the plants and to produce 
approximately 80 - 100 mL of leachate each 
day. The actual amount of irrigation water added 
to the pots changed throughout the experiment 
depending on the growing conditions which influ- 
enced transpiration and water use. The volume of 

leachate was measured weekly and a subsample 
taken for colorimetric analysis of NO3, NH4, and 
urea using a Technicon Autoanalyzer. 

On Aug. 3, all shoots from the main stem were 
uniformly pruned to a length of 30 cm. After the 
leaves were removed from the pruned stems, all 
the harvested plant tissue was dried, weighed, 
ground, and analyzed for total Kjeldahl N. The 
plants were similarly sampled on Oct. 26 at the 
conclusion of the experiment. 

Results and discussion 

Plant growth 

The analysis of variance of the data revealed 
that the rate of fertilizer application, the N 
source, and their interaction had statistically sig- 
nificant effects on the yield of leaves and stems 
at both sampling dates (Table 1). These differ- 
ences among sources and rates were also evident 
through visual observation. In general, the coated 
fertilizers were more effective in increasing yields 
of stems and leaves than the noncoated fertilizers 
(Table 2 and 3). Increasing the N application rate 
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Table 2. The effect of N fertilizer source and N application rate on 
leaf yield of Euonymus patens Rehd. 

N Source 

Application rate (kg N mm -3) 

1 2 1 2 
- -  Harvest 11 __ - -  Harvest 2 - -  

Leaf Yield (g) 
NH4NO3 15.2 D 2 21.5 B 20.8 BC 27.4 B 
IBDU 15.1 D 20.1 BC 26.8 A 34.6 A 
Osmocote 20.4 AB 22.5 AB 24.8 A 35.8 A 
OxamJde 19.1 BC 18.9 C 25.5 A 30.4 B 
Prokote 24.1 A 25.2 A 22.1 B 36.4 A 
SCU 15.8 CD 25.8 A 21.6 B 35.6 A 
Urea formaldehyde 14.9 D 21.1 B 16.1 C 30.1 B 

1Harvest 1 and 2 occurred 15 and 27 weeks after commencement 
of leaching, respectively; 
2Mean separation within a column by DMRT at the 5% level. 

Table 3. The effect of N fertilizer source and N application rate on 
stem yield of Euonymus patens Rehd. 

Application rate (kg N m -3) 

1 2 1 2 

N Source - -  Harvest 11 _ _  - -  Harvest 2 - -  

- - S t e m Y i e l d  ( g ) - -  
NH4NO3 14.1 C 2 19.2 AB 13.7 BC 18.8 B 

IBDU 13.3 C 16.9 B 18.0 A 21.2 AB 
Osmocote 18.7 AB 19.4 AB 20.1 A 24.5 A 
Oxamide 15.6 BC 16.7 B 14.3 BC 18.6 B 
Prokote 21.6 A 22.5 A 15.9 B 25.5 A 
SCU 13.1 C 21.7 A 10.9 C 22.1 A 
Urea formaldehyde 12.5 C 17.5 AB 9.0 C 19.9 AB 

1Harvest 1 and 2 occurred 15 and 27 weeks after commencement 
of leaching, respectively; 
2Mean separation within a column by DMRT at the 5% level. 

f r o m  i kg  N m - 3  to 2 k g  N m - 3  re su l t ed  in s igni f -  

i can t ly  i n c r e a s e d  p l an t  growth .  In  o rde r  o f  thei r  

ove ra l l  e f f ec t i venes s  in p r o m o t i n g  p lan t  g rowth  

( a v e r a g e d  ove r  bo th  N app l i ca t i on  ra tes  for  the  

en t i re  e x p e r i m e n t ) ,  the  fe r t i l i zers  m a y  be  gener-  

a l ly  r a n k e d  as  fo l lows :  P r o k o t e  P lus  > O s m o c o t e  

> S C U  > I B D U  > O x a m i d e  > NH4NO3 > U r e a  

f o r m a l d e h y d e .  

Tissue N concentrations 

Both  the N app l i ca t i on  ra te  and  the N fe r t i l i ze r  

source  had  s ign i f ican t  e f fec ts  on the  N concen t r a -  

t ion o f  s t ems  and  l eaves  (Table  1). T i s sue  N con-  

cen t ra t ions  we re  cons i s t en t ly  i n c r e a s e d  b y  dou-  

b l ing  the  N app l i ca t i on  ra te  f r o m  1 k g  N m - 3  to 2 

kg  N m -3  (Tables  4 and  5). W h e n  a v e r a g e d  ove r  

bo th  app l i ca t ion  ra tes  for  the  ent i re  e x p e r i m e n t ,  



Table 4. The effect of N fertilizer source and N application rate on 
leaf N concentration of Euonymus patens Rehd. 

N Source 
Application rate (kg N m -3) 
I 2 1 2 
- -  Harvest 1 t __ - -  Harvest 2 - -  

Leaf N (%) - -  
NH4NO3 1.43 A 2 1.84 A 1.35 AB 1.90 A 
IBDU 0.98 C 1.24 D 1.45 A 1.87 A 

Osmocote 1.29 B 1.53 B 1.47 A 1.81 AB 
Oxamide 1.03 C 1.10 E 1.31 AB 1.6l C 
Prokote 1.42 A 1.78 A 1.22 B 1.54 C 
SCU 1.08 C 1.42 C 1.35 AB 1.90 A 
Urea formaldehyde 1.06 C 1.40 C 1.21 B 1.65 BC 

1Harvest 1 and 2 occurred 15 and 27 weeks after commencement 
of leaching, respectively; 
2Mean separation within a column by DMRT at the 5% level. 
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Table 5. The effect of N fertilizer source and N application rate on 
stem N concentration of Euonymus patens Rehd. 

Application rate (kg N m -3) 

N Source 1 2 1 2 
- -  Harvest 11 __ - -  Harvest 2 - -  

- -  Stem N (%) 
NH4NO3 0.79 A 2 1.25 A 0.94 B 1.41 AB 
IBDU 0.65 C 0.68 D 0.98 AB 1.37 BC 
Osmocote 0.75 AB 0.90 B 0.90 B 1.44 AB 
Oxamide 0.63 C 0.72 CD 1.01 AB 1.20 BC 
Prokote 0.79 A 1.18 A 0.83 B 1.13 C 
SCU 0.71 B 0.95 B 1.15 A 1.64 A 
Urea formaldehyde 0.69 BC 0.85 BC 0.85 B 1.21 BC 

1Harvest 1 and 2 occurred 15 and 27 weeks after commencement 
of leaching, respectively; 
2Mean separation within a column by DMRT at the 5% level. 

p lan t s  r e c e i v i n g  a da i ly  app l i ca t i on  o f  NH4NO3 

g e n e r a l l y  had  the h ighes t  t i ssue  N concen t ra t ion ,  

d e c r e a s i n g  in the order :  NH4NO3 > S C U  > O s m o -  

co te  > P r o k o t e  P lus  > I B D U  > U r e a  f o r m a l d e h y d e  

> O x a m i d e .  

A m o n g  the c o n t r o l l e d - r e l e a s e  fe r t i l i zers  test-  

ed,  the  th ree  c o a t e d  N sources  were  m o r e  ef fec-  

t ive  at i nc r ea s ing  t i ssue  N concen t r a t i ons  than 

the n o n c o a t e d  N sources  when  a v e r a g e d  ove r  the  

ent i re  expe r imen t .  This  was  the  s a m e  ove ra l l  t r end  

o b s e r v e d  for  p lan t  g rowth .  O the r  f o r m u l a t i o n s  o f  

s o m e  o f  the  n o n c o a t e d  N sources  a re  a v a i l a b l e  

which  m a y  have  p e r f o r m e d  be t t e r  than the ma te -  

r ia ls  t es ted  in this  e x p e r i m e n t  s ince  the  d i s so lu t i on  

o f  these  n o n c o a t e d  sources  can  be  c o n t r o l l e d  b y  

the s ize  and c o m p a c t n e s s  o f  the  fe r t i l i ze r  pa r t i c l e  

or  the c h e m i c a l  cha in  length.  A d d i t i o n a l l y ,  it  is 

in te res t ing  the NH4NO3 was  the  m o s t  e f f ec t ive  
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Fig. 1. Total N leaching losses following application of 1 kg N m -3 from various sources of controlled-release fertilizers to 
Euonymus patens. One half of the N was applied at the time of transplanting (weeks 1 to 15) and the other half was applied 15 
weeks later (weeks 16-27). The NH4NO3 solution was added daily to supply 20 mg N day - ] .  

N source for increasing tissue N concentrations, 
yet was one of the poorest for stimulating plant 
growth. 

Nitrogen leaching losses 

There were significant differences in the amount 
of N leached among the fertilizer sources (Figs. 
1 and 2). After the first two weeks following fer- 

tilizer application, virtually all of the leached N 
was in the NO3 form, so only total amounts of 
N leached are reported. The amount of applied 
N lost through leaching was not an accurate indi- 
cator of plant growth or tissue N concentrations. 
For example, Prokote was one of the least effec- 
tive fertilizers in reducing N leaching losses dur- 
ing the first 15-week period, yet its application 
resulted in both high biomass production and tis- 
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Fig. 2. Total N leaching losses following application of 2 kg N m - 3  from various sources of controlled-release fertilizers to 
Euonyraus patens. One half of the N was applied at the time of transplanting (weeks 1 to 15) and the other half was applied 15 
weeks later (weeks 16-27). The N H a N O 3  solution was added daily to supply 40 mg N day -1 . 

sue N concentrations at the first harvest. Unlike 
the other CRF treatments, Prokote was applied 
only at the beginning of the experiment due to 
its stated 6-8 month release rate. However, N 
leaching loss and plant growth were lower for the 
Prokote-fertilized treatments following the first 
harvest, indicating a possible decline in the actu- 
al release rate. The treatments receiving oxamide 
also had high initial N leaching losses, yet plant 

growth was not as rapid as other N sources. Con- 
versely, urea formaldehyde applications resulted 
in relatively little N leaching loss along with rel- 
atively poor plant growth. Osmocote applications 
generally resulted in both minimal N leaching 
losses and excellent plant growth. As expected, 
the application of dilute solutions of NH4NO3 
resulted in a fairly constant rate of N leaching 
loss during the entire experiment. 
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Total N leaching losses f rom all sources were 
greater during the first 15-week period following 
the initial fertilizer application (as much as 24% 

of  the applied N) than during the 11-week period 
following the second fertilizer application (< 11% 
of  the applied N). This may have been caused by 
the difference in application methods (incorporat- 
ed initially versus surface applied for the second 

application) or the media temperature associated 
with the season of the year. 

This experiment  indicates that the source of 
controlled-release N fertilizer can have a large 
influence on plant growth, N uptake, and N leach- 
ing losses for container-grown plants. It is impor- 
tant to note that due to physical, chemical, and 

biological differences between potting media and 
soil, these results are not immediately transferable 
to soil-based field conditions (e.g. with crops and 
turf), but should be restricted to container-grown 
plants. However,  there appears to be potential 
for improving plant growth and avoiding unde- 
sirable N losses through the development  and 
use of  improved controlled-release fertilizers that 
release nutrients in synchrony with plant demand. 
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