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ABSTRACT

The high annual applications of nitrogen (N) on putting greens
with amended rootzone media prompted investigations to determine the
influence of various mixtures on nitrifier and denitrifier populations;
mineralizations of ureaformaldehyde (UF), sulfur-coated urea (SCU) ,
isobutylidene diurea (IBOU) and urea under controlled laboratory con-
ditions, and under actual putting green conditions; and to determine
the leaching losses from these N source materials and their effects
on creeping bentgrass (Agrostis palustris HUOS. IPenncross') establish-

ment and quality. Two mixtures [70% (vol.) sand + 30% peat mixture and
a 70% sand + 20% peat + 10% Cecil sandy loam soil] were used that
reflect the current trend in putting green construction.

Initially the mixture containing soil had Nitrosomonas and Nitro-

bacter populations 500 x and 40 x higher, respectively, than the mixture
without soil. In laboratory studies Urea-N levels decreased in both
soil and soilless mixtures with IBOU with time and for all N sources
to a trace in 2 weeks except SCU which increased to 80 ppm at 1 week.
Urea and SCU showed similar trends in NH~-N accumulations with 56, 101
and 90 ppm for urea and 22, 103 and 115 ppm for SCU at the 1, 2 and 4
week periods, respectively. The accumulation of (NO; + NO;)-N in
the IBOU treatments followed similar trends with 36 and 71 ppm at
4 and 8 weeks with soil and 25 and 75 ppm at 8 and 16 weeks without

soil. The accumulation of (NO; + NO;)-N was 79 ppm in the urea
treatment at 8 weeks and 100 ppm in the SCU treatment at 16 weeks.
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After 16 weeks of incubation only one-third of the N from UF had been

converted to (NO; + NO;)-N while three-fourths of that in the IBDU
treatment without soil was similarly transformed.

In the field studies N sources were applied at the rate of 0.61
kg N/a/mo. Sept.-Feb. for urea and 2.93 kg N/a in Sept. for the slowly
soluble and slow release N sources.

After 1 month in the field no differences were found in nitrifying
bacterial populations. Denitrifier bacterial populations had increased

dramatically with time and remained higher at all sampling dates in
the soil mixture.

Little if any Urea-N or NHZ-N was found in the leachate samples.
The influence of percolating water was most evident on leaching losses
in the SCU and the IBDU in the soilless mixture treatments. The SCU
treatment showed excessive leaching losses of (NO; + NO;)-N of 94, 38,
and 76 ppm at the fourth, fifth, and seventh week of sampling respec-
tively and 20, 12, and 30 ppm for IBDU in the soilless mixture for
the same periods. These materials showed greater leaching losses due
to the broken coating with the SCU and hydrolysis of IBDU. The lower
leaching losses for urea despite its solubility [17 ppm of (NO; + NO;)-N
at 4 weeks] are due to lower application rates.

The establishment of bentgrass was most rapid in the IBDU treat-
ments in the mixture with soil with 50% coverage 4 weeks after seeding
and 83% coverage after 9 weeks. Even in the soilless mixture establish-
ment rate of bentgrass was greater at 4 weeks with IBDU (22%) than with
urea (7%) or UF (8%) but not greater than SCU (18%). The increased
establishment in the soil mixture as compared to the soilless mixture
with IBDU is attributed to the reduced leaching losses of N.



Turf injury was observed in the SCU treatment during the mainte-
nance due to broken fertilizer particles. These broken particles
resulted in significant releases of N thus a high salt index.
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INTRODUCTION

Nitrogen (N) is the soil nutrient used in greatest amounts by

turfgrasses and is the nutrient that influences turf quality to the

greatest degree. Nitrogen serves many functions in plant growth. It

is an important constituent in the synthesis of amino acids, proteins

and nucleic acids. Despite the fact that most N available to plants

is in the N03 form, organic nitrogen compounds are synthesized from
+NH1f• The initial step in nitrogen metabolism in plants is the

- +reduction of N03 to NH4' Amino acids are synthesized in plants when

ammonium (NH~) is combined with various carbon skeletons. Amino acids

are the building blocks of proteins and serve to regulate metabolism

as well as transport and store N in the plant. The nucleic acids,

another product of N metabolism, function principally to control

hereditary characteristics and transfer genetic messages to all parts

of the cell.

The soil medium is the principle source of nitrogen for plant

growth and contains nitrogen in various organic and inorganic forms.

Organic compounds are readily metabol ized to ammonium and then nitrate

by the process of mineralization. The initial phases are accomplished

by heterotrophic organisms while the final phases are the result of

chemosynthetic autotrophic bacteria.

Nitrogen source materials are divided into the broad categories

of soluble, slowly soluble, and slow-release. The soluble materials,

usually inorganic salts or urea, are immediately available for plant
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utilization; however, they can be readily lost through leaching.

Slowly soluble materials are natural or synthetic organics such as

activated sewage sludge, ureaformaldehyde or isobutylidene diurea.

These materials must be mineralized to convert them to soluble forms

that are available for plant assimilation. This process generally

requires varying lengths of time depending on nature of the material,

moisture, temperature, and pH. Slow-release N sources are soluble

materials that have been encapsulated in a substance that controls

the release of these materials such as osmocote and sulfur-coated

urea. The nature and thickness of the coating determines the deso-

lution rate or the time required for the N to become available to

plants.

Nitrogen utilization or loss is greatly influenced by the cation

exchange capacity of the soil medium and/or percolating water.

Normally putting greens are maintained at moisture levels optimum for

plant growth which are also the levels where compaction is most severe.

The recent trends in putting green construction have been toward the

use of high sand content mixtures (usually 70-90% by volume). These

mixtures are designed to minimize the influence of compactive forces

under conditions of intensive management, heavy equipment and foot

traffic. High sand mixtures characteristically have poor nutrient

and moisture retaining properties. The successful establishment and

growth of turf on highly amended putting greens require the use of

controlled release nitrogen fertilizer materials and/or water manage-

ment practices. Highly amended golf greens require from 10 to 12

.24-.49 kg/a applications of N per year, when soluble N sources are



3

used. As labor is the greatest single expense in a golf course budget
(32), reducing applications and associated labor costs would result in
considerable savings. The use of slowly soluble or slow-release
materials on putting greens twice per year rather than bi-weekly, would
solve this problem; providing there was no corresponding reduction in
turf qual ity. This study was initiated 1) to investigate the nitrifier
and denitrifier populations of two highly amended putting green mixtures;
2) to measure the mineralization of UF, SCU, IBDU, and urea under
controlled laboratory conditions, and under actual putting green condi-
tions; 3) to determine the leaching losses of these nitrogen source
materials and their effects on turfgrass establ ishment and quality.



REVIEW OF LITERATURE

Nitrogen Mineralization
Biological Factors

Mineralization of nitrogen is an essential process occurring in
soils. It is a twofold process involving ammonification and
nitrification.
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• ..
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There are many biological factors which influence rates of minerali-
zation such as type of microorganisms, soil moisture, temperature,
aeration, and reaction.

Ammonification seldom becomes a rate limiting step in minerali-
zation. This process utilized a diverse group of heterotrophs which
are active over a wide variety of conditions (78).

Nitrification can become rate limiting because only two genera
of obligate autotrophs are involved, Nitrosomonas and Nitrobacter

(78).



Populations of Nitrosomonas and Nitrobacter were reported to
increase with increasing applications of N (85).

Inhibition or retardation of nitrification has been found to
+reduce leaching losses of NH4-N (31). However, Mazur and Hughes (58)

found that soils treated with various s-triazines and dithiocarbamates
had a stimulatory effect on N mineralization in the soil.

Basaraba (8) and Kilian (48) found the mineralization of urea-
formaldehyde (UF) too slow for optimum turfgrass growth. Beaton (10)
observed UF to be mineralized slowly at first but it was an acceptable
N source as time progressed. The mineral ization rate of UF was about
6-7% per month and about 25% of the material was water soluble (18).

Mixtures high in organic matter or soil also showed an increase
in nitrifier populations which in turn increased nitrification rates

(15) .

Chemical and Physical Factors

Losses of N from turfgrass areas due to leaching was shown to
be greatly affected by the N source material. Extremely high N03-N
losses from putting greens were incurred when soluble N source
materials were used (15, 63). These higher N losses were greatest
during periods of heavy rainfall and/or low plant growth. This in-
creased loss of N from soluble, inorganic sources also poses an

environmental pollution threat (16).
DubIe (23) stated that on highly permeable golf greens, there

could be a 50% or greater loss of applied N from organic sources.
These significant losses of N were drastically reduced when N was

appl ied as IBDU (23).

5



Nitrate-N losses from IBOU were not detected until two to four
months after first application, but increased rapidly once detectable
NO;-N was found (27). UF showed N03-N losses immediately after appli-
cation and levels peaked 9-12 days afterwards (27). Under bermudagrass
putting green conditions, about 30% of the UF had leached out three
weeks after application and about 65% in 15 weeks (80).

Urea was found to have the greatest N losses six to nine days
after application. In about 30 days, N03-N levels were comparable
to unfertilized areas (27,76). This is similar to findings by
Bredakis and Steckel (12) which showed that 75% of the N from urea
leached out in 3 weeks with an additional 13% leaching the next 3
weeks. Benson and Barnette (11) observed no Urea-N in leachates
following applications of urea. They also concluded that all N
applied as NO;-N was leached from the soil.

Ishizuka and Takagishi (41) concluded the mineralization rate
of UF was governed by the urea:formaldehyde ratio and a ratio of
1.5:3 possessed reasonable nitrification. The high percent of com-

bined urea in UF accounted for decreased nitrification and leaching
losses (37). Nitrification of UF has been further summarized by

Hays (36) and Yee and Lowe (95).
In lysimeter studies, about 37% of applied soluble N was found

to be leached under grass situations where 54% of the applied N
leached under clover (43). When a fall fertilization of grass was
observed, about 12% of the soluble N was leached the first year.
Virtually none of the fertilizer was leached the first year when
appl ied to grasses in February (44). Menn et al. (60) observed

6
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N03-N leaching in putting greens to be the greatest with inorganic N
sources and lowest with synthetic organic sources. Skogley and King
(73) found under turfgrass situations that 21-35% of the applied N
from urea was recovered where only 9-12% of the N from UF was recovered.

Increased rates of N fertilization on putting greens increased
leaching losses (5, 14). Allen and Mays (3) state that the slow-
release fertilizers significantly decreased the leaching losses
incurred with readily available N sources.

Soil pH plays a very significant role in mineralization as well
as leaching losses of N. Soil pH was found to increase in sandy soils
by the leaching of soluble N (II). Urea had the greatest effect of
raising the pH. Decreased soil acidity caused an increase in leachable
N. Ureaformaldehyde in the 3-15 weeks period produced more leachable
N at soil pH 6.7 and 5.5 than urea (12). The rate of NO;-N produced
from UF was 2-5% higher in soils with pH 5.7 as compared to soils with

a pH of 7.0 (8).
In alkaline soils, IBOU delayed plant response which was attri-

buted to the reduced release rate of N at the higher pH. The amount
of N recovered after 10 weeks was equivalent to 65-70% of the IBOU
added compared to a 98% recovery from urea. This low N recovery was
attributed to incomplete release of N in alkaline soils rather than
N loss (40). Lunt and Clark (54) reported efficient plant use of
IBOU in a pH range of 5-8. The conversion of IBOU to urea-N,
NHt-N, and N03-N was not as fast in alkaline soils as acid soils
(40). Hughes (39) also found the release of N most rapid at pH 5.7

to 7.7.



The release of N from SCU also increased in limed versus acid
soils (29). Two weeks after application, losses of N from urea were
reported to be 29% on limed areas and 36% on unlimed areas (79).
Pearson et al. (66) stated that ammonium fertilizers tend to acidify
soils and increase leaching of NO;-N as well as cations.

Putting green soil textures greatly influence turfgrass quality,
mineralization of N, and leaching losses (19). Green mixtures contain-
ing no organic matter exhibited very high NO;-N losses from soluble N
sources (15). There was less than 2% loss from ISOU and UF, and
only 14% from Milorganite. Green mixtures containing organic matter
had less N03-N losses with the soluble and slowly soluble N source
materials (15). Mitchell et al. (61) reported N03-N levels higher
than NH~-N levels in putting green soils after an application of
slowly soluble fertilizer. This was noted in soil and soilless
mixtures. Nash and Johnson (64) observed soil texture to have no

effect on N03-N recovery but did influence NH~-N recovery. When used
as an organic matter source, peat was reported to have no signifcant

effect on turfgrass growth (74).
Particle size directly influences the release rate of slowly

soluble N source materials. Several studies have indicated a delay
in the release of N from ISDU (20, 62, 79, 84). Hughes (39) con-
cluded that N release from ISDU is dependent on particle size which
is second only to soil moisture. Release of N from ISOU was faster
with a finer particle size (40). The dissolution of ISOU was the
rate limiting factor in the conversion of N to plant available forms
(33). During a controlled-release period, the decrease in N uptake

8
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was greater with IBOU than with UF or SCU (82). A period of a few

weeks after appl ication the availability of N from UF was less than

from ammonium sulfate or urea on silty soils (52). Brown and Volk

(17) found UF had no delayed availabil ity compared to ammonium nitrate.

Release of N from SCU has been found to be directly related to

particle size and thickness of the sulfur coat (29). In summer ferti-

lization of ITifdwarf' Bermudagrass SCU, at the 9% dissolution rate,

exhibited better controlled-release characteristics than UF or IBOU

(81). Coated N sources were found to have greater longevity in the

soi 1 than non-coated N source materials. The non-coated N sources

showed greater N loss from the root zone (38). This residual N exists

largely in the NO~~N form (87). Lunt (53) proposed that the SCU

release rate average was about 1% per day.

Environmental

Moisture levels in soils have varied effects on the release and

leaching of N, especially with readily available N source materials.

According to Smika et al. (75) the amount of N03-N lost below the

root zone of corn grown on sandy soils was proportional to the amount

of water that percolates through the root zone. Similar results were

also observed by Stout and Burau (78). They found leaching losses

of N were usually small on well-drained silt loam soils with moderate

rainfall. Under similar conditions, most of the N03-N not taken up by

the crop was found in the root zone (67). Edwards et al. (25) reported

little or no NO -N movement below the root zone with proper water
3

management.
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Nitrate N was not detected below a 30 cm depth under lawn ferti-

1 izer conditions in the summer; however, nitrate applications in

October were traced to the ground water (26). The timing of fertil izer

application as noted by Edwards et al. (25) showed that N03-N moved

with the water front in dry soils but not in saturated soils. UF

materials gave greatest soil N levels in the top 2.54 cm of soil.

No differences occurred in the 2.54 to 19.78 cm range, and levels

in the lower depths were directly related to the solubility of the

N materials (21). Raney (72) observed N removal from loamy soils was

affected very little by the amount of water percolating through the

profile. Losses incurred were primarily N03-N, therefore, control of

NO;-N concentrations might effectively control leaching losses.

Under high water applications negligible amounts of N leached

from UF in Iysimeters with sandy soil (1]). The N availability from

UF was found to be proportional to its solubil ity in water (94).

During dry periods, IBDU showed lower N03-N losses than UF but com-

parable losses under heavy rainfall conditions (76). Hughes (39) con-

eluded that soil moisture was the primary factor in the release of

N from IBDU .. lsobutylidene diurea gave excessive turfgrass growth in

periods of heavy rainfall after a single appl ication (86). The miner-

alization rate of IBDU increased in water-logged conditions over field

capacity moisture levels (71). The stability of the SCU coating was

also greater in water-logged (anaerobic) conditions than aerated

(aerobic) soils. This reflected a faster N release from SCU in aerobic

conditions (29).
Results contradictory to these were reported by Prasad (69)

which stated an increased release of N from SCU with increased
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moisture levels. Maximum N release occurred at medium soi I moisture

levels. Under severe leaching regimes, SCU was much more effective

at reducing NO;-N leaching than a single application of soluble N

source materials (4).

Temperature has also been found to influence leaching losses and

N mineral ization in soils. Losses of N03-N increased with increased

soil temperature under putting green conditions (61). Soil tempera-

ture has also been found to drastically affect the mineralization rate

of UF (8). During the growing season of the crop, UF had limited value

at soil temperatures less than 15°C.

Hawes and Decker (35) observed coverage of creeping bentqrass

was more dependent on soil temperature than the appl ication rate of

fertilizer. The fastest coverage and optimum ferti lizer util ization

occurred at 21°C.

Plant Responses

Response of turfgrasses varied with respect to N source materials,

application rate, timing of application and season of the year.

Turfgrasses respond very slowly to low rates of slow-release N

sources (34,46,63,81). On Kentucky Bluegrass, poor spring green-up

resulted when IBOU was applied only in the spring, compared to UF

(89); although when applied in the fall, White and Pesek (88) reported

that IBOU gave better turf response than UFo After a single spring

application, IBOU was found to give poorer fal I color than UF or SCU

due to greater turf stimulation in early summer (82). Turf responses

were slower with UF than inorganic or soluble fertilizer (73,91,93).
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Jagschitz and Skogley (42), Mays (56), and Davis (22) all reported
as much turf response with UF as SCU or soluble N sources.

Readily available materials were most effective in the spring
and fall while UF had less seasonal response (55). At increased rates
on actively growing turf, UF showed superior longer lasting effects
during the summer only according to Goetze and Daniel (30). Winsor
and Long (91) found UF to give the best results on turfgrasses with
a long growing season. Other studies showed UF appl ied in the fall
lasted no longer than ammonium nitrate (23).

During the first growing season, urea and ammonium nitrate gave
the best turf color and density, but in the second growing season UF
produced an equal quality of roadside turf (65). On Kentucky Blue-
grass UF promoted uniform growth and gave consistently higher density
ratings than urea (45,48,49). UF produced less total seasonal clipping
yields than inorganic sources but had no less turf qual ity (24). The
UF materials also encouraged greater root and crown development than
soluble N sources (7).

Higher yields were obtained from soluble N fertilizers than from
SCU for early forage cuttings; while the opposite results were obtained
from later cuttings (57). Clipping yield from Kentucky Bluegrass was

greater with IBOU than with UF or Milorganite according to Wilkinson
(89). Spring color from the fall application was found to be better

with urea than with IBDU (83).
Kentucky Bluegrass responded well to N applied as ammonium nitrate,

Osmocote or SCU (20% dissolution rate), but responded poorly to UF,
Milorganite and SCU (14% dissolution rate). IBDU, Osmocote and SCU
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(20% dissolution rate) were found to provide superior turf growth,

density and color (50). liays (56) observed promising results with

SCU on bermudagrass turf with the exception of putting greens. Apply-

ing soluble N fertilizers in combination with natural and synthetic

organic tl sources provide immediate as well as long term turf responses

(51) .

Soluble and slowly soluble N source materials have exhibited a

potential for turf injury when applied at high application rates. In

tests on bermudagrass with high rates of N, urea nearly killed turf

where SCU gave the maximum response with no sign of burning (70).

Treatments UF and IBDU showed little or no burning effect on turfgrass

(62,68,90). Hays and Haden (37) reduced burning potential of UF to

the fact that over 90% of the N was combined urea.

The selection of a single vs. split application regime is a

problem requiring much investigation to determine which program will

provide the best turf quality. Beard (9) stated that a single appli-

cation of UF did not produce adequate turf quality throughout an entire

growing season. Wisniewski and DeFrance (92) showed UF to give higher

turf quality when applied alone or as a component in mixtures. Powell

and IkKee (68) observed UF to give best winter color on bentgrass when

applied in combination with biweekly applications of soluble N.

Kentucky Bluegrass responses in the summer were similar with UF

and IBDU; however, frequency of application affected turf response

more wi th IBDU than wi th UF (89). Tests by Moberg et a I. (62) showed

IBDU and UF to possess controlled-release characteristics. Uniform

turf qual ity was obtained with three applications of UF or two
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applications of IBOU per season. This complies with Wilkinson (89)

who found IBOU to give the most uniform turf response to Kentucky

Bluegrass when two applications were made in April and September.

Split applications of IBOU did not improve uniformity of growth but

did give better early spring green-up. In contradiction Wilkinson

et al. (90) found split applications of IBOU or UF did not improve

turf quality over a single spring application. Waddington and Ouich

(83) found a single spring application of IBOU was better than a single

fall appl ication on creeping bentgrass.

On Italian ryegrass, a single application of IBOU produced a

24-53% increased effectiveness over four split applications of urea

based on equalivalent N rates, Isobutylidene diurea was also observed

to give better turf quality than urea when used as 2/3 of the N in a

18-6-12 fertilizer analysis (59). However, there was no indication of

the adjustment of phosphorus and potassium on the urea treatments.

Fall performance of cool season sports to turfgrasses was improved

when spring-summer spl it applications of SCU were followed (94). This

concurs with Waddinqton (82) who found split applications of SCU to

give the best results on cool season turfgrass.

Waddington and Ouich (83) concluded that SCU, UF and IBOU all

need split applications to minimize growth peaks following applications

and to provide good fall color to creeping bentgrass.



MATERIALS AND METHODS

Two highly amended mixtures were prepared for these studies which
reflect "current trends in putting green mixtures." The first mixture
consisted of 70% (vol.) sand + 30% peat; the second contained 70% sand
+ 20% peat + 10% Cecil sandy loam topsoil (clayey, kaolinitic, thermic
typic Hapludults) (Appendix Table 12).

The accumulation of nitrogen (N) in the two mixtures was observed
weekly after appl ications of four different N source material. The
N source materials were ureaformaldehyde (UF), sulfur-coated urea

(SCU), and isobutylidene diurea (IBDU) which are slowly soluble and
urea, which is a readily available N source (Appendix Table 13).

+ --Determinations for Urea-N, NH4-N, and (N02 + N03)-N in all
experiments were conducted by the methods outlined by Bremner and
Kenney (13,47). Extractions of 20g soil samples were made by adding
loa ml of 2M KCl and shaking on a wrist action shaker for one hour
then filtering through Whatman No. 42 filter paper. The filtrates
were either analyzed immediately or frozen at -18°c for later analyses.

All experiments were designed in a randomized complete block
design with three replications. The individual flasks in the lab
incubations, and the lysimeters in the field studies were the experi-

menta 1 un its (77).

Laboratory Incubations

The laboratory incubations were initiated to investigate miner-

alization activities in the two mixtures treated with the four N

source materials under controlled conditions.
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The pH of the mixtures was adjusted to 7.0 with solid Ca(OH)2

thoroughly mixed with air-dried soil. The mixtures were moistened

and allowed to equilibrate for 48 hours prior to addition of N source

materials. Mixtures were weighed into 250 ml Erlenmeyer flasks to

give 20g of soil per flask on an oven-dry wt. basis. Granular N

source materials were added so as to provide 100 ppm N per flask.

The N source materials were mixed with the soil then moistened to

30 ~ 1% moisture by weight. The flasks were incubated at 20 + 1°C

and distilled water was added daily to maintain prescribed moisture

levels. Mixtures were extracted after 0, 1, 2, 4, 8 and 16 weeks of

incubation.

Field Studies

Field studies were conducted with the use of lysimeters (Figure 1)

to investigate the leaching losses from the prescribed nitrogen

sources and their effect on bentgrass establishment and quality. Each

Iysimeter was constructed utilizing 76.3 L galvanized tubs with a one

and one-half inch hole cut in the bottom. A kitchen sink drain system

was installed in each, and was extended out with drain pipe to empty

into a collection carboy. A six mil plastic liner was placed in each

Iysimeter to prevent any reactions that might occur between the

mixtures and the surface of the metal tubs. To insure proper lateral

movement of soil water, a gravel base of 2.5 cm washed and sieved

gravel was placed in the bottom of each Iysimeter. Small gravel (1%

6.3 mm sieve, 3.7% I mm sieve and 95.2% 2mm sieve) was used to prevent

mixtures from filtering into the gravel base.



Soil Mixture

[l
Trap And Dram

1% Slope

Gravel Base

Collection Carboy
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Figure I. leachate collection system schematic.
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All mixtures placed in lysimeters were blended in a cement mixer

for five minutes each. Equal amounts of water were added to assure

even and consistent mixing of the components. The mixtures for each

lysimeter were mixed separately to prevent bias and error that might

occur from bulk mixing. The mixture depth in each lysimeter was 27.5

cm.

The lysimeters were installed in a bentgrass putting green to

simulate normal maintenance conditions. Cement blocks served as

foundations for the tubs. The blocks were leveled and al igned in a

continuous row. The pit area was wide enough to accommodate the

lysimeters, plus an area for the 16 L collection carboys.

A 10.16 cm perforated drain was placed at the base of the

lysimeters to prevent any excess seepage from the green that might

disrupt the Iysimeter foundations.

Canvas was used to cover the drains and carboys to prevent ex-

posure to sunlight.

The area surrounding the lysimeters was then back fi lIed with

a mixture of 60% sand and 40% softwood bark. The entire area was

leveled, raked and rolled to provide a smooth and firm seedbed. The

area was seeded 5 May 1978 with creeping bentgrass (Apgostis palustpis

HUDS. IPenncross') at 0.49 kg/a. Light raking and rolling insured

proper seed and soil contact. The area was mulched to improve establish-

ment. The lysimeters were hand watered to insure adequate moisture

for germination. Germination occurred after 10 days.

During the establishment period the lysimeters received 4 bi-

weekly applications of their respective N sources at 0.49 kg N/a.



Those appl ications were made to provide available N, and to determine

the influence of these materials on establishment.

On 1 September 1978, the fall fertilizations were applied at the

rates shown in Appendix Table 14. The applications were applied by

hand to insure exact amounts on each lysimeter and materials were

watered in to prevent foliar damage.

After germination the bentgrass seedlings were treated with

chloroneb at 0.15 gla weekly for the first month to prevent Pythium

(Pythium spp.).

After 30 days the area was mowed 3 times weekly at a 1.27 cm

height of cut with a single unit, reel-type mower. The lysimeters

received normal cultural practices which included mowing, watering,

and preventative fungicide sprays.

Percent cover ratings were taken throughout the study to measure

the rate of establishment. The ratings were always taken by two

persons to avoid bias in ratings.

Weekly leachate samples were collected and determinations of pH

and volume were recorded. Samples were either analyzed immediately

or frozen at -18°c for later analysis. Soil temperatures were also

taken for each lysimeter at the 10 cm depth. An inhibitor was added

to the collection carboys to prevent any nitrification or denitrifi-

cation from occurring in the carboys. The material used was aIM

Boric acid solution added at 10 mIll (6).

Soil core samples were taken from each Iysimeter at the appli-

cation date and extracted with 2M KCl as previously described.

19



Nitrifier and denitrifier populations were measured in the IBDU
treatments with and without soil by the methods outl ined by Alexander
and Clark (2), and Focht and Joseph (28) respectively. Population
counts were estimated by the Most Probable Number Method for microbial
populations (MPN) as described by Alexander (1).

20



RESULTS AND DISCUSSION

Nitrifying and denitrifying bacterial populations measured in-
itially indicated that Nitposomonas and Nitpobactep populations were
higher in the mixture with soil (Appendix Table 1) than in the soilless
mixture. These higher bacterial populations in the mixture with soil
were attributed to the soil component. Soils have higher bacterial
populations than sands, peat or bark due to more favorable environmental
conditions. These higher populations concur with Brown et al. (15) who
stated an increase in soil content also increased nitrifier populations
between the two mixtures (Appendix Table 1).

Laboratory Incubations

Laboratory incubations indicated that the levels of Urea-N
(Figure 2, Appendix Table 2) decreased in mixtures with and without
soil with time and for all nitrogen materials except SCU. The
behavior of SCU is dictated by the thickness of the sulfur coating
on the particle. Only a trace (3 ppms of Urea-N) was observed at the

initial extraction due to the intact sulfur coating. The Urea-N levels
in SCU increased to over 80 ppm after I week of incubation and then
decreased to 9 ppm after 2 weeks. This nearly total release of Urea-N
from SCU after I week reflects the total disolution of the sulfur coat.
This would not be expected from a material with only a 27.6% disolution
rate in 7 days as 80% is approximately 2.5 times this rate. After 4
weeks the Urea-N had decreased to a trace in all treatments.
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Figure 2. Accumulation of Urea-N from UF, SCU, urea, 'BOU in the
soilless, and (BOU in the soil mixtures with time; labo-
ratory incubations.
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The initial recovery of 100 ppm of Urea-N in the urea treatment

indicates the accuracy of the procedures. As Hughes (40) reflected in
his paper the free Urea-N extracted at time 0 from the IBOU treatments
(55 and 36 ppm Urea-N) is believed to be due to the extraction procedure
and not actually free urea in the soil.

No differences were found in the NHt-N levels between the putting
green mixtures with and without soil and ISOU until the fourth week
(Figure 3, Appendix Table 2). At this time the mixture containing soil
exhibited lower levels of NH4-N; however, by the eighth week no differ-
ences were evident. +The lower NH4-H levels in the soil mixture at time
o reflected a greater mineral ization potential with a proportionately
higher (Noi + N03)-N concentration. The SCU and urea treatments behaved
in a similar manner (Figure 3, Appendix Table 2). This is indicated by
the rapid accumulation of 56, 101, and 90 ppm at 1, 2, and 4 weeks,
respectively, by urea and 22, 103, and 115 ppm by SCU for the same
period. A slight lag in NH4-N accumulation was observed at week 1 in
the SCU treatment. After 8 weeks of incubation all differences in

+NH4-N levels among treatments disappeared.
Greater amounts of (NOZ + NOj)-N were observed in the mixture con-

taining soil at the 2 week period and continuing for the remainder of
the 16 week incubation period (Figure 4, Appendix Table 2). The greater
amounts of (NOi + NOj)-N in the soil mixture are attributed to greater
nitrifying bacterial populations in the mixture. The accumulation of
(NO; + NOj)-N showed a similar pattern in the ISOU treatments with and
without soil with a 2 week delay in the soilless mixture. The 2 week
lag in the soilless mixture reflects the greater potential of the soil
mixture for N mineral ization. The major accumulation started at 2 weeks
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in the mixture with soil and 4 weeks in the soilless mixture. The urea
and SCU treatments showed similar trends with major accumulation start-
ing at 4 weeks for urea and 8 weeks for SCU. The delay in (NO; + NO;)-N
accumulation with SCU compared to urea is attributed to the disolution
of the sulfur coat which must occur before mineral ization of the exposed
urea can occur. It was observed that after 16 weeks of incubation only
one-third and three-fourths of the N was converted to (NO; + NO;)-N in
the UF and IBOU treatment without soil, respectively.

Field Lysimeter Studies

Extracts from mixtures one week after appl ication indicated the
IBOU treatment with soil had higher U~ea-N accumulation than the treat-
ment without soil (Figure 5, Appendix Table 3). In the field, as in the
lab, the mixture with soil showed a greater potential for nitrogen
mineralization, despite the fact that differences were not observed in
the nitrifier population (Appendix Table 6). This difference was again
observed 3 weeks after application. No differences were observed in
extracts for Urea-N levels for various N source materials in soilless
mixture until the third week of the field study. At this time the IBOU
had greater Urea-N levels than the other materials.

No differences in NH:-N levels were found between the extracts from
IBOU treatments with and without soil during the field study (Figure 6,
Appendix Table 3). The SCU treatment had higher concentrations of
NH+-N than ISDU at 1 week and all treatments at 2 and 3 weeks.

4
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The only difference in (NO; + NO~)-N levels in soil extracts

between the ISOU treatments with and without soil were observed during
the second week of field studies when extracts from the soilless mixture
exhibited greater levels (Appendix Table 3). The SCU treatment under
field conditions had higher levels of (NO- + NO-)-N than UF and ISOU at2 3
I week and all other treatments for the remainder of the study (Figure 7,
Appendix Table 3).

Lysimeter leachates were found to contain essentially no free urea
during the duration of the study (Appendix Table 4). Greater amounts of
NH;-N were observed in leachates in the SCU treatment than the ISOU
mixture at I week and than all other treatments during the fourth, fifth,
and seventh weeks (Appendix Table 4). High levels of NH~-N in leachate
from the SCU treatment correlates with the high levels found in extracts
from the rootzone mixtures.

The only differences in (NO; + NO;)-N levels in leachates between
the ISOU treatments with and without soil occurred at the 5 and 7 week
samplings when the soilless mixture retained higher concentrations
(Figure 8, Appendix Table 4). The higher levels of (NO; + NO~)-N in the
leachate from the ISOU in the soilless mixture may be due to greater
nitrifying bacteria populations in that mixture although these levels
were not significantly higher by the MPN method. The urea treatments
had greater concentrations of (NO; + NO~)-N in leachate than the ISOU
treatment at both land 2 weeks and the UF treatment only at 2 weeks.
These higher levels of (NO; + NO;)-N in the leachate from urea would be
expected due to the more rapid mineral ization of the smaller organic
molecules. As urea is readily leached out of the soil no (NO; + NO;)-N
was observed in the leachate to any extent after a 4 week period. Only
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one appl ication of urea was applied to observe its residual. English
et al. (27) and Snyder et al. (76) reported similar results when the
greatest losses from urea occurred 6-9 days after application. The SCU
treatment had greater concentrations of N02 + NOj)-N than the UF and
IBDU treatments at 2 weeks and greater than all other treatments during
the fourth, fifth and seventh weeks of the study.
levels in leachates from SCU had the same pattern

The (NOl + NOJ)-N
+as the NH4-N levels.

The higher levels of NO; + NO;)-N observed during the fourth and
seventh weeks were attributed to the large volumes of water that passed
through the lysimeters during those periods (Figure 9, Appendix Table 5).
The minimal amounts of (NO; + NO;)-N in leachates agree with observations
by Brown and Volk (17) that showed negligible amounts of N leached in UF
treatments. The influence of percolating water through the mixtures
stresses the importance of controlled irrigation programs on putting
green turf to minimize leaching losses particularly when SCU and IBDU
are used in fertility programs. The SCU behaved in a similar manner to
urea because of the more rapid mineralization of the smaller organic
molecules. Nitrogen losses from all materials except UF were a direct
function of water movement through the soil profile. These results are
in complete agreement with those of Smika et al. (75) and Stout and
Burau (78) who found that the amount of N03-N lost below the root zone
was proportional to the amount of water percolating through the root
zone. The results obtained in this study contradict the results of
Heilman et al. (38) which state that the residual of N was greater
with coated than non-coated N sources. These studies show at the
2.93 kg N/a rate SCU was the N source most readily leached from the

so iI.
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The dissimilar results under field conditions and those observed in

the laboratory incubations appear to be due to the differences in the

nitrifying bacteria populations (Appendix Table 6). A general increase

in nitrifyer populations in the field was attributed to constant inocu-

lation of the mixtures with omnipresent nitrifying bacteria. Although

much greater numbers of bacteria were found in the mixture containing

soil, these differences were not significantly greater than in the

mixtures without soil. This suggests that a greater number of repl i-

cates might be in order when using the most probable number method of

estimating the bacterial populations. The physical limitation in large

numbers of test tubes and time required for reading the tubes did not

permit greater repl ication in these studies.

Recorded temperature did not show any differences between lysim-

eters (Appendix Table 7) and, therefore, did not have any effect on N

accumulation or leaching losses during the study.

The only consistant trend in pH was observed for leachates from

the SCU treatments which were lower at 4, 5 and 7 weeks. This can be

explained by the oxidation of sulfur to sulfuric acid (Appendix Table 8).
The IBOU without soil and SCU treatments exhibited essentially the

same rate of creeping bentgrass coverage at the biweekly establ ishment

rate of 0.98 kg of N/a for the period 35 through 114 days after seeding

(Figure 10, Appendix Table 9). The IBOU and the SCU treatments had 95

and 90% coverage respectively by 114 days. While the rate of cover of

the UF treatment was not different from the SCU treatment, it was less

than the IBOU treatment at 35, 53, and 114 days. The urea treatment had

less coverage than the SCU treatment for the period 71 through 114 days
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and less than IBOU for the entire period 35 through 114 days. This
would be expected as soluble fertilizer materials are quickly lost in
high sand content greens. It is also interesting to note the effective-
ness of SCU at these lower rates showing the desirable influence of the
sulfur coat on urea.

The IBOU treatment with soil had the most rapid establ ishment rate
with 83% coverage by 71 days. This was greater than the IBOU treatment
without soil both at 35 and 53 days. The increased establishment rate
by IBOU might be partially due to increased capillarity in the mixture
with soil; however, it is most probably due to reduced leaching losses
of N, thus a more efficient util ization of the N by the developing
seedlings in this treatment. The IBOU in both mixtures and the SCU
treatment were the only treatments with sufficient coverage for the
fall application of the N source materials.

During the maintenance application phase of the study, when 2.93 kg
N/a of slow release materials were applied in a single appl ication on
1 Sept. 1979, there was a significant reduction in the percent cover of
turf on the SCU treatment (Figure 10, Appendix Table 9). This injury
was due to the high percentage of broken particles that occurred during
mowing operations. The physical breakdown of the sulfur coating on the
particles resulted in salt injury. This would eliminate the use of SCU
on golf greens due to repeated traffic with machinery and golfers. This
agrees with the findings of Mays (56) who stated that SCU was a promising
N source for turfgrasses except putting greens. This injury is contra-
dictory with the results obtained by Prasad et al. (69) who found no
burning from SCU even at higher application rates but can be explained
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by the comparatively lower rates and absence of traffic in those studies.
There was considerable recovery in the SCU treatment during the period
124 to 145 days, with coverage equal to the UF and urea treatments but
inferior to both (BOU treatments after 145 days. Although this damage
was relatively short te~m, the degree of severity of the injury would
limit SCU use at these high rates; however, as noted in the establ ish-
ment data when SCU was used at the lower .98 kg/a rate, it performed
in a very acceptable manner.



CONCLUSIONS

The importance of soil in putting green mixtures is evident from
the results obtained in these studies. Although nitrifying bacterial
populations were found to be greater initially in the mixture with soil,
these differences did not persist under field conditions. The inocu-
lation of the soilless mixtures by the omnipresent nitrifying bacteria
eliminated any differences in populations under actual putting green
conditions. The more rapid establishment rate of turf observed in the
soil mixture was associated with the higher initial populations. The
IBDU in the mixtures with and without soil gave comparable results,
but the mixture with soil had a more rapid rate of establishment. The
increased establishment rate may be in part due to increased capillarity
but most probably is due to a more effective utilization of N resulting
from the reduced N losses through leaching.

Under the conditions of these studies SCU when applied at 2.93
kgN/a was not an effective source of N for putting green turf. The
high potential for turf injury due to salt damage from the high per-
centage of particles that were broken or crushed by routine mainte-
nance operations and concurrent excessive leaching losses would
severely limit its use as the lysimeter area did not receive as much
traffic as a putting green. The potential for injury would be even
greater when used on golf course greens.

The uncontrolled release of N from SCU resulted in the high levels
- -) 'Inthe lysimeter soils as it did with the high NH+4-Nof (N02+N03 -N

levels.



From these studies we conclude that when soil was used in small
amounts (10% by volume) it provided an improved media for turfgrasses.
The higher initial cost of this media should be offset in a short
time by the reduction in fertilizer leaching losses at an estimated

50%.

39



APPENDIX



TABLE 1. Microbial, Populations in Soilless and Soil Mixtures,
Initially.

41

TRT

Soi lless
Soi 1

Nitroosomonas

o a*

490 b

MPN/g
Nitroobactero

1300 a

54000 b

Denitroifiero

1100 a

4900 a

*Means within the same column followed by the same small case letter
do not differ significantly at the 5% level by the Duncan's multiple
range test.
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TABLE 2. Accumulation of Nitrogen from UF, SCU, Urea, IBOU in the
Soilless, and IBOU in the Soil Misture with Time; Laboratory Incubations.

Time, Weeks
TRT 0 2 4 8 .16

Urea-N, ppm
UF 13.5 d* 0.0 d 0.0 b 0.0 a 1.4 a 4.4 ab
SCU 3.3 e 81.9 a 9.2 a 0.0 a 2.0 a 6.0 a
Urea 100.3 a 43.6 b 1.2 b 0.0 a 4.3 a 4.4 ab
IBOU 54.7 b 32.6 b 0.0 b 0.0 a 4.9 a 5.5 a
IBOU/Soi 1 36. I c 16.1 c 0.0 b 0.0 a 1.0 a 2.7 b

+NH4-N, ppm
UF 9.8 a 17.9 b 21.4 b 30.7 c 17.1 a 2.8 b
SCU 8.9 b 21.7 b 102.6 a 115.0 a 12.6 a 4.3 a
Urea 8.9 b 55.8 a 100.6 a 88.9 b 29.2 a 4.2 a
(BOU 8.5 b 20.2 b 27.2 b 33.3 c 31.0 a 4.4 a
IBOU/Soi 1 7.7 c 15.0 b 22.8 b 5.3 d 12.6 a 3.5 ab

(NO; + NO;>-N, ppm
UF 2.3 ab 1.6 a 2.9 ab 3.7 bc 18.5 b 35.7 c
SCU 1.3 c 2.2 a 2.5 ab 2.4 c 2.2 b 103.3 a
Urea 1.2 c 2.7 a 2.7 ab 6.6 b 79.4 a 91.4 a
IBOU 1.4 bc 2.7 a 1.5 b 2.7 c 24.7 b 74.7 b
IBOU/Soi 1 2.7 a 3.6 a 6.8 a 36. I a 70.8 a 104.2 a

~'~Meanswithin the same column followed by the same small case letter
do not differ significantly at the 5% level by the Duncan's multiple
range test.
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TABLE 3. Accumulation of Nitrogen from UF, SCU, Urea, IBOU in the
Soilless, and IBOU in the Soil Mixture; Lysimeters.

Dates
TRT 9/1 9/8 9/15 9/22

UF
SCU
Urea
IBDU
ISDU/Soi 1

----------Urea-N' ppm- ---------
0.0 a* 0.0 b 0.0 a 0.0 c
O.Oa O.Ob 1.8a O.Oc
0.0 a 0.9 b 3.3 a 0.0 c
3.9a J.2b O.Oa 5.5b
0.0 a 12.8 a 0.5 a 11.4 a

+NH4 -N, ppm _

UF
SCU
Urea
ISDU
ISDU/So i1

4.6 a
4.4 a
5.1 a
4.8 a
4.8 a

16.9 ab
35.9 a
20.8 ab
9.1 b
6.3 b

8.5 b
27.3 a
12.5 b
8.1 b
5.3 b

3.9 b
25.4 a

4.7 b
4.7 b
5.2 b

2.9 b
29.7 a

6.6 b
8.7 b
2.6 b

--------{NO; + NO~)-N,ppm...---------

4.7 be 5.3 be
7.2 a 21.3 a
6.5 ab 6.3 be
4.5 bc 8.4 b
3.9 c 2.0 c

2.4 ab~~
1.5 b
1.3 b
2.7 ab
3.5 a

UF
SCU
Urea
ISDU
,BDU/So iI

*Means within the same column followed by the same small case letter do
not differ significantly at the 5% level by the Duncan's multiple range
test.
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TABLE 6. Changes in Microbial Populations as Influenced by Soilless
and Soil Mixture; Lysimeters

46

TRT 9/1 9/8 9/15 9/22
MPN/g

Nitrosomonas
Soilless 2433 a* 766667 a 2183333 a 47700000 a
Soi 1 840153 a 983333 a 108400000 a 3240000 a

Nitrobacter
Soilless 185983 a 191333 a 1403333 a 643333 a
Soi 1 983333 a 766666 a 1083333 a 2333333 a

Denitrifier
Soilless 44400 a 313667 a 57533333 a 79333333 a
Soi 1 603333 a 1210000 a 102000000 a 117333333 a

'~Means within the same column followed by the same small case letter do
not differ significantly at the 5% level by the Duncan's multiple range
test.



47



<Il ....... lO lO
<Il

lO lO lO oS;
oS; N -IJ
-IJ "- f"'I N f"'I f"'I Lf\

0 .. .. -IJ
c: ................................... lO

~ >-
0 -IJco c:

lO

-c u
0 lO.D lO lO lOc: N ....

lO "- f"'I ~ f"'I f"'I..:t"
0 c:................................... 01

l/'l
l/'l III
<Il

L.
Cl)....

0 ....
V') '" lO.D lO lO lO

"- "lJ
<Il 0 f"'I'" N N f"'I

oS; -IJ
-IJ ....... '" ..................... 0

c:
c:

0
"lJ~

0 L.
co .D <Il

0"\ lO.D lO lO lO -IJ
N -IJ"- ~OON~f"'I <Il

lO 0"\
<Il ....... '" .....................
L. <Il~ l/'l

lO
U

~
U l/'l
V') <Il .D .D .D

-IJ N lO lO.D lO lO lO
lO N E

LL 0 "- OOO"\~O III
:::> 0"\ .............. '" .............. ~>-
.D lO

III
-c

<Il <Il -IJ
U oS; l/'l
c: Lf\ lO lO lO lO lO -IJ <Il
<Il -IJ
:J "- ..:t"..:t" N Lf\ LJ'\ >-~ 0"\ .D <Il.... ................................... C'l
c: "lJ c:

~ lO
L.

III 0
lO <Il

.D.D ~~
:t: .D lO.D lO lO o 0.
0. 00 .....-

"- f"'I..:t" N f"'I f"'I -IJ
<Il 0"\ c:~
-IJ ................................... E :J
lO :J E

oS;
u o l/'l
lO l/'l u-
<Il L. c:

..J <Il <Il lO
-IJ ~ E u

c: <Il lO lO lO lO lO lO c:
E III :J"- 00 ~ f"'I0 ....... 0

III l/'l 0"\ <Il
<Il >- ..:t" Lf\ Lf\ Lf\ Lf\ oS; <Il
C'l..J -IJ oS;
c: -IJ

lO c:
oS; <Il

.- >-
U L. oS; .D

:J -IJ
-IJ 3: <IlX

00 .- 0 >
E V') l/'l <Il

UJ "- c:~
..J ~ lO:::>:::> lO
co .- I- :::> Cl)OO <IliW
« 0 a:: u. u L.COCO X:Lf\
I- l/'l I- :::>V'):::>-- ~

48



49

.D1ll.D.D III III
GlGl M~O~~ ..c:

u ...
c OC~ o~,.....

0 III 00 00 00 0"1 0"1 ...C IIIVt Gl
Gl ... >-c..c: .D .D ...... III 1ll.D III III III C

x: ..:t IIIC ~ 1"'10 O~ l). . . . .
:::> ~001.l'\~00 ~

00 ~ ,..... 0"1 0"1e cco 01

U.D III
-0 .Dill U III IIIC I..III ..:t OOM~M Gl~

I.I'\OOO...:T ,..... ~III ,..... 0"1 ~ 0"1 0"1III -0Gl ...
0U.D .D C0 .D III U III III

V) 0
~~~~M -0

<1l..c: -\.O--('lt"\ I..... ,.....00 ~ 0"1 0"1 Gl...C ...
Gl

:::> III U.D .De .D III U III III Glco III 00 ~ IIIe 001"'11"'10 III. . . . . Uo 1.1'\00 00 0"1III I.I'\~N~OO
<li
I.. ... ~:::> c

~
III

U.D .D
:::> ..c: .D III U III III Gl
u III E
V) ~MMMM IIIIII

.D L/'\OO 0 1"'11"'1
tL III ...:TI.I'\N~OO Gl ...
:::> ... ..c: III

III ... Gl
>- UJ ...

.D >-.D Gl
-0 U 01

Gl U.D U.D III -0 C
U 1"'1 Gl III
C L/'\ M~MO 0 ~

I..
Q)
::l 00 ~ """1.1'\1.1'\ Gl

N NI.I'\~ 0 0-
C ~.-...

c~
III E ::l
III or- U ::l EU.D U.D III
l.. L/'\ o III
Gl 1"'1 MM~~ 0 u-
> .. c
0 oooo~~o ~ ~U NI.I'\ III C
III III III ::l
III l.. e
III Gl Gl
1.. ... ..c: Gl
OlGl ... ..c:... E ...
C C
Gl III .- >-

co >- ..c: .D
...J ...

3 Gl
O"IGl 0 >

I.. III III Gl
UJ ::l '" c-
...J'" Ill:::>:::> III
coX ~ :::> Gleo GlrW
<C .- I.L.Ul..mm x: 1.1'\
..-X: ..- :::>Vt:::>-- or-



Nitrifying Bacterial Media

TABLE 10. Ammonium-calcium Carbonate Medium for Nitrosomonas

(NH4)2 S04 .5 9

K2HP04 1.0 9

FeS04 7H2O .03 9

NaCI .3 9

MgS04 . 7H ° .3 92
CaC03 7.5 9

TABLE II. Nitrite-calcium Carbonate Medium for Nitrobacter

KN02 .006 9

K2HP04 1.00 9

NaCI .3 9

MgS04 7H2O • I 9

FeS04 7H2O .03 9

CaC03 1.0 9

CaCl2 .3 9

50
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Both the Nitrosomonas and Nitrobacter media are prepared in the
same manner. Each list of materials is dissolved in 1000 ml water.
Three ml quantities of the media are transferred to individual test
tubes, plugged with cotton and autoclaved at 15 lbs pressure for 15
minutes (2).

The nitrifier broths are very sensitive and easily contaminated.
After much trial-and-error work, a simple method was established to
prevent impure mixing of broths.

All materials used in nitrifier broths were completely pure and
any suspected of contamination were discarded. Each chemical was tested
separately for purity by mixing in water, autoclaving and Griess-
Ilosvay reagent added. If negative tests resulted with all chemicals,
the sources were considered pure and acceptable for use with the
nitrifier broths.
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Nitrogen Source Materials

TABLE 13. Fertilizer Properties

53

Urea
Ureaformaldehyde (UF)
Isobutylidine diurea {(BDU)
Sulfur-Coated urea (SCU)

N (%)

45

38

31

37.1*

*Dissolution rate of 29.6% in 7 days. This term refers to that % of
nitrogen which will dissolve in 38°C water during a 7 day period.

TABLE 14. Fertilization Regimes

Kg N/are Date
Urea O.61/mo. Sept. -Feb.

O.371mo. March-Aug.
UF, IBDU, SCU 2.93 Sept.

2.93 March
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Lysimeter Volume Calculations

\_--:...._;I
\ h=80.75"
\
\
\
\ I
\ ,
\ I

,....21.25"~

Figure 11. Lysimeter dimensions.

The volume of a cone is calculated according to the equation:

V cone = 1/3 r2h (A.l)

V cone = Vtotal - VI (A.2)

t (8.46°) = 0.1486 = Rlh h = RIO. 1486 = 12/0.1486 = 80.75 inan

V = 1/3 (12 in)2 (80.75) = 12176.813total
VI = 1/3 (10.625 in)2 (80.75-9.25 in) = 8453.08

V = 12176.813 - 8453.08 = 3723.73 in3
total
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