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Abstract

Controlled release coating technology and nitrification inhibitors offer potential
mitigation options, for the reduction of pastoral nitrate leaching. Previous published
research on this topic was reviewed indicating two potential areas of new research

and development around two main hypotheses:

» That polymer coated urea can allow high urea N applications in winter
reducing application costs, nitrate leaching, herbage N content and urine N

return to pasture.

» That polymer coated nitrification inhibitor dicyandiamide (DCD) can
increase the longevity of DCD in soil and effectively inhibit nitrification of

dairy urine affected soils.

To facilitate this research a range of coated urea and nitrification inhibitor
dicyandiamide (DCD) products were produced using low cost, reactive layer,
polyurethane (RLP) and were assessed in laboratory and field studies.

The mechanism of urea release from modified RLP coated urea was investigated,
leading to the development of a comprehensive model of release, based on the
porous water repellent nature of the RLP coating. The “hydraulic convection” model
was validated using water extraction and under field conditions for modified RLP

coated urea.

In, field trials (June-Nov 2007) using Italian ryegrass, a single application of 150
kgN ha™ of palmitic acid modified RLP coated urea (5UCU) reduced winter nitrate
leaching by 7 kgN ha™* compared to uncoated urea and reduced peak herbage N
levels over this period (150 days). Using an empirical N partitioning model for
grazing cows, the reduction in herbage N was predicted to reduce urine N return by 5
to 10 kgN ha™ over the 150 day trial.



The effectiveness of laboratory prepared controlled release nitrification inhibitor
dicyandiamide (PDCD) was tested as a surface application in repacked core studies
on two soils contrasting in organic matter content and anion sorption capacity,
Manawatu fine sandy silt and Dannevirke silt loam. The data from this trial was used
to develop a model to explain DCD movement and degradation soils, which
predicted that PDCD can potentially increase DCD longevity by 120 days at 20 °C

over uncoated DCD.
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Nomenclature

Symbol units description

a mg kg1drysoil  Freundlich coefficient

Ap cm? area of pores

A; cm? total film/granule surface area

aw - activity of water

Awp cm? area of water filled pores

) S activity coefficient

Clext) g cm3 external solute concentration

Ctint) gcm3 internal solute concentration

Cs gcm-3 solute concentration

Csow g cm3 concentration of solute at time t

Csat gcm3 concentration saturated solute

Cy gcm-3 concentration urea solution

D cmzd-! diffusion coefficient

degv cm diameter of equivalent spherical volume
dP/dt Pad-! change in pressure with respects to time
APy Pa deference in water vapour pressure

D cmz d-1 diffusion coefficient of solute in water
D cm2 d-1 diffusion coefficient of solute in film
dVwater/dt  cm3d-1 change in volume with respects to time
Dy cmzd-t diffusion coefficient of water vapour in air
E; k] mol-1 activation energy of water membrane transport
£ e tortuosity coefficient

F cm3d-! volumetric water flux

oo e dimensionless volumetric water flux
Fo cm3d-? volumetric water flux at time t

Fsat cm3d-! volumetric water flux saturated solution
H cmzd-! Pa't specific hydraulic resistance

K umol g1 inhibitor response constant

k dt first order decay constant

k' cm3d-1 volumetric release rate of solution

Ly cm film thickness at time t

A cm film thickness at equilibrium

A cm initial film thickness

Lp cm? mechanical permeability coefficient

m g mass released

M, g initial mass

Myecs) g mol-! molar wt of solute
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N

P, coating
Pritical
Peg

Py

Pin ternal

Py,
P, rupture

Ps
P

P, wv(ext)
P, wv(int)
P, wv(soln)

00)
Q¢

R
Rr

I'max

I'min

S &

t*
L

U
Un
Urax
|4

Vcritica]
Veq
Vsoin
Vi

mol-!

Pa

Pa

Pa
cm2d-1Pa!
Pa

Pa

Pa

cm?d-!
cmzd-t

] mol-1 K-t
cm
cm
cm
cm

Pa
d

d

d

mol cm-1d-!
cm st

mol cm-1d-!
cm3

cm3

cms3

cms3

cm3

gd?!
cm2d-1Pal
cm2d-1Pal
Pa

Avogadro’s number

coating stress

critical pressure required for flow

Internal equilibrium pressure

film water vapour permeability

internal granule pressure

vapour pressure of water above pure water
rupture pressure

film solute permeability

film solute permeability as a function of
temperature

external water vapour pressure
internal water vapour pressure
water vapour pressure of solution

cumulative fractional release of solute at time t
cumulative fractional release of solute at end of
constant rate period

gas constant
Feret radius
maximum radius of spheroid
minimum radius of spheroid

radius time zero
tensile yield strength

time required prior to solute release occurs at
constant rate

time at which constant rate ends and falling rate
starts

time zero

nitrification velocity
mean fluid velocity
maximum nitrification velocity

volume

Volume of granule at critical pressure
volume of granule at equilibrium pressure
volume of solution

volume of water

weight change per day

specific water vapour permeability
minimum specific water vapour permeability
Youngs Modulas
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Greek Symbols

Symbol units description

AC g cm3 concentration difference across film

Am Pa osmotic pressure difference across film

AP Pa hydrostatic pressure difference across film
AP, Pa water vapour pressure difference across film
AEyis k] mol-1 activation energy of viscous flow

AV cm3 volume change

AVcritical cm? critical volume change

AVy cm? granule volume change

| coating strain

A Pa osmotic pressure

ATrsat Pa osmotic pressure of saturated solution

g - voidage film

€max T voidage

& - voidage granule

&w 0 -

Yy - proportional granule volume change

n Pas viscosity

) cm diameter of permeability of membrane cell
0 cm3 cm3 volumetric water content

Ps g cm3 density of solid

e e water activity coefficient

) Pa-ld-! hydraulic resistance coefficient to flow

u Pas viscosity

@ P viscosity constant

n P viscosity

0 cm3 cm3 volumetric water content
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