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Abstract

This laboratory study compares the effectiveness and longevity of the urease inhibitor N-(2-
Nitrophenyl) phosphoric triamide (2-NPT) with the commonly used N-(n-butyl)
thiophosphoric triamide (nBTPT), such as Agrotain®, in reducing ammonia (NHs) emissions
from pasture soils. The study was conducted using two dairy-grazed pasture soils (Recent,
Rangitikei soil and Allophanic, Egmont soil) with contrasting organic carbon (C) levels. Four
replicates of each of the following treatments were applied to the soils at the start of the
experiment; i) No inhibitor (control), ii) nBTPT (0.025% of total urine N), iii) 2-NPT
(0.025% of total urine N), iv) 2-NPT (0.050% of total urine N), and v) 2-NPT (0.075% of
total urine N). The amounts of inhibitors applied were calculated based on total N content in
urine collected for the first urine application. Ammonia emissions were measured at 4 stages
after applying urine to all of treatments; a) immediately before inhibitor application (first
urine application), b) 29 days after inhibitor application, ¢) 56 days after inhibitor application,
and d) (b) + urine reapplication at 60 days after inhibitor application. The results showed that
the inhibitors significantly reduced total NH3z emissions from applied urine at stage (a) from
both soils, but the difference between inhibitors was not significant. Both of the inhibitors
also significantly reduced total NH3 emissions when urine was applied at stage (b) on the
Rangitikei soil with there being a significantly greater reduction from using 2-NPT compared
to nBTPT. Treatment effects were not significant for the Egmont soil. The 2-NPT continued
to reduce NHs emissions in the measurement period following the urine application at stage
(c) on the Rangitikei soil but not with nBTPT. However, no reduction in emissions was
observed during stage (d) by either of the inhibitors. These results show that 2-NPT has the
ability to extend the longevity of urease inhibition compared to the more commonly used
inhibitor nBTPT.

Introduction

Intensification of dairy farming in New Zealand (NZ) over the last 3 decades has resulted in a
substantial increase in the national dairy herd size from 2.3 million cows in 1985-86 to 5.0
million in 2015-16 (an increase of 115%) (Livestock Improvement Corporation Limited and
DairyNZ Limited 2016). This has resulted in a significant rise in the volumes of urine
deposited by grazing cattle onto pasture soils, from 17.8-21.4 million m® yr! to 38.3-46.0



million m3 yr? (assuming average urination volume — 2.1 L and frequency of urination — 10 to
12 events day™ (Selbie et al. 2015)) and as a consequence, higher ammonia (NHs) emissions.
Urine patches cover approximately 20-30% of the grazed pasture area annually and contain
the equivalent rate of 200-2000 kg N ha* (Selbie et al. 2015). Cattle urine-N contains about
80% urea-N (Zaman et al. 2007) and an average of 15.9% of urine-N deposited can be lost as
NH3s emissions (Sherlock et al. 2008) and, in some cases, up to 25.7% (Laubach et al. 2012)
depending on soil and climatic conditions. These emissions not only represent economic
losses but also have negative impacts on health and the wider environment.

Urease inhibitor, N-(n-butyl) thiophosphoric triamide (nBTPT), is one of the more promising
and effective approaches for reducing NHsz emissions by inhibiting soil urease activity (UA)
when applied with cattle urine (Saggar et al. 2013). Following application, nBTPT is quickly
transformed in soil to its oxygen analogue N-(n-butyl) phosphoric triamide (NBPTO, actual
urease inhibitor) (Creason et al. 1990), which then forms a tridentate ligand with the active
site (2 nickel (Ni) atoms) of the urease enzyme (Manunza et al. 1999) and causes a slowing of
urea hydrolysis. N-(n-butyl) phosphoric triamide is not a sufficiently stable compound
(Hendrickson and Douglass 1993), and its inhibitory effect on soil UA and NHz emissions is
effective only for a relatively short period of time of 7-14 days (Saggar et al. 2009), which
will potentially inhibit NHs emissions from cattle urine deposited during only 1 grazing event.
Thus, in the context of dairy-grazed pasture, to reduce the NH3 emitted from the deposition of
urine following each grazing event, regular applications of nBTPT is required, which is
neither practically feasible nor very economical. It is therefore essential to explore alternative
urease inhibitory compounds that have longer stability and effectiveness in dairy pasture soils.

Some previous studies reported that micronutrients such as copper (Cu) and zinc (Zn) are
effective in inhibiting soil UA over a longer duration (8-12 weeks) compared to nBTPT
(Hemida et al. 1997; Wyszkowska et al. 2006). However, our recent study showed that Cu
and Zn are ineffective at inhibiting soil UA in NZ dairy-grazed pasture soils rich in organic
carbon (C) (Adhikari et al. 2017). Recent researches have reported N-(2-Nitrophenyl)
phosphoric triamide (2-NPT) performs better than nBTPT to inhibit soil UA and NH3
emissions. Dominguez et al. (2008) reported that nBTPT showed very low urease inhibition
of less than 40% while 2-NPT had inhibition of about 65% after 10 days of incubation of
acidic soil. There was no reduction in soil UA by nBTPT after 30 days of incubation of soil
with pH 4.5, but there was a 12% reduction with 2-NPT. Similarly, the reductions in soil UA
by nBTPT and 2-NPT after 30 days of incubation of soil with pH 8.4 were 43% and 83%,
respectively. The inhibitors were applied at the rate of 0.5% of urea-N (w/w). The reduction
in urea hydrolysis at 25 days after the application of 2-NPT in combination with urea, at the
rate of 0.05% of urea-N (w/w), was 70% compared to urea alone (Hucke et al. 2010). They
indicated that 2-NPT turned out to be a highly promising urease inhibitor and suggested that it
could be used at concentrations ranging from 0.001 to 10% (w/w) with urea-based fertiliser or
added to feed urea or to the animal effluent in animal enclosures. N-(2-Nitrophenyl)-
phosphorictriamide is very stable during storage and has been shown to decrease NH3
emissions from granulated urea by 26 — 83% relative to urea alone when applied at the
concentration of 0.075% of urea-N (w/w) to winter wheat (Ni et al. 2014). A similar result has
been reported by Schraml et al. (2009), who stated that the addition of 2-NPT decreased NH3
emissions by 49 — 75% relative to urea alone in a grassland soil. The application of 2-NPT
with fertiliser urea reduced NHs emissions by 74 — 84% for a urease inhibitor concentration of
0.075 % of total N, by 69 — 88% for a concentration of 0.1% of total N, and by 70 — 100% for
a concentration of 0.15 % of total N compared to urea alone, indicating that 0.075 % of total
N could be considered an efficient level of application (Schraml et al. 2016). Other than this,



there is minimal international or NZ information on the effectiveness and longevity of 2-NPT
in reducing NH3z emissions from both fertiliser urea and cattle urine urea. Therefore, the
objective of this study was to determine and compare the effectiveness and longevity of 2-
NPT with nBTPT in reducing NH3z emissions from cattle urine applied to dairy-grazed pasture
soils.

Materials and Methods

Experimental details

Two dairy-grazed pasture soils (0-10 cm soil depth; a Manawatu soil (Recent, Rangitikei soil)
and a Taranaki soil (Allophanic, Egmont soil) with contrasting soil organic C were used to
determine and compare the effectiveness and longevity of 2-NPT with nBTPT in reducing
NH3s emissions from cattle urine applied to pasture soils. The experiments were conducted in
an incubator room at 20°C. Physical and chemical properties of soils used are presented in
Table 1.

Table 1 Selected physical and chemical properties of dairy-grazed pasture soils studied

Soil properties Rangitikei soil Egmont soil
pH water 5.5 5.4
Maximum water holding capacity (%) 175 53.3
Total C (%) 1.8 9.7
Total N (%) 0.2 1.0
Sand (%) 60 40
Silt (%) 30 40
Clay (%) 10 20
Soil urease activity (mg kg™ soil h'%) 16.8 61.5
Exchangeable bases:

Exchangeable K (meq 100 g1) 0.3 0.6
Exchangeable Ca (meq 100 g?) 5.8 12.3
Exchangeable Mg (meq 100 g ) 0.8 1.9
Exchangeable Na (meq 100 g 0.1 0.3
CEC (meq 100 g?) 15.1 42.9

A 108 ml air-dried soil (7.8 cm soil depth) sample was weighed in a plastic container
(diameter 4.2 cm) and then was placed inside a 1 L glass Agee jar. The 5 treatments applied in
quadruplicate were: i) No inhibitor (control), ii) nBTPT (0.025% of total urine N), iii) 2-NPT
(0.025% of total urine N), iv) 2-NPT (0.050% of total urine N), and v) 2-NPT (0.075% of
total urine N). The amounts of inhibitors were calculated based on total N content in urine
collected for the first urine application. Ammonia emissions were measured at 4 stages after
applying urine: a) immediately before inhibitor application (first urine application), b) 29 days
after inhibitor application, c) 56 days after inhibitor application, and d) (b) + urine
reapplication at 60 days. The application depth of urine was 10 mm for the first 3 stages and
7.2 mm for stage (d). Initial moisture content after urine application was recorded by
weighing the plastic container when the soil was at 60% of water holding capacity. This
moisture content was maintained by adding deionised water for the first 3 stages. However,
initial moisture content after urine application at stage (d) was at water holding capacity for
the Rangitikei soil and 82% of water holding capacity for Egmont soil, and these moisture
levels were maintained throughout the experiment. A previously evaluated passive sampling
technique was used for measuring NHs emissions. This included closing the Agee jar with an



air tight lid, which had attached to it an air dried glass microfiber borosilicate filter paper (4.2
cm diameter, 0.6 um pore size and 0.21 mm thickness) that was soaked in 0.5 M sulphuric
acid to trap emitted NH3z. Samples were taken daily for the first 7 days (by replacing the filter
paper) and then periodically up to day 31. Filter papers were placed in plastic containers
containing 10 mL of deionised water at the time of sampling. The plastic containers were then
shaken for 20 min at 220 rpm with a horizontal shaker to elute the ammonium (NH4™-N) from
filter paper. Extracts were stored at 4°C until they were analysed for NH4*-N concentration. A
parallel experiment was set up to measure the changes in surface soil pH, after applying urine
immediately before inhibitor application, using 70 mL soils held in a plastic container (5 cm
soil depth). The plastic container was then placed inside a 1 L glass Agee jar to create a
similar conditions as in the NH3 measurement experiment. Soil pH was measured using a
HI199121 Direct Soil Measurement pH Portable Meter (Hanna Instruments). The application
rate and chemical properties of urine used in the soil pH experiment was the same as stage (b)
of NHs experiment. The application rates of urine, equivalent to total N in kg ha?, and
chemical properties of urine used in all of the experiments are presented in Table 2.

Table 2 Application rate and chemical properties of cow urine used in the study

Stage and urine application time N applied pH Total N Urea-N
(kg ha) QLY (gL

a) Immediately before inhibitor application 593 8.2 5.9 4.7

b) 29 days after inhibitor application 580 8.4 5.8 4.4

c) 56 days after inhibitor application 1120 8.3 11.2 9.8

d) 29 days (b) and then reapplied at 60 days 580+808 8.3 11.2 9.8
after inhibitor application

Statistical analysis

The data for NH3 emissions were analysed using Analysis of Variance (ANOVA) to detect
any significant difference and treatment means were compared using Tukey's Studentized
Range (HSD) Test. All of the analyses were conducted using Statistical Analysis System
software (SAS 9.4, p < 0.05).

Results

The total NHz emitted from the Rangitikei soil was significantly higher compared to Egmont
soil for the no inhibitor control treatment at all stages. Both of the inhibitors significantly
reduced total NH3 emissions from urine applied immediately before inhibitor application, for
both soils. The emissions reduction was 23.7 - 27.3 % for the Rangitikei soil (Fig. 1a) and
20.6 - 27.2% for the Egmont soil (Fig. 1b), compared to the no inhibitor control treatment.
However, the difference between inhibitors was not significant.



250 250

200 200

a
b b b b
135 150
1 £ 100 a
| I | | | |
| o I . I .
0 0 T

No inhibitor 0.025% nBTPT 0.025% 2-NPT 0.050% 2-NPT 0.075% 2-NPT No inhibitor 0.025% nBTPT 0.025% 2-NPT 0.050% 2-NPT 0.075% 2-NPT

< wn
=3 =

A
<
w

Total NH3-N emitted (kg ha'')
Total NH;-N emitted (kg ha'')

Treatment (inhibitor % of total urine N ) Treatment (inhibitor % of total urine N)

Fig. 1 Changes in total NH3-N emissions from cow urine applied immediately before urease
inhibitor application (first urine application) in the a) Rangitikei soil and b) Egmont soil
(vertical bars indicate standard error values)

The inhibitors significantly reduced total NHz emissions by 4.2 to 13.4% when urine was
applied 29 days after inhibitor application to the Rangitikei soils (Fig. 2a). The reduction with
2-NPT was significantly greater than with nBTPT. However, treatment effects were not
significant in the Egmont soil (Fig. 2b).
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Fig. 2 Changes in total NH3-N emissions from cow urine applied 29 days after urease
inhibitor application in the a) Rangitikei soil and b) Egmont soil (vertical bars indicate
standard error values)

The 2-NPT continued to reduce NHz emissions in the measurement period following the urine
application at 56 days after inhibitor application on the Rangitikei soil with a reduction of 5.6
- 7.4% (Fig. 3a), but not with nBTPT. Treatment effects were not significant with the Egmont
soil at this time either (Fig. 3b.). When urine was applied at 29 days after inhibitor application
and reapplied at 60 days, there was no difference in NHs emissions from the second urine
application between the treatments.
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Fig. 3 Changes in total NH3-N emissions from cow urine applied 56 days after urease
inhibitor application in the a) Rangitikei soil and b) Egmont soil (vertical bars indicate

standard error values)

The changes in soil pH following urine applied immediately before inhibitor application to
the Rangitikei and Egmont soils are shown in Fig. 4. The changes in surface soil pH was
greater in Rangitikei soil and reached maximum of 8.3 on day 1 and then dropped down
gradually for the no inhibitor control treatment (Fig. 4a). While with the Egmont soil, pH
reached a maximum of 7.5 on day 1 and then dropped down gradually for the no inhibitor
control treatment (Fig. 4b). By day 31, soil pH had almost returned to the background level of
5.6 with the Rangitikei soil for all the treatments. However, for Egmont soil the pH was still

higher than background level of 5.7 by day 31 with the all treatments.
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Fig. 4 Effect of applying cow urine immediately before urease inhibitor application on soil
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Discussion

The significantly higher total NH3 emitted from the Rangitikei soil compared to the Egmont
soil for the no inhibitor control treatment is attributed to lower buffering capacity and higher
changes in the pH of Rangitikei soil (up to 8.3) compared with the Egmont soil (up to 7.5)
(Fig. 4). Soil pH has influences on NHz emissions by facilitating the dissociation of NH4" to
gaseous NHs in soil solution, which is ultimately emitted into the atmosphere (Saggar et al.
2004). Furthermore, NHs concentration in soil solution is influenced by soil cation exchange
capacity (CEC) via the reaction of NH4" with the negatively charged cation exchange sites
(Bolan et al. 2004; Saggar et al. 2004). Lower CEC in the Rangitikei soil compared to
Egmont soil, resulted in increased NH4" concentration in soil solution and ultimately enhanced
NHz emissions. Thus, resulting in higher NH3z emissions from Rangitikei soil than Egmont
soil.

Results from this study indicated that the longevity of 2-NPT at inhibiting soil UA is extended
compared with nBTPT. The application of 2-NPT significantly reduced NH3z emitted from
applied urine in the Rangitikei soil up to 56 days, but not with nBTPT. Similar results have
been reported by Dominguez et al. (2008) who found no urease inhibitions with nBTPT but
12% inhibition with 2-NPT after a 30 day incubation of soil with a pH 4.5. The lesser
longevity of 2-NPT in the Egmont soil compared with the Rangitikei soil could partly be
attributed to higher soil UA in Egmont soil relative to Rangitikei soil that may have exhausted
the activity of the inhibitor faster. However, when urine was applied at 29 days after inhibitor
application and reapplied at 60 days; there was no treatment effect on NHs emissions during
the measurement period following the second urine application to both soils. This is likely to
be due to the activity of the inhibitors being exhausted by the first urine application.

Conclusions
The urease inhibitor 2-NPT has the ability to extend the longevity of urease inhibition and
reduce total NH3 emissions compared to the currently used inhibitor nBTPT.
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