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Abstract 
_______________________________________________________ 

 
The utilization of Nitrogen in the form urea fertiliser has been found to pose major challenges for 

nitrogen use efficiency and canopy management in cereals. The rapid release profile of Nitrogen 

from urea, often results in poor plant synchrony, increasing the potential for environmental losses 

and poses challenges for water use efficiency. 

 

The objective of this research project was to evaluate a range of urea amendments that are 

currently commercially available or are undergoing evaluation as release inhibiting mechanisms 

for urea fertiliser.  A total of 10 different biological and physical inhibiting agents were evaluated 

within 1)Laboratory, 2)Glasshouse and 3)Field environments to ascertain the efficiency and effect 

of each the amendments.  

 

The three environments tested formed the three components of the analysis focusing on 

1) establishing the extent of hydrolysis and nitrification in response to each of the urea 

amendments, 2) equating this profile to responses in plant uptake and development 3) the 

transference of these findings to a field situation.     

 

The Laboratory component of the analysis conclusively illustrated the potential of a range of 

these products. The polymer, sulfur and humic acid coating of urea granule in addition to the 

application of the urease inhibitor N –(n-butyl) thiophosphoric triamide evaluated, all 

demonstrated the ability to significantly (p<0.05) influence the accumulation of ammonium 

within the leached solutions indicating a serve disruption to the process of hydrolysis.  

 

There was an observed correlation between the Laboratory Experiment and the nitrogen uptake 

and development of wheat seedlings grown within a two soil mediums. Both nitrogen content and 

physiological measures taken at the development stages at DC15 and DC30 provided conclusive 

evidence to confirm the release of nitrogen from the polymer coated urea ENS,  and could be 

translated into differences in plant parameters.  The Glasshouse experiment also illustrated an 

inhibitory effect in response to the nitrification inhibitor DMPP and Stabl-U® treatment, which 

had not been accounted for in the Laboratory analysis. 

 



The efficiency of the urea amendments within the field situation could not however be 

conclusively evaluated due to the prevailing environmental conditions, with plant growth being 

impeded by drought conditions.   
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Chapter One  
Introduction 

________________________________________________ 
 

Nitrogen fertiliser has made a substantial contribution to the tripling of global food production 

over the last 50 years  (Mosier et al. 2004). Of all the nitrogen fertiliser products available, 

nitrogen in the form of urea is the most popular form world wide. Urea is a soluble, organic form 

of fertiliser containing 46% Nitrogen in the amide form. The rapid adoption and success of this 

product can be attributed not only to the high nitrogen content and low cost compared to other 

nitrogen sources, as well as the ease of storage and handling and the flexibility of the product. 

Consequently urea is now the worlds most commonly used form of nitrogen fertiliser, accounting 

for 50% of the world Nitrogen consumption (Watson 2005).  

 

Nitrogen use efficiencies (NUE) of urea under field conditions is however quite low. Worldwide 

nitrogen use efficiencies (NUE) for fertiliser applied nitrogen under cereal production, including 

wheat is approximately 33% (Raun and Johnson 1999). Low nitrogen use efficiencies under 

current management techniques typically stem from the rapid release profile of urea resulting is 

excessive nitrogen losses and poor plant synchrony.   

 

Urea is particularly susceptible to substantial losses via the processes of volatilisation, leaching 

and denitrification. The significance of these losses are of particular concern not only for the 

economic consequences, but also due to the environmental implications. In particular, the 

leaching of nitrate into water ways and also the emission of nitrous oxide and nitrogen gas into 

the atmosphere has in recent years become increasingly areas of concern. International mediums 

such as the Kyoto Protocol and World Health Organisation now require countries to monitor and 

conform with regard to green house gas emissions and standards for nitrogen concentrations 

within drinking water. 

 

Within the scope of this project, and implications for the Wimmera and Mallee regions of 

Victoria’s North West, nitrogen management is also of critical importance for canopy 

management and crop manipulation in relation to water use efficiency.   

  



Nitrogen in the form of urea is the dominant source for cereals production within these regions, 

however environmental factors such as rainfall, temperature, soil texture and pH within these 

regions all pose major challenges for application of urea.  The Wimmera and Mallee regions are 

typically characterised as medium to low rainfall cropping regions, with rainfall received during 

the spring typically determining the ceiling on yields. As a result successful canopy management 

during the early stages of plant develop is a vital component to ensuring maximum water use 

efficiency. This places huge emphasis on the timing and rate of nitrogen application to ensure the 

balance between ultimate grain yield and quality.  

 

Consequently, there has emerged a critical need to address not only the many factors contributing 

to nitrogen losses through the use of urea fertiliser within regions such as the Wimmera and 

Mallee, but also provide farmers with the ability to manipulate nitrogen release and availability to 

maximise both quality and quantity parameters within a water limiting environment.  

As a result the drive of this project is to assess the potential of a range of products either currently 

commercially available or undergoing evaluation as potential release inhibiting technologies. 
 

The project incorporated three distinct components. The first a Laboratory Release Rate 

experiment involved an investigation into influence of the different urea amendments have on the 

process of hydrolysis and nitrification within a controlled environment. This was achieved 

through the scheduled leaching of a soil core containing each of the amended products and 

evaluating the leached solution for the accumulation of NH4
+
 and NO3

-
 within a leached solution 

relative to standard urea as a reflection of the extent of each of these processes. The experiment 

was conducted under controlled environmental conditions, conducive to high rates of urea 

hydrolysis and nitrification to allow for the greatest differentiation between standard urea and the 

release inhibiting treatments.  

 

The second component of the analysis involved an investigation to determine if the deviations in 

release profile of the urea treatments observed in the laboratory experiment could be translated 

into improved uptake and Nitrogen Use Efficiency of urea fertilizer within a soil medium under a 

controlled environment by wheat plants. The glasshouse component of the investigation 

incorporated an analysis of interaction between the urea fertilizer treatments and soil 

characteristics and also the effect of fertilizer placement techniques on treatment efficiency. The 

investigation involved the plant nitrogen analysis at key development stages in addition to 



measurement of notable plant parameters directly correlated with nitrogen availability and 

concentration within the soil.   

 

The final component of the study involved the replication of treatments in a field situation at sites 

within the Wimmera and Mallee regions to determine if the differences between treatments 

observed in a controlled glasshouse experiment can be translated into gains in Nitrogen uptake 

and use efficiency in a commercial situation. The trial providing notably an evaluation of the 

efficiency of treatments in response to a range and fluctuation of environmental variables in 

addition to further investigation of the placement and soil characteristic variables.  

 

The key objective of this research is to evaluate a range of products available that moderate the 

release of Nitrogen from Urea, taking the perceived advantages of each of these products stated in 

the literature and placing this within the context of broad acre cropping systems of the Wimmera 

and Mallee.  We can then compare the effect of alternative urea formulations on crop growth and 

NUE, to determine how this can be influenced by interaction with soil, environment and 

management practices characteristics of these regions. Ultimately identifying the situations where 

each of the treatments will be most effective at altering plant growth, development and Nitrogen 

Use Efficiency. 



Chapter Two  
Literature Review 

________________________________________________ 
 

2.1. Introduction 
Over the last 40 years, Urea has experienced rapid gains in popularity with consequent increases 

in market share. The success of this product has been due to high nitrogen content (46%) and 

comparatively low cost to that of other Nitrogen sources. Consequently urea is now the world’s 

most commonly used form of nitrogen fertiliser, accounting for 50% of the world Nitrogen 

consumption (Watson 2005). 

 

Breakdown of Urea fertiliser into nitrogen forms available for plant uptake, occurs in two 

separate stages, firstly by the hydrolysis of urea to ammonia through the action of the soil enzyme 

urease, and secondly the conversion of ammonia to nitrate through the process known as 

nitrification by the action of oxidising bacteria.  These processes often occur quite rapidly, more 

rapidly than the plant can accumulate the outputs from these reactions so that losses of nutrient 

can occur through leaching or gaseous losses. Consequently the ability to synchronise the supply 

of Nitrogen through the modification of the release profile with the corresponding levels of plant 

demand will be critical to improving Nitrogen use efficiency and reducing the associated losses.  

 
2.2. Nitrogen Release from Urea Fertiliser 
 
2.2.1. Hydrolysis 
Urea is in an amide form of Nitrogen and when applied to the soil goes through the process 

known as hydrolysis, rapidly converting nitrogen into the ammonium form as a result of the soil 

active enzyme urease. This process occurs in line with the chemical reaction: 

 

(NH2) 2CO + H20 → 2NH3 + CO2 

 

Ammonia (NH3) is a volatile gas, which then mixes with water to produce the ammonium ion 

NH4
+
.  Once in an ammonium form, nitrogen behaves in the same way as other ammonium forms 

of nitrogen, with ammonium (NH4+) ions being attracted and tightly held (adsorbed) on the 

surface of clay and humus particles.  Consequently the nitrogen is then temporarily resistant to 

leaching.  Some NH4
+
 is absorbed into the clay particles but this is not exchangeable with the soil 

solution and so is effectively lost, or certainly less available to plants. 

 



However being in the ammonia form, Nitrogen is also susceptible to losses through volatilization. 

This occurrence is due to the rapid nature of the hydrolysis reaction which results in elevated 

ammonium and pH levels near the hydrolysis site, conditions which promote the accumulation of 

NH4+ and the consequent NH3 volatilisation (Schlegel, Nelson et al. 1987). 

This occurrence is particularly prevalent in alkaline soil conditions when applied to the soil 

surface without incorporation. During the process of volatilization, gaseous ammonia is formed in 

the reaction sequence  

 

NH4
+
 ↔ NH3

-
(aq) + H

+
 → NH3(air) 

 

Consequently in situations of high soil pH the equilibrium between ammonium ions (NH4
+
) and 

ammonia gas (NH3
-
) are in favor of NH3-, especially at high temperatures. In contrast under 

acidic conditions, more hydrogen ions are avaliable from within the soil solution to react with 

ammonia (NH3
-
) to form ammonium (NH4

+
) (Kissel 1988).   

 

NH4
+
 can be held on negatively charged sites of the clay minerals and organic (humic) 

compounds. This reduces its mobility within the soil compared to the more mobile NO3
-
 ion. 

Some clay particles bind NH4+ so tightly also slowing the conversion of NH4+ to NO3
-,
 

 

Other than soil pH, the rate of hydrolysis and the extent of Nitrogen losses via volatilization is 

also determined by factors such as the concentration of urea in the soil immediately after 

application, soil moisture and temperature and also the concentration of the soil active enzyme 

urease. The concentration of urea within the soil immediately after application is largely governed 

by two factors, firstly the amount of fertilizer applied per hectare and also the method of 

application. Methods such as band application or surface applications cause higher urea 

concentrations than urea incorporated and mixed through the soil by tillage (Kissel 1988). 

 

The concentration of the enzyme urease within the soil also plays an important role in governing 

the rate of hydrolysis, as the concentration of the enzyme increases within the soil so too does the 

rate of hydrolysis. The concentration urease molecule within the soil has been fount to be highly 

correlated with the level of soil organic matter, clay content (Kissel 1988) and also crop residual 

(McInnes, Ferguson et al. 1986). 

 



Temperature has also been found to play an important role in the rate of hydrolysis, with an 

increase in temperature resulting in a corresponding increase in the rate of hydrolysis. A rise in 

soil temperature from 44ºF to 80ºF will cause the rate of urea conversion to ammonium to be 

approximately four times faster (Kissel 1988).  

 

Soil moisture content however has the most dramatic effect on the rate of hydrolysis with 

dramatic reductions occurring in situations of low soil moisture. Urea rapidly under goes 

hydrolysis in moist soils, with the most rapid period occurring at moisture contents around 60% 

of field capacity. The rate of hydrolysis changes very little at soil moisture contents within the 

range of plant uptake, however in the range from wilting point to air dry, the rate is essentially 

slowed and stops as the soil approaches air dryness (Kissel 1988).  

 

2.2.2. Nitrification 
The second phase in the breakdown of urea, under typical conditions involves converting 

ammonium to nitrate through the process know as nitrification. This process takes significantly 

longer than the hydrolysis of urea, usually requiring a number of weeks to complete. The 

nitrification process involves a series of conversions controlled by specific bacteria, 

Nitrosomonas and Nitrobacter. As a result the rate of nitrification is highly dependent on factors 

such as soil temperature, moisture content, pH and oxygen levels. 

 

The first step of the breakdown involves oxidation of NH3 to hydroxylamine (NH2OH) and then 

to NO2
-
 (NITRITE) by the NH3 oxidising bacteria Nitrosomonas following the chemical 

reactions: 

 

NH3 + O2 + H2+ →ammonia monooxygenase (AMO)→ NH2OH + H2O 

 

NH2OH + H20 →hydroxylamine oxidoreductase (HAO) → NO2- + 5H+ 

 

The second step in the pathway involves the oxidation of NO2
-
 to NO3

-
 (NITRATE) through the 

action of the bacteria Nitrobacteria. This process is far more rapid than the previous phase of 

nitrification; consequently there is rarely an accumulation of NO2- within the soil. This process 

follows the chemical equation: 

 

H
+
 + NO2

-
 + H2O →hydroxylamine oxidoreductase (HAO) → NO3- + 3H 

 



Nitrate nitrogen, unlike ammonium nitrogen, is not strongly absorbed onto soil particles and can 

be leached by heavy rainfall or excessive irrigation. Losses by leaching are most likely to occur 

on light textured, sandy soils. Nitrate nitrogen may also be lost to the atmosphere through 

denitrification if the soil becomes waterlogged. Soil micro-organisms, deprived of their usual 

source of oxygen (O2), will reduce nitrate (NO3
-
) to gaseous forms, eg. nitrous oxides.  

Consequently there are also challenges associated with excessive quantities of nitrogen in nitrate 

form within the soil. 

 

The optimum temperature range for nitrification has been found to be between 25 - 30 ºC, 

however bacterial activity is also favored by periods of temperature fluctuation.  

Soil moisture levels are also important, maintaining levels within the range of field capacity and 

wilting point with nitrification being severely inhibited beyond this range. Studies conducted by 

(Zhengping, Cleemput et al. 1996) concluded that the rate of nitrification was dramatically 

increased with a change in soil moisture content from 10 to 20%. As with soil temperature, 

nitrification rate is at its greatest when soil moisture levels are fluctuating around an optimum 

level. Soil pH also influences nitrification, as alkalinity increases beyond a pH of 8 may result in 

quantities of nitrite beginning to accumulate as a result of Nitrobacter inhitited.  

 

2.3. Fertiliser Interactions with the Plant soil System 
During the processes of both hydrolysis and nitrification, nitrogen becomes susceptible to 

significant losses via volatilisation, leaching, runoff, immoblisation, chemodenitrification and 

denitrification. These losses have been proven to be both of economical and environmental 

concern with Nitrogen Use efficiency being reported to be generally below 50% (Zhengping, 

Cleemput et al. 1991; Bremner 1995; Abraham and Pillai 1996; Gioacchini, Nastri et al. 2002).   

A summary of these factors is given in Table 1. 

 

2.3.1. Ammonium Volatilisation 
Volatilisation is considered to be one of the important contributing factors to nitrogen loss with 

NH3 volatilisation problems resulting largely, if not entirely, from the normally rapid enzymatic 

hydrolysis of urea to NH3 and CO2 by urease and resulting in a rise in pH and accumulation of 

NH4
+
 (Bremner 1995; Zhengping, Cleemput et al. 1996). In most soil conditions it is this rapid 

conversion of urea to ammonium carbonate by the soil active enzyme urease which can also 

result in a number of problems arising including rise in soil pH, ammonia and nitrate toxicity to 

germinating seeds and seedlings (Zhengping, Cleemput et al. 1996) in addition to the gaseous 

losses of ammonia.  



 

2.3.2. Chemo-denitrification  
There has also been concerns that NO2

-
 accumulation following urea fertilisation may lead to 

significant gaseous loss of urea N via chemo-denitrification (Chemical decomposition of NO2
-
 

and to NO2
-
 pollution of ground water) (Bremner 1995). The NO2

-
 accumulation observed 

following applications of urea to soil is believed to be due to the increase in soil pH and 

accumulation of NH3 resulting from hydrolysis of urea by soil urease. Evidence suggests that the 

Nitrobacter bacteria responsible for oxidation of NO2
-
 to NO3

-
 in soil is considerably more 

sensitive to NH4
+
 salts under alkaline conditions than are the bacteria responsible for oxidation of 

NH4
+
 and NO2

-
 (Bremner 1995). 

 

2.3.3. Denitrification 
Denitrification is clearly the most complex process and one most influenced by environmental 

variables. One aspect of its complexity is the proportion of emissions as N2O, which has 

important environmental consequences, or as N2 which has no adverse implications.  

  

Denitrification is thought to result in quite large losses of nitrogen mainly in waterlogged soils. 

This is because under anerobic conditions denitrifying bacteria convert nitrogen in the form of 

nitrate into N2O and N2 gases. Denitrification follows the conversions  

 

NO3
-
 (Nitrate) → NO2

-
 (Nitrite) → NO (Nitrous/Nitrogen Monoxide) → N2O (Nitrous Oxide) → 

N2 (Nitrogen Gas) 

 

The action of denitrification is most prevalent in poorly drained and waterlogged, clay soils, 

particularly when there is a large amount of plant residues.  

 

 

2.3.4. Leaching, Runoff and Erosion 
The loss of nitrogen in the form of nitrate typically occurs when the conversion of ammonium to 

nitrate is in excess of that of plant demand. As a result the excess nitrogen in the form of nitrate 

cannot be uptaken by the plant in a timely fashion and is instead susceptible to removal from the 

root zone into the surface and groundwater.   

 

In addition, excessive Nitrogen supply in the form of urea has also been found to result in, 

damage to seed germination and the growth of seedling and young leaves resulting in 



phototoxicity symptoms such as leaf tip scorch, induced osmotic stress, stalk breakage and 

disease Infection 

 

Table 1 – Factors affecting the release of N from ureas 
 Processes 
Factors Nitrificatio

n 
Denitrification Volatilisatio

n 
Leaching Runoff & 

Erosion 

Environemntal 
Variables 

     

Microbial Activity High High ─ ─ ─ 
Soil pH Medium Low High ─ ─ 
 ─ ─ High ─ ─ 
Top soil texture ─ High Medium High High 
Soil Profile ─ High High High Medium 
Soil Aeration High High ─ ─ ─ 
Temperature Medium Low Medium ─ ─ 
Water Supply Medium High Medium High High 
Available Carbon Medium High ─ ─ Low 
Topography ─ ─ ─ ─ High 

Impact of Human 
Activity 

     

N inputs, type Medium Medium High High ─ 
Amount High High High High High 
Placement Low Medium High Low Medium 
Timing Medium Medium Medium Medium Medium 
Plant ssp/ Variety Low Low ─ High Medium 
Residual, quality  High High Low Low  Medium  
Groundcover Medium High Low Medium High 
Tillage  Low Medium Low Low High 
Soil Compaction Low High ─ Low High 
Drainage Medium High Low High Medium 
Irrigation Medium High Medium High High 
Stocking Rate Medium Medium High High Medium 
Land use Change High High High High High 

  

 

2.4. Environmental Considerations 
These losses currently hold quite significant implications for the environment pollution of water 

ways and the atmosphere. Notable emissions of nitrous oxide gas, the volatilisation of ammonia 

and the leaching of nitrate have some quite dramatic effects on the climate, the diversity of 

ecosystems and human health.   

 

2.4.1 Emissions of Nitrous Gases 
Gaseous emissions of nitrous oxide (N20), nitric oxide (NO) and ammonia (NH3) from 

agricultural production systems have increasingly become the focus of intensive investigation due 

to their impact on atmospheric chemistry, their consequent role in the greenhouse effect and the 

potential link to climate change.   



Nitrous oxide emissions are of particular concern. With its present atmospheric concentrations of 

310ppbv, Nitrous oxide is an important greenhouse gas accounting for approximately 5% of the 

total enhanced greenhouse effect (Haughton, Jenkins et al. 1990). Within the atmosphere nitrous 

oxide is more effective than CO2 at trapping heat and has also been found to be responsible for 

the destruction of stratospheric ozone (Crutzen 1981) which protects the earth from ultra violet 

radiation. 90% of these emissions are derived from soil through the biologically mediated 

reactions of nitrification and denitrification (Byrnes 1990). 

 

Nitric oxide and nitrous oxide (collectively called NOX) are thought to be not as important at in 

absorbing light energy as Nitrous oxide, but they are involved in important atmospheric reactions, 

reacting with Carbon monoxide (CO) and Methane (CH4) causing the formayion  

 

Soil is a major source of this gas contributing about 65% to the total global N2O emissions. 

Within Australia the use of nitrogenous fertiliser accounts for about 80% of emissions of Nitrous 

oxide (Department of Environment and Heritage 2005). Production of N2O in soil during 

denitrification and nitrification increases with N fertiliser applications. As a results initiative’s 

such as the Kyoto Protocol now requires countries to monitor and conform with regard to green 

house gas emissions. 

In addition loss of nitrogen to ground water aquifers and water ways via the leaching of nitrate 

has important implications for water quality. High nitrate contents within water used for human 

consumption have been linked to a number of Methaemoglobnemia in infants (Newbould 1989), 

possible link to gastric cancer and also birth defects and heart disease (Shaviv and Mikkelsen 

1993). As a result the World Health Organisation has now outlined standards for drinking water 

with regard to nitrogen concentrations. 

 

Ammonium Volatilisation in Agriculture is the main source of NH3 and is responsible for 80-90% 

of the NH3 emissions to the atmosphere, of which about 10 – 20% is from Nitrogen fertiliser. 

Ammonia absorbs light energy, but it is not considered a major contributor to atmospheric 

warming because it is quickly removed from the atmosphere by wet and dry surface absorption 

and dissolution in precipitation (Byrnes 1990). The major concern associated with ammonia 

volatilisation from the use of nitrogen based fertilisers is that some of the ammonia within the 

atmosphere may be oxidised and converted to nitric acid which by coupling with sulphuric acid 

(from industrial sources) results in acid rain (Shaviv and Mikkelsen 1993).    

 



2.5. Overcoming Issues associated Urea Application 
Consequently this has prompted investigation into technologies which inhibit the release of 

nitrogen from urea fertiliser through targeting of the biological process that dictates the quantity 

and from which nitrogen is present within the soil or alternatively by providing physical barriers 

to release and movement within the soil.  

 

Inhibitors that target the biological pathways such as nitrification and urease inhibitors and also 

physical inhibitors such as polymer, sulphur, zeolite and humic acid coatings are all approaches 

designed to improve the efficiency with which crops capture nitrogen and to reduce losses to the 

environment through better synchronising plant nitrogen requirements and N inputs. 

 

2.5.1 Nitrification Inhibitors 
Nitrification inhibitors slow the nitrification process by interfering with the activity of 

Nitrosomonas group of bacteria that transform NH3 to NO2
- 
thus effectively slowing the 

formation of NO3
-
 (Frye 2005). This interference effectively blocks the oxidation of ammonia 

leaving nitrogen in a form less susceptible to leaching and denitrification losses.  

 

There have been a large number of chemicals tested as potential nitrification inhibitors however 

there are only three that are commercially available. These products include Nitrapypin (chemical 

name, 2-chloro-6 (trichloromethyl) pyridine; trade name N serve), dicyandiamide 

(DCD)(Chemical name, dicyandiamide, international trade names: Alzon, Didin and Ensan) and 

also DMPP (Chemical name is 3,4, dimethylpyrazole-phosphate, trade name Entec) (Edmeades 

2004).  

 

The efficiency of Nitrification inhibitors is highly varied under different climatic and soil 

conditions, with mixed results having been reported with soils of different textures, moisture 

contents, organic matter content, pH, concentration of the inhibitor andalso  soil temperatures.  

It has been found in studies conducted by (Puttanna, Nanje Gowda et al. 1999) that soil 

temperature has the most significant effect on the activity of nitrification inhibitor, with 

temperature increases from 10 to 30ºC reducing the efficiency, due to a more rapid degradation of 

the inhibitor at higher temperatures. (Di and Cameron 2004) also confirmed this finding, stating 

that temperatures below 10ºC extended the period of effectiveness and presence of the inhibitors 

within the soil. In the same study (Puttanna, Nanje Gowda et al. 1999) also concluded that 

nitrification inhibitors perform well under optimal soil moisture conditions and the efficiency of 

inhibitors can be severely retarded by the presence of fresh organic matter. The concentration of 



inhibitor and the resulting effectiveness of nitrification inhibitors is determined by the lag phase, 

i.e. the time between the time of application and nitrification, the greater the concentration the 

longer the lag phase 

 

Specific nitrification inhibitors do however vary with their response to environmental conditions.  

A study conducted by (Malzer 1989) concluded that the nitrification inhibitor, Nitrapyin had the 

ability to minimise the leaching losses of NO3
-
 and increase the Nitrogen uptake and yield on 

coarse textured soils. Studies conducted by (Irigoyen, Muro et al. 2003) concluded that 

nitrification inhibitors dicyandiamide (DCD) and 3,4-dimethylpyrazole phosphate (DMPP) are 

molecules with a high capacity for extending Nitrogen presence in the soil in ammonium form, 

however the efficiency of both compounds is highly dependent on soil temperature. In 

comparison to (Puttanna, Nanje Gowda et al. 1999) who found that the inhibitors benzotriazole 

and m-nitroaniline are much more robust with regard to increasing temperatures.. 

The efficiency of benzotriazole remained constant at 40, 60 and 80% of the maxium water 

holding capacity, while the inhibitor dicyandiamide (DCD) showed higher efficiency at lower soil 

moisture levels (Puttanna, Nanje Gowda et al. 1999). 

 

2.5.2 Urease inhibitors 
The approach currently favoured for reducing the NH3 volatilisation problem is to find 

compounds that will inhibit soil urease activity and thereby retard urea hydrolysis when applied 

to soil in conjunction with urea fertiliser (Bremner 1995). Urease inhibitors reduce volatilisation 

potential by reducing the peak pH and ammonium levels in the soil and by allowing more time 

for rainfall to leach surface applied urea into the soil (Schlegel, Nelson et al. 1987). 

 

The use of urease inhibitors is expected to be of particular benefit in the situations where 

incorporation of urea is not possible (Schlegel, Nelson et al. 1987) and the soil surface has a high 

urease activity due to a lack of cultivation or the accumulation of organic matter (Watson 2005) 

 

Urease inhibitors can disrupt the activity of urease enzyme in two distinctive ways. Firstly 

through the interaction with the enzyme active site and secondly by interacting with a key 

functional group elsewhere on the molecule, which can result in a changes to the confirmation of 

the active site which in turn precludes urea hydrolysis. Four main classes of urease inhibitors 

have been proposed: (i) reagents which interact with the sulphydryl groups (sulphydryl reagents), 

(ii) hydroxamates, (iii) agricultural crop protection chemicals and (iv) structural analogues of urea 

and related compounds (Watson 2005).  



 

While a large number of chemicals have been tested as urease inhibitors, there is only one that 

has been developed through to registration – nBTPT (chemical name, N –(n-butyl) 

thiophosphoric triamide; trade name Agrotain).  nBTPT has proven to markedly superior to other 

inhibitors retarding urea hydrolysis and decreasing NH3 volatilisation and NO2
-
 accumulation in 

soils treated with urea (Zhengping, Cleemput et al. 1991; Bremner 1995; Gioacchini, Nastri et al. 

2002). 

 

Other chemicals such as phenylphosphorodiamidate (PPDA) while not registered have also 

shown promise having certain advantages over nBTPT.  PPDA has proved to more effective at 

retarding urease activity under anaerobic conditions, while nBTPT exceeds PPDA in the ability to 

delay urea hydrolysis in aerobic conditions (Zhengping, Cleemput et al. 1996).  PPDA is also 

more effective at retarding the activity of urease enzyme under acidic conditions than in alkaline 

conditions; however nBTPT has proven to be active in both soil conditions.  

 

The efficiency of urease inhibitors has been found in past studies to be influenced by a wide 

range of soil characteristics. The efficiency has been found to be negatively correlated with 

organic carbon and clay content and positively correlated with the sand content of the soil 

(Bremner 1995). This is because the resulting concentration of urease enzyme within the soil is 

directly associated with soil organic carbon and clay content. 

(Zhengping, Cleemput et al. 1991) also concluded that urease inhibitors were effective at 

retarding urea hydrolysis and NH4
-
 and NO2

-
 accumulation under aerobic conditions, however 

under waterlogged conditions this was not the case.  

Consequently urease inhibitors are expected to be of particular benefit in the situation where 

incorporation of urea is not possible, the soil surface has a high level of urease activity due high 

organic matter content or where topdressing is undertaken. 

 

Unlike Nitrification and Urease inhibitors which effectively block the process resulting in the 

change in form of nitrogen controlled release fertiliser’s physically restrain the release of nitrogen 

by slowing the rate which the granules dissolve within the soil. 

 

2.5.3. Polymer Coat fertilisers 
Polymer coating of urea fertiliser involves the encapsulating of granules within a polymer 

coating. The materials prevent the free dissolution of urea in the soil solution, instead water must 



diffuse through the polymer membrane and cause the urea to dissolve, which subsequently comes 

out through the polymer (Abraham and Pillai 1996).  

 

The rate of diffusion of nitrogen from the polymer coated urea granule has primarily been found 

to be dependent on two factors. Studies conducted by (Du, Zhou et al. 2006) found that 

temperature and membrane were the most important factors effecting the diffusion coefficient. 

Lower temperatures and thicker membranes ultimately result in the slowest rate of release from 

polymer coated granules.  

The release rate of the fertiliser from the well coated granules was largely dependent on the 

surface characteristics and the thickness of the coating (Tzika, Alexandridou et al. 2003). In 

general, porous and thin coatings resulted in high fertiliser-release rates, whereas smooth, 

uniform and thick coatings exhibited well – controlled and substantially retarded fertiliser release 

rates (Tzika, Alexandridou et al. 2003). 

 

2.5.4. Sulphur-coated urea  
The sulphur coating of urea granules is designed to physically restrain the release of nitrogen 

from the urea by preventing the free dissolution of the granule. The sulphur coating technique for 

urea fertiliser was first developed by the Tennessee Valley Authority and is applied to the granule 

in a molten form, providing a water impervious barrier to the granule. The coating also provides a 

source of the macronutrient sulphur through the breakdown of the coating.  

 

The release profile of the urea granule when coated with the sulphur layer is dependent upon the 

integrity of the coating. The surface of sulphur coated urea granules has imperfections ranging 

from pin holes to cracks. As water enters through the imperfections, urea dissolves and diffuses 

into the soil solution. The rate of release from these products is dependent upon the size and 

number of imperfections. Ideally the nitrogen is released slowly, depending on the size and 

number of the imperfections. However the granule can crack releasing all of the Nitrogen at once. 

Some Sulphur coated urea products also have a wax layer on the outside to seal the imperfections 

and keep the particles from breaking down prematurely. In this situation, the wax must first be 

broken down by soil microbes before water enters through the imperfections in the sulphur.   

 

 

2.5.5. Stabl-U 
Stable-U is a new stabilized urea fertilizer, which has not been reported in any of the current 

literature published. This product is formed using a microchip-size granule of lime at the core of 

each nitrogen fertilizer granule.  



 

 
 
 
2.5.6. Urea plus zeolite 
The application of zeolite with urea involves maintaining the presence of Nitrogen within the soil 

through raising the Cation exchange capacity of the soil. Zeolite is a porous mineral with a high 

cation exchange capacity (CEC, up to 3000 molc m)³with a great affinity for ammonium (Ming 

and Mumpton 1989). Clinoptilite zeolite is characterized by a rigid three dimensional lattice with 

tunnels that are 10
-9

m in size containing internal exchange sites that have an affinity for NH4 

(Ahmed, Aminuddin et al. 2006). The small size of the tunnels physically protect the NH4 from 

nitrification by microbes and may reduce ammonium volatilization (Ferguson and Pepper 1987). 

In soils with low cation exchange capacity, ammonium volatilization can therefore be minimized 

by appropriate sinks in the soil for ammonium Nitrogen. 

 

The use of zeolite as a mechanism for maintaining the presence of nitrogen released from urea 

fertiliser, has shown promise in studies conducted by (He, Calvert et al. 2002) who concluded that 

the addition of clinoptilolite zeolite significantly reduced NH3 volatilisation and also maintained 

relatively higher concentrations of NH4 – N, whilst reducing the potential for nitrification to 

occur within the soil.  

 

The selectivity of the zeolite mineral for NH4+ ion has however been found to be decreased by 

higher temperatures (Dwairi 1997). 

 

2.5.7. Oil coated Urea Fertiliser 
Oil coated urea products have been tested in past studies as an inexpensive, effective, 

biodegradable option for nitrification inhibition. The oil coating on the granule also provides a 

hydrophobic coating to the granule which potentially slows the rate at which the granule can be 

dissolved. The mode of action of these materials is not well understood but both products have 

some regulatory influence on urea hydrolysis and subsequent nitrification (Patra, Anwar et al. 

2002). 

 

Studies conducted in Japan by (Patra, Anwar et al. 2002) found that natural products Mentha 

spicata oil and nimin coatings on urea granules result in improved dry matter production and 

plant nitrogen content of mint in comparison to the untreated urea granules. The efficiency of 

these treatments was however not as efficient as the nitrification inhibitor DCD. Soil nitrogen 



assessments throughout the same trial also indicated that both Mentha spicata oil and nimin 

provided significant higher accumulation of NH4+ slowing the formation of NO3. 

 

There does not presently appear to be any evidence of canola oil being used as a nitrification 

inhibitor throughout the any of the literature.  

 

2.5.8. Black Urea 
Black Urea is a commercial product developed by Advanced Nutrients Pty Ltd. The coating is 

designed to reduce the leaching and volatilization of NH4
+
 as a result of the acidic nature and high 

cation exchange capacity of the humic acid.  

 

The exact science as to how humic acid reduces the losses of nitrogen via volatilization is not 

well understood but a number of potential explanations have been put forward by (Ahmed, 

Aminuddin et al. 2006). Firstly the humic acid may reduce the soil pH in the immediate vicinity 

of the granule, slowing the rate of hydrolysis until urea has diffused away from the site of 

application. Effectively increasing the volume of soil which urea is mixed with and in turn 

reducing the concentration of urea.  Alternatively the application of humic acid may lower the 

immediate soil pH, encouraging the formation of NH4
+
 opposed to NH3.  



Chapter Three 
Impact of Urea amendments on Nitrogen Release and the 

process of Hydrolysis and Nitrification 
_______________________________________________________ 
 
3.1. Introduction 
A laboratory experiment was designed to investigate the effect of different ammonium release 

inhibiting mechanisms on the processes of hydrolysis and nitrification of urea fertiliser within a 

standard medium, under standard benchtop conditions. The experiment was principally designed 

to capture nitrogen released from urea within the neutral medium through the scheduled leaching 

of the profile. The methodology used was quite similar to that used (Du, Zhou et al. 2006) in their 

analysis of nitrogen release from polymer coated fertiliser, however does not examine the effect 

of temperature on release profile. This process involved leaching of soil cores comprising of a 

sand, clay mixture, collecting the leached samples at regular intervals and analyzing these 

samples for nitrogen content with the goal of ultimately determining the daily extent and profile 

of nitrogen release.  

 

3.2. Materials and Method 

The leaching vessels used were constructed from clear acrylic tubing with an outer diameter of 45 

mm and an inner diameter of 41 mm and length of 100 mm. The bottom of the cylinder was 

tapered into a funnel that allowed the collection of the leached solution. The tapered bottom of 

the cylinder was then packed with glasswool filling up to the join of the straight wall, which in 

turn also provided a flat base for the soil core and also filtered the leachate. This created a 

chamber with a volume of 528 cm
3
, which contained 200 gr of soil medium, equivalent to a core 

9 cm in length. 

 

The vessel was then filled with 150 g of the soil medium, representing 75% of the total soil core, 

creating a soil depth of 6.5 cm. The urea fertiliser under each of the different treatments was then 

placed at this depth and the remaining 50 g or 25% of the soil medium was placed over the top to 

ensure sufficient contact between the soil medium and the urea fertiliser granules. Because the 

experiment is limited by the ability to only account for the nitrogen that is released and 

consequently leached, incorporation of the granules at depth minimises the gaseous nitrogen 

losses via volatilisation. 

 

The soil medium chosen was comprised of propagation sand and clay loam soil. The sand 

medium was selected to provide soil structure and allow for the diffusion of water to the urea 



granules replicating the situation within soil however not having the ability to retain nitrogen 

within the profile nor will it introduce an additional source of nitrogen that could potentially 

disrupt results. The sand was washed with distilled water to remove any foreign contaminates and 

allowed to air dry for 24 hours.  The Kalkee soil, which is characterized as a clay loam, was used 

to provide the necessary soil biology for the process of urea hydrolysis (urease) and nitrification 

to take place. The other inherent soil characteristics are outlined in Table 2. 

 

Table 2. Summary of Soil Analysis for Clay Component of the Soil Medium 

 

Soil Analysis  

Texture Clay Loam Vertosol 

pH (1:5 Water) 8.3 

pH (1:5 CaCl2) 7.8 

Organic Carbon % 1.1 

Nitrate Nitrogen mg/kg 13 

Ammonium Nitrogen (KCl) 

mg/kg 

7.5 

 

 

The quantity of Nitrogen placed at the depth of 7 cm under each of the different treatments, 

represent in each situation 1% of the total soil core by mass. The exact mass of fertilizer applied 

per core was adjusted, relative to the nitrogen concentration of each product represented in Table 

3.     

 

The soil profile was then leached with a total of 40 ml of distilled water every second day at mid 

morning over a seventeen day period. The cores where then allowed to drain for 3 hours and the 

leachate was then collected. These samples were then frozen to maintain the Nitrogen in the form 

it was first leached in to allow the samples to be analysed at a later date with an autoanalyser. 

Give the make and model of the autoanalyser including how the baseline conditions were 

established – there should be some mention of the reactions assessed in the autoanalyser – see 

some papers for this type of description, The autoanalyser analysed the samples for presence of 

Nitrogen in the form ammonium and nitrate  

 



Table 3. Fertilizer treatements used in experiment 1. 

Treatment Commercial Name/Treatment % Nitrogen Content 

Soil Only (Control)   

Urea  Industry Standard, no treatment 

applied 

46.0% 

Black Urea Black Urea® is a brands for 

Advanced Nutrients Pty Ltd  

45.2% 

Black Urea + Zeolite  42.9% 

Urea + 10% Zeolite  41.4% 

Polymer Coated Urea Environmentally Sensitive Nitrogen 

(ESN®) is urea granule encapsulated 

within a polymer membrane 

manufactured by Agrium Pty Ltd 

44.0% 

Entec Urea The urea granules treated with 

nitrification inhibitor ENTEC 

(DMPP). Incitec Pivot Pty Ltd 

46.0% 

Agrotain Urea Agrotain (NBPT, or N-(n-butyl) 

thiophosphoric triamide) treated 

urea, marketed as Green Urea 14® 

by Incitec Pivot Pty Ltd 

45.8% 

Sulphur Coated Urea Gold’N® is a unique sulphur-coated 

urea fertilizer manufactured by Hi 

Fert Pty Ltd. 

41.0% 

Stable - U Urea granule stabilized with Lime 

core 

 

46.0% 

 

 

Each urea fertiliser treatment was replicated three times and mean of the replicates was used to 

from a graphical representation of the release rate and profile for all of the urea treatments tested 

over a set 20 day time period. The variance of the means recorded will also be present on the 

graph to indicate the accuracy of outcome. A total of 9 measurements were taken every second 

day. The experiment was conducted at room temperature with a mean of about 17ºC.  

 

3.3. Results 
The results from the laboratory experiment were compiled to illustrate the cumulative conversion 

of urea to NH4
+ 

 through the process of hydrolysis over the duration of the experiment, to establish 

the rate of Nitrogen release for plant available uptake. Figures 1 shows the rate of ammonium 

release from the various urea treatments, compared to soil alone, The release rate of all urea 

treatments over the first three days of the experiment was similar nor could any significant 

difference be observed between urea treatments and the soil only control.  However after day 3, 

there were clear trends in the rate of NH4
+ 

 accumulation in the leachates that indicate moderation 

of ammonium release in response to some of the treatments applied.  



 

 
 

Figure 1 – Release rates of ammonia from various urea formulations 

 

 

The results of the laboratory experiment depicted in Figure 1 show the inhibiting effect four of 

the nine granular coatings are having in comparison to standard urea treatment. Of these 

treatments, the polymer coating of the urea granule provided the largest restriction to the rate at 

which ammonium is release from urea. The true extent to which the polymer coating restrains the 

conversion of Nitrogen to NH4
+  

is most evident in the lack of significant difference (p < 0.05) 

between the Polymer coated treatment and that of the soil only control which contained only the 

inherent nitrogen present within the soil. 

 

The Agrotain (nBTPT) treatment to urea granules also showed a significant reduction in the 

cumulative conversion profile compared to that of the untreated urea. The release from this 

product was significant less than that of urea from day 5 onwards, with the total conversion of 

urea to NH4
+
 being 57.7 mg at the conclusion of day 17. This representing approximately an 80% 

reduction in the amount of NH4
+
 accumulated in the leached samples in comparison to standard 

urea at the end of the experiment.    

 



The sulphur coating of the urea granule provided a smaller, however still significant (p < 0.05) 

reduction in ammonium release from standard urea. The first significant difference being first 

noted at day 7 with an larger difference seen from day 15 onwards. This indicates approximately 

a 20% reduction in the rate of ammonium conversion by the completion of the experiment on day 

17.   

 

The least notable, however still significant difference observed was between the standard urea 

granule and Black Urea treatment (Humic Acid Coating). This provides a reduction in the 

conversion of Urea to NH4
+ 

only after day 11 which is built on for the remainder of the duration 

of the experiment.  

 

There was very little nitrate measured in the leached solutions, and there was no difference 

among the standard urea and the release moderating treatments and between the fertiliser and soil 

only treatments 

 

3.4. Discussion 

The laboratory experiment was designed to calculate the conversion profiles of nitrogen from a 

range of granular urea products to forms available for plant uptake, under each of the inhibiting 

mechanisms.   This experiment showed a number of significant differences among the treatments 

and rates of hydrolysis for urea treatments.  

 

3.4.1. Ammonia Accumulation 
The analysis of ammonium concentration illustrated significant (p < 0.05) differences between 

the rates of hydrolysis for standard urea in comparison to a number of the release inhibiting 

treatments. The polymer coated release profile indicated the most dramatic reduction in the 

accumulation of NH4
+
 in the leached solution, this suggesting that there is only minimal release of 

nitrogen from urea granule when coated with the polymer coating for the first seventeen days.  

The release of nitrogen from various polymer coated urea products has been the focus of 

extensive research projects conducted by (Hanafi, Eltaib et al. 2000; Tzika, Alexandridou et al. 

2000; McTaggart and Tsuruta 2003; Fan, Li et al. 2004; Shaviv 2005). In all studies it was 

concluded that polymer coated urea products provided slower release than standard urea granule. 

More specifically however it was found  (Tzika, Alexandridou et al. 2000) in a water medium that 

the release rates from well-coated granules were largely dependent on the surface characteristics 

and thickness of the coating. In general porous and thin coatings resulted in high fertiliser-release 

rates, whereas smooth, uniform and thick coatings exhibited well-controlled and substantially 



retarded fertiliser-release rates. The results for this experiment, while conducted in a soil medium 

and consequently subject to a higher degree of error did however illustrate a well-controlled and 

substantially retarded fertiliser release in comparison to the standard urea treatment and the other 

treated urea products. More closely related to this analysis was study conducted (Du, Zhou et al. 

2006) which examined nutrient release of polymer coated fertilisers within a sand medium over a 

period of 80 days. It was concluded that the nutrient release from polymer coated controlled 

release fertilisers can be described by three stages: lag period, linear stage and the decay period 

(Du, Zhou et al. 2006). The release of ammonium from the two polymer coated products in this 

situation for the first 20 days was also only minimal and was characterised as the lag phase in 

release. These results conforming with those achieved in our analysis suggesting that release 

profile of ENS urea may also share this profile.    

 

The agrotin (NBPT) coating of the urea provide a notable deviation in the level of accumulation 

NH4
+
 in comparison to the standard urea treatment confirming the inhibitory effect the urease 

inhibitor N-(-n-butyl) thiophosphoric triamide has on the rate of urea hydrolysis. This also 

provides an insight into the environmental factors most conducive to the efficient functioning of 

the urease inhibitor, confirming findings of Bremner (1995) who concluded the efficiency of 

urease inhibitors has been found to be negatively correlated with organic carbon and clay content 

and positively correlated with the sand content of the soil. In addition soil moisture content 

influence the efficiency of urease inhibitors with effectiveness being reduced under anaerobic 

conditions ((Zhengping, Cleemput et al. 1991). 

 

While the inhibitory effect of the treatment is undoubtable, the relative efficiency of the urease 

inhibitor NBPT relative to the other treatments may however have been potentially biased as a 

result of the specific environmental conditions favouring the efficient functioning of Agrotain.  

 

The sulphur coated urea treatment provided a notable reduction in the rate at which urea was 

hydrolysis from day 5 after an initial release equivalent to that of standard urea. This profile 

reflects a period of rapid release which could not be significantly (p < 0.05) differentiated to that 

of standard urea for the first 5 days of the experiment, followed by a slower, moderated release 

phase from day 5 to 11 and then a more gradual decay phase. Extensive work has been conducted 

on characterising the release profile of sulphur coated urea in relation to standard urea, as a means 

of evaluating the integrity of the sulphur coating. Investigations conducted by (Shaviv, Raban et 

al. 2003a) into the release stages of controlled release fertilisers conducted within a water 



medium, defined the dissolution profile of urea in three stages. In this study (Shaviv, Raban et al. 

2003a) found the first stage of the release process to be the penetration of water through the 

coating. If the internal pressure during this phase exceeds the membrane resistance, the coating 

ruptures and the entire content of the granule is released instantaneously (Shaviv, Raban et al. 

2003a). This mechanism of release was characterised by (Goertz 1995) as the “failure 

mechanism” or “catastrophic release”. In this situation the urea content is no longer inhibited and 

all of the content of the urea granule is susceptible to conversion to ammonium. This could 

provide explanation for the observation of the release over the first 5 days of the trial. 

 

The second mechanism of release is the diffusion mechanism which occurs when the coating has 

resisted the internal pressure exerted by the water entering the granule. This would be more 

reflective of the release rate pattern observed for the sulphur coated urea treatment beyond day 5 

where a clear deviation in profile is observed between the sulphur coating and the standard urea 

treatment. While there are some notable differences between the two studies, the observations of 

this experiment, would appear to conform with the principals of nitrogen release from sulphur 

coated urea proposed by (Shaviv, Raban et al. 2003a).   

 

The Black Urea (Humic Acid) treatment of the urea fertiliser granule also resulted in significantly 

less accumulation of NH4
+ 

in comparison to the standard urea treatment from day 5 to 11, 

indicating that the peak rate of urea hydrolysis was lowed through the presence of humic acid. 

This can potentially be explained by the acidic nature of the humic acid treatment. When soil pH 

is less than 5.5 urea hydrolysis is slowed until it to moves away from the acidic soil (Delaune and 

Patrick 1970). This effectively increases the volume of soil with which urea mixes, and in doing 

so increases the time required to complete hydrolysis, resulting in the decrease in the 

accumulation of NH4
+
. There failed however to be any significant difference between in the 

accumulation of NH4
+
 for the Black urea and Zeolite treatments or the Zeolite treatment alone in 

comparison to the standard urea treatment.  

 

3.2.2 Nitrate Accumulation 
The analysis of the leached solution also highlighted a significant difference between the levels of 

Nitrate and Ammonium accumulated within the leached samples, with only negligible quantities 

of Nitrate being detected relative to Ammonium. As a result no significant differences could be 

observed between the different urea amendments with regard to there influence on nitrate 

accumulation, this eliminating the ability to make inference about the potential of each of the urea 

treatments to affect the rate of nitrification. This observation clearly illustrating the clear steps 



involved in the conversion of urea, to ammonium and in turn nitrate via hydrolysis and 

nitrification.  Because the nitrification of ammonium to nitrate is a biological process it 

consequently takes significantly longer than the hydrolysis of urea, usually requiring a number of 

weeks to complete, in comparison to hydrolysis which can occur in a number of days.  

As a result the laboratory experiment may not have potentially been long enough in duration to 

observe the effect of the nitrification on nitrate accumulation.       

 

The environmental conditions within the soil core must also be given consideration. The 

nitrification process is essentially a biologically controlled process involving a series of 

conversions controlled by specific bacteria, Nitrosomonas and Nitrobacter. Consequently the rate 

of nitrification is highly dependent on factors such as soil temperature (Sahrawat 1980), moisture 

content (Zhengping, Cleemput et al. 1996), pH (Sahrawat 1980) and oxygen levels. These factors 

tending to be quite different to those observed within a normal field situation, most notable being 

soil temperature and soil moisture characteristics. 

 

The optimum temperature range for nitrification has been found to be between 25 - 30 ºC, 

however this experiment was conducted at laboratory temperatures of 17°C, potentially being too 

low for the efficient functioning of the nitrify bacteria, preventing significant amounts of Nitrate 

accumulation. Also given the frequent leaching and drying of the soil profile, combined with the 

low water holding capacity of the medium may have seen the relative water content of the core 

fluctuating quite dramatically, inhibiting the nitrification process further. As a result the 

prevailing environmental conditions within the soil core may have been quite hostile, affect the 

efficiency of the nitrification inhibitor and also the rate of nitrification.  

 

It is therefore important to note that the efficiency of the nitrification inhibitor DMPP under the 

methodology employed may not be a true representation of its potential efficiency in the field 

situations given the nitrification process has not contributed significantly to the total nitrogen 

accumulation. Therefore the effect of the inhibitor on blocking the nitrification process cannot be 

assessed via this methodology.      

 

An improved methodology for assessing the efficiency of the nitrification inhibitor would involve 

utilising a soil medium conducted over a longer period of time. Also greater control over 

temperature would be beneficial for determining the efficiency of the inhibitor.  



Such a methodology may also require a more complex extraction method to minimise the 

fluctuations in soil moisture associated with leaching the soil profile.  

  

3.2.3. Total Nitrogen Release 
The total accumulation of ammonium and nitrate combined however only represent 

approximately 4% of the total nitrogen applied under each treatment indicating the that the vast 

majority of the nitrogen was in fact leached in the form of urea. The focus of this of this 

experiment however was purely to determine the relative rate of nitrogen availability in forms 

readily uptaken by plants, resulting from the ability of various urea amendments to influence the 

rates of hydrolysis and nitrification. Consequently the analysis of ammonium concentration still 

provides a valuable indication of the nitrogen release profile as the rate of hydrolysis is directly 

linked to concentration of urea within the soil immediately after application (Kissel 1988), which 

is a function of the granular release. 

 

Thus the methodology employed in this experiment provides a relatively quick, easy, low cost 

and simple method of assessing the rate of urea hydrolysis in response to the various urea 

amendments. Highlighting conclusively the influence of amendments made to release profile of 

standard urea. 

 

The analysis conducted provided a comparison between standard urea and treated urea products 

through evaluating the extent of hydrolysis and nitrification as indicated by the consequent 

accumulation of ammonium and nitrate in the leached solution. The experiment was conducted 

under environmental conditions highly conducive to high rates of nitrogen conversion to allow 

subtle differences between standard urea and the inhibiting treatments to be differentiated prior to 

plant uptake analysis. This involved manipulating environmental factors including, soil 

temperature, water content, pH and oxygen content to provide suitable environmental conditions. 

 

The difficulty in the study was to construct a standard testing protocol for all treatments which 

catered for the differences between the biological and physical release inhibiting mechanisms 

without unduly biasing the resulting conclusion. 



Chapter Four 
The effect of different urea amendments on the Uptake of 

Nitrogen by wheat within two soil types. 
_______________________________________________________ 
 

4.1. Introduction  
Give a short introduction – how does this experiment follow on from the previous one? 

 
4. 2. Methodology 
The glasshouse trial was designed to take the release rate and profile of the amended urea 

products, as determined in the laboratory analysis, and investigate how these amendments can 

influence the growth and Nitrogen use efficiency parameters of wheat seedlings within a soil 

medium. The glasshouse trial was also designed to further this knowledge by also investigating 

the efficiency of the release inhibiting treatments under a number of environmental variables.  

 

The glasshouse trial was conducted in a naturally lit glasshouse at the Grains Innovation Park in 

Horsham, Victoria from the 26
th
 of June till the 31

st
 of August 2006. 

 

The experiment incorporated 10 different urea fertiliser treatments employed in the laboratory 

analysis in addition to incorporating two different commercial placement techniques and two soil 

types. The fertilisers were applied to the containers at rates equivalent to 45kg N/ha calculated 

from the surface area of the container and the nitrogen content of urea and urea under each of the 

treatments. The soil medium selected for the experiment provided a contrast in inherent nutrient 

status, texture, organic carbon content and cation exchange capacity. The first a cracking clay 

vertosol from Victoria’s Wimmera region and the second a sandy loam sodosol sourced from the 

Mallee region of Victoria. The soil were selected to represent quite large areas currently 

dedicated to cereal production throughout the Wimmera and Mallee regions of Victoria and also 

to mimic those used in the field trial. 

 

In addition to being exposed to variations in soil characteristics the different release inhibiting 

treatments were also exposed to variation in fertiliser placement technique. Two treatments were 

selected replicating both deep banding at a depth of 7cm and also broad-cast application followed 

by incorporation to a depth of 5cm. Overall, there was a total 4 different combinations for each 

urea fertiliser treatment. 

 



The experiment was constructed in a randomised block design with each treatment combination 

being replicated a total of four times within the glasshouse, with blocks being assigned as tables. 

Each table representing on complete replicates were laid out in an east, west direction to account 

for the variations in light intensity throughout the day.           

 

The experiment was conducted in a 4L polyethylene container according to the design in figure 3 

and was randomly assigned a location within the table. This location was revised twice weekly 

with all containers being re assigned positions within their replicates to minimise any variation 

resulting from shading within the glasshouse.   

 

 
 
Figure 2. Pot trial design 

 

 

Soil types 
Because the efficiency of urea treatments have been found throughout the literature to be 

dramatically influenced by soil characteristics both soils were subjected to complete soil analysis 

to determine characteristics such as, pH, texture, inherent nutrient status and cation exchange 

capacity prior to beginning the trial. The soil analysis was conducted by the Incitec Pivot Nutrient 

Advantage soils analysis lab at Werribee Victoria.  The soils were also subject to analysis to 

evaluate both the upper and lower limits of available water holding capacity, typically 

characterized as 'wilting point' and 'field capacity', which was achieved through use of a pressure 

chambers at potentials of - 15 bar for the wilting point and -0.10 bar for field capacity. This data 



was then used to determine appropriate soil moisture contents to maintain the plants at throughout 

the trial as illustrated in Table 5. 

Table 5.  Soil Water Storage Characteristics 
Soil Water Storage Characteristics 

 Upper Storage Limit 

“Field Capacity” 

Lower Storage Limit 

“Wilting Point” 

Targeted % Soil 
Moisture ~ 50% 
Storage Capacity 

Kalkee 39.8% 9.5% 25.0% 

    

Hopetoun 13.6 1.5% 8.0% 

 

Table 6. Summary of Soil Analysis 
Soil Characteristics 

 Kalkee Hopetoun 

Texture Clay Loam Sandy Loam 

pH (1:5 Water) 8.3 8.5 

pH (1:5 CaCl2) 7.8 8.0 

Organic Carbon % 1.1 0.61 

Nitrate Nitrogen mg/kg 18 13 

Ammonium Nitrogen mg/kg 7.5 0.86 

Sulfate Sulfur mg/kg 7.4 22 

Phosphorous (Colwell) mg/kg 28 17 

Phosphorous (Olsen) mg/kg 11.4 8.3 

Potassium Meq/100g 3.0 1.2 

Cation Exchange Capacity Meq/100g 45.9 21.3 

Exchangeable Sodium Percentage (ESP) 1.3 1.1 

 

The results for the two soils are summarised in Tables 5 and 6. The first is a Mallee sodosol, 

which is characterised by loam sand soil, with relatively low nutrient and water holding capacity 

and strongly alkaline in pH. The sodosol also had a lower inherent nutrient status, particularly 

phosphorus and nitrogen. The second is a Wimmera Vertosol, a clay texture soil characterised by 

the shrink swell nature with comparatively higher water and cation exchange capacity than the 

Mallee sodosol, given the substantially higher clay content and organic matter content of the 

vertosol. The inherent nutrient content of the vertosol was also significantly greater than the of 

the Mallee sodosol. 

 

Pot Establishment 
The pre drilled polyethylene containers for both soil types were prepared firstly by layering the 

bottom of the container with 800 grams of gravel, equivalent to a depth of 1.5cm to aid in the 

drainage of the soil profile and prevent the water logging of the root zone under the higher soil 

moisture. Each container was then filled according to weight, with those containing the Mallee 

Sodosol being filled with 4000 grams of soil and those being filled with the Wimmera Vertosol 

containing 3500 grams of soil. The analysis, also investigated the placement effect of fertiliser on 



the uptake of nitrogen by wheat seedlings. As a result two fertiliser placement methods used 

commercially within the field have been chosen to be replicated within the pot experiment. 

The first is the thorough incorporation of fertiliser granules throughout the soil profile to a depth 

of 5cm and the second is an offset banding of fertiliser at a depth of 7cm below the seed. 

 

Depending on the fertilizer placement to be used in this experiment the containers were either 

filled completely with the entire mass of soil in the situation of the banding placement or were 

filled with 25% of the total volume of soil, equating to 1000grams and 875grams of the Hopetoun 

and Kalkee soils respectively, with the remainder then having the urea fertilizer incorporated 

throughout prior to being layered on top, thus ensuring accurate depth of incorporation.      

 

Accurate placement of both seed and also banded fertiliser was achieved by ensuring the 4L 

polyethylene containers were filled accurately with the required mass of soil creating a soil 

profile 10cm in depth.  The wheat seed was  uniformly sown at a depth of 3cm across all 

treatments with the desired (3 × 5 = 15 plants per container) sowing pattern while the fertiliser 

was banded to the side of the plants, 4cm below the placement of the seed, with the granules 

being randomly allocated to sites within the container. This was achieved using a flat perspex 

panel pre drilled with the desired sowing pattern and was then used in conjunction with ten 

millimeter diameter aluminium tubing marked at the appropriate depth and piece of wooden 

dowel, a syringe like device is created.  This device was pushed into the soil through the holes in 

the perspex to the depth marked. The dowel was used to prevent the aluminium tube filling with 

soil. Once the depth of either 30mm or 70mm was reached the dowel was then removed and the 

seed dropped down the tube. The wooden dowel was then used to deliver the seed out the bottom 

of the tube. This process was repeated for all 15 seeds planted within the container and again at 

random for the placement of fertiliser. 

 

Water 
Given that the pot had been accurately weighed out in each situation to known starting weights 

(Hopetoun – 4800 grams, Kalkee 4300 grams) with soil moisture prior to establishment also 

calculated, containers were then watered to the appropriate soil moisture level.   

 

Given the inherent differences in soil texture, water holding capacities and consequent moisture 

loss the pots containing the different soil types, Hopetoun and Kalkee were subject to different 

watering regimes. A soil moisture content of 8% was targeted for the Hopetoun soil, which 



represented approximately 50% of the total soil storage capacity given a drained upper limit of 

13.6% and a drained lower limit of 1.5%. This resulted in an initial watering of 330ml of water 

with maintenance watering of on average 70ml every second day given daily temperature 

fluctuations and consequent evaporation and transpiration. A soil moisture content of 25.0% 

targeted for the Kalkee, representing 50% of the total plant available stored water. This resulted 

in an initial watering of 700mls with watering being conducted on average 120mls every second 

day. The frequency of watering was however revised with water consumption close to DC30 

dramatically higher than that of DC15.    

 

Maintaining soil moisture content was achieved by regularly weighing selected pots for change in 

weight, with watering conducted according to selected trigger points given knowledge of the 

relationship between pot weight and water content. A total of eight pots were selected per 

replicates, four of each soil type which were regularly weighed to determine the changes in 

weight on a daily basis. Pots were watered once the average weight of the pots fell by greater than 

100 grams from the optimally defined/starting weight. Soil moisture content was reviewed 

weekly through soil sampling to ensure fluctuations over time and within replicates was kept to a 

minimum.  

 

Temperature 
The temperature within the glasshouse during the period from the 26

th
 of June till the 31

st
 of 

August fluctuated around a mean of 16.6 ºC with temperatures on average falling to 7.9ºC in the 

mornings and reaching temperatures of 25.2 ºC during the heat of the afternoon. Temperature 

extremes of 4.0 ºC and 30.0 ºC were however recorded during this period. 

 

Measurements  
The measurements of the wheat plants (Cultivar Yipit) were taken at two development stages, 

firstly DC15, 40 days from germination and again at DC30, 65 days from germination. The DC15 

measurements were taken on the 4
th
 and 5

th
 of August 2006 and included final dry matter 

production, Chlorophyll content assessment, final plant nitrogen content, plant emergence 

number and development scoring. Given the destructive nature of a number of the measurements 

six plants where removed from the container at DC15 with the remaining nine plants being 

harvested at DC30 on the 28
th
 and 29

th
 of August for the Hopetoun soils and 30

th
 and 31

st
 August 

for the Kalkee soil. 

 



The Chlorophyll content within the most recent fully emerged leaf was assessed through the use 

of the Minolta SPAD-502 Meter (Soil Plant Analysis Development) which collects point data 

from a specific leaf by measuring the absorbance in two wavelength regions, the red and near 

infra red regions. Measurements were consistently taken 1/3 down the length of the leaf, along 

the mid vein of the leaf. A total of six measurements were taken from separate plants within the 

container to assess the variability within the treatment and increase the accuracy of results. The 

amount of Chlorophyll can then be closely correlated to Nitrogen content of the leaves. 

 

Because of the destructive nature of the remaining measurements taken at DC15 (ie. fifth leaf 

emerged) a total of six of the fifteen were removed from the container. Once harvested the 6 

plants were individually scored according to the decimal growth scale/Zadocks scale, noting both 

the number of tillers and also the extent to which the fifth leaf had emerged relative to the forth 

fully emerged leaf. Dry Matter Production was assessed by oven drying plant samples for 72 

hours at a temperature of 60ºC and then weighing the resulting product.  

 

The development of plants was also scored according to the Zaddocks/Decimal growth scale with 

leaves on the main stem and also tillers being counted 

 

Final plant nitrogen content was calculated with a Carbon/Nitrogen combustion of samples once 

they have been oven dried and weighed using a Leco/Dumas CN combustion.  

 

Calculations  
 

Total NUpt (DC15) = ((Av DM/plant (g)) × (Plant Emerg)) × ( %N (DC15) /100) 

 

Total NUpt (DC30) = Total NUpt (DC15) + ((Av DM/plant (g)) × (Plant Harv (DC30) )) × ( %N (DC30)  /100) 

 

Marg NUpt  = 100 × (NUpt (Fertiliser Treatment)(g) - NUpt (Soil Only)(g)) / Napplied (g) 

  

Data Analysis 
All data was subject to Analysis of Variance (Minitab Release 14 2005) using a General Linear 

Model. Treatment differences were compared using Least significant Difference (l.s.d.s.)  

 
4.3. Results 
4.3.1. Total Nitrogen Uptake  



 
Figure 3 .Illustrates the total nitrogen uptake at DC15 by plants grown within the two soils 

 

 
Figure 4 .Illustrates the total nitrogen uptake at DC30 by plants grown within the two soils 

 



 

The analysis of plant Nitrogen content at DC15 (Figure 3.) and DC30 (Figure 4.) illustrated a 

number of significant differences between fertiliser treatments, soil types and also fertiliser 

placement in addition to highlighting a number of significant interactions between these factors. 

The total Nitrogen uptake at DC15 (Figure 3.) illustrates a clear nitrogen response within both 

soils given the notable differences in plant nitrogen uptake for the fertiliser treatments relative to 

the soil only controls. The measure of total nitrogen uptake also indicated a significant (p=0.05) 

difference in the inherent nitrogen status of the two soils, with total nitrogen uptake at DC15 of 

the Hopetoun soil only control representing only 40% of the total nitrogen uptake of the 

equivalent treatment within the Kalkee soil. This observation clearly correlates with the soil 

analysis conducted on the two samples prior to beginning the analysis. Nitrogen uptake within the 

Hopetoun soil was also influenced significantly (p = 0.05) by a number of fertiliser treatments, 

with clear reductions in the level of nitrogen accumulation being observed most notably under the 

polymer coated urea treatment however also as under the influence of the Nitrification Inhibitor 

treatment and the Stabl – U treatments. It wasn’t however possible to differentiate between 

Fertilser treatments within the Kalkee with regard to total plant nitrogen uptake at DC15.  

 

Total plant nitrogen uptake at DC30 (Figure 4) illustrated more conclusively the extent of the 

variation in inherent nutrient status between the two soils, with total nitrogen accumulation of the 

Kalkee soil now representing twice that of the Hopetoun soil. The observed differences between 

nitrogen uptakes of the urea fertiliser treatments illustrated in the DC15 measurements was also 

clearly evident in the analysis of the DC30 measurements. The polymer coated urea treatment 

once again illustrated the most notable reduction in nitrogen accumulation relative to standard 

urea, however the Nitrification Inhibitor and Stabl – U treatments also continued to result in 

lower levels of plant nitrogen uptake.     

 

The measure of total nitrogen uptake within the Hopetoun soil at DC30 was also able to illustrate 

a significant (p = 0.05) fertiliser placement response with total nitrogen uptake under a fertiliser 

banding treatment being 7% greater than that of an incorporation method. This observation would 

also have been deemed significant at p = 0.10 for the equivalent measure at DC15. There was not 

however any evidence of a placement effect within the Kalkee soil, nor was there any evidence of 

an interaction between fertiliser treatment and placement within the Hopetoun soil. 

 

 



4.3.2 Marginal Nitrogen Uptake 

Figure 5. Illustrates the marginal uptake of Nitrogen at DC15 for each of the urea fertiliser 

products as a percentage of the total applied nitrogen  

 
 



Figure 6. Illustrates the marginal uptake of Nitrogen at DC30 for each of the urea fertiliser 

products as a percentage of the total applied nitrogen  

 

 

The marginal nitrogen uptake of plants under the different urea treatments as illustrated in figures 

5 and 6 provides more conclusive evidence to confirm the observations of significance as defined 

in results for total nitrogen accumulation. The most notable observation with relation to marginal 

nitrogen uptake at DC15 (Figure 5) is the significant (p = 0.05) difference in the % consumption 

of urea applied nitrogen between the Hopetoun soil and the Kalkee soil. Within the Hopetoun soil 

approximately 45 – 50% of the total applied nitrogen has been uptaken by the plants in contrast to 

only 20% being consumed by plants growing within the Kalkee soil. This further acts to confirm 

the soil analysis results which indicated a lower inherent nutrient status and thus a dramatically 

reduced potential of the soil to supply nitrogen. 

 

More interestingly however the marginal nitrogen uptake helps to quantify the extent of the 

release inhibiting effect of the Polymer coated Urea, Nitrification Inhibitor and also the Stabl – U 

product within the Hopetoun soil. At DC15 the polymer coated urea treatment resulted in a 18% 

reduction (StU -  46% Urea Nupt, PCU – 27% Nupt) in the urea applied Nitrogen uptake relative 

to standard urea. The Nitrification Inhibitor and Stabl – U products also illustrate significant 

reductions in the amount of urea applied Nitrogen uptake with 9% reduction (StU -  46% Urea 

Nupt, NI and SU – 27% Nupt) being observed for both treatments. While not significant there 

does appear to be a trend within the Kalkee data beginning to indicate a reduction in nitrogen 

availability and plant uptake as a result of the polymer coated urea treatment.     

 

The measure of marginal nitrogen uptake at DC30 continued to reinforce many of the findings 

already observed at DC15, however also outlined a number of additional treatments that had also 

indicated an alteration to the uptake of fertiliser applied nitrogen relative to standard urea.  

The most notable difference at DC30 is the observation that approximately 80% of the urea 

applied Nitrogen has been uptaken by the plants in both soils. This indicates a dramatically higher 

nitrogen consumption of plants within the Kalkee soil during the period from DC15 to DC30, 

consuming 50% of the applied nitrogen during this period relative to the Hopetoun soil that 

consumed 30 – 35% of the applied nitrogen. 

 

The uptake of fertiliser applied Nitrogen within the Hopetoun soil continues to be affected by the 

release inhibiting treatments, Polymer Coated Urea, Nitrification Inhibitor and Stabl-U. The 



extent of this reduction also remained relatively constant with the Polymer coated urea, the 

Nitrification Inhibitor DMPP and Stabl - U resulting in 21%, 13% and 18% reductions in release 

relative to standard urea, indicating that the prevailing inhibiting effect had been maintained or 

enhanced during the period from DC15 to DC30. In contrast to the inhibitory effects observed the 

Urea + 10% Zeolite treatment at DC30 now indicated an enhanced uptake of urea applied 

nitrogen, resulting in 92% consumption of nitrogen relative to the standard urea treatment which 

has consumed approximately 80% of the applied Nitrogen.        

 

Within the Kalkee soil a number of trends have emerged significantly (p = 0.05), most notable is 

the 20% reduction in uptake of urea applied nitrogen under the polymer coated urea treatment 

relative to standard urea. There is however also a significant reduction in the uptake of fertiliser 

applied nitrogen result from the Black Urea + Zeolite treatment. 

 

4.3.3. Chlorophyll Content Analysis 
The analysis of chlorophyll content within the last fully emerged leaf was conducted as an 

additional measure to reflect of the relative nitrogen availability and plant nitrogen content under 

each of the prevailing treatments and provide visual reference to the plant nitrogen analysis. The 

measurements of chlorophyll content at both DC15 and DC30 correlated quite closely with the 

results of the total nitrogen uptake analysis and the marginal nitrogen uptake. The chlorophyll 

meter readings at DC15 highlighted a significant difference between the two soil types, with 

lower readings being obtained under the Hopetoun soil relative to the Kalkee. This reflects the 

relationship between chlorophyll content and nitrogen availability, supporting the conclusion that 

Hopetoun soil indeed had a low inherent nitrogen level. The chlorophyll meter readings at DC15 

(Figures 7 & 8) also clearly illustrated the nitrogen response of plants within both soils to the 

application of urea. The extent of the response was notably greater within the Hopetoun soil.   

 

More interestingly however the chlorophyll meter readings at DC15 also highlighted a placement 

effect within the Hopetoun soil, indicating a higher leaf chlorophyll content in response to 

banding urea at a depth of 7cm, relative to incorporating the granules throughout the top 5cm. 

This observation for total plant nitrogen while not significant at the 0.05 level would however 

have resulted in a conclusion of significance at the 0.10 level. This observation was also in 

agreement with the placement effect evident within the total nitrogen analysis of the Hopetoun 

soil at DC30.  

   



 
Figure 7. Chlorophyll meter measures, taken at DC15, Hopetoun soil (Measurements represented 

as a % of urea fertiliser treatment) 

 
Figure 8. Chlorophyll meter measures, taken at DC15, Kalkee soil (Measurements represented as 

a % of urea fertiliser treatment) 

 



The Chlorophyll meter readings taken at DC15 for the wheat plants grown in the Hopetoun 

(Figures 7.) soil also illustrated a fertiliser treatment effect with the polymer coated urea fertiliser 

measurements indicating a lower chlorophyll content  than the standard urea treatment. 

Interestingly, the Stabl – U and Nitrification inhibitors did not indicate the same reduction in 

chlorophyll content, suggesting that the inhibitory effect of these treatments is not as pronounced 

as that of the polymer coated urea treatment. This conforms with the results of the marginal 

nitrogen uptake at DC15 within the Hopetoun soil which defined the inhibitory effect of the 

polymer coated urea to be significantly greater than that of the nitrification inhibitor and Stabl – 

U treatments. There failed however to be any significant response to fertiliser treatment observed 

within the Kalkee soil (Figures 8.).  

 

The chlorophyll meter measurements taken at DC30 for both soils continued to reflect a clear 

response to nitrogen and also the differences in inherent nutrient status however there was no 

significant effect of Fertilser treatment at the later measurement time. 

 

4.3.4. Average Dry Matter Production 

 
Figure 9. Average Dry Matter production / plant at DC15 (Measurements represented as a % of 

urea fertiliser treatment) 

 



 
Figure 10  Average Dry Matter production / plant at DC15 (Measurements represented as a % of 

urea fertiliser treatment) 

 

 

The Average Plant dry weight results from the plants taken at DC15 from the Hopetoun soils, 

illustrated in figure 9 continued to reinforce many of the observations observed in the 

cholorophyll meter and marginal nitrogen uptake analyses. A clear increase in dry matter 

accumulation was observed in response to nitrogen application as revealed in the significant 

difference between the soil only control and the urea fertiliser treatments. The polymer coated 

urea fertiliser also indicated a reduced rate of dry matter accumulation, not to the extent of the 

soil only control, however further reinforcing the belief that there is a notable inhibition of 

nitrogen release from the coating in comparison to untreated urea. This observation also proved 

additional evidence to confirm that the inhibitor effect exhibited by the polymer coated urea 

treatment is indeed greater than that resulting from the nitrification or Stabl – U treatment. The 

equivalent measure taken within the Kalkee soil failed to yield any significant differences both 

between the different urea fertiliser treatments but also between the urea treatments and the soil 

only control. 

 

The results for dry matter accumulation within the Hopetoun soil at DC30, illustrated in Figure 10  

indicated once again a clear nitrogen response.  However it also indicated significantly lower 



levels of dry matter accumulation for a number of additional fertiliser treatments. The reduction 

in dry matter accumulation relative to standard urea under the Polymer Coated Urea treatment 

was increased from DC15 (14% reduction relative to standard urea) to DC30 (25% reduction 

relative to standard urea), indicating a greater discrepancy between the release profiles of the 

standard and inhibited products.  

The measure of dry matter accumulation at DC30 also highlighted a reduction in response to the 

Stabl-U, Entec (Nitrification Inhibitor) and Black Urea as, reflecting now the results of marginal 

nitrogen uptake which had also highlighted a lower consumption of urea applied nitrogen under 

these treatments. 

The dry matter accumulation at DC30 for the Kalkee soil once again indicated a clear nitrogen 

response however failed to yield any significant difference between urea fertiliser treatments  

 

4.3.5. Development Scoring  
 

. 

 

 

 
Figure 11. Illustrates the development measures of Leaf and Tiller number taken at DC15 from 

plants grown within the Hopetoun Soil.  



 
Figure 12. Illustrates the development measures of Leaf and Tiller number taken at DC15 from 

plants grown within the Hopetoun Soil.  

 

The Average Leaf number and Tiller counts measured help to reflect the relative development 

rate of the wheat plants under the different inhibiting mechanisms, helping to quantify nitrogen 

uptake and plant content with direct linkage to plant development characteristics. The 

developmental measurements taken from plants grown within the Hopetoun soil at DC15 as 

presented in figure 11 continued to illustrate a clear nitrogen response which has been a feature 

throughout all other measurements. The average tiller number per plant also however illustrated 

in significantly lower rate of tillering under Polymer coated Urea and Entec (Nitrification 

Inhibitor) coatings of urea in comparison to the untreated urea granule, positively correlating 

nitrogen uptake measures which indicated a slower rate of Nitrogen release under these 

treatments. The equivalent measurements for the Kalkee soil failed to differentiate between urea 

treatments and the soil only control, indicating further the impact that higher inherent nitrogen 

levels will have on the ability to detect early differences in nitrogen uptake under the different 

inhibiting mechanisms. 

 

The development scoring at DC30 within the Hopetoun, presented in figure 10 indicated that at 

the later measurement time, the reduction in tillering in response to the polymer coated and 

nitrification inhibitor treatments was no longer significant relative to standard urea.   



 
4.3.6. Leaf Senescence  

 
 
Figure 13. Indicates the extent of leaf senescence under at DC30 under each of the fertiliser 

treatments  

 

 

The number of dead leaves was measured as an indication of the relative levels of Nitrogen 

availability/deficiency for each of the fertiliser treatments at DC30 (Figure 13.). Under both soil 

treatments the soil only control had significantly greater numbers of dead leaves per plant in 

comparison to the urea fertiliser treatments, indicating that nitrogen fertilisation increases the 

ability of plants to support a greater green leaf area before the remobilisation of nitrogen from the 

oldest leaves occurs. Within the Hopetoun soil the polymer coated treatment urea had 

significantly (p = 0.05) less dead leaves per plant than any other treatment indicating a more 

moderated nitrogen supply function, with relative nitrogen availability being greater than urea at 

DC30. 

 

4.4. Discussion 
The glasshouse experiment was designed to evaluate the release profiles defined in the laboratory 

analysis of the different amended products and investigate how this characteristic can influence 

the release and consequent uptake of nitrogen by wheat within a soil medium, to effect plant 



development and Nitrogen Use Efficiency. Given the maximum demand for nitrogen will be 

achieved under non limiting conditions for photosynthesis when growth rate approaches its 

genetic potential (Novoa and Loomis 1981), environmental conditions were manipulated to 

ensure the subtle differences between each of these products could be evaluated. 

 

The analysis incorporated an investigation into the nitrogen content of the plant at decimal growth 

stages 15 and 30 through nitrogen uptake analysis but also evaluated the physiological response 

of wheat plants to the prevailing nitrogen supply through the measurement of related variables as 

an additional means of evaluating the release profile of the urea treatments. Ultimately through 

this process it was endeavoured to better quantify the extent of nitrogen presence or deficiency.   

 

4.4.1. Soil Type 
The two soil types incorporated into the analysis allowed for the evaluation of urea fertiliser 

amendments under variations in soil texture, cation exchange capacity and organic matter content. 

The Hopetoun soil, a sandy loam sodosol and the Kalkee soil, a cracking clay vertosol also had 

vastly different inherent nutrient status as highlighted in the soil analysis, with the Kalkee soil 

having higher inherent levels of phosphorus and potassium.   

 

The Kalkee soil had a significantly higher inherent level of nitrogen (KalkeeTotal N = 24.5mg/kg , 

HopetounTotal N = 13.2mg/kg) which was clearly reflected in the total nitrogen accumulation and 

many of the plant development measurements taken at DC15 and DC30. This response was most 

clearly illustrated within the control containers, which contained the soil only treatment. Total 

nitrogen uptake within the Kalkee soil for the control treatment at DC15, was 40% great than the 

Hopetoun soil at the equivalent time, with this difference increasing to 70% at the later 

measurement of DC30. The marginal uptake of fertiliser applied Nitrogen also reflect this 

assumption with significant less of the urea applied nitrogen being consumed within the Kalkee 

soil at DC15. 

 

Many of the plant growth and development parameters had yield results that correlated with 

increased nitrogen availability, with more intense tillering, higher measures of leaf chlorophyll 

content, greater dry matter accumulation and a reduction in leaf senesce all being observed within 

the Kalkee soil relative to the Hopetoun soil. 

 

   



 

4.4.2 Fertiliser Products 
 
4.4.2.1 Polymer Coated Urea 
Overall the most compelling evidence derived from the glasshouse analysis to indicate that the 

release of nitrogen from urea fertiliser can indeed be manipulated through the use of the 

inhibiting mechanisms, to the extent it effects nitrogen uptake and plant development parameters 

was that of the polymer coating of the urea granule. The investigation of both the total plant 

nitrogen uptake and marginal nitrogen uptake in addition to many of the physiological indicators 

all provided conclusive evidence to suggest that the release of nitrogen under the polymer coated 

treatment was significantly (p = 0.05) reduced in comparison to the standard urea during the early 

stages of plant development. 

 

Total and Marginal Nitrogen uptake provided the most definitive results concluding that the rate 

of nitrogen release and consequent availability of nitrogen for plant uptake was being 

manipulated relative to standard urea. Calculation of relative nitrogen fertiliser consumption 

within the Hopetoun soil at DC15 indicated that the rate of nitrogen release was reduced by 18% 

relative to standard urea, with this difference increasing to approximately 21% by DC30. This 

clearly indicated that the inhibitory effect of the polymer coated treatment had been maintained 

for a period greater than 65 days 

 

The analysis of leaf chlorophyll content, dry matter accumulation and development scoring in 

response to the polymer coated urea treatment helped quantify the extent of the disruption to 

nitrogen. The evaluation of leaf chlorophyll content through the use of Minolta SPAD-502 meter 

readings correlated quite closely with those of plant nitrogen content, total nitrogen uptake and 

marginal fertiliser consumption at DC15 for plants grown within both soils however most notably 

within the Hopetoun soil. This conforms with the findings of (Takebe and Yoneyama 1989; 

Turner and Jund 1994) who concluded that in there was a strong linear relationship with the 

weight-based leaf Nitrogen concentration, and the chlorophyll content measures reflected in 

SPAD meter readings.  

 

Consequently reduction in SPAD meter values (PCUSPAD – 41.3, Standard UreaSPAD – 44.3) of the 

polymer coated urea treatment, observed in this analysis, relative to standard urea indicates 

further a strong delay in the release and consequent availability of Nitrogen for plant uptake at 

DC15. The correlation however between leaf chlorophyll content at the later measurement time of 



DC30 within the same environment was not as evident, with no significant difference observed 

between the polymer coated and the standard urea treatments. It must be recognized however that 

plants will produce only as much chlorophyll as is needed, regardless of how much Nitrogen is 

within the plant (Balasubramanian, Morales et al. 2000). Consequently once the cumulative 

uptake of nitrogen has reached minium of nitrogen requirement, nitrogen uptake beyond this 

point will not result in additional chlorophyll accumulation. Thus the ability for the Minolta 

SPAD-502 chlorophyll meter to differentiate between fertiliser treatments is limited to detecting 

deficiency symptoms. 

 

Evaluation of the release profile and characteristics of polymer coated urea products have been 

the centre of extensive work conducted by (Abraham and Pillai 1996; Hanafi, Eltaib et al. 2000; 

Tzika, Alexandridou et al. 2003). However these studies have been conducted within a water 

medium, with dramatically fewer studies envisaging plant uptake and development response 

within a soil medium, with limited number of these studies investigating the response within 

cereal production. This has primarily resulted from the high cost associated with the application 

of polymer coated products on large scale acreage agricultural crops.  

 

Recent advancements however have decreased the production costs to an economic level for 

commodity grain crops (Blaylock and Kaufmann 2005). Consequently new economical, 

controlled release fertilisers such as ESN have been evaluated in a limited number of 

environments. Of these studies a number have been conducted on behalf of Agrium Pty Ltd 

evaluating the efficiency of the Polymer Coated Urea ESN, under a number of highly specific 

environments focusing primarily on yield and nitrogen recovery at harvest. It is consequently 

difficult to draw direct conclusions between the observations observed in this studies and those 

conducted by (Mikkelsen, Williams et al. 1994; Randall and Vetsch 2004; Xiaolin Fan, Fangmin 

Li et al. 2004; Schwab and Murdock 2005) given the variations in crop species tested, timing of 

assessment, environment variables and also the method of evaluation. It has however been 

determined throughout the majority of these studies that the utilization of polymer coated 

technology can significantly alter the release profile and consequent plant uptake and 

development.  

 

There has been limited research conducted to conclusively account for the observations observed 

in these studies. The relationship between temperature and coating integrity on the rate of 

nitrogen release from polymer coated products has been conclusively documented. As 



Highlighted by Shaviv (2005) the importance of understanding the nutrient and release 

characteristics and mechanism in response to environmental factors such as temperature, soil 

type, aeration, soil moisture content, soil pH and biological activity and also the chemical effects 

of pH changes, root excretion has not yet been addressed. Shaviv (2005) went on to also stress the 

importance of correlating many of the findings derived from laboratory tests with the release rates 

obtained under field conditions. 

 

The observations from this experiment, while providing a clear correlation with those of the 

laboratory experiment have also highlighted the inhibitor effect of the polymer coated urea ENS 

in response to a number of these variables. Excluding the influence of the higher inherent level of 

nitrogen within the Kalkee soil the efficiency of the polymer coated urea fertiliser treatment does 

not appear to be influence to any extent by soil texture and cation exchange capacity. The 

efficiency of the polymer coated inhibitor has also been evaluated in strongly alkaline 

environment (Hopetoun pHCaCl = 8.0, Kalkee pHCaCl = 7.8) and within situation of adequate soil 

moisture (50% field capacity for both soils, Hopetoun Soil – 8.0% SM, Kalkee – 25% SM) with 

watering intensities with the potential for leaching losses. 

 

4.4.2.2. Nitrification Inhibitor 
The results from the glasshouse experiment also indicated a significant disruption to nitrogen 

uptake and plant development parameters in response to the coating of the urea granule with the 

nitrification inhibitor DMPP (3,4 – dimethlpyrazole – phosphate). The total and marginal nitrogen 

uptake results taken at both DC15 and also DC30 for plants grown within the Hopetoun soil 

provided conclusive evidence to suggest that nitrogen availability was dramatically reduced under 

the effect of the nitrification inhibitor. The uptake of nitrogen released from urea under the 

influence of the nitrification inhibitor DMPP relative to the consumption of standard urea was 

reduced by 9% after the first 40 days of the experiment with this increasing to 13% after 65 days. 

This illustrates a continued and stable inhibitory effect throughout the duration of the experiment. 

 

The degree of this reduction however was not as extensive as that observed under the impact of 

the polymer coated urea treatment with many of the physiological measurements taken, 

particularly at the earlier stage of plant development not able to be significantly differentiated 

from the standard urea treatment. At the later measurement of DC30, 65 days after emergence a 

negative response to tillering intensity and also dry matter accumulation were observed relative to 

standard urea, reflecting the reduced nitrogen uptake.  

 



The observated reduction in total and marginal nitrogen uptake, growth and development 

characteristics of wheat seedlings in response to the Nitrification Inhibitor DMPP is largely  

contrary to the limited amount of literature currently available. Studies conducted by Pasda, 

Hahndel et al. (2001) and Zerulla, Barth et al. (2001) highlighted significant yield, nitrogen use 

efficiency and plant growth and development benefits associated with the addition of the 

Nitrification Inhibitor DMPP across a range of different agricultural products such as wheat, 

wetland rice, grain maize and many others.  

 

Essentially the application of the nitrification inhibitor within the soil does not alter the total 

availability of Nitrogen; however the form available for plant uptake is altered dramatically by 

blocking the conversion of ammonium to nitrate. It is through this action that Pasda, Hahndel et 

al. (2001) and Zerulla, Barth et al. (2001) attained the benefits associated with the Nitrification 

inhibitor DMPP to be attributed not only to improved nitrogen use efficiency, as a result of 

reduced losses in the NO3
-
 form but also the beneficial effects of partial NH4

+
 nutrition. Under the 

action of nitrification inhibitors such as DMPP, NH4
+
  - N is supplied to the crop at a higher rate 

and for a longer period of time, resulting in substantial amounts of NH4
+ 

- N rather than NO3
- 
- N 

being absorbed by the plants (Pasda, Hahndel et al. 2001). Utilization of nitrogen in the NH4
+
 

offers several advantages, firstly plants spend less energy on plant uptake NH4
+
  than on NO3

- 
 

(Cox and Reisenauer 1973).  Secondly it can be used directly for protein metabolism (Pasda, 

Hahndel et al. 2001). Thirdly it has also been established that the fertilization of plants with NH4
+ 

- N rather than NO3
- 
- N can also have a positive effect on the synthesis of a number of plant 

hormones such as polyamines, cytokinins and gibberellins (Wang, Glass et al. 1994; Wang and 

Below 1996).  

 

Higher contents of these two phytohormones, cytokinins and gibberellins, retard senescence and 

thus chlorophyll degradation and result in better tillering and growth of tillers in cereals (Pasda, 

Hahndel et al. 2001). Thus increased NH4
+ 

fertilization could potentially have been reflected in 

the measures of tiller intensity, dead leaf count and also leaf chlorophyll analysis.  

 

The measurements however taken throughout this experiment fail to indicate any positive 

response to tillering or leaf senescence, with a negative response being recorded in the situation 

of tiller measurements. This relationship may however potentially be one explanation for the lack 

of significant difference between the chlorophyll meter readings for plants exposed to the 

nitrification inhibitor DMPP within the Hopetoun soil relative to standard urea treatment. 



Especially given there was a notable difference between the nitrogen uptake and consumption of 

fertiliser applied nitrogen.  

 

More relevant however to this analysis is the observations of (Mason 1987) who investigated the 

response of cereals to the Nitrification inhibitor DCD (dicyandiamide), which has been found to 

be quite similar in function to that of the Nitrification inhibitor DMPP (Zerulla, Barth et al. 2001; 

Irigoyen, Muro et al. 2003). It was observed in this situation that the dry matter accumulation of 

wheat seedlings grown within a field situation at 4, 6 and 8 weeks after sowing was less in the 

presence of the Nitrification Inhibitor DCD than in its absence. This correlates closely with the 

reductions in dry matter accumulation observed in this experiment over similar timeframes.   

 

In this situation the reduction in dry matter accumulation during the early stages of plant 

development was attributed to ammonium toxicity resulting from the action of the nitrification 

inhibitor. This results from the ratio of nitrogen uptake in the form of NH4
+  

and NO3
-
 under the 

influence of the nitrification inhibitor DCD being altered dramatically, favoring the uptake of 

NH4
+  

. Hydroponics studies conducted by Cox and Reisenauer (1973) into the response of wheat 

plants to fertilization with NO3
- 
and NH4

+
 determined that plants tolerate little to no excess NH4

+ 
. 

Small amounts of NH4
+  

in excess of that utilized in growth produce toxic reactions and reduce 

growth rates (Cox and Reisenauer 1973). This is in contrast, to the observation that most plants 

tolerate large excess on NO3
- 
and accumulate it within their tissues. Cox and Reisenauer (1973) 

went on to concluded that the rapid intake of NH4
+  

and the resulting accumulation of toxicant was 

more critical than the external concentration.  

 

Given the notable reduction in plant dry matter accumulation observed for plants grown within 

the Hopetoun soil, and the contradiction between the studies of Pasda, Hahndel et al. (2001) and 

Zerulla, Barth et al. (2001), compelling evidence is provided to conclude that ammonium toxicity 

was also having a detrimental effect on nitrogen uptake and growth and development 

characteristics of wheat seedlings grown within the Hopetoun soil for this study also. It was also 

proposed by Cox and Reisenauer (1973) that the rapid intake of NH4
+  

ions by plants might be 

related to their extensive root system and prolific root hair development. While a water medium 

was utilized in the investigation conducted by Cox and Reisenauer (1973), the quite friable soil 

medium of this experiment would also provide an environment highly conducive to extensive 

root growth.   

 



There was however a distinct difference in the inhibitory effect of the nitrification inhibitor 

DMPP observed within the Kalkee soil, with no results being able to differentiate the response of 

plants to urea treated with the nitrification inhibitor and that without. 

Studies conducted by Barth, Tucher et al. (2001) investigated the effect of DMPP on nitrification 

in 22 different soils in a sort term incubation experiment. The investigation involved fitting 

multiple regression equations incorporating factors such as sand content, and to a lesser extent 

soil pH, microbiological parameters of the soil such as catalase activity in addition to factors 

conducive to nitrification as a means of predicting the efficiency of the nitrification inhibitor 

DMPP. This work indicating that the efficiency of DMPP was positive correlated with sand 

content and was negatively correlated with soil factors such as clay content and organic matter, 

which dictate microbiological soil characteristics, and increase the binding of DMPP to the soil 

surface. 

 

The key differences highlighted between the Hopetoun and Kalkee soils incorporated in this 

study, of pH (pHHopetoun = 8.0CaCl2 pHKalkee = 7.8CaCl2), soil texture (Hopetoun – Sandy Loam, 

Kalkee – Clay Loam) and organic carbon content (Hopetoun – 0.61%, Kalkee – 1.1%) are all 

factors identified by Barth, Tucher et al. (2001) as contributing to lowering the efficiency of the 

nitrification inhibitor DMPP. This consequently provides conclusive evidence to account for the 

observed differences in inhibitor efficiency between the two soils. 

 

4.4.2.3. Stabl - U 
The stabl-U treatment incorporated in this experiment also illustrates a notable difference in the 

rate of nitrogen uptake and fertiliser consumption relative to standard urea for plants grown 

within the Hopetoun soil. 

 

Stabl-U is quite a new product and hasn’t as yet been reviewed in the literature available. The 

Stabl-U treatment involves forming the fertiliser granule around a lime core, essentially changing 

the chemistry of the granule resulting in the need CaNCN to react with CO2 in the presence of 

water to stimulate the formation of urea via a series of chemical reactions. This process of release 

is designed to provide a nitrogen product that result in an initially fast release of nitrogen that can 

be sustained for longer periods of time relative to standard urea. 

 

Being a quite new product, very little is known about the response of the product to variations in 

environmental conditions. The results obtained within the Hopetoun soil indicated a clear 

reduction in the nitrogen uptake and growth parameters of the wheat seedlings at both DC15, 40 



days after emergence and also at DC30, 65 days after emergence relative to standard urea. 

Consumption of nitrogen was applied in the form of Stabl-U being reduced by 9% at DC15 and 

18% at DC30 relative to standard urea, indicating a clear divergence in the release profile of the 

two products. This observation was also reflected in approximately a 17% reduction in dry matter 

accumulation relative to standard urea, indicating further a reduced uptake of nitrogen in the 65 

day period following emergence in comparison to standard urea. 

 

Interestingly however there was no evidence of a similar response to the Stabl – U coating within 

the Kalkee soil. This may represent an interaction between soil characteristics such as texture, 

cation exchange capacity, organic carbon content or alternatively deviations in release profile 

may of in fact been masked by the higher inherent nitrogen level of the Kalkee soil. Given 

however the difference in marginal nitrogen consumption at DC30 within the Hopetoun soil, 

between standard urea and the polymer coated urea was quite similar to that of Stabl – U, it 

would be expected that this relationship would indeed be maintained within the Kalkee soil if 

there was no interaction with soil characteristics. Instead the difference between the two products 

is significantly larger, providing compelling evidence to suggest that the variation in soil 

characteristics is altering the efficiency of the Stabl-U treatment.     

 

4.4.2.4. Urease Inhibitor 
The results obtained in the laboratory analysis clearly highlighted the inhibitory effect of the 

urease inhibitor nBTPT (N- (n-butyl) phosphorothioic triamide) on the rate of hydrolysis and 

accumulation ammonium. However unlike the results of the polymer coated urea treatment there 

failed to be any observable correlation between the outcomes of the laboratory analysis and the 

ability of the inhibitor to influence plant nitrogen uptake within the soil. No observations of 

significance were available at DC15 or DC30 to differentiate between the urease inhibited 

treatment and that of standard urea. 

 

Extensive research has been conducted to quantify the impact environment variables have on the 

efficient functioning of the urease inhibitor nBTPT. Incubation studies conducted by (Zhengping, 

Cleemput et al. 1996) and (Zhengping, Van Cleemput et al. 1991) highlighted the importance of 

soil moisture, clay and organic matter content in relation to urea hydrolysis and the efficiency of 

urease inhibitor, highlighting the negative correlation between increasing levels of each factor 

with the efficiency of the urease inhibitor nBTPT. In addition to the findings of (Zhengping, 

Cleemput et al. 1996) and (Zhengping, Van Cleemput et al. 1991) the effectiveness of nBTPT has 

also been found by Watson (1991) to be greatest in soils with high pH and low buffering capacity.  



 

Consequently it could be rationally hypothesised that the effect of the urease inhibitor would be 

most noted in the soil sourced from Hopetoun rather than Kalkee given the differences in key soil 

parameters listed. However investigations conducted by (Zhengping, Van Cleemput et al. 1991) 

also concluded that nBTPT could inhibit urea hydrolysis for a period of 10 days. As a result 

nBTPT coating of urea, as marketed commercially by Incitec Pivot Pty Ltd, as Green Urea 14 is 

only specified as inhibiting the process of hydrolysis for a period of 14 days.  

 

Thus within this experiment, with measurements taken 40 and 60 days after seedling emergence it 

can reasonably concluded that the inhibitory effect of nBTPT is no longer functioning, and as a 

result is not reflected in the measurements taken. The application of Green urea 14 is also advised 

in situations of potentially high volatilization losses, particularly in situations where incorporation 

is not possible. Thus the fertiliser placement methods investigated in this trail, banding at 7cm 

depth or incorporated to a depth of 5cm combined with the moist soil conditions most likely 

limited the potential for volatilization losses, reducing the potential benefits of the urease 

inhibitor coating.   

 

4.4.2.5. Black Urea + Zeolite 
The results from the glasshouse trial also highlighted a significant reduction in uptake and 

availability of nitrogen within the Kalkee soil, with the marginal nitrogen uptake under the Black 

urea + Zeolite treatment at DC30 representing 20% in comparison to the standard urea treatment, 

and equivalent to that of the polymer coated product ESN. 

 

The application of zeolite with urea is essentially designed to maintain the presence of nitrogen 

within the soil through raising the cation exchange capacity of the soil. Clinoptilite zeolite is 

characterized by a rigid three dimensional lattice with tunnels that are 10
-9

m in size containing 

internal exchange sites that have an affinity for NH4 (Ahmed, Aminuddin et al. 2006). The small 

size of the tunnels physically protect the NH4 from nitrification by microbes and may reduce 

ammonium volatilization (Ferguson and Pepper 1987). The black urea or humic acid coating of 

the granule is essentially designed to lower the pH of the soil in the immediate vicinity of the 

granule, slowing the rate of hydrolysis until urea has diffused away from the site of application 

(Ahmed, Aminuddin et al. 2006).  

  

Consequently the efficiency of both of these products to retard the availability of nitrogen within 

the soil is expected to be heightened in soils of low cation exchange capacity, coarse texture and 



low pH buffering capacity. Thus it could be reasonably concluded the efficiency of this product 

would be greatest in the Hopetoun soil, of sandy loam texture and with a lower cation exchange 

capacity than that of the Kalkee, clay loam soil and relatively higher cation exchange capacity. 

Thus this observation is in vast contrast to the findings of (MacKnown and Tucker 1985; 

Ferguson and Pepper 1987; He, Calvert et al. 2002; Ahmed, Aminuddin et al. 2006) who have all 

concluded that efficiency of zeolite soil treatments to be heightened in light sand textured soil.    

Even the proposed advantage given by Ferguson and Pepper (1987) associated with reducing the 

potential for ammonium to be nitrified by nitrifying bacteria does not provide suitable 

explanation for the observations, given the Nitrification Inhibitor DMPP failed to be significantly 

differentiated from the standard urea treatment within the Kalkee soil. 

 

The response can however be attributed to a compounded effect of both the humic acid and 

zeolite coatings as individual both treatments could not be significantly differentiated from that of 

standard urea.  

 

4.4.3 Fertiliser Placement 
There was also limited evidence of a fertiliser placement effect within the container at the earlier 

measurement of DC15 and also at DC30, within the Hopetoun soil which was reflected in the 

measurements of total nitrogen uptake and also chlorophyll meter readings. Both Measures taken 

at the various development stages indicated a significantly greater nitrogen uptake in response to 

the band placement of fertiliser in comparison to the method of incorporation. This reflects the 

more concentrated placement of fertiliser within the soil which would have been located by the 

plant root system soon than the incorporated placement approach. Given however the enclosed 

nature of the experiment, with roots growing within only a small volume of soil, there is 

relatively limited potential to draw conclusions and make inference about the effect of nitrogen 

placement and the resulting response in plant uptake.  



Chapter Five  
Field comparisons of selected urea amendments on the growth 

and Nitrogen uptake of wheat. 

______________________________________________________ 
 
5.1. Introduction 
While the capacity of these amendments to change the rate of release of N from urea is seen in 

the earlier chapters of this thesis, the final arbiter of their effectiveness is based on the response of 

crops in the field.  The activity of amendments relies on suitable field conditions, and it is 

unlikely that all amendments would show similar effects under the same conditions.  The 

experiment reported here aims to compare the responses of wheat crops at two field sites to the 

urea and urea supplements reported in the earlier chapters.  

 

5. 2. Methodology 
The field analysis incorporated throughout this project was part of the NMI trial conducted as a 

joint venture between Incitec Pivot, The University of Melbourne and the Department of Primary 

Industries. The trial incorporated two of the prominent soils of Victoria’s North West broad acre 

cropping sector, the Wimmera Vertosol and the Mallee Sodosal. This provided the analysis of 

two soil types with vastly dissimilar characteristics, with notable differences in cation exchange 

capacity, soil texture, clay content, pH, and inherent nutrient status. The trial’s were located at the 

Birchip Cropping Group site 10km South of Hopetoun in the Mallee and at Kalkee, 12km North 

of Horsham in the Wimmera 

 

Prior to conducting the trial, soil tests were taken from both of the sites with samples being taken 

at depths 0 - 10cm and 10 – 60cm to determine the inherent nutrient status of each of the sites. A 

particular emphasis was placed on determining the Nitrogen content and ratio of Nitrate and 

Ammonium at each of the sites. The Hopetoun site in particular was selected specifically for it’s 

history of low nitrogen input and resulting low inherent nitrogen levels.    

 

The seasonal break arrived on the 29
th
 of April 2006 for both regions with 15mm and 19mm 

falling at the Hopetoun and Kalkee sites respectively. 

Pre emergent control of annual grasses was conducted prior to sowing with the pre emergent 

herbicide trifluraline at the rate of 800/ha. The site was then sown on the 22
nd

 and 24
th
 May 2006 

for the Hopetoun and Kalkee sites respectively. Wheat at the Hopetoun site was direct drilled into 

canola residual from season 2005, while wheat was direct drilled into Faba Bean residual which 



had been grazed at Kalkee. Each trial plot was 20m in length and 1.5m in width, sown on 230mm 

row spacing’s with press wheels. The wheat variety Clearfield Jazz was sown at a rate of 45 

kg/ha. No in crop selective herbicides were required during the growing season due to the 

dramatically below average rainfall. Each of the plots was established within a randomised block 

design with treatments at each site being replicated a total of four times to improve the integrity 

of the analysis. 

 

The treatments selected for the experiment investigated nitrogen application in the form of urea 

under release inhibiting treatments of humic acid, polymer coating, zeolite, Stabl – U and also the 

nitrification inhibitor Entec. All treatments were applied at a site standard rate of 20 kg/ha N at 

Hopetoun and 40 kg/ha of N at Kalkee, representing the higher yield expectations for the 

Wimmera site.   

In each situation the release inhibiting fertiliser treatments were side banded at a depth 5cm 

below that of the seed. The control treatments selected included both a standard plot without 

fertiliser in addition to plots containing urea, at rates ranging from half that of the site standard 

rate and also applications twice and four times greater than the site standard rate. In addition the 

trial also investigated the placement effect of nitrogen, with urea being side banded 5cm below 

the seed, pre spread and incorporated and also mid row banded. 

 

The 2006 season has been characterised by serve rainfall deficiencies in both the Wimmera and 

Mallee regions with rainfall for the twelve month period from October 2005 to October 2006 

being characterised by decile one and two seasons in the Wimmera and Mallee respectively, 

indicating rainfall events on a 100 year average to be in the lowest 1% recorded. As a result, only 

a total of 77.8 mm and 110.4 mm of rain was received at the Mallee and Wimmera sites 

respectively during the growing period from May to October.  

 

Measurements were taken at both DC15 (Hopetoun 27
th
 July, Kalkee 30

th
 July) and again DC31 

(Hopetoun 21
st
 August, Kalkee 23

rd
 August), with dry matter production, plant density and 

nitrogen accumulation being recorded from a 1 m section of the drill row. This involved selecting 

at random a 0.5m section of mid row avoiding the boarders of the plot and taking all plants from 

the two adjacent rows. Data recoded was then analysed for statistical significance, with means for 

all measurements analyzed using analysis of variance to determine and Least Significant 

Difference (LSD’s) to determine observations of significance. 

  



5.3. Results 
 
5.3.1. Hopetoun 
The field trial conducted at Hopetoun was measure for dry matter production and plant density at 

growth stages DC15 and again at DC31 under a number of different urea treatments and rates.  

 
Figure 13 Average dry weight at DC15 at the Hopetoun field site in response to different 

urea formulation and delivery strategies. 



 
Figure 14 Average plant numbers at DC15 at the Hopetoun field site in response to 

different urea formulation and delivery strategies. 
 

 

The average dry matter accumulation at DC15 for the Hopetoun site indicated very little variation 

between urea fertiliser treatments with the only significantly (p < 0.05) different results being 

recorded for the highest Nitrogen rate of 80 kgN/ha and also the seed bed application of Urea at 

20 kgN/Ha which had a lower accumulation of dry matter . This indicates a negative response to 

higher concentrations of nitrogen in close proximity to the seed which can result from either the 

rate employed or the placement method chosen.    

 

The number of plants present within 1m of drill row was also taken as an indication of the effect 

each of the urea treatments has on emergence and early vigour of wheat. From the results it 

becomes clear that the rate of nitrogen and consequent concentration of Nitrogen within close 

proximity to the seed has the most notable effect, with significantly different plant numbers being 

recorded between Urea Banded 80kgN < Urea Banded 20kgN = Urea Banded 40kgN < Urea 

Banded 10kgN. The pre-spread and incorporation of Urea also appears to lower the concentration 

of nitrogen within direct proximity to the seed, with significantly (p > 0.05) more plants per 1m 

drill row being present under the Urea pre-spread 20kgN treatment in comparison to the Urea 



Banded 20kgN treatment. Black Urea + Zeolite banded at 20kgN/ha also yield significantly (α = 

0.05) greater number of plants per 1m, suggesting that this treatment may have in fact made  the 

higher rate of nitrogen safer for wheat plants during the early stages of growth by moderating 

nitrogen release. 

 

 
Figure 15 Average plant numbers at DC31 at the Hopetoun field site in response to 

different urea formulation and delivery strategies. 
 



 
Figure 16  Average plant numbers at DC31 at the Hopetoun field site in response to 

different urea formulation and delivery strategies. 
 

 

 

The results taken at DC31 at the Hopetoun site continued to indicate a detrimental effect of higher 

nitrogen concentrations in close proximity to the seed. With applications of urea at 80kgN/ha 

banded and 20kg of Nitrogen in the form of urea mid row banded showing significantly (α = 

0.05) less dry matter accumulation per 1m or drill row than the other fertiliser treatments and also 

the non fertilised control.  The dry matter accumulation results however failed to indicate any 

significant difference between the different release inhibiting mechanisms.  

 

The plant number per 1m drill row for the Hopetoun soil at DC31 failed to yield any significant 

difference between any of treatments employed in the trial. 

 

5.3.2 Kalkee 
The experiment conducted at Kalkee investigated the same urea products however the rate of 

nitrogen which was examined was increased to meet the higher target yields characteristic of this 

region. 

 



 
Figure 15 Average plant numbers at DC15 at the Kalkee field site in response to different 

urea formulation and delivery strategies. 

 

 
Figure 16  Average plant numbers at DC15 at the Kalkee field site in response to 

different urea formulation and delivery strategies. 



 

The DC15 dry matter accumulation results for the Kalkee soil failed to yield any significant 

observable difference between any of the nitrogen inhibiting treatment for urea fertiliser. The 

results did however indicate a negative effect of increasing nitrogen rate on the dry matter 

accumulation of wheat plants. The plant number recorded at DC 15 failed to yield any significant 

interactions. The equivalent results for the Kalkee soil at DC31 also failed to produce any data 

that could confirm the hypothesis that nitrogen release from urea can be moderated using the 

inhibiting mechanisms investigated.   

 

5.4. Discussion 
The field trials conducted at both the Hopetoun and Kalkee sites where significantly affected by 

the considerably dry start to the season in both of these regions. Rainfall for both sites was 

recorded as decile 1 and 2 for the Kalkee and Hopetoun sites respectively, effectively reflecting a 

seasons in the driest 1 - 2% of years on a 100 year average. 

Planting in both situations was conducted into adequate soil moisture, however without follow up 

rains the germination and establishment of plants at both Kalkee and Hopetoun was severely 

impeded.  

 

The temperature during the trail for the months of May, June and July reached average minimums 

and maximums of 4.0/16.9ºC, 0.6/15.2 ºC and 3.3/15.1 ºC respectively with the month of June 

receiving a significant number of morning frosts. This combined with the low soil moisture and 

alkaline nature of the soils at both sites provided conditions highly conducive to urea hydrolysis 

and consequent losses of ammonia via volatilisation. The prevailing climatic conditions also had 

a detrimental effect on the early growth and vigour of the wheat seedlings at both the Hopetoun 

and Kalkee sites as a result emergence and dry matter production was dramatic reduced, however 

the extent of this effect was far more dramatic at the Kalkee site. 

 

Given the low intensity of many of the rainfall events during the early stages of seedling 

establishment germination and emergence at the Hopetoun site was significantly improved in the 

lighter texture soil. Given the sandy loam nature of the Hopetoun site, lower intensity rainfall 

events still provided sufficient water to wet the soil to within the plant available range. This is 

contrast to the clay vertosol of the Kalkee site which has a larger soil moisture storage potential, 

requiring more significant rainfall events to wet the soil sufficiently for plant uptake. 

Consequently both the dry matter measurements and plant density results indicated significantly 

greater growth and vigour on the Mallee Sodosol. 



 

The DC15 plant density measure clearly illustrated a negative response to increased 

concentrations of nitrogen within close proximity to the seedbed. The highest nitrogen 

application, 80kg/ha in the form of urea banded resulted in significantly less (p < 0.05) plants per 

1m of drill row than urea banded at rates of 20 and 40kg N/ha. The negative response to high 

nitrogen application was also illustrated in the plant density observations for urea banded at a 

reduced rate of 10kg N/ha, which yield significantly greater plant densities. In addition to 

application rate effect there was also a clear response to the investigation of application method 

with the pre-spread and incorporation application of urea at 20kg N/ha also offered significantly 

greater plant density than the equivalent application banded. This indicating a positive response to 

less concentrated nitrogen placement, as incorporation allows for the dispersion of urea 

throughout a greater volume of soil.  

 

The measure of plant density at DC15 largely failed to provide any significant difference between 

the inhibiting treatments and the standard urea treatment also banded at a rate of 20kg N/ha. 

Given however the moisture deficient soil and the frequent morning frost’s, plant’s were notably 

stressed in comparison to the situation within the glasshouse where adequate soil moisture and 

favourable temperatures were maintained, plant growth and consequent nutrient requirements was 

dramatically reduced. As a result the impact of differentiation between urea treatments was not 

possible. The application of humic acid and zeolite was the only treatment that resulted in a 

significantly different outcome to that of standard urea banded with regard to plant density. Given 

that the data suggests a negative response to increasing nitrogen application and that there is no 

clear penalty associated with the soil only control, it would imply that the increase in plant 

density for the humic acid and zeolite treatment is in fact acting as a “safener”, reducing the 

negative effect of excess nitrogen supply on seed germination and establishment. 

 

Urea can potentially have an adverse effect on seed germination and seedling growth in soil 

because of the accumulation of high NH4
+ 

- N and NO2
- 
- N concentrations in close proximity to 

the seed following rapid hydrolysis (Watson 2005). Excessive seed row fertilizer reduces 

germination and weakens seedlings, with the effects often indistinguishable from other causes of 

seedling damage, an observation which is confounded by the prevailing moisture stress.  

 

Seedling damage resulting from urea application results from two major factors, either the salt 

effect or through damage from free ammonia.  The salt effect will prevent soil moisture that is 



near the seed from being accessed by the germinating seed and young seedlings, this under the 

prevailing condition, stress seedlings further reducing emergence, illustrated in the measurements 

taken.  

Damage to the developing seedling, “fertilizer burn” is caused by the ammonia released from 

urea-nitrogen fertilizer as it converts from urea-N to ammonium-N form. Ammonia toxicity 

occurs when the free ammonia ion (NH3
+
) is released when urea-N fertilizer converts to the 

ammonium form (NH4
+
) during the process of hydrolysis. Under conditions such as those 

observed at the Hopetoun site, factors such as high soil pH, low CEC (cation exchange capacity), 

and dry soil conditions increase the free ammonia levels in soil.  Highly calcareous soils are more 

susceptible to ammonia toxicity than non-calcareous soils.  

The application of zeolite to the soil is designed to increase the cation exchange capacity of the 

soil, having a high affinity for NH4
+
 ions. The effects of chinoptilolite zeolite on NH4

+
 has been 

studied in soil system and demonstrated to be effective at decreasing the concentration of NH4
+
 

within the soil (He, Calvert et al. 2002; Ahmed, Aminuddin et al. 2006). Ahmed, Aminuddin et 

al. (2006) concluding that chinoptilolite zeolite reduces the volatilization of NH3 when urea when 

urea and chinoptilite were added to alkaline, coarse textured soil. This function would also imply 

a reduced rate of hydrolysis and volatilization which in turn reduces the concentration and 

potential damage of ammonia toxicity.  

The effect of the humic acid component of the black urea + zeolite treatment, while less 

documented has been proposed by Ahmed, Aminuddin et al. (2006) to reduce the potential for 

volatilization and presence of ammonia within the soil. The exact process by which volatilization 

and ammonia concentrations is reduced is not known precisely but is believed to be the result of 

one or a number of factors including, reducing the pH in the immediate vicinity of the granule, 

reducing the rate of hydrolysis and consequent ammonia accumulation (Ahmed, Aminuddin et al. 

2006) or increasing the retention of NH4
+
 through increasing the cation exchange capacity of soil 

(Lewis, Moore et al. 1984). Under each mechanism the concentration of ammonia ions within the 

soil is reduced, compounding the effect of the zeolite and reducing the potential for ammonia 

toxicity. Given the prevailing soil characteristic of the Hopetoun site, in particular the low organic 

carbon, low cation exchange capacity and light texture the consequent pH buffering capacity of 

the soil is likely to be quite high and consequently more responsive to isolated acidification of the 

soil within close proximity to the granule. Thus the humic acid coating of the urea granule may be 



sufficient to lower the soil pH(water) of 8.5 closer to a pH(water) 7.0 resulting in a significant 

reduction in the amount of ammonia formation relative to ammonium. 

Consequently it provides compelling evidence to suggest that under the prevailing environmental 

conditions the black urea and zeolite treatment of urea fertilizer will reduce the peak rate of 

hydrolysis and ammonia concentration reducing the potential seedling damage in comparison to 

standard urea. This may also go some way to explaining the lack of significance (p > 0.05) 

observed at the Kalkee site, as the efficiency of humic acid treatment is a function of soil texture, 

organic matter content and cation exchange capacity. It cannot however be concluded that there is 

benefit from this treatment with regard to improved plant nitrogen uptake and nitrogen use 

efficiency.   

The plant density measurements recorded at DC31 at the Hopetoun site continued to illustrate a 

negative response to nitrogen application at a rate of 80kg N/ha with a significant difference 

between urea banded at 80kg N/ha and the equivalent treatment at a rate of 20kg N/ha, however 

there failed to be any other observations of significance. This can be attributed to the 

environmental constraints which were the dominate factor influencing growth rate and tillering 

intensity. The dry matter measurements taken at both DC15 and DC31 at the Hopetoun site 

provided very little value with the only significant response observed once again being attributed 

to the negative growth in response to high nitrogen application of the Urea Banded at 80kg N/ha. 

Very little could be deduced from the equivalent measurements taken at the Kalkee trial site at 

DC15 and DC31. Any observable response to fertilizer rates, placements and inhibiting treatment 

was largely confounded by the prevailing environmental conditions. The only observation of 

significance for all measurements taken at DC15 and DC31 was a clear negative response to the 

application of urea at a rate of 160kg N/ha.  

The observation of humic acid and zeolite significantly improving the emergence of wheat when 

banded at a rate of 20kg N/ha in comparison to standard urea at the Hopetoun soil at DC15 was 

not observed at the Kalkee site when nitrogen is applied at a rate of 40kg N/ha. This potentially 

outlines limitations for the treatment with regard to both nitrogen rate and soil texture which 

reduce the perceived benefit of humic acid and zeolite treatments. 

 



Chapter Six 
Conclusion and Summary 

_______________________________________________________ 
 

The evaluation of the amended urea products throughout the three parts of this study have 

highlighted a range of techniques and approaches available to modify the release of Nitrogen 

from the urea granule.  

 

The Laboratory analysis conducted to investigate the extent of hydrolysis and nitrification in 

response to the different urea amendments, provided conclusive evidence to suggest the polymer 

coated urea product ESN, the urease inhibitor nBTPT and to a lesser extent the humic acid 

treatment Black Urea and Sulphur Coated Urea under the prevailing environment all have the 

potential to alter the release rate Nitrogen and consequent accumulation of ammonium from urea.  

 

The investigation of these treatments within the soil environment however illustrated the 

importance of the soil and plant interaction that is required to take place, if the observed 

disruptions to the processes of Hydrolysis and Nitrification observed can be translated into 

alterations in plant nitrogen uptake and growth parameters. 

 

The results obtained for the polymer coated urea treatment ESN correlated quite closely with that 

of the Laboratory experiment, illustrating the robust alteration to the release profile, which 

provided a high degree of consistency in results across the range of soil textures and indicated a 

positive response to conditions of high soil moisture and temperature.  

 

The correlation however was not as strong for the Sulphur, Humic acid and Urease inhibitor 

nBTPT, which while indicating trends, could not be significantly differentiated from standard 

urea.  

 

Instead the results of the glasshouse trial also presented an inhibitimg response to the Nitrification 

Inhibitor DMPP and Stabl-U treatments, with quite varied plant nitrogen uptake and development 

responses to that of standard urea. The efficiency of these products however appears to be 

significantly influenced by soil texture, with alterations in plant parameters being observed only 

in response to the coarse soil texture. Importantly also the results for the nitrification inhibitor,  

illustrated the potential of these amendments not just to manipulate total nitrogen availability, but 



also alter the form in which nitrogen is present within the soil and relating this also to plant 

performance.  

 

The differences observed between the laboratory and glasshouse results highlight the importance 

of correlating the nitrogen release profile findings to the nitrogen uptake, growth and 

development parameters. 

 
Implications for future research 
 
Having established the potential of a number of the selected urea amendments to modify the 

nitrogen release profile of urea and consequent plant uptake and development characteristics, a 

more comprehensive study of climate and soil variables is required to fully characterize the 

environmental conditions best suited to each treatment. Particular emphasis being place on soil 

pH and soil moisture characteristics 

 

In addition, further research is also required to quantify the impact this has in the later stages of 

crop development. Of particular importance is correlating the differences in release profile and 

nitrogen uptake during the early stage of development with improvements in nitrogen use 

efficiency and resulting yield and grain quality parameters, this step being critical in allowing the 

cost benefit analysis of urea amendments to be conducted. The outcome of which will ultimately 

dictate the success and adoption of these products commercially within the field.    
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